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Ending the Global HIV/AIDS Pandemic:
The Critical Role of an HIV Vaccine
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While the human immunodeficiency virus (HIV)/AIDS pandemic continues, the incidence of HIV infections
has fallen because of the deployment of antiretroviral drugs and multiple prevention modalities. To achieve a
durable end to the pandemic, a vaccine remains essential. Recent advances in vaccinology offer new promise for
an effective HIV vaccine.
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It is a privilege to contribute to this special issue of Clin-
ical Infectious Diseases in honor of a dear friend and
colleague, Dr John Bartlett. One of us (A. S. F. ) worked
side by side with Dr Bartlett throughout his career, col-
laborating with him as cochairs of the Department of
Health and Human Services Panel on Antiretroviral
Guidelines for Adults and Adolescents. In this role and
in his work as a clinician, teacher, mentor, and
always-compelling speaker and author, Dr Bartlett of-
fered wise counsel to clinicians and patients alike. His
thoughtful guidance averted suffering for individuals
throughout the United States and indeed around the
world. He has been a tireless and compassionate leader
in our field, establishing centers for the care and treat-
ment of those infected with human immunodeficiency
virus (HIV) when others turned their backs and closed
their doors.

In 2012, a diverse group of researchers, caregivers,
activists, policy makers, persons living with HIV and
others gathered in Washington, DC, for the annual
meeting of the International AIDS Society. Considering
that >30 million persons were living with HIV around
the world and 2.5 million had been infected in the

previous year alone [1], the theme of the conference,
“Turning the Tide Together” was felt by some to be
overly optimistic, and even audacious [1].However, im-
portant scientific and public health advances over the
preceding 2–3 years offered the promise of real progress
in the fight against HIV/AIDS. That promise is now
coming to fruition: 700 000 AIDS deaths were averted
in 2012 through the rollout of antiretroviral therapy
(ART) and in the period from 2001 to 2012, HIV inci-
dence fell by >30% globally [2]. By December 2013, a
total of 13 countries had reached the “tipping point,”
empirically defined as that point at which the number
of persons starting ART was greater than the number
newly infected [3]. Notably, substantial reductions in
global HIV incidence and mortality have been achieved
in the absence of a vaccine. In the face of these encour-
aging results, one might reasonably ask whether a vac-
cine is necessary to reach a durable end of the HIV/
AIDS pandemic. We believe that, despite the major ad-
vances in HIV treatment and prevention, a safe and ef-
fective vaccine is essential to reaching that goal [4]. Our
reasons for this conclusion are considered below.

The progress in treating HIV infection and in devel-
oping prevention tools has been extraordinary. More
than 30 antiretroviral drugs or drug combinations are
now licensed. HIV-infected persons can expect to live
into their 70s if their infection is diagnosed early in
its course and if they receive ART according to accepted
guidelines and are provided with other care and support
[5]. Indeed, life expectancy at diagnosis of HIV infec-
tion, often measured in mere months in the pre-ART
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era, now approximates that of an uninfected person. Many in-
dividuals can be managed with a single combination pill (con-
taining 3 antiretroviral drugs) per day, usually with minor toxic
effects. Within the United States, John Bartlett played a signifi-
cant role in shaping treatment regimens as cochair from 1996 to
2013 of the Department of Health and Human Services Panel
on Antiretroviral Guidelines for Adults and Adolescents, and
via his many seminal publications. These therapies are now
reaching persons in need throughout the world: as of the end
of 2012, 9.7 million persons living in low- and middle-income
countries had begun ART [2]. Although this is an important ac-
complishment, this figure represents only 34% of the 28.6 mil-
lion persons eligible for ART under the 2013 World Health
Organization guidelines. Therefore, continued support for the
scale-up of ART and the health systems that deliver it will be
essential to curbing the epidemic.

