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Introduction

The Joint United Nations Programme on HIV/AIDS
(UNAIDS) and the World Health Organization
(WHO) estimate that since the start of the Human
Immunode®ciency Virus/Acquired Immune De®-
ciency Syndrome (HIV/AIDS) epidemic close to 53
million people worldwide have become infected with
HIV. An overwhelming majority of those infections
have occurred in developing countries. Over the past
years, the AIDS pandemic has claimed the lives of
more than 18 million people, placing HIV/AIDS
among three major fatal infectious diseases of mankind,
together with malaria and tuberculosis.

At present, the HIV pandemic continues its accelerated
spread at a rate of 15 000 new infections every day,
generating a total of 5.4 million newly infected indivi-
duals only in 1999. Facing this situation, there is a
growing consensus among scienti®c, public health and
grass-root communities, that safe, effective and afford-
able HIV vaccine would offer the best hope and an
important complementary tool for the future control of
this pandemic.

The development of an HIV vaccine is confronting
multiple scienti®c, economic, ethical and logistic chal-
lenges, which could adequately be addressed only
through an extensive international collaborative effort.

A key point in this strategy is the active involvement of
developing countries, which would provide invaluable
opportunities for steady and reliable progress towards a
safe, effective and globally affordable HIV vaccine.

Since 1989, two UN agencies, ®rst WHO and later
UNAIDS have been actively involved in international
aspects related to promotion and coordination in the
area of HIV vaccine development and evaluation. A
joint WHO-UNAIDS HIV Vaccine Initiative (HVI)
was established from 1st January 2000, based on
complementary expertise and advantages provided by
both WHO and UNAIDS.

The WHO-UNAIDS HVI activities are guided by a
Vaccine Advisory Committee (VAC). The VAC Mem-
bers (listed in Annex I) represent leading national and
international institutions from developed and develop-
ing countries involved in HIV vaccine development
and evaluation. A meeting of the VAC took place from
21±23 February 2000 at the WHO Headquarters in
Geneva with an objective of re®ning goals, objectives
and priority activities to be pursued by the newly
created WHO-UNAIDS HVI.

The meeting was chaired by Dr Barry Bloom and had
two open scienti®c brie®ng session. The scienti®c
session was attended by 54 international experts in the
areas of virology, immunology, vaccine development,
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and clinical trials (list of scienti®c experts is given in
Annex II), who addressed the following two major
topics:

1. Approaches to the development of broadly protec-
tive HIV/AIDS Vaccines: challenges posed by
genetic, biological and antigenic variability of
HIV-1 (This session was co-sponsored by the Of®ce of
AIDS Research (OAR) of the National Institutes of
Health, NIH, U.S.A), and

2. State of the art of therapeutic vaccines against
HIV/AIDS.

This report provides summary of discussions, conclu-
sions and recommendations that were made by the
participants of the scienti®c brie®ng session.

Approaches to the development of broadly
protective HIV/AIDS Vaccines: challenges
posed by genetic, biological and antigenic
variability of HIV-1

Genetic variability of HIV-1 (Presenters:
F. McCutchan, M. Peeters, Y. Takebe , M. Kalish,
J. Goudsmit, J. Mullins, B. Korber , D. Burke)
Molecular characterization and genetic classi®cation
of HIV-1
New and pertinent information was presented regard-
ing the genetic diversity of HIV and its relationship to
vaccine design. From an analysis of 170 virtually full-
length (FL) genome sequences, several important ob-
servations were made. First, the international HIV
database of published FL sequences has achieved a
better balance with respect to the origins and geogra-
phical distribution of efforts to characterize HIV strains
on a global basis, including more than 100 strains from
Africa, 20 from Asia, and 50 from Europe and the
Americas.

The newly generated data has permitted the identi®ca-
tion of geographically restricted, signi®cant sequence
clusters within subtypes C, D, F and within a circulat-
ing recombinant form (CRF) AE, distinguishing strains
from India versus African strains; Zaire versus East
Africa; Cameroon as compared to other countries in
Africa; and between HIV-1 strains circulating in Asia
and Africa, respectively. A putative new subtype,
possibly to be named subtype `L', was described, and
was found most commonly in Senegal.

The characteristics of inter-subtype recombinant HIV-
1 strains prevalent in several heterosexual and injecting-
drug user (IDU) epidemics were compared. Among
HIV-1 isolates obtained from cases of heterosexual
transmission in several African countries multiple re-
combinant HIV-1 forms were found, including ten AD

recombinants, nine AC recombinants, and two BE
recombinants, all of which represented unique recom-
binant forms obtained from a single individual. In all
cases the inter-subtype recombination patterns re¯ected
the local mixture of subtypes.

Viruses from multiple IDU epidemics have now been
analyzed, mostly by C2V3 sequencing, but also by FL
genome sequencing in cases of newly emerging epi-
demics in Russia (Kaliningrad) and China. Almost
without exception, the inter-patient diversity of HIV-1
strains from these epidemics was extraordinarily low.
For example, the analysis of FL sequences revealed the
presence of two novel BC recombinant forms among
IDUs in China, which varied, on average, by less than
1% for the full genome of isolates obtained from
different patients. The reasons for such low levels of
heterogeneity are not well understood yet, and could
be due to sampling close to the time of introduction or
emergence of new CRFs, although other factors of
HIV transmission via IDU exposure may also contri-
bute.

Sentinel surveillance studies continue to provide a rich
source of new information of HIV genetic diversity. In
a study of 450 seroconverters among military personnel
in the U.S.A. studied over the past three years,
approximately 5% of new infections were due to non-
B subtypes; in all cases these ®ndings were con®rmed
by FL genome sequencing. The study protocol was
designed in a way to generate detailed epidemiological
data regarding the perceived HIV exposures, their
locations and estimated time of infection. The non-B
strains identi®ed in this study included one putative
subtype L strain, one of the ®rst BE recombinants
found in the USA, the ®rst case of AG (IbNG)
recombinant, and the ®rst case of AE CRF of African
origin outside Africa, as opposed to the Asian AE sub-
cluster. While the majority of infections were most
likely linked to exposure overseas, the subtype C and
AE infections were acquired in the USA, accounting
for 20% of the non-B infections.

Molecular epidemiology of HIV-1
The genetic diversity of HIV-1 in Africa was the focus
of another study sponsored by the Agence Nationale de
Reserche sur le SIDA (ANRS, France), in which 1400
samples from 8 African countries were characterized by
heteroduplex mobility assay (HMA) and sequence
analysis. The predominance of subtype A, including
the CRF AG IbNG was documented, which varied
from more than 80% in West Africa to less than 30% in
Central Africa, with a decreasing gradient from West to
East. Overall, the most prevalent subtypes in Mali,
Niger and Nigeria were subtypes A and G, while in
Chad subtype A and a geographically distinct subtype
D cluster were predominant. In Cameroon, subtypes A
and a regional F2 sub-cluster were mainly found. The
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highest diversity of subtypes was found in the Demo-
cratic Republic of Congo (DRC), the former Zaire. In
most of East Africa, subtypes A and D were prevalent
in varying proportions, while in Tanzania, subtypes A,
C, and D were present in roughly equal proportions.
The HIV epidemics in Ethiopia, Zambia and South
Africa were overwhelmingly dominated by subtype C
strains.

Inter-subtype recombination was frequently found in
that study, which was ascertained by comparative
partial gag and env sequencing, as well as by FL genome
sequencing. The fraction of recombinants ranged from
30±35% in DRC and Nigeria to an intermediate level
of 12±15% in Chad, Gabon and Senegal, and to a low
level of 7% in Cameroon. The CRF IbNG appeared to
be a major prevalent strain in Senegal, Nigeria, Gabon
and Cameroon, but was found much less frequently in
DRC and Chad. Four new FL AG(IbNG) sequences
from Senegal and Cameroon were documented, con-
®rming the maintenance of the IgNG structure through
a massive epidemic spread in this region. Again a
certain gradient was seen in the distribution of the
IbNG strains with 84% of IbNG prevalence among the
Senegalese samples, but only 15% in DRC. The
prototype recombinant form A/G/K (I)/J (BFP90) was
found at a noticeable level in Senegal, Mali and
Nigeria, which quali®ed this recombinant stain as a
CRF. In addition, a new A/J CRF with a different
structure was described among samples from Senegal,
Cameroon and the Central African Republic. This
picture of an extraordinary diversity was further aug-
mented by identi®cation of signi®cant sub-clusters
within subtypes, and a high proportion of complex
recombinant and unclassi®ed forms. Based on sequen-
cing of the protease and part of the reverse transcriptase
(RT) genes, 17 samples in this study remained unclassi-
®ed. Finally, a new recombinant between groups M
and O of HIV-1 also was described.

Two regional studies of HIV diversity in Asia were
presented. The initial study was conducted in Myanmar
in 1997, which by that time had the second largest
epidemic in South East Asia with a rapid spread of HIV
among IDU. Since 1989, the HIV prevalence among
commercial sex workers (CSW) and IDU had reached
the levels of 30% and 62%, respectively. It was reported
that subtype B' strains (a Thai-B cluster within subtype
B) predominated among IDU, while CRF01_AE
dominated the heterosexual epidemic. In a follow up
study, 34 samples newly collected in Mandalay, central
Myanmar in 1999, were characterized by partial gag
and env sequencing, which revealed the presence of
subtype C strains in 20% of cases, in addition to AE
and B' strains. One-fourth of the strains exhibited
discordance in gag and env sequencing, suggesting the
presence of recombination. Based on the sequence of
1.6 kb derived from plasma RNA, three different

recombinant forms were identi®ed, including B'C (two
of them with different recombination breakpoints), and
B'CE recombinants. The `parental' strains of these
recombinants resemble subtypes C and B' circulating in
Yunnan, China, suggesting close relationship of the
epidemics in Myanmar and China.

A recent study of HIV diversity in the USA. was
presented, in which 542 samples were studied, ®rst by
a V3-peptide-binding enzyme immunoassay (PEIA),
after which samples with apparent non-B subtype
reactivity were characterized by partial env sequencing.
The samples were obtained from African Americans
(52%), white (25%), Hispanic (19%) individuals, 71%
were males. The distribution of major reported risks of
HIV acquisition was as follows: 55% heterosexual
intercourse, 31% homosexual, 8% heterosexual � IDU,
and 6% homosexual � IDU. In the initial V3-serotyp-
ing test, 65% of the samples clearly reacted as serotype
B, 15% showed single non-B sero-reactivity, 7% were
reactive to multiple peptides, and 15% were untypable
by this method. However, the great majority of samples
with non-B sero-reactivity, appeared to be subtype B
infections when characterized by genetic sequencing,
and only 1.6% of cases were proven as non-B genetic
subtypes, including 6 subtype A infections, 2 subtype F
and one novel AG recombinant. Among 179 subtype
B sequences, no sub-clustering by geography or route
of transmission could be seen. The cases of discordant
results between V3-serotyping and genetic sequencing
were mostly associated with an increased diversity in
the V3 loop. Most of the genetically con®rmed non-B
infections were identi®ed in individuals born outside of
the USA, and the strain subtypes were typically
representative of the subtypes that had been reported in
respective countries of origin. Two non-B infections,
both due to subtype A strains, were from American-
born persons who had never traveled outside the USA.
In summary, the serotyping method is becoming more
ef®cient for identi®cation of non-B subtype infections;
occurrence of non-B subtype infections remains un-
common in the USA. although, secondary transmis-
sions begin to be documented.

Methodological aspects of HIV-1 genetic
characterization
With this complexity in mind, subsequent speakers
addressed issues related to: (a) need for universal, simple
assays for HIV-1 subtyping, especially in the context of
HIV vaccine trials in sites with high diversity of HIV
strains; (b) problems of HIV nomenclature and classi®-
cation; and (c) the impact of variation on selection of
prototype HIV-1 strains to optimize chances of achiev-
ing broadly cross-reactive immune responses and vac-
cine-induced cross-protection.

The development of a one tube, real time HIV subtype
identi®cation test was reviewed. The test was designed
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to overcome differences in detection sensitivity be-
tween different subtypes, extending to HIV-1 groups
M, O, and N. The test is based on the use of conserved
primer, capture and probe sequences in long terminal
repeat sequences (LTR) with a distinct ¯uorescent
end-point for as many as 8 subtypes/groups. In a
pediatric study, there was 85% concordance between
the test results at 6 weeks of age and the HIV serostatus
of the same children at 18 months after birth. There
are good prospects for the test encompassing subtypes
A, D and AE in the near future.

The nomenclature of HIV is becoming increasingly
challenging and complex. Criteria for identi®cation of
new HIV subtypes and CRF have been proposed, as
follows: (1) the strain should be obtained from at least
3 individuals who are not linked by a common source
of HIV transmission; (2) three FL genome sequences
have to be obtained; (3) the inter-clade distances should
be similar to those between subtypes B and D, which
in retrospect should have been classi®ed as one subtype;
(4) for CRF, three FL genome sequences have to be
obtained, demonstrating the same structure plus all the
above. Presently, the subtypes A, B � D, C, F, G, H,
J, K, and at least 4 CRF, including AE, AG (IbNG),
AB and BC satisfy these criteria.

The current HIV sequence database includes more than
37 000 genetic sequence entries. The Los Alamos
National Laboratory has organized these sequences on
their web-site, so that sequences may be downloaded
by country of origin, date, subtype, genome region,
and other parameters.

