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Abstract
Antiretroviral therapies combining three or more compounds frequently diminish the viral load (VL) in blood to undetectable levels (< 50 copies of RNA/mL), being considered as optimal. In contrast, more than 100 clinical studies
with different vaccine candidates have barely achieved modest results and some studies have been discouraging.
Therapies are, however, unable to eliminate viral infection. At the same time, they are a threat to the health of
patients because of the accumulated toxicity derived from their prolonged use. Many researchers, therefore, believe
that an effective (or even partially effective) vaccine might substitute therapies, eliminating the virus or at least controlling the VL through immune-mediated mechanisms. However, immune correlates for protection remain unknown
requiring a strategy to evaluate the clinical effectiveness of vaccine candidates. Hence, the experience accumulated
with therapies is highly valuable. This paper gives an update on some of the main results of antiretroviral therapies
and therapeutic vaccination, giving recommendations in the field of vaccination against HIV-1.
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Resumen
Los tratamientos antirretrovirales y los candidatos vacunales terapéuticos contra el VIH-1. Las terapias
antirretrovirales que combinan tres o más compuestos, muchas veces reducen la carga viral en sangre a valores no
detectables (< 50 copias de ARN/mL), por lo que se consideran muy efectivas. En contraste, más de 100 ensayos
clínicos con diferentes candidatos vacunales contra el virus de inmunodeficiencia humana (VIH), solo han alcanzado
modestos resultados y algunos estudios han sido decepcionantes. No obstante, las terapias no eliminan la infección
viral, por lo que deben administrarse de por vida. Al mismo tiempo, el consumo prolongado eleva la toxicidad a niveles
que ponen en riesgo la salud de los pacientes. Por eso, muchos investigadores creen que una vacuna efectiva (incluso
parcialmente efectiva) podría sustituir tales terapias. Esa vacuna eliminaría el virus o, al menos, mantendría la carga
viral controlada mediante mecanismos inmunes. Sin embargo, los correlatos inmunológicos de protección se desconocen. Por ello, es necesaria una estrategia que permita evaluar la efectividad clínica de los candidatos vacunales. En
tal sentido, la experiencia con las terapias antirretrovirales es de gran valor. Se analizaron algunos de los principales
resultados de estas terapias y de la vacunación anti-VIH, para emitir recomendaciones en este segundo campo.
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Introduction
UNAIDS, the United Nations Program to fight AIDS,
has recently estimated that 30 to 36 millions of people
in the world are infected with the Human Immunodeficiency Virus (HIV) [1]. They estimate that between
1.8 and 2.3 million infected persons have died, and
there are 2.2 to 3.2 million new seropositive cases. It
is discouraging that all the efforts made to increase the
access to antiretroviral therapies (ART), in the year
2007 only reached a quarter of the total number of
people infected that year. Therefore, this led to a geometric shortfall every year in the number of people who
need antiretroviral treatment and; consequently, most
of the seropositives die as a consequence of the impossibility of accessing these therapies. The UNAIDS
report expressed that “While the percentage of people
living with HIV has been stabilized since 2000, the
overall number […] has steadily increased as new infections occur each year, since HIV treatments extend
life as new infections still outnumber AIDS deaths”.
This explains why the therapeutic scenario becomes
more relevant in the context of fighting AIDS and HIV
transmission.
Currently, ART are the only effective tool against
persistent HIV-1 infection [2]. Hence, demands should

be maintained to politicians and pharmaceutical companies to make these drugs more accessible to patients. The limited success of these treatments cannot
be neglected since they do not eradicate viral infection
[3, 4], while causing long-term metabolic disorders
[5, 6] making it necessary to interrupt the treatment.
When this time comes, no other therapeutic alternative
exists and the disease inevitably progresses, leading to
death. An alternative option is the development of immunotherapies to clear the viral infection or to control
the infection if the virus cannot be eradicated. AntiHIV immunotherapies are intended to substitute ART
to avoid the negative effects of its continued use.
The aim of this paper is to show the most significant advances in the fields of ART and vaccination
against HIV, as starting point to design a strategy
for the clinical testing of future vaccine candidates
against this virus.

