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Transfusion-Acquired HIV Recipients:

from vaccine model
to residual survivors.
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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 39 decade of HIV infection.
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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.

4 Downregulation of MHC Class | 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, ........cccooiiiiii
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Cluster of long-
term survivors
first identified

¢ Frequency of

Long-term symptomless HIV-1 infection in
recipients of blood products from a single donor

JENNIFER LEARMONT  BRETT TINDALL  LOUISE Evans
ANTHONY CUNNINGHAM  PHILLIF CUNNINGHAM  JOHN WELLS
RoNaLD PENNY  Jouw KaLpor  Davip A, COOPER

Thers have been reported cases of long-term
symptomless human immunodeficiency vires type 1
(HIV-1) infection, but it is not clear whether the
benign course of infection was due to host, viral, or
other unknown factors. During follow-up of subjects
with transfusion-acquired HIV-1 infection in New
South Wales, Australia, we identified a group of &
subjects who had been infected through a single
common donor. We were therefore able to study the
contributions of various factors to the course of
infection

Throughout follow-up (range 6-8-1011 years after
infection), 5 of the recipients and the donor (last
follow-up 102 years after infection of the first
recipient) remained clinically free of symptoms, with
nomal CD4 cell counts and no p24 antigenaemia.
HIWV-1 was isolated from anly 1 recipient; the isolate
did not induce syncytia in a SUPT1 co-culture assay
amnd had a limited in-vitro host range. 1 infected
recipient {who had received extensive
immunosuppressive treatment for systemic lupus
erythematosus)  developed Frewmocysils  canini
preumonia and died 4-3 years after infection. The
frequency of progression to AIDS or a CD4 cell count
below 0-50 = 10°/1 was significantly lower among
the & subjects with a common donor {1/6) than
among 107 other HIV-infected transfusion recipients
for whom data from 7 years of follow-up were
avanlable (94/1071; p=0-0001).

These findings suggest that the subjects were
infected by a less virulent strain of HIV-1. The
identification of this group of subjects should
stimulate a search for other similar groups, which will
provide important infarmation an the
immunopathogenesis of HIV-1 disease.

fancer 1992, 340: B63-67.

Introduction

After primary infection with hurnan immunodeficiency
virus type 1 (HIV-1) the risk of severe immunodeficiency
and symproms of discase increases with time ' ® The median
ome to development of scquired  immunodeficiency
syndrome  (AIDS) in HIV-l-infected people s 710
vears.'*” However, it is still not clear what proportion of
those infected will eventually develop severe HIV-1 discase.

There have been a few reports of people who have been
infected for long perinds bur who have remained symprom-
free with a normal absolute number of peripheral C104
cells®® Tr s not clear whether the benign course is due 1o

ADDRESSES New South Wales Red Cross Blood Transfuslon
Service (1 Learmont); Matlonsl Centre in HIV Epidemiology
and Clinical Research, University of New South Wales (B
Tindall, Wmsc, J Kalder, Pro. D A Cooper. MD): Centre for
Irmmbanclogy. 51 Vincent's Hospital. Sydnéy (L Evans priz P
Cunningham, Bsc, R Peany. DSl Department of Virclogy.
Westmaad Hospital (A Cunsangham, #0); and Royal Norih
Shore Hospital, Australis (J Weils, MD) Correspondence to Mr
Brett Tendall, nal Centre in HIV Epidemiology and  Clinazal
Research, University of Mew South Wales, 376 Vicwona Swest, Sydney,
WEW 2010, Australia

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.
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Genomic Structure of an Attenuated Quasi
Species of HIV-1 from a Blood
Transfusion Donor and Recipients
N. J. Deacon,* A. Tsykin, A. Solomon, K. Smith,

