
Forum in immunology

Rational vaccine strategies against AIDS: background and rationale

Barbara Ensoli *

AIDS National Center, Istituto Superiore di Sanità, Viale Regina Elena 299, 00161 Rome, Italy

Available online 22 September 2005

Abstract

New vaccine candidates exploiting the rational combination of regulatory and structural HIV gene products are being developed within the
program of the AIDS Vaccine Integrated Project (AVIP) and will be tested in comparative preclinical and clinical trials with the ultimate goal
of selecting proper candidates for advanced clinical testing in developing countries.
© 2005 Elsevier SAS. All rights reserved.
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1. Background and rationale

WHO/UNAIDS estimates indicate that 36–44 million men,
women, and children are currently living with HIV or suffer
from AIDS worldwide, with about 14,000 new infections
occurring daily. More than 90% of these infections occur in
developing countries (DC). Life expectancy in the most
affected countries has declined by 10–20 years, wiping out
decades of hard-won gains in health improvement. In South
Africa, the national HIV prevalence rate is 27.9% for preg-
nant women attending antenatal clinics in the public sector
and, based on this figure, an estimated 5.6 million people were
living with HIV in South Africa at the end of 2003. The pro-
portion of infected women is also increasing in Eastern and
Western Europe, and in the United States, as a result of the
overwhelming heterosexual transmission. Thus, the social and
economic impact of HIV/AIDS pandemic is unprecedented,
and may lead to political instability, misguided market reforms
and famine. Antiretroviral treatment, which halts disease pro-
gression and prolongs survival of HIV-infected persons, is
not yet easily applicable in the developing world. The therapy
regimens are difficult to comply with, and the efforts of DC
to modify the behavior and culture of their populations
through intervention programs of the National Public Health

Plans have had only a modest, although appreciable, impact.
Therefore, prevention of transmission through the develop-
ment of a vaccine against HIV/AIDS may conceivably be the
most effective way to stop the spread of HIV infection.

Over the past two decades, the search for an AIDS vaccine
has focused on the use of HIV Env as the immunogen. Since
Env is responsible for virus binding and entry into cells, the
rationale for developing an Env-based vaccine was to gener-
ate neutralizing antibodies capable of protecting from infec-
tion (sterilizing immunity). However, results from preclini-
cal and clinical trials, including the first phase III trial
(AIDSVAX by VaxGen), in which no protection from pri-
mary infection has been observed, have been largely disap-
pointing. This can be accounted to the inability of such vac-
cines to elicit protective neutralizing antibodies due to the
Env variability [1] that hampers recognition of relevant,
mostly conformational, epitopes by neutralizing antibodies,
and to the heavy glycosylation of the gp120 Env subunit that
also contributes in masking neutralizing epitopes (reviewed
in [2]). Clearly, an alternative rational vaccine approach is
required for the further development of an efficacious vac-
cine against HIV/AIDS.

Recently, new strategies have been developed aimed at
blocking virus replication and disease onset in the absence of
sterilizing immunity. Control of virus replication may modify
the virus–host interaction, favoring the host immune response
and providing protection to disease progression and virus
transmission to healthy individuals. Thus, such strategies may
be used for both preventive and therapeutic vaccine strate-
gies. In particular, they should utilize viral products i) exert-
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ing key functions in the early virus life cycle, in infectivity or
in pathogenicity, ii) capable of inducing a broad immunity,
iii) and conserved across HIV clades. These viral products
include the nonstructural proteins Tat, Rev and Nef.

In particular, the HIV regulatory proteins Tat, Rev and Nef
share properties that make them very promising vaccine tar-
gets. They are the first HIV proteins expressed upon infec-
tion, even prior to virus integration [3], and are essential for
virus replication [3–5]. These regulatory proteins exert mul-
tiple immunoregulatory effects, either directly or indirectly,
aimed at facilitating target cell recruitment and activation,
further promoting HIV replication and spreading (reviewed
in [6]). In addition, Tat and Nef are also found extracellularly
and in this form they exert effects on different cell types [4,7–
13], including chemotactic activity for HIV target cells [14].

