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Prophylactic use of antimicrobial agents and microbicides has been proven for many infections, including
surgical, gastrointestinal, upper respiratory, and meningococcal infections. Antiretroviral therapy for pregnant
women prevents mother-to-child transmission of human immunodeficiency virus (HIV), which has become
rare in settings where access to therapy is widespread. Postexposure prophylaxis after needlestick injury or
significant sexual exposure is recommended on the basis of animal studies and case-control observational
studies, although use of these interventions is limited to those who recognize exposure, have access, and have
the power to use the interventions. Clinical trials are evaluating whether regular or preexposure use of
antiretroviral therapy provides additional protection for persons at high risk of infection who are also offered
standard prevention care, including HIV testing, counseling, condoms, and management of sexually transmitted
infections. Trials are evaluating topical or oral use. Concerns have arisen with regard to optimal dosing
strategies, costs, access, drug resistance, risk behavior, and the role of communities. Future implementation,
if warranted, will be guided by the results of clinical trials in progress and engagement of communities exposed

to HIV.

CHEMOPROPHYLAXIS FOR HUMAN
IMMUNODEFICIENCY VIRUS (HIV)
INFECTION AND AIDS

Antiretroviral therapy (ART) has a proven capacity to
prolong life and to allow HIV-infected persons to return
to work and engage in relationships with families and
partners. By preventing AIDS among persons with HIV
infection, effective therapies can be said to play a pro-
phylactic role.

Prevention of mother-to-child transmission.
Prevention of transmission of HIV infection from in-
fected mothers to infants has been demonstrated using
a variety of regimens, including zidovudine [1], short-
course nevirapine [2], and combination therapy [2-8],

and was recently reviewed [9]. Short-course regimens

Reprints or correspondence: Dr Robert M. Grant, 1650 Owens St, San Francisco,
CA 94158 (robert.grant@ucsf.edu).

Clinical Infectious Diseases 2010;50(S3):S96-S101

© 2010 by the Infectious Diseases Society of America. All rights reserved.
1058-4838/2010/5010S3-0005$15.00

DOI: 10.1086/651479

involving peripartum administration of nevirapine, zi-
dovudine, combination zidovudine and lamivudine, or
combination nevirapine and zidovudine provide sub-
stantial protection but appear to be less protective than
is zidovudine given prepartum, intrapartum, and post-
partum, as in AIDS Clinical Trials Group 076 [10].
Analysis of prospective data from 2876 pregnancies in
Europe indicated that vertical transmission rates de-
creases from 15.5% to 2.6% with increasing use of zi-
dovudine chemoprophylaxis (the 076 regimen), com-
bination ART that aims to fully suppress plasma RNA
level in the mother, and cesarian delivery [11]. In that
review, use of fully suppressive regimens was associated
with more protection, compared with zidovudine alone
(adjusted odds ratios, 0.15 and 0.34, respectively). Drug
resistance occurs frequently with use of single-dose ne-
virapine, which has a low genetic barrier to resistance
[12]. ART use during breast feeding is also associated
with protection from transmission to infants, although
use of breast milk substitutes is preferred if safe prod-
ucts are available (reviewed in [13]). For prevention of
mother-to-child transmission, multiple agents used in
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combination are associated with greater protection, greater
therapeutic benefit for the mother, and decreased risk of drug
resistance and are recommended if available [14, 15]. Infection
of infants is extremely rare in urban centers and well-resourced
settings where standards of care are widely implemented.
Postexposure prophylaxis (PEP).
ter substantial exposure to HIV because of a needlestick injury

PEP is recommended af-

or unprotected sexual intercourse [16]. Substantial exposures
include exposure of the vagina, rectum, eye, mouth, or other
mucous membranes; exposure of nonintact skin; or percuta-
neous contact with blood, semen, vaginal secretions, rectal se-
cretions, breast milk, or any body fluid that is visibly contam-
inated with blood when the source is known to be HIV infected.
PEP is recommended if the source is known to be HIV-1 in-
fected and should be considered if the serostatus of the source
is not known. PEP is not recommended if the exposure involves
negligible risk for HIV exposure, including contact with urine,
nasal secretions, saliva, sweat, or tears, if not visibly contami-
nated with blood.

