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Introduction
The human immunodeficiency virus (HIV) which

causes AIDS has brought about a global epidemic
far more extensive than what was predicted even a
decade ago. UNAIDS and WHO now estimate that
the number of people living with HIV and AIDS at the
end of year 2000 stands at 36.1 million.

The pathogenic mechanisms that underlie HIV-
1 infection are complex and highly variable and
depend on the interplay between numerous viral
and host factors1. The median time from infection to
the development of AIDS is about 10 years, al-
though AIDS can develop in as little as 3-6 months2,3.
There is considerable clinical variability following in-
fection with HIV from one individual to another re-
sulting in variable severity of HIV disease. The typi-
cal course of HIV infection includes acute clinical
syndrome, a prolonged period of clinical latency,
and then a stage of clinically apparent disease
which is commonly characterized by opportunistic
infections and neoplasm1. The establishment of
chronic infection occurs despite vigorous HIV-spe-
cific cell-mediated and humoral immune responses
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Abstract

The natural history of HIV-1 infection varies considerably from one individual to
another, with some individuals progressing to AIDS rapidly after primary infection,
while others remain clinically asymptomatic with no evidence of immune
dysfunction. Recent studies have shown that reasons for progression and non-
progression are multifactorial and may involve genetic, virological and
immunological factors that influence HIV disease progression in various ways.
However, it remains unclear whether a relatively benign course of HIV infection is
due to viral or host factors or a combination of both. Thus, a clear understanding
of host and viral factors, that determine the likelihood of infection or the rate of
disease progression, could unveil the key factors that are involved in either
progression or non-progression of HIV disease. Here, we have reviewed various
genetic, viral and immunological factors that may cause progression and/or non-
progression of HIV disease. In addition, this review provides in detail some
current hypotheses and perspectives on true non-progressive HIV disease which
is a subject of intense investigation, as these individuals may provide relevant
information for the development of future HIV-1 vaccines and treatments.
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that are usually present early in primary infection1,4-6.
Although early immune responses can reduce the
plasma viral load considerably, they fail to eliminate
the virus from the body4,7. However, these immune
responses can influence the period of clinical la-
tency of the virus, with progression to AIDS occur-
ring over a median period of 8-10 years8,9. In addi-
tion, a range of viral and host factors operate in
tandem to determine the course of HIV disease.
Thus, due to enormous variability in host factors and
differences in infecting HIV-1 strains, the time to the
development of AIDS varies from one individual to
another and can be categorized as rapid, slow or
long-term nonprogressive causes of disease pro-
gression. 

These different progression rates are primarily
defined on the basis of CD4+ T cell counts and viral
load because progressive loss of CD4+T cell
counts and increasing plasma viremia are two most
important biological features of progression to
AIDS. The Kaplan Meier survival curves clearly
showed that individuals with a viral load higher than
36,270 HIV-RNA copies per ml progressed to AIDS
within five years, whereas only 8% of individuals with
a viral load less than 4,530 RNA copies per ml pro-
gressed to AIDS. In contrast, the plasma levels of
HIV-1 RNA in the subjects with non-progressive HIV
infection were usually 20 times lower than those with
progressive disease10. A range of viral and host ge-
netic and immunological factors have been shown to
play an important role in disease progression. 

Resistance to HIV infection has been identified in
Kenyan11, Gambian12, and Thai prostitutes, who
despite frequent exposure to HIV-1 have remained
persistently seronegative. So far, no single mecha-
nism or factor conferring resistance to HIV infection
in these highly exposed uninfected individuals has
stood out. 

Taking some of these issues into consideration,
this review critically examines various perspectives
and current hypotheses on each of the host and vi-
ral factors that may play a significant role in deter-
mining the course of HIV disease, and also the fac-
tors that may be responsible for inducing a state of
“truly non-progressive HIV infection”. 

