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Opportunistic Infections. This issue is supported by the CROI Foundation.
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Cohan D, Natureeba P, Plenty A, et al. Efficacy and safety of LPV/r
versus EFV in HIV+ pregnant and breast-feeding Ugandan women
[Abstract 69]. Top Antivir Med. 2014;22(e-1):34-35.
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IAS-USA CME course announcements are paperless. Please watch for e-mail updates, and visit www.iasusa.org
for general course information, agendas, and online registration. Early registration is strongly recommended.
These live activities have been approved for AMA PRA Category 1 Credit™.

Improving the Management of HIV Disease®: Full-Day Courses

The annual full-day advanced CME courses continue to focus on cutting-edge, scientifically rigorous issues
presented by leading experts in the field, providing the latest insights and data on the full spectrum of HIV- and
AIDS-related treatment issues.

New York, New York Atlanta, Georgia Los Angeles, California
Tuesday, March 18, 2014 Tuesday, April 1, 2014 Wednesday, April 23, 2014
Marriott Marquis Cobb Galleria The Westin Bonaventure
San Francisco, California Chicago, lllinois Washington, DC, area
Friday, May 2, 2014 Monday, May 19, 2014 Tuesday, June 17, 2014
Mission Bay Conference Center Chicago Marriott Downtown Hyatt Regency Crystal City

Hepatitis C Virus Infection: Looking Beyond the Interferon Alfa Era: Full-Day Courses

The full-day advanced CME courses are designed for clinicians who are experts in the complexities of antiretroviral
management and who are well positioned to join their hepatology and gastroenterology colleagues in providing
care for hepatitis C virus (HCV)-infected patients, in what has become an exciting new era in HCV care.

San Francisco, California New York, New York
Friday, March 21, 2014 Wednesday, April 16, 2014
Mission Bay Conference Center Marriott Marquis

Evolving Strategies in Hepatitis C Virus Management: Small-Group Workshops

Part of the IAS-USA focus on the management of HCV infection, these half-day, small-group, intensive CME
workshops are presented by leading experts in the field. Attendance is limited to 35 practitioners, so early
registration is encouraged.

Atlanta, Georgia Los Angeles, California Chicago, lllinois Washington, DC, area
Monday, March 31, 2014 Tuesday, April 22, 2014 Tuesday, May 20, 2014 Monday, June 16, 2014
Cobb Galleria The Westin Bonaventure Chicago Marriott Downtown Hyatt Regency Crystal City

Educational Resources from past live courses are available on the IAS-USA website at www.iasusa.org, including
webcasts (available for CME credit), podcasts, downloadable key slides from lectures, and various presentation handouts.

For information about any of these programs, please contact the IAS-USA.
Phone: (415) 544-9400 e Fax: (415) 544-9402 e E-mail: Registration"at”iasusa.org e website: www.iasusa.org
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ABSTRACTS

How to cite the abstracts:

Cohan D, Natureeba P, Plenty A, et al. Efficacy and safety of LPV/r versus EFV in HIV+ pregnant and breast-feeding Ugandan women
[CROI abstract 69]. In Special Issue: Abstracts From the 2014 Conference on Retroviruses and Opportunistic Infections. Top Antivir
Med. 2014;22(e-1):34.

1 HIV Pathogenesis: Current Understanding and Future Research
Dana H. Gabuzda, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA, United States

Background: HIV is transmitted via mucosal and intravenous routes, replicating initially in CD4+ T cells at mucosal sites and draining lymph nodes.
Following systemic dissemination, a major reservoir of infection is established in gut-associated lymphoid tissues (GALT), which eventually leads to depletion
of GALT CD4+ T cells, altered mucosal defenses, gut mucosal injury, and microbial translocation. Despite host immune responses and antiviral therapies
that suppress viral replication, viral reservoirs persist in long-lived memory CD4+ T cells, including a stem-cell like population (Tscm). Additional reservoirs
of viral persistence are established in macrophages in the brain and other macrophage-rich tissues. Chronic immune activation, a hallmark of HIV infection,
is a strong predictor of disease progression, morbidity, and mortality that has also been linked to accelerated aging and age-related end-organ comorbidities
involving the cardiovascular system, kidneys, liver, brain, endocrine system, and bone. Underlying causes of chronic immune activation include ongoing

viral replication, persistently elevated interferon responses, and microbial translocation. Cofactors associated with the HIV epidemic, such as HCV and

other co-infections, and substance abuse, can also increase innate immune activation and end-organ comorbidities. The mechanisms underlying immune
dysregulation, chronic immune activation, and accelerated aging phenotypes in HIV infection are multifactorial and complex. Given this complexity, large
multivariate datasets, systems biology, and computational approaches are needed to achieve systems-level understanding of HIV pathogenesis.

Conclusions: This talk will provide a systems-level overview of temporal events, pathogenic processes, and inter-relationships between immune
dysregulation and end-organ dysfunction during the course of HIV infection. A better understanding of these processes at the cellular and host level,
integration of knowledge from diverse types of high-density data, and temporal modeling of causal relationships and dependency networks is important for
developing new therapies, and progress toward the ultimate goals of prevention and eradication.

2 HIV Cure Research
John W. Mellors, University of Pittsburgh, Pittsburgh, PA, United States

Background: Two highly-publicized cures of HIV infection, one in an adult who received complex therapies for leukemia including myeloablative
chemotherapy, total body irradiation, anti-thymocyte globulin and allogeneic hematopoietic stem cell transplantation from CCR5 delta 32 homozygous
donor, and one in an infant started on ART within 2 days of birth, have inspired worldwide efforts to cure HIV infection in more individuals. The recent
relapse of HIV infection 3-8 months after stopping ART in two allogeneic bone marrow transplant recipients who had cleared HIV from blood is a sobering
reminder of the difficulty in eliminating all replication-competent HIV from an infected host. In the context of data being presented at CROI 2014, | will
review obstacles to curing HIV infection: i) long-lived cellular reservoirs (CD4-+T-cells, microglia, other cell types); ii) latent-replication competent proviruses
integrated across the human genome, iii) HIV diversity and immune escape variants, iv) clonal expansion of HIV-infected cells, v) persistent low-level viremia
despite ART, and vi) highly-variable and incompletely effective host immune responses to HIV. | will then highlight curative approaches that are being
explored: i) immediate ART after birth in HIV-infected infants; i) ART in adults during acute/early HIV infection to prevent reservoir expansion and induce
post-treatment immune control; iii) latency reversing agents to deplete HIV reservoirs; iv) reversal of exhaustion of HIV-specific through immune response
by targeting inhibitory receptors (e.g. PD-1/PD-L1) on T-cells; iv) antibody- , cell-, and vaccine-based immunotherapies to enhance HIV immune responses;
and v) host modification to confer resistance to HIV replication.

Conclusions: Progress towards a cure of HIV infection will undoubtedly occur but the challenge of developing and delivering effective and scalable
therapies to most HIV-infected persons is a formidable one.

3 HIV Vaccine Immunology: Recent Progress and Continuing Challenges
Richard A. Koup, Vaccine Research Center, National Institute of Allergy and Infectious Disease, National Institutes of Health, Bethesda, MD, United States

Background: A vaccine is clearly needed to stem the spread of HIV. A phase IIB HIV vaccine trial was recently stopped due to futility. The immune profile
generated in this trial, as compared to a previous moderately protective trial, will help inform the next generation of HIV vaccines.

Conclusions: This presentation will highlight the advances that have been made in the last 12-18 months in defining potentially protective immune
responses to HIV, and determining how to stimulate them through vaccination. Information will derive from five different approaches: 1) evaluation of results
from past and present vaccine efficacy trials, 2) the generation of broadly neutralizing antibodies, and their effects in preventing and treating SHIV/HIV
infection in monkeys and humanized mice, 3) solving the crystal structure of a stabilized cleaved trimer of HIV envelope, 4) studies of how antibody and
envelope co-evolve during HIV infection, and 5) determination of the unique characteristics of CD8 T cells generated in response to rhCMV vaccination that
are capable of clearing SIV infection in monkeys. Throughout the presentation, information will be provided on where and when the latest information will be
presented at CROI.
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HIV Prevention Research: Progress and Challenges
Sharon L. Hillier, University of Pittsburgh School of Medicine, Magee-Womens Hospital, Pittsburgh, PA, United States

Background: HIV prevention trials have been conducted assessing a range of approaches to decrease the incidence of HIV infection, including vaccination,
circumcision, vaginal and rectal microbicides, oral pre-exposure prophylaxis (PrEP) and treatment as prevention (TasP). Of these, male circumcision, one
vaccine combination, 1% tenofovir gel used at the time of sex, oral emtricitabine/tenofovir or tenofovir, and effective treatment resulting in reduced viral load
have all been shown to reduce HIV acquisition by 30 to 97%. Scale up of circumcision, which decreases the risk of HIV in men by >50%, has increased
globally with the availability of new devices which permit the delivery of this procedure at low cost and high safety. Oral and topical antiretrovirals have
emerged as potent tools for the prevention of HIV, and since the approval of emtricitabine/tenofovir by the FDA for prevention of HIV in 2012, a number

of programs have been initiated to scale up the availability of PrEP and to explore the public health impact of this intervention. At the same time, there is

an increased recognition that adherence to oral and topical PrEP is critical to the success of this approach. The FemPrEP and VOICE trials, which were
conducted in populations of young women living in high seroincidence communities in Africa, each reported low levels of adherence to daily products.

