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Chapter 1.  
A New Disease



Learning from patients: 1981

• 19 year old male transferred to MGH 
Previously well

– Profound weight loss

– TB in sputum, on Rx

– Acute change in mental status

• Presumptive diagnosis on transfer:  

– Pulmonary TB with TB meningitis



Diagnoses

• Brain:  
– No TB
– Mass lesion:  lymphoma 

• Lung:  
– No TB
– Multiple mass lesions :  Kaposi’s sarcoma and 

pneumocystis pneumonia

• Abdomen:  
– No TB
– Multiple masses:  Kaposi’s sarcoma 
– Disseminated CMV infection of the colon



Chip Schooley 
and Marty Hirsch, 
ca. 1984
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ADVERTISEMENT

AIDS Timeline

The life expectancy of Americans with HIV is higher than

ever, almost reaching the life expectancy of the gener al

populat ion -- age 78. New medicines and treatments mak e

it  easier to manage HIV, especially if you've been diagnosed

early and take care of yourself. St ill, 35 million people

worldwide have HIV but don’t  have access to the latest

medicines. How did we get here?

1984

National Cancer Inst itute (NCI) researcher Robert Gallo

detects an AIDS virus he calls HTLV-III. Later, it  turns out to

be LAV from a sample sent by the Montagnier lab -- but not

before HHS Secretary Margaret Heckler giv es Gallo full

credit . Heckler predicts a vaccine in two y ears but does not

specifically fund AIDS research.

IMPORTANT SAFETY INFORMATIONIMPORTANT SAFETY INFORMATION
You may be more l ikely to get lact ic acidosis or serious l iverYou may be more l ikely to get  lact ic acidosis or serious l iver

problemsproblems if you are female, very overweight, or have been taking

GENVOYA for a long time. In some cases, lactic acidosis and serious liver

problems have led to death. Call your healthcare provider right away if you

•

Important Facts >LEARN MORE >



HIV is an infection of the immune system

CD4 T Cell



CD4 T Cell

CD8

HLA 
Class I





HIV-specific CD8+ T cells 

Nature 328:345, 1987
Nature 328:348, 1987 



Chapter 2.  
Outliers
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T-helper cells

Cytotoxic T-cells Infected cell

HAART



HIV-Specific CD4+ T cell Responses 
following treatment in acute infection
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Immune control:  

Early treatment of acute HIV infection

followed by treatment interruption
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A B S T R A C T

Background

Early treatment of acute HIV infection with highly active antiretroviral therapy, followed by

supervised treatment interruption (STI), has been associated with at least transient control of
viremia. However, the durability of such control remains unclear. Here we present longitudinal

follow-up of a single-arm, open-label study assessing the impact of STI in the setting of acute
HIV-1 infection.

Methods and Findings

Fourteen patients were treated during acute HIV-1 infection and subsequently subjected to
an STI protocol that required retreatment if viral load exceeded 50,000 RNA copies/ml plasma

or remained above 5,000 copies/ml for more than three consecutive weeks. Eleven of 14 (79%)
patients were able to achieve viral loads of less than 5,000 RNA copies/ml for at least 90 d
following one, two, or three interruptions of treatment. However, a gradual increase in viremia

and decline in CD4þ T cell counts was observed in most individuals. By an intention-to-treat
analysis, eight (57%), six (43%), and three (21%) of 14 patients achieved a maximal period of
control of 180, 360, and 720 d, respectively, despite augmentation of HIV-specific CD4þ and
CD8þ T cell responses. The magnitude of HIV-1-specific cellular immune responses before

treatment interruption did not predict duration of viremia control. The small sample size and
lack of concurrent untreated controls preclude assessment of possible clinical benefit despite
failure to control viremia by study criteria.

Conclusions

These data indicate that despite initial control of viremia, durable viral control to less than

5,000 RNA copies/ml plasma in patients following treated acute HIV-1 infection occurs
infrequently. Determination of whether early treatment leads to overall clinical benefit will
require a larger and randomized clinical trial. These data may be relevant to current efforts to

develop an HIV-1 vaccine designed to retard disease progression rather than prevent infection
since they indicate that durable maintenance of low-level viremia may be difficult to achieve.

Introduction

The use of highly active antiretroviral therapy (HAART) can dramatically prolong the life of

individuals infected by human immunodeficiency virus 1 (HIV-1) [1], but early hopes for virus

eradication have not been realized [2]. The successful use of HAART is limited by drug-related

toxicities, high costs, and drug resistance [3], factors which have led to the development of

alternative therapeutic strategies, including the use of supervised, or structured, treatment

interruption (STI). Thisapproach, involving recurrent limited exposure to autologous virus, has

not been successful in chronic infection [4,5], but has been shown to lead to at least transient

containment of viremia after intervention in the acute phase of infection in humans and

animals exposed to AIDS-associated retroviruses [6,7,8,9].