M. Ludford-Menting, D. J. Hooker, D. A. McPhee,
A. L. Greenway, A. Ellett, C. Chatfield, V. A. Lawson, S. Crowe,

A. Maerz, S. Sonza, J. Learmont, J. S. Sullivan, A. Cunningham, '

D. Dwyer, D. Dowton, J. Mills

A blood donor infected with human immunodeficiency virus=type 1 (HIV-1) and a cohort
of six blood or blood product recipients infected from this donor remain free of HIV-1—
related disease with stable and normal CD4 lymphocyte counts 10 to 14 years after
infection. HIV-1 sequences from either virus isolates or patient peripheral blood mono-
nuclear cells had similar deletions in the nef gene and in the region of overlap of nef and
the U3 region of the long terminal repeat (LTR). Full-length sequencing of one isolate
genome and amplification of selected HIV-1 genome regions from other cohort members
revealed no other abnormalities of obvious functional significance. These data show that
survival after HIV infection can be determined by the HIV genome and support the
importance of nef or the U3 region of the LTR in determining the pathogenicity of HIV-1.

Among people infected with HIV-1 there
are some who, even after infection for 10
years or more, remain healthy with no signs
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of clinical progression to acquired immuno-
deficiency syndrome (AIDS) and have sta-
ble, normal CD#4 lymphocyte counts (1-5).
The explanation for the benign course of
HIV-1 infection in such long-term nonpro-
gressors (LTNPs) may be stochastic or re-
lated to host or viral factors or a combina-
tion of both (6).

In 1989, a review of the registry of
individuals in New South Wales with
blood transfusion—transmitted HIV infec-
tiim I'L’.V[.’.'rllﬂ‘.d tl'li'lt ('I‘ years 'e'lFtCT tT:-ms{"usi(Jn
two infected recipients and a common
donot were asymptomatic, with normal
CD4 counts. A total of seven HIV-1-
infecred recipients of HIV-1-infected
blood from the same donor (1236, a sexu-
ally active homosexual male who became
infected between December 1980 and
April 1981) have been found (Table 1) (I,
7:' AIMOng TL‘{:jPiCIlL‘i “f CU]HPUDC“[S ﬂf
units donated by D36 between 3 February
1981 and 24 July 1984 (8). The donor and
recipients (hereafter referred to as the

¢ Deletions in the nef/LTR

genomic region.

¢ Nef is a major determinant

of virulence.

¢ Weakened HIV strain.
4 Has not caused disease.

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

Vaccine candidate?
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Signature genomic deletions/duplications
of the SBBC A nef HIV-1 strain

HIV-1y 45

psspevc S 1 N I
cispeMc S B
HIV-101vec SR §
HIV-1¢1gmpca 8 >4
cosrevc SN BN

rile‘1c:ga

HIV-1054.2

Base pairs

9000
sA12

nef

env u3

9500

9000

9500

Base pairs

# 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-KB and SP1 binding sites
from the LTR alone region.

#Secondary deletions in nef and
LTR independently evolved in each
member.
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Lymphoproliferative immune function in the Sydney Normal CDA4 T cell

Blood Bank Cohort, infected with natural nef/lon

g . .
terminal repeat mutants, and in other long-term function in the
survivors of transfusion-acquired HIV-1 infection SBBC com pa red

Wayne B. Dyer, Andrew F. Geczy, Stephen J. Kent*, to prog ressors in

Larissa B. McIntyre, Sean A. Blasdall, Jennifer C. Learmont

and John S. Sullivan the TAH IV COhOI‘t

Objectives: To assess T-helper cell immune function (proliferation) in members of

the Sydney Blood Bank Cohort (SBBC) compared with other individuals with ‘ 1
transfusion- and sexually acquired HIV-1 infection and with matched HIV-negative CD4 T ce" fu nCtIon
comparable to age, sex

controls.