Viral load-induced architectural differences
in lymphoid organs and disease
progression

The clinically latent phase was once believed to
represent a lack of viral replication and activity,
based on observations of the peripheral blood.
However, it is now known that viral replication can
occur unabated in lymphoid compartments, and
they are considered to be a major reservoir of infec-
tious virus13. As a result of this viral activity, the dis-
ruption of lymph node architecture in HIV infected
individuals worsens through the different clinical
stages toward AIDS. The use of antiretroviral drugs
in human and non-human primates with progressive
disease has shown that lymph node architecture
can be restored, and treatment initiated even at ad-
vance stages of HIV disease could slowly reverse

pathological changes in the follicular dendritic cell
network10,14. It has been shown that lymph nodes
from long-term non-progressive subjects were pal-
pable with intact germinal centres and mantle
zones, and with very little evidence of follicular lysis.
In contrast, lymph nodes from subjects with pro-
gressive HIV disease showed histologic features
typically seen in HIV-associated lymphadenopathy,
such as large, irregular, fusing germinal centres, fol-
licle lysis, loss of the mantle zone, hypervascularity,
plasma cell hyperplasia, focal fibrosis and lympho-
cyte depletion10. Thus, such architectural integrity
of lymph nodes can define the different stages of
HIV disease progression. Host immune factors that
control viral replication in LN without damaging LN
structure may be crucial determinant of delayed
progression.

Viral genetic diversity and disease
progression

The extent of genetic variation present in the
HIV population of a host depends on the size of
the viral population, extent of viral replication, retro-
viral mutation rate, recombination rate, and the se-
lective pressure exerted upon the viral population.
HIV quasispecies emergence is a direct conse-
quence of the influence of host selective pressures.
Viral strains that can escape immune control and
which carry advantageous mutations for viral fitness
eventually dominate in vivo. 

There is now ample evidence to suggest that viral
factors play a key role in non-progressive HIV dis-
ease15-21. Despite an overwhelming evidence of the
role of viral factors, there is extensive variability in vi-
ral gene defects from patient to patient. A rapid
CD4+ T cell decline is observed when viral popula-
tions are relatively homogeneous22,23. Supporting
these hypotheses is a detailed comparison of pa-
tients from the Atlanta (USA) cohort, examining both
rapid and slow progressors as well as non-progres-
sors. Both genetic and phylogenetic analyses re-
vealed a striking restriction in env gene-based viral
quasispecies diversity in rapid progressors, com-
pared with the accumulation of increasing diversity
in slow progressors and LTNP (Fig. 1). This could be
attributed to the fact that the infecting viral strain un-
dergoes drastic molecular divergence after infec-
tion is established as a result of host immune pres-
sure, and that a lack of immune selective pressure
during early disease stages equates with failure to
contain high-level viral replication and disease pro-
gression. Several other studies have supported
these data23-25. Taken together, these studies
strongly suggest that accumulation of higher ge-
netic diversity over time in individuals is indicative of
immunocompetence, which is associated with long-
term survival. In addition to genetic diversity in
structural or enzymatic genes, simple amino acid
changes or additions can play an important role in
prolonging non-progressive infection. The addition
of a string of asparagine residues resulting in an ex-
tension of the V2 region in env has been shown to
be prevalent in HIV-1 strains from slow progressors
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Figure 1. Neighbor joining distance trees of PBMC-derived env gene (312 bp) clones from individual patients from the Atlanta,
CDC cohort, SP (slow progressor), RP (rapid progressor) and LTNP (long-term non-progressor) showing viral evolution and
phylogenetic relationships over time in vivo. Longer branch lengths over time in case of SP and LTNP suggest accumulation of
higher genetic diversity over time and is related to their immunocompetent period. In contrast, the branch lengths in RP (RP 7, 2,
8 and 18) do not vary much over time.
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and non-progressors26,27. Studies on vpr gene qua-
sispecies from an LTNP mother-child pair (infected
for 17 years) have also shown that the defects in the
vpr gene may also be related to slow or non-pro-
gressive HIV disease. It should be cautioned that
these changes in vpr or any other gene may be pa-
tient and/or strain dependent20. Further, a detailed
functional study of defects in vpr gene identified
from sequential viral isolates from this mother-child
pair showed reduced Vpr localization to the nucleus
and no cell killing, which must have played a crucial
role in delaying the course of disease progression. 

Other studies18 have also shown that defects in
other regulatory and accessory genes such as vif,
vpu, rev, tat and nef may also contribute to slow or
non-progressive HIV disease. Based on the role of
these accessory genes in the HIV life cycle, any de-
fect in these genes may be attenuating and may
have the potential to change the disease outcome.
Although examples of mutant accessory genes re-
sulting in a lack of disease progression are rare,
these show that no single pathogenic determinant
can uniformly explain the lack of disease progres-
sion, and that efforts to counteract the biological
function of more than one of these genes may pro-
vide a greater effect on viral replication and disease
progression.