Therapies against HIV
ART against AIDS is perhaps the field of medical
practice with the most impressive advances in recent
years. Since the discovery of the syndrome in 1981
until the end of the 1980’s, the therapy was limited
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to the specific treatment of the numerous and unusual
opportunistic infections commonly causing death. An
AIDS diagnosis was equivalent to a death sentence,
and certainly, 85% of seropositive persons would die
within five years of being diagnosed [7]. A few years
later, however, together with the enormous number of
studies in molecular biology on HIV-1, the first therapeutic compound, zidovudine (AZT), was available.
This is a nucleotide analogue inhibiting the reverse
transcriptase (NRTI), which was approved in 1987
by the Food and Drug Administration (FDA) of the
USA [8]. After three years of great expectation the
results were discouraging. The CONCORDE study
demonstrated that monotherapy results were transient
[9]. Other nucleoside analogues, such as ddC, ddI and
d4T followed a similar fate in the 1990´s. Significant
advances were, however, made in treating opportunistic infections after the introduction of co-trimoxazole,
pentadimine, gancyclovir, foscarnet, and fluconazole,
among other drugs.
At the end of 1995, results from two clinical trials
completely changed the conception of ART. Both
the DELTA and ACTG175 studies showed that combination therapy with the simultaneous use of two
nucleoside analogues was much more effective than
monotherapies (significantly increasing survival) [10,
11]. Also in 1995, a new class of inhibitors targeting
another viral enzyme (protease) was introduced [12,
13]. They bind to the active site of this enzyme and
prevent the final maturing process of viral particles,
making them noninfectious [14, 15]. Between December 1995 and March 1996, the FDA readily approved saquinavir, ritonavir and indinavir. In June 1996,
at the World AIDS Conference held in Vancouver, the
expression “highly active antiretroviral therapy” was
first mentioned, which rapidly spread and was used
together with the term tritherapy. The latter refers to
a therapy combining three antiviral compounds that
markedly decreases mortality [16] and suppresses the
viral load (VL) in the plasma [17]. During that same
month (June 1996) with the approval of nevirapine a
new type of antiviral drugs was introduced: the nonnucleosidic reverse transcriptase inhibitors (NNRTI).
The NNRTI are structurally different compounds that
bind to a region far from the active site of that enzyme but provoking changes on its structure, blocking
catalysis. Also in 1996 a new protease inhibitor was
licensed: nelfinavir.
Once the tritherapy was introduced and new compounds synthesized, the scenario completely changed.
In just four years, from 1994 to 1998, the incidence of
AIDS in Europe decreased from almost 31 cases every
100 patients to less than three, and the opportunistic
infections practically disappeared [18]. Unfortunately,
this is not possible in poor countries where the effects
of the pandemic are catastrophic because ART are not
available, in spite of important agreements made to
reduce the prices [19]. Besides, the cost of the CD4+
T cell counts test and VL determinations are unaffordable, so the treatment can not be guided based on
these criteria.
The success of the tritherapy led to think about the
eradication of the virus. But, the existence of viral reservoirs was observed. It was shown that some blood
cells are latently infected and low viral replication