The menu of HIV prevention technologies has expanded
greatly in recent years. The sources of these advances have ranged
from conventional drug development to insights gained from ep-
idemiologic studies. The latter is perhaps best exemplified by vol-
untary medical male circumcision, an approach that built on the
observation that circumcised men were infected at lower rates
than uncircumcised men. These findings were confirmed in ran-
domized controlled trials, demonstrating a 60% reduction in HIV
acquisition after circumcision [6]. Antiretroviral drugs have been
applied in a variety of prevention modalities, including the pre-
vention of mother-to-child transmission. With ART adherence
during pregnancy and breastfeeding, along with postexposure
prophylaxis for infants, the risk of HIV transmission from moth-
er to infant can be cut from approximately 25%–40% (without
ART) to 2% or less. Results have been extraordinary: support
for prevention of mother-to-child transmission through the Pres-
ident’s Emergency Plan for AIDS Relief (PEPFAR), initiated in
2003, had saved >1 million infants from HIV infection as of
July 2013. Although ART has long been used as postexposure
prophylaxis to prevent HIV infection, it has recently been em-
ployed as preexposure prophylaxis, as a daily oral pill or applied
topically to the genital mucosa.With strict adherence, the efficacy
of oral preexposure prophylaxis may exceed 90% [7]. Recently,
long-acting antiretroviral agents dosed monthly have proved effi-
cacious in animal models and could improve adherence in both
prophylactic and treatment regimens [8].

Perhaps most compelling, both observational studies and
randomized clinical trials have demonstrated the effectiveness
of treating HIV-infected individuals with ART both for their
own health and to prevent transmission to uninfected sexual
partners. The pivotal HIV Prevention Trials Network 052
study showed a 96% reduction in transmission in serodiscord-
ant couples when ART was started early in the HIV-infected
partner (vs later in course of disease) [9].More recently, the on-
going PARTNER study has indicated that the risk of sexual HIV

transmission is exceedingly rare in couples in whom the HIV-
infected partner has an undetectable viral load at ART [10].

These advances, together with time-tested prevention modal-
ities such as condoms and the provision of clean needles and
syringes for injection drugs users, represent a comprehensive
package of prevention tools that could dramatically reduce in-
fections. Although progress has been made, further reductions
in incidence have been impeded by programmatic barriers, in-
cluding inadequate financial and human resources. In addition,
limited uptake and adherence have slowed gains. For example,
although the international AIDS community is targeting 20
million circumcisions in 14 high-incidence countries in sub-
Saharan Africa by 2016, less than one-third of these procedures
had been performed by the end of 2013 [11]. A recent study
provides some insight into the reason for the delay: despite
widespread knowledge of the benefits of circumcision in the
Rakai district of Uganda (the site of several circumcision trials),
only 27% of surveyed men expressed willingness to undergo the
procedure [12]. As already noted, preexposure prophylaxis can
be highly efficacious if taken as directed, but some trials have
shown disappointing results owing to poor adherence [13]. Fi-
nally, the most basic of prevention tools, condoms, remain un-
derused. Improved understanding of the factors affecting
uptake and adherence will be essential to progress in prevention.
In addition, stigma continues to undermine the fight against
HIV/AIDS. Egregious laws that target affected communities,
such as those that make homosexuality illegal, endanger both
targeted care delivery and individuals seeking care; furthermore,
they tend to incite discrimination and violence. In short, the so-
cial and cultural barriers to HIV prevention programming have
become more daunting, despite the expansion of prevention
techniques.

Even if the social and cultural barriers to widespread uptake of
prevention technologies were removed, recidivism could pose a
constant threat to public health success. Ministries of health, par-
ticularly those in low-resource countries, struggle to prioritize ex-
penditures in the face of myriad health threats. Therefore, success
in driving down disease incidence too often leads to diversion of
attention away from the effort resulting in an eventual resurgence
of cases. Attempts at malaria elimination in certain regions teach
this lesson. The island of Zanzibar, for example, drove Plasmodi-
um falciparum parasitemia prevalence down from 76% to <5%
between 1957 and 1967 [14]. Unfortunately, owing to a prema-
ture declaration of victory, the program was defunded in favor
of other priorities and the parasite quickly rebounded. Recidivism
poses a similar threat to individual behavior. A recent survey in
South Africa showed that ART coverage doubled between 2008
and 2012, yet the incidence of HIV infection has remained stable
since 2005. This may be explained by the finding that risk-taking
behavior, such as forsaking the use of condoms, had increased,
demonstrating the danger of complacency [15].
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Taken together, inadequate implementation of interventions,
whether preventive, therapeutic or both, has limited their effec-
tiveness in the real-world setting. We therefore conclude that a
safe and effective vaccine, which (once administered) would
provide protection not subject to the daily vicissitudes of
human behavior, is essential for the durable control and end
of the HIV/AIDS pandemic. However, the pathway to such a
vaccine provides a daunting challenge.