A review of an extensive database of HIV cytotoxic T
lymphocyte (CTL) epitopes was presented, with an
emphasis on CTL variability among and within HIV-1
subtypes in conjunction with an extensive HLA com-
plexity contributing to epitope recognition. With
respect to de®ned CTL epitopes, a correlation was
noted between epitope density and sequence conserva-
tion; possibly the use of subtype B strain for screening
is skewing the database. The conservation of CTL
epitopes varied by gene, with the highest in gag, and
the lowest in env. In view of these complexities, there
was no common agreement with regard to the effect of
CTL epitope variation for the breadth of HIV vaccine
protection

Evolutionary aspects of HIV variability
The origins of HIV-1 subtypes were brie¯y discussed
in terms of exploration of retrospective diversi®cation
rates, attempting to pinpoint an estimated time of
emergence for individual subtypes and CRFs. For this
analysis, all known recombinants and unclassi®ed strains
were excluded, and a uniform divergence rate was
assumed. According to this study, the common ances-
tor of the HIV-1 subtypes was present around the year

1930, although these estimates had large margins of
error. Application of somewhat variable evolutionary
rates gave essentially the same answer. In addition, the
common ancestor of subtypes B and D was estimated
to be present in 1950, and the emergence of subtype B,
probably, occurred in 1970s.

The theme of evolutionary rates was continued with a
presentation of an investigation that applied coalescent
methods to determine the timing of the most recent
common ancestor of HIV strains in several regional
epidemics. The results of this study were concordant
with other data for two subtype B epidemics in the
USA and Thailand. However, application of the same
methodology suggested that the start of the epidemic
with AE virus in Thailand should have been 7 years
earlier, than it was actually detected there. To explain
this discrepancy, unequal evolutionary rates among
HIV subtypes in the env gene were suggested. Problems
concerning the origins of AE as a result of unequal
evolution rates in the env gene versus recombination
were discussed, although the origins of a number of
other recombinants did not seem to pose this type of
problem, and could be attributed to the phenomenon
of inter-subtype recombination. The question as to the
probability of differential evolution of different env
genes was raised.

With regard to selection of a prototype strain that
would represent the most common and cross-reactive
immunogens, it was hypothesized that the use of the
most recent common ancestor (MRCA) may help in
`taming' the extensive HIV diversity. Experimentally,
in a model system where macaques were infected with
an in vivo passaged SIV-BK28 strain, this approach
allowed the generation of a sequence for the MRCA
strain, which corresponded with 97±98% of the input
sequences.

Search for correlation between HIV-1 genetic subtypes
and immunotypes
The session concluded with a presentation on geno-
type/immunotype congruencies in HIV and other
viruses. The possible relationships can range from no
relationship to a universal relation (one strain covers
all), to diffuse immunotypes, to the extreme of totally
discrete immunotypes for each strain. The earlier data
on cross-reactivity in neutralization serotypes and CTL
was reviewed, noting that in one study correspondence
of genetic subtype neutralization patterns between
subtypes B and AE, while in other studies that relation-
ship between genetic subtypes and neutralization
serotypes was not observed. With regard to CTL cross-
reactivity, at least one study was published showing a
gradient of cross-reactivity in different genes, ranging
from the best in gag to the worst in env. The general
picture is one of a complex matrix of partial cross-
reactivity of humoral and cellular immune responses
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against HIV-1, but still not excluding the possible
existence of discrete HIV-1 immunotypes.

Viewpoints on this relationships have shifted several
times over the recent time. In 1984, a universal HIV
vaccine was ®rst envisaged. By 1988, with the recogni-
tion of the principal neutralization domain (PND) in
the V3 loop, the pendulum swung to the other
extreme, with some data suggesting that each strain
would represent a unique immunotype. Following the
initial recognition of HIV genetic subtypes in 1993, a
model of discrete immunotypes, perhaps corresponding
in part to genetic subtypes was anticipated. By 1997,
the generated data on antibody and CTL cross-reactiv-
ity resurrected the idea of a universal, extensively cross-
reactive HIV vaccine ensured by a single strain. For
2000, two ideas were entertained: (1) the idea of diffuse
immunotypes with the quantitatively best reactivity on
the same subtype and weaker reactivity as genetic
distances increases and (2) the idea of discrete immuno-
types with quantitatively best reactivity within the same
immunotype, which could contain members of several
genotypes.

When compared to other viral diseases, in general, a
good congruence could be seen between genotypes
and immunotypes where divergence greater than 10%
typically predicted a separate immunotype. It remains
to be seen whether HIV will conform to this paradigm.

Lessons learned from studies on natural history
and HIV/AIDS pathogenesis (Presenters:
H. Sheppard, B. Walker, J.-L. Virelizier,
G. Scarlatti, A.M. Aubertin)
Viral load and disease progression
A set of data on the role of viral load as a predictive
marker for disease progression, and as an end-point for
HIV vaccine ef®cacy trials was reviewed. It was
suggested that viral load measurement may lose its
predictive value due to possible interference by early
initiation of highly active anti-retroviral therapy
(HAART). The studies presented included two natural
history cohorts, the San Francisco Men's Health Study
(SFMHS) and the HIVNET Vaccine Preparedness
Study (VPS). In the ®rst study, 1034 HIV-negative
men-who-have-sex-with-men (MSM) were recruited
in a cohort since 1984, in which 400 cases of HIV
infections were observed. The infected individuals from
the SFMHS presented with baseline viral load levels
similar to those described in other MSM cohorts,
which were highly predictive of clinical outcomes of
HIV infection and disease progression. The VPS cohort
was composed of 4892 seronegative individuals consid-
ered at a higher risk for HIV infection, and were
followed since 1995. In the course of 18 months
follow-up there were 104 HIV infections, who were
subsequently enrolled in another study on natural
history of primary HIV infection. Additional 52 ser-

oconvertors from the SFMHS cohort were also in-
cluded in this study of primary HIV infection. The
preliminary results showed that at the time of diagnosis
most individuals had already reached the viral set point
with mean viral load levels at approximately 15 000
copies/ml. The distribution of mean viral load levels
was similar to those observed in other natural cohort
studies. The predictive value of the viral load level as a
prognostic marker will be further evaluated.

Host factors for the control of virus replication and
disease progression
Data was presented on correlation between the Ä32/
CCR5 heterozygous mutation and disease progression
in the SFMHS cohort. The results of the study
con®rmed earlier reports on the association of this
mutation with a signi®cantly delayed disease progres-
sion. Speci®cally, this study demonstrated a 2±5-fold
reduction in mean viral load levels among individuals
who had the Ä32/CCR5 heterozygous mutation
(p � 0.02). These results provided additional indirect
evidence that even a modest 0.5 log reduction in viral
load levels may have a signi®cant impact on clinical
outcomes of HIV-1 infection, and, possibly, on the
ef®ciency of virus transmission.

The results of another natural history study of patients
undergoing an interruption of HAART were further
reviewed. It showed that HAART treatment interrup-
tion was followed by a rapid return to pre-treatment
viral load levels, proving that a reservoir of viable and
infectious virus pool persists in long-living infected cells
despite a very aggressive anti-retroviral treatment. It
was also observed that after the re-start of the HAART,
viral RNA levels quickly decreased to undetectable
levels, while pro-viral DNA load was maintained at a
new steady state level after an initial decrease. Further-
more, the viral and pro-viral load levels were found to
be in linear correlation with disease progression both in
patients with a steady progression and long-term non-
progressors (LTNP), although absolute viral load levels
were lower in the latter group. Interestingly, the pro-
viral DNA set point levels in the HAART-receiving
group were comparable to those in the LTNP group,
suggesting that pro-viral DNA load may be a useful
marker for disease progression, and thus could be used
as an end point in HIV vaccine ef®cacy trials. In
addition, it was shown that the viral load dynamics
were associated with cellular activation markers, such as
â2-microglobulin and CD38�CD8� cells, which also
displayed a set point behaviour.

Further associations of the viral set point were identi-
®ed, which were related to CTL activity against HIV-
infected cells. While discontinuation of HAART coin-
cides with a rebound of the viral load to pre-treatment
levels, the repeated treatment interruption in some
cases can result in a control of the viral load levels,
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even in the absence of therapy, which was attributed to
increased CTL responses. Also, it was shown that not
all human leucocyte antigen (HLA) class I alleles could
equally be involved in CTL responses. In fact, distribu-
tion by geography and ethnic background could be
seen. Using the ELISPOT assay to map the genetic
restriction in recognition of p17 and p24 CTL epi-
topes, an inverse pattern of immune dominance was
observed, with a predominant response to p17 in the
Caucasian population, and to p24 in the non-Caucasian
group. Also, it was suggested that different CTL
epitopes could be targeted at different stages of infec-
tion. The CTLs recognizing A201-restricted p17 (SL9)
epitope were rarely associated with early/acute stages
of infection, but appeared to be more prominent at late
stages of disease. The use of peptide major histompat-
ability complex (MHC) tetramers did not provide
evidence of correlation between anti-p17 (SL9) CTL
response and the control of viremia. However, it was
felt very unlikely that recognition of a single epitope
could correlate with the LTNP status, since in earlier
studies it was demonstrated that the LTNP status was
frequently associated with broad CTL responses direc-
ted against several epitopes. The results of this study
indicated that the MHC-tetramer analysis was less
sensitive, compared to the intracellular cytokine stain-
ing method.

Based on the fact that the Ä32-deletion in the CCR5
gene is not associated with any known pathological
effect, it was suggested that â-chemokines, the ligands
to the CCR5 receptor, could be used as a therapy or in
conjunction with an HIV vaccine, in order to prevent
HIV attachment and entry into cells. A potential
approach for HIV vaccines could also target an in-
creased production of antiviral chemokines. Indeed, as
shown in vitro, some antigen-speci®c recognition was
accompanied by signi®cant stimulation of â-chemokine
production by T cells. It is therefore conceivable that
triggering the chemokine-release by CD8� or CD4�
cells could result in down-regulation of chemokine
receptors on the cell surface, and consequently limit
HIV infection. This type of approach, if con®rmed in
humans, would likely broaden the repertoire for
protection, since a large majority of primary HIV
isolates of different subtypes appear to be susceptible to
the anti-retroviral activity of â-chemokines, unlike the
situation observed with the antibody-mediated neutra-
lization.

Biological variability of HIV-1 in vivo
The following presentation, focusing on HIV-1 bio-
logical variability, con®rmed previously reported results
demonstrating that the majority of HIV isolates ob-
tained close to early stages of HIV infection both in
adults and children were characterized by an R5-
phenotype. Disease progression in HIV-infected indivi-
duals was shown to be associated with a switch in

chemokine receptor usage of viral isolates from mono-
tropic R5 to dual tropic R5X4, and further to mono-
tropic X4 isolates in patients with a progressive course
of infection. A study of the viral co-receptor usage in 5
slow-progressing and 4 fast-progressing HIV-infected
children, demonstrated that multi-tropic HIV strains
were predominant in fast progressors, while only
monotropic X4 strains were seen in children with
slowly progressing disease. In addition, it was found
that HIV isolates at late stages of the disease were
characterized by an increased resistance both to á- and
â-chemokines, the natural ligands of the CXCR4 and
CCR5 receptors, con®rming a virtual relationship be-
tween viral phenotype/co-receptor usage, sensitivity to
chemokines and disease progression, which merits
further investigation.

The determinants of HIV-1 biological phenotypes and
co-receptor usage were investigated in vitro by con-
ducting multiple passages of primary dual tropic X4R5
isolates in cell lines expressing different chemokine
receptors. These experiments showed that the viral
population within a single individual could vary sub-
stantially over a short period of time, within a few
months. The V3 sequence analysis of selected viral
variants supported earlier published data on correlation
between biological phenotype, V3 genotype and pat-
terns of amino acid substitutions in the V3 loop for
monotropic R5- and X4-using strains, in close analogy
with the non-syncytium-inducing (NSI) and syncy-
tium-inducing (SI) phenotypes/genotypes, respectively.
Similarly, the overall amino acid net charge of the V3
and V2C2 regions was higher in X4 viruses as com-
pared to R5-using strains. However, the V2-C2 amino
acid sequences both in R5 and X4 viruses varied
widely, and no speci®c amino acid variation could be
identi®ed as a determinant of co-receptor usage. Inter-
estingly, the dual tropic X4R5 viruses were preferen-
tially characterized by X4-related sequences in the V3
loop, but resembled more the R5 variants in the C2V2
region.

Additional studies were conducted to explore the role
of viral heterogeneity in HIV infected children and
disease progression, using HMA analysis of the V1C2
envelope region. Two of 4 children with fast disease
progression displayed a widely heterogeneous viral
population at the time close to birth, whereas in slowly
progressing children this level of heterogeneity could
be seen only 6 months after birth. These data indicate
that transmission of multiple variants may be a more
frequent phenomenon than previously believed, the
mechanisms of which need further investigation.