Importantly, Tat, Rev and Nef proteins are highly con-
served in their immunodominant regions encompassing B and
T (including CTL) epitopes, a very desirable feature for the
generation of a vaccine that has to circumvent major intra
and inter-clade variability [15–18]. In particular, recent stud-
ies indicate that there is a remarkable degree of cross-
recognition of clade B Tat by sera from Ugandan and South
African individuals infected with virus strains mainly belong-
ing to the clades A, C and D [15]. This is of relevance, since
these clades are prevalent in the sub-Saharan Africa, by far
the most affected area in the world.

Of outmost importance, cellular immune responses to Tat,
Rev and Nef have proven important in controlling disease
onset and progression [16,19,20]. Consistently, a strong cor-
relation between the presence of anti-Tat antibodies and non-
progression to AIDS has been found in both cross-sectional
and longitudinal studies [21]. This suggests that the induc-
tion of antibodies neutralizing the effects of extracellular regu-
latory proteins can be a desirable feature of a vaccine. Inter-
estingly, immunization in humans with the three regulatory
genes induced new CTL responses in all vaccinees [22,23].

Another feature of regulatory gene products, which is key
to a novel vaccine design, is that they possess immunomodu-
latory properties, as indicated by the promotion, in vitro, of
dendritic cell maturation and activation by Tat or Nef [24,25],
and by the modulation, in vitro and in vivo, of CTL epitope
hierarchy by Tat through effects on the proteasome catalytic
subunit composition [26]. In particular, results from very
recent vaccine preclinical studies in the murine model indi-
cate that co-administration of Tat (DNA plasmid, recombi-
nant adenoviral vector, or native protein) with Gag leads to
enhancement of Th-1 and CTL responses against this struc-
tural protein, whereas responses to Tat are maintained (Robert-
Guroff and Ensoli, submitted; Guzman et al., in preparation;
Caputo et al., unpublished data). Of note, co-immunization
of mice with Tat and Env or Gag also resulted in increased
antigen recognition, as indicated by the appearance of
responses to epitopes not recognized upon immunization with
the structural protein alone (Gavioli et al., unpublished data).

With regard to the HIV structural protein Env, novel vari-
ants are currently available, which include modifications (i.e.

V2 loop-deletion) that permit exposure of conserved epitopes
in order to increase the breadth of the neutralizing antibody
(Ab) responses. Such new antigens have great potential for
the design of an effective HIV/AIDS vaccine.

In particular, preclinical studies have shown thatV2-deleted
Env (DV2 Env) proteins are immunogenic and able to induce
cross-clade neutralizing Ab in rabbits in a DNA-
prime/protein-boost regimen, as well as containment of infec-
tion in monkey challenge experiments [27–32]. The availabil-
ity of these modified antigens represents a substantial advance
in the area of Env immmunogen design, since numerous stud-
ies, including the VaxGen Phase III clinical trials, have shown
that the monomeric form of Env is likely ineffective in induc-
ing cross-reactive or protective neutralizing Ab responses
[33,34]. In contrast, several studies have so far indicated that
HIV-1 Env oligomers, consisting of gp120 and the ectodomain
of gp41, are superior to the monomeric gp120 for eliciting
strong humoral responses directed toward conformational
epitopes [35–37] as well as neutralizing Ab against both T
cell-line adapted (X4) and selected primary isolates (R5 and
X4) of HIV-1 [37–39]. Moreover, as HIV employs various
means to minimize the immunogenicity of the Env protein
by shielding the important conserved sites on the molecule
by extensive glycosylation and external polypeptide (“vari-
able”) loops (reviewed in [40]), strategies to overcome this
problem are further required.

To enhance the immunogenicity of Env for the induction
of broadly reactive neutralizingAb, trimeric Env derived from
the subtype B HIV-1SF162 with a 30 amino acid deletion in
the V2 loop (o-gp140 DV2SF162) was produced and evalu-
ated in vivo [29,31]. Studies performed in rabbits and rhesus
macaques have demonstrated that the trimeric DV2 Env from
HIV-1SF162 is more effective at eliciting neutralizing Ab than
the non-deleted form of trimeric Env [27]. It is important to
note that sera from animals immunized with the DV2 Env are
capable of neutralizing several heterologous subtype B pri-
mary isolates. Using a DNA-prime/protein-boost immuniza-
tion methodology in rhesus macaques, protective neutraliz-
ing Ab were elicited that, in the absence of CD8+ cells,
reduced plasma viral load levels during acute infection by
the high replication-competent, R5-using SHIVSF162P4 virus
[28,29]. Some of the protected macaques were followed for
longer than 2 years during which time they remained nega-
tive for plasma viral RNA, with stable numbers of CD4+ and
CD8+ T lymphocytes, no signs of disease and no evidence
for the emergence of escape viruses (not shown). During this
period, anti-HIV EnvAb titers remained stable, and CTL anti-
viral responses against SIV Gag (primarily) and HIV Env pro-
teins were measurable during chronic infection in these ani-
mals. These results demonstrate the usefulness of high-
quality trimeric DV2 Env proteins as important components
in the development of an effective HIV vaccine.

