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Abstract
As efficacy trials of antiretroviral pre-exposure prophylaxis (PrEP) continue, a growing literature
has begun anticipating the potential challenges of implementing PrEP for HIV prevention. These
efforts coincide with a shift toward combination interventions for preventing HIV, which integrate
biomedical, behavioral, and structural components. The optimal implementation of PrEP would
exemplify this combination model, incorporating not only PrEP drugs, but also HIV testing, safety
screening, behavioral interventions addressing adherence and risk behavior, and long-term
monitoring. Efforts to plan for PrEP implementation therefore present an opportunity to advance
the science of implementation and delivery in HIV prevention, in order to better address the
challenges of scaling up combination approaches. We review the published and unpublished
literature on PrEP implementation, organizing themes into five categories: scientific groundwork,
regulatory and policy groundwork, stakeholder and infrastructure groundwork, delivery, and long-
term monitoring. The lessons from PrEP planning can benefit the scale-up of future combination
interventions.
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Introduction
Nearly 60 million people have been infected with HIV since the start of the epidemic [1],
and projected estimates suggest that as many as 60 million more infections could occur
during a 15 to 20 year wait for an effective vaccine [2]. Advances in biomedical HIV
prevention have focused on alternatives to vaccines, including prophylactic uses of
antiretroviral drugs (ARVs) [3]. Recent research has examined the potential for ARVs to
reduce infectiousness among HIV-positive persons, to prevent infection among HIV-
negative persons when used as post-exposure prophylaxis (PEP), and to prevent infection
when given as pre-exposure prophylaxis (PrEP) [3,4]. We focus here on antiretroviral PrEP,
which requires HIV-uninfected individuals to take ARVs, such as tenofovir with or without
emtricitabine, before engaging in HIV risk behavior [5•]. Ongoing trials of PrEP are
evaluating both oral and topical formulations, studying efficacy among samples including
men who have sex with men, injection drug users, high-risk heterosexual women, and
serodiscordant couples [6]. Although PrEP is unlikely to be completely efficacious for
prevention, mathematical modeling suggests that even a partially efficacious PrEP drug may
lead to meaningful declines in HIV incidence at a population level [7,8•,9,10•]. While the
field waits for trial results, efforts are underway to anticipate challenges in the
implementation and rollout of PrEP, should trial results be favorable [5•,11–15]. A
consistent theme of this literature is that PrEP must be part of a comprehensive HIV
prevention package, which should include support services such as safety screening, HIV
testing, behavioral interventions to support adherence and reduce risk behaviors, and the
treatment of side effects and HIV infection in the event of PrEP failure [16]. As an
integrated strategy, PrEP exemplifies a growing shift in HIV prevention paradigms toward
combination approaches—packages that include behavioral, biomedical, and structural
elements to maximize preventive impact [3,17–19].

This trend in combination HIV prevention programming has far-reaching implications for
the science of implementation and intervention delivery. We suggest that the process of
planning for PrEP scale-up presents an unmatched opportunity to shift implementation
paradigms to address combination interventions. Implementation science in the HIV
prevention field has been underdeveloped, and it centers largely on the replication of
evidence-based interventions (EBIs) to reduce sexual risk behavior [17]. Interventions that
include both biomedical and behavioral components will demand new approaches to
planning for scale-up, requiring collaboration among behavioral and clinical scientists. PrEP
presents an important moment to make these advances for several reasons. First, there is
already widespread awareness of the need to combine PrEP prescription with behavioral and
structural intervention. Next, PrEP can benefit directly from lessons from the scale-up of
antiretroviral treatment, as well as initial planning for the scale-up of male circumcision
[20], which can help predict implementation needs and structural implications. PrEP is also
emerging at a time when intervention science has recognized the need for combination
packages, but before the emergence of proven combination strategies. Finally, PrEP is not
the only combination prevention strategy in development; integrated approaches for
delivering other multicomponent interventions such as non-ARV microbicides, cervical
barriers, HSV-2 treatment, and the next generation of vaccines [3] can benefit from the PrEP
planning process.
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This review summarizes the available literature on the implementation of PrEP, drawing on
published and unpublished sources to describe possible challenges. We have identified five
implementation processes that may influence the effectiveness of PrEP for public use, and
which might also underlie the implementation of future combination HIV interventions: 1)
scientific groundwork, 2) regulatory and policy groundwork, 3) stakeholder and
infrastructure groundwork, 4) actual delivery, and 5) the long-term process of monitoring
and adjustment (Fig. 1). The field is still at the initial stage of scientific groundwork for
PrEP and other combination packages, and this list of implementation challenges is neither
exhaustive nor chronological. However, consideration of these five broad processes may be
useful in planning for PrEP and future combination prevention programs.