levels were reported even after tritherapy [20-22];
similar to tissues where the virus persists in spite of
therapy [23]. All attempts to activate these latent viral
reservoirs to favor the antiviral activity of the therapies have failed [24, 25]. Even worst, it was estimated that more than 70 years of continuous treatment
would be required to eradicate these reservoirs [26].
This is unlikely since it was evidenced since 1996 that
tritherapy lead to many side effects and sometimes
fatal metabolic complications, such as lactic acidosis, diabetes mellitus, lipodystrophy, pancreatitis and
others [5, 27-29].
Achievements and failures following tritherapy
The aim of antiviral therapies is to prolong life while improving its quality. Its success or failure may be
evaluated according to virological, immunological
and clinical parameters.
Currently, the methods for VL quantification have
a detection limit of 50 copies of viral RNA/mL. For
that reason this value of VL was arbitrarily set as the
threshold value to assess virological failure. Nevertheless, today it is impossible to assure that 100 or 400
copies of viral RNA/mL can represent a higher risk
than 50 copies. After three or four months, ART may
reduce VL below the detection level, although it could
last somewhat longer in cases with very high VL. But
if after six months under treatment the VL persists
above detection limits it will be considered virological failure, and physicians would probably consider
a change to second line drugs. The decrease of VL
in response to tritherapy follows a biphasic pattern.
First, it quickly drops in three to six weeks, slowly
decreasing afterwards [30]. It has been reported that
a VL of 106 viral RNA copies/mL takes approximately four months to decline under undetectable levels
[31]. Astonishingly, mutant viruses can arise during
the first month of the tritherapy, which could limit the
effects of some of the drugs in up to 40% of the patients [32]. Resistant viruses arising from a previous
therapy and the poor adherence to the treatment are
the main factors contributing to virological failure for
a given therapy [33].
It is common that VL in patients under tritherapy
transiently rises up to 500 copies of viral RNA/mL
and spontaneously declines to undetectable levels.
This can be observed in 20 to 40% of the patients,
irrespective of the therapy [34]. Moreover, it does not
seem to increase the risk of virological failure [35].
The immunological success is normally, and simply
defined as the increase in blood CD4+ T cells counts.
It is difficult to predict the immunological success for
a given therapy because of the patient variability. It
was observed that the regeneration capacity of the immune system for naïve CD4+ T cells is heavily impaired in patients over 50 years old [36, 37]. Curiously,
the kinetics of an increase in CD4+ T cells also follows a biphasic pattern. Similarly during the first 3 to
4 months after the treatment, a 20 cells/µL per month
increase can be achieved, followed by a more discrete
increase of only 5 cells/µL each month [38].
On the other hand, clinical failure is related to the
progression to AIDS and finally death. In the practical
sense, clinical success is the most relevant achievement, but it is difficult to assess it and it takes even
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longer to be unquestionably established. However,
several studies have evidenced that clinical success
depends in the long-term on virological aspects [3941]. On the other side, a curious relationship between
virological and immunological success has been noticed. Immunological success (increase in the CD4+ T
cell counts) can be achieved at detectable VL [42-44].
However, the risk of drop in CD4+ T cells and progression to AIDS is proportional to the increase in VL
[45-47]. It is noteworthy that this risk starts at certain
VL values. In fact, CD4+ T cell counts should not decrease if VL remains below 10 000 RNA copies/mL or
1.5 log under the relatively steady viral set point that
has been established during the asymptomatic period
[44]. Based on all the above, the success of therapies
can be assessed based on the virological response. In
this sense, the physician has a simple and effective tool
to draw conclusions about any therapeutic treatment.

2001-2009

Recognition of limitations of self vaccination
Start of multiple studies with therapeutic vaccines

2000

Recognition of the impossibility of eradicating viral
reservoirs
Start of self-vaccination studies

1999

Studies using HAART together with immune therapies
to activate viral reservoirs

1998

First therapeutic study with Remune plus HAART

1996

Recognition of limitations of tritherapy

Therapeutic vaccination

The first NNRTI (nevirapine) is marketed

The success/failure ratio of therapeutics against HIV
establishes a practical niche for vaccination (Figure 1). This would not be required if there were a therapy able to eradicate the virus, or at least hamper
the development of the escape mutant viruses, while stabilizing VL at low levels and keeping it under
control in the blood with low toxicity. Many concepts
formerly applied to ART have been extrapolated to the
therapeutic vaccination field against HIV (such as the
success and failure criteria).
Scheduled treatment interruptions and selfvaccination
Tritherapy allows the patients to recover their immunity against several pathogenic agents [48, 49] but the
immune response against HIV remains low [50-52].
This could come from the very low amount of circulating virus, which is insufficient to activate the immune
system [53]. That is the reason supporting the research
on self-vaccination during scheduled ART interruptions, which transiently increase VL.
Several pilot studies conducted with very few patients, and also in animals, reported encouraging results [54-58], but they did not include a control group.
Besides, whichever model was used, the studies only
covered subjects with acute infection.
Based on these drawbacks, the SSITT and DART
studies were designed and carried out to test the socalled immune and virological benefits of scheduled
treatment interruptions at regular time periods in chronic patients, but their results were not too encouraging [59-61]. These studies have demonstrated that a
partial recovery of the immune response is possible
without a detectable control of viral replication [55,
61-64]. This could be explained by that fact that selfvaccination only re-stimulates T cell clones which
were generated during the process of infection and
remain uninfected [65], among other factors. The general consensus establishes that scheduled treatment
interruptions in HIV patients at regular time periods
can be dangerous in clinical practice.
Another practice consists of the interruption of the
tritherapy based on blood T CD4+ cell counts. These
counts, together with VL, are the most relevant markers of the progression to AIDS [45-47, 66, 67]. In

1995

The first protease inhibitor that is used in combination with
other compounds (trithepary) is marketed