This factor likely accounted for the lack of reported efficacy in these studies, in contrast to the studies performed in men who have sex with men and HIV
serodiscordant couples. Tenofovir gel is in a phase 3 clinical trial among women using a coital rather than daily approach (FACTS-001), and as a rectal
microbicide in MSM (MTN-017). For new PrEP agents, strategies are focused on the sustained delivery of ARVS. One example is a vaginal ring which
delivers low doses of the NNRTI dapivirine over a month of use, and randomized efficacy trials evaluating this approach are underway. Injectable ARVs are
in phase 1 studies, with promising results emerging from animal models. The success of the HPTN 052 study which demonstrated that effective treatment
of HIV-infected persons, resulting in virological suppression reduced HIV transmission by 97%, has led to the increased rollout of TasP as a key strategy

in the HIV prevention toolbox. Of the HIV vaccines tested to date, only the RV144 HIV vaccine has been successful in reducing HIV incidence. Although the
reduction in HIV was 31% with this vaccine and the results of this study likely only apply to those patients with subtype E virus, the study has energized the
vaccine field and has led to the development of a vaccine protocol to assess the efficacy of this strategy against clade C HIV in S Africa in a study planned
for 2015.

Pathogenesis and Control of HCV Infection
David L. Thomas, The Johns Hopkins University School of Medicine, Baltimore, MD, United States

Background: Hepatitis C virus (HCV)-related liver disease has emerged as one of the most important causes of morbidity and mortality in HIV-
infected persons. Compared to persons with just one infection, HIV/HCV-coinfected persons have a higher incidence of all liver complications and even
some extrahepatic conditions raising the possibility of multiple pathogenic interactions. HCV can be cured, even without interferon alfa, and HCV drug
development is an exceedingly active basic and clinical research field. Medications are in trials that target nearly all major steps in replication. Highly-
efficacious, single-tablet, 8-12 week, pangenotypic therapies are already in development. Cure of infection reduces the incidence of liver disease
complications and improves mortality. Cure rates among HIV/HCV coinfected persons are equivalent to those with just HCV.

Nonetheless, there remain enormous public health challenges. No more than 5% of the ~170 million persons has been prescribed treatment; no more than
10% worldwide and 50% in the US know their infection status. Moreover, most HCV treatment courses exceed $100,000 and yet their effectiveness can be
completely abrogated by nonadherence or reinfection. Thus, models of disease control underscore the importance of coupling prevention with treatment.

Conclusions: 25 years after discovery of HCV, everything has changed for the 5% in care. But, enormous challenges remain and are even more urgent
given the potential to cure.

Martin Delaney Panel: Hepatitis C Virus: From Trials and Tribulations To Triumph
Jeff Taylor, AIDS Treatment Activists Coalition, Palm Springs, CA, United States

Tracy Swan, Treatment Action Group, New York, NY, United States

Isabelle Andrieux-Meyer, Médecins sans Frontiéres, Geneva, Switzerland

Jules Levin, National AIDS Treatment Advocacy Project (NATAP), New York, NY, United States

Lynn E. Taylor, Brown University, Providence, Rl, United States

Background: Chronic hepatitis C virus (HGV) infection is a major global public health threat; at least 185 million people have been infected, and 2 to 3
million are newly infected each year.

Untreated HCV can progress to cirrhosis, hepatocellular carcinoma and hepatic decompensation; these complications cause over 350,000 deaths annually.
In the United States and Spain, mortality from HCV now exceeds AIDS-related mortality. People with chronic hepatitis C are at risk for premature death from
respiratory failure, cardiovascular disease, and other non-liver related causes.

Globally, an estimated 5 million people are HIV/HCV coinfected. HIV accelerates the risk for, and rate of HCV progression. Where antiretroviral access is
widespread, HCV complications are a leading cause of death among HIV/HCV coinfected people.

Conclusions: HCV is curable, an outcome known as sustained virologic response (SVR). Once cured, the risk for liver-related morbidity and mortality_and
all-cause mortality--decreases significantly, as does risk of AIDS-related death in HIV/HCV coinfection.

HCV treatment has rapidly evolved from peginterferon and ribavirin_a poorly tolerated, complex regimen with limited efficacy_to oral, direct-acting antiviral
(DAA) combinations. In 2013, the first oral DAA regimen was approved in the U.S. and the E.U.

Many promising DAAS are in the pipeline. In clinical trials, SVR rates after 12-week regimens have exceeded 90 percent, regardless of HIV status and HCV
treatment history. Another wave of DAA approvals is anticipated during 2014.
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HCV is highly prevalent among marginalized groups facing significant barriers to health care: people who inject drugs, incarcerated, homeless and poor
people, African-Americans, and people living with HIV/AIDS. HCV is most prevalent in low- and middle-income countries, yet limited access to diagnostics,
care and treatment are commonplace in high-income countries such as the United States, where at least 75% of people with chronic HCV are undiagnosed.

DAAs offer the opportunity to eradicate HCV, if political will and adequate resources are mustered. DAA regimens will facilitate scale up by simplifying
treatment and streamlining requirements for on- and post- treatment monitoring, but prices for drugs and diagnostics remain prohibitive in most of the world.
Both infrastructure and capacity to deliver treatment must be developed. Activists, clinicians, researchers, implementers, and our allies are working to increase
worldwide access to evidence-based HCV prevention, as well as screening, care and treatment through clinical trials, demonstration projects, development of
treatment guidelines; with donor, non-governmental and inter-governmental organizations, and by pushing governments to address hepatitis C.

7 Adherence: The Achilles Heel for Trial Interventions
David R. Bangsberg, Massachusetts General Hospital Center for Global Health, Boston, MA, United States

Background: Recent studies of HIV pre-exposure prophylaxis (PrEP) in HIV-negative individuals revealed heterogeneous estimates of efficacy from 0%
to 77%. Efficacy estimates in randomized clinical trials presume adherence to the intervention. Nonadherence biases efficacy estimates to the null and
differences in adherence between studies will lead to differing efficacy estimates. Antiretroviral drug level data obtained during PrEP studies suggest that
the heterogeneity in PrEP trial efficacy estimates can be explained by differences in adherence amongst the studies. This presentation will review the
impact of nonadherence on efficacy estimates, and the approaches to measure adherence.

Conclusions: The presentation will conclude with post-hoc analyses that suggest that the level of protection against HIV transmission conferred by PrEP in
HIV-negative individuals is comparable to the level of protection conferred by antiretroviral therapy in HIV-positive individuals.

8 Studying Multiple Interventions: Factorial Designs and Other Approaches
Richard J. Hayes, London School of Hygiene and Tropical Medicine, London, United Kingdom

Background: In the simplest randomized controlled trial (RCT) design, individual patients are randomly allocated to two study arms (Intervention vs
Control) to measure the effects of a specified health intervention on a defined outcome. In some cases, however, we wish to examine the effects of multiple
interventions in the same trial. Examples of such studies include (1) treatments with multiple dosage regimens or alternative drugs; (2) studies designed to
compare the effects of two or more different interventions, alone or in combination; (3) combination interventions where we wish to unpick the effects of
different components. We will discuss some of the study designs that can be used to address such questions.

A simple design compares two or more intervention conditions with a single control arm. There are sometimes issues of multiple comparisons and,
depending on the mode of delivery of the interventions, there may be a need for multiple placebos if a blinded design is required (e.g. double-dummy trials).
When the separate or joint effects of interventions are of interest, the factorial design may be an attractive choice, for example the 2x2 factorial in which
patients are randomized to four groups given either intervention A alone, intervention B alone, neither or both. Under certain assumptions, the factorial
design permits the effect of more than one intervention to be measured in a single trial at a similar cost to a study designed to evaluate a single intervention.
The limitations and strengths of this design will be reviewed, and implications for sample size outlined. Such trials may be randomised either at individual

or cluster levels. In some cases, the two approaches may be combined, such that clusters are randomly allocated to the presence or absence of one
intervention, while individuals or households within clusters are randomly allocated to presence or absence of another intervention (sometimes referred to
as a split-plot design).

The above design choices will be illustrated with RCTs conducted to measure the effects of interventions against HIV and related infections, including the
Zamstar, VOICE and PopART trials.

Conclusions: While it is often best to aim for simplicity of design, resources for rigorously-designed RCTs are limited and it is important to ensure that such
resources are used efficiently. Sometimes, by careful choice of study design, it may be possible to evaluate several interventions in a single study at little
additional cost. Alternative approaches to unpick the effects of combination interventions also need to be considered. In particular mathematical modelling
may sometimes be used to supplement RCT evaluations.

9 So Many Trials, So Little Time: Meta-Analysis Do’s and Don’ts
Dean A. Follmann, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD, United States

Background: Meta-analysis is a powerful method for quantitatively synthesizing multiple clinical trials of similar interventions. By combining multiple
sources of information a sharper signal about the interventions can be calculated, both overall and in subgroups. While meta-analysis is a summarization of
finished studies, pre-specification of the essential research question, study inclusion criteria, and analytic strategy increase rigor of the analysis.

Conclusions: Two main statistical calculations for summarizing studies are discussed. The fixed effects approach is best when the intervention effects
are relatively homogeneous and provides conclusions about the studies at hand. The random effects approach is more suited for more heterogeneous
intervention effects and generalizes beyond the studies at hand. Techniques to explore and address heterogeneity will be discussed as well as more subtle
issues such as the bias introduced by non-publication of null studies, the temptation to dismiss “aberrant” studies, methods to accommodate differential
quality of studies, and a perspective on the strength of evidence that can be achieved by meta-analysis. Examples involving vaccines and drugs will
illustrate the use of meta-analysis to explore safety signals as well as variation in efficacy.



10

1

12

Volume 22 Issue e-1 April 2014

Systems Immunology Approaches for Vaccine Profiling and Antibody Discovery
Sai Reddy, Swiss Federal Institute of Technology Zurich, Basel, Switzerland

Background: A major part of the advancement of the field of systems immunology has been the emergence of next-generation sequencing (NGS);
specifically the ability to use NGS for large-scale analysis of antibody variable gene repertoires. Here, | will provide an overview of this exciting new research
field, which has applications related to answering basic questions of antibody diversity, development, and evolution; as well as applications for immune-
diagnostics and immunotherapeutics. | will primarily focus on our research group’s interests in applying NGS of antibody repertoires for the discovery and
engineering of monoclonal antibody (mAb) therapeutics. This will include our recent development of a mAb discovery technology that requires no screening,
which is based on NGS analysis of antibody repertoires obtained from immunized mouse plasma cells. This technology offers a powerful alternative to mAb
discovery, which we are also utilizing for mAb discovery from immunized rabbits and chronically infected human patients.