Soon after the discovery of the HIV virus in 1983 and the
proof that it was the etiologic agent of AIDS in 1984, a US gov-
ernment official projected that a vaccine would be “ready for
testing in approximately two years” [16]. Even though she was
not far off the mark with regard to the timetable for testing,
those early trials and the others that followed have not yielded
an effective vaccine. Initial approaches adopted traditional im-
munization strategies that worked well with other viruses,
namely, using a viral subunit to prime the immune system, re-
capitulating and improving on the protective immunity gener-
ated by infection with an actual pathogen. Whole-virus, either
killed or attenuated, approaches for HIV vaccines had been
deemed unsafe owing to fears of inadequate killing or integra-
tion into the host genome and reversion to a virulent form. Ini-
tial attempts to create subunit vaccines based on epitopes from
the HIV envelope, against which most antibodies are directed,
seemed promising. Beginning in 1987, >35 phase I trials were
conducted using envelope protein immunogens [16]. Although
these immunogens produced antibodies capable of neutralizing
HIV grown in immortalized lines of T lymphocytes, the anti-
bodies were ineffective in neutralizing primary HIV isolates
taken from patients. Ultimately, 2 phase III human trials of vac-
cines based on HIV envelope proteins failed to demonstrate
protection, confirming the lack of neutralizing capability against
primary HIV isolates [17, 18].

Given the difficulty in eliciting protective antibody responses,
some scientists turned their attention to T-lymphocyte vaccines
[19]. By inducing HIV-specific CD8+ T-lymphocyte responses,
vaccinologists hoped to succeed in destroying cells in which
HIV was replicating, rather than blocking initial infection. It
was speculated that lowering the amount of circulating virus
would make individuals less likely to transmit virus and
would diminish the destruction of CD4+ T lymphocytes. By
2007, however, 2 major phase III trials of vaccines using adeno-
virus vectors to express HIV proteins had failed to demonstrate
protection, and trial data suggested an increased risk of HIV ac-
quisition in the vaccinated subjects.

With disappointing results from both envelope-based vac-
cines and CD8+ T-cell–directed vaccines, the future prospects
for HIV vaccinology seemed dim. However, an unexpected suc-
cess surfaced from the RV-144 trial, conducted in Thailand
[20]. A 2-part vaccine regimen of a canarypox prime and re-
combinant gp120 boost yielded a 31% reduction in infections

compared with placebo. The protection seemed to be mediated
through nonneutralizing or weakly neutralizing antibodies
against epitopes in the V1V2 loop of the envelope. Current
studies are investigating correlates of protection associated
with the RV144 trial, hoping to capitalize on these correlates
and improve the modest efficacy of RV144 in future trials. In
parallel with these attempts, investigators are exploring the ref-
erence standard in vaccine-induced protection, that is, induc-
tion of broadly neutralizing antibodies (bNAbs).

Natural infection with HIV produces bNAbs in a minority of
individuals, usually after ≥2 years of infection. There are several
reasons why neutralization is so difficult. First, to neutralize
multiple strains of virus, antibodies must be directed against
conserved epitopes, and in HIV, those epitopes tend to be in
glycoprotein-rich areas of the envelope that are poorly immu-
nogenic. Second, the virus mutates rapidly and constantly
evades the immune response directed against it. Third, the pro-
duction of BNAbs seems to require high degrees of somatic hy-
permutation of HIV-specific B cells, meaning that germline B
cells do not seem to readily produce such antibodies without ex-
tensive adaptation through affinity maturation. In natural infec-
tion, the evolution of this high degree of somatic mutation
requires continual stimulation over extended periods of time
with the virus, a requirement ill suited to replication by a vac-
cine regimen. A further challenge for HIV vaccinology lies in
the autoreactivity of some bNAbs, suggesting that powerful tol-
erogenic mechanisms may hamper their induction.