In total contrast to most studies of viral diver-
gence, some “true non-progressors” also display a
rare phenomenon of absence of any viral evolution
in vivo over an extended time28 (Fig. 2). This lack of
viral evolution in our study was associated with un-
detectable viral loads, high CD4+ and CD8+ T cell
counts, below 10 copies of integrated provirus, no
recovery of any culturable virus in vitro and potent
HIV-specific CD4+ and CD8+ T cell responses.
Thus, lack of viral evolution over time may be an in-
dicator of the strength of the host’s immune system

in completely containing HIV replication and this
may underlie “true non-progression” in a very small
group (0.8% of HIV-infected population) of rare indi-
viduals. 

Role of nef deletions in HIV disease
progression: lessons from human and non-
human primates

Nef is essential for viral pathogenicity in vivo, and
may be involved in binding to CD4 and the down-
regulation of its cell surface expression, enhance-
ment of HIV-1 replication in primary T cells, binding
to several cellular protein kinases29. 

Studies on SIV suggest that nef is essential for viral
replication in vivo, and induction of high viral loads
and progression to fatal AIDS (SAIDS)30. SIV with nef
gene deletions failed to produce AIDS in most pri-
mates29, but a recent study31 demonstrated that con-
tinuing deletions in the nef gene eventually con-
tributed to disease progression. Similarly, some
Sydney Blood Bank cohort patients (who acquired a
nef-deleted virus from the same source) have shown
that additional nef deletions and rearrangements co-
incided with the turning point toward disease pro-
gression32, not non-progression as previously ex-
pected15. Data showing positive selection at the nef
gene during disease progression33 further suggest
that there are certain domains within the Nef pro-
tein that the virus needs for the maintenance of viru-
lence. Further functional characterization of such do-
mains may define the regions that regulate virulence of
infecting strains. Overall, these data on macaques and
humans with natural nef-defective infections have
raised concerns about the use and safety of live at-
tenuated HIV vaccines. At the present time, mecha-
nisms by which Nef enhances viral replication and
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Figure 2. Neighbor joining trees showing phylogenetic relationships between sequences obtained from the peripheral blood
mononuclear cells (collected between 1994-1999) of a true non-progressor. Tight clustering (supported by 100 bootstrap
replications in each case) of viral strains from the patient over time based on env gene (a), nef gene (b), and pol gene (c) clearly
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how Nef expression modulates the progression and
non-progression of HIV and SIV disease requires fur-
ther characterization before genuinely attenuated
constructs can be tested as vaccines. 

Role of viral phenotype and co-receptor
usage in HIV disease progression

The majority of HIV-1 strains that are involved in
acute HIV infection and which persist through the
early phase of infection are primarily M-tropic or NSI
viruses, whereas at later stages SI strains may pre-
dominate, leading to rapid progression character-
ized by accelerated CD4+ T cell decline. Changes
in the V3 region determine the syncytium inducing
phenotype34. There is no clear demarcation ob-
served between NSI and SI HIV strains in their abili-
ty to cause AIDS, as both phenotypes can lead to
HIV disease progression and either one can persist
at later stages. In >50% of HIV infected individuals
NSI strains persist till the late stages of AIDS. One
major difference between NSI and SI strains is the
consistency of SI strains in infecting CD4+ T cells35.
These findings indicate that SI phenotypes may
have some relevance in the rapid loss of CD4+ lym-
phocytes in individuals progressing rapidly to AIDS. 

Recent studies have also shown that the differen-
ces in viral phenotypes also correlate with their
ability to use different co-receptor molecules, with
T-tropic strains using CD4 and CXCR4, and M-
tropic strains CD4 and CCR5 for cell entry36-38. Ad-
ditionally, there are other members of the seven
transmembrane chemokine receptor family
(CCR1-CCR4, BOB and BONZO) which are also
known to be used as coreceptors by HIV for en-
try39. As far as CCR5 usage is concerned, muta-
tions in the envelope gp120 (especially the V3
loop) have been found to effect co-receptor us-
age40. Interestingly, it has also been suggested
that infection with viral variants capable of utilizing
a broad range of co-receptors correlate with in-
creased disease progression rates39. In contrast,
LTNP maintain exclusive usage of CCR5 and gene-
rally produce high levels of β-chemokines. A com-
parison of virus isolated from rapid and slow pro-
gressors and LTNP has shown that NSI strains with
slow replicative capacity may contribute to slow
progression or non-progression of HIV disease40.
Also, both viral and host determinants leading to
the emergence of viral variants capable of using
an expanded range of co-receptors may increase
the rate of disease progression.