Design and methods: Decreasing CD4 counts and T-helper cell function are

associated with disease progression. Peripheral blood mononuclear cells (PBMC) =

from study subjects were assayed for in vitro proliferative responses to HIV-1- and tranSfUSIon

derived antigens, recall antigens and alloantigen. T-helper cell function and CD4

counts in members of the SBBC were followed longitudinally. matChed ContrOIS, and
Results: Proliferative responses and CD4 counts from members of the SBBC were

similar to or better than those of other transfusion- or sexually-acquired HIV-1- better than Other LTN P
positive long-term nen-progressors (LTNP), including the HIV-negative matched .

SBBC control groups. However, individuals with disease progression had reduced or In the TAH IV COhort_
undetectable proliferative responses to recall antigens but a conserved response to

alloantigen; they also had low CD4 counts and low CD4 : CD8 ratios. In the SBBC, ‘ =

these immune parameters were usually stable over time. React tO H IV prOtel nS .
Conclusions: The unique SEBC with natural nefflang terminal repeat deletions in the . .

HIV-1 genome were genuine LTNP without showing signs of disease progression. ‘ Infectlon Wlth the n ef-
They appeared to be a group distinct from the tail-end of the normal distribution of

disease progression rates, and may remain asymptomatic indefinitely. The SBBC defective HIV strain

virus may form the basis of a live attenuated immunotherapeutic or
immunoprophylactic HIV vaccine.

had not impacted on
AIDS 1997, 11:1565-1574 CD4 T ce" function



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

AIDS RESEARCH AND HUMAN RETROVIRUSES
Volume 15, Number 17, 1999, pp. 1519-1527
Mary Ann Liebert, Imc.

Effect of Long-Term Infection with nef-Defective Attenuated

HIV Type | on CD4" and CD8% T Lymphocytes: Increased

CD45RO*CD4" T Lymphocytes and Limited Activation of
CD8™ T Lymphocytes

JOHN I. ZAUNDERS.! ANDREW F. GECZY.? WAYNE B. DYER.? LARISSA B. McINTYRE’
MARGARET A. COOLEY.? LESLEY J. ASHTON,? CAMILLE H. RAYNES-GREENOW ?
JENNY LEARMONT.? DAVID A. COOPER.' and JOHN S. SULLIVAN?

ABSTRACT

Members of the Sydney Blood Bank Cohort (SBBC) have been infected with an attenuated strain of HIV-1
with a natural nef/L TR mutation and have maintained relatively stable CD4% T lymphocyte counts for 14-18
years. Flow cytometric analysis was wsed to examine the phenotype of CD4% and CD8%T T lymphocytes in
these subjects, including the immunologically important naive (CD4SRATCD62LT), primed (CD45ROT), and
activated (CD38THLA-DR™ and CD287) subsets. The median values were compared hetween the SBBC and
control groups, comprising age-, sex-, and transfusion-matched HIV-1-uninfected subjects; transfusion-ac-
quired HIV-1-positive LTNPs;: and sexually acquired HIV-1-positive LTNPs. Members of the SBBC not only
had normal levels of naive CD4* and CD8F T lymphocytes, but had primed CD45ROY CD4t T lymphocytes
at or above normal levels. Furthermore, these primed cells expressed markers suggesting recent exposure to
specific antigen. SBBC members exhibited variable activation of CD8% T lymphocytes. In particular, SEBC
members with undetectable plasma HIV-1 RNA had normal levels of activated CDS* T Iymphocytes. There-
fore, the result of long-term infection with natural nef/LTR mutant HIV-1 in these subjects suggests a de-
creased cytopathic effect of attenuated HIV-1 on susceptible activated CD4" T lymphocyte subsets in viva,
and minimal activation of CD8% T lymphocytes.