Despite these challenges, recent insights have deepened our
understanding of bNAb responses, insights that could guide
the field toward an effective vaccine. For example, samples
from large-cohort studies have revealed >20 bNAbs occurring
in natural infection that could possibly be elicited with vaccine
immunogen(s). The potential for such bNAbs to protect against
HIV infection has been explored by passively providing the an-
tibodies rather than inducing them. In this regard, other viruses
have been used as vectors containing relevant immunoglobulin
gene inserts to express a bNAb directly in vivo; such an ap-
proach has provided protection in animal models and will
soon be tested in human trials [21]. In addition, by studying se-
rial blood samples from an HIV-infected individual from the
acute infection phase through 3 years of follow-up, scientists
have traced the concurrent evolution of both virions and
HIV-specific B cells, demonstrating how iterative mutations in
the virus led to the induction of B-cell hypermutation that even-
tually resulted in bNAb production [22]. The work unveiled an
essential paradox of HIV B-cell science: as the virus mutates
over time to escape the immune system’s response, it eventually
induces the host to create bNAbs that inhibit a wide range of
HIV isolates (with the exception of the virus circulating in the
host) [22]. On an encouraging note, another recent study dem-
onstrated that although potent broad neutralization usually
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required extensive hypermutation, less robust, potentially pro-
tective responses were elicited with minor mutations from
naive cells [23].

Synthesizing recent investigations in B-cell vaccine science, a
developmental pathway toward an effective vaccine has been
described. First, the correct target for antibodies on the virion
must be defined, and epitopes in regions of the trimeric hetero-
dimer of the HIV envelope have been identified as the most
promising sites. Next, the structure of those targets must be de-
lineated, and recent work in cryoelectron microscopy and x-ray
crystallography has detailed the conformations of the relevant
regions in exquisite detail. Third, the naive B-cell repertoire in
bone marrow and secondary lymphoid tissue that is pro-
grammed to respond to these epitopes must be engaged,
through a process referred to as B-cell lineage immunogen
design. Specifically, after identification of bNAbs and their
corresponding epitopes, antibody ancestry lineages must be
constructed, tracing back to naive B cells. Next, using recombi-
nant antibody technology, members of that lineage must be ex-
pressed to identify virion envelope epitopes that bind most
avidly. Finally, those epitopes must be converted into immuno-
gens and integrated into a vaccine regimen, probably in a
prime-boost fashion, to engage naïve B cells and prod their hy-
permutation toward bNAb responses [24].

Whereas B-cell vaccinology is generating significant interest,
novel T-cell approaches have also been pursued. These could be
used in combination with B-cell vaccines to provide broad help,
boosting the degree and specificity of antibody responses. Alter-
natively, the specific actions of T follicular helper cells could be
targeted, because their levels seem to correlate with the creation
of bNAbs. Finally, the use of a vaccine candidate composed of
simian immunodeficiency virus genes inserted into a cytomeg-
alovirus vector seemed to induce CD8+ T-cell responses that

resulted in viral clearance in half of nonhuman primates tested
[25]. Human trials of this approach are planned.

Therefore, recent scientific advances have dramatically al-
tered the HIV science landscape, creating a pathway toward a
vaccine that ideally will be safe and sufficiently protective to
be part of a larger prevention tool kit. Although nonvaccine ap-
proaches to HIV prevention will probably markedly diminish
new infections, the challenges impeding optimal deployment
of prevention modalities force us to conclude that a safe and ef-
fective vaccine (together with vigorous implementation of non-
vaccine prevention tools) is essential if we are to realize a timely
and sustained end of the HIV/AIDS pandemic (Figure 1).
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