Scientific Groundwork: Constructing the PrEP Package
Testing drug effects

Ongoing trials will answer many of the outstanding questions about the effects of PrEP
drugs, including optimal dosing schedule (eg, daily, intermittent, coitally associated), route
of administration (eg, topical or oral), and efficacy for different types of HIV exposure (eg,
vaginal sex, anal sex, parenteral exposure). A phase 2 trial of tenofovir PrEP in West Africa
(n = 936 women, exposed to HIV primarily through vaginal sex) found eight
seroconversions over 476 person-years of HIV testing, of which six occurred in the placebo
group and two in the group taking daily oral tenofovir [21••]. The CAPRISA 004 study in
South Africa, recently released at the XVIII International AIDS Conference, assessed the
effectiveness over 30 months of a vaginal gel containing tenofovir (n = 889 analyzed); this
formulation reduced HIV infection by approximately 39% overall, and 54% among women
with high adherence to dosage schedules [22••]. Several population-level models have
suggested that PrEP could have a substantial impact in the US [8•,9] and in resource-limited
settings [7], including Africa and India [10•]. PrEP’s level of efficacy will shape plans for
implementation, with key implications for cost-effectiveness, population targeting,
acceptability, and the development of supportive interventions [5•,8•,9,12,14]. Efforts to
plan for implementation must also address PrEP’s potential to produce side effects and
increase the incidence of drug-resistant HIV infection. Possible side effects of tenofovir or
tenofovir plus emtricitabine include renal effects, loss of bone mineral density,
gastrointestinal effects, and flares of hepatitis B after discontinuing use [5•,13]. The West
Africa trial discussed above found that tenofovir was well-tolerated and did not cause
hepatitis B flare-ups [21••]; the CAPRISA 004 trial found that a vaginal gel containing
tenofovir was well-tolerated and did not cause renal toxicity or hepatitis B flare-ups [22••];
and a trial of tenofovir in Bangkok found no serious safety concerns after several years of
enrollment [23]. An extended safety study of daily oral tenofovir PrEP among 400 men who
have sex with men in the US also found no serious safety concerns after over 2 years of
assessment [24]. However, monitoring and treating side effects will be an integral part of
implementation, which will require provider training, user education, and resource
mobilization. Acquisition of drug-resistant HIV and the development of secondary
resistance are also potential risks; although using a combination of ARVs for PrEP may
minimize this concern [5•], and modeling suggests that resistance may be rare [25], the
possibility of resistance has prompted some questioning of whether certain classes of ARV
drugs should be reserved for treatment purposes only [11]. The possibility of resistance will
require routine HIV testing among PrEP users, so that PrEP use may be discontinued as
soon as possible after infection.

