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History of SBBC research highlights
♦

 
1981 –

 
1984: transmission from common donor.

♦
 

1989: cluster of healthy recipients with common blood donor first 
identified.

♦
 

1992: Lancet paper-
 

SBBC with common donor first identified.

♦
 

1995: genomic deletions in the nef/LTR region, confirming SBBC 
strain has reduced virulence.

♦
 

1996 –
 

1998: studies demonstrate immunogenicity
 

but normal 
immune function-

 
a possible live attenuated vaccine strain?

♦
 

1999: signs of disease progression in donor and two recipients.

♦
 

2000 –
 

2006: genomic studies-
 

SBBC HIV strain evolution.

♦
 

2004 –
 

2008: analyses of mechanisms contributing to long term 
non-progression into the 3rd

 

decade of HIV infection.



HIV-1 genomic map



Nef-
 

a major determinant of virulence:
♦ Downregulation

 
of CD4 expression (early):

 reduces multiple infection of target cells.
 increased efficiency of progeny virus budding.
 reduced antigen driven signaling via TCR.

♦ Downregulation
 

of CD28 expression:
 reduced co-stimulation signals for antigen-specific T cell 

activation  reduced antiviral effector
 

function.
♦ Downregulation

 
of MHC Class I expression:

 evasion of recognition of infected cells by CTL.
♦ Reduced apoptosis:

 prolonged shedding of progeny virus. 
♦ Nef

 
binding to numerous host cell protein kinases:
 hijacked cell signaling  increased virion

 
production. 

♦
 

Interference of the TCR signaling pathway, IL-2R signaling, chemokine
 production pathways, …………………………………………….



Cluster of long-
 term survivors 

first identified
♦

 
Frequency of 
progression to AIDS or 
CD4 T cell count <500 
was lower in this 
cluster (1/6) compared 
to the rest of the TAHIV 
cohort (94/101).

♦
 

Virus isolation and 
culture, along with lack 
of disease progression, 
suggested a less 
virulent HIV strain.



Vaccine candidate?

♦
 

Deletions in the nef/LTR 
genomic region.

♦
 

Nef
 

is a major determinant 
of virulence.

♦
 

Weakened HIV strain.
♦

 
Has not caused disease.

♦
 

A natural human model for 
a live attenuated vaccine? 
Further attenuations?



Signature genomic deletions/duplications 
of the SBBC Δnef HIV-1 strain

♦Ancestral deletion at the 3’
 

end of 
nef in the LTR overlap.
♦Antibodies from recipients 
recognise peptides spanning 
whole nef except the common 
ancestral 3’

 
nef/LTR deletion.

♦Duplications and rearrangements 
of the NF-B and SP1 binding sites 
from the LTR alone region.

♦Secondary deletions in nef and 
LTR independently

 
evolved in each 

member.



Normal CD4 T cell 
function in the 
SBBC compared 
to progressors in 
the TAHIV cohort

♦
 

CD4 T cell function 
comparable to age, sex 
and transfusion 
matched controls, and 
better than other LTNP 
in the TAHIV cohort.

♦
 

React to HIV proteins.
♦

 
Infection with the nef-

 defective HIV strain 
had not impacted on 
CD4 T cell function.



Infection with attenuated HIV-1 did not induce the same 
phenotypic changes in lymphocytes as intact HIV-1. 

Memory CD4 T 
cells susceptible 
to activation and 
infection by HIV.

Normal levels of 
memory CD4 T 
cells in the SBBC.

Activated CD38+ 
CD8 T cells are 
induced by HIV 
replication, but 
activation was  
minimal in SBBC.



A vaccine model-
 

can the attenuated SBBC HIV strain 
induce sufficient immune responses to protect against 
challenge with wild-type HIV-1?  Vaccine design aimed at 

inducing broad CTL, 
recognising

 
multiple 

conserved epitopes, with 
cross-clade

 
protection.

 Sub-unit vaccines had 
failed to induce 
protective CMI, could a 
live attenuated vaccine 
work?

 The SBBC strain 
provided a model of a 
live strain, with minimal 
viral replication yet 
capable of inducing 
strong CTL that may 
protect against HIV 
challenge.



Hopes of a live 
attenuated HIV 
vaccine dashed:

 some of the SBBC are 
now showing signs of 
disease progression.
♦

 
Significant CD4 T cell 
decline in the donor and 
two recipients.

♦
 

Stable CD4 T cell counts 
in the 3 recipients 
without detectable HIV 
viraemia.

♦
 

Two outcomes of 
infection with 
attenuated HIV: slow 
and non-progression.



Status of the TAHIV 
cohort after 20 years.
♦

 
Lefrere

 
et al (1997) reported 

21 LTNP in cohort of 249; all 
but 2 showed some sign of 
disease progression.

♦
 

Lefrere
 

et al (2004) update: 
only one remaining LTNP, 
but now showing signs of 
disease.

♦
 

We reported 6 from the 
original 13 retaining LTNP 
status, one showing signs 
of disease, 5 others elite 
LTNP status.

♦
 

6 LTNP from 137 TAHIV 
after 20 years
 high frequency of non-

 progression.



Virological
 

control in 5/6 
LTNP predictive of on-

 going non-progression
Survival advantage factors:
♦

 
3 surviving SBBC 
recipients: nef-defective 
virus, one also had HLA and 
coreceptor

 
polymorphisms.

♦
 

3 cohort 2 recipients:               
no viral genetic factors, 2 
had HLA polymorphisms.