Possible influence of polymorphisms 
in co-receptor genes in HIV disease
progression

Because these co-receptors are crucial for viral
entry, natural mutations in co-receptors genes have
been thought to be significant in influencing HIV
pathogenesis and disease progression. A number
of host gene polymorphisms have been assessed
for their possible role in HIV disease progression.

CCR5 ∆32: This polymorphism in the CCR5 gene,
a deletion of 32 bases in the open reading frame
(ORF-∆32), homozygous in 1% of the Caucasian
population, encodes a non-functional CCR5 protein
and is strongly associated with resistance against
HIV-1 infection41-46. While this genotype protects
against infection with CCR5-tropic strains of HIV-1
in vitro, PBMC from CCR5 ∆32 homozygotes are in-
fectable with CXCR4 using strains, and this appears
to have been the cause of infection in some CCR5
homozygotes47. Heterozygosity for the CCR5 ∆32
allele has also been attributed to cases of resis-
tance against infection42,43. However, while hete-
rozygousity may not necessarily protect against in-
fection in all cases, it has been associated with
decreased rates of progression to AIDS. Some
studies have shown the progression to AIDS is de-
layed by an average of 2 years in CCR5 ∆32 hete-
rozygotes compared to people lacking this al-
lele42,43,46,48. Therefore, since this host genetic factor
appears to predispose an individual to significant
levels of resistance against HIV infection and/or dis-
ease progression, therapeutic interventions to block
or reduce the expression of CCR5 may have an im-
pact on disease, and is currently sought.

CCR5 59029G/A, CCR2 64I and SDF-13’A are
single nucleotide polymorphisms in the CCR5 pro-
moter, CCR2 ORF and SDF-1 3’ untranslated region,
respectively. Another allelic variant in CCR2 has
been shown to be responsible for delaying the pro-
gression to AIDS in heterozygotes49,50. CCR2b has
a single base change that causes a conservative
substitution in a transmembrane region and linked
to a base change in the CCR5 promoter49, however,
the functional importance of this remains unknown.
CCR2-64I has been associated with significantly
lower viral loads at 9-12 months after seroconver-
sion49; the early viral load is a “set point” highly pre-
dictive of progression rate51. Since CCR2 co-recep-
tor is used by very few known HIV strains52, there is
substantial doubt on the role of this polymorphism in
delaying HIV disease progression.

Haplotype analysis has shown that the 59029A
allele is in complete linkage disequilibrium with both
CCR5 ∆32 and CCR2-64I, that is all chromosomes
bearing CCR5 ∆32, 64I also have 59029A. The Mul-
ticenter AIDS Cohort study (MACS) has shown that
men having the 59029G/G allele had survival times
augmented by an average of 3.8 years over individuals
with the 59029A/A allele (p = 0.004)53. 

Recently, some more evidence appears to sug-
gest that the genetic polymorphism in the CCR5
promoter region may affect the rate of progression
to AIDS. The promoter region of CCR5 has been
characterized, and transcription is regulated by two
domains54,55. Screening of several thousand AIDS
patients have shown four common allelic variants
(CCR5P1-P4) and six rare alleles (CCR5P5-P10)54-56.
These CCR5-promoter polymorphisms appear to af-
fect progression of established HIV-1 infection, but
not transmissibility, by regulating CCR5 gene trans-
cription49,57. CCR5, CCR5-promoter, and CCR2
polymorphisms affect disease progression by regu-
lating CCR5 co-receptor expression to interfere
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virus interaction with the CCR5 co-receptor. Repli-
cation of CXCR4 using HIV can also be affected by
a single base change in the 3’-untranslated region
of SDF-1 mRNA (SDF1-3’A)58. SDF-1 is a ligand for
the HIV-1 co-receptor CXCR4. Homozygotes show
an increased production of SDF-1 leading to
blockage of CXCR4, and therefore exhibit reduced
infectability with T-tropic viral strains. Other muta-
tions in the CCR5 gene, such as M303, encodes a
truncated receptor and protects against HIV-1 in-
fection59.