In the present study, we performed a detailed longitudinal assessment of the impact of early

treatment followed by STIs in patients treated during acute or early HIV-1 infection. The main

hypothesis of the study was that early treatment of acute HIV-1 infection followed by STI would

lead to immune boosting and subsequent control of viremia without the need for drugs. The

PLoS Medicine | http://www.plosmedicine.org November 2004 | Volume 1 | Issue 2 | e36137
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Chapter 3.  
Insights from a raging epidemic
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Emerging evidence from Africa 
of the importance of HIV-specific CTL
• Transmission of CTL escape variants to neonates

– Goulder et al, Nature 2001

• Impact of HLA-B alleles on immune control
– Kiepiela et al, Nature 2004

• PD-1 expression and HIV-specific T cell 
exhaustion 
– Day et al, Nature 2006

• Importance of Gag-specific T cell responses and 
control  
– Kiepiela et al, Nature Medicine 2007
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Chapter 4.  
A late night conversation
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The International HIV Controllers Study

www.hivcontrollers.org



313 SNPs in HLA reach p<5x10-8
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Genome-Wide Association Study:
HIV control is associated with chromosome 6 polymorphisms

974 controllers and 2648 progressors

Pereyra et al, Science, 2010



Pereyra et al, Science, 2010



Chapter 5.  
Science and Social Good



Female HIV Prevalence by Age:
KwaZulu Natal
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FRESH Study (2012-Present):

Females Rising through Education, Support and Health

Goals:  1.  HIV prevention and poverty reduction

2.  Immunology of hyperacute infection

http://www.ragoninstitute.org/international/fresh/



Learning from patients:
Hyperacute HIV Infection
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FRESH

Video linked in this article:

https://www.massgeneral.org/News/pressrelease.aspx?id=2290

https://www.massgeneral.org/News/pressrelease.aspx?id=2290


FRESH Study

• Subjects:

– Uninfected 18-23 year old women at high risk of HIV 
infection in an impoverished township

• Methods:

– Provide a twice weekly empowerment, life skills, job 
readiness and HIV prevention education with the goal of 
employment after one year

– Test twice weekly for HIV RNA by finger prick



K-RITH:
KwaZulu Natal 
Research Institute 
for TB and HIV

DDMRI



Zaza Ndhlovu Thumbi Ndung’u



Kinetics of Hyperacute HIV 

Infection

Ndhlovu et al, Immunity 2015
Dong et al, Lancet HIV 2017
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Massive HIV-specific T cell activation 

in acute HIV infection
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Hyperacute HIV Infection
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Ndhlovu, unpublished
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Early treatment leads to 
enhanced HIV-specific CD8+ T cell function
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HIV Gagp24 staining of a LN 

tissue from an early treated 

subject
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Chapter 6.  
Stock Markets and Social Networks





CD4+ T Cell Count

Viral Load

“A successful vaccine must do better 
than natural immunity to HIV”
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“A successful vaccine must do as well 
as the best natural immunity to HIV”



Measures of conservation:  
Sequence analysis

• Based on available sequence data
• Measures mutability of single amino acids
• Does not incorporate amino acid interactions or protein structure 
• Does not correlate with fitness



ALL HIV RESIDUES

CONSERVED

Can we identify a subset of conserved residues
that incur a maximal viral fitness cost?



ALL HIV RESIDUES

CONSERVED

Can we identify a subset of conserved residues
that incur a maximal viral fitness cost?

Fitness-impairing



Measures of conservation:  
Fitness Landscapes

• Based on available sequence data
• Employs analysis tools used in the stock market
• Measures interdependence of amino acid mutations
• Suggests structural features are linked to fitness (Gag Capsid)

Dahriel et al, PNAS 2011
Ferguson et al, Immunity 2013

???? ???? ??



What can we learn from protein 
structure?

Structure-based Network Analysis
(Think social networks)



Gaurav Gaiha, MD, PhD Elizabeth Rossin, MD, PhD
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Amino acid side chains influence structure

Covalent bonds

Intermolecular bonds



Proteins act as networks

Provides LOCAL and GLOBAL insight by 

transforming the system to NODES and EDGES

NODE = Amino Acid 

EDGE = Intermolecular Interaction

EDGE

NODE



Structure-based Network Analysis

INPUT: 3-dimensional atomic 

level data from PDB file

Structural Representation



Concepts from Network Theory
– Degree Centrality

A measure of LOCAL Importance – # of Connections

Greater size = greater magnitude



Concepts from Network Theory–
Betweenness Centrality

A measure of GLOBAL Importance – Involvement in Bridges

Greater size = greater magnitude



The following activities will NOT be supported by this FOA:
• Vaccine protection where the major mechanism of protection is not antibody-

mediated

Consortia for HIV/AIDS Vaccine Development (CHAVD)
RFA-AI-18-001

The purpose of this Funding Opportunity Announcement (FOA) is to solicit 
grant applications that propose to establish Consortia for HIV/AIDS Vaccine 
Development (CHAVD) to support a coordinated, multidisciplinary team(s) of 
researchers focused on iterative approaches to accelerate HIV vaccine 
development by addressing key immunogen design roadblocks to the discovery 
and development of a safe and effective antibody-mediated preventive HIV 
vaccine.



T cell-directed therapy in Melanoma 



Conclusions

• Durable natural immune control and possibly cure of HIV is 
achievable

• Durable immune control is mediated by CTL targeting of 
highly networked epitopes, providing a rational approach for 
HIV immunogen design

• Immediate treatment of hyperacute infection leads to 
induction of HIV-specific CD4 and CD8 T cells with enhanced 
function, and provides an ideal model for iterative 
immunotherapeutic intervention studies
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