Developing supportive interventions
Optimal PrEP use will require behavioral interventions to maximize drug adherence and
minimize risk compensation behaviors by PrEP users. Adherence behaviors will be critical
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for maximizing PrEP’s public health impacts [7,8•,9,10•] and minimizing drug resistance
[7], and modeling suggests that the population-level impact of PrEP is sensitive to even
moderate risk compensation behavior [7,9,10•]. Trial data have thus far shown promising
behavioral results. Adherence was imperfect but relatively high among Ghanaian women
enrolled in the West Africa trial [21••,26•], and trials in Nigeria, Bangkok, Peru, and
Ecuador have also reported relatively strong adherence [23,27,28] that may improve over
time [28]. Adherence is demonstrably related to PrEP’s protective benefit; the CAPRISA
004 study found that approximately 40% of participants had adherence below 50%, and the
protective effect of tenofovir gel was less pronounced among low adherers [22••]. Risk
compensation behavior was not observed in the West Africa trial of oral PrEP discussed
above, which instead showed overall declines in risk behavior among enrolled Ghanaian
women [29•]; this pattern was mirrored in early data from a PrEP study among injection
drug users in Bangkok [30], as well as in the CAPRISA 004 trial [22••]. However,
adherence and risk compensation behaviors may be more pronounced outside clinical trials;
for example, behavioral models by Sood and Goldman [31] suggest that population-level
sexual risk behaviors have increased following breakthroughs in HIV biomedicine.
Although PrEP adherence research will benefit from previous work on ARV treatment,
treatment adherence models may not match the behavior of HIV-uninfected individuals
[3,11,32]. New behavioral interventions are needed to optimize adherence and risk
compensation among PrEP users, and research is especially needed on ways to communicate
with users about PrEP’s partial efficacy [5•,11,13].

Given the possibility of side effects and PrEP failures, supportive services must also include
screening to monitor for wild-type and resistant HIV infection, renal impairment, and
hepatitis B flare-ups [11]; however, questions remain about the necessary frequency of
testing [14] and the effect of testing on PrEP’s acceptability. Practical challenges for these
testing mechanisms will include providing linkages to care for individuals who test positive;
negotiating confidentiality concerns; addressing the differential impact of testing on at-risk
populations [33]; accommodating the costs and human resource needs of testing and
counseling [34]; addressing limited insurance coverage for testing and treatment [35,36];
maximizing the accessibility of testing services for hard-to-reach populations; and
identifying appropriate and cost-effective testing strategies for PrEP users, including
potential opportunities for task-shifting [37], provider-initiated or routine (opt-out) testing
[35], and alternative testing strategies such as home-based tests [38,39]. Some
implementation challenges may be heightened in resource-limited settings, such as human
resource shortages, uncertain access to treatment, limited health services utilization by at-
risk individuals, ongoing stigma, and insufficient protections against involuntary status
disclosure or discrimination [40].

Defining target populations
A universal concern in implementation planning efforts concerns ways to identify PrEP
users. The cost of PrEP may not support widespread use by the general population.
Targeting PrEP to individuals with greatest sexual activity may make the intervention more
cost-effective, although greater coverage (eg, 75% of susceptible sexually active individuals,
in one model) may result in greater overall reductions in HIV infections [7]. Ongoing trials
have included populations at high risk for HIV; however, important groups are
underrepresented or not represented in these trials, including pregnant women [5•,41],
adolescents [5•,41], and racial and ethnic minority populations [42]. Additional research
may be necessary to create PrEP formulations that are safe for these groups, and behavioral
interventions will be necessary to address social and epidemiological factors influencing
PrEP use in these populations.

Underhill et al. Page 4

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Formulating guidelines
Implementation will depend on the development of guidelines for PrEP implementation in
practice settings, which should address many of the questions discussed above [43].
Guidelines must specify the necessary personnel qualifications to prescribe PrEP, conduct
safety screening, and provide supportive services, and guidelines may also address the types
of settings in which PrEP may be delivered safely and effectively. The process of
constructing an optimal package for PrEP implementation will vary by setting [44],
depending on factors such as local epidemiology, capacity, and prevention priorities. There
will be pressure for rapid guideline development—the US Centers for Disease Control and
Prevention (CDC) may aim to issue guidelines within 6 months of test results [45]—but
guidelines should remain sensitive to research on long-term effects and supportive
interventions to optimize PrEP use.