Efficacy after needlestick injury is thought to be as high as
80%, on the basis of case-control observational studies; ran-
domized evaluation of PEP has not been performed. Recom-
mendations based on preclinical studies involving nonhuman
primates are that PEP should be started as soon as possible
after a substantial exposure (no later than 72 h after exposure)
and should be continued for 28 days after exposure. Use of
PEP has been limited, because persons have difficulty recog-
nizing exposure to HIV-1 as the result of incomplete infor-
mation, anxiety, substance use, or preference to focus on goals
other than aversion of acquisition of HIV infection during
sexual conduct [17]. Failure of PEP to prevent acquisition of
HIV infection has been described and most likely resulted from
initiation of prophylaxis after the 72-h period after exposure
[18]. There is no information available regarding the relative
efficacy of different PEP regimens after different types of ex-
posure or after exposure to drug-resistant mutants. PEP is not
universally available because of limited resources, limited evi-
dence demonstrating efficacy, the absence of Food and Drug
Administration—cleared indications for PEP agents, and con-
cerns about how biomedical safeguards might increase risk be-
havior.

Preexposure prophylaxis (PrEP): oral and topical. PrEP
has been proposed to address some of the limitations of PEP
[19]. Clinical trials are currently evaluating whether daily oral
tenofovir disoproxil fumarate (TDF) with or without emtri-
citabine provides additional protection to persons who already
receive standard prevention care, including HIV testing, coun-
seling, condoms, and management of sexually transmitted in-
fections [20]. The recommended daily dose does not require
that individuals recognize and act on specific HIV exposures—
a known challenge. Preexposure administration may also in-

crease efficacy by allowing time for the drug to enter target
cells and be metabolized to the active phosphorylated forms
before viral exposure. For persons who are possibly exposed to
HIV-1 more frequently than once a month, which includes
most groups at high risk, preexposure and postexposure ad-
ministration periods overlap.

A Dblinded and placebo-controlled randomized trial con-
firmed safety of daily oral receipt of TDF for African women
at high risk of infection [21]. Overall, 936 women were studied
for periods as long as 12 months. Liver function tests and tests
for kidney function were monitored. Of importance, there were
no serious flares after stopping TDF in a subgroup of 23 women
who were found to have hepatitis B, and the rate of low-grade
abnormalities was comparable in the placebo and active arms
of the study. The absence of hepatitis B flares after stopping
active drugs in the PrEP study likely reflects the relatively pre-
served liver function expected in healthy volunteers enrolled
in HIV prevention research [22, 23].

Microbicide and PrEP studies have different historical roots
but are now converging to evaluate similar concepts. The fea-
sibility and tolerability of topical (vaginal) use of TDF gels has
been evaluated in the short term (14 days) and the intermediate
term (24 weeks), with acceptable results [24, 25]. An efficacy
trial of exposure-driven use of a topical TDF gel is fully enrolled
in South Africa (Caprisa 004), and an efficacy trial of daily
vaginal TDF gel use is planned (VOICE).

CHALLENGES

Research on prevention of HIV infection faces substantial chal-
lenges in the preclinical and clinical phases, regulatory envi-
ronment, and implementation. Although substantial progress
in the development of animal models has been made, few of
the available models have been standardized for use in different
laboratories, and none have been validated by correlation with
protective effects observed in persons. Although plasma RNA
level has become an accepted primary outcome for HIV treat-
ment trials, the prevention field has not identified a surrogate
marker that can be used in lieu of incidence of new HIV in-
fection. As such, prevention trials must be large, enrolling many
thousands of participants who are followed up for several years
at great expense. The regulatory environment for prevention is
not well defined, which leaves trial sponsors with little guidance
regarding standards of evidence. Finally, potential beneficiaries
of prevention methods have competing demands for limited
resources, and disease prevention is not the highest priority
when food, shelter, education, and safety are not assured. In
summary, development pathways in prevention of HIV infec-
tion are not well established, and path-finding successes are
scarce.