Conclusions: We have also developed a number of experimental and computational methods to help advance NGS of antibody repertoires. These include a
high-throughput bicinformatic pipeline for NGS analysis and annotation, operating at much faster times than currently used software (e.g., IMGT). Also, we
have evaluated the robustness and reproducibility of antibody NGS sequencing methods using triplicate sample sequencing and mathematical ecology-
based modeling. Finally, we have assessed experimental methods used to construct NGS antibody libraries, focusing on primer bias and the impact of
adaptor addition by PCR or ligation. Our work on methods development should help researchers pursue their own goals related to antibody NGS and help
advance the field of systems immunology.

3-D Structural Analysis of HIV Using Correlative CryoEM and Live Cell Imaging
Peijun Zhang, University of Pittsburgh School of Medicine, Pittsburgh, PA, United States

Background: Following fusion of the viral and host membranes, the HIV-1 capsid core is released into the cytoplasm of the host cell. The viral capsid plays
critical roles during the early stages of infection before nuclear entry by interacting with host cell machines. However, direct observation of structural details
of infecting HIV-1 core has not been realized due to technological challenges in working with rare and dynamic HIV-1 particles in human cells. While
time-lapse live-cell imaging has yielded a great deal of information about many aspects of the life cycle of HIV-1, the resolution afforded by live-cell
microscopy is limited. On the other hand, cryo-electron tomography (cryoET) provides three-dimensional (3D) still pictures of near-native state cells and
organelles at molecular resolution. By combining high-speed 3D live-cell fLM and high-resolution cryoET, the correlative light and electron microscopy
(CLEM) method provides a powerful means to not only expand the imaging scale and
resolution but also to complement the dynamic information available from optical microscopy

with the molecular-level, 3D ultrastructure detail provided by cryoET. - live-cell
" microscopy
Conclusions: | demonstrate the capability of the correlative microscopy method by directly . -

visualizing dynamic, small HIV-1 particles interacting with host HelLa cells. Furthermore,
using high resolution cryoEM and helical reconstruction, the structure of HIV-1 capsid
assembly is determined to 84 resolution, clearly delineating all the «-helical motifs within
the capsid structure. The structure allowed unambiguous modeling and refinement by large
scale molecular dynamics simulations, resulting in an all-atom model of the HIV-1 capsid

| i

comprising 4 million atoms. The model revealed new hydrophobic interactions at the seam cryo-electron ‘- i

of capsid assembly, and provides a platform for further studies of capsid function and for tomography ‘K( SRR
(OCSTANRE

targeted pharmacological intervention. A

Virus-Host Interactions Revealed Through Proteomics/Phosphoproteomics
Beatrix Ueberheide, New York University Langone Medical Center, New York, NY, United States

Background: Mass Spectrometry has become an indispensable technique for studying proteins in biological systems. Thousands of proteins can

be identified and quantified with state-of-the art instruments in a single experiment. Global changes in the proteome and certain post translational
modifications can now be routinely characterized due to dramatic improvements in speed and sensitivity of mass spectrometric instruments and data
analysis software. However, there are still areas of proteomics where analysis can be not as straight forward or need extra care in sample preparation.
Examples are the characterization of disease specific circulating antibodies and the detection of virus-host protein protein interactions.

Conclusions: Protein-Protein interactions are critical for all cellular processes. Understanding with which host proteins the virus interacts is crucial for
understanding the mechanism of infection. Current strategies of affinity purifications of tagged viral proteins, chemical cross-linking of host-virus proteins
as well as changes in post translational modifications (i.e. phosphorylation) upon infection will be presented. Common problems of affinity purifications and
characterizing infection dependent post translational modifications will be discussed with special emphasis on sample preparation strategies. Establishing
antibody repertoires of infected individuals by high throughput DNA sequencing has been rapidly advancing, yet the antibody composition in the blood

of infected individuals remains largely unknown. Here, mass spectrometry is emerging as an enabling technology in combination with a match personal
antibody database. Characterizing and quantifying the circulating antibodies in the blood of infected individuals is however not a trivial task. The majority of
the antibody is structurally identical and it is therefore difficult to unambiguously identify which antibody is present in the sera of individuals. The majority of
antibody derived peptides will be identical and shared between many different antibodies. Here, current strategies for identifying antibody specific peptides
are described.
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CRISPRs and Other Genome Editing Systems
Paul F. Bates, University of Pennsylvania, Perelman School of Medicine, Philadelphia, PA, United States

Background: Precise genome-editing techniques have been developed recently that allow researchers to delete, insert, and modify DNA in human cells
and other animal cells grown in culture. These technologies include zinc-finger nucleases (ZFNs), transcription activator-like effector nucleases (TALENS),
and the clustered regulatory interspaced short palindromic repeat (CRISPR) system. This review will focus mainly upon the most recently described Cas9/
CRISPR system as a tool that can be readily employed in individual laboratories.

Conclusions: The emerging technology of genome editing is based on the use of engineered nucleases to produce specific DNA cleavages at defined
target sites. Repair of these cleavages by host enzymatic machinery, either non-homologous end-joining (NHEJ) or homologous recombinational (HR)
repair, results in either loss/insertion of some sequence or substitutions in the broken region. This review will describe site-specific nuclease technologies
and discuss their employment for genetic analysis and manipulation for both research and potential therapeutic application.

ZFNs and TALENS rely upon sequence-specific DNA-binding domains fused to a nonspecific DNA cleavage module. Although the modular nature of the
ZFN and TALEN DNA recognition domains permits design and production of nucleases targeting of virtually any sequence, they can be difficult to produce
by individual labs prompting many to use commercial sources. Unlike ZFN or TALEN, the CRISPR/Cas9-mediated genome editing system utilizes a small
guide RNA to recognize and direct activity of the endonuclease. This system can be effectively employed by individual labs and the tools for utilizing
CRISPRs are readily available. In addition to gene editing in cultured cells where numerous groups have used CRISPRs to create genetic knockouts and
gene replacements, they have also been used to create gene modifications in whole animals such as mice, rats, and zebrafish. Very recent advances have
demonstrated application of the CRISPR and TALEN mutagenesis approaches in nonhuman primates where one can model disease and develop therapeutic
strategies with obvious direct application to HIV infection. Finally, important hurdles that remain before CRISPR-mediated gene correction could be used for
therapeutic applications will be discussed.

Liver Management
Kenneth E. Sherman, University of Cincinnati College of Medicine, Cincinnati, OH, United States

Background: New agents for HCV treatment have dramatically improved both ease and success of treatment intervention. It is imperative that healthcare
providers managing HCV understand key concepts in the staging of liver disease, and critical management considerations.Staging of liver disease to
determine if advanced fibrosis or cirrhosis is present remains important. Cirrhosis is associated with poorer treatment outcomes and increased risk of
hepatic decompensation and liver cancer. A variety of modalities are now available for staging of liver disease including non-invasive measures such as
transient elastography and biomarker algorithms. Liver biopsy may still play a role in a limited proportion of patients. Determination of advanced fibrosis/
cirrhosis mandates enroliment in hepatocellular carcinoma (HCC) surveillance and evaluation of esophageal varices. Careful assessment is needed in the
setting of cirrhosis to determine liver transplant candidacy prior to treatment intervention.

Conclusions: HCV healthcare providers should be familiar with the process of fibrosis staging, and appropriately identify patients who would benefit from
surveillance for HCC and esophageal varices. Hepatic decompensation recognition is critical and should lead to rapid consultation with a liver transplant
specialist.

Interactive Case Presentations
David L. Wyles, University of California San Diego, San Diego, CA, United States
Susanna Naggie, Duke Clinical Research Institute, Durham, NC, United States

Background: The recent approval of more potent and better-tolerated therapies for HCV infection, including in those with HIV-1 co-infection, heralds the
beginning of a new era in HCV therapeutics. Interferon-free therapy is the new standard of care for patients with genotype 2 or 3 HCV infection; while highly
efficacious IFN-containing triple therapies with a shortened duration are an option for those with genotype 1 HCV infection.

As HCV therapy becomes less complex and as expanded screening efforts are implemented, more providers will be needed to accommodate the increased
number of patients wanting or requiring HCV therapy. While the recent advances have brought significant improvements in HCV therapy for genotype 1
infection, more advances are expected over the next 1-2 years, in particular the arrival of interferon-free therapy. Thus many clinicians are faced with the
complex issue of deciding whether to initiate therapy now or defer with the promise of better therapies in the near future. An understanding of the clinical
trial data summarizing new and future treatment regimens as well a review of the complexity of management in the HIV-1 infected patient population
including but not limited to drug-drug interactions will be discussed.

Conclusions: This interactive case-based session is geared toward clinicians who are new to HCV care and will cover key aspects related to: 1) decision
making on HCV treatment initiation versus deferral, 2) use of interferon-free therapy for HCV genotype 2 and 3 infection, 3) recognizing advanced and early
decompensated liver disease, and 4) managing HCV therapy and drug interaction in a co-infected patient with genotype 1 infection.

Making and Breaking Barriers To Cross-Species HIV-1 Transmission
Paul D. Bieniasz, Aaron Diamond AIDS Research Center, The Rockefeller University, New York, NY, United States

Background: The investigation of impeded viral replication in cells of particular types or species has uncovered great complexity in the interaction between
retroviruses and their hosts. These studies have revealed that many mammals, including humans, are equipped with a diverse set of gene products that
inhibit the replication of human and simian immunodeficiency viruses. Antiretroviral genes exhibit unusually high diversity in primates, presumably because
selection pressures exerted by ancient viral infections have caused them to evolve at an unusually rapid pace. The adaptation of modern retroviruses to
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specific variants of antiviral proteins has resulted in viral specialization to particular host species and the creation of formidable barriers to replication in
other species. These phenomena likely protect humans from infection by many modern retroviruses, but have also impaired the development of primate
models of HIV-1 infection.