Developing strategies for integration into existing services
Another common theme in PrEP planning reflects the need to identify an optimal mix of
HIV prevention interventions, balancing factors such as efficacy and cost-effectiveness [43].
Strategies for combining PrEP with other HIV prevention approaches, such as sexually
transmitted infection treatment or circumcision, are an area for future development, which
will expand as new biomedical strategies emerge. An important concern in this area is the
possible effect of identifying PrEP as the best current standard for HIV prevention; if PrEP
is the best available technology for HIV prevention, future HIV prevention trials may be
ethically obliged to offer PrEP to all participants, just as HIV prevention counseling and
condoms are offered today. This may complicate future efforts to compare PrEP against
other intervention approaches, as well as to isolate the effects of new biomedical strategies
[3,18,41,46]. Further research is also necessary to ascertain how PrEP may be integrated into
other services needed by populations at risk for HIV, such as family planning services,
substance abuse treatment, mental health services, and basic health care needs.

Identifying ways to maximize acceptability
Research efforts should also identify ways to maximize PrEP’s acceptability to potential
users, since PrEP’s public health impact will depend in part on uptake [7,8•,9,10•]. Different
formulations of PrEP have been found acceptable to women enrolled in the West Africa trial
[26•], to women enrolled in the CAPRISA 004 study [22••], and to serodiscordant couples
seeking to conceive [47]. Additional studies have found willingness to use PrEP among
groups at elevated risk for HIV in Peru, Ecuador, Bangkok, the US, and India [48–55].
Acceptability may depend on perceived efficacy, side effects, and cost [48,54], and several
studies have found greater intentions to use PrEP or willingness to pay more for PrEP
among individuals with higher levels of risk behavior [52,53,55]. PrEP acceptability will
likely also be complicated by attitudes toward medical providers, pill-taking, vaginal or
rectal products, ARVs, PEP, and other psychosocial factors. Importantly, acceptability of
PrEP drugs may differ from acceptability of a larger package of safety screening, long-term
use, behavioral intervention, HIV testing, and potential costs, so acceptability research must
continue throughout implementation. PrEP use may also carry a stigma, given social
attitudes toward populations at highest risk for HIV [12,41]. If PrEP use is stigmatized,
research should address strategies for marketing PrEP acceptably, packaging PrEP pills
discreetly [12,41], and addressing PrEP in stigma reduction campaigns.

Determining setting-specific implementation needs
To plan for PrEP rollout, it will be critical to understand the scale-up needs of new settings
[56], including needs for physical infrastructure and supplies, monitoring and surveillance
infrastructure, human resources, PrEP financing, provider training, and resources needed to
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mobilize local support for PrEP implementation. This operational research should focus
especially on the need for providing outreach, education, and support to potential PrEP
users, who may be underrepresented in clinical care populations. Formulating and testing
potential outreach strategies will be an important component of PrEP success [14].

Regulatory, Policy, and Financial Groundwork
Financing

If PrEP is determined effective for use, new strategies for financing PrEP delivery to at-risk
individuals will be imperative [5•,12,14,15,57,58]. The costs of PrEP have been estimated
variously at between $523 and $900 per month, depending on the drug regimen and location
[9,58]. The cost of providing PrEP to the 100,000 most at-risk people in the US could
exceed $1 billion each year, which would exceed the CDC’s current HIV prevention budget
[43]. Finances will be necessary not only for PrEP drug delivery, but also for infrastructure
and human resources development, training clinical providers, outreach and community
education, monitoring and surveillance, safety screening, long-term HIV testing and
referrals, supportive behavioral interventions, and an ongoing research program to identify
optimal strategies for PrEP intervention and integration with existing services. The costs of
PrEP may conflict with funding priorities for behavioral HIV prevention [5•]; inadequate
financing and capacity limitations are already primary factors limiting the scale-up of
effective HIV prevention strategies [59].

