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Abstract
Purpose of Review In 2019, the US government launched an initiative to decrease new HIV infections by 90% over the next
decade. Studies have demonstrated the efficacy of HIV preexposure prophylaxis (PrEP) for high-risk populations, and the United
States Preventative Services Task Force has issued a grade A recommendation for PrEP, indicating substantial net benefit.
However, questions have been raised about the effectiveness of PrEP in clinical settings and whether PrEP use might promote
antiretroviral drug resistance and increased sexual risk behaviors, which could increase transmission of bacterial sexually
transmitted infections. In this narrative review, we summarize recent evidence of the effectiveness of PrEP when provided in
clinical and community settings, the emergence of antiretroviral drug resistance during PrEP use, and associations between PrEP
use and increased sexual risk behaviors. We also review novel PrEP modalities that are being developed to optimize PrEP
acceptability, adherence, and effectiveness.
Recent Findings Studies suggest that PrEP is effective when provided in clinical settings. However, PrEP uptake and impact have
been limited in the USA thus far, and major disparities in access to PrEP exist. In addition, there is evidence that drug resistance
can occur with PrEP use, particularly with inadvertent PrEP use during undiagnosed acute HIV infection. Risk compensation can
also occur with PrEP use and has been associated with increased sexually transmitted infections. Promising new modalities for
PrEP could expand options.
Summary PrEP has strong potential to decrease HIV incidence. However, disparities in accessmust be addressed to ensure equity
and impact for PrEP. While drug resistance and risk compensation can occur with PrEP use, these are not valid reasons to
withhold PrEP from patients given its substantial protective benefits.
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Introduction

There are approximately 40,000 new HIV infections in the
USA each year [1], indicating a need to implement effective
HIV-prevention strategies. In early 2019, the US government
launched the Ending the HIV Epidemic Initiative, with a goal
of decreasing newHIVinfections nationally by 75% in 5 years
and by 90% in 10 years [2]. One of the main pillars of this
initiative is to implement HIV preexposure prophylaxis
(PrEP) more widely and more effectively. Over the past de-
cade, studies have demonstrated the efficacy of tenofovir
disoproxil fumarate with or without emtricitabine (TDF/
FTC) as PrEP to decrease HIV transmission in multiple pop-
ulations with disproportionately high rates of new HIV infec-
tions, including men who have sex with men (MSM) [3],
transgender women [3], people who inject drugs (PWID)
[4], heterosexual persons engaging in high-risk behaviors
[5], and HIV-serodiscordant partnerships [6]. However, PrEP
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uptake and impact remain low in the USA. The Centers for
Disease Control and Prevention (CDC) estimates that 1.1 mil-
lion people have indications for PrEP [7], but less than 10% of
people with indications received prescriptions in 2016 [8]. In
addition, concerns have been raised that PrEP could potential-
ly promote HIV drug resistance or be associated with in-
creased sexual risk-taking, which could increase the transmis-
sion of bacterial sexually transmitted infections (STIs).

In this review, we summarize recent evidence on the effec-
tiveness of PrEP at decreasing HIV incidence, the potential for
PrEP to increase antiretroviral drug resistance, and changes in
sexual behaviors and bacterial STIs that might occur with
PrEP use. We also review studies of novel PrEP regimens
being developed and their potential future role in improving
PrEP effectiveness and impact on the HIV epidemic.

PrEP Effectiveness at Decreasing HIV
Incidence

Recent studies have examined the population-level effective-
ness of daily oral PrEP with TDF/FTC when prescribed to
early adopters in clinical settings. These studies have focused
on daily TDF/FTC because it is the only regimen recommend-
ed by CDC [9] and having a formal indication for HIV pre-
vention [10]. An observational study of patients initiating
PrEP at an integrated health care system in Northern
California was one of the first studies to provide evidence of
substantial effectiveness for PrEP [11]. Among 972 patients
(nearly all MSM) using PrEP for a total of 850 person-years,
there were no HIV seroconversions during active PrEP use; 2
patients were diagnosed with HIV after discontinuing PrEP
due to insurance barriers. Adherence as measured by pharma-
cy refill data was high in this cohort, suggesting that PrEP can
have a strong impact on HIV incidence when taken
consistently.