♦
 

Classic signs of early 
disease progression in 
elderly recipient C122, 
predictive of symptomatic 
HIV disease.



Survival at 20 years post infection depends on 
antiretroviral therapy; genetic or immune factors 
may also contribute to non-progressive disease.
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Survival analysis-
 

age at infection

Survival curve- all recipients
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Two patterns of HIV disease in the SBBC:
 Slow progressors and elite non-progressors.

 Why?

♦Viral factors-
 

any evidence of reversion toward 
pathogenic HIV genotypes?

♦Host genetic polymorphisms and antiviral immune 
responses.



Independent viral quasispecies
 

evolution 
in each SBBC member after infection:

 -convergent evolution to a minimal nef. 
-divergent evolution in pathogenicity.



Evolution of SBBC 
nef/LTR sequence 
deletions
♦Stable highly evolved 
strain in C49, not 
associated with increased 
pathogenicity.
♦

 
Gradual evolution 

toward stable strain in 
other LTNP (C54, C64).
♦Reversion toward 
increased pathogenicity in 
slow progressors not 
related to nef. Enhanced 
transcriptional activity in 
LTR clones in D36, and 
independent evolution of 
env (tropism) in D36, C98. 
♦HIV can evolve under low 
replication rates.



Two patterns of HIV disease in the SBBC:
 Slow progressors and elite non-progressors.

 Why?

♦Viral factors-
 

any evidence of reversion toward pathogenic 
HIV genotypes?

♦Host genetic polymorphisms and antiviral immune 
responses.





Genetic factors: survival advantage
♦

 
LTNP identified 1994: SBBC n=6, cohort 2 n=7, total 13.

Polymorphisms conferring a survival advantage:
♦

 
Viral attenuation: Δnef: 6/13  (SBBC only).

♦
 

Chemokine
 

receptor genotype (CCR5-Δ32 and/or CCR2-64I): 
3/13.

♦
 

HLA polymorphisms (B27 or B57): 5/13.
♦

 
Toll-like receptor polymorphisms (TLR2-753 or TLR4-299/399): 
3/13.

♦
 

At least one genetic survival advantage: 12/13.

Polymorphisms associated with disease progression:
♦

 
FcγRIIa-R/R: 5/13 (all have since lost non-progressor

 
status).
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Surviving 
non-
progressors



Loss of non-progressor
 

status-
 

SBBC
♦

 
All had detectable HIV viraemia.

♦
 

Two died before disease progression.
♦

 
Disease progression in C98, requiring ART (arrow).
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Loss of non-progressor
 

status-
 

cohort 2
§T cell counts (per l)
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Breadth of Gag 
CTL response 
associated 
with HIV 
control.

SBBC Cohort 2

C

C

C C

C

L

L

Note: dominant 
CTL response in 
SBBC against 
HIV Pol

 
targets.

Viral escape 
from Gag CTL?



Viral escape from immunodominant
 

CTL
♦

 
The immunodominant

 
HLA-B27 Gag epitope

 
is associated with 

control of viraemia in LTNP, but emergence of a two-step late 
escape mutant precede disease progression (Kelleher et al, JEM 193:375-85).

♦
 

Viral escape in only 1/3 HLA-B27 individuals with increasing VL. 
Escape mutants detected in earliest specimen, proliferative

 response was also negative from the outset.
Other factors?  Decline in p24 proliferative

 
response in C13, C122. 

CTL less effective in controlling viral replication.



Neutralising
 

antibodies and viral replication

♦
 

NAb
 

titres
 

inversely 
proportional to VL 
in regular LTNP. 

♦
 

SBBC: NAbs
 directly 

proportional to VL, 
but weaker than 
other LTNP.

♦
 

Strong NAbs
 required replicating 

virus, but 
contributed to 
control of viraemia.

♦
 

Strong NAbs
 

did 
not prevent disease 
progression in 
some members of 
the SBBC.



Mechanisms of non-progression
♦

 
Viral attenuation:

 
infection with Δnef-LTR HIV-1 strain 

established non-progressive disease course in SBBC.
♦

 
Host genetic factors:

 
contributed to non-progression beyond the 

first decade.
♦

 
Proliferative

 
response to Gag-p24 protein:

 
associated with control 

of viraemia and non-progression. Response to p24 was absent or 
declined in those that progressed to HIV disease. 

♦
 

Anti viral CTL:
 

control of viraemia into and beyond the second 
decade, but only when combined with CD4 T cell proliferative

 responses to p24. Breadth of Gag CTL response important; 
restricted CTL ultimately failed to prevent late disease 
progression in the absence of p24 responses.

♦
 

Neutralising
 

antibodies:
 

replicating HIV required to generate 
strong Neut

 
Abs, but these did not prevent disease progression. 



Conclusions:
 prolonged non-progression

►Proliferative
 

CD4 T cell response against HIV p24 was the single 
over riding mechanism independently associated with ongoing 
functional control over HIV replication and non-progression to AIDS 
in the NSW TA-HIV cohort.

♦
 

Ongoing viral evolution remains the primary concern:
 Is viral turnover in the 3 surviving SBBC below an a threshold 
that allows evolution toward increased pathogenesis, or escape 
from immune control? 
Low but detectable viraemia in the two Cohort 2 LTNP may 
facilitate eventual viral escape or erosion of immune control.

♦
 

Future of the SBBC; the last recipients standing? Is viral attenuation 
the final arbiter of non-progression?
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