Taken together, this body of epidemiological and experi-
mental evidence regarding regulatory and structural HIV gene
products represents the rationale to develop and to evaluate
in preclinical and clinical trials a new generation of vaccines
based on their rational combination.
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2. The AVIP project

These novel combined-vaccine strategies are currently
under evaluation within the European AIDS Vaccine Inte-
grated Project (AVIP). In this program, several combinations
of structural and nonstructural gene products, as well as dif-
ferent delivery systems, are being tested in preclinical stud-
ies to select the best candidates to enter phase I trials. The
polyvalent vaccine is, to date, one of the most promising
approaches for an effective vaccine, as also indicated by pre-
clinical studies.

In particular, the optimization of formulations and immu-
nization schedules is highly important, especially in view of
the risk that structural, immunodominant viral products, such
as Gag and Env, may diminish the response against small
regulatory proteins. This potential complication was sug-
gested by preclinical studies that included Gag, Env, Tat, Rev
and Nef [41–44] and by the pattern of immune responses
detected in the course of natural infections [19,45]. There-
fore, the combination of regulatory and structural gene prod-
ucts requires a rational vaccine design, appropriate formula-
tions of the antigens, and/or immunization protocols to ensure
induction of balanced responses to all antigens. The rational
combination of regulatory and structural genes (or their prod-
ucts) should ensure immune responses to both early and late
gene products, and the generation of broadly protective immu-
nity.

2.1. Objectives and scientific structure of AVIP

The general aim of AVIP is to generate novel HIV-
1 vaccine candidates to be tested in phase I trials in Europe
within a 5-year program. To achieve this goal, four novel vac-
cines have been selected from a larger pool based on two
criteria: the combination of HIV regulatory (Tat and/or Rev,
and/or Nef) with structural (Env and/or Gag/Pol) genes/
products, and the advanced stage of development of the single
components, including efficacy studies in both monkeys and
new murine models, good manufacturing practice (GMP) pro-
cess development, and phase I studies. Training, education
and technology transfer activities are also within the general
scope of the program and are viewed as preparatory to
advanced clinical trials with selected AVIP vaccine candi-
dates that will eventually be performed in DC. Therefore,
AVIP major objectives are:
• To develop innovative HIV vaccines based on the rational

combination of existing vaccine antigens that have already
been tested in preclinical animal models and in phase I
studies in humans.

• To conduct phase I trials in Europe with four novel
combined-vaccines in both HIV-infected and low-risk
healthy individuals. The candidates will be first tested in
preclinical models to optimize the formulations and the
vaccination protocols. Specifically, the preclinical studies
are aimed at comparing safety and immunogenicity in mice
and monkeys to select the best vaccine formulations and

protocols for human trials, and at evaluating preclinical
efficacy in two novel mouse models and in monkeys.

• To implement capacity building and to transfer technol-
ogy to DC, and to perform cross-clade immunological and
virological preparatory studies in order to move rapidly
with selected vaccines into phase II/III trials in DC upon
completion of phase I studies in the EU.

• To carry out training in EU countries and DC. To this end,
the AVIP International School has been established.

• To ensure community involvement both in EU countries
and DC in order to guarantee the correct ethical informa-
tion of the volunteers and counseling, and to ensure that
quality of life evaluation and risk assessment are carried
out.
Due to the complexity of the program, special attention

has been paid to its scientific organization, which includes
seven workpackages (WPs) dedicated to the accomplish-
ment of the aims described above. The specific objectives of
the WPs are listed below:
• WP1. Preclinical studies (mice, monkeys) aimed at com-

paring the safety, immunogenicity and efficacy of the vac-
cine candidates and at selecting the best formulations and
vaccination protocols for phase I human trials.