¢ 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.
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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,
T vntet - recognising multiple
Copyright © 1999, American Society for Microbiology. All Rights Reserved. . =
conserved epitopes, with

Strong Human Immunodeficiency Virus (HIV)-Specific cross-clade protection.
Cytotoxic T-Lymphocyte Activity in Sydney Blood Bank Cohort Sub-unit vaccines had
Patients Infected with nef-Defective HIV Type 1 ¢

fail in
WAYNE B. DYER,'* GRAHAM S. 0(3(3,22 MARIE-ANGE DEMOITIE,” XIA JIN,®> ANDREW F, GECZY,' a ed tO d uce
SARAH L. ROWLAND-JONES,? ANDREW J. Mc(MICHAEL,> DOUGLAS F. NIXON;, H
protective CMI, could a

AND JOHN S. SULLIVAN'

Australian Red Cross Blood Service-NSW, Sydney, New South Wales, Australia L Institute of Molecular Medicine, I ive atte n u ated v acci n e

Nuffield Department of Medicine, Oxford, United Kingdom®; and Aaron Diamond AIDS Research Center,

The Rockefeller University, New York, New York® woOo rk’?
Proposals for the use of live attenuated human immunodeficiency virus (HIV) type 1 (HIV-1) as a vaccine

€ The SBBC strain
candidate in humans have been based on the protection afforded by attenuated simian immunodeficiency virus =
in the macaque model. Although it is not yet known if this strategy could succeed in humans, a study of the prOVIded d mOdeI Of a

Sydney Blood Bank Cohort (SBBC), infected with an attenuated HIV-1 quasispecies with natural nef and

- - - - -
nefilong terminal repeat deletions for up to 17 years, could provide insights into the long-term immunological I |Ve Stral N y Wlth minli mal

consequences of living with an attenuated HIV-1 infection. In this study, HIV-specific cytoxic T-lymphocyte

(CTL) responses in an SBBC donor and six recipients were examined over a 3-year period with enzyme-linked vi ral re pl icati on yet

immunospot, tetrameric complex binding, direct CTL lysis, and CTL precursor level techniques. Strong

HIV-specific CTL responses were detected in four of seven patients, including one patient with an undetectable 1 1

viral load. Two of seven patients had weak CTL responses, and in one recipient, no HIV-specific CTLs were capable Of Ind ucl ng
detected. High levels of circulating effector and memory HIV-specific CTLs can be maintained for prolonged

periods in these patients despite very low viral loads. strong CTL that may
protect against HIV
challenge.

Received 13 July 1998/Accepted 21 September 1998




IMMUNOLOGIC AND VIROLOGIC STATUS AFTER 14 TO 18 YEARS OF INFECTION WITH AN ATTENUATED STRAIN OF HIV-1

IMMUNOLOGIC AND VIROLOGIC STATUS AFTER 14 TO 18 YEARS
OF INFECTION WITH AN ATTENUATED STRAIN OF HIV-1

A Report from the Sydney Blood Bank Cohort

JenniFer C. LEaARMONT, ANDREw F. Geczy, D.Sc., JoHN MiLs, M.D., LEsLey J. AsHTon, M.P.H.,
CamiLLE H. Ravnes-Greenow, G.D.P.H., RoGer J. GARrsia, PH.D., Wavyne B. Dver, B.Sc.,
Larissa Mcintyre, M.P.H., RoeerT B. OeLricHs, PH.D., Davip |. RHopes, PH.D., NicHolas J. Deacon, PH.D.,
AND JOHN 5. SuLLvan, PH.D., For THE SYDNEY BLoob Bank CoHORT RESEARCH GROUP

ABSTRACT

Background and Methods The Sydney Blood Bank
Cohort consists of a blood donor and eight trans-
fusion recipients who were infected before 1985 with
a strain of human immunodeficiency virus type 1
{HIV-1) with a deletion in the region in which the nef
gene and the long terminal repeat overlap. Two re-
cipients have died since 1994, at 77 and 83 years of
age, of causes unrelated to HIV infection; one other
recipient, who had systemic lupus erythematosus,
died in 1987 at 22 years of age of causes possibly re-
lated to HIV. We present longitudinal immunologic
and virologic data on the six surviving members and
one deceased member of this cohort through Sep-
tember 30, 1998,