Animal models for development of prevention concepts.
Nonhuman primates challenged with some strains of simian
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immunodeficiency virus (SIV) recapitulate many of the features
of HIV infection, including persistent infection after mucosal
challenge; rapid depletion of gut-associated lymphoid tissues,
followed by systemic decrease in CD4" T cell count; and ul-
timately, systemic immunodeficiency. SIV strains are susceptible
to nucleoside and nucleotide reverse-transcriptase inhibitors
but are naturally resistant to nonnucleoside reverse-transcrip-
tase inhibitors. Although both SIV and HIV are classified as
primate lentiviruses, there are differences in genomic structure,
coreceptor use, and accessory genes and target enzymes. To
address these differences, virus strains that are chimeras be-
tween HIV and SIV have been developed for nonhuman pri-
mate experiments. Although they have some theoretical ad-
vantages, these virus chimeras typically have an attenuated
course of infection in the animals: concepts that may protect
against attenuated infections may not be protective against fully
virulent challenges, as occurs when persons are exposed to HIV-
1. Treatment with progesterone to thin mucosal walls to make
nonhuman primate susceptibility more similar to human sus-
ceptibility may help [26].

The more recent development of humanized mice is prom-
ising [27]. These small animals have been bred to have genetic
systemic immunodeficiency, which allows them to accept grafts
of human immune cells. The animals are susceptible to HIV-
1 strains, although questions remain about which laboratory
adapted stocks of HIV-1 are best suited for modeling natural
human infection. Drug and viral administration is feasible, but
the doses are still being optimized [28].

Tenofovir and emtricitabine have demonstrated protective
effects in these animal models [29-33]. Keeping in mind that
animal models do not have proven predictive value, the fol-
lowing signals have been observed and have informed the de-
sign of PEP and PREP programs and research in the absence
of other information: (1) higher tenofovir dose is associated
with higher protection; (2) either emtricitabine or tenofovir
alone were associated with partial protection; (3) use of both
drugs together increased the level of protection; (4) emtrici-
tabine resistance was observed in some animals that became
infected despite use of emtricitabine alone or in combination
with tenofovir, whereas tenofovir resistance has not been ob-
served; and (5) tenofovir chemoprophylaxis was partially ef-
fective against tenofovir resistant challenge [34].

Clinical research on oral PrEP has used findings from non-
human primate models for drug regimen selection and study
design. Clinical trials currently in progress will evaluate whether
the insights from these models were helpful.

Community engagement. The state of the art of commu-
nity engagement has advanced enormously over the past 25
years of HIV research, most recently during microbicide and
PrEP research [35]. Prevention researchers have growing ap-
preciation for starting discussions with community leaders and

potential participants beginning at the conception of projects,
even before the concept starts the formal process of review for
funding, ethics, and regulatory compliance. Starting commu-
nity engagement at conception allows for input to be reflected
in the study design and gives communities time to consider
difficult and important questions. Early engagement also allows
broader input, to include leaders and constituencies who may
have concerns about research concepts and practices. Their
input is essential especially if there is insufficient trust to allow
participation in formal consultative processes. Broad input ul-
timately improves the science, with little delay if started early,
because issues related to feasibility and acceptability, once iden-
tified, can be addressed by altering the study design and through
community education programs.

Many prevention trial sites around the world use clinics
where participants receive information, study products, testing,
counseling, and other services. This is a model of clinical re-
search that derives from treatment trials of persons with a
disease. This model is not optimal for prevention research, in
which the desired population does not define itself by a disease
and often denies their at-risk status. To more fully engage com-
munities, the most successful prevention research sites are based
in communities and provide a variety of services and infor-
mation that are directly relevant to the communities. This
model of prevention services provided by community centers
may prove to be required for the widespread use of proven
methods, just as they have facilitated the conduct of prevention
research.