Conclusions: This presentation will (1) review some of the salient features of antiretroviral proteins, (2) discuss studies of Tetherin, an example of an
antiviral protein that inhibits the release of virus particles from infected cells and (3) describe our attempts to break antiviral protein-imposed barriers to
cross-species transmission of HIV-1 in order to generate better animal models of human AIDS.

Application of Scientific Knowledge and Evidence To Limit the Progression of HIV/AIDS and Fight Other Endemic Diseases
in West Africa
Souleymane Mboup, Centre Hospitalier Universitaire Aristide le Dantec, Dakar, Senegal

Background: Senegal has experienced long success in HIV control, maintaining an HIV prevalence below 1% within the adult general population aged 15
to 49 years.

Senegal’s success has been attributed to a number of factors:
e Political leadership
e National Program And Related National Plans
e Control of STDs
e Safe blood supply
e Strong strategic information system
e Social and religious support
e Farly availability of ARV therapy
e Research to inform the national effort

Research was able to show that the initial infections in-country were from the less virulent HIV-2 form. The first HIV-1 case was not observed until 1986.

Conclusions: Research was instrumental: It is now 29 years that HIV-2 has been described in Senegal. Since that time, several international research
collaborations have sought to understand the pathogenicity of this closely related HIV virus and the impact of its interaction with the prototype HIV-1
infection in vivo. Co-existing in West Africa with HIV-1, HIV-2, by contrast, generally demonstrates an attenuated phenotype for transmission and disease.
Our group described the details of disease progression and pathogenesis of HIV-1 and HIV-2 and then translated that knowledge to begin a long-term
investigation of disease transmission.

Our team made great efforts to lend our expertise to various other countries where the epidemic was much more severe. With our regional training we have
also established a large number of AIDS experts who have moved back to various countries on the African continent to assist these countries in establishing
their own programs for teaching and research.Now we lead a research group of about 120 junior colleagues mainly conducting AIDS research and this is
widely seen by outsiders as the largest and most productive AIDS research program in Africa that is run and staffed by Africans. Key to this is the insistence
on staying at our base in Dakar despite many very attractive offers to be based overseas. Over the past 15 years, we have expanded our scientific interests
into other areas of infectious diseases important to Senegal and West Africa, including malaria and tuberculosis, where we have initiated research programs
patterned on the successful HIV-AIDS programs. Importantly, the Senegal collaboration was the model that guided the collaborations in many countries,
such as Tanzania, Botswana and Nigeria. This breadth of accomplishments has mainly the objective to demonstrate one of the best role models for young
African scientists seeking to build a major research career in biomedical sciences.

HPV Vaccines: Progress To Date and Future Worldwide Directions
Douglas R. Lowy, National Cancer Institute, Bethesda, MD, United States

Background: Human Papillomaviruses (HPVs) cause several epithelial cancers as well as a range of benign lesions. Cervical cancer is the most serious
cancer worldwide attributable to HPV infection, as it accounts for almost 10% of all cancer in women and is the most common female cancer in many
developing countries. In the US, the incidence of HPV-positive “non-cervical” cancers, which include anal, vulvar vaginal, penile, and oropharyngeal cancer,
is similar to that of cervical cancer. More than 10 HPV types have been shown to be oncogenic, although HPV16 and HPV18 (HPV16/18) together account
for about 70% of the cervical cancers and an even higher proportion of the non-cervical cancers. There are two FDA-approved sub-unit HPV vaccines, both
of which are based on the ability of the major L1 capsid protein of HPVs to self-assemble into virus-like particles (VLPs), which are highly immunogenic.
The main protective activity of the vaccines is their induction of neutralizing antibodies, which are HPV type-restricted. A full course of vaccination involves
3 doses over a 6 month period. The vaccines are highly effective against the HPV types they target (vaccine types), but have more limited activity against
non-vaccine types. Two important goals of second generation HPV vaccines are to safely reduce the number of doses required to induce long-term
protection, and to increase the number of HPV types efficiently protected by HPV vaccination.

Conclusions: The presentation will focus on research efforts to accomplish these goals.

HIV in People Who Use Drugs
Adeeba Kamarulzaman, University of Malaya, Kuala Lumpur, Malaysia
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Background: Despite ample evidence of the effectiveness of several interventions to prevent HIV among people who use drugs, the global goal of reducing
transmission by 50% by 2015 is not likely going to be achieved. Coverage of these key interventions such as needle and syringe programs and medically
assisted therapy remain low particularly in low and middle income countries. In addition to HIV, people who use drugs are also at higher risk for a number of
other medical complications including tuberculosis and viral hepatitis. In most countries however, access to treatment for these infections remains poor and
treatment services are often segregated.

Implementing treatment as prevention for people who use drugs poses many challenges including delays in entering into care, provider reluctance to
commence antiretroviral therapy and issues with adherence in those who are actively using drugs. Additionally, incarceration of people who use drugs
further reduces access to HIV and other treatment as well as fuel the twin epidemic of HIV and tuberculosis in this population.

Conclusions: Despite evidence of effectiveness and cost-effectiveness of key interventions to prevent and treat HIV infection in people who use drugs,
the current global response to the HIV epidemic in this population remains poor. Although policy shifts with increasing coverage of key interventions are
beginning to take place in several countries with high disease burden, criminalisation of drug use, incarceration and stigma and discrimination continue
to present as main barriers to an effective combination prevention and treatment response. A concerted global effort that addresses individual as well as
structural and systematic barriers is needed if we are to expect a decline in HIV transmission among people who use drugs and improve the health and
well-being of these individuals.

Longitudinal Phenotypic Profiling of Early HCV-Specific CD4 T Cells in HIV- and HIV+ Individuals

Diana Y. Chen', Lyndon K. Matsubara', Joelle Brown', Stephanie S. Kulaga?, Jasneet Aneja?, Lia Lewis-Ximenez®, Eddie James*, William W. Kwok’, Arthur Y. Kim?, Georg M. Lauer’
'Gastrointestinal Unit, Massachusetts General Hospital, Harvard Medical School, Boston, MA, United States, ?Infectious Disease Division, Massachusetts General Hospital,
Harvard Medical School, Boston, MA, United States, *Laboratorio de Hepatites Virais, Instituto Oswaldo Cruz, Fundacao Oswaldo Cruz, Rio de Janeiro, Brazil, *Benaroya
Research Institute at Virginia Mason, Seattle, WA, United States

Background: HCV infection generally progresses to chronic infection, but a minority of individuals can spontaneously clear the infection. CD4 T cells are
critical for the spontaneous control of HCV but the mechanisms of protection and immune failure remain to be elucidated, especially in HIV+ individuals who
generally have higher rate of chronic viremia.

Methodology: We longitudinally analyzed the immunophenotype of early HCV-specific CD4 T cell responses in 45 genotype-1 HCV- infected individuals
with well-defined clinical outcomes, including 6 patients with a pre-existing HIV-1 infection. HCV-specific CD4 T cells were studied directly ex vivo using
a panel of HCV- MHC class Il tetramers, and analyzed for their expressions of various immune makers in multicolor flow cytometry. All statistical analyses
were performed with the Spearman correlation test.

Results: HCV-specific CD4 T cells were initially detectable directly ex vivo by MHC class Il tetramers in15/15 (100%) resolvers and 16/24 (67 %)
progressors with mono-HCV infection, as well as in 6/6 (100%) HIV+ individuals, including one who spontaneously cleared HCV. HCV-specific CD4 T cells
disappeared from most progressors within 13-41 weeks after onset of infection, while these cells persisted in patients with resolving infection. Early HCV-
specific CD4 T cells were mostly comprised of activated effector memory cells expressing high levels of PD-1, CTLA-4, and CD95, and low levels of CD127,
irrespective of infection outcomes and HIV status. Interestingly, CD38, PD-1, CTLA-4, and CD95 were quickly downregulated with resolution of infection.
Furthermore, decreased expressions of CD38 (p<0.0001), PD-1 (p <0.0001), and CTLA-4 (p<0.0001) were associated with increased expression of
CD127 on HCV-specific CD4 T cells. In contrast, in persisting infection HCV-specific CD4 T cells continued to express high levels of CD38, PD-1, CTLA-4,
and CD95, and failed to upregulate CD127 before disappearing from blood. Finally, HCV-specific CD4 T cells in resolving infection predominantly expressed
CCR4 while expressing intermediate levels of CXCR3 and low levels of CCR6, CXCR5, and Foxp3. In contrast, there was a trend towards more Foxp3,
CXCR5, and CXCR3 and fewer CCR4 expressing HCV-specific CD4 T cells in persisting infection.

Conclusions: Both HIV+ and HIV- patients generate HCV-specific CD4 T cell responses with a uniform phenotype in the early phase of acute infection,
indicating that priming of response does not explain infection outcomes. However, with persistent viremia, HCV-specific CD4 T cells quickly display the
phenotypes, resembling those of exhausted and dysfunctional T cells, irrespective of HIV-1 status. These changes may contribute to viral persistence and
the rapid disappearance of HCV-specific CD4 T cells.