Therefore, there are numerous combinations of
host co-receptor and viral envelope and promoter
polymorphisms which, from the onset of infection,
combine to determine the level of infectivity and rate
of viral replication, which thereby influences the
course of disease progression. While these viral
and host genetic factors may remain fixed, disease
progression is also influenced by host immune res-
ponses, which may change in response to ongoing
viral evolution. Effect of HLA on disease progres-
sion.

Associations between host genetics and the rate
of disease progression and susceptibility to various
opportunistic diseases have demonstrated either a
positive or negative benefit of certain HLA geno-
types60. Rapid disease progression has been asso-
ciated with and single alleles, eg. HLA-B3561, or
HLA haplotypes, eg. HLA-A1/B8/DR362,63, and a
weak association between risk of seroconversion
upon exposure has been linked to the HLA-
A1/B8/DR3 haplotype62. There has been some con-
tradictory conclusions made on the effect of some
HLA types on disease progression, however a com-
bined analysis of these HLA associations supports
a role for particular HLA polymorphisms in delaying
disease progression60,64. It has been suggested
that differences in HLA affect antigen presentation
or recognition of HIV epitopes by T cells64. HLA di-
versity is important for providing a wider range of
epitopes recognized by CTL65. The number of HLA-
specific CTL epitopes potentially recognized by an
individual has been associated with the rate of dis-
ease progression65. This shows that HLA does have
an effect on HIV disease, and vaccine candidates
must be designed with HLA diversity in view.

Cytotoxic T lymphocyte control of viral
replication

Initial efforts to contain HIV focussed on a search
for humoral immune correlates of viral clearance,
but it eventually became clear that CTL were more
important in controlling viraemia, as large numbers
of these virus-specific cells were expanded in in-
fected individuals66. The extent to which CTL pro-
vide protection as opposed to being a casual
marker of viral replication, or even causing im-
munopathogenesis, has been controversial67. There
now exists substantial evidence supporting the as-
sociation between CTL and the control of viraemia
during both primary6,68, as well as chronic infec-
tion69,70, and in delaying disease progression71-74.
But it is increasingly apparent that not all CTL can

be associated with the control of viral replication.
High frequencies of CTL have been detected in
both LTNP as well as progressors75. It is possible to
distinguish between inappropriately activated CTL
and CTL induced to efficiently kill HIV-infected cells
in vivo. While CTL responses to some immunodomi-
nant Gag epitopes can control viral replication in
vitro, CTL specific for these epitopes do not neces-
sarily exert strong selective pressure against HIV
replication in vivo76. The presence of p24-specific
proliferative responses in some patients is associated
with CTL that exert strong selective pressure
against HIV, based on viral evolution at the specific
CTL epitope as well as control of viraemia in the
host76. It was concluded that the priming of protec-
tive or ‘efficient’ gag-specific CTL activity as op-
posed to ‘ineffective’ CTL required gag-specific
helper T cell responses77. The concept of inefficient
CTL was supported further with the description of
phenotypically silent CTL, defined as cells that bind
MHC-peptide tetramers but do not produce IFNγ,
indicating a lack of functional CD8+ T cell response
to a cognate epitope and no effector activity78. An
IFNγ-deficient ‘stunned phenotype’ was also
demonstrated during acute HCV infection, with a re-
version to IFNγ production occurring only after reso-
lution of peak viraemia79. Likewise, the preferential
targeting of activated HIV-specific helper T cells
during acute infection may contribute to the es-
tablishment of chronic infection. This prompts the
question as to whether defective antigen presenta-
tion and T cell help may be a common underlying
factor behind the malfunction of CTL, as well as
other CD8-mediated antiviral responses. Under-
standing what constitutes effective CTL activity with
respect to the role of HIV-specific helper responses
can contribute to the elucidation of what constitutes
protective cell-mediated immunity (CMI), which
may prevent or delay disease progression.