1994

Recognition of limitations of monotherapy
Demonstration of AZT effectiveness to avoid perinatal
transmission

1991

The FDA approved more NRTI

1987

The FDA approved the first antiretroviral compound,
zidovudine (AZT)
Dr. J. Salk proposed therapeutic vaccination against
HIV-1 and a phase I pilot study was started

1983

Isolation of the HIV-1

1981

A new disease appeared, later called AIDS

Figure 1. Milestones in the development of antiretroviral drugs and therapeutic vaccination against
HIV-1. FDA: Food and Drug Administration (USA); NRTI-non-nucleosidic reverse transcriptase inhibitors; HAART- Highly Active Antiretroviral Therapy; Remune- Anti HIV-1 vaccine based on the whole
inactivated HIV-1 particle depleted of the gp120, obtained by the Immune Response Corporation
(California, USA).

patients with high viral CD4+ T cell counts, tritherapy is interrupted and resumed when this parameter
drops below a defined threshold. There are reports of
studies using this therapeutic alternative. In general,
they have been non-randomized studies with different threshold values and applied in heterogeneous
populations. Their authors have concluded that such
interruptions are safe and make it possible to reduce
the exposure to other therapies [68-71]. However, the
most relevant results come from the large randomized
studies TIBET, STACCATO, ACGT5170, LOTTI,
TRIVACAN and SMART. Tritherapy interruptions
based on CD4+ T cell counts are safe when VL is
under control, according to the results of the TIBET
[72], STACCATO [73], ACGT5170 [74] and LOTTI
[75] studies, which evaluated 1127 patients under the
criterion of CD4+ T cell counts lower than or equal to
350 cells/µL to resume the treatment. In contrast, the
TRIVACAN [76] and SMART [77] studies pointed
out the opposite direction, but their criteria to resume
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and stop the therapy were CD4+ T cell counts below
250 and above 350 cells/µL, respectively.
The largest randomized studies up to now, SMART
and LOTTI, demand a more detailed analysis. Results
of the SMART study, involving 5000 patients in more
than 50 countries, have convinced many physicians
on how unsafe these interruptions are [78]. However,
inconsistencies arise from a careful analysis of these results. For example, the increased risk of AIDS
and the death of patients could not be related to their
CD4+ T cell counts at the beginning of the study. Neither the CD4+ T cell counts nadir, nor the incidence
of AIDS were predictive. On the other hand, the risk
of becoming ill was low; although of high statistical
significance (due to the high statistic power). The
LOTTI study, comprising 329 patients, evidenced that
neither the risk of progression nor the detection of resistant mutant viruses increase when resuming therapy at CD4+ T cell counts lower than or equal to 350
cells/µL [75]. Considering the results of these studies,
treatment interruptions based on the T CD4+ cells are
not detrimental within certain range of this parameter
and under controlled VL, and may be useful to delay
or mitigate the appearance of undesired side-effects of
therapies [79-80].
Risks associated to the interruption
of the treatment against HIV
The treatment interruption studies have shown that
VL quickly increases after the interruption. In fact,
viremia becomes detectable within 2 or 3 weeks [64,
81, 82]; stabilizing at values observed before the
treatment (or the viral set point) [83]. Similarly, CD4+
T cell counts drop to values closer to the count observed before the treatment. In this case, the lower the
CD4+ T cells nadir, the faster the drop in CD4+ T cell
counts in the off therapy period, reaching the viral set
point in just a few weeks [68].
Symptoms similar to those reported during acute
HIV-1 infection commonly appear after therapy interruption, e.g.: lymphadenopathies, fever, asthenia
and discomfort [84-86]. Thrombocytopenia has been
also reported [87], indicating the need for monitoring
blood parameters.
The main concern of physicians after treatment interruption is the increase in viruses resistant to these
therapies. It is widely considered that the higher the
VL and the lower the CD4+ T cell count, the higher
the risk of virological failure (the rise of viruses resistant to therapy), immune failure and the appearance of
AIDS. This is essentially true, but it should be limited
to CD4+ T cell counts below 350 cells/µL (as mentioned in the previous section). Above that threshold
and after a single treatment interruption, the risk of
virological failure is almost inexistent. One of the first
studies evidencing this was the French COMET study
[88]. Unfortunately, this study was non-randomized,
thereby limiting the implications of its results. There
have been other cohort studies in patients naïve to therapy that were treated; treatment was interrupted and,
once resuming therapy, the rate of virological failure
was not higher than that shown by patients treated without interruption [89-92]. These studies demonstrate
that virological success is hardly compromised when
patients have not accumulated previous therapeutic