Rapid Peripheral In Vivo Cellular Changes During Interferon-Free Treatment of Hepatitis C
Eric G. Meissner", Brian Santich', Yu-Jin Lee', Olga Prokunina', Anuoluwapo Osinusi'?, Anita Kohli"?, Henry Masur®, Susan Moir', Shyamasundaran Kottilil'
"Laboratory of Immunoregulation, NIAID/NIH, Bethesda, MD, United States, SAIC-Frederick, Inc, Frederick, MD, United States, *CCMD/NIH, Bethesda, MD, United States

Background: Treatment of chronic hepatitis C

virus (HCV) infection is evolving from interferon (IFN)-based to IFN-free directly acting antiviral (DAA) regimens. IFN-based therapy causes treatment-
induced cytopenias, while cellular changes on DAA therapy are not well described. Because cellular changes on DAA therapy may reflect the host response
to viral decline rather than a treatment side effect, we explored changes in peripheral cell populations during two DAA trials conducted at the NIAID.

Methodology: We evaluated chronic HCV genotype-1 treatment-naive patients treated with sofosbuvir/ribavirin for 24 weeks (SPARE trial, n=55) or
sofosbuvir/ledipasvir for 12 weeks (SYNERGY trial Arm A, n=20). Peripheral cell populations were quantitated by flow cytometry and results were analyzed
using a mixed model (SPARE) or by non-parametric ANOVA (SYNERGY). Chemokine receptor expression was measured by flow cytometry and serum
chemokines were quantitated by ELISA. Histologic inflammation was quantitated on paired pre- and post-treatment liver biopsies where available. Viral load
was measured using the Roche assay.
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Results: Treatment led to rapid HCV decline,

with 96% and 90% of patients on SPARE SEARE FYINERSY
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with paired biopsies. Figure 1: Early increase in absolute peripheral cell counts of CO19+ B cells and neutrophils on the

Conclusions: In these DAA-based HCV ?‘pnpé':.?;tin::j{};:::;i;:’:i:tlﬁ}:;gﬁ.g} trials. Shown are means with standard error bars. Dotted lines
. il H

treatment trials there is an early decline in
IP-10, increase in peripheral B-cells, and increase in CXCR3 expression on peripheral memory B-cells. These data suggest a dynamic reduction in hepatic
immigration and/or increase in hepatic egress of tissue-resident CXCR3-expressing B-cells associated with suppression of HCV.

Faldaprevir Plus Pegylated Interferon Alfa-2a/Ribavirin in HIV/HCV Coinfection: STARTVerso4

Douglas Dieterich', Cristina Tural?, Mark Nelson®, Keikawus Arastéh*, Vicente Soriano®, Josep Guardiola®, Sanjay Bhagani’, Jiirgen K. Rockstroh?, Jerry Q. Stern?, Anne-
Marie Quinson®

"Mount Sinai Medical Center, New York, NY, United States, ?Hospital Universitari Germans Trias i Pujol, Barcelona, Spain, °Chelsea and Westminster Hospital, London, United
Kingdom, “EPIMED/ Vivantes Auguste-Viktoria-Klinikum, Beriin, Germany, °Hospital Carlos Ill, Madrid, Spain, °Hospital de la Santa Creu i Sant Pau, Barcelona, Spain, “The Royal
Free Hospital, London, United Kingdom, éDepartment of Medicine |, University of Bonn, Bonn, Germany, *Boehringer Ingelheim Pharmaceuticals Inc., Ridgefield, CT, United
States

Background: Faldaprevir (FDV) is a potent, once-daily HCV NS3/4A protease inhibitor being developed for the treatment of chronic HCV infection in mono-
infected patients and patients co-infected with HIV. The objective of STARTVerso4 is to assess efficacy and safety of FDV + pegylated interferon alfa-2a/
ribavirin (PR), and evaluate response-guided treatment duration in HIV patients co-infected with HCV genotype (GT) 1.

Methodology: This phase Ill, open-label, sponsor-blinded study included HCV/HIV co-infected patients who were HCV treatment naive (TN) or relapsed
after prior interferon-based HCV therapy. The study had 2 arms: arm A, 120 mg FDV for 24 weeks (W); arm B, FDV 240 mg for 12W or 24W (duration
determined by on-treatment response). Both arms investigated response-guided duration of the PR backbone. At W24, all patients who achieved early
treatment success (ETS, HCV RNA <25 [U/mL at W4 and undetected at W8) were re-randomized to stop all treatment at W24 or continue PR up to W48.
Patients without ETS received PR through W48. Patients on protease inhibitor-based antiretroviral regimens were assigned to arm A and patients on
efavirenz-based regimen were assigned to arm B. All other patients were randomized. The primary endpoint was sustained virologic response 12W after the
end of treatment (SVR12).

Results: A total of 308 patients were treated (mean age 47 years, 81% male, 83% White, 14% Black/African American, 29% =F3 liver fibrosis, 79%
GT1a, 66% IL28B non-CC rs12979860, 78% TN). HAART was used by 96% of patients. SVR4 data were available for all patients. Efficacy endpoints
are summarized in the table. SVR4 rates were 72%-84% across FDV doses/durations. Among patients who achieved ETS, SVR4 rates were comparable
in patients who stopped PR at W24 (98/107 [92%)]) and those who stopped PR at W48 (108/114 [95%]). The AE profile was consistent with historical
data on PR treatment and HAART in HIV/HCV co-infected patients. Most common AEs were nausea (37%), fatigue (34%), and diarrhea (27%). Study
medication was discontinued due to AEs in 7% of patients in both arms. Serious AEs occurred in 14% and 8% of patients in arms A and B, respectively.

Conclusions: In this interim analysis, the safety profile and SVR4 rate (74%) for FDV + PR in HIV/HCV GT-1 co-infected patients were comparable with
those obtained in HCV mono-infected patients, suggesting that FDV + PR might represent an important option for the treatment of HCV GT-1 infection in
patients co-infected with HIV with or without HAART.
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Summary of efficacy results
AN (%) Arm A: FDV 120 mg Arm B: FDV 240 mg Al patients
24W (N=123) 12W (N=84) 24W (N=86) Total (N=185) (N=308)
ETS 95/123 (77) 70/84 (83) 73/86 (85) 150/185 (81) 245/308 (80)
SVR4 89/123 (72) 66/84 (79) 72/86 (84) 140/185 (76) 229/308 (74)
ETS and SVR4P 85/95 (90) 62/70 (89) 67/73(92) 131/150 (87) 216/245 (88)
SVR4 with PR 24 wks® 40/43 (93) 23/26 (89) 35/38(92) 58/64 (91) 98/107 (92)
SVR4 with PR 48 wks* 41/42 (98) 40/43 (93) 27/29 (93) 67/72 (93) 108/114 (95)
3ncludes patients who discontinued prior to Week 12.
bedDenominator = patients with ETS,°patients randomized to 24 wks PR, 9patients randomized to 48 wks PR.
ETR, end of treatment response; ETS, early treatment success; FDV, faldaprevir.
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Simeprevir (TMC435) Plus PeglIFN/Ribavirin in HCV Genotype-1/HIV-1 Coinfection (Study C212)

Douglas Dieterich', Jiirgen K. Rockstroh?, Chloe Orkin, Félix Gutiérrez*, Marina B. Klein®, Jacques Reynes®, Lotke Tambuyzer’, Monika Peeters’, Alan Jenkins®, Wolfgang
Jessner’

'lcahn School of Medicine at Mount Sinai, New York, NY, United States, 2Medizinische. Universitétsklinik |, Bonn, Germany, *Royal London Hospital, London, United Kingdom,
“Hospital General de Elche and Universidad Miguel Hernandez, Alicante, Spain, *McGill University Health Centre, Montreal, QC, Canada, °Gui De Chauliac University Hospital,
Montpellier, France, "Janssen Infectious Diseases BVBA, Beerse, Belgium, Janssen Research & Development, Raritan, NJ, United States

Background: Simeprevir (TMC435, SMV) is a potent, oral, once-daily (QD), investigational HCV NS3/4A protease inhibitor with activity against HCV
genotypes 1, 2, 4, 5, and 6. This ongoing Phase Ill, open-label trial is investigating efficacy and safety of SMV plus peginterferon/ribavirin (PR) in
treatment-naive or -experienced patients (pts) co-infected with HCV genotype 1 and HIV-1.

Methodology: Pts received SMV 150 mg QD (12 wks) + PR (24/48 wks). Non-cirrhotic treatment-naive pts or prior relapsers received response-guided
treatment with PR for 24 or 48 wks. Prior partial or null responders and cirrhotic pts received PR for 48 wks. Primary endpoint for HCV: sustained virologic
response (SVR) rate 12 wks after end of treatment. SVR12 was determined in key subgroups (HCV genotype 1a/1b; METAVIR score; concomitant HAART).
Secondary endpoints included HIV virologic response, safety. A pre-defined single-sided z-test was used to compare SVR12 rates for treatment-naive and
prior null responders with historic controls.

Results: 106 pts were treated (84.9% male; 82.1% white; 14.2% black/African American; median age 48 years; median baseline absolute CD4+ count
628.5/mm?, median baseline log,, HIV RNA 4.18 copies/mL [pts not on HAART]). Most (82.1%) were infected with HCV genotype 1a, 12.3% had cirrhosis,
and 87.7% were receiving HAART (NRTI, 98.9%; INI, 87.1%; NNRTI, 15.1%). SVR12 rate was 73.6% overall (treatment-naive 79.3%; prior relapsers
86.7%; prior partial responders 70.0%; prior null responders 57.1%) and was high in subgroups, albeit pt numbers were low (Table 1). SVR12 was
achieved by 7/9 (77.8%) pts with METAVIR F4. HIV virologic failure (confirmed HIV RNA =200 copies/mL) rate among pts on HAART was 2.2% (2/93),
which occurred 36 and 48 wks after completion of SMV, respectively. Incidence/profile of adverse events (AEs) was comparable to that in HCV mono-
infected pts. During SMV and PR treatment, 35 (33%) pts had a Grade 3/4 AE, 6 (5.7%) had serious AEs, and 4 (3.8%) discontinued SMV due to an AE
(mostly together with PR); in pts on HAART, 33/93 (35.5%) had Grade 3/4 AEs, 6 (6.5%) had serious AEs, and 4 (4.3%) discontinued SMV due to an AE.