The role of the HIV-1 biological variation in relation
to HIV vaccine development was investigated in animal
models, using infection of rhesus macaques with chi-
meric simian/human immunode®ciency viruses (SHIV)
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viruses, which encode either X4 or R5 HIV-1 envel-
ope proteins. In previously conducted studies, most of
the chimeric SHIVs were based on the use of X4- or
dual X4R5-tropic prototype strains, which is in con-
trast with the genuine situation, where the majority of
transmitting HIV-1 strains are R5-tropic. In order to
improve on this discrepancy, two chimera SHIVsbg
strains containing R5-type envelopes from subtype B
(SHIV Bx08) and subtype A (SHIV RW) were
designed and characterized in full detail. It was demon-
strated that both chimeric strains replicated well in
human peripheral blood mononuclear cells (PBMC).
However, their replication was less ef®cient in PBMC
derived from macaques, while both of the SHIVs could
effectively infect macaques in vivo via intravenous
challenge. Sequential passages of the SHIV strains in
macaques revealed an increasing replication capacity of
both chimeric strains, as measured by the levels of the
DNA and RNA viral load in infected macaques. The
SHIV strain carrying X4 envelope, as compared to the
R5- based SHIV strains, was characterized by higher
replication capacity, higher number of infected cells,
plasma RNA viral load and a more pronounced CD4
depletion. Furthermore, data were presented comparing
the biological properties of the nef gene, derived from
SIV and HIV. The results showed that substitution of
the SIV nef gene by that one of HIV in SHIV chimeras
did not have any signi®cant effect on replication
capacity and viral load levels in macaques, as compared
to wild-type strains. These experiments demonstrated
the usefulness of the SHIV/macaque model in deter-
mining the contribution of speci®c genes to the
pathogenic properties of HIV and SIV.

Role of cell-mediated immunity as a potential
mechanism of HIV vaccine-induced protection
(Presenters: G. Ferrari, D. Birx, A. McMichael,
H. Cao)
Cell-mediated immune responses in HIV-infected
individuals
Several reports in the scienti®c literature suggest that
CTL responses can play a role in protection against
HIV infection and disease progression. Data have been
generated by studies in acute seroconverters showing a
correlation between appearance of detectable CTL
activities and decline of virus load. Moreover, in
exposed uninfected individuals, detectable anti-HIV
speci®c CTL responses seem to be the only sign of
previous exposure to the virus. If the CTL response
can truly impact the development of an overt disease,
as suggested by studies in LTNP, a more recent set of
data now indicates that a T-helper response may also
be a critical component in delaying disease progression.

It is well documented that virus levels reach their peak
approximately 3 weeks after infection, as shown in
macaques infected with SIV, as well as in HIV
infection in humans. The CTL response reaches its

maximum activity a few days later following the
establishment of the highest virus level. In studies of
the acute stage of HIV infection, using MHC class I
tetramers loaded with immunodominant epitopic pep-
tides, it was shown that during peak CTL responses up
to 1±8% of CD8� T cells are directed against a single
epitope. Before exposure, the frequency of such T cells
is less than one in a million. Therefore, the T cells
must be dividing in response to HIV infection at a rate
of approximately 1 division per day. The intensity of
this response may be comparable to, or slightly less
pronounced, than in the case of an acute Epstein-Barr
virus infection, which recruits up to 5±40% of CD8�
T cells. It is as yet uncertain how functional and
effective these responses to HIV infection are, since
tetramer staining allows only for ennumerating cells
with a speci®c T cell receptor. After clearance of HIV
infection, and in the absence of antigen stimulation, the
acute CTL response starts fading very rapidly, since
these cells have been shown to be highly prone to
apoptosis in vitro, with a half-life of approximately 7
days. However, studies using limiting dilution and T
cell cloning, indicate that soon after primary infection,
there are T cells that are capable of multiple divisions
in vitro, that are present at a frequency of between 1/
1000 and 1/10 000, representing most probably long-
term memory cells. In vaccination approaches based on
the use of non-persisting antigen, any protective
response would be originating from this population of
memory cells. These memory cells usually are present
in numbers at least 100 times higher than naõÈve T cells
with an advantage of 6 times higher expansion rates. In
addition, these cells can respond by secreting interfer-
on-ã (IFN-ã), as well as other cytokines and chemo-
kines within 6 hours after antigen stimulation. All of
these data con®rm that an individual primed for a CTL
response can promptly react upon virus exposure.
Studies in animal models indicate that a speci®c CTL
priming by vaccination against a broad range of viral
and parasite pathogens (e.g., in¯uenza, herpes simplex,
malaria and others) could be effective in preventing
infection or controlling disease. The expectations for
an effective HIV vaccine resides mainly on the objec-
tive of discovering vaccine approaches capable of
induction of long-term HIV speci®c memory cells, that
would ensure a rapid and broadly reactive CTL
response against multiple HIV epitopes upon exposure
to the virus. The induction of T helper responses to
several viral domains should also greatly facilitate an
accelerated and optimal CTL response, required for
vaccine-induced protection.

Cell mediated immune responses in uninfected
vaccine recipients
In this session, data was presented from the latest NIH-
sponsored trials of prime-boost regimens with a subtype
B based Canarypox-vector (ALVAC) expressing gp120
MN, the transmembrane portion of gp41 IIIB, the full
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gag IIIB and protease as a priming regimen in combina-
tion with two doses of recombinant gp120 protein
given as a boost. It was shown that this vaccination
strategy could induce CTL responses that became
detectable as early as 2 weeks after the second immuni-
zation and in a subset of responders lasted up to 2 years
after the last immunization. The vaccinees demon-
strated CTL responses with frequencies comparable to
those previously reported in LTNP, and also effective
in lysing autologous CD4� lymphocytes infected with
primary NSI strains of different HIV-1 subtypes,
including subtypes A through F. The frequency of
these broadly reactive responses was increased in cases
when more than one HIV-1 antigen was present in the
vaccine, i.e. more frequent in vaccinees who received
vaccines including env-gag immunogens, as compared
to those who received only env-based candidate vac-
cine.

The analysis of HLA restriction and epitope recogni-
tion in vaccine recipients produced somewhat surpris-
ing results. In fact, 4 out of 6 vaccinees recognized
CTL epitopes not previously described in HIV-infected
individuals. The possibility that uninfected recipients of
HIV vaccines could mount CTL responses to immuno-
dominant epitopes not described in infected individuals
was further explored, focusing on the HLA A�0201-
restricted response against the p17 epitope SLYNT-
VATL. Surprisingly, in 10 HLA A�0201� vaccinees
with detectable anti-Gag CTL responses, none of them
mounted an anti-p17 CTL response detectable by any
of the described assays (51Cr release, tetramer, as well
as IFN-ã ELISPOT assay). This lack of SLYNTVATL
responsiveness occurred despite expression of this epi-
tope in both of the recombinant constructs used as a
vaccine and for the in vitro ampli®cation of CTL.
Taken together, these data suggest that currently avail-
able vaccines can elicit long-lasting, cross-reactive anti-
HIV CTL responses in a subset of vaccinees, although
these responses may involve recognition of different
epitopes, as well as utilization of different HLA-restrict-
ing elements.

Another study was reported, in which CTL responses
were evaluated in 20 individuals infected with either
subtype A or subtype D strains of HIV-1. The
possibility of dual infections was excluded by the V3
sequence analysis. In vitro PBMC stimulation of frozen
samples with autologous subtype-speci®c antigens re-
vealed the presence of cross-reactive CTL responses
against cells expressing antigens derived from subtypes
A, B and D. However, the highest response was
directed against homologous subtype targets. The
analysis of CTL frequencies showed that they were also
characterized by preferential reactivity against the
homologous subtype targets, which was further con-
®rmed using the IFN-ã ELISPOT method. It was
encouraging to see that subtype B-speci®c antigens

were able to amplify cross-reactive CTL responses in
subjects infected with subtype A and D strains of HIV-
1. This study resulted in an important ®nding of at least
3 novel CTL epitopes, including A29/gp120/KMTFE-
PIPIH (subtype A), B7/gp41/IPRRIRQGF (subtype
A) and B42,44/p24/LSGEGATPQDL (subtypes A and
D).

Role of T-helper responses in the control of HIV
infection
The role of the T helper response in delaying the onset
of overt disease in infected subjects is still controversial,
and was the topic of the following presentation. It
appears that signi®cantly different conclusions could be
drawn depending on the study design. It was noted that
using a cross-sectional approach, a positive correlation
could be seen between T helper responses and delayed
disease progression, while longitudinal studies failed to
con®rm these ®ndings.

The results from studies of HIV-infected individuals
may be of limited value, since in vaccination studies
with seronegative volunteers signi®cantly broader T-
helper responses were observed. This is not always
evident when T cell proliferative responses are meas-
ured using the whole protein antigens, but is more
clear-cut when single 20-mer peptides are used. In
general, the HIV-seronegative individuals are capable
of recognizing a greater number of T-cell helper
epitopes. Moreover, it becomes more evident in cases
with different formulations of HIV-1 antigens in
candidate vaccines (soluble proteins versus expression
by replicating live vectors), that may result in different
patterns of T-helper epitope recognition. These obser-
vations were made both in humans and in BALB/c
mice studies. Comparative studies in HIV-negative and
HIV-positive individuals will provide further opportu-
nities in identifying novel T-cell helper epitopes, which
may be more relevant for HIV vaccine-induced protec-
tion.

Also, it should be noted that the methodology to
measure T-cell helper responses needs to be carefully
standardized and quality controlled, which may have a
signi®cant impact on the quality and reproducibility of
results. Optimally, single lots of antigens should be used
throughout trials. In this regard, it was con®rmed that
frozen PBMC could effectively be used in T-cell
helper assays with the advantage of a standardized
preparation of larger stocks of frozen PBMC from a
single source and at a single time point, that would
signi®cantly facilitate quality and interpretation of
results.

Targeting CTL responses by vaccination
The design of HIV vaccines targeted at the induction
of broad and sustainable CTL responses represents a
major challenge. One of the approaches presented in
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this session was based on a combined two-step vaccina-
tion approach. The ®rst step involved primary presen-
tation of selected CTL epitopes from several HIV
genes recognized in the context of several HLA alleles
and presented by means of DNA constructs. Animal
experiments with these constructs con®rmed them as
an effective system correctly expressing the CTL
epitopes with suf®ciently good immunogenicity. Once
the immune system had been primed and focused
against these epitopes, the second step involves the use
of an attenuated strain of the Modi®ed Vaccinia Ankara
(MVA) virus as a vector for expression of HIV antigens
to further amplify the pool of CTL memory cells. The
advantage of using the MVA vector is related to its
high safety pro®le, in particular for use in areas with
high HIV prevalence. In addition, the MVA vector
may provide better chances for a prolonged period of
antigen expression and maintenance of a long-lasting
immune memory. This vaccination strategy was
prompted by the observations from natural history
studies in a cohort of female commercial sex workers
(CSW) in Africa. In the course of this study over an
extended period of time, 90% of CSW became HIV-
infected. Of the remaining 10%, 5% were likely to
become infected over the next year, and the remaining
5% appeared to be resistant to HIV, despite an
estimated high frequency exposure to HIV as a result
of unprotected sex with multiple clients. The results of
these studies suggested that this type of resistance to
HIV infection could be associated with either a
continued exposure to HIV antigens or to allo-anti-
gens, or both, leading to induction of CTL responses
protective against HIV. However, it was also reported
that in 6 cases, when women stopped practicing sex-
work after a certain period of time they lost this type
of `immunity' and became infected with HIV. This
seems to suggest the presence of a short-lived immuno-
logic memory and a need for continuous antigen
stimulation in order to sustain protective ef-
®cacy of an HIV vaccine. One of the key questions in
the ®eld is whether a possibility exists to select one
HIV isolate of a certain subtype to develop a universal
worldwide vaccine. Some of these aspects were ad-
dressed in this study, which showed that immunodo-
minant subtype B-speci®c epitopes are not suf®ciently
conserved within subtype A isolates. Following these
observations, a new DNA construct was designed to
accommodate such variation in CTL epitope sequences
matching HIV isolates that are prevalent in the target
population.

In summary, the data presented in this session indicated
that the quality of T-helper and CTL responses in
HIV-negative vaccinees could be qualitatively different
from what had been seen in HIV-infected individuals
with regard to epitope recognition. The importance of
the newly de®ned epitopes in the context of protective
immunity is still under investigation. The HLA allelic

prevalence in different populations in¯uences greatly
the selection of immunodominant CTL epitopes. In
fact, new discrete CTL epitopes were identi®ed in
HIV isolates from individuals infected with non-B
subtypes, i.e. subtypes A and D. It will be important to
determine their immunodominance and relevance for
vaccine protection against infection and/or disease.

Humoral anti-HIV immune responses as potential
mechanism of protection against HIV/AIDS
(Presenters: J. Weber, E.-M. Fenyo,
S. Zolla-Pazner, G. van der Groen, J. Mascola)
Role of antibodies in prevention and/or control of HIV
infection
A key question in HIV vaccine development relates to
the role of humoral immune responses for HIV vaccine
ef®cacy. The experience with other viral vaccines
provides evidence that humoral responses can be an
important factor of protection, by interacting with the
virus and preventing its infection of target cells (neu-
tralizing antibodies), by limiting its spread and dissemi-
nation in the host (binding antibodies), by facilitating
recognition and presentation of the viral antigens
(immune complexes), as well as by triggering antibody
directed cellular cytoxicity (ADCC).

However, with regard to HIV infection the role of
antibodies in protection still remains unknown and
controversial. Most of the information on anti-HIV
antibody responses is derived from studies of HIV-
infected individuals, which suggest that the presence of
neutralizing and binding antibodies of suf®ciently broad
speci®city may be correlated with a more favorable
prognosis. It was reported that an HIV-neutralizing
antibody response is usually delayed until 6±8 months
after infection, and in the course of infection the
neutralizing antibody repertoire undergoes a process of
broadening and maturation. However, these studies do
not provide appropriate insight into mechanisms of
protection mediated by a pre-existing humoral immu-
nity in non-infected individuals, which is more relevant
with regard to HIV vaccines.

