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BACKGROUND

The AIDS Virus Research Unit comprises three
laboratories, namely the Virology Laboratory headed by
Prof Lynn Morris who also serves as the head of the
Unit, the Cell Biology Laboratory headed by Prof
Caroline Tiemessen and the Immunology Laboratory
headed by Prof Clive Gray. The Unitis the largest at the
NICD and conducts research projects primarily on the
virology and immunology of HIV. It also serves
important functions for HIV drug resistance surveillance
for the National Department of Health as well as
validated end-point assays for HIV vaccine trials. The
Unit raises a large amount of external funding for the
various projects with numerous collaborators and
serves an important role in training and capacity
building, including running workshops. The total
number of staff and students in the AIDS Unit in 2008
was 63.

ACTIVITIES, HIGHLIGHTS AND
ACHIEVEMENTS

RESEARCH PROJECTS

Limited Neutralizing Antibody Specificities Drive
Neutralization Escape in Early HIV-1 Subtype C
Infection

We previously showed that HIV-1 subtype C infection
elicits potent but highly type-specific neutralizing
antibodies within the first year. In order to ascertain
whether such antibodies impact on virus evolution we
examined neutralization escape in four individuals with
varying levels of viral genetic diversity. All four
individuals developed autologous neutralizing
antibodies, however the magnitude of the response
against the earliest envelope varied considerably, and
was not related to disease status. Neutralization
escape occurred in all participants, with
contemporaneous viruses showing decreased
sensitivity to autologous sera, although later clones
retained sensitivity to novel nAb responses. Limited
amino acid changes in V1V2 mediated partial or
complete escape, with nAbs targeting the V1V2 region
directly in 2 cases. We showed that the alpha-2 helix of
C3 was also a nAb target, and that neutralization
escape was associated with charge changes,
frequently from negative to positively charged residues.
Relatively high titers of anti-C3 nAbs were required to
drive genetic escape taking up to 7 weeks for the
resistant variant to predominate and this was
associated with modest but significant changes in viral

load. Overall, our data suggest the development of a
very limited number of neutralizing antibody
specificities during the early stages of HIV-1 subtype C
infection, with temporal fluctuations in specificities as
escape occurs. While the mechanism of neutralization
escape appears to vary between individuals, the
involvement of common regions suggests their might
be vulnerabilities in the transmitted envelope which
could be exploited for HIV vaccine design.

Mapping the Specificities of Neutralizing
Antibodies in Broadly Cross-Reactive Plasma from
HIV-1 Subtype C Infected Blood Donors

Defining the specificities of the anti-HIV-1 envelope
antibodies able to mediate broad heterologous
neutralization will assist in identifying targets for an HIV-
1 vaccine. We screened 70 plasmas from HIV-1
chronically infected individuals for neutralization
breadth. Of these, 16 (23%) were found to neutralize
80% or more of the viruses tested. Anti-CD4bs
antibodies were found in almost all plasmas
independent of their neutralization breadth, but they
mainly mediated neutralization of the laboratory strain
HxB2 with little effect over the primary virus Du151. In
two samples the cross-neutralizing antibodies were
mapped to an epitope in gp120 distinct from the CD4bs.
Anti-MPER (r=0.69, P<0.001) and anti-CD4i (r=0.49,
P<0.001) antibody titers were found to correlate with
neutralization breadth. These anti-MPER antibodies
were not 4E10 or 2F5-like but overlapped the 4E10
epitope. Furthermore, we found anti-cardiolipin
antibodies correlated with neutralization breadth
(r=0.67, P<0.001) and anti-MPER antibodies (r=0.6,
P<0.001). Our study suggests that more than one
epitope on the envelope glycoprotein is involved in the
cross-reactive neutralization elicited during HIV-1
natural infection, many of which are yet to be
determined, and the possible involvement of
polyreactive antibodies in this phenomenon.