Results  Thefive surviving recipients remain asymp-
tomatic 14 to 18 years after HIV-1 infection without
any antiretroviral therapy; however, the donor com-
menced therapy in February 1999, In three recipients
plasma concentrations of HIV-1 RMNA are undetect-
able (<200 copies per milliliter), and in two of these
three the CD4 lymphocyte counts have declined by
9 and 30 cells per cubic millimeter per year (P=0.3
and P=0.5, respectively). The donor and two other
recipients have median plasma concentrations of
HIV-1 RNA of 645 to 2850 copies per milliliter; the
concentration has increased in the donor (P<0.001).
The CD4 lymphocyte counts in these three cohort
members have declined by 16 to 73 cells per cubic
millimeter per year (P<0.001). In the recipient who
died after 12 years of infection, the median plasma
concentration of HIV-1 RNA was 1400 copies per mil-
liliter, with a decline in CD4 lymphocyte counts of 17
cells per cubic millimeter per year (P=0.2).

Conclusions After prolonged infection with this
attenuated strain of HIV-1, there is evidence of im-
munologic damage in three of the four subjects with
detectable plasma HIV-1 RNA. The CD4 lymphocyte
counts appear to be stable in the three subjects in
whom plasma HIV-1 RNA remains undetectable.
{N Engl J Med 1999;340:1715-22.)

@999, Massachusatts Medical Society.

T is well recognized that host and viral factors
modify the rate at which infection with the hu-
man immunodeficiency virus type 1 (HIV-1)
progresses to the acquired immunodeficency
syndrome (AIDS). Identified host factors include
age!™ and genetic background.®® The #ef gene is a
major determinant of virulence in primate lentivirus-
es. Strains of simian immunodeficiency virus (SIV)
lacking the mef gene have been shown to be less
pathogenic in macaques and to replicate less well in
vivo than isogenic strains with an intact mef open
reading frame.? Kirchhoff et al. reported a single
casce of long-term, factor VIII-transmitted, nonpro-
gressive infection due to a strain of HIV-1 with de-
letions in the proximal #ef gene and the region in
which the #ef gene and the long terminal repeat
(LTR) overlap that were distinct in size and exact
position from those of the virus infecting persons in
the Sydney Blood Bank Cohort.? The Sydney Blood
Bank Cohort is a group of HIV-1-infected persons
with apparently nonprogressive HIV infection, com-
prising a blood donor and eight persons who received
transfusions of blood products from that donor. The
group was first described in 1992.11 Subsequently,
these subjects were shown to be infected with a strain
of HIV-1 (subtype B) with a conserved deletion of
150 or more base pairs (bp) in the #ef~LTR overlap
region and with duplications and rearrangements of
nuelear factor-kB (NF-xB) and Spl transcription
factor binding sites in the LTR.12
We present a comprehensive analysis of all the lon-
gitudinal immunologic and virologic data available
on this unique cohort through September 30, 1998.

From the Auseralian Red Cross Blood Service—INew Soutch Wales, Syd-
ney (1C.L, ARG, CHE-G, WEB.D, LM, L85); the Mational Centre
in HIV Virology Besearch and the Macfarlane Burnet Cemre for Medical
Besearch, Fairfield, Viceoria (M., R.B.O., DLE., N.LD.); the National
Centre in HIV Epidemiology and Clinical Besearch, Sydney (L.LA.); and
the Roval Prince Alfred Hospital, Sydney (B.JG.) — all in Anstralia. Ad-
dress reprint requests to Ms. Leammnont ar the Ansralian Bed Cross Blood
Service-NSW, 153 Clarence Se., Sydney, NSW 2000, Ansralia, or a
jlearmontd arcbe. redeross.ong. an.

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.