In a study of the first 50 patients prescribed PrEP at an
infectious diseases clinic in Providence, RI, only one pa-
tient was diagnosed with HIV during study follow-up.
The patient diagnosed with HIV had high adherence by
self-report and by objective measures, including a dried
blood spot test at diagnosis with a concentration of
tenofovir consistent with daily dosing. This patient was
found to have multiple viral mutations associated with
resistance to TDF and FTC, suggesting that TDF/FTC
may not have been able to avert infection by a drug-
resistant strain of HIV in this case. Only 38% of PrEP
patients in this study attended a 6-month follow-up visit,
suggesting that retention in PrEP care may be challenging
in some care settings, which could also compromise ef-
fectiveness [12].

An additional study at a community health center in
Boston, Massachusetts, specializing in health care for

sexual and gender minorities suggests that PrEP provision
in primary care can decrease new HIV infections. Using
data from 2012 to 2017, the study compared new HIV
diagnoses among patients using PrEP with patients that
had received two or more HIV tests and did not use
PrEP. The proportion of PrEP users newly diagnosed with
HIV (0.43%) was lower than the proportion for patients
who did not use PrEP (1.34%) [13]. A majority of PrEP
users who acquired HIV had discontinued PrEP at least
1 month prior to their HIV diagnosis. Reasons for discon-
tinuation included insurance barriers, scheduling chal-
lenges, perceiving themselves to be at low risk for HIV
infection, and PrEP-related stigma. These findings suggest
that multifaceted strategies to prevent inappropriate dis-
continuations of PrEP and to reengage individuals in
PrEP after discontinuations could improve the effective-
ness of PrEP.

A study in Australia examined whether large-scale PrEP
provision could impact HIV incidence at the community level.
In the Expanded PrEP Implementation in Communities-New
South Wales study, 3700 participants (nearly all MSM) across
21 clinics were provided with PrEP, and community-level
changes in HIV incidence were tracked [14]. During 4100
person-years of follow-up, only 2 HIV infections were ob-
served, with both occurring during non-adherence to PrEP.
HIV diagnoses in MSM in New South Wales declined rapidly
and by 25% from the 12 months before PrEP roll-out to the
12 months after, including decreases in recent HIV infections.
Although the impact of secular trends unrelated to PrEP in
reducing HIV incidence in New South Wales could not be
fully excluded because of the non-randomized design, this
study offers among the strongest evidence thus far that scaling
up PrEP in communities can impact HIV incidence.

In these observational studies, nearly all patients using
PrEP were MSM at risk for sexual transmission of HIV, so
studies assessing the effectiveness of PrEP provision to
cisgender or transgender women or PWID outside of clinical
trials [4, 15, 16] are needed. This need is important for
cisgender women because of earlier studies suggesting that
these women might need to maintain higher levels of adher-
ence thanMSM to derive full protection from TDF/FTC, such
as taking at least 6 daily doses per week (versus 4 or more
doses per week for MSM) [17]. These gender differences may
be due to differences in the pharmacokinetics of TDF/FTC for
vaginal versus rectal exposure [18–21] or the possible influ-
ence of vaginal dysbiosis or inflammation on HIV suscepti-
bility or antiretroviral drug efficacy [22–25]. A recent study
found that feminizing hormone therapy might reduce the ef-
fectiveness of PrEP in rectal tissue for transgender women,
suggesting that high adherence might also be needed for pro-
tection in this population [26]. Larger studies are needed to
clarify the influence of hormone therapy on PrEP
effectiveness.
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Inequities in PrEP Uptake

Observational studies have provided evidence that PrEP can
decrease new HIV infections in community settings, but im-
portant disparities in access to PrEP have emerged. A study
that used national pharmacy prescribing data to characterize
trends in PrEP prescribing found racial inequities in PrEP
provision. Only 11% of people receiving PrEP in this database
were Black and 13% were Hispanic/Latino, even though 43%
of people newly infected with HIV in the USA are Black and
26% are Hispanic/Latino [1, 8]. Survey studies have corrobo-
rated inequities in PrEP use among Black and Hispanic/Latino
MSM [27, 28]. Cisgender women and PWID have also had
disproportionately low rates of PrEP use. Nearly one-fifth
(19%) of new HIV infections in the USA occur among
cisgender women [29], with higher rates among women of
color, but only 5% of PrEP users have been women [8].
Transgender women and PWID have are at increased risk
for HIV acquisition [30], but there are limited data on PrEP
access in these groups, suggesting a need to expand efforts to
ascertain trends in PrEP uptake for all priority populations.