HIV-1 Subtype C Drug Resistance among Pediatric
and Adult South African Patients Failing Anti-
Retroviral Therapy

The emergence of HIV drug resistance is a major
obstacle to effective anti-retroviral (ARV) treatments.
This study examined the drug resistance profiles
amongst South African patients virologically failing ARV
therapies between 2000-2003, prior to the state's
introduction of a national treatment program. Samples
were obtained from 65 HIV-1 subtype C infected
patients (39 children and 26 adults) who had received at
least 2 nucleoside reverse-transcriptase inhibitors
(NRTIs) and either a non-nucleoside reverse-
transcriptase inhibitor (NNRTI) or protease inhibitor
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(PI). Resistance assays were performed using the HIV-
1 ViroSeq™ Genotyping System and mutations were
defined according to the Stanford Sequence
Resistance Database. Sequences from patients failing
ARV therapies were compared to those from drug naive
individuals (Figure 1). Ninety one percent of patients
failing ARV therapies harbored resistance mutations;
the most frequent NRTI mutations were M184V/I (37 %),
D67N (32%), T215Y/F (25%), K70R (21%), M41L
(20%), K219Q/E (14%) and K65R (14%) reflecting the
frequent use of lamuvidine and zidovudine. K103N
(25%), V106M (20%) and G190A (17%) were found
among patients failing nevirapine or efavirenz
containing regimens. Of the patients who received Pls,
the most common mutations were V82A/T (12%), M46l
(11%) and L9OM (8%). Minor protease mutations were
found in samples from both treated and drug-naive
individuals reflecting subtype C-specific
polymorphisms. Mutation patterns did not differ
significantly between adults and children. These data
indicate that HIV-1 drug resistance develops in South
African subtype C infected patients failing ARV therapy
with mutations comparable to those found among
patients infected with subtype B viruses. This paper was
published in AIDS Research and Human Retroviruses.

Women Exposed to Single-Dose Nevirapine in Two
Successive Pregnancies Compared to those
Exposed to it Once: Effectiveness and NNRTI
Resistance

The objective of this study was to assess the impact of
prior exposure to single-dose nevirapine (sdNVP) on
mother-to-child transmission and genotypic resistance
in HIV-infected women. This was a prospective study of
120 women exposed to the HIVNET 012 sdNVP
regimen in two successive pregnancies and 240
antiretroviral (ARV) naive, multiparous women who
received sdNVP for the first time. By six weeks 108/120
and 193/240 women returned for a postpartum visit.
HIV-1 was detected in 11.1% (95%CI 5.9-18.6) of the
infants of women previously exposed to sdNVP and
4.2% (95%CI 1.3-7.0) of those exposed for the first time
(p=0.02). Rates of maternal HIV-1 genotypic resistance
prior to sdNVP and at six weeks post-delivery were
similar in the two groups (37.5% v 46.4% p=0.119).
Sensitive mutation-specific real-time PCR testing found
3/12 previously exposed women who transmitted HIV-1
to their infants had either K103N or Y181C at baseline
compared to 1/8 ARV naive, transmitting women who
had Y181C. None of 40 randomly-selected non-
transmitting women from either group had detectable
NVP resistance mutations prior to sdNVP exposure.
This study shows that effectiveness of sANVP may be
compromised by prior exposure to sdNVP - although the
mother-to-child transmission rate in previously exposed
women was not higher than rates reported from other
studies of ARV naive women. The relative increase in
transmission rate in women previously exposed to
sdNVP could not be explained by the detection of NVP
resistance mutations prior to re-exposure as measured
both by standard genotyping and highly sensitive allele-
specific PCR assays. This paper will be published in
AIDS.