• WP2. Antigen production/GMP production/toxicology,
dossier preparation and regulation (approval for human
use).

• WP3. Phase I trials in healthy individuals and extended
follow-up.

• WP4. Phase I trials in HIV-infected individuals and
extended follow-up.

• WP5. Clinical and laboratory studies for the development
of phase II/III HIV vaccine trials in South Africa.

• WP6. European Vaccine against AIDS (EVA) Program to
support all research and technology development and dem-
onstration activities.

• WP7. Coordination of science, training, business and
administrative management.
The AVIP program is being implemented by a Consortium

of 15 partners expert in the field of HIV/AIDS vaccine from
Italy, Sweden, France, Germany, Finland, United Kingdom
and South Africa.

2.1.1. Development of novel vaccines
and preclinical/clinical testing

To ensure the success of the program (i.e. completion of
phase I trials within 5 years), priority has been given to those
vaccine candidates whose components have already com-
pleted or are undergoing phase I studies and, therefore, have
been approved for human use by both regulatory and ethical
committees. Further, for these antigens GMP process devel-
opment, toxicology data, and protection data in animal effi-
cacy models are available. Therefore, the combined-vaccine
candidates in an advanced stage of development will ensure
completion of four phase I clinical trials in both seronegative
and seropositive subjects within the program in a compara-
tive fashion and in the most cost-effective way. It is impor-
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tant to highlight that AVIP focuses on HIV-1 clade B, since
the phase I trials will be performed in the EU. However, it
should be pointed out that, at least for regulatory genes, inter-
clade issues may not be as critical as for Env, since recent
data indicate cross-recognition of the Tat vaccine (clade B),
which is presently in phase I trials in Italy, by sera from indi-
viduals infected with clade A, B, C, or D circulating viruses
(from Italy, Uganda, South Africa) [15]. Moreover, the
clade-B DV2 Env used in this project exposes cryptic neu-
tralizing epitopes that are conserved among different clades,
and preliminary data indicate cross-recognition of clades B
and C by sera of animals immunized with clade B Env
[27,31,32,46]. On the other hand, clade-A and clade-C immu-
nogens are already being developed by the AVIP Consor-
tium, as part of parallel national, bilateral, and EU vaccine
programs, related to AVIP.

Two of the four different vaccine candidates that are being
evaluated within AVIP are based on the combination of the
same structural gene product (DV2 Env) with two different
regulatory proteins:
• Tat ± DV2 Env.
• Nef ± DV2 Env.

These formulations will allow assessment of the contribu-
tion of each regulatory protein to the overall immunogenicity
in animal models and humans, as well as to evaluate efficacy
in preclinical studies.

The other two vaccines are complex combinatory vaccine
formulations involving the use of blocks encompassing mul-
tiple structural and nonstructural antigens.

The first candidate is a pure DNA vaccine, which is based
on a single vector coding for selected antigens, namely, the

• multi HIV antigens/epitopes [full-length rev, tat, nef, gag
(p17, p24) antigens, and over 20 T cell epitopes from Pol,
Protease and Env antigens]. Preclinical studies will indi-
cate whether this strategy will require boost with viral vec-
tors expressing the identical Multi HIV antigens, with the
Multi HIV proteins or with single proteins/genes.
With regard to the second candidate, the antigens are

administered as individual DNA constructs or proteins accord-
ing to a prime-boost protocol, in which GM-CSF is used as
adjuvant. The specific composition being:
• HIV multigene (nef, rev, tat, gag, rt, env).

The modular format of this specific vaccine formulation
will permit a clear evaluation of the contribution of each com-
ponent to the overall immunogenicity and efficacy of the vac-
cine formulation in preclinical studies and immunogenicity
in humans.