Communication through mass media needs to be interpreted
with caution, in that some stories arise because of their appeal
to urban myths and conventional thinking rather than because
of new information [36, 37]. For example, although news ar-
ticles suggested that off-label use of PrEP during sex parties in
the United States was already common, careful research in the
same places during the subsequent year indicated that PrEP
use was actually extremely rare [38, 39]. Of importance, persons
said that they would be interested in PrEP only if evidence of
safety and efficacy for prevention became available, which
shows judgment that was not reflected in the news report.
Pitfalls are inherent in communication on any scale (both mass
media and interpersonal); thus, caution should not prevent
engagement with interested reporters who wish to share new
information of general interest.

Adherence and therapy. Although vaccines, PEP, and PrEP
are sometimes called biomedical prevention methods, these in-
terventions are only helpful if persons use them and understand
their limitations; all prevention of HIV infection is behavioral.
Use requires access, and access requires both supply and de-
mand; thus, prevention of HIV infection is also social and
economic. The possible advent of prophylactic oral medications
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or gels would not change the social and behavioral essence of
prevention of HIV infection.

Adherence to therapy recommendations is a well-known
problem in treatment; it is a common cause of failure of therapy
for tuberculosis, HIV infection, systemic hypertension, and
other diseases. Lack of adherence underlies much of the failure
of condoms and oral hormones for contraception. Adherence
is expected to be a still greater challenge in prevention of HIV
infection, because the disease and antiretroviral agents are stig-
matized and because individuals® social roles are not typically
defined by HIV, much less the risk of acquiring HIV infection.
Twenty-eight-day PEP regimens are completed by 78%-89%
of recipients [17, 40], and adherence was 74% in a study of
oral PrEP [21]. Gel adherence is also challenging; 44%—-80%
of individuals use gels, depending on the study and method of
adherence measurement [41, 42]. The lack of a gold standard
for measuring adherence makes adherence promotion still more
challenging, although electronic devices and home visits are
helpful if accepted [43, 44]. Oral and gel medication use has
been hard to foster in trials. Evidence of efficacy and confir-
mation of safety may enhance adherence if this information
becomes available.

Drug resistance. Any use of ART involves a risk of drug
resistance. The ultimate goal of chemoprophylaxis is to prevent
the majority of infections. In this way, perioperative chemo-
prophylaxis for bacterial infections, long resisted because of
fears of drug resistance, is now the standard of care for many
procedures, because the number of infections averted far ex-
ceeds the incidence of drug resistance [45]. Similarly, the best
way to prevent HIV drug resistance is to prevent HIV infection.

Use of ART to prevent mother-to-child transmission has
been associated with drug resistance in mothers, especially
when regimens are used that do not fully suppress plasma viral
load [14]. Therefore, fully suppressive regimens are now rec-
ommended whenever they are feasible. Infants who become
infected despite ART use also tend to be infected with drug-
resistant virus. Failure of PEP was also associated with devel-
opment of drug-resistant virus [18] in a person who was already
viremic, but without detectable anti-HIV antibodies, at the time
that PEP was initiated.

Minimizing the risk of drug resistance during PEP or PREP
requires that steps be taken to identify infection at baseline so
that referrals can be made for appropriately suppressive ther-
apies. Rapid point-of-care tests for HIV antibodies have ex-
cellent sensitivity but will still miss infections in the window
period before antibodies develop, which may last for a few
weeks. Whether addition of emtricitabine to TDF in PREP
regimens is associated with more or less risk of drug resistance
is an open question; resistance during treatment often occurs
to only 1 drug in the regimen, and the added efficacy of adding

emtricitabine that was seen in nonhuman primates may not

occur in persons. Viral RNA testing before initiation of PEP,
which allows detection of acute infections, has been increasingly
used. The development of more-sensitive point-of-care tests
for early HIV infection, based on antigen or RNA detection,
should be a high priority for research.