The mechanisms of antibody-mediated neutralization
of primary HIV-1 isolates are not yet well understood.
Multiple stages of the virus-host interactions have been
reported as important targets for HIV neutralization,
including: (a) coating and blocking the virus circulating
in blood or on the surface of infected cells by forma-
tion of immune complexes, (b) interference with the
virus adhesion to primary and secondary receptors on
the target cells, such as CD4, CCR5 or CXCR4 and
other cell surface molecules; (c) inhibition of the virus
fusion with target cells; and (d) suppression of virus
replication by antibodies directed against the key
regulatory proteins of HIV (e.g. TAT, Nef). Clearly,
there is a whole array of antibodies with varying
speci®city and af®nity to different HIV-1 epitopes,
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which may play a role on their own or in different
combinations in HIV neutralization and protection
against infection.

A persistent question is raised by the genetic variability
of HIV and its implication for the speci®city and cross-
reactivity of anti-HIV antibodies against different HIV-
1 groups (M, N, O), group M subtypes (A through L)
and inter-subtype recombinants. The available experi-
mental data suggest that no straightforward correlation
exists between genetic subtypes of HIV-1 and its
neutralization patterns. In other words, the HIV-1
genetic subtypes do not predict HIV neutralization
serotypes.

Methodological problems related to evaluation of
antibody responses
The importance of standardized methodology for HIV
neutralization studies was identi®ed as an important
prerequisite in this area of research. The experimental
data presented indicated that HIV neutralization sensi-
tivity could be a factor of conformational changes in
the virus envelop structures, which in their turn are
dependent on virus culture conditions. In this study,
functional sequences derived from the env genes of
neutralization sensitive (Ns) and neutralization resistant
(Nr) HIV-1 isolates tested against a pool of polyclonal
HIV-1 positive sera were analyzed. It was shown that
sensitivity to neutralization was not related to a number
of glycolysation sites or to the secondary receptor (R5
or X4) usage. At the same time, these results suggested
that differences in neutralization sensitivity could be
linked to sequence variation in conserved regions in
gp120 and gp41, which may also be associated with
conformational changes in the `silent face' of the CD4
binding domain and gp140 oligomerization. Interest-
ingly, it was found that gp140 oligomerization was
in¯uenced by co-variation in the gp41 domain. Neu-
tralization studies with R5/X4 clones in PBMC and
T-cell line adapted (TCLA) cultures showed that dual
tropic clones do not change their tropism for secondary
receptors, but may, in fact, shift in their neutralization
sensitivity phenotype. It was therefore recommended
that the database of Nr and Ns env sequences be
extended and correlated with functional neutralization
data, which could help de®ne group speci®c neutraliza-
tion antigens. In addition, a set of well-characterized
reagents, such as Nr and Ns HIV-1 isolates fully
characterized by full length env sequence, biological
and neutralization phenotyping, should be established
for future reference and comparative studies.

An important methodological limitation for HIV neu-
tralization studies has been the lack of a simple and
reproducible techniques for the quantitative measure-
ment of HIV-1 neutralizing antibodies. A novel meth-
od, an infectious centre (or plaque) reduction assay was
presented, which was shown to be effective and

sensitive for quanti®cation of neutralizing, as well as
enhancing anti-HIV antibodies in polyclonal HIV-1
positive sera, as well as for monoclonal antibodies. The
technique is performed using HIV-1 infected sub-
con¯uent mono-layers of the U87 CD4� cell line,
expressing either CCR5 and/or CXCR4 receptors.
The principle is based on syncytia-inducing capacity of
primary HIV-1 isolates, which could be seen after 5±7
days of incubation. The quanti®cation of results is
facilitated by direct counting of HIV-1 infected cells,
which are stained by a mouse anti-p24 monoclonal
antibody and anti-mouse IgG tagged with beta-galacto-
sidase. After substrate addition the infected cells were
stained in blue. Since blue cells were predominantly
syncytial cells, the syncytia represented infectious foci,
and could therefore be used to estimate `plaque form-
ing units' (PFU) in the seeding HIV-1 stocks. As such,
neutralization could be estimated by a signi®cant de-
crease in virus titre expressed in PFU/ml, or in the case
of enhancement as a signi®cant increase in virus titre,
compared to the control sera. The positive control is
measured against a multi-tropic HIV-1 strain, exhibit-
ing 3 different co-receptor usage patterns (R5, X4 and
R5X4). When compared with the conventional
TCID50 measured in the PBMC co-culture neutraliza-
tion assay, the results obtained by the new method
expressed in PFU/ml were generally higher, especially
for R5-using viruses.

This assay was further used to test a set of plasma pools
prepared from plasma of individuals infected with
HIV-1 subtypes A, B, D and a mixture of all three. All
plasma samples were collected as part of a WHO-
UNAIDS-sponsored study. The plasma samples for
these pools were selected based on their HIV neutrali-
zation activity, which gave more than 90% of neutrali-
zation at dilution of 1:64 against the HIV-1 MN strain.
Also, a pool of subtype C-speci®c plasma was prepared
based on screening data on neutralization of primary
isolates. These experiments demonstrated that the new
technique was simple and reliable for the quanti®cation
of anti-HIV neutralizing activity. In agreement with
previously reported data, this study con®rmed that
there was no correlation between neutralization sero-
types and HIV-1 genetic subtypes. Furthermore, no
co-receptor-dependent differences in neutralization
sensitivity to monoclonal antibodies or human sera
could be seen. Both R5 and X4 HIV-1 strains were
neutralized by subtype A, B and C pools, while only
R5 viruses were neutralized by the subtype D pool.
However, the preliminary data suggested that subtype
D X4-using strains were not only resistant to neutrali-
zation, but rather had a tendency to enhancement by
some human sera or plasma under the conditions of
these experiments. It appeared that the observed en-
hancement was virus-dependent and not reagent-de-
pendent, since the same plasma/sera could neutralize
one strain, but enhance the infectivity of another.
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These differences between the viruses may be related
to genetic subtypes, co-receptor usage, or other viral
properties, which is the subject of on-going experi-
ments.

Antibody responses in HIV-infected individuals and
vaccine recipients
Most of the presently available data on HIV neutraliza-
tion is derived from studies using polyclonal sera/
plasma from HIV-infected individuals or monoclonal
(human or mouse) antibodies. However, this informa-
tion needs careful assessment with regard to its rele-
vance to vaccination studies in HIV-negative
volunteers. The following presentation was dedicated
to a comparative analysis of humoral immune responses
in HIV-infected individuals and HIV vaccine recipi-
ents, with a focus on conservation of HIV epitopes and
cross-reactive antibody responses. Two types of anti-
body responses were analyzed, including binding anti-
V3 antibodies and HIV-1 neutralizing antibodies. The
binding antibody response was measured by a V3-
peptide-binding immune assay (PEIA) with 53 different
peptides representative of various HIV-1 group M
subtypes (subtypes A to H) and group O. The HIV-
neutralization was analyzed by an original method,
using of GHOST (human osteosarcoma cells expressing
CD4, as well as R5 or X4 receptors and a green
¯uorescence protein as an indicator gene) neutralization
assay with a measurement of results by ¯ow cytometry.
The neutralization activity was tested against primary
HIV-1 isolates (subtypes B, C and F), which were
grown only in PBMC with a minimum number of
passages. The serum samples were obtained from HIV-
seropositive individuals infected with subtype B, which
were compared to antibody responses in sera from 20
volunteers participating in an HIV vaccine trial (AVEG
Protocol 029) of an accelerated immunization schedule
with Canarypox vector (vCP205), expressing HIVMN

envelope, and boosting with a recombinant gp120SF2

protein.

In this study, it was shown that the breadth of the anti-
V3 antibody reactivity induced by immunization with
subtype B-speci®c immunogen was comparable to the
reactivity observed in subtype B-infected individuals.
In both cases, broadly reactive anti-V3 antibodies could
have been detected. This cross-reactivity was most
prominent against peptides derived from subtypes B, C
and F. Less reactivity was seen with V3 peptides from
subtypes A, D, G and H, and no signi®cant cross-
reactivity was detected with subtype E- and group O-
speci®c peptides.

The breadth of neutralizing activity induced by im-
munization with a subtype B-speci®c vaccination regi-
men was more narrow as compared to sera from HIV-
infected individuals. However, in a number of cases,
sera from vaccinees displayed neutralizing activity

against X4, R5 and dual tropic primary isolates of
subtype B. In addition, some of the vaccines sera
displayed lower but signi®cant levels of neutralization
activity against an R5 subtype C primary isolate.

Overall, the data presented constituted a proof of
principle that candidate HIV vaccines can induce broad
humoral antibody responses against strains belonging to
heterologous biological phenotypes and heterologous
HIV-1 subtypes. The discussion of these results also
indicated that the use of multivalent vaccines contain-
ing a de®ned mixture of immunogens might be a
feasible approach to achieve broadly-protective HIV
vaccines.

Targeting the induction of antibody responses by
vaccination
The following presentation described a strategy which
is based on HIV neutralization data as a guide for the
development of broadly protective HIV vaccines. This
strategy was based on the analysis of broad spectrum
cross-neutralizing (BSCN) activity against laboratory
adapted and primary isolates, which was documented
by various studies on natural history, animal experi-
ments and HIV vaccine trials in humans. These studies
showed that close to 10% of all HIV-infected indivi-
duals were capable of mounting BSCN antibody
response, including cross-neutralization of 17 primary
HIV-1 isolates from different group M subtypes (A
through H) or their recombinants (n � 14), as well as
group O strains (n � 3). It was demonstrated that the
BSNC activity was antibody-mediated, since it could
be absorbed and eluted by IgG fractionation. Also, the
speci®city of the BSNC to the envelope protein was
con®rmed by competition-neutralization experiments,
in which a recombinant gp120 protein could absorb up
to 50% of neutralizing activity. Interestingly, in the
same study it was noted that BSNC sera was more
frequently found in samples obtained from African
women, as compared to African men or Europeans of
both sexes.

Based on these and other data, it was concluded that
BSCN phenomenon may be associated with certain
conserved conformational epitopes, identi®cation of
which should be a priority for future HIV vaccine
research. This strategy could be further pursued
through the following phases:

(a) development of appropriate and standardized tech-
niques for rapid screening of a large number of
sera/plasma samples with BSCN activity;

(b) development of methodologies for in-depth analysis
and interpretation of HIV neutralization data gen-
erated by experimental studies and HIV vaccine
clinical trials;

(c) identi®cation of conformational epitopes responsi-
ble for induction of the BSCN responses;
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(d) generation of human monoclonal antibodies (Hu-
MAb) with the BSCN activity.

(e) designing antigens, which speci®cally bind BSCN
polyclonal sera, as well as BSCN HuMAb; and

(f) designing and inclusion of the identi®ed BSNC
immunogens into novel vaccine approaches.

Demonstration of protection by passive transfer of
antibodies
Passive or active antibody-mediated immunity is
known to be important for protection against several
viral diseases in humans and animal retroviral infections.
In the case of HIV infection, there is a limited amount
of data in this regard. Several studies demonstrated that
passive transfer of polyclonal anti-HIV IgG or an anti-
V3 monoclonal antibody can protect chimpanzees
against intravenous challenge. However, several metho-
dological problems place under question the relevance
of these results for the human situation, speci®cally the
use of laboratory adapted HIV strains as a challenge,
the intravenous route of challenge and lack of patho-
genic effects of HIV-1 in chimpanzees. The advances
in construction of chimeric SHIV strains based on the
envelope genes from primary HIV-1 isolates with
pathogenic capacities in infected macaques, along with
standardized protocols for challenge experiments have
provided new opportunities to address these questions.

A summary of experimental data was presented, which
was generated using a challenge with a SHIV strain
based on a primary isolate HIV-89.6, which was also
shown to be relatively resistant to anti-HIV-1 neutra-
lizing antibodies in vitro, and capable of producing
signi®cant pathogenic effects in infected macaques, as
estimated by high plasma viremia and accelerated
decline of CD4� cells. The SHIV-89.6 strain was
further standardized and titrated as a mucosal/vaginal
challenge in macaques treated with progesterone (30
days prior to challenge), in order to optimize chances
of consistent infection rates in challenged animals. The
vaginal challenge used in this experiment was 600
TCID50or approximately 40 animal infectious doses
(AID) per challenge.

In passive transfer experiments, 24 hours prior to
challenge, four groups of macaques were infused with
anti-HIV antibody preparations: 2G12 monoclonal
antibody which binds to a conformation sensitive
epitope in C3-V4 gp120 region, 15 mg/kg (n � 4);
2G12 � 2F5 monoclonal antibody against a conserved
epitope (ELDKWA) in gp41, 15 mg/kg (n � 5); 400
mg/kg of the HIV immune globulin (HIVIG) in
combination with 2F5 and 2G12 monoclonal anti-
bodies (n � 5). The control monkeys received 400
mg/kg of the intravenous immune globulin (IVIG)
400 mg/kg (n � 5).