Shifting costs to insurers or consumers is unlikely to meet the need for PrEP financing.
Insurers, including governments, may prefer behavioral alternatives such as risk reduction
counseling or provision of condoms [58]. For example, an anticipatory planning process for
PrEP rollout in Malawi found that stakeholders favored safer sex promotion and would not
support widespread PrEP rollout; instead, these decision-makers viewed PrEP as a
temporary strategy to be embedded in behavior change programming [44]. Insurance
coverage is also likely to be complicated by regulatory issues (eg, if PrEP drugs are not
approved for prophylaxis [15]), fears of risk compensation, and stigma—particularly if PrEP
financing is interpreted as expressing approval of HIV risk behaviors [5•]. Cost-shifting to
consumers is unlikely, as out-of-pocket costs could be a major barrier to use [48]. Many
groups at high risk for HIV are less likely to have health insurance coverage [14,15], and
one study among US women found that willingness to use PrEP was inversely correlated
with personal income, and was greater among women who were unemployed [53].

Negotiating regulatory approval
Plans for PrEP implementation must also incorporate regulatory concerns, specifically
approval for using ARVs for PrEP indications. Off-label use may make PrEP marketing and
financing difficult, as insurers are less likely to cover prescriptions for unapproved uses
[15,57], and clinicians may be less willing to prescribe drugs for off-label purposes [14,15].
In the US, the Food and Drug Administration would require a New Drug Application to
approve Viread (tenofovir) or Truvada (tenofovir with emtricitabine) for use as PrEP;
Gilead, which manufactures both drugs, has not yet announced an intention to seek this
approval [57]. Processes of seeking and gaining approval may be further complicated by
concerns about legal liability for PrEP failures [14], as well as questions about risk
compensation and the possibility that PrEP will be deemed a “lifestyle drug” (which may
increase costs) [57]. Specific regulatory challenges will differ across jurisdictions, and one
advocacy group, the AIDS Vaccine Advocacy Coalition, has already called for transparency
in describing global and country-specific scenarios for manufacturing PrEP, accessing PrEP
drugs, and navigating regulatory regimes [20].

Underhill et al. Page 6

Curr HIV/AIDS Rep. Author manuscript; available in PMC 2011 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Organizing levels of decision-making
PrEP implementation will require organization among various levels of leadership, including
international bodies such as the World Health Organization (WHO) and UNAIDS [20],
donors and private payers, national and local government agencies, professional
organizations, scientific leaders, and advocacy groups including PrEP users. The roles of
these different groups will require clarification, and the extent to which PrEP guidance is
centralized will affect the speed at which PrEP protocols can be adjusted to reflect new data.
A key challenge for PrEP, as a combination intervention, is that different levels of
centralization may be appropriate for different components of the overall package. For
example, although guidelines for prescribing PrEP may be set by groups such as the CDC or
WHO, behavioral interventions to support adherence or minimize risk compensation may
require more specific tailoring to local populations; in this way, centralized guidance may be
more appropriate for biomedical components such as safety screening and dosage, but less
appropriate for PrEP’s behavioral components. The organization of PrEP leadership should
establish processes for addressing unanticipated implementation concerns, ideally in ways
that incorporate feedback from PrEP clinicians and users along with scientific and policy
personnel.

Identifying implications for rights and legislation
Implementation planning groups have identified possible effects of PrEP on policy and
legislation, including laws related to HIV testing, partner notification, and criminalization of
HIV transmission [46]. An additional question may concern arguments about PrEP and
human rights. Access to antiretroviral therapy for treatment has been framed as a human
right, and several national courts have interpreted the right to health to include a right to
ARV treatment provided by the state [60]. Access to prevention services, including
prevention technologies, has also been described as a fundamental human right [61].
However, the universe of people at risk for HIV is vast, particularly in settings where the
epidemic is generalized. Reconciling rights-based reasoning with available resources for
PrEP delivery will be challenging, and implementation plans should anticipate these
tensions.

Integration with local public health priorities
A final policy challenge will be determining how to prioritize PrEP in the larger context of
international, national, and local health concerns. Ethical questions will arise from financing
PrEP when many HIV-infected individuals still lack access to ARVs for treatment [3,14].
Similar issues may arise from allocating additional resources for HIV prevention compared
to other health priorities, which may again be influenced by stigma against PrEP users [5•].
Scientific development, especially cost-effectiveness research, will help to locate PrEP in
HIV/AIDS and public health programming, but questions about funding will necessarily
bridge scientific and ethical concerns.