Conclusions: SMV 150 mg QD with PR led to high SVR rates in pts co-infected with HCV genotype 1 and HIV-1, regardless of prior HCV treatment
response, HCV genotype 1a/1b, baseline METAVIR score, and concomitant HAART. SMV with PR was well tolerated when co-administered with HAART and
did not impact HIV treatment outcome.

Table 1. SVR12 rates (ITT population)
% (n/N) Overall Treatment-naive Relapsers Partial Null
(n=106) (n=53) (n=15) responders responders
(n=10) (n=28)
Primary analysis 73.6 79.2* 86.7 70.0 571*
(78/106) (42/53) (13/15) (710) (16/28)
HCV genotype
1a/other 70.5 76.7 83.3 66.7 54.2
(62/88) (33/43) (10/12) (6/9) (13/24)
1a/other with Q80K 66.7 85.7 33.3 100.0 50.0
(20/30) (12/14) (1/3) (1n) (6/12)
1a/other without Q80K 72.4 72.4 100.0 62.5 58.3
(42/58) (21/29) (9/9) (5/8) (7/12)
1b 88.9 90.0 100.0 100.0 75.0
(16/18) (9/10) (3/3) (1) (3/4)
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METAVIR FO-F2 80.0 88.9 77.8 50.0 57.1
(36/45) (24/27) (7/9) (1/2) (4/7)

METAVIR F3-F4 63.6 57.1 100.0 66.7 60.0
(14/22) (4/7) (2/2) (2/3) (6/10)

On HAART 75.3 814 86.7 77.8 57.7
(70/93) (35/43) (13/15) (7/9) (15/26)

Not on HAART 61.5 70.0 — 0 50.0
(8/13) (7/10) (0/1) 1/2)

*p<0.001 vs

historical PR-only control (SVR12 for control: 29.0% in treatment- naive patients and 5.4% in null responders)

[TT, intent-to-treat; n, number; SVR, sustained

virologic response

All-Oral Combination of Daclatasvir, Asunaprevir, and BMS-791325 for HCV Genotype 1 Infection

Gregory T. Everson', Paul J. Thuluvath?, Eric Lawitz®, Tarek Hassanein*, Maribel Rodriguez-Torres®, Trevor Hawkins®, Vinod Rustgi’, Federico Hinestrosa®, James Levin®,
Karen Sims'®

"University of Colorado Denver, Aurora, CO, United States, °Mercy Medical Center, Baltimore, MD, United States, °The Texas Liver Institute, University of Texas Health Science
Center, San Antonio, TX, United States, “Southem Califoria Liver Centers, Coronado, CA, United States, °Fundacion de Investigacion, San Juan, Puerto Rico, Southwest CARE
Center, Santa Fe, NM, United States, "Metropolitan Research, Arlington, VA, United States, ®Orlando Immunology Center, Orlando, FL, United States, °Dean Foundation for
Health, Research and Education, Inc, Madison, WI, United States, "°Bristol-Myers Squibb, Hopewell, NJ, United States

Background: The all-oral triple combination of daclatasvir (DGV; NS5A inhibitor), asunaprevir (ASV; NS3 inhibitor), and BMS-791325 (‘325; non-
nucleoside NS5B inhibitor) achieved sustained virologic response (SVR) rates >90% in pilot cohorts of non-cirrhotic patients with chronic HCV genotype
(GT)1 infection. The present study expansion (Al443-014) evaluates this regimen in larger cohorts that include cirrhotic patients, with all components
dosed BID to support coformulation development.

Methodology: 166 treatment-naive, HCV GT1-infected patients were randomly assigned (1:1) to receive a twice-daily regimen of DCV 30mg, ASV 200mg,
and ‘325 75mg (n=80) or 150mg (n=86) for 12 weeks. Randomization was stratified by GT1 subtype and presence of cirrhosis. The primary endpoint is
HCV RNA <LLOQ (25 IU/mL) at 12 weeks posttreatment (SVR,,). SVR, results are reported here; SVR , will be presented.

Results: Baseline characteristics were comparable across treatment groups; overall, patients were 56% male, 83% white, 82% GT1a, 67% /L28Bnon-CC
genotype, and 9% cirrhotic. Among all patients with available data at posttreatment Week 4, SVR, was achieved by 72/78 (92.3%) and 77/84 (91.7%)
patients in the ‘325 75mg and 150mg groups, respectively, including 13/15 (86.7%) cirrhotic patients (Table. Efficacy Outcomes). Overall, 5/166 patients
experienced on-treatment virologic breakthrough and, to date, 6/166 relapsed posttreatment; all of these patients had GT1a infection. In each group, 1
patient discontinued due to an AE (unrelated esophageal neoplasm, throat tightness); there were no deaths and no treatment-related serious AEs or grade
3/4 AEs. The most frequent AEs in both groups were headache, diarrhea, fatigue, and nausea. The only grade 3/4 liver-related lab abnormalities were
single events of elevated AST (grade 3) and total bilirubin (grade 3) in different patients.

Conclusions: Twelve weeks of all-oral treatment with DCV + ASV + BMS-791325 achieved an overall SVR, rate of 92% in a predominantly GT 1a
population, with comparable response rates in cirrhotic and non-cirrhotic patients and low rates of virologic failure. The regimen was generally well
tolerated, with similar safety profiles for both ‘325 dose groups. Further evaluation of this triple regimen is ongoing in broader patient populations, including
GT4 infection and prior GT1 null responders.

Efficacy Outcomes
n/N DCV+ ASV + ‘325 75mg DCV+ ASV + ‘325 150mg
(%) Observed mITT Observed miTT
HCV 78/80 78/80 81/86
RNA <LLOQ at end of treatment (975) (975) (94.2) 8186 (94.2)
HCV 72/78 . 77/84 .
RNA <LLOQ at PT week 4 (SVR,) (92.3)* 72/80(30.0) (91.7)* 77/86 (89.5)
On-treatment virologic breakthrough (n) 2
Posttreatment relapse (n) 4
* 2 patients in each treatment group missed posttreatment Week 4 visit, counted as failures in mITT analysis
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26  Sofosbuvir Plus Ribavirin for HCV Genotype 1-3 Infection in HIV Coinfected Patients (PHOTON-1)

Susanna Naggie', Mark Sulkowski?, Jacob Lalezari®, W. Jeffrey Fessel*, Karam Mounzer®, Margaret Shuhart®, Anne Luetkemeyer’, David Asmuth?, Douglas Dieterich?,
Maribel Rodriguez-Torres'®, and The Gilead PHOTON-1 Study Team

"Duke Clinical Research Institute, Durham, NC, United States, ?The Johns Hopkins University, Baltimore, MD, United States, *Quest Clinical Research, San Francisco, CA, United
States, *Kaiser Permanente, San Francisco, CA, United States, *Philadelphia FIGHT, Philadelphia, PA, United States, °Harborview Medical Center, Seattle, WA, United States,
’San Francisco General Hospital, San Francisco, CA, United States, éUniversity of California Davis Medical Center, Sacramento, CA, United States, °Mount Sinai School of
Medicine, New York, NY, United States, "Fundacion De Investigacion, San Juan, PR, United States

Background: Interferon-free treatments for HCV that can be safely co-administered with antiretroviral therapy (ART) are needed for HIV/HCV co-infected
patients. We evaluated the safety and efficacy of sofosbuvir (SOF), a pan-genotypic HCV NS5B inhibitor, with ribavirin (RBV) in HCV genotype (GT) 1-3
patients co-infected with HIV.

Methodology: HCV patients with stable HIV disease received SOF 400 mg QD and RBV 1000-1200 mg/day; treatment-naive (TN) GT 1 and treatment
experienced (TE) GT 2/3 patients received 24 weeks and treatment naive GT 2/3 patients received 12 weeks of treatment. Multiple ART regimens were
permitted, as were patients with compensated cirrhosis. The primary efficacy endpoint was sustained virologic response 12 weeks after treatment
(SVR12); safety assessments included HIV RNA and CD4 cell count.

Results: Baseline characteristics and virologic responses are shown in the table. Among treatment naive GT 2 and 3 patients, SVR12 was achieved in
88% (23/26) and 67% (28/42), respectively. Among the 13 virologic failures, only one had on-treatment virologic breakthrough due to study drug non-
adherence, all other failures were due to relapse. No S282T resistance mutations have been detected from virologic failures to date. Complete SVR24
results for all groups, including treatment-experienced GT 2 and GT 3 patients, will be presented. In all groups, treatment discontinuations due to adverse
events (AEs) have been uncommon (3%) and grade 3/4 AEs were reported in 25 (11%) patients. Two patients had HIV breakthrough: one in the setting of
ART non-adherence, and one regained HIV control without ART change.

Conclusions: Treatment-naive HCV GT 2 and 3 patients coinfected with HIV achieved high rates of SVR12 with an interferon-free, all-oral regimen of
SOF+RBV. These data suggest that SOF+RBV treatment is well-tolerated and safely co-administered with multiple ART regimens and may be equally safe
and efficacious in patients with and without HIV coinfection.