After challenge, all 5 control monkeys became infected

with SHIV with high plasma viremia and rapid decline
of CD4� cells. In contrast, no SHIV plasma RNA was
detected in 8 out of 14 monkeys, passively transferred
with anti-HIV antibodies. In protected monkeys, virus
was not detectable either by PBMC co-culture or by
DNA polymerase chain reaction (PCR) from inguinal
lymph node cells. Therefore, it was considered that in
8 monkeys a complete protection was achieved. By this
criteria, 4/5 were protected in the HIVIG/2F5/2G12
transfused group, 2/5 in the 2F5/2G12 group, and 2/4
in the 2G12 group. In the six protected monkeys, none
of them developed a rapid CD4 cell decline, which
was observed in all control monkeys. Additional ana-
lyses showed that after infusion of antibody prepara-
tions in the doses used in this experiment, the speci®c
antibodies could be detected 24 hours after infusion
both in plasma and in mucosal washes. The plasma of
the anti-HIV antibody transfused monkeys also was
shown to contain signi®cant levels of neutralizing anti-
bodies.

Overall, the results of this study lead to conclusion that
protection conferred by anti-HIV antibodies could be
more readily achieved in cases of mucosal exposure to
SHIV, as compared to the intravenous challenge,
although relatively high levels of antibodies were
required for protection. These studies also suggested
that anti-HIV-1 antibodies, especially neutralizing anti-
bodies, may be an important factor (or correlate) of
protection against infection or against disease. As a
future direction, it was planned to investigate the
breadth of the passive protection against SHIV isolates
other than 89.6, representative of other subtype B and
non-B strains. Also, it is of interest to evaluate, in the
same model, the activity of anti-HIV antibodies from
gp120-immunized human volunteers.

HIV envelope structure and function (Presenters:
R. Wyatt, J. Nunberg, R. Desrosiers, H. Holmes)
Structural analysis of the envelope of HIV-1
The native HIV-1 envelope glycoprotein contains
major functional domains responsible for the virus
attachment to target cells (via CD4, CCR5, CXCR4
and other cell surface molecules) and fusion ± the two
most important stages of the virus life cycle, which
makes it a natural candidate as an immunogen for HIV
vaccines. Important progress has been made in studies
on structure, composition and function of the envelope
glycoprotein of HIV. The exterior viral protein gp120
(SU) and the transmembrane glycoprotein gp41 (TM)
are generated from a gp160 precursor. These proteins,
following cleavage, are assembled in oligomeric spikes
and remain non-covalently associated on the cell or
viral surface. The gp120 glycoprotein contains constant
(C1±C5) and variable (V1±V5) regions, where the
latter may contribute to evasion of the virus from host
immune responses. In addition, the gp120 envelope
proteins are characterized by a high degree of N-linked
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glycosylation and high carbohydrate content, up to
50% of the molecular weight. This extensive glycosyla-
tion also was postulated as a signi®cant factor for virus
ability to resist antibody-mediated neutralization.

The heterotrimeric spikes mediate the virus entry into
susceptible cells by sequential gp120 binding to the
primary viral receptor, CD4, and subsequently to
speci®c proteins of the chemokine receptor family,
CCR5 or CXCR4, which serve as co-receptors.
Primary HIV-1 isolates mostly use CCR5 as a co-
receptor; but later in the course of HIV-1 infection,
isolates dually tropic to CCR5 and CXCR4 are more
frequently found.

A model of the virus entry mediated by the HIV-1
envelope glycoproteins was deduced as a result of
various in vitro and in vivo investigations. Initially,
gp120 after binding to CD4 receptor undergoes a
conformational change that allows for high af®nity
interaction with the chemokine co-receptors. It is
likely that conformational changes involve displacement
of a large, disul®de-linked V1/V2 loop and formation
of a mini-domain bridging sheet. The chemokine
receptor binding site minimally involves elements in
the V3 loop and residues within the C4 region. Inter-
action of gp120 with co-receptor triggers a second
conformational change, which leads to insertion of a
hydrophobic amino-terminal fusion peptide of gp41
into the target cell membrane. Once a critical number
of gp41 molecules have achieved fusion peptide inser-
tion into target cell, the membranes are then cross-
linked via gp41 fusion elements. The following
pre-fusogenic and fusion stages permit entry of an
HIV-1 pre-integration complex into the cytoplasm,
initiating the infection process.

Studies on the HIV-1 envelope crystal structure have
revealed several interesting structural features of virus
evasion from host antibody responses. The CD4 bind-
ing domain was described as a recessed region of
gp120, which is likely to be protected from neutraliz-
ing antibodies by physical barriers set by the heavy
glycosylation of the envelope protein and the major
variable loops (V1, V2 and V3). Since all HIV-1
isolates utilize CD4 as the primary receptor, this region
represents an attractive target for HIV vaccine design.

The results of biophysical studies of the gp120-CD4
interaction also indicated that in vivo free monomeric
gp120 molecules are extremely labile and may be
subject to multiple conformation changes. It is possible
that this conformational ¯exibility may be diverting the
immune system to production of antibodies which are
not capable of recognizing the more structurally stable
forms of the molecule located in the functional trimer
on the surface of the virus. It was further discussed that
this information might be exploited to improve the

design of HIV vaccines targeted at induction of
neutralizing antibodies. One possibility to stabilize
gp120 conformational ¯exibility might be to covalently
link gp120 to its natural ligand, the gp41 molecule. An
approach was described to produce stable and soluble
trimers, which better represent the conformation of
native envelope structures of HIV. As a result of these
experiments, cleavage-defective gp140 molecules were
stabilized by covalent linkage of the GCN4 coiled coils.
Sucrose gradient analysis and size exclusion chromato-
graphy studies con®rmed the trimeric oligomerization
of thus obtained gp140 (-)GCN4 molecules. It was
shown that these gp140(-)GCN4 trimeric structures
were well recognized by neutralizing antibodies, but
were less antigenic with regard to non-neutralizing
antibodies, when compared to monomeric gp140(-)
preparations. Immunogenicity studies with the soluble
and stabilized trimers are in progress.

Fusion-active envelope structures as targets for HIV
neutralization
Approaches to induction of broadly reactive neutraliz-
ing antibody responses were further presented. This
approach is based on a premise that all HIV isolates ±
regardless of geographic location or phylogenetic clade
(subtype) ± must successfully complete the identical
processes of CD4 and co-receptor binding and mem-
brane fusion, which constitute vital stages of the virus
life cycle. Consequently, a hypothesis was put forward
that: (a) key primary virus neutralizing determinants
could be temporarily associated with the process of
binding and fusion; and (b) immunogens representing
functioning envelope protein associated with transient
/complex structures, may be capable of eliciting
broadly reactive neutralizing antibodies. The earlier
experimental data from this project showed that fusion-
active components of the virus are likely to be broadly
conserved and could be an attractive vaccine target. In
this approach, the fusion process was triggered by co-
culturing two cell lines, one, the U87 cell line express-
ing CCR5 and CD4 receptors and another expressing
functional gp160 derived form a primary HIV-1 isolate.
The binding and fusion process was stopped by
formaldehyde ®xation prior to overt syncytium forma-
tion (2±5 hours after start of co-culture). These co-
cultured fusion complexes were used to immunize
transgenic mice, which express (and therefore are
immunologically tolerant to) human CD4 and CCR5
receptors. Thus prepared fusion-competent sera from
mice were shown to have potent neutralization against
a primary isolate (168P) used to design the gp160-
expressing cell line as an immunogen, as well as against
the T-cell line adapted (TCLA) derivative of the same
isolate. But most importantly, it was found that fusion-
competent vaccine sera was capable of neutralizing a
panel of primary isolates belonging to diverse genetic
subtypes from A to E. Although some of the primary
HIV-1 isolates (92RW008, subtype A) appeared to be
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resistant to the fusion-competent vaccine sera. In
summary, these results demonstrated that HIV-1 se-
quence diversity may not be a major obstacle for the
development of broadly protective HIV vaccines, if
highly conserved structures within functioning envel-
ope protein are de®ned and used as immunogens.
Clearly, to ensure a universal level of broad reactivity,
there will be a need to design multivalent HIV
vaccines, since several distinct immunotypes of HIV-1
may exist (e.g., 92RW008).

The current directions of this project acknowledge that
for vaccine design the formaldehyde-®xed whole cell
preparations may not be appropriate for clinical testing.
The on-going efforts are therefore targeted at trans-
lation of the crude vaccine concept into a more
acceptable formulation, including: (a) recombinant
vaccine vectors, and (b) af®nity-puri®ed envelope-
CD4-CCR5 protein complexes. In parallel, the exist-
ing crude fusion-competent vaccine preparations are
planned to be tested for ef®cacy, using the SHIV/
macaque model.

Approaches to improve immunogenicity of the HIV
envelope glycoproteins
As mentioned earlier, the heavy glycosylation of the
envelope of HIV and SIV, may represent a barrier for
exposure of important neutralization epitopes in candi-
date vaccines based on recombinant envelope proteins.
An experimental approach was reported, which at-
tempted to improve the exposure of neutralizing
determinants, using SIV strains with mutated envelope
genes lacking different N-linked glycosylation sites.
Initial results of the ®rst study showed that removal of
two carbohydrate sites in V1 and V2 regions was well
tolerated in terms of the virus replication capacity.
Thus mutated SIV strains (M5) proliferated well in
macaques and induced neutralzing antibodies against
the homologous SIV strain, but were also able to cross-
neutralize the wild-type parental virus. The two maca-
ques that were infected with the mutant M5 strain
were resistant to super-infection with a challenge
SIVmac251 strain.

In further studies, an SIVmac239 molecular clone was
manipulated by making deletions of 100 residues in the
V1V2 region. The mutant strain was adapted for
growth in vitro and was shown to have acquired 9
amino acid changes, which occurred both in gp120
and gp41. This ÄV1V2 virus was capable of infecting
macaques, however, in vivo replication could be
detected only for several weeks, which subsequently
gradually decreased to undetectable levels.

Another set of mutants was generated using the same
SIVmac239 molecular clone, in which mutations were
created at glycosylation sites in the gp41 region. These
mutations were designed either individually or in

different combinations. Thus modi®ed mutant strains
are being tested for infectivity in macaques, and their
ability to induce homologous and cross-protective
neutralizing antibodies.

An additional approach was presented, which is aimed
at induction of long-term persistent immune responses,
using herpes simplex virus type 1 (HSV-1) as a vector
for expression of env and nef genes. Preliminary results
in macaques immunized with the HSV-1/env vector
and challenged with SIVmac239 six months after inocu-
lation, showed that 2/7 animals were fully protected.

The last presentation of this session emphasized the
importance of developing well standardized reagents for
HIV vaccine research, including puri®ed, biologically
active recombinant HIV-1 envelope glycoproteins. For
this purpose, stable CHO cell lines expressing func-
tional envelope glycoproteins from subtypes A, B, C,
D, F and group O were generated, using stocks of
primary HIV strains (R5- or R5X4-users) collected
mostly as part of the WHO-UNAIDS Virus Network.
Soluble gp140 molecules produced by these cell lines
possessed wild-type cleavage sites, but remained un-
cleaved through the production and puri®cation pro-
cess. The glycoproteins were puri®ed either by C-
terminally directed antibody or lectin af®nity chroma-
tography. The protein production levels ranged from
0.1 to 1 mg/L. The oligomerization state of envelope
glycoproteins obtained in this way, was heterogeneous
and consisted of aggregates, trimers, dimers and mono-
mers. High salt treatment (2M NaCL) was able to
reduce the oligomers derived from most of the subtypes
to monomers with a corresponding increase in CD4
af®nity. Several envelope glycoprotein preparations
were recognizable by the conformation-sensitive and
broadly neutralizing antibody, 2G12. Antisera to each
gp140 preparation were raised in rabbits, all antisera
(except for subtype F) recognized all seven gp120/140
proteins. The subtype F serum did not recognize
subtype B antigens. It was shown that the recombinant
HIV proteins were capable of inducing speci®c pro-
liferative T-cell responses in mice. The results of
neutralization studies are anticipated in the near future.
As part of the European HIV vaccine programmes the
same group is participating in the development of a
subtype C speci®c vaccine, which will prepare batches
of gp120/140 subtype C-preparations following the
GMP standards for further evaluation in the macaque/
SHIV model and in phase I clinical trials.

HIV vaccine design, immunogenicity and
protection studies (Presenters: J. Heeney,
L. Stamatatos, B. Ensoli, P. Berman)
Approaches to standardize animal models
Various aspects of pre-clinical HIV vaccine develop-
ment and HIV vaccine trials were discussed in this
session. The ®rst topic was related to pre-clinical stages
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of an HIV vaccine development, which emphasized
the following issues:

(a) need for standardized approaches to pre-clinical
evaluation of candidate HIV vaccines with regard
to their immunogenicity and potential ef®cacy,
using standardized immunological reagents, chal-
lenge stocks and laboratory assays;

(b) importance of research into potential correlates of
protection, based on a well standardized SHIV/
macaque model, which should generate data on the
role of CTL and neutralizing antibodies for protec-
tion independently or in a complementary fashion.

(c) need for uni®ed and standardized de®nition of
vaccine protection (end-points) attainable in the
SHIV/macaque model, which would facilitate
interpretation of experimental data.