HIV-specific helper T cell responses are
associated with non-progression

It is now understood that a deficiency in HIV-spe-
cific helper T cell function is associated with the fail-
ure of CTL to control viraemia, and that the associa-
tion between CTL and the control of viraemia70 may
be qualified in the context of T cell help. A correla-
tion between strong p24 proliferative responses in
untreated patients with low or undetectable viral
loads has been observed predominantly in LTNP 80.
This suggests that the association between helper T
cell response and low viraemia is a functional im-
mune response to HIV infection, which can result in
a non-progressive disease course. This study also
showed that cytokines produced by these protec-
tive helper T cells were primarily type-1 (mainly
IFNγ). However, other studies have shown that the
excessive production of gp120 may induce a type-
2 cytokine response by helper T cells. The so-called
type-1 cytokines, including IFNγ, IL-2, and IL-12,
are generally involved in cell-mediated immune
(CMI) responses, whereas Type-2 cytokines (IL-4,
IL-5, IL-10, IL-13) are thought to promote humoral
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immune responses81. The maintenance of a type-1
response to HIV antigens has been associated with
the delay of disease progression, whereas a type-2
response, as a result of high viral replication, down-
regulates CMI responses and accelerates disease
progression82. It has even been suggested that the
accelerated progression to AIDS seen in some
African nations is a result of increased type-2 cy-
tokine levels induced by a high prevalence of para-
sitic infections83. However, the cytokine network is
far more complex than the type-1/2 models sug-
gest, and due to conflicting observations about mul-
tiple cytokine responses, the relevance of these
models have been somewhat discounted84,85. More
recent studies on helper T cell function suggest that
vigorous proliferation and IFNγ release86, and other
effector functions including appropriate costimula-
tion of CD8+ T cells87, may be more important in

priming an effective antiviral CMI response capable
of containing viral replication.

Our studies of LTNP have failed to show a consis-
tent relationship between CTL, viraemia and disease
progression status88, whereas HIV-specific helper T
cell responses have independently defined the diffe-
rence between individuals with detectable and unde-
tectable viral loads, and progression and non-pro-
gression in long-term infected patients. The clear-cut
division of LTNP with or without detectable viral loads
(Fig. 3) was based on detectable p24 proliferative res-
ponses that were sustained over the long term. This
association held true for an attenuated HIV-infected
cohort as well as a cross-section of LTNP with unre-
lated infections. We have also shown that detectable
p24 responses were associated with delayed pro-
gression to AIDS in a slow progressor cohort (Fig.
3E), whereas p24 responses were not detected at
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Figure 3. HIV-specific T cell proliferative responses are associated with the control of viremia and the delay of disease
progression in LTNP and slow progressors. A detectable response to HIV-1 p24 (stimulation index > 3; indicated by broken line)
strictly divided a cohort of individuals, with HIV-1 infection from a common source (the Sydney Blood Bank Cohort), with
undetectable viraemia (A) from those with detectable viremia (B), suggesting this immune response may play a crucial role in
delaying disease progression despite infection with an attenuated virus. Positive p24 responses in LTNP with non-attenuated HIV-
1 infection were also associated with the control viral replication (C), whereas individuals whose p24 responses declined below
the limit of detection (D) had detectable and increasing viremia. A slow progressor cohort of individuals with a common infection
source (E) demonstrated an association between p24 responses and lack of progression to AIDS, in the one patient who did not
progress to AIDS during the study, even though this individual had low-level viremia. Another group of patients with progressive
disease and increasing viremia failed to respond to p24 at any time during the study (F).
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any time point in patients who progressed to AIDS.
Similar results have been demonstrated in studies of
other LTNP, showing various levels of viral suppres-
sion associated with the strength of the p24 response
(Fig. 4). An undetectable p24 response was typically
associated with the loss of non-progressor status
upon follow-up of these patients. The rarity of de-
tectable HIV-specific helper T cell responses in un-
treated individuals, with the exception of genuine
LTNP with low or undetectable viral loads, shows that
this is a crucial component of the protective CMI res-
ponse against HIV infection and in delaying disease
progression.

CD8+ cell antiviral factors and inhibitory
chemokines 

The two main types of CD8+ T cell-mediated an-
tiviral activity described in HIV infection consist of
either the classic antigen-specific, HLA-restricted
lysis of infected cells, discussed earlier, or the inhi-
bition of viral replication via soluble factors in the
absence of cell killing89. A CD8+ T cell-derived an-
tiviral factor (CAF) has been shown to inhibit HIV
replication90,91. CAF is a small cellular protein that is
heat and pH stable, and is produced by activated
CD8+ T cells. Based on functional features and
blocking assays, CAF is not one of the currently
identified cytokines or chemokines92,93. Although the
presence of this antiviral activity against infected
CD4+ T cells can be shown in CD8+ T cell culture
supernatants, cell-to-cell contact results in maxi-
mum viral suppression94,95. This suppression of viral
replication takes place before RNA transcription96,
resulting in no viral pathogenic effect on CD4+ T
lymphocyte proliferation and cell morphology28.