Figure 1: Comparison of the frequency of drug
resistance mutations among drug naive individuals
and those treated with (a) PI, (b) NRTI or (c) NNRTI.
Minor mutations are indicated by an asterisk (*).
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Understanding protective immunity to HIV using
maternal-infant HIV transmission as a model

There is substantial support for a positive role of the CC
chemokines, the natural ligands for HIV-1 coreceptor
CCRS5, in protection from HIV infection and in
attenuation of disease progression in HIV-1 infected
individuals, and variation in copy number of CC
chemokine ligand 3-like 1 (CCL3L) genes has gained
prominence as a host determinant of protection in
humans and most recently in rhesus macaques. Our
work has directly demonstrated that a deficient
phenotype of limited production of foetal CCL3 is
associated with risk of acquiring HIV-1 infection. CCL3L
gene copy number only partially explains this
phenotype suggesting that infants who acquire infection
intrapartum may harbour some non-functional copies of
this gene. As there are two functional genes that code
for CCL3/MIP-1a, CCL3 and CCL3L, we have begun to
characterize the genes of South African Black and
Caucasian individuals to better understand the role of
these chemokines in protective immunity (see
Paximadis et al., 2008).

Our findings support the hypothesis that CCL3/CCL3L
in particular plays an important role in protective
immunity among HIV-1 exposed-uninfected infants. Itis
these findings of an innate immune capability that is
genetically-encoded, and is important at first encounter
with HIV-1, which has now taken centre stage in our
approach to studying immune development and
protective immunity in infants born to HIV-1 infected
mothers. Aside from the anti-HIV properties attributed to
the CC chemokines, their unique immunomodulatory
properties make them ideal candidates for fine-tuning
immune responses because of their ability to attract and
activate specific cells at the site of antigen encounter
and so have important adjuvant potential for vaccines.
How host CCL3/CCL3L genotype/phenotype impacts
on the development of HIV-specific immunity and on
other innate immune responses, has emerged as an
important question that will be addressed in our ongoing
studies.

We have recently discovered another correlate of
protective immunity to HIV-1 that involves natural killer
(NK) cells, a cellular component of the innate immune
system that plays a pivotal role in innate and adaptive
immunity. We have shown that NK cells respond with
remarkable specificity and high magnitude to HIV-1
peptides, a feature not ordinarily associated with cells of
the innate immune system. These HIV-specific NK
responses, measured in a whole blood intracellular
cytokine assay, associate with attenuation of disease
progression in HIV-1 infected women and with reduced
maternal-infant HIV-1 transmission, and are not
detected in uninfected individuals. Amino acid regions
targeted by NK cells were identified on gp160, Vpu and
Tat by whole genome peptide mapping. We are
currently investigating the mechanisms that underlie the
development of these unusual responses.

Identification of HIV-1 specific CD8" and CD4" T cell
responses in perinatally infected infants and their
mothers

There are few data describing the specificity, breadth
and magnitude of T cell responses to HIV-1 in infancy.
HIV-specific CD8" and CD4" T cell responses to peptide
pools representing Gag, Env, Pol, Nef and the
Regulatory regions (Reg) were simultaneously
measured in 18 perinatally-infected infants and 14 of
their chronically-infected mothers, using a whole blood
interleukin-2 and interferon- flow cytometric intracellular
cytokine staining assay. HIV-specific CD8" T cell
responses were detected in all the infants aged 6 weeks
and older (range 0.1-6.62%) and their mothers (range
0.1-4.89%). HIV-specific CD4" T cell responses were
detected in 33% of the infants (range 0.11-0.54%) and
73% of the mothers (range 0.16-0.84). CD8" T cell
responses in the mothers were almost equally spread
between the variable (Nef, Reg and Env) and conserved
proteins (Gag and Pol). Conversely, CD8" T cell
responses to the more variable proteins dominated in
the perinatally-infected infants comprising 74% of the
total response. Interestingly, mothers and infants
shared responses to at least one peptide pool, while
only one of the mother-infant pairs shared a peptide
pool targeted by CD4" T cells. Two in utero (IU) infected
infants tested at birth had CD8" T cell responses, and of
them one infant had an Env-specific CD4" T cell
response. Our data demonstrate that HIV-specific CD8"
and CD4" T cell responses can be detected in
perinatally-infected infants as early as 6-10 weeks of
age (CD8' responses at birth in IU-infected infants), and
that CD8" T cell responses predominantly target the
variable proteins as occurs in acute infection in adults.
Studies by others of HIV-specific CD8" T cell responses
and viral evolution in early infection in infants suggest
thatsuch T cell responses are indeed functional and can
exert selective pressures in vivo. Our data contribute to
understanding immune response capability in the
context of HIV infection in early life, and it is this
capability of the adaptive immune response that is
promising for the design and development of HIV
vaccines forinfants.