The efficacy of the different antigens present in the AVIP
vaccine candidates has been shown in animal models and these
antigens have been or are being tested in humans (Table 1).
Comparative analysis in both preclinical and phase I trials of
these vaccines will be key for the selection of vaccine candi-
dates for phase II/III trials in DC. To this end, clinical sites
have already been set up in Estonia, Finland, Germany, Italy,
Sweden, and the United Kingdom. Partners involved in the
clinical development have wide experience with regulatory
issues, GMP production, study design and site preparation,
ethical issues, and community advisory board (CAB) involve-
ment. In addition, the support of the already established Euro-
peanVaccine againstAIDS (EVA) Program Centralized Facil-
ity for AIDS Reagents (NIBSC, UK) with repository and
distribution functions is of key value to this project.

Table 1
Preclinical and clinical data of the vaccine candidates to be tested in phase I trials within the AVIP project: previous work and development stage of single
antigenic components

Combined-vaccine
candidates (clade)

Single components (clade) Mouse
safety and
immuno-
genicity

Mouse
efficacy

Monkey
safety and
immuno-
genicity

Monkey
efficacya

GMP
develop-
ment

Approval
for human
use

Clinical trials

1. HIV Tat ± DV2 Env
(B, C)

HIV Tat (B) D ** ND *** D D D D Ongoing
(HIV–**** and
HIV+*****)

HIV DV2 Env (B) D ND D D D D Ongoing (HIV–)

2. HIV Nef ± DV2 Env
(B, C)

MVA-HIV Nef (B) D D D D D D Completed (HIV+)
HIV DV2 Env (B) D ND D D D D Ongoing (HIV–)

3. Multi HIV vaccine
antigens and epitopes*

GTU-MultiHIV B cladeb D D ND ND D D Completed
(HIV– and HIV+)

Auxo-GTU antigens and
epitopes (A, B, C, FGH)

D D ND ND D Ongoing To be started
(HIV– and HIV+)

4. HIV multigene [Nef,
Rev, Tat (B) and Gag,
RT, Env (A, B, C)]

HIV Nef, Rev, Tat (B) D D D D D D Completed (HIV+)
HIV Gag, RT Env
(A, B, C)

D D D ND D Ongoing Ongoing (HIV–, HIV+)

* Multi HIV A, B, C, or FGH clade antigens and epitopes = full length rev, tat, nef, gag (p17, p24) antigens and over 20 T cell epitopes from Pol, Protease, Env
antigens; ** D = Done; *** ND = Not done; **** HIV–: in non-infected individuals; ***** HIV+: in HIV-infected individuals.

a The SIV Nef is used for monkey efficacy studies.
b First generation vector.
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2.1.2. Capacity building and technology transfer to DC
Cooperation with DC is one of the main activities of AVIP.

In particular, the current collaboration with South Africa,
aimed at the preparation of sites for future phase II/III vac-
cine trials, constitutes the basis for building up a partnership
with other DC (i.e. Swaziland, Uganda, Tanzania) that already
collaborate with participants of the AVIP Consortium. Both
laboratory and clinical capacities will be implemented in DC
through appropriate training in the specifics of the work
needed for the project. Clinical capacity development will
include joint writing of the future vaccine clinical protocols
for phase II/III trials. The training and standardization of tech-
niques and procedures, in both the clinical sites and core labo-
ratories for performing phase I clinical trials in the EU with
DC, will ensure the reproducibility of the results at the vari-
ous sites, and maintenance of high levels of internal and exter-
nal quality controls.

To this end, as part of the innovation of this proposal, train-
ing is seen as a two-way process in which European investi-
gators will also visit and learn from the African sites. As part
of the training program, African investigators will visit the
sites in Europe where phase I trials will be conducted to make
them fully acquainted with the clinical, immunological, ethi-
cal and analytical aspects of the phase I trials in the EU. The
participation of African researchers will therefore promote
continuity in the development of the vaccine. The establish-
ment or expansion of CAB in the EU and DC will be of criti-
cal importance to ensure the ethical recruitment and briefing
of volunteers, quality of life assessment, risk assessment and
communication programs. Vice versa, the participation of the
European researchers in the development of future phase II

and III sites will also serve to ensure compatibility and a
smooth transition between phase I trials in Europe and phase
II trials in Africa. The AVIP International School will be the
main instrument for the training activity.