Stakeholder and Infrastructure Groundwork
Local participation in implementation planning

The history of PrEP research and early implementation planning has illuminated the need to
involve local stakeholders early in planning [44,62]. The time before trial results are
available presents opportunities to establish communication channels with a variety of
stakeholder groups, including clinical personnel and paraprofessionals, HIV prevention
service providers, potential PrEP users, policymakers, governments, advocacy groups, and
the media. PrEP scientists should emphasize caution and nuance in media messages
[12,14,32], and the need for clear communication will be acutely important if trials show
lack of efficacy or mixed results [14]. The involvement of clinical providers and HIV
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prevention service personnel at an early stage will also be key; one planning group has noted
that providers may resist PrEP if they perceive it as a threat to existing prevention services,
if they believe it will remove HIV prevention from behavioral approaches entirely to
medicine, or if they serve populations that may have difficulty accessing PrEP [15].
Policymakers and scientists planning for PrEP implementation should plan to address these
concerns through direct engagement with group representatives, as well as in provider
training, statements through the media, and PrEP delivery guidelines.

Building public awareness
Securing adequate levels of PrEP coverage will rely on ways to inform potential PrEP users
about this new technology. Active outreach outside clinical settings will be particularly
crucial for populations that are stigmatized or hidden, such as sex workers, injection drug
users, non–gay-identifying men who have sex with men (MSM), racial and ethnic
minorities, and individuals in the criminal justice system [14]. Several population-level
surveys have assessed PrEP awareness among MSM in the US, finding that between 16%
and 25% had heard of using ARVs for PrEP [52,54,63,64]; after PrEP was described, a
majority of men in two studies expressed willingness to use PrEP if it is proven safe and
effective [52,54]. Awareness campaigns should also include the general public, focusing on
incorporating PrEP and PrEP users into campaigns to reduce HIV-related stigma. These
campaigns have the potential to raise both awareness and the acceptability of PrEP.

Physical and human resources infrastructure
PrEP implementation will require substantial physical and human resources. Infrastructure
investments needed for PrEP delivery will likely include training and supervision for clinical
and nonclinical providers, structures for drug delivery and distribution, personnel and
laboratory facilities for safety screening and additional HIV testing, mechanisms for
monitoring and surveillance, outreach and education for potential users, and personnel and
infrastructure for behavioral interventions [5•,11]. Personnel shortages are a common barrier
to implementing HIV prevention and treatment services, particularly in resource-limited
settings, and many countries still lack systems for HIV-related surveillance [59]. Guidelines
for PrEP use and decisions about who will receive PrEP will inform the types of
development necessary to support optimal PrEP delivery, and the initial phase of
preparations will require tremendous financial support. Although integrating PrEP into pre-
existing comprehensive HIV prevention services may help reduce costs [11], access to
comprehensive prevention remains rare [5•].

Delivering PrEP: Bringing a Combination Intervention into Practice
Coordinating delivery components

The PrEP delivery process will be the culmination of the implementation challenges
described above, and the coordination of PrEP’s different components—including outreach,
safety screening, prescription, drug delivery, HIV testing, behavioral intervention, and long-
term follow-up—will require collaboration among a variety of providers and practice
settings. Mechanisms may be necessary to coordinate different aspects of PrEP
implementation for individual users, to ensure that each user receives the necessary HIV
testing, follow-up care, and behavioral support in addition to PrEP drugs. The delivery of
PrEP may have additional implications for health care services, as PrEP-related outreach
may bring more people to health clinics [41], and PrEP users may require additional services
[16].
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Ongoing adjustment and adaptation
As the focus of PrEP implementation moves from planning to delivery, it will be important
to engage users, providers, and other stakeholders in a long-term process of adjusting PrEP
implementation practices. It may be necessary to modify PrEP protocols to reflect changes
in behavioral risks, local epidemiology, prevention priorities, and available resources. This
feedback loop will also need to accommodate research findings on PrEP’s long-term effects,
including population-level indicators such as PrEP coverage and incidence of resistant HIV.
The process of adjusting PrEP practices will involve all levels of PrEP decision-making, as
identified in the previous section.