Sexual behavior. There is concern that any benefits of bio-
medical prevention methods could be offset by behavioral dis-
inhibition or risk compensation. Individuals may increase risk
behavior if fear of HIV infection is diminished by the advent
of new prevention methods [46].

Feared increases in sexual behavior were not observed in
trials of male circumcision, trials of daily oral PrEP, open-label
PEP studies, herpes suppression studies, and most vaccine stud-
ies [17, 21, 47-52]. A small vaccine trial found increased re-
ported insertive, but not receptive, intercourse, although this
trend probably reflected population-wide trends in “strategic
positioning” [53]. Sexual behavior tends to be safer over time
during prevention trials, possibly reflecting real effects of coun-
seling and condom promotion, which are standard in all pre-
vention trials. Alternatively, reported decreases in risk behavior
may reflect “social desirability” reporting bias or regression
toward the mean in cohorts selected for having “high risk” at
the start of the study. Therefore, whether risk compensation
will occur remains an open question that should be actively
investigated.

On the basis of the evidence accumulated from the majority
of prevention trials, ways that biomedical prevention tools
could enhance behavioral approaches to prevention of HIV
infection should also be considered. Persons with very high
exposure may be attracted to prevention services if a wider
range of services is available. Fatalistic attitudes may be replaced
by prevention activism if highly effective and feasible prevention
tools are identified and accepted in communities. Finally, the
community engagement that is required for current prevention
research may have additional benefits that arise from more
organized communities.

Costs.
drugs are used. The cost-effectiveness of daily oral PrEP has

Cost considerations are particularly important when

been considered in speculative “what if” analyses for sub-Sa-
haran Africa and the United States [54, 55]. In both settings,
the majority of PrEP program costs are for the drug, but other
costs include community education, pharmacy storage and
shipping, HIV testing and counseling, monitoring and man-
agement of adverse events, and use of second-line treatment
regimens if drug resistance occurs. In both settings, daily oral
PrEP would be cost-effective only if the following conditions
are met: (1) PrEP is highly effective, (2) PrEP is targeted to
highly exposed persons, (3) monitoring and treatment of ad-
verse events is manageable, and (4) increases in sexual behavior
are modest, relative to the efficacy of PrEP. Decreasing the cost
of drugs will also be important, especially in settings where
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generic-level pricing is not already available [54]. Intermittent
or exposure-driven treatment administration is expected to be
more cost-effective, if found to be feasible and efficacious. The
relative costs of topical administration, compared with oral
administration, would be sensitive to differences in efficacy,
toxicity, and manufacturing costs, for which information is
incomplete. Current clinical trials will provide essential infor-
mation needed to inform the cost-effectiveness analysis.

CONCLUSIONS

Although current and planned research will address key ques-
tions related to efficacy and safety, additional questions will be
faced by communities and public health officials who wish to
implement new prevention strategies. How will start-up funds
for training and facilities be raised? What is the best way to
integrate new prevention services with existing prevention and
treatment programs, which have different operating styles and
goals and limited resources? What is the best way to monitor
use of ART-based strategies, including the frequency of HIV
testing and effects on drug resistance? What is the best way to
target different services to different populations, especially in
areas where the drugs, the infection, and the social groups are
stigmatized? What is the best way to optimize regimen choice,
dosage, dosing interval, and route of administration if one of
the early approaches is found to be superior to placebo? Is daily
treatment administration required, or is pre- and postexposure
administration feasible and effective? When should PrEP be
started? When should it be stopped?

Currently, prevention of HIV infection with use of ART re-
mains an unproven promise. Progress is facilitated by avoiding
artificial divisions: treatment and prevention enable each other;
biomedical prevention requires behavioral change; microbicides
are topical PrEP, and PrEP regimens are oral microbicides; and
communities and investigators overlap and have mutual inter-
ests in making science better and better suited to real needs.
Although current clinical trials of chemoprophylaxis aim to
find a “magic bullet” for prevention of HIV infection, such
bullets will help only if they are used by communities in their
struggles to live in a world plagued by HIV infection.
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