2.1.3. Community involvement
The project will also take advantage of (and will support)

the existence of CAB in Africa and joint CAB with the EU.
These Boards, while similar to some extent to such commit-
tees in the US and Europe, also have unique aspects that the
European researchers will be exposed to. For example, tradi-
tional leaders still have substantial authority in rural Africa
and, hence, the consent to participate in clinical studies is not
only the responsibility of the individual but also of the com-
munity. The “community consent” should be therefore taken
into account, as articulated through traditional authority struc-
tures.

Finally and more generally, another value of this project is
the well established collaboration with South Africa, which
was initiated several years ago through other funding re-
sources. After the first year of the program, another applica-
tion is planned to include additional DC where cooperation
with participants of the Consortium is already ongoing
through EU Member States and EU-funded programs (i.e.
Swaziland, Uganda, Tanzania). This will allow a broader part-
nership and synergy with DC.

2.2. Vaccine testing and selection

The AVIP program will be implemented through the fol-
lowing activities (Fig. 1):

Fig. 1. Vaccine development pipeline.
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• safety and immunogenicity in mice and/or rabbits will be
performed with all candidates and compared with single
components to ensure selection of the best vaccine formu-
lation to avoid antigen interference, which can easily occur
between structural and regulatory genes/products (first
decision-point);

• safety and immunogenicity in monkeys. Vaccine combi-
nations that fulfill safety and immunogenicity require-
ments in small animal models will progress to monkey
safety and immunogenicity evaluation studies. This will
be a second decision-point for both human trials and pre-
clinical efficacy studies (mice, monkeys);

• mouse and monkey effıcacy studies. Mouse efficacy stud-
ies will be performed for formulations that will have passed
the second decision-point. Two different models (HIV
pseudotypes and herpesvirus infection models) will be
used. Monkey efficacy studies will be performed for the
two vaccine candidates for which appropriate SHIV are
available (Tat ± DV2 Env and Nef ± DV2 Env). These
monkey studies will start in parallel with mice efficacy
studies allowing comparison and validation of the novel
murine models. The continuation of the efficacy studies in
parallel with clinical trials will allow comparison and vali-
dation of the animal models used;

• clinical trials in non-infected and HIV-infected individu-
als. To assess the safety and immunogenicity of the vac-
cines, clinical trials will be conducted in parallel in both
seronegative and seropositive individuals. This will be
essential to determine the impact of vaccination, since it
cannot be anticipated which vaccine candidate may be opti-
mal for seronegative versus seropositive individuals.
Immuno-monitoring and prolonged follow-up of the vac-
cinees will enable head-to-head comparisons of the vac-
cine candidates, as well as an efficient selection of the best
candidates for advanced clinical testing in DC. This is of
great importance for field vaccination campaigns in DC,
where uninfected and infected individuals can be reached
without knowing the infection status. Capacity building
and implementation of virological, immunological and epi-
demiological studies in South African sites will be pur-
sued. This will permit to clarify the requirement of either
clade-specific antigens or the effectiveness of a vaccina-
tion approach inducing cross-reactive immune responses
for future vaccine formulations.
All activities described above will be conducted upon har-

monization of the different centers that are involved in the
AVIP activities.

3. Conclusions

Results obtained through the AVIP program are expected
to contribute toward the improvement of life expectancy, qual-
ity of life, health and safety on a worldwide scale by provid-
ing vaccine candidates for the fight against HIV/AIDS, and
may lead to a significant improvement of living conditions in

both developing and developed countries. In DC, a success-
ful vaccine strategy may contribute to ameliorate human life
expectancy and to greatly decrease the number of children
orphaned by AIDS, therefore reducing the tremendous socio-
economic loss due to AIDS. Furthermore, the development
of vaccines against HIV/AIDS may reduce the risk of emer-
gence and transmission of drug-resistant viruses from non-
compliant patients.

The major objectives of theAVIP program will be achieved
through the establishment of a unique partnership between
complementary academic, government, regulatory, national
health and industrial laboratories, which are at the “cutting
edge” of HIV/AIDS vaccine research, and have structured
vital cooperation with centers of excellence in Africa. This
unique constellation of expertise and know-how generates an
added value, which is essential for the fulfillment of the main
AVIP goals. Finally,AVIP may represent one of the first struc-
tured cooperations between the EU and US international orga-
nizations, to achieve the first joint platform, which can con-
tribute to vaccine development within the Global HIVVaccine
Enterprise [47].
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