Demographics and SVR12/24

GT1TN GT2TN GT3TN GT2TE GT3TE

N=114 N=26 N=42 N=24 N=17
Male, n (%) 93(82) 21 (81) 34 (81) 23 (96) 14 (82)
Black, n (%) 37(33) 6(23) 2 (5) 6 (25) 1(6)
IL28B CC genotype, n (%) 30(27) 10 (39) 15 (36) 10 (42) 10 (59)
Cirrhosis, n (%) 5(4) 1(4) 6 (14) 4(17) 6 (35)
Log10 HCV RNA (IU/mL), mean (SD) 6.6 (0.8) 6.5(0.6) 6.2 (0.6) 6.5(0.8) 6.4 (.5)
CD4 T-cell count (cells/uL), mean (SD) 636 (251) 627 (278) 559 (224) 649 (330) 671 (346)
On ART, n (%) 112 (98) 22 (85) 39 (93) 23(96) 16 (94)
Tenofovir/Emtricitabine PLUS 42 (37) 7(27) 13 (31) 9(39) 7 (44)
Efavirenz, n (%) 24 (21) 4(15) 3(7) 5(22) 3(19)
Atazanavir/ritonavir, n (%) 15 (13) 6 (23) 11 (26) 0 2(12)
Darunavir/ritonavir, n (%) 21 (18) 2(8) 6 (14) 4(17) 3(19)
Raltegravir, n (%)
SVR12, n/N (%) [To be presented] 23/26 (88) 28/42 (67) [To be presented] | [To be presented]
SVR24, n/N (%) [To be presented] | [To be presented] | [To be presented] | [To be presented] | [To be presented]

27LB Combination Oral, Hepatitis C Antiviral Therapy for 6 or 12 Weeks: Final Results of the SYNERGY Trial

Anita Kohli"2, Zayani Sims', Amy Nelson®, Anu Osinusi®“, Geb Tefari®, Phil Pang®, William Symonds®, John McHutchison®, Henry Masur', Shyam Kottilil®

'Critical Care Medicine Department, National Institutes of Health, Bethesda, MD, United States, *Clinical Research Directorate/Clinical Monitoring Research Program, Leidos
Biomedical Research, Inc. (formerly SAIC—Frederick, Inc.), Frederick National Laboratory for Cancer Research, Frederick, MD, United States, *Laboratory of Immunoregulation,
National Institutes of Health, Bethesda, MD, United States, *University of Maryland, Baltimore, MD, United States, *Unity Health Care, Washington, DC, United States, ®Gilead
Sciences, Foster City, CA, United States

Background: Combining multiple directly acting antiviral agents (DAA) is a plausible approach to reduce the duration of therapy require to cure HCV infection.
In this study treatment regimens targeting multiple stages of HCV replication were evaluated for safety and efficacy in a historically difficult to treat population.

Methodology: Sixty HCV mono-infected, treatment naive, GT-1, patients were consecutively enrolled into 3 arms of a phase 2 prospective cohort study
and received: Arm A - sofosbuvir with ledipasvir (400mg/90mg respectively once daily in a fixed dose combination (FDC)) for 12 weeks, Arm B - FDC +
(GS-9669 (500mg/day), a non nucleoside NS5B inhibitor for 6 weeks, or Arm C - FDC + GS-9451 (80mg/day), an HCV protease inhibitor for 6 weeks.
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Serial measurements of safety parameters, virologic (HGV RNA by Roche Tagman PCR and Abbott assay; deep sequencing of baseline mutations) and host

correlates (intrahepatic and peripheral by flow cytometry) were performed.
M Arm A (N=20)
Results: Patients enrolled were predominantly African American B Arm B (N=20)

(88%), male (72%), infected with GT-1a (70%), had a high M Arm C (N=20)
HCV VL (>800k) (70%) with an IL28B non-CC haplotype [] Missed Visit
(82%). Baseline demographics were similar between patients . " 95 90" 95"

across arms and 35%, 25% and 25% of subjects on Arm A, B
and C, respectively, had stage =3 liver fibrosis. No patients
with cirrhosis were included in Arm B or C. The end of
treatment response (HCV RNA <L.LOQ) was 100%, 75% and
95% of subjects in Arms A, B and C respectively using a more
sensitive HCV assay with lower limit of quantification of 12 1U/
mL (Fig 1). Using an HCV RNA assay with a lower limit of
quantification of <43 IU/mL 100% of patients on all arms were
suppressed at EOT. 100%, 90% and 95% of patients in Arm
A, B and C respectively achieved SVR12. One patient in Arm B

% of Patients with
HCV RNA < LLOQ (ITT)

™
. . . ol
experienced viral relapse. One patient on Arms A and B each &« 2 &

missed their SVR12 visit. The combination was well tolerated * 1 patient on each arm missed SVR visit, SVR24 is pending
with no grade 4 adverse events or drug discontinuations.

Conclusions: In this inner city patient population addition of a third antiviral agent allowed successful eradication of HCV in 6 weeks in a difficult to treat
patient population. This study presents a new paradigm of combination therapy to reduce HCV treatment duration, which may be vital in the treatment and
eradication of HCV globally.

Daclatasvir in Combination With Simeprevir + Ribavirin for Hepatitis C Virus Genotype 1 Infection

Stefan Zeuzem', Christophe Hezode?, Jean-Pierre P. Bronowicki®, Veronique Loustad-Ratti*, Francisco Gea®, Maria Buti®, Maria Beumont-Mauviel”, Navdeep Boparaié,
Gaston Picchio?, Stephanie Noviello?, on behalf of the LEAGUE-1 Study Team

'JW Goethe University Hospital, Frankfurt a.m., Germany, °Hopital Henri Mondor, Paris, France, *Centre Hospital Universitaire de Nancy, Vandoeuvre Les Nancy, France,
“Université Limoges, Limoges, France, *University Hospital La Paz, Madirid, Spain, °Hospital Vall Hebron, Barcelona, Spain, “Janssen Infectious Disease BVBA, Beerse, Belgium,
8Bristol-Myers Squibb, Princeton, NJ, United States, *Janssen Research and Development, Titusville, NJ, United States

Background: All-oral combinations of direct-acting antivirals offer potential for effective and well tolerated HCV therapies. We assessed the efficacy and
safety of daclatasvir (DCV; NS5A inhibitor) combined with simeprevir (SMV; NS3/4A protease inhibitor), with or without ribavirin (RBV), in patients with HCV
genotype (GT) 1 infection.

Methodology: In this open-label study (Al444-062), HCV GT1b treatment-naive patients (N=104) and prior null responders (N=43) were randomly
assigned (1:1) to receive DCV 30mg QD (low dose) + SMV 150mg QD (N=76) or DCV + SMV + weight-based RBV (N=71). Two treatment durations
were evaluated: patients who completed 12 weeks were re-randomized (1:1) to stop at Week 12 or continue treatment through Week 24. In an exploratory
evaluation of GT1a, naive (N=12) and null responder patients (N=9) received DCV + SMV + RBV for 24 weeks. The primary endpoint was HCV RNA below
the assay limit of quantitation at posttreatment Week 12 (SVR,,).

Results: Baseline parameters were well-balanced across treatment groups. Overall, patients were 92% white, 49% male, 21% cirrhotic, and 76% /IL28B
non-CC genotype. SVR,, (mITT) was achieved by 45/53 (84.9%) and 38/51 (74.5%) treatment-naive GT1b patients receiving DCV + SMV or DCV +

SMV + RBV, respectively (Table). SVR,, (mITT) in GT1b null responders was 95% (19/20) with DCV + SMV + RBV and 65% (15/23) with DCV + SMV.
Estimated SVR, , rates in GT1b (adjusted for pre-Week 12 discontinuations) were similar after 12 or 24 weeks of treatment in naive patients but higher
after 12 than 24 weeks in null responders. In patients with GT1a, 8/12 (66.7%) naive patients achigved SVR, ; all null responders were offered pegIFN/
RBV + DCV + SMV rescue therapy due to frequent breakthroughs and were counted as failures. There were 2 treatment-related serious AEs (neurotoxicity,
liver disorder) and 1 on-treatment death (unrelated intracranial hematoma). Three patients experienced treatment-related AEs leading to discontinuation
(neurotoxicity, constipation, insomnia). 17 patients experienced grade 3/4 total bilirubin elevations without concurrent transaminase elevations, mostly in
patients receiving RBV (14/17), consistent with RBV-induced hemolysis and known effects of SMV on bilirubin transporters.

Conclusions: The all-oral combination of DCV + SMV, with or without RBV, was generally well tolerated and achieved SVR,, in 75-85% of treatment-naive
patients and 65-95% of prior null responders with GT1b infection after 12 or 24 weeks of treatment.

GT1b GT 1a
Parameter Naive Null Naive Null*
DCV+SMV | DCV+SMV+RBV | DCV+SMV | DCV+SMV+RBV | DCV+SMV+RBV | DCV+SMV+RBV
N 53 51 23 20 12 9
SVR12, mITT; n/N (%) 45/53 (84.9) 38/51 (74.5) 15/23 (65.2) 19/20 (95.0) 8/12 (66.7) 0/9 (0)
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SVR12, observed; n/N (%) | 45/50(90.0) |  38/46 (82.6) | 15/19(78.9) |  19/20 (95.0) 8/12 (66.7) 0/9 (0)
Estimated SVR12, 12 week
treatment (IPW)*, (%) 80.8 75.0 826 100 : :
Estimated SVR12, 24 week . .
treatment (IPW)*, (%) 88.7 735 49.6 88.9

*IPW, Inverse Probability Weighting to adjust for patients who discontinued prior to Week 12 and were not re-randomized.
TAIl GT1a null responders were offered the addition of peglFN alfa-2a as rescue therapy and are considered failures.
mITT, modified intention-to-treat analysis; includes all patients who received at least one dose of study medication.
As-observed analysis excludes only patients with missing data at posttreatment Week 12

29LB PEARL Ill: SVR =99% After 12 Wks of ABT-450/r/267 + ABT-333 + RBV in Treatment Naive HCV GT1b Infection

30

Peter Ferenci', Anders Nyberg?, David Bernstein®, Yaacov Baruch?*, Vladimir Chulanov®, Wangang Xie®, Daniel Cohen®, Thomas Podsadecki®, K Rajender Reddy’, on behalf of
the PEARL-III Study Group

"Universitaetsklinik fuer Innere Medizin Ill, Vienna, Austria, *Kaiser Permanente, San Diego, CA, United States, North Shore University Hospital, Manhasset, N, United States,
“Rambam Health Care Campus, Haifa, Israel, °Federal Budget Institute of Science, Moscow, Russian Federation, °AbbVie Inc., North Chicago, IL, United States, “University of
Pennsylvania, Philadelphia, PA, United States

Background: ABT-450 is an HCV protease inhibitor (dosed with ritonavir 100mg, ABT-450/r) identified by AbbVie and Enanta. ABT-267 is an NS5A
inhibitor, and ABT-333 is a nonnucleoside polymerase inhibitor. Genotype 1b (GT1b) infection is more common globally than GT1a; thus there is a large
unmet need for safe, efficacious and simple therapy. In a prior study, 100% of 50 treatment-naive subjects with GT1b infection who received this regimen
for 12 weeks with or without ribavirin (RBV) achieved SVR. We report findings from a multinational phase 3 trial of co-formulated ABT-450/r/ABT-267 and
ABT-333 (3D regimen), with and without RBY, in non-cirrhotic treatment-naive adults with GT1b HCV infection.