failures. Besides, the risk of developing AIDS is also
low (for a single interruption) as shown in the SWISS
[93, 94] and AMELIA [71] cohort studies.
Therapeutic vaccines
Therapeutic vaccination was proposed to prevent
AIDS by Prof. Jonas Salk in 1987 [95], and the first
phase I pilot study was started in that very year, in 25
patients who were immunized with Remune (a whole inactivated HIV-1 virus vaccine depleted of gp120
glycoprotein)[96]. This study provided poor but encouraging results in regard to viral control. Nevertheless, the efficacy of this type of treatment was questioned because of the lack of a control group. Other
similar studies were carried out using different vaccine
candidates, but all of them had the same limitations
as the Remune study (reviewed in [97]) and gave no
encouraging results. Besides, patients were exposed to
an unacceptable risk by facing immunizations when
there is not virological control (further discussed in
Vaccination-associated risks in seropositive patients).
This mostly promoted the interruption of clinical studies evaluating therapeutic vaccines. Fortunately, ART
were developed shortly afterwards, with its subsequent and encouraging results in VL. In the 12th World
Conference on AIDS, held in Geneva in 1998, a group
of researchers showed that a number of seropositive
patients subjected to HAART and further immunized
with Remune developed a significant proliferative
response against p24 [98]. This result re-launched the
studies using therapeutic vaccines.
Therapeutic vaccination began earlier than the development of the tritherapy and self-vaccination with
scheduled treatment interruptions against HIV-1. ART
do not eradicate viral reservoirs, having very limited
effects when resistant viral mutants appear, and are
toxic in the long-term. Because treatment interruptions (self-vaccination) failed to stimulate a protective immunity an intense work has been carried out
in recent years to substitute ART by the combination
of therapeutic vaccination with tritherapy. In this new
scenario, therapeutic vaccination is aimed to stimulate the protective components of antiviral immunity,
when ART keeps the viral replication under control.
Viral control by immune mechanisms after interrupting therapy should be the final outcome [99]. At least
two studies in the simian immunodeficiency virus
(SIV) model suggest the feasibility of this strategy
[100, 101]. In fact, many researchers believe that vaccination is the best choice for a long-term virological
control after interrupting ART [102-104].
Very recent studies suggest that therapeutic vaccination could help reduce the variability of HIV-1 quasi-species [105] and to expand the functional response
of antiviral CD4+ and CD8+ T cells [106-107].
Numerous human clinical trials to enhance cellular
immunity with a variety of therapeutic regimes (reviewed in [97]), have evaluated essentially four types
of vaccine candidates: 1) subunit vaccine candidates,
comprising immunogens based on the viral envelope
proteins, Tat toxoid, lipopeptides and p24 virus-like
particles, among others; 2) inactivated virus, as Remune; 3) viral vectors, such as ALVAC; and 4) naked
DNA. All these strategies have shown that it is possible to stimulate new specificities of the anti-HIV-1
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CD4+ and CD8+ T cell responses without producing
severe secondary effects [108-117]. Unfortunately, it
is impossible to predict the efficacy of vaccine candidates from the results of their immunological tests,
since the mechanisms mediating protection against
HIV-1 remain unknown.
Vaccination-associated risks in seropositive
patients
Vaccination can induce a transient peak in the VL of
HIV-1 ART naïve seropositive patients, from 2 to 30
times the initial levels. This increase is maximal within
3 to 28 days (with a mean of 13 days), later decreasing
up to the initial VL levels in approximately six weeks.
This has been demonstrated for other vaccines, such
as influenza [118], pneumococci [119, 120] and tetanus toxoid [121]. It has been possible to establish
that the stimulation of CD4+ T cells by vaccination
further increases the viral replication rate through the
action of cellular transcription factors [122, 123]. It is
noteworthy that another series of studies have reported no increases in the VL after vaccination [124-126]
that could be explained by the differences in the time
points and frequency of laboratory determinations between studies. Nevertheless, and based on such results,
the international scientific community has concluded
that it is risky to vaccinate HIV-1 seropositive patients
who have a high (uncontrolled) VL.
Further studies have been conducted in patients under tritherapy and with controlled VL. Results from
Kolber and co-workers, with a small number of patients having a VL lower than 200 copies of RNA/mL
and having been vaccinated against influenza, suggest
that vaccination induces an increase in plasma virus
after two to three weeks, with a relatively high frequency among patients without previous treatment
(5/26; 19%) and even higher in those who had previous therapeutic failure (3/8; 38%) [127]. Viral mutants were reported in some patients, but the authors
did not present results allowing to evaluate the impact
of these mutants, and in most of the cases they did not
discriminate whether the mutant was present or not
before vaccination. The study was further limited by
the lack of a negative control group of patients under
tritherapy.
Two other studies indicated that vaccination against
influenza decreases T CD4+ cell counts [125, 128],
although this parameter was only significant in one of
them [128].
Another study on vaccination against influenza in
a group of HIV-1 seropositive patients with VL lower
than 50 copies of viral RNA/mL evidenced an increase of VL in 3 out of 11 patients (27%), which was
transient (returning to values prior to vaccination)
and never rising above 100 RNA copies/mL [129]. It
was also observed that the absolute counts of CD4+ T
cells and the proportion of naïve cells in those patients
were similar to those of the uninfected control groups.
This was not the case for the other groups studied, in
which VLs were higher than 50 copies of viral RNA/
mL. The immune response after vaccination was significantly higher in the group showing total suppression of the VL, compared to the groups with a partial
control of the VL. Other researchers achieved similar
results [130]. Vaccination of seropositive patients has