Current HIV-1 vaccine strategies employ different
HIV-1 genetic subtypes for vaccine production. How-
ever, the importance of biological properties of the
virus, such as virulence, have not been fully appre-
ciated. To investigate the possible impact of viral
virulence, as compared to its genetic diversity on
vaccine ef®cacy, experimental data was analyzed from a
series of studies using heterologous SHIV challenge of
macaques vaccinated with a recombinant sub-unit
HIV-1 vaccine. Twelve animals were immunized with
a functional CCR5 binding envelope protein derived
from an HIV-1w6:1D strain. In the ®rst study, hetero-
logous challenge included two non-pathogenic SHIV
chimeras encoding envelopes of markedly divergent
subtype B strains: HIV-1han1 and HIV-1sf13. Subse-
quently, in the second study, all immunized and
protected animals were re-challenged with a SHIV89:6p

strain, which is closely related to the vaccine strain but
is highly virulent. Protection from either of the
divergent non-pathogenic strains was demonstrated in
the majority of the vaccinated animals. In contrast,
when challenged with a more related, but highly
virulent SHIV89:6p strain, protection was achieved in
only one of the previously protected immunized ani-
mals. These ®ndings suggest that the use of genetic
differences as a guide in HIV vaccine design may be
misleading. Indeed, consideration of the viral biological
properties and virulence may be more relevant for the
selection of prototype vaccine strains. In addition to
the envelope, it would make sense to consider the
inclusion of immunogens targeting potential virulence
and virus replication factors. Combination of different
immune mechanisms directed to a number of con-
served viral targets, including virus structural and
regulatory targets, may result in a broad vaccine-
induced protection against a diverse range of highly
virulent HIV-1 strains.

Use of HIV regulatory proteins as targets for
vaccination
As discussed earlier, an ideal outcome of an HIV
vaccine would be the induction of sterilizing immu-
nity. However, other alternative outcomes may be of
value, including the control HIV-1 replication, result-
ing in lower virus load levels and reduction in the rate
of disease progression. Different immune correlates
have been suggested for these outcomes, including
CTLs and neutralizing antibodies targeted at various
functional epitopes in virus structural proteins. It was
also suggested that targeting the immune responses to
the HIV-1 regulatory proteins (e.g., Nef and Tat)
would be a logical direction to pursue. One approach
in this regard was presented, which was based on the
use of HIV-1/Tat as a target for vaccination. Several
reasons were discussed to justify this approach. The Tat
protein is produced early after infection and is essential
for viral replication and infectivity. Extra-cellular Tat
induces expression of chemokine receptors (CCR5 and
CXCR4), thus facilitating infection of both macro-
phage- and T cell-tropic HIV-1 strains. In addition, it
was reported that Tat could play an important role in
AIDS pathogenesis and the development of AIDS-
associated malignancies, such as Kaposi sarcoma. In
vivo, the presence of anti-Tat antibodies and anti-Tat
CTL responses correlated with better control of disease
progression. Finally, it was noted that Tat is well
conserved among different HIV-1 subtypes.

Based on this rationale, researchers vaccinated cyno-
molgus monkeys (Macaca fascicularis) with biologically
active HIV-1 Tat protein or Tat-expressing DNA
construct. The Tat protein was expressed in E. coli and
was adminstered as an active product combined with
an adjuvant, Alum or Ribi. The DNA vaccine was
delivered as a plasmid enriched in unmethylated CpG
sequences. An intravenous challenge was performed
with a highly pathogenic SHIV89.6P stock (10
MID50). The results of these experiments showed that
immunization with biologically active Tat and Tat-
expressing DNA constructs were safe and without any
undue side-effects. All control animals became infected,
whereas Tat-vaccinees were either fully protected or
were able to effectively control the infection. Viral load
in Tat-vaccinated animals was suppressed or below the
detection level, the CD4� T-cell levels also remained
stable within a normal range. The ef®cacy of the
DNA-based Tat vaccine was comparable, if not better,
to that of the sub-unit Tat protein. A number of Tat-
speci®c immune responses were documented in animals
vaccinated both with Tat- protein and Tat/DNA
vaccine, including anti-Tat antibodies and Tat-speci®c
CD8� T-cells. The results of this study suggested that
there was no straightforward correlation between anti-
Tat antibodies and protection. In contrast, a strong
correlation was found with the presence of anti-Tat
speci®c CTLs and production of tumour necrosis factor
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á (TNFá) by CD8� T cells upon Tat stimulation. In
addition, the analysis of CD8� T cell responses
indicated that protection by this arm was not limited to
Tat-speci®c CTL, but also was linked to CD8-
mediated antiviral activity (not restricted by MHC) and
production of â-chemokines. This was con®rmed in
the protected monkeys with depleted CD8� cells, who
became susceptible again to super-infection with the
same SHIV89.6P challenge. At the same time, the
production of â-chemokines alone (RANTES, MIP1á,
MIP1â) did not correlate with protection.

Approaches to optimize antibody immune responses
against HIV
Based on previously discussed information on HIV-1
envelope conformational structure and glycosylation
and its impact on immunogenicity, a study was
presented that targeted the development of envelope-
based immunogens with deletions in V1 and V2
regions, thus anticipating a better exposure of neutraliz-
ing epitopes normally hidden in the virus envelope. In
this study, V1 and V2 deletions were introduced into
the envelope of SF162 (subtype B) strain with an NSI
and R5 biological phenotype. Two constructs were
prepared, including a 20 amino acid deletion in the V1
loop (SF162ÄV1), and a second construct with a 30
amino acid deletion in the V2 loop (SF162ÄV2). Both
constructs were shown to preserve their biological
phenotype in co-receptor usage, and capability of
attachment, entry and replication in stimulated human
PBMC. The SF162ÄV2 virus was more susceptible to
neutralization than parental SF162 strain by sera from
patients infected with subtype B and non-B subtypes
HIV-1 strains. These results suggested that deletions in
the V2 loop could result in a better exposure of broadly
reactive neutralizing epitopes contained in the viral
envelop structures, which are well conserved among
various primary HIV-1 strains of different subtypes.

In further experiments to evaluate immunogenicity of
the envelope protein derived from the SF162ÄV2
strain, two rhesus macaques were immunized with a
DNA/ SF162ÄV2 construct, using a bimodal immuni-
zation regimen, i.e. 3 DNA immunizations at monthly
intervals followed by a `resting' period for ®ve months,
after which animals received additional immunization
with the DNA construct and with puri®ed CHO-
produced SF162ÄV2 gp140 glycoprotein. Two months
later, animals received a ®nal boost with the gp140
glycoprotein. The analysis of immune responses
showed that both immunized animals developed T-
lymphoproliferative and humoral responses. The neu-
tralizing antibody titres against SF162ÄV2 as well as
against the parental SF162 strain were induced and
maintained for extended period of time. Most impor-
tantly, immunization with the SF162ÄV2 construct
resulted in induction of neutralizing antibodies to
heterologous primary isolates, although at a lower and

less frequent level, as compared to the parental SF162
strain. It is noteworthy that sera from macaques
immunized with monomeric SF2gp120 did not neutra-
lize the SF162 strain. Anti-HIV envelope-binding anti-
bodies, both against gp120 and gp41, were induced
during the DNA phase of immunization, and the
gp140 binding antibodies were induced throughout the
immunization. Currently, studies are under way to
determine whether both anti-gp120 and anti-gp41
antibodies are responsible for the observed neutraliza-
tion. Additional experiments also are planned to assess
the protective role of the observed immune responses
in the SHIV/macaque model.

The last presentation of this session focused on
selection of representative envelope immunogens based
on immunological and molecular epidemiology data.
The rational for this strategy aimed at induction of
broadly reactive binding and neutralizing antibody
responses. It was estimated that gp120 envelope
protein contained up to 5 different potential target
sites for HIV-1 neutralizing antibodies. These sites are
relatively conserved, but not very immunodominant
and display a certain level of polymorphism. For
example, one of these sites could be located at the
bottom of the C4 region, which was mapped by 3
different Mabs, including 13H8, 1024 and 5C2,
capable of blocking CD4 binding. A common poly-
morphism that was found in this site among subtype
B strains was characterized by substitution of lysine for
glutamic acid, which affected binding of neutralizing
antibodies, and rendered strains relatively resistant to
neutralization. These observations indicate that
although there is a common polymorphism and
sequence variation at most HIV-1 neutralization sites,
this polymorphism is ®nite, and a limited number of
immunogens could be identi®ed covering the anti-
genic spectrum of such variation, which justi®es an
in-depth research into the development of multi-
valent candidate vaccines.

As part of this strategy, the presenting team produced 2
candidate vaccines, which are presently being evaluated
in the ®rst-large scale ef®cacy trials. The ®rst candidate
vaccine is a bivalent BB rgp120 protein produced in
CHO and derived from 2 subtype B strains, including
MN (T-tropic, SI and X4 strain) and a second strain
designated as GNE8 (M-tropic, NSI and R5 strain),
which was identi®ed as a result of the analysis of
breakthrough infections in trials with the rgp120-MN
vaccine. Immunization of rabbits with this bivalent BB
candidate vaccine showed that the combination of two
immunogens resulted in broadening of neutralizing
antibody responses, which cross-reacted against the
HIV-1MN strain, as well as against several breakthrough
HIV-1 isolates obtained from previous phase II trials.
This candidate vaccine is being evaluated in a phase III
trial in the USA, which started in 1998.
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The second candidate vaccine being tested in a phase
III trial in Thailand was produced by the same group as
a bivalent BE rgp120 vaccine, based on subtype B
HIV-1MN and a subtype E (NSI, R5 strain), designated
as A244. This vaccine is being evaluated in a cohort of
injecting drug users in Bangkok, which started in 1999.

The production of another variant of this vaccine
would be based on triple combination of globally
prevalent HIV-1 strains, including rgp120 immunogens
derived from subtypes A, C and D, for evaluation in
African countries.

An additional problem that needs to be addressed with
this approach is related to the relatively low immuno-
genicity of the envelope glycoproteins, which could be
improved by using adjuvant preparations. Experimental
data was presented indicating that the adjuvant QS21
can signi®cantly enhance immunogenicity of rgp120
proteins. It was demonstrated that the use of QS21
with rgp120 immunogens achieved the same levels of
immunogenicity with signi®cantly lower doses of the
immunogen, e.g. the dose of 0.5 ìg of rgp120
formulated with QS21 was equally immunogenic as
300 ìg of rgp120 in Alum, resulting in an overall 600-
fold increase in potency, the fact that should largely
contribute to reduced costs of a future vaccine.

State of the art of therapeutic vaccines against
HIV/AIDS (Presenters: E. Tramont, P. Salk,
R. Moss, X. Jin, M. Liu, R. Red®eld)
General considerations
Proponents of therapeutic vaccination hypothesize that
post-infection therapeutic vaccination might induce
HIV-speci®c immune mechanisms, which would result
in down regulation of HIV in vivo. The clinical
consequences of this intervention might be decreased
transmissibility, lower chances for antiviral treatment
failures, re-establishment or maintenance of viral con-
trol with intermittent or no anti-retroviral drug ther-
apy, delayed progression and/or stabilization of disease
progression, and prolonged survival of HIV-infected
individuals.

There are examples of successful use of therapeutic
vaccines for the treatment of several infectious diseases,
e.g. rabies, herpes simplex virus, hepatitis B and more
recently combination chemotherapy of leprosy. How-
ever, the feasibility and clinical utility of this approach
for most of the chronic viral infections, including
HIV/AIDS, remains to be demonstrated.

Early studies of therapeutic vaccines demonstrated the
proof of principle. Post- exposure immunization with
candidate HIV vaccines was shown to be capable of
safely augmenting host-directed immunity against HIV,
including both innate and adaptive immune effectors.
Of note is the ability of therapeutic vaccination to

induce novel immune responses, which are poorly
elicited, if at all, as a result of a natural infection with
HIV, including speci®c T helper and CTL responses to
various HIV antigens. However, ef®cacy studies to date
have failed to demonstrate that good immunogenicity
and safety results obtained in phase I and II trials with
candidate therapeutic vaccines could be translated into
clinical bene®ts for HIV-infected individuals.

The early clinical studies of therapeutic vaccines were
conducted at a time when effective anti-retroviral
therapy was not available. In the setting of uncontrolled
viral replication, therapeutic immunization failed to
result in measurable improvements in clinical out-
comes. In addition, the ef®cacy of the ®rst candidate
vaccines was grossly de®ned in terms of clinical end-
points and the ability to achieve modi®cation of disease
progression and extending survival rates.

Introduction of HAART resulted in a signi®cant
impact on an underlying clinical progression, which in
its turn has largely complicated feasibility of therapeutic
vaccination studies based only on clinical end-points.
Fortunately, the development of accurate assays for
viral load measurement and demonstration of their
prognostic value have provided for alternative ap-
proaches to the evaluation of therapeutic vaccine
ef®cacy. In addition, recent advances in anti-retroviral
therapy, resulting in an ef®cient control of viral replica-
tion in the setting of natural infection, also allow for
new alternatives to explore clinical end-points in the
setting of chemotherapy combined with therapeutic
vaccination, including sustainability of the viral control
by HAART, kinetics of emerging viral resistance, viral
load set points following structured treatment interrup-
tion or intermittent chemotherapy.