HIV-specific IFNy-ELISPOT Responses targeting
specific regions of the proteome during Primary
Subtype C Infection are poor Predictors of the
Course of Viraemia and Set Point

It is unknown whether patterns of HIV-specific T cell
responses during acute infection may influence viral set
point and the course of disease. We wished to establish
whether the magnitude and breadth of HIV-1 specific T
cell responses at three months post infection would
correlate with viral load set point at 12 months and
hypothesised that magnitude and breadth of HIV-
specific T cell responses during primary infection would
predict set point. IFN-y ELISPOT responses across the
complete proteome were measured in 47 subtype C
HIV-1 infected participants at a median of 12 weeks post
infection. When corrected for amino-acid length and
individuals responding to each region, the order of
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recognition was Nef > Gag > Pol > Rev > Vpr > Env >
Vpu > Vif > Tat. Nef responses were significantly
(p<0.05) dominant and targeted six epitopic regions and
were unrelated to the course of viraemia. There was no
significant difference in the magnitude and breadth of
responses for each protein region with disease
progression, although there was a trend of increased
breadth (mean of 4 to 7 pools) in Rapid Progressors.
Correlation of magnitude and breadth of IFNy
responses with viral set point at 12 months revealed
almost zero association for each protein region. Taken
together, we have shown that the magnitude and
breadth of IFN-y ELISPOT responses at 3 months post
infection is unrelated to the course of disease in the first
year of infection and does not associate, and has low
predictive power, with viral set pointat 12 months.

Association of HIV-specific and Total CD8+ T
Memory Phenotypes in Subtype C HIV-1 Infection
with Viral Set Point

Understanding early immunological events during HIV-
1 infection that may set the course of disease
progression is important for identifying correlates of viral
control. We explored the association of differentiation
profiles of HIV-specific and total memory CD8+ T cells
with viral set point. A cohort of 47 HIV-1 infected
individuals, with differing viral set points at 12 months,
were recruited during acute infection. We identified that
the magnitude of IFN-y" T cell responses at 6 months
post infection did not associate with viral set point at 12
months. A subset of 16 individuals was further studied
to characterize CD8+ T cells for expression patterns of
markers for memory differentiation, survival (CD127),
senescence (CD57) and negative regulation (PD-1).
We show that viral control and the predicted tempo of
HIV disease progression in the first year of infection was
associated with a synchronous differentiation of HIV-
specific and total CD8+ memory subpopulations. At 6-9
months post infection, those with low viral set points had
a significantly higher proportion of early-differentiated
HIV-specific and total memory CD8+ cells of a central
memory (CD45RO+CD27+CCR7+) and intermediate
memory (CD45R0O-CD27+CCR7-) phenotype. Those
with high viral set points possessed significantly larger
frequencies of effector memory (CD45RO+CD27-
CCRY7-) cells. The proportions of memory subsets
significantly correlated with CD38+CD8+ T cells. Thus,
it is likely that a high antigen burden resulting in
generalized immune activation may drive differentiation
of HIV-specific and total memory CD8+ T cells.