been able to establish that it is not enough to reach
normal CD4+ T cell counts after ART; instead, a nadir
of CD4+ T cell counts higher than 350-400 cells/µL is
absolutely required to generate new specificities and
to develop a functional T cell response [131].
On the other hand, there are several studies on
therapeutic vaccination against HIV-1 in patients under ART showing an increase in VL after vaccination.
This increase is infrequent, and never higher than 600
copies of viral RNA/mL, returning to previous levels
within few weeks [116, 117]. They also showed only
mild and transient adverse events associated to vaccination [109-117], even when the vaccine is administered together with immuno-stimulatory molecules
(i. e., cytokines and others) [108, 132].
Clinical Trial Designs
The clinical efficacy of any treatment against HIV
can be assessed as: 1) the cure or eradication of the
virus; 2) a significant increase in progression time to
AIDS; or 3) at least an improvement in the quality
of life of the patient when goals 1 and 2 are not reached. However, to achieve statistical significant for
the clinical efficacy a large number of patients must
be recruited and observed for a long period of time
Therefore, the international scientific community and
regulatory agencies (such as FDA) have accepted
the decrease in plasma VL as a surrogate marker of
clinical efficacy [133, 134]. This is valid for vaccine
candidates that can induce cellular immunity, because
their mechanisms of action are analogous to those of
ART. Studies on these therapies have shown that VL
effectively predicts the rate of progression to AIDS
[45-47].
There was also a consensus on the most efficient
design of clinical trials. This allows assessing the clinical efficacy after a short observation period [135,
136]. A minimal design would comprise a group
with HAART and placebo (control group; CG), to
be compared to another group receiving HAART
and with immunotherapy (study group; SG). After
ending the immunotherapy of SG, HAART will be
stopped in both groups. VL and CD4+ T lymphocyte
counts will be periodically determined to assess the
number of patients who need to resume therapy. The
latter is required when the CD4+ T cell counts are
below 350 cells/µL and if VL is above 50 000 viral
RNA copies/mL within 4 weeks after therapy interruption, or if VL is higher than 10 000 copies/mL
after 8 weeks. The patient’s health is not at a high
risk during the study when applying these criteria. If
the immunotherapy is effective, it would be possible
to statistically demonstrate that the off therapy period
of patients in the SG was significantly higher than
those in the CG. Plasma VL is also a very useful parameter, and the FDA issues an expedite approval for
a given drug if it maintains the VL under control for
16 to 24 weeks [133]. Other designs have been used,
without tritherapy interruption and not evaluating
efficacy. Small scale phase I studies can be carried
out under the first design, including 20 to 30 patients
(10 to 15 on each CG and SG group, respectively),
which would permit strategic decisions at low costs.
The results would support product development or
redirecting research strategies.
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A study with the above mentioned design was the
QUEST using the vCP1452 (ALVAC) candidate, alone and combined with Remune. This demonstrated
that the immunization strategy of ALVAC plus Remune generated an anti-HIV-1 cellular response. In
contrast, there was not any improvement in the virological control once HAART was discontinued [137].
The last result halted the research being made with
the previous approach. Better results were obtained
in other studies, such as the STIR-2102 [108] and the
ANRS 093 [114]. Together, they demonstrated that the
treated groups were benefitted with the therapeutic intervention because patients remain off-therapy a longer period of time compared to the placebo groups.
Obtaining a therapeutic vaccine against AIDS is
a priority. Walensky and co-workers have predicted
through a mathematical model that even partially
effective vaccines could have a considerable impact
on the patients’ quality of life, generating a substantial
saving in tritherapy expenses of thousands of dollars
per patient [138]. Underdeveloped countries need it
desperately.