Several recent factors have lead to re-examination of
the potential role of therapeutic vaccines in the global
efforts related to HIV prevention and treatment,
including: (i) recognition of limitations of combination
chemotherapy regimens (e.g., toxicity, viral resistance,
lapses of patients' compliance), as well as the broad-
ening gap for a global access to the anti-retroviral
treatment due to prohibitive costs and complex logistics
for delivery; (ii) generation of scienti®c data con®rming
the importance of HIV-speci®c immunity for the
control of virus replication and the disease outcome;
(iii) documented facts indicating that despite sustained
viral suppression as a result of anti-retroviral treatment,
its discontinuation is associated with a rapid viral
rebound; (iv) observation that HIV-speci®c immunity
can be suppressed as a consequence of effective chemo-
therapy; (v) generation of promising data in animal
studies, demonstrating complementary bene®cial effects
of combined chemotherapy with therapeutic vaccina-
tion; (vi) broader acceptance of non-sterilizing immu-
nity as a realistic goal for preventive HIV vaccines, and
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inclusion of post-infection viral set-point as a surrogate
marker for vaccine ef®cacy; (vii) recognition that
research into therapeutic vaccines may be an integral
step towards the development of a successful preventive
HIV vaccine. It was therefore concluded that world-
wide research efforts should be refocused to include
therapeutic vaccination strategy as a potential to im-
prove the existing treatment strategies, as well as a
complementary tool for a successful development of
preventive HIV vaccines.

State of the art: What is known and what do we
think we know?
The central hypothesis driving the development of
therapeutic anti-HIV vaccines is an expectation that
post-infection vaccination would induce HIV-speci®c
immune regulatory mechanisms, resulting in an effec-
tive control of HIV replication in vivo. The conse-
quences of such improved viral control may allow for
improvement of several clinical parameters: decreased
transmissibility, improved clinical outcomes of anti-
retroviral treatment, re-establishment or maintenance
of the viral control during intermittent or in the
absence of anti-retroviral therapy, delayed disease pro-
gression and/or disease stabilization and prolonged
survival.

The host directed immunity can be an extremely
potent antiviral `agent', when immune mechanisms
capable of interrupting viral life cycle are induced as a
consequence of natural infection. However, in the
context of chronic viral infections, the host fails to
develop an immune response capable of clearing the
pathogen from the host, due to a variety of mechanisms
developed by viral pathogens. At the same time, this is
not to say that the host is completely deprived of the
ability to mount an effective immune response to viral
antigens administered to the infected host as a thera-
peutic vaccine. Different vaccine delivery strategies
could have a different impact on vaccine potency. An
example was presented demonstrating that a formulated
DNA construct had a 100±1000-fold immunogenic
potency compared to a naked DNA construct. Further-
more, vaccine potency could have been increased by
priming with DNA and boosting with a recombinant
protein. Another example was mentioned where an
alpha virus was used as a vector for DNA vaccine
delivery (SIN-GFP), which resulted in signi®cantly
increased vaccine potency.

Several cohort studies have implicated that the status of
the host immune system can have an impact on the
course of HIV infection and the disease outcome. This
was demonstrated in studies of LTNP, cases where
broad and enhanced anti-HIV humoral or cell-
mediated immune responses were associated with de-
layed disease progression.

One of the concepts being exploited in the develop-
ment of therapeutic vaccines against HIV/AIDS is
based on an assumption that the long incubation period
between infection and the onset of disease may be due
to an effective immune control of initial infection,
which persists with health and wanes with the develop-
ment of the disease. An additional rationale for this
approach was derived from clinical observations made
during studies on HAART, which indicated that an
effective anti-retroviral therapy also resulted in a pro-
gressive loss of HIV-speci®c immunity. This observa-
tion lead to the concept of structured treatment
interruption, where anti-retroviral treatment is tem-
porarily discontinued to allow for an increased antigen
exposure as a result of the viral rebound, which in its
turn would serve as a boost for anti-HIV immune
responses (`auto immunization'). In support of this
approach data was presented from clinical studies with
anti-retroviral treatment (DDI � hydroxyurea), which
did not completely suppress viral replication, but was
able to maintain it at a very low level. When compared
with patients receiving HAART, the patients treated
only with DDI and hydroxyurea were characterized by
more pronounced anti-HIV immune responses, as
assessed by an increased lymphocyte proliferation to
p24 antigen. In addition, a separate study also demon-
strated that in a setting of structured treatment inter-
ruption, patients who had been on HAART developed
signi®cantly higher set points of the viral plasma RNA
at week 9 after treatment interruption, as compared to
patients receiving DDI and hydroxyurea alone. Alto-
gether these data suggested that patients receiving less
aggressive anti-retroviral treatment, allowing for a low
level of viral replication, establish more effective im-
mune mechanisms for the control HIV replication.

To date, several candidate therapeutic vaccines have
been tested in clinical trials. The results of trials with
one candidate therapeutic vaccine (Remune) were
presented at the meeting. This candidate vaccine is
based on the use of inactivated (gp120 depleted) whole
virus prepared from an HIV-1 strain originating from
Africa, which appeared to be an inter-subtype A/G
recombinant. The overall results demonstrated the
ability of post infection immunization to induce
lymphocyte proliferative (T helper) responses to homo-
logous (AG) antigens, which also cross-reacted to other
antigens derived from subtypes B, C and CRF01_AE.
In a selected number of volunteers it was observed that
this candidate vaccine also stimulated production
of beta-chemokines (MIP1-beta, MIP1-alpha and
RANTES) associated with down regulation of CCR5-
receptor expression on T cells. This is of particular
interest in light of growing body of evidence that
dynamics between production of beta chemokines and
expression of their receptors may represent a novel and
potentially important target for therapeutic interven-
tions. Additional clinical trials have been implemented
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or are under way that were designed to assess clinical
ef®cacy of this candidate vaccine.

Preliminary results were presented from a study on
safety and immunogenicity of another candidate vac-
cine (ALVAC vCP1452 ) combined with rgp160 boost
in HIV-infected volunteers, who subsequently under-
went a structured treatment interruption. This group
comprised ten patients who had been treated with
HAART within 90 days of acute infection and demon-
strated evidence of complete virus suppression for at
least 24 months after the start of treatment. The vaccine
candidate was based on multiple immunogens, includ-
ing MN/gp120, LAI/gp41, LAI/gag, LAI/protease,
CTL epitopes (LAI/pol, BRU/nef) expressed by AL-
VAC and rgp160 (MN/gp120 and LAI/gp41), which
was administered at days 0, 30, 90 and 180 by IM
injection. The immunogenicity assessed in 6 volunteers
showed the induction of binding antibodies to the HIV
envelope in all 6 volunteers, binding antibodies to p24
in 2/6 volunteers, and an increased T helper response
in 3/6 volunteers; CTL responses were observed in 4/
6 volunteers, in 2 volunteers the CTL responses were
of polyclonal nature. The structured treatment inter-
ruption data was presented for 4 volunteers, all of
whom demonstrated virological rebound after disconti-
nuation of HAART. However, in 2/4 volunteers a
delayed viral rebound was observed with an initial
doubling time varying between 3.2±4.5 days as com-
pared to 2.2 days observed in the (historical) control
group. Interestingly, the volunteers with delayed viral
rebound had a polyclonal CTL response to multiple
immunogens present in the ALVAC vCP1452/rgp160
constructs.

The results above described demonstrate the impor-
tance of detailed characterization of effective immune
responses that are potentially capable of controlling
virus replication and improving clinical outcomes of
infection, which should represent an important objec-
tive for future investigations. In parallel, clinical trials
with selected candidate therapeutic vaccines should
continue, since they could also contribute towards
determination of immune mechanisms of suppressing
viral replication and preventing disease progression.

The key scienti®c questions and future directions
One of the challenges in relation to therapeutic
vaccination is related to the ability of HIV infection
itself to alter the capacity of the host to mount effective
immune responses to a candidate immunogen. A num-
ber of immune suppressive mechanisms have been
suggested, including clonal depletion of CD4� T
lymphocytes; gp120-CD4 interaction; suppression of T
cell proliferation by structural regions of the virus
envelope protein; certain anti-HIV antibodies, e.g.
antibodies directed against CD4 binding site; biological
activity of the viral regulatory proteins, such as Tat;

post-translation modi®cations (glycosylation) of the
viral envelope protein.

Several questions still remain concerning: (a) potential
impact of an original antigenic exposure or pre-priming
on the capacity to re-direct speci®city of the host
immune responses by means of therapeutic vaccination;
(b) impact of HIV infection on maturation of an
antibody response: a primary response to infection and
a secondary response to candidate immunogens; (c)
impact of anti-retroviral treatment on host capacity to
orchestrate an HIV-directed immune response; (d)
whether innate and/or adaptive immune responses
should be modi®ed and in which direction: augmented,
suppressed or newly induced. The complexity of
potential options for immune manipulations is obvious.
With little data available to date, addressing these
questions will require a strategic approach, which
would include a stepwise implementation of clinical
trials to bring the development of an effective thera-
peutic vaccine against HIV/AIDS to fruition.

An intriguing relationship was suggested between in
vivo viral diversity and disease progression. It was noted
that patients who had the greatest degree of viral
diversity were also characterized by broad and potent
immune responses, both of which were associated with
delayed disease progression. On the other hand,
patients with limited viral diversity and restricted anti-
HIV immune responses were more frequently asso-
ciated with an accelerated course of the disease. The
researchers hypothesized that this phenomenon could
re¯ect successful suppression of major viral forms by
the host immune system, which as a result would drive
diversi®cation of minor viral forms with a net outcome
in this setting being a more successful control of
infection and delayed disease progression. In cases of
restricted and less effective immune responses, there
would be less pressure on the virus to diversify which
remains uncontrolled in its capacity to cause the end
organ damage and rapid disease progression.

Another part of the scienti®c unknowns is related to
immunological targets for therapeutic vaccination.
These may include HIV structural antigens, viral
enzymes, regulatory proteins, human cell receptors,
cytokines, etc. Most of the therapeutic vaccine ap-
proaches to date have focused on structural HIV
proteins as primary immunogens. This is largely based
on historical precedent and previous experience with
other viral pathogens. However, non-structural pro-
teins (e.g., Tat) might also be reasonable targets as a
method to block their biological activity and interrupt
the virus life cycle. For example, in vitro studies
demonstrated that Tat enhances HIV replication by
increasing HIV transcription, as well as by up-regula-
tion of HIV-1 co-receptor expression (CXCR4 and
CCR5). Also, in vitro studies have demonstrated that
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Tat can inhibit host directed immunity, causing pre-
mature apoptosis of by-stander T cells, as well as by
blocking antigen speci®c T cell recognition, resulting
in T cell anergy.

The approaches to rationalize therapeutic vaccine de-
sign should also consider factors that could have an
impact on quality and quantity (or both) of vaccine-
induced responses, including: immunogen primary
structure (e.g., genetic subtypes, R5/X4 phenotypes);
immunogen secondary and tertiary conformation; gly-
cosylation and expression systems used for production;
formulation with adjuvants and immune modulators;
route of administration, and the cytokine milieu in the
host at the time of vaccination.

Although the recent advances in anti-retroviral drug
development have been signi®cant, it has become clear
that this does not represent a sustainable therapeutic
strategy for a majority of HIV-infected individuals on a
worldwide basis. The development of effective thera-
peutic vaccines, if possible, could provide an affordable
alternative complementary tool for improvement and
feasibility of strategies for treatment of HIV/AIDS.
Basic logistic characteristics make therapeutic vaccines
an attractive target from public health point of view,
since they are expected to be relatively inexpensive,
easy to deliver, adherence friendly, with a minimal
need for toxicity monitoring, not associated with
expensive-to-treat complications, not requiring sophis-
ticated medical training or facilities for application, and
minimal concomitant need for clinical/therapeutic
monitoring.

The long-term goal of therapeutic vaccination is to
develop a sustainable and feasible treatment of HIV/
AIDS on a worldwide scale. However, a number of
immediate goals should also be pursued. First, to
enhance in vivo antiviral activity by achieving an
improved control of viral replication; prolonging ef®-
cacy of primary anti-retroviral drug therapy; permitting
for drug-free viral control; decreasing the rate of
emergence of viral resistance; modifying transition of
co-receptor usage phenotypes of the virus; promoting
and facilitating viral clearance. The second goal is
targeted at enhancing the host immune reconstitution,
which includes the induction and maintenance of
HIV-speci®c immunity in the setting of prolonged
anti-retroviral treatment; stimulation of innate anti-
HIV immune effectors (e.g., beta-chemokines); correc-
tion of cytokine disregulation; correction of immune
hyper-activation state; and promote primary immune
reconstitution. Thirdly, therapeutic vaccines could be
useful for enhancement of HIV prevention by facilitat-
ing identi®cation of immune correlates of protection
against HIV/AIDS and thus facilitating the develop-
ment of effective HIV vaccines; allowing for prioritiza-
tion of preventive vaccine candidates for ef®cacy trials;

and potentially, when used on a large scale population
basis, they could result in reduction of infectivity of the
human pool and thereby modifying the dynamics of
the epidemic.

Summary & conclusions for the scienti®c
brie®ng session

In the summary cross-cutting issues were discussed
relative to the pressing global need for an HIV vaccine,
which could be summarized as follows: (i) need to
demonstrate some vaccine ef®cacy; (ii) develop ways to
improve it; and (iii) understand how it works. In
addressing these issues the following questions were
addressed by the participants:

1. ``What is the relevance of HIV genetic diversity for
vaccine ef®cacy?'', and ``Is there a need to match
candidate vaccines to HIV-1 genetic subtypes prevalent
in a speci®c country where the vaccine is going to be
tested and eventually used?''