In general, the levels of antiviral factor(s) pro-
duced by CD8+ T cells can be correlated with the
clinical disease stage in HIV-infected patients94,
and it is one of the most important mechanisms con-
trolling HIV replication in non-progressors28. One
study showed that the CD8+ T cell-derived antiviral

response was more closely associated with viral con-
trol than was CTL activity97. However, the involve-
ment of HIV-specific helper T cell responses was
not determined. Preliminary data from our laborato-
ries suggests that strong HIV-specific proliferative
responses are associated with potent CD8+ T cell
antiviral responses. We hypothesise that strong
helper T cell responses with the provision of appro-
priate costimulation in the context of minimal viral
replication and associated immune activation, may
preferentially induce this antiviral activity instead of
a CTL dominated response which is typically asso-
ciated with chronic immune activation. This may
also explain how helper T cell responses are in-
volved in viral control independent of CTL activity.

Various CD8+ T cell-derived chemokines, includ-
ing MIP-1α, MIP-1β, and RANTES, block the entry of
HIV strains that utilize the CCR5 co-receptor by
competing for binding39,98,99. Unlike CAF, which
down-regulates post entry viral transcription, these
β-chemokines mediate antiviral activity by blocking
the entry of only M-tropic strains into CD4+ T cells and
macrophages. Other non-CD8-derived chemokines
may play some role in reducing viral infection. The
ligand for CXCR4, SDF-1, can inhibit entry of T-
tropic strains but not M-tropic or dual tropic
strains100. A 801G-A transition in the 3’ untranslated
region in SDF-1 is thought to upregulate this effect.
However, conflicting studies on the effect of this mu-
tation have shown either delayed58 or accelera-
ted101 rates of disease progression. Overall, the
data does not suggest any significant role of these
chemokines in preventing HIV disease progres-
sion102-104. In contrast, CAF is largely associated
with non-progressive HIV disease, and its response
is targeted at both cytopathic and non-cytopathic
HIV-1 strains. In patients who subsequently
progress to AIDS, this activity declines over time,
the precise reasons for which remain unknown.
However, based on our studies of LTNP, we hypothe-
sise that T cell help may be required for the mainte-
nance of the CD8 antiviral factor response.
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with detectable virus either progressed to symptomatic HIV disease upon follow-up, or showed some signs of disease progression.
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Despite the obvious potential for CD8+ T cells to
provide immunity against viruses, these cells may not
always be the dominant effectors of antiviral immu-
nity. So far, the infection of CD8+ T cells has re-
mained controversial, but recent data28,105 has shown
that HIV can infect CD8 cells without using CD4. It
has been hypothesised that under selective pressure
due to a declining pool of CD4+ T cells in the body,
the virus changes and targets CD8+ cells, as a final
phase in the immunological decline to AIDS. These
data are new and are based on a single patient and
need further investigation. It remains to be deter-
mined whether CD8 tropic HIV can also promote in-
creased rates of disease progression if transmitted.

Possible role of CD8-derived factors in
resistance against HIV infection in highly
exposed uninfected individuals

Some individuals who remain uninfected despite
repeated exposures to HIV may have been naturally
vaccinated against HIV. A detailed study of 87 indi-
viduals (56 adults and 31 children) has shown that
despite repeated exposure to HIV these individuals
have remained uninfected. No co-receptor or other
host gene polymorphisms were seen which could
be attributed to their uninfected status. The only
shared immunological feature was high production
of a CD8+ T cell-derived antiviral CAF-like factor in
about 50% of individuals. Since soluble CD8-de-
rived antiviral factors are present in asymptomatic
individuals, but are not detected in uninfected indi-
viduals, the only plausible explanation for the prim-
ing of CD8 cells to produce these factors is expo-
sure to sub-infectious doses of virus, or perhaps
abortive infection. A recent report about Thai prosti-
tutes (J McNicholls, unpublished) who have also
been repeatedly exposed to HIV-1 show that they
may be primarily protected by elevated antiviral fac-
tor(s) produced by CD8+ T cells. 