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

4 Two outcomes of
infection with
attenuated HIV: slow

and non-progression.
YEAR
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High frequency of nonprogresslon 20 years
after transfusion-transmitted human
Immunodeficlency virus type-1 infection

MNow into the third decade of the human Immunodefi-
clency virus (HIV) pandemie, genuine long-term nonpro-
pressors (LTNPs) have become a rarty owing to gradual
disease progresslon of most long-term Infected individu-
dls. In addition, treatment with antiretrovirals s con-
sldered incompatible with the [TNP definitton. The
Introduction of routine quantitative plasma HIV RNA load
testing confirmed that increased wiral replication was
assoclated with risk of disease progression* and hence a
virologle parameter was needed for defining true nonpro-
gression. Using a stricter definttion, studles by Lefrére and
coworkers” showed that previous estimates of the propor-
tlon of ITNPs in the HIV-Infected populaton (tvplcally
5% were Indeed overestimates. They had 21 from a cohort
of 249 classified as LTNPs according to earlier definitions,
but after a strict examination of all signs of disease pro-
gression, Including virologle parameters, only two could
be classed as true nonprogressors. We were therefore
Interested In a recent update from this group* showlng
that only one Individual remained asymptomatic and
antiretroviral naive after 20 years Infectlon, yvet was now
showing signs of disease progression.

%o report here on slx therapy naive ITNPs that have
been Infected for around 20 years, with five showling no
slans of disease progression. The known Infection date for
each 1s shown in Fig. 1. These cases represent more than
4 percent of the original cohort of 137 transfuslon recipl-
ents infected with HIV-1 In the state of New South Wales,
Australla, before HIV screening. Using the LTNP definitlon
from the early 19905, we ldentified six individuals who
subsequently formed the reciplents of the Sydnev Blood
Bank Cohort (SBEC), each Infected with a mutant mef HIV-
1 strain from a common donor! and seven other ITNPs
with wild-type HIV-1 transmitted from different blood
donors (Cohort 2). Today, three individuals from each
cohort have retalned LTNP status (Fig. 1). It could be
argued that C122, a man aged 84 years, now shows signs
of progression, Involving a gradual decline In CD4 T cells,
Increasing CDa T cells, and amore recently detectable viral
load, which surged to 9000 coples per mL immediately
after an Influenza Immunization in March 2002, Unlike a
previous translent Increase in viral load, this viremia splke
has not resolved spontaneously. Nevertheless, HIV-1 RNA
has consistently remalned below detectable limits in the
other five LTNPs (Fig. 1), apart from one self-resolving
splke In C53). Also noteworthy were normal CD4:CD&
ratios in C49 and C13, and ratios of 1:1 in C64, €135, and
C53, In contrast to normal HIV-1 infectlon where an
Inverted CD4.CD8 ratlo Is caused by elevated CDg T cells,
consistent with an ongoing CTL response to replicating
virus. Three had host genetic factors that favor slow pro-

LETTERS TO THE EDITOR

gresston, HLA B57 In €135 and B27 in C13 and C122,
whereas only C135 was heterozyvgous for the CCR3 A32
deletion.

These sty individuals represent a higher than expected
proportion (4.4%) of our original cohort of 137 transfusion
reciplents that have remained LTNPs after 20 vears of
Infection. Conservattvely, If C122 was downgraded to slow
progressorstatus, this still glves 5 of 137 (3.6%) true LTNPs
after 20 years, Additonally, ifwe were to ellminate the SEEC
bias ofan attenated HIV-1 strain, removal of all reciplents
of the SBBEC donor leaves 2 of 128 (1.6%) true LTNPs after
20 vears ofinfecton, whichis stll ahigher LTNP praportion
than the cohort of Lefrére and colleagues? Like Lefrére’s
study group, however, our LTNP cohort 1s dwindling. Itis
likely that death from advancing age or other natural
causes will diminish thelr ranks before disease progresses.
Overall, our remaining true ITNPs are sclentfically vahi-
able Individuals that are the subject of ongolng monitoring
and study. The absence of any sign of disease progression
in the 5 true LTHPs after 20 vears HIV-1 infection suggests
that the tall end of the Gausslan distribution of rates of
dlsease progresslon may be very long Indeed.
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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.
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ART status: naive
CCRS genotype: wi / wi
HLA: A2 32 B7 44