1st Design of the hypothesis

2nd Vaccine candidate

Studies in experimental
animals

3rd Clinical studies in the
therapeutic scenario
Negative result

Optimization:
dose, route, etc.

Positive result

4th Clinical studies in the
prophylactic scenario (phase I and II)

Perspectives of vaccination against
HIV

Negative result

The production of a vaccine against HIV has encountered insurmountable drawbacks; among them the
lack of an animal model that effectively resembles
the human disease and the ignorance of the correlates
of protection. There is, however, no absolute need to
overcome those obstacles to obtain a vaccine.
It is more difficult to obtain a prophylactic than a
therapeutic vaccine. This holds true because the HIV-1
directly attacks the immune system causing overwhelming damages, also infecting immunoprivileged sites.
It is possible that a vaccine candidate inducing an
immune response that can transiently control VL in
a therapeutic scenario would be as effective as a prophylactic vaccine for preventing infection or inducing
a slower evolution towards the disease.
Classically, when mentioning studies to obtain a
prophylactic vaccine, it is considered to be mandatory
to successfully surpass phase I and II clinical trials to
reach a phase III stage for testing efficacy. Evidently,
these studies demand more funds and numerous human resources, all of which delay the evaluation process of vaccine candidates. Consequently, the urgent
need for a vaccine against AIDS and the scarce financial resources of some countries are compromised.
There is an international commitment to accelerate the
evaluation process of anti-HIV-1 vaccine candidates,
with several propositions being discussed [139, 140],
and fast-track regulations in many countries (as the
CECMED Regulation 27-2000 in Cuba).
Considering all the above mentioned, an algorithm
can be envisaged in which all the vaccine candidates
(even the prophylactic ones) and those especially designed to induce an antiviral cellular response could
be assessed in a therapeutic scenario for safety and
validation of the hypothesis when possible (Figure 2).
Clinical trials will start after the preclinical phase in
experimentation animals. These therapeutic vaccination studies, aimed to test safety and to find efficacy
evidences, could be run under a design as that proposed in the section of Design of clinical studies, using

Improvement

Optimization:
dose, route, etc.

Positive result

5th Clinical studies in the
prophylactic scenario (phase IIb)
Figure 2. Algorithm for the rapid selection of promising vaccine candidates against HIV-1, based on hints
of efficacy. First, a plausible hypothesis is proposed for the generation of a vaccine candidate. Second,
this candidate is evaluated in experimental animals according to the hypothesis assumptions and those
with possible toxic effects are ruled out. In a third stage a clinical study is carried out in the therapeutic
scenario to assess safety and provide the first evidence on efficacy. If the results are negative, the initial
hypothesis must be reconsidered; if, on the contrary, results are encouraging, new studies are organized
to optimize the administration parameters and to include other groups of patients and provide more
information on its “therapeutic effect”. Candidates considered as useful for the prophylactic scenario
would be tested in phase I and II studies in seronegative persons to evaluate safety, to optimize the
administration schedule and dose, as well as other parameters. Finally, a phase IIb study is carried
out to evaluate its efficacy against infection and to grant a conditional expedite registration if results
were positive. Obviously, phase III and IV would continue, although this is not shown in the diagram.
It should be noted that several parallel or slightly unsynchronized studies would be carried out, to
accelerate the partial results arising from the efficacy findings of the first therapeutic study.