Barriers to PrEP Use and Effectiveness

To eliminate disparities in access and effectiveness for PrEP,
multiple barriers to PrEP initiation and persistence need to be
addressed. Awareness of PrEP in priority populations is sub-
optimal, particularly among adolescents, MSM of color, trans-
gender persons, those in rural areas, and PWID [31–35]. In a
survey of patients recently infected with HIV in an integrated
health system in Northern California, almost half of respon-
dents were unaware of PrEP [36]. A study with MSM in New
York City found that even among those individuals who were
aware of PrEP, many had an incomplete understanding of
what PrEP was, how it prevents HIV acquisition, and its po-
tential side effects [37], suggesting a need for strategies to
improve knowledge of PrEP in key populations. Strategies
could include innovative uses of social media, culturally tai-
lored public health campaigns, and tools to improve patient-
provider communication about PrEP. Awareness and use of
PrEP have been increasing in some urban, white, educated,
and affluent MSM populations, so efforts to disseminate in-
formation about PrEP and improve access in underserved pop-
ulations should be prioritized [38].

Low knowledge and experience with PrEP among
healthcare providers represents an additional barrier to PrEP
uptake. Many providers are not trained in PrEP and lack sup-
port to navigate financial, insurance, and other logistical bar-
riers that can exist with PrEP [39–41]. Providers also do not
routinely discuss sexual and substance use histories with pa-
tients, which may result in missed opportunities to identify
potential candidates for PrEP [42, 43]. Moreover, providers

lack consensus about whether PrEP provision is more appro-
priate in primary or specialty care settings, such as HIV or
sexual health clinics, creating a “purview paradox” whereby
providers may not perceive themselves as being responsible
for offering PrEP [44–47]. Promising strategies to engage
more providers in PrEP include academic detailing [48], elec-
tronic clinical decision support to help providers identify PrEP
candidates more effectively [49, 50], and tools to facilitate
patient-provider communication and informed decision-
making about PrEP [51, 52].

Even when patients and providers are motivated to initiate
PrEP, cost and insurance barriers are often significant barriers
to PrEP use and continuation. PrEP-related care includes the
cost of medications—over $10,000 annually for TDF/FTC—
as well as providers’ fees and laboratory monitoring costs, so
insurance coverage is essential for most patients. Commercial
and public insurance plans generally provide coverage for
PrEP, but high deductibles and other out-of-pocket costs
may be cost-prohibitive for many patients. At a community-
based sexual health clinic in San Francisco, almost one-third
of patients who did not start PrEP cited cost or insurance gaps
as reasons for non-initiation [53]. Similarly, among patients
recently diagnosed with HIV at a health system in Northern
California, one-third of patients that had been aware of PrEP
prior to their HIV diagnosis cited cost or insurance coverage
as barriers to PrEP use [36]. Patient assistance programs from
the manufacturer of TDF/FTC and from government pro-
grams in some states can help some patients to overcome
financial barriers. However, additional financial assistance
programs are needed, particularly for economically disadvan-
taged populations with high rates of underinsurance and low
rates of PrEP use, such as rural communities of color in the
Southern USA [54].

PrEP and Drug Resistance

As scale up of PrEP proceeds, a consideration is the possibility
that wider PrEP use could promote antiretroviral drug resis-
tance, which could impact the effectiveness of HIV treatment
and PrEP in the community. Clinical scenarios in which resis-
tance to TDF and/or FTCmight develop in PrEP users include
PrEP initiation with undiagnosed acute HIV; HIV acquisition
during the period of suboptimal adherence to PrEP; and infec-
tion with viral strains resistant to TDF or FTC.

Randomized studies can shed light on the potential for
antiretroviral drug resistance to emerge among individuals
who are prescribed PrEP. In a recent review of 13 randomized
PrEP studies [55], a minority (11%) of all participants with
HIV seroconversions had undiagnosed acute HIV infection at
study entry, while most (89%) study participants acquired
HIV during study follow-up. Of participants with undiag-
nosed HIV at study enrollment, about one-fifth (21%) had
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mutations that conferred resistance to FTC and almost all re-
ceived FTC-containing PrEP, suggesting that drug selection
pressure from FTC use during acute HIV promoted drug re-
sistance. Only two (3%) participants with undiagnosed HIVat
study entry had TDF resistance, both of whom received TDF-
containing PrEP during acute HIV. The lower frequency of
TDF resistance as compared with FTC resistance during acute
HIV is likely because of a higher genetic barrier to resistance
for TDF than for FTC. Drug resistance was less common
among participants who acquired HIV after study entry, with
only 3% of these participants having FTC resistance and < 1%
having TDF resistance, possibly because many participants in
these studies had low adherence to PrEP and insufficient drug
levels to select for resistance mutations. Resistance data from
these efficacy studies, including the findings from a meta-
analysis of drug resistance in six of these studies [56], suggests
that initiating PrEP during undiagnosed acute HIV represents
a high-risk scenario for the selection of drug resistance, in
particular for FTC, presumably because of the use of non-
suppressive antiretroviral regimens during periods of high
levels of viremia.