Dissecting T cell responsiveness to yC-cytokines in
HIV infected subjects

yC-cytokines play a central role in controlling T cell
proliferation, differentiation and survival. It is well
established that HIV-specific cells are defective in their
ability to produce cytokines such as IL2. However, less
is known on the ability of T cells to respond to cytokines.
To define if abnormal responses to immune-activation
signals could lead to T cell dysfunction and inability of T
cells to control HIV replication, we analyzed the
phosphorylation profiles of different T-cell subsets and

HIV-specific cells in response to exogenous yC-
cytokines. We are investigating in a cohort of 50
discordant couples the profile of Stat-5 phosphorylation
in total and HIV-specific cells in response to brief
exposure of exogenous IL-2, IL-7 and IL-15 using 7-
colour-flow cytometry. Our results indicate that in both
HIV-positive and HIV-negative individuals, memory T
cell responsiveness to yC-cytokines significantly
decreases with cell differentiation in the CD4 and CD8
compartments, where Central Memory cells (CD45RA-
CD27+CCR7+) present the highest responsiveness to
IL-2, IL7 and IL-15 and Effector cells (CD45RA+CD27-
CCR7-) the lowest. No significant differences were
observed in any subsets between HIV-positive and HIV-
individuals. Importantly, HIV-specific cells are
characterized by a 2-fold decrease in Stat-5
phosphorylation in response to IL-2 triggering as
compared to CMV-specific cells, while their IL-7
pathway remains functional. Our results indicate that T
cell differentiation affect yC-cytokine responsiveness
where terminally differentiated cells lose their ability to
respond to cytokines. In HIV-specific cells, impaired
responsiveness to IL-2 could play a role in generating
functionally inefficient antigen-specific cells.

Mary Phoswa isolating HIV in the BSL3 laboratory

HIGHLIGHTS AND ACHIEVEMENTS

Virology Laboratory

Prof Lynn Morris attended the Global HIV Vaccine
Enterprise meeting held on 29 and 30 April in New York
City to review the current data from the STEP and
Phambili Trials of the Merck Ad5 candidate vaccine and
to make recommendations to the Enterprise and its
stakeholders with regard to future clinical trials.

Sarah Cohen received the 2008 Wirsam service award
for her dedication to the profession of Medical
Technology for many years.

Elin Gray was awarded her PhD degree and graduated
in June 2008. Her thesis was entitled: Characterization
of neutralizing antibody epitopes on HIV-1 envelope
glycoproteins to support vaccine design.
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Dr Penny Moore won an award at the WITS Faculty of
Health Sciences Research Day on 20 August 2008, for
the best presentation by a young investigator in the
HIV/AIDS category.

Prof Lynn Morris was Chairperson of the AIDS Vaccine
2008 Conference held in Cape Town from 13-16
October 2008. This was the first time that the AIDS
Vaccine conference was held on the African continent
and more than 900 delegates attended. The
Conference was opened by the new Minister of Health,
Barbara Hogan. Other invited speakers included
Stanley Plotkin, Malegapuru Mokgoba, Vice-
Chancellor and Principal of the University of KwaZulu-
Natal, South Africa, Alan Bernstein, Global HIV Vaccine
Enterprise, New York, USA and Anthony Fauci,
National Institute of Allergy and Infectious Diseases
(NIAID), USA.

Dr Penny Moore was awarded one of five New
Investigator awards at the AIDS Vaccine 2008
Conference held in Cape Town from 13-16 October
2008.

Prof Lynn Morris was invited to become a member of
the WHO HIVResNet Steering Committee by the World
Health Organiszation HIV Drug Resistance Team and
the initial meeting was held in Geneva, Switzerland on 4
and 5 November 2008

Cell Biology

Leonard Damelin (recently employed on a WHC
contract as a post-doc) has been awarded a highly
prestigious Gates Foundation Explorations grant of
$100,000 for a year (104 were awarded out of
approximately 4000 proposals received; two were
awarded to South Africans). These grants are awarded

for “out-of-the-box” ideas for preventing or curing
HIV/AIDS (and various other topics).