both CG and SG, treating the seropositive patients having an undetectable VL (or low and controlled VL)
under therapy and evaluating the control of the VL
once stopping therapy.
Of course, it would be needed the compromise of
the community of seropositive patients to support
the clinical studies. At the same time, this represents
an unprecedented ethical challenge for the scientific
community, which should guarantee the maximum
safety to the volunteers. The hemochemistry, virological and immunological parameters of the volunteers
should be closely monitored during those studies.
After this analysis, it can be considered that studies
testing vaccine candidates against AIDS by immunizing patients receiving ART and with undetectable (or
low and controlled) VL represents a small risk for the
patient’s health once ART is interrupted. This could
be assumed as far as their CD4+ T cell counts never
decrease below 350 cells/µL and the VL will be lower
than 50 000 copies of viral RNA/mL after the first four
weeks of therapy interruption or lower than 10 000
copies after eight weeks. Evidences of efficacy can be
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found under these conditions and non-promising vaccine candidates can be ruled out quickly.
Evidently, such studies should be unbiased to obtain reliable efficacy results. For this purpose, randomized studies ought to be implemented, also favoring
the inclusion of male volunteers in the first stages of
clinical research due to the unknown potential teratogenic effects of the vaccine candidate and the adverse
reactions been reported more frequently in women
[141]. Moreover, the thymus regresses with age [142144] and markedly in seropositive patients at advanced phases of immune dysfunction (nadir of CD4+ T
cell counts below 100 cells/µL)[145], compromising
the regenerating capacity for T cells of the immune
system. Considering all these, it is recommended to
preferably enroll subjects immunocompetent and
younger than 45 years, immunocompetence is guaranteed when the nadir of CD4+ T cell counts is higher
than or equal to 350 cells/µL [146].
Other criteria should be considered. Significant
inter-racial and inter-ethnic differences should be
avoided between the control and treatment groups,
because interracial differences have been reported in
the anti-HIV-1 immune response [147]. Following the
first efficacy evidences with the vaccine candidate, it
would be convenient to replicate the study in female
patients, to assess the influence of the genus on the
immune response, pharmacodynamic and pharmacokinetic [148]. Such studies could be also conducted in
young people, children and also in patients coinfected
with other viruses of high prevalence in seropositive
HIV patients, such as hepatitis B and C viruses.
If there would be a prophylactic vaccine candidate
inducing an immune response able to transiently control the VL in the therapeutic scenario, it will have to
be evaluated in seronegative patients. The first studies
should be phase I for testing safety. Afterwards, some
immunization parameters may be optimized, if required prior to testing it in highly exposed seronegative
persons to accelerate obtaining efficacy results (phase
IIb or “proof of concept” studies)[139]. Those people
would be intravenous drug addicts, sex workers and
seronegative partners of seropositive patients, among
others. Due to the high incidence of HIV infection
53. Jin X, Ogg G, Bonhoeffer S, Safrit J, Vesanen M, Bauer D, et al. An antigenic threshold
for maintaining human immunodeficiency
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Mol Med 2000;6:803-9.
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in these persons a low number of volunteers can be
enrolled to achieve a statistical significance.In my
opinion, this strategy may guarantee a rational use of
human and financial resources and would accelerate
the studies aimed to obtain a vaccine against HIV-1.

Conclusions
AIDS pandemic continue to grow and it is not plausible that an effective vaccine to fight HIV would
appear in the upcoming years. Some people are pessimist on the possibility to obtain a vaccine because
of the failure of the STEP assay using the Ad5 candidate developed by Merck . However, this failure
does not rule out the rationale of vaccines aimed at
inducing T cell responses. The facts indicating that
it is possible to obtain a vaccine are still valid. The
knowledge coming from implementing therapies can
be relevant and experience from failures of the vaccine candidates studied so far must also be considered. A greater financial support is required to fund
research in the public sector and a more rational use
of resources.
Four main reasons justify the algorithm discussed
in this paper: 1) the lack of an animal model for the
disease; 2) the immune correlates of protection are
unknown; 3) AIDS is a disease of global impact; and
4) the algorithm currently used to test vaccine efficacy
requires too much time. Therefore, a new algorithm is
required to quickly discard any unpromising vaccine
candidate and simultaneously provide the necessary
elements for the registration and rapid extension of
vaccination to those who need it the most.
A proposal has been given that would make possible to rule out an unpromising vaccine candidate in
a short period of time of 4 to 5 years. This period is
three times shorter than the current working time (11
to 14 years) [140]. We hope these ideas are useful not
only in the field of vaccination against HIV, but also
against pathogens of other diseases complying with
the four reasons mentioned above.
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