Studies of drug resistance during PrEP use in care settings
are also important to consider, as patterns of adherence and
persistence with PrEP might be different outside of random-
ized studies. In the study of 663 PrEP patients at a community
health center in Boston, seven patients had HIV seroconver-
sions [57]. Resistance mutations were detected in two patients
who were thought to have initiated PrEP during undiagnosed
acute HIV (resistance to FTC in one patient and resistance to
FTC and TDF in the other patient) and in none of the patients
who became infected after discontinuing PrEP. This study
provides additional evidence that initiating PrEP during undi-
agnosed acute HIV poses the greatest risk for drug resistance
and that acquiring HIV after discontinuing PrEP, when drug
exposure is likely to be limited or absent, is less likely to result
in drug resistance.

A larger observational study suggests that HIV acquisition
among PrEP users in care settings could result in substantial
rates of drug-resistant HIV. In a public health partner services
program in New York City, among 3721 persons newly diag-
nosed with HIV, 95 (3%) had previously used PrEP [58].
FTC-resistance mutations were found in 26% of former
PrEP users and only 2% of persons who had not used PrEP.
Thus, surveillance for HIV drug resistance among PrEP users,
such as through analyses of clinical HIV genotypes, will be
needed as scale up of PrEP proceeds.

Another important question is whether PrEP will protect
people who are exposed to drug-resistant strains of HIV. There
have been at least six individuals who have acquired HIV
despite consistent use of TDF/FTC PrEP as confirmed using
objective adherence measures, such as drug levels in dried
blood spots or segmental hair analyses. Five of these individ-
uals had non-nucleoside reverse transcriptase inhibitor

mutations that would not be a result of selection pressure from
TDF or FTC, suggesting they were infected with multidrug-
resistant HIV [59–63]; one of these patients had viral genetic
studies demonstrating linked infection with a drug-resistant
quasispecies from a partner with HIV viremia, which is con-
sistent with the failure of TDF/FTC to avert infection [63]. An
additional patient was infected with wild type HIV in the con-
text of having an estimated 75 sexual partners monthly and
bacterial STIs, raising the possibility that repeated exposure,
coupled with potential rectal inflammation, may have allowed
for HIV infection despite high PrEP adherence [64]. Thus,
clinicians will need to counsel patients that adherence to
PrEP provides excellent protection, but that infection is still
possible with intensive exposure.

PrEP and Risk Compensation

Another consideration is that PrEP users might increase their
HIV risk behaviors, such as condomless anal sex, because of
the sense of protection the medication provides—a concept
known as risk compensation. Increased risk behaviors could
potentially increase the transmission of STIs, which are al-
ready increasing among MSM and other populations heavily
affected by HIV [65]. In addition, providers’ concerns about
risk compensation may decrease their willingness to prescribe
PrEP [66]. Concerns about risk compensation pre-date the use
of PrEP and initially focused on HIV-infected patients using
ART [67]. However, studies from early in the era of combi-
nation ART did not find evidence that HIV-infected patients
increased their sexual risk behaviors with ARTor that postex-
posure prophylaxis resulted in risk compensation among HIV-
uninfected persons [68, 69]. Nonetheless, as the effectiveness
of HIV treatment to prevent forward transmission, now pop-
ularly known as “Undetectable = Untransmittable” or “U=U,”
and the effectiveness of PrEP becomewidely known, there is a
need revisit whether or not PrEP use is associated with risk
compensation.

Studies of risk compensation during PrEP use have pro-
duced mixed results, with some finding no evidence of risk
compensation and others finding increases in condomless anal
sex and STIs among PrEP users. In an efficacy study of PrEP
for MSM and transgender women, there was no association
between participants’ beliefs that they were receiving TDF/
FTC and increased condomless receptive anal intercourse
[70]. Notably, this study occurred before the effectiveness of
PrEP was proven, so it is possible that individuals were less
likely to engage in condomless intercourse when effectiveness
was unknown. A review published in 2015 concluded that no
risk compensation had been demonstrated in clinical trials
prior to that year [71].