Most participants agreed that the state-of-the-art in
HIV vaccine development is suf®ciently unsettled and
there are many more pressing issues in developing a
vaccine strategy/formulation that would have a high
likelihood of success. A number of concerns and
uncertainties remain despite substantial progress in
technology and information on HIV virology, molecu-
lar genetics and immunology, including the following:

a) No correlate of protective immunity against HIV-1
has been de®ned so far, and this is unlikely to be
de®ned without large scale trials, which should be
adequately designed to address this question.

b) The immunogens, which are currently being tested
in human trails have not yet demonstrated consis-
tently high frequency of anti-HIV CTL responses,
although some encouraging results have been
recently reported.

c) None of the candidate HIV vaccines that have been
tested in human volunteers have been capable of
inducing broad neutralization of viral strains, in
particular neutralization of primary HIV-1 isolates,
even those that are closely related genetically to the
prototype strain used for vaccine preparation.

d) There are virtually no data that could elucidate the
links between genetic sequence and HIV-speci®c
immune responses, allowing for informed develop-
ment of HIV vaccine products.

The data presented at this meeting and elsewhere argue
that for an HIV vaccine targeted at induction of T-cell
responses, particularly against Gag and Pol proteins,
which appear to be conserved in HIV, there is little
evidence that matching at the genetic subtype level
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would be of any bene®t for the current immunogeni-
city trials. This is true for several reasons.

First, the HIV variation and recombination occurring
within and across international borders is expanding in
complexity more rapidly than previously anticipated.
Thus, the selection of a predominant subtype or
circulating recombinant form today will almost cer-
tainly be inappropriate or less than perfect in the course
of time when a speci®c vaccine concept or candidate
vaccine is optimized and ready for testing or ultimate
use, should the preliminary trials demonstrate any level
of ef®cacy.

Second, as discussed above, several studies have now
demonstrated CTL cross-reactivity between different
HIV-1 subtypes to varying degrees of conservation in
structural and regulatory genes: pol . gag . nef . env.

Third, although understanding of functional antibody
responses to HIV-1 is still a major scienti®c challenge,
it was documented that sera from HIV-1 infected
individuals and some vaccinees, as well as monoclonal
antibodies, are capable of cross-recognition indepen-
dently of genetic subtypes. Unfortunately, the possibi-
lity of inducing broadly reactive HIV-1 neutralizing
antibodies in human immunization studies is still await-
ing con®rmation, although there are several promising
new approaches that might improve this aspect of
vaccine design.

The state of uncertainty surrounding the criteria for
selecting virus strains for HIV vaccine production
should not inhibit or paralyze the progress in HIV
vaccine development and evaluation. Vaccine research
teams that are initiating new HIV vaccine studies,
particularly those in international partnerships, will
need to justify the selection of HIV-1 variants that
would appear close to the consensus sequence of
globally dominant genetic forms of HIV-1.

Important information with regard to the possibility of
inducing cross-protection against different HIV-1 sub-
types, could be generated by specially designed phase
I/II trials to be conducted in industrialized and devel-
oping countries. These trials could evaluate immune
responses to subtype B-speci®c immunogens in selected
populations from developing countries, while in parallel
the non-subtype B immunogens could be evaluated in
a limited number of volunteers from industrialized
countries.

2. Would the criteria for selection of prototype HIV vaccine
strains be different for different types of vaccines and
different vaccine approaches?

There was a general consensus that matching of HIV
vaccine candidates to the prevalent HIV-1 strains might

be substantially less important for vaccines targeted at
induction of T-cell responses to conserved proteins
(e.g., Gag and Pol).

With regard to HIV vaccines aiming at induction of
antibody responses, there may be a need to consider
matching to some type of still unknown immunotypes
of HIV-1, due to the fact that the anti-HIV antibody
responses are often related to speci®c conformational
determinants, which is particularly pronounced when
candidate vaccines are based on HIV-1 envelope
glycoproteins.

Based on existing data from studies of HIV-infected
individuals, monoclonal antibodies, and human vac-
cine trials, it seems highly unlikely that this matching
would be dependent on the known genetic subtypes.
However, due to the lack of knowledge in this regard,
it is advisable that HIV vaccine ef®cacy trials of
different strategies be designed and implemented to
provide more de®nitive answers to these questions.
From this point of view, the issues of appropriate trial
design and possibilities of generating relevant data
from any HIV vaccine trial becomes even more
important than the vaccine candidate itself which is
being tested.

3. What will be the signi®cance of HIV-1 molecular
epidemiology studies?

It was felt important to continue supporting interna-
tional HIV-1 genetic subtype surveillance studies linked
to monitoring the epidemic in potential HIV vaccine
evaluation sites. Data from different populations within
a speci®c country might provide valuable information
for vaccine trials. These data could be used to track
genetic shifts of HIV-1 in a population and might be
particularly useful at the stage of interpreting vaccine
failures. In addition, genetic sequence data may serve as
an important maker to monitor social and behavioural
networks that are contributing to the spread of the
epidemic in a speci®c country.

Conclusions and Recommendations from
the WHO-UNAIDS HIV Vaccine Advisory
Committee (VAC)

The WHO-UNAIDS VAC members analyzed the data
presented at the scienti®c/brie®ng session and made
the following conclusions and recommendations.

The increase in the AIDS pandemic emphasizes the
urgency of developing new and more effective pre-
ventive tools against HIV. Vaccines represent an
important component of future global strategies to
combat the epidemic, and, perhaps, the best long-term
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hope for the control of HIV/AIDS, especially in
developing countries. However, the development of
HIV/AIDS vaccines is still facing a number of dif®cult
scienti®c challenges.

Great scienti®c progress has been made over the past
year, providing unprecedented opportunities for devel-
oping and evaluating new candidate vaccines:

(1) genetic characterization studies of viral strains and
variants sponsored by several agencies, including
WHO-UNAIDS, have provided abundant infor-
mation regarding global distribution and dynamics
of HIV-1 subtypes and their recombinants;

(2) a signi®cant number of candidate vaccines have
been developed, and are entering clinical trials for
safety and immunogenicity, and two large-scale
trials have been initiated to test protective ef®-
cacy;

(3) new methodologies have been developed to assess
immunological outcomes in vaccinees in a more
precise way than previously available;

(4) introduction in some countries of highly active
antiretroviral therapy, that can signi®cantly reduce
viral load, has opened new opportunities for the
development of therapeutic vaccines; and

(5) guidance document on ethical considerations
relevant to HIV preventive vaccine research,
based on extensive discussions with interested
parties from many countries, was developed by
UNAIDS, providing an ethical framework for the
design and conduct of clinical trials.

WHO/UNAIDS recognizes that vaccine develop-
ment is an iterative process, which may require
several trials and gradual improvement of candidate
vaccines, before a highly effective vaccine is devel-
oped. Many agencies and organizations, in developed
and developing countries, from the public and private
sectors, are essential partners in this collaborative
effort.

The ®rst two trials to test vaccine ef®cacy are
underway in the United States and Thailand, and it
will take some time before results are available.
Several new candidate vaccines remain to be tested
for safety and immunogenicity, before being consid-
ered for large-scale ef®cacy trials. It is therefore
essential that every effort be made to support and
increase current HIV prevention efforts, because it
will take at least several years before we have an
effective HIV vaccine (especially one with high
protective ef®cacy). Consequently, funding for AIDS
vaccine research should be seen as additive to that
already being used for other HIV/AIDS-related inter-
ventions, including care.

The WHO-UNAIDS VAC Members made
the following recommendations:

1. While candidate vaccines entering Phase III
evaluation are expected to show some level of
protective ef®cacy, many questions remain re-
garding what antigens, and what immunological
mechanisms, are necessary and suf®cient for
protection. In addition to continuing studies in
animal models, it will be essential to learn from
human clinical trials, including ef®cacy trials, what are
the essential requirements and immunological
correlates of protection.

2. Informative clinical vaccine trials will require
genuine and equal partnerships between scientists in
developing and industrialized countries. These part-
nerships should be developed at the earliest
possible time, and should include planning for
capacity building and infrastructure development.
It is also essential to strengthen partnerships between
WHO-UNAIDS and other sponsors of vaccine
research, including national AIDS research pro-
grams in industrialized countries, the International
AIDS Vaccine Initiative, the World Bank, the
European Community, the pharmaceutical indus-
try, and others. Likewise, building on previous
work spearheaded by WHO-UNAIDS in 1992±
1993, National AIDS Vaccine Programmes and/
or Strategies in developing countries should be
stimulated and supported. Because of the nature
of HIV vaccine research, these collaborations and
partnership should be conceived as long-term and
sustainable efforts.
Vaccine research for different diseases (especially the
three major killers: HIV/AIDS, malaria, TB) could
bene®t from a coordinated approach, tackling common
problems with common strategic approaches. This
could be especially important in preparation of
sites for the conduct of trials in developing
countries. WHO-UNAIDS, through its Inter-
cluster Vaccine Research (IVR), should establish
necessary links with the Global Alliance for
Vaccines and Immunization (GAVI), the Chil-
dren Vaccine Programme (CVP), the Interna-
tional Vaccine Institute (IVI) and other relevant
agencies.

3. Despite the lack of scienti®c evidence on the
immunological relevance of HIV-1 genetic diver-
sity, it remains reasonable to initially design candidate
vaccines based on the strains prevalent in the country in
which trials are to be conducted. However, because
of the uncertainty of how important virus varia-
tion is for vaccine-induced protection, and be-
cause of the complexities of developing multiple
vaccine candidates, it would be also important
initially, wherever possible, to test vaccine ef®-
cacy against more than one strain in multiple arms
of the trials. Ideally, every Phase III trial should aim
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at testing more than one hypothesis or scienti®c
question, so that maximum information could be
obtained from each trial.

4. In every Phase I, II or III trial, one goal should be to
gain the most information relevant to the identi®cation
of immunological correlates of protection, that could
ultimately predict the effectiveness of future
vaccine candidates, and reduce the time for
development of second and third generation
vaccines. This should include at least activities to
develop protocols and reagents to assess:

a. Antibodies, particularly neutralizing and mu-
cosal antibodies;

b. Cell mediated immunity, including cytotoxic
T lymphocytes;

c. T helper cells and immune memory;
d. Antigenic characteristics of intercurrent

viruses that might indicate some immune
escape as evidence for selective pressure
following immunization.

5. To facilitate the comparability of data from trials
of different vaccines in different countries,
WHO-UNAIDS should consider mechanisms to
assess needs for providing reference reagents and possibly
standardized protocols for immunological and epi-
demiological measurement methods, quality as-
surance and control.

6. With the introduction of highly active antiretro-
viral therapy for HIV/AIDS in some countries,
which is capable of reducing viral loads to low
levels in HIV-infected individuals, there may be
an opportunity to learn whether after reduction of viral
burden, it is possible to immunize with vaccines to
engender a virus-free state, reduce viral loads, or
reduce the chances of emergence of drug resis-
tant strains. Such studies could also be helpful for
the design of preventive vaccines, by more
rapidly identifying immune correlates of protec-
tion, as well as effective candidate vaccines.
However, at the present time it is not recom-
mended that such trials be undertaken in countries not
using combination antiretroviral therapy in their
national programs.

7. WHO/UNAIDS should contribute to supporting
trials in developing countries by assisting in the
planning process, and in strengthening their capacity,
including opportunities for training. Among the areas
in which there is a need for expertise are: ethics,
epidemiology, biostatistics, trial design and analy-
sis, Good Clinical Practices, data management,
culturally appropriate counseling to avoid HIV
risk-related behaviour and provide prevention
information, laboratory tests for virus and im-
mune parameters assessment, economic analysis,
intellectual property rights, and biological regula-
tory procedures. WHO-UNAIDS should also

provide advice for the development of proposals
for vaccine trials in developing countries, includ-
ing plans and budgets for improvement of
scienti®c facilities and ethical review capacity.
An area in need of additional support is in
relation to the natural history of HIV/AIDS in
different populations, which may be required to
interpret data from future ef®cacy and effective-
ness trials.
WHO-UNAIDS should also facilitate the establish-
ment of South-North and South-South collaborative
networks for exchange of information and experi-
ences. Information on training opportunities
should be made widely available.
It is recognized that the human and ®nancial
resources needed to strengthen infrastructures for
vaccine trials in developing countries are substan-
tial. WHO-UNAIDS can only provide seed funding
to some of these activities, encouraging other partners to
contribute to the effort. In addition, WHO-UNAIDS
is encouraged to seek additional funds for their HIV
vaccine activities.

8. The WHO-UNAIDS Network for HIV Isolation
and Characterization, aimed at isolating and char-
acterizing viral strains and variants from different
parts of the world and providing strains to all
interested researchers and vaccine manufacturers,
should be maintained and strengthened.

9. WHO-UNAIDS should establish an information
base, focusing on clinical trials (especially those
conducted and planned in developing countries) that
would minimize unnecessary duplication of ef-
forts, conserve human resources and maximize
the new information to be gained from each
trial. It would be helpful to learn which countries
are planning to carry out trials, what are the
participating institutions, industrial partners and
scientists implementing the various aspects of the
research, which vaccine candidates are to be
tested, and the design and end points of the
trials.

10. WHO-UNAIDS should provide reliable and readily
understandable scienti®c information to the public,
media and advocacy organizations that can serve to
mobilize support in countries for vaccine trials. Of
particular importance are epidemiological surveil-
lance information on the burden of disease,
incidence and prevalence rates, mortality rates
due to AIDS-related conditions, and effectiveness
of other non-vaccine interventions, which will
ultimately be required to assess the impact of any
vaccine on transmission and reduction of disease
burden. Since many more HIV vaccine trials will
be conducted in the future, it is important to
develop information strategies targeting the media
and advocacy groups, to educate the public on
the rationale for conducting multiple HIV vac-
cine trials.
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