The following students graduated in 2008:

Janet Mans, Witwatersrand University, PhD

Samantha Donninger, Witwatersrand University, MSc
(with distinction)

Fiona Anthony, Witwatersrand University, MSc

Melinda Suchard, Witwatersrand University, MMed (co-
supervised by Prof. C. Gray, Prof. A. Duse and Prof. C.T.
Tiemessen)

Immunology Laboratory
Stephina Nyoka obtained her MSc Degree in Medicine
through the University of the Witwatersrand.

Prof Clive Gray and Dr Vivian Morafo were selected to
serve on the AIDS Vaccine 2008 Conference Local
Organizing Committee.

Prof Clive Gray was invited to co-chair a symposium at
the AIDS Vaccine 2008 Conference entitled: Systems
Biology to Unravel and Decipher the Interface between
Innate and Adaptive Immunity. The Conference was
held in Cape Town on 13-16 October 2008.

Pholo Maenetje, Netty Malatsi, Mandla Mlotshwa,
Tiyani Mathebula, Dr Vivian Morafo, Stephina Nyoka
and Dr Catherine Riou were awarded International
Scholarships to attend the AIDS Vaccine 2008
Conference.

Prof Clive Gray was invited to the 3" annual meeting of
Biomarkers for Protective Immunity of TB in Africa,
Grand Challenges in Global Health, GC6 in his capacity
as the Scientific Advisor, in November 2008.

Staff members from the Virology, Cell Biology and Immunology laboratories in the

HIV/AIDS Virus Research Unit.
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COLLABORATIONS

We have numerous fruitful collaborations with leading
immunology laboratories and funded networks:

Aurum Health

Canada-Africa Prevention Trials Network (CAPT)
Centre for HIV AIDS Vaccine Immunology (CHAVI)
Centre for the AIDS Programme of Research in South
Africa (CAPRISA).

The Collaboration for AIDS Vaccine Discovery
(CAVD)

Columbia University, New York

Council for Scientific and Industrial Research (CSIR)
Duke University

HIV Vaccine Trials Network (HVTN)

Human Pathogenesis Program, University of KwaZulu-
Natal

Institute of Infectious Disease and Molecular Medicine,
University of Cape Town,

International AIDS Vaccine Initiative (IAVI)

Perinatal HIV Research Unit (PHRU)

The Scripps Research Institute

South African National Bioinformatics Institute (SANBI)
Stanford University

Torrey Pines Institute for Molecular Studies

University of Alabama

University of Montreal

University of Pennsylvania

Vaccine Research Centre, NIH

CAPACITY BUILDING

Elin Gray visited the laboratory of Dr John Mascola at
the Vaccine Research Centre at the NIH, Bethesda,
Maryland, USA from 21 April to 9 May 2008 to work on
gp120 protein expression, purification and absorption
studies.

Kabamba Alexandré was awarded a Fogarty Fellowship
to attend a four month training course in Dr Barry
O'Keefe's laboratory at the National Cancer Institute in
Frederick, Maryland, USA from 25 April to 29 August
2008.

Maphuti Madiga spent four weeks, from 2 June to 27
June 2008 in the laboratory of Dr David Montefiori at
Duke University for training on HIV neutralization
assays.

Dr Bronwen Lambson was awarded a Fogarty AIDS
Training Program Award to visit Dr Georgia Tomaras'
Laboratory of Immune Response and Viral Biology,
Duke University Medical Center, Durham, NC, USA
from 13 July to 11 September 2008.

Netty Malatsi, Heather Hong, Kabamba Alexandre,
Hazel Mufhandu, Anabela Picton and Walter Campos
are currently registered as PhD students through the
University of the Witwatersrand.

Ziad EL-Khatib is registered at the Karolinska Institute in
Stockholm, Sweden as a PhD student. He is
conducting all his practical work in South Africa with Prof
Lynn Morris as his co-supervisor.

David Sacks and Kurt Wibmer, registered BSc (Hons)
students through the University of the Witwatersrand,
completed their practical laboratory work at the NICD.
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