More recent studies of highly exposed Kenyan
prostitutes are discouraging. Out of 43 highly ex-
posed prostitutes who discontinued their profession
and were involved in HIV vaccine trials, six have be-
come infected with HIV. Their CD8+ T cells appear
to have lost the ability to protect against infection.
These data suggest that in order to maintain sus-
tained protective immunity against HIV infection,
continued exposure to HIV-1 antigen may be impera-
tive. Thus, because of continued antigenic expo-
sure, the ability to induce CD8-derived antiviral fac-
tors is maintained and provides long term
protection, particularly in genuine LTNP. These ob-
servations need to be considered in future vaccine
design.

Protective mechanisms in CD4+ T cells:
clues from superinfection studies

CD8+ T cell-derived β-chemokines may be able
to block HIV entry by occupying all available co-re-
ceptor sites, while CAF-like factors may inhibit viral
replication within infected CD4+ T cells. Results
from our study of highly purified CD4+ T cells from

true non-progressors also reveal that, although
these cells can be superinfected by both mono-and
dual-tropic HIV-1 strains, there are post-entry pro-
tective mechanisms against syncytia induction,
apoptosis and development of cytopathic effect28.
No ultrastructural abnormalities were found in CD4+
T cells following challenge with mono-and dual
tropic HIV-1 strains, whereas cytopathology was
pronounced in uninfected donor cells. Further, this
protection was beta-chemokine independent. The
mechanisms of such post entry protection of CD4+
T cells in the absence of CD8+ T cells is novel, and
may be coincident with antiviral factors in contribut-
ing to true non-progressive HIV disease. These data
further suggest that in order to achieve strong antivi-
ral responses, and CD4+ T cell protective mecha-
nisms, presence of strong helper T cell responses
may be crucial. 

Concluding remarks
While prospective observational studies have

documented a role for helper T cell and CD8+ T cell
responses in containing viral replication and pro-
longing non-progression, the loss of these CMI res-
ponses, and associated increases in viral replica-
tion and disease progression, raises questions as to
what truly is protective immunity. Although evidence
presented in this review suggests that CMI is asso-
ciated with viral suppression and non-progression,
and that this is no mere casual association, there
have been cases of symptomatic disease progres-
sion despite strong p24 proliferative responses. A
former LTNP infected with a nef-defective viral strain
eventually experienced declining CD4 counts, al-
though his declining p24 responses remained rela-
tively high and viral load remained below detec-
tion106. This is an extreme case, but it suggests that
HIV-specific helper T cell responses acting alone
do not protect against disease progression, and
that a combination of host, and probably in this
case viral evolutionary factors, combine to deter-
mine the disease outcome. The reason for the initial
decline in CMI responses that leads to the loss of vi-
ral control, after years of non-progressive infection,
is a critical issue that remains to be addressed.

Clearly, there are many factors associated with
disease progression, and it is unlikely that only one
of these is responsible. Whichever factor(s) are in-
volved, an upsetting of the fine balance that en-
ables host control over viral replication and patho-
genesis, gives the virus the upper hand to
overcome these host factors. There is evidence that
specific viral evolutionary events may directly lead
to disease progression. Our recent studies of the
Sydney Blood Bank Cohort (manuscript in prepara-
tion) have shown that an accumulation of mutations
have led to the emergence of variants with in-
creased replicative fitness, as well as potential im-
mune escape sequences, that contributed to dis-
ease progression in two cases. But these two
individuals did not have detectable p24 responses
prior to the emergence of these new strains. There-
fore, the effect of this kind of viral evolution on disease
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progression remains to be determined in true LTNP,
who have protective CMI. However, viral evolution has
been attributed to disease progression in other studies,
based on immune escape107,108, change to a syn-
cytium-inducing phenotype109, increasing virulence,
and other determinants of replicative fitness. There-
fore, a detailed prospective study documenting the
effect of any of these viral evolutionary events in
LTNP, based on a stringent definition of non-pro-
gression, who have protective CMI as discussed
above, could provide an indication of the likelihood
of host immune factors in maintaining a non-pro-
gressive course in the face of these viral changes. It
may determine what triggers the change from a
non-progressive disease course to that of progres-
sion to AIDS. Since knowledge of protective host
immune correlates against HIV may be used to
evaluate candidate vaccines and therapeutic im-
munogens, subsequent studies are needed to con-
firm the true immunological nature of non-progres-
sive disease.
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