LTNP status T cell counts (per L) |HIV-1 viral load (copiesimL)
"C49 dob: 9/6/1954 ) i %1
Tage: 49 --Cof i
date transfused: 11/6/1084 " ey
‘years HIV-1+:20.1 » \"A'\I"\\’; o
“ART status; naive o
CCRS genotype: wi / wi ol i
HLA: A2 11 B7 .60 I I LR
‘CE4 diob: 20/3/1926 1500 z
age: 76 W {
date transfused: 4/5/1983 ot s |
years HIV-1+:21.2 !
B0 E+R0 i

0 12 14 & 1B X =

*C135

dab: 2321846
age: 58
date transfused: 20021981
years HIV-1+: 23.4
ART status: naive
CCRS genotype: A32 [ wi
HLA:A1,33 BS0,57

*C13

dob: 20¢5/1946
age: 57
date transfused: 28/10/1984
years HIV-1+:19.7
ART status: naive
CCR5 genotype: wi / wi
HLA: A3 25 B18,27

L83

dob: 5/6/1947
age: 56
date transfused: 2/8/1984
years HIV-1+: 19.9
ART status: naive
CCRS genolype:wt / wi
HLA: A2 24 B15,40

“*C122

dob: 14/12/1919
age: 84
date transfused: 9/2/1982
years HIV-1+:22.4
ART status: naive
CCR5 genotypa: wi / wt
HLA: A2 31 B37 44

Virological control in 5/6

LTNP predictive of on-

going non-progression
Survival advantage factors:

4 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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percent survival

Survival analysis- age at infection

Survival curve- all recipients Survival curve- AIDS deaths
P (non-AIDS deaths excluded)

—— <50yr @ infection 100

——<50yr @ infection

——>50yr @ infection ——>50yr @ infection

p<0.0001 p<0.0001

perceht survival

----------------------------------------------------------------------------- 50_.---------------.--.--
6.45yrs Hazard Ratio=2.16
-+ r v I v r v rr°+vr T 71T+ 13 0 L . e B S S B S R B B |
0 5 10 15 20 0 5 10 15 20
years since infection years since infection
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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.
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Independent viral quasispecies evolution

in each SBBC member after infection:
-convergent evolution to a minimal nef.
-divergent evolution in pathogenicity.

JOURMAL OF VIROLOGY, Jan. 2006, p. 1047-1052 %ol 80, Mo, 2
O022-5383 063080040 doi:l0 1128 TVLADZ 1047-1052.2006
Copyright © 2006, American Society for Microbiology. All Rights Resepved.

Longitudinal Analysis of Human Immunodeficiency Virus Type 1
nef/Long Terminal Repeat Sequences in a Cohort of
Long-Term Survivors Infected from a Single Source
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We studied the evolution of human Immunodeficiency virus type 1 (HIV-1) in a cohort of long-term survivors
infected with an atenuated sirain of HIV-1 acquired from a single source. Although the cohort members
experienced differing clinical courses, we demonstraie similar evolution of HIV-1 weflong-terminal repeat
(LTR) sequences, characterized by progressive sequence deletions tending twward a minimal mef/LTR structure
that retains only sequence elements required for viral replicaiion. The in vive pathogenicity of attenuated
HIV-1 is therefore dictated by viral and/or host factors other than those that impose a unidirectional selection
pressure on the megf LTR region of the HIV-1 penome.
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A SBBC Long Tern Nonprogressors
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Evolution of SBBC
nef/lLTR sequence
deletions

" 4Stable 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.
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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.
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Mechanisms of HIV non-progression; robust and sustained CD4+
T-cell proliferative responses to p24 antigen correlate with control
of viraemia and lack of disease progression after long-term
transfusion-acquired HIV-I infection
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Genetic factors: survival advantage
¢ LTNP identified 1994: SBBC n=6, cohort 2 n=7, total 13.