However, more recent data from open-label and observa-
tional studies of PrEP after its efficacy had been demonstrated

28 Page 4 of 8 Curr Infect Dis Rep (2019) 21: 28



suggest that MSM are more likely to engage in condomless
anal sex while using PrEP [72–75]. There is also evidence that
MSM have a higher incidence of bacterial STIs after initiating
PrEP [76], even when controlling for increased screening and
diagnoses that accompany comprehensive PrEP care [77].
This effect appears to be stronger in later studies [78], which
suggests that PrEP may be having a greater impact on STI
diagnoses as awareness of its effectiveness is disseminated.
MSM who use PrEP are also at increased risk of HCVacqui-
sition, possibly because they are more willing to have sex with
HIV-infected individuals, who are more likely to have HCV
infection than other partners [79]. The role of PrEP in the
ongoing STI epidemic among MSM is complex. Condom
use has been decreasing among MSM since before the wide-
spread use of PrEP [80] and thus cannot be solely attributed to
risk compensation among PrEP users. Likewise, the increas-
ing rate of bacterial STIs among MSM precedes the approval
and widespread use of PrEP [54, 65].While efforts to improve
control of bacterial STIs are needed, clinicians should not
withhold PrEP out of concerns for risk compensation given
the high effectiveness of PrEP at preventing HIV infection.

New Modalities of PrEP

In addition to daily TDF/FTC for PrEP, new regimens and
delivery methods are being explored to improve acceptability,
adherence, and effectiveness. Studies in France and Canada
have demonstrated that on-demand (peri-coital) oral PrEP
(i.e., two tablets of TDF/FTC between 2 and 24 h before
exposure and a daily tablet for 48 h after) is highly effective
at decreasing HIV incidence amongMSM [81, 82]. In France,
many individuals have opted for on-demand PrEP instead of
daily use in open-label studies comparing these dosing sched-
ules [83, 84]. On-demand PrEP can be prescribed in an off-
label manner in the USA and may be an attractive option for
persons with intermittent HIV exposures. A recent study also
demonstrated that daily oral PrEP with tenofovir alafenamide
plus FTC was non-inferior to TDF/FTC in MSM and trans-
gender women, and was less likely to impact renal and bone
parameters, so this formulation could also be prescribed off-
label for select patients at high risk for renal and bone harms
[85].

Additional novel PrEP modalities that are being developed
and are not yet available for prescribing include intravaginal
rings, long-acting injectable agents and other extended-
delivery systems (e.g., subcutaneous implants), and infusions
of broadly neutralizing antibodies against HIV. An
intravaginal ring that elutes dapivirine, a non-nucleoside re-
verse transcriptase inhibitor, was moderately effective at de-
creasing HIV incidence among African women [86, 87], with
efficacy correlating with adherence, and this device is under
review at the European Medicines Agency [88]. Studies are

also evaluating the efficacy of bimonthly injections of
cabotegravir, an integrase inhibitor, among MSM and trans-
gender women and African women, in the hope that intermit-
tent injections could improve PrEP effectiveness for persons
who face adherence cha l lenges wi th ora l PrEP
(NCT02720094, NCT03164564). Cabotegravir has an ex-
tremely long half-life, so it is possible that drug resistance
might emerge among persons who discontinue injections
and are exposed to HIV when they have sub-protective levels
of drug. In addition, among six macaques given cabotegravir
injections during acute retroviral infection, three developed
mutations conferring cross-resistance to all licensed integrase
inhibitors, underscoring that newer PrEP agents will also re-
quire rigorous exclusion of HIV infection before their use and
monitoring for HIV drug resistance [89]. Intermittent infu-
sions of broadly neutralizing antibodies could offer a preven-
tive approach that would avoid the challenges of daily pill use
and antiretroviral drug resistance, though the efficacy of this
approach is still being tested (NCT02716675).

Conclusions

Daily oral TDF/FTC for PrEP is effective at decreasing HIV
incidence, but PrEP uptake in the USA remains limited, par-
ticularly among underserved populations experiencing the
highest rates of new HIV infections. Diverse patient, provider,
and structural barriers to PrEP use exist and must be addressed
for PrEP to achieve maximal impact on HIV incidence. Drug
resistance during PrEP use seems to be most likely to occur
when PrEP is initiated during undiagnosed HIV infection, so
developing protocols that include rigorously excluding HIV
infection prior to PrEP use will be important to minimize
resistance. Finally, evidence suggests that some individuals
are likely increasing sexual risk behaviors while using PrEP,
suggesting a need for intensive efforts to diagnose and treat
bacterial STIs among PrEP users. If the implementation of
daily oral PrEP can be optimized, and if new modalities of
PrEP become available and can help engage greater numbers
of individuals in effective PrEP use, then PrEP has the poten-
tial to have a major impact on the HIV epidemic.
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