Addressing informal markets
Ensuring the safety and sustainability of PrEP delivery will also require efforts to monitor
and limit informal PrEP markets [13,20]. HIV treatment providers and bodies such as the
WHO may need to issue guidance statements to discourage the use of ARVs without clinical
monitoring, as well as to deter HIV-positive individuals from sharing or selling their
treatment drugs for prophylactic purposes. The sharing of ARVs by HIV-positive
individuals has already been a supply route for informal PrEP use [52,54,64]; this can
diminish adherence to ARV treatment regimens [13,18], and may result in the use of drugs
that are untested or unapproved for prophylaxis indications. Taking PrEP without clinical
monitoring could also result in adverse events for PrEP users, as well as the development of
resistance among PrEP users who seroconvert (or who are already HIV-positive) and HIV-
positive individuals who share medications. As PrEP use becomes more widespread,
attention to this informal market will be imperative.

Long-Term Monitoring
Monitoring population-level effects

The long-term implementation of PrEP should include ongoing phase 4 studies and the
measurement of population-level effects, including drug safety, adverse events, PrEP
failures, PrEP uptake, acceptability, spread of resistant HIV, and available data on risk
compensation and adherence [11,14,46]. These data should inform adjustment of PrEP
guidelines, outreach strategies, user education, and behavioral interventions. The integration
of PrEP monitoring into national monitoring and evaluation systems will also require
resources and expertise. Despite improvements in these systems, persistent limitations
include a lack of funding for monitoring and evaluation, division and duplication of
monitoring efforts, a lack of human resources, ambiguity in performance frameworks and
indicators, and limited data availability (particularly for high-risk populations) [65].
Collecting behavioral surveillance data may require the institution of new mechanisms, and
tailoring data collection to address PrEP use will require adjustments to existing behavioral
surveillance programs [66]. Monitoring and evaluating PrEP’s cost-effectiveness will also
present resourcing and information infrastructure needs, including financial data collection
and storage, safeguarding confidentiality, transferring and analyzing information, and
instituting procedures to ensure that cost-effectiveness data inform policy [67]. The
sustainability of PrEP as a population-level prevention strategy will depend in part on the
success of these monitoring efforts, and the expansion of existing monitoring programs will
be imperative to track PrEP’s long-term effects.

Learning from the implementation process
The process of addressing PrEP implementation challenges is also an opportunity to monitor
implementation planning efforts, and to extract lessons for scaling up future combination
approaches to preventing HIV. The scientific community should take advantage of this
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opportunity to document and analyze processes of PrEP planning, delivery, and subsequent
adjustment.

Conclusions
This review aimed not only to describe the implementation challenges that have been
identified throughout the literature on PrEP, but also to organize these challenges in a way
that may help the field think systematically about implementation science of combination
HIV interventions. As an intervention composed of biomedical, behavioral, and structural
components, PrEP illustrates a growing trend in HIV prevention toward multicomponent
prevention strategies. The state of implementation and delivery science in HIV prevention is
underdeveloped, and PrEP presents an ideal opportunity to build this field. In particular,
HIV prevention science may benefit from a conceptual framework to identify challenges to
the scale-up of interventions with behavioral and biomedical components. Although specific
challenges will vary among these new interventions and settings, a broad classification of
implementation characteristics may help to guide plans for rollout. Ongoing efforts to plan
for PrEP implementation have raised a variety of implementation issues, and a review of this
literature suggests that a comprehensive taxonomy of implementation concerns may be
useful for guiding PrEP planning efforts in particular. We have made a start toward an
organizational scheme; however, future work should reexamine and expand on these
categories and subcategories, drawing on lessons from biomedical and behavioral prevention
successes. As anticipation builds for the results of PrEP efficacy trials, interim efforts to
plan for PrEP scale-up already have much to contribute to implementation science.
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Figure 1.
Implementation processes identified for pre-exposure prophylaxis.
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