Polymorphisms conferring a survival advantaqe:
¢ Viral attenuation: Anef: 6/13 (SBBC only).

¢ Chemokine receptor genotype (CCR5- A 32 and/or CCR2-64l):
3/13.

4 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:
¢ Fc y Rlla-R/R: 5/13 (all have since lost non-progressor status).
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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
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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.

260 272
consensus clade B EIYKRWIILGLNK
C13 plasma 31/707
C117 plasma 22/3/95 b ¢

C117 plasma 26/6/96
C117 plasma 29/10/96 D

C117 plasma 23/6/99 D G
C117 plasma 22/3/00 D

C122 plasma 18/5/99
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Neutralising antibodies and viral replication

¢ NAD titres inversely

n
JOURNAL OF VIROLOGY, Sept. 2007, p. 92685278 Vol 81, No. 17 p rO p 0 I"tl 0 n a I tO V L
O022-53E0TF0R004+0  dod:l 01128 TVLO0GS0-07 .
Copyright @ 2007, American Society for Microbiology. All Rights Ressrved. | n reg u Ia r LT N P .

Viral Phenotypes and Antibody Responses in Long-Term Survivors ‘ SBBC: NAbs
Infected with Attenuated Human Immunodeficiency Virus directly

Type 1 Containing Deletions in the nef and .
Long Terminal Repeat Regions" proportlonal to VL,

Erin E. Verity,"*7f Dsimitra Zotos,™™ Kim "v;-"ﬂsun,s Catherine C;]mtﬁeld,zj; "ﬁrém ria A. I_awscugl.z:t bUt wea ker than
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Department of Microbiology, Mowash Uraversity, Claytow, Vicionia, Australia'; Macforlane Bumet Insiitute for Medical Research ‘ Stro n g NAbs

arid Public Health, Melboume, Victorta, Ausiralia”; National Sevalogy Reference Laboratory Australia, St Vincent'’s Institute,

Fitovoy, Victovia, Ausiokia; Xchoal of Biolagical and. Chemical Sciencss, Deakin. Dhaiversity, Buawood, Wicioria, Ausiealia® i i i
e = required replicating
Cross Blood Service, Sydney, New South Wales, Australia®; Department of Medicine, Moviash University, H b t
Melboume, Victoria, Australia”; Dana-Farber Cancer Institute, Bortow, Massachusetts®: and VI rus, u

Deparirment of Newrology, Harvard Medical School, Boston, Massachusetiz®

Received 27 March 2007 Accepted 6 June 2007 co ntri b Uted to
The Sydney Blood Bank Cohort (SBBC) consisis of eight blood transfusion reciplents infected with nef- co ntrOI Of Vi raem ia-

attenuated human immunodeficiency virus type 1 {HIV-1) acquired from a single donor. Here, we show that .
¢ Strong NAbs did

viral phenotypes and antibody responses differ considerably between individual cohort members, despite the
single source of infection. Replication of isolated virus varied from barely detectable to similar to that of the

wild-type virus, and virus isolated from five SBBC members showed coreceptor usage signatures unique to each =

individual. Higher viral loads and stronger neutralizing antibody responses were assoclated with better- not preve nt dlsease
replicating viral strains, and detectable viral replicatdon was essential for the development of strong and . .

sustained humoral immune responses. Despite the presence of strong neutralizing antibodies in a number of

SBBC members, disease progression was not prevented, and each cohort member studied displayed a unique p rog ress I o n I n

outcome of infection with nefattenuated HIV-1.

some members of
the SBBC.



Mechanisms of non-progression

¢ Viral attenuation: infection with A nef-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.
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Conclusions:
prolonged non-progression

P> 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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