Methodology: PEARL-IIl was a double-blind controlled trial. Subjects were randomized (1:1) to 12 weeks of treatment with ABT-450/r/ABT-267
(150mg/100mg/25mg QD) and ABT-333 (250mg BID), with weight-based RBV (1000mg or 1200mg daily divided BID, Arm A) or placebo for RBV (Arm B).

Results: 419 subjects received the 3D regimen, baseline characteristics as shown (Table). SVR12 rates (intent-to-treat) were 99.5% (Arm A) and

99.0% (Arm B.) There was no on-treatment i L i
Baseline Characteristics and Efficacy

virologic failure or post-treatment relapse among

Arm A Arm B
subjects receiving the 3D regimen without RBV. 3 DT;BV) (;rg)
19 subjects in Arm A and 0 in Arm B (P<0.001) N=210 N=209
had hemoglobin decrease to <10g/dL. The Male, n (%) 106 (50.5) 86 (41.1)
most common adverse events in Arms A and B White race, n (%) 198 (94.3) 196 (94.2)
were headache (24.3% vs. 23.4%, P=NS) and Age, mean (SD) 48.4 (11.9) 492 (12.0)
fatigue (21.4% vs. 23.0%, P=NS.) No subjects IL28B CC, n (%) 44 (21.0) 44 (21.1)
discontinued due to adverse events. Baseline HCV RNA, logio IU/mL, mean (SD) 6.29 (0.77) 6.33 (0.67)
Conclusions: In this large phase 3 trial, the 3D SMAETS) : — 2EI TN 2074 00)
) . o . On-treatment virologic failure 1(0.5) 0
regimen was highly efficacious and safe with
ithout RBV for the treatment of HCV GT1b- Helapes by oSt TeAment sk T g g
orwi Missing SVR1, data 0 2(10)

infected non-cirrhotic treatment-naive adults. RBV
is not needed in this population.

Early Antiretroviral Therapy Appears To Normalize Intrathecal Markers of Inmune Activation

Julia Peterson', Evelyn Lee', Dietmar Fuchs?, Richard W. Price’, Serena Spudich®

"Neurology, University of California San Francisco, San Francisco, CA, United States, ?Innsbruck Medical University, Innsbruck, Austria, *Neurology, Yale University, New Haven,
CT, United States

Background: Central nervous system (CNS) viral invasion and accompanying neuroinflammation occur early after systemic HIV infection, and are

a substrate for neurological injury in untreated disease. Markers of inflammation in the CNS have been shown to remain elevated in the presence of
antiretroviral therapy (ART) initiated during chronic infection, yet the extent to which elevations may persist in the setting of treatment initiation early during
infection is unknown. We investigated soluble and cellular markers of immune activation in the blood and cerebrospinal fluid (CSF) during primary HIV
infection (PHI) and evaluated to what extent these markers may normalize after early ART initiation.

Methodology: 24 subjects with primary HIV infection (PHI, defined as <1 year HIV infection) had blood and CSF sampling at baseline and at a 6-12 month
interval after starting ART. Subjects initiated ART at variable times after infection, for reasons independent of this protocol. To assess immune activation,
we measured the following both at baseline and after ART initiation: CSF white blood cells (WBC), protein, CSF: plasma albumin ratio, CSF and blood
neopterin. To investigate abnormality after early treatment initiation, PHI subjects were compared to a group of 20 age-matched HIV-uninfected subjects
(HIV-) by Mann Whitney’s test. Additionally, baseline predictors of post-ART marker elevations were explored by Spearman’s correlation.

Results: At baseline, PHI subjects were 139 days post-infection (dpi) and 38 years old (all values medians). Most immune and inflammatory measures
were abnormal in PHI compared to HIV- (p<0.01), including: CD4 count 507 cells/uL, CSF WBC 6 cells/uL, CSF neopterin 8.8 nmol/L, and plasma
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neopterin 13.89 nmol/L. Baseline CSF protein and CSF: plasma albumin ratio were not different from HIV-. Subjects started ART 532 dpi and had repeat
sampling at 242.5 days after ART initiation. After ART, median values included: CSF WBC 2 cells/uL, CSF protein 36 cells/uL, CSF: plasma albumin ratio
4.57, CSF neopterin 4.95 nmol/L, and plasma neopterin 7 nmol/L. A significant elevation in PHI after sustained ART compared to HIV- was detected only in
blood neopterin (p=0.03). Post-ART blood neopterin was predicted only by the number of days on ART (p=0.034, r=0.45), while post-ART CSF neopterin
was predicted by baseline CSF and blood neopterin values (p=0.005, r=0.59 and p=0.029, r=0.47, respectively), as well as baseline albumin ratio
(p=0.02, r=0.49).

Conclusions: In PHI subjects evaluated a median 8 months after ART was initiated 1.5 years after infection, levels of CSF markers of inflammation
normalized. These findings are in contrast to prior reports of persistent CNS immune activation in chronic infection, and may suggest a benefit of early
initiation of ART.

Immediate Antiretroviral Therapy Mitigates the Development of Neuronal Injury in Acute HIV

Michael J. Peluso', Victor Valcour?, Jintanat Ananworanich® #, Pasiri Sithinamsuwan®, Thep Chalermchai*, Nitiya Chomchey*, Bonnie Slike®, Magnus Gisslen’, Henrik
Zetterberg’, Serena Spudich®, on behalf of the RV254/SEARCH 010 and 011 Study Teams

"Department of Medicine, Brigham and Women'’s Hospital, Boston, MA, United States, ?Memory and Aging Center, University of California San Francisco, San Francisco, CA,
United States, 3Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, *SEARCH, The Thai Red Cross AIDS Research Center, Bangkok, Thailand, *Phramongkutklao
Hospital, Bangkok, Thailand, °US Military HIV Research Program, Walter Reed Army Institute of Research, Silver Spring, MD, United States, “University of Gothenburg,
Gothenburg, Sweden, éYale University School of Medicine, New Haven, CT, United States

Background: Neurofilament light chain (NFL) in cerebrospinal fluid (CSF) is a sensitive marker of axonal injury that is elevated in neurodegenerative
disorders, HIV-associated dementia, and some neuroasymptomatic subjects during the early and late stages of HIV infection. We sought to determine
whether axonal injury can be detected acutely after HIV transmission, and if initiation of combination antiretroviral therapy (CART) during acute HIV is
associated with lower levels of CSF NFL compared to ART initiated during chronic HIV.

Methodology: Acute (n=32) and chronic (n=33) HIV infected Thai subjects naive to CART underwent blood and CSF sampling, followed by immediate
CART initiation. CSF was then sampled at 24 (n=26) and 96 weeks (n= 15) in the acute and at 48 weeks (n=10) in the chronic subjects. HIV RNA

levels and soluble immune biomarkers were measured in CSF and blood at each visit. CSF NFL was analyzed using a highly sensitive, two-site enzymatic
quantitative immunoassay with a lower limit of detection of 50 ng/L. Cross-sectional analyses employed the Mann-Whitney test and Spearman correlations;
paired analyses were used to compare subjects across time points.

Results: At baseline (median 18 days post infection in acute subjects), median CD4 T cell count was 401 and 228 cells/uL in the acute and chronic
groups, respectively (p<0.0001). Baseline CSF NFL was lower in acute than in chronic subjects (median, 234 versus 327 ng/L; p=0.003), and only 1/32
(3.1%) acute subjects had NFL above the upper limit of normal for age, compared to 10/33 (30.3%) chronic subjects. Baseline CSF NFL did not correlate
with blood or CSF HIV RNA or soluble immune biomarkers in acute subjects, and modestly correlated only with the macrophage activation marker CSF
neopterin in chronic subjects (r=0.35, p=0.049). In acute subjects, there was no change in NFL from baseline values to 24 and 96 weeks after CART.
After at least 6 months of sustained cART (24 weeks duration of CART in acute cases and 48 weeks duration of CART in chronic cases), the acute group
had a lower median CSF NFL than chronic subjects (216 vs 490 ng/L; p=0.015), and only 1/26 (3.9%) of acute subjects had CSF NFL above the upper
limit of normal for age, compared to 5/10 (50%) in the chronic group.

Conclusions: Neuronal injury as measured by CSF NFL was not detected during very acute HIV infection. Immediate initiation of CART may mitigate
development of neuronal injury, which may be more difficult to reverse during later stages of infection.

Replication of HIV-1 in the Central Nervous System of Adults Early After Infection
Christa Buckheit Sturdevant', Gretja Schnell’, Richard W. Price?, Serena Spudich®, Ronald Swanstrom'
"UNC Chapel Hill, Chapel Hill, NC, United States, 2University of California San Francisco, San Francisco, CA, United States, Yale University, New Haven, CT, United States

Background: Viral replication within the central nervous system (CNS) facilitates neurological complications and reflects a potentially important tissue
reservoir. The timing of emergence and character of this local CNS replication is unknown. We examined phylogenetic relationships and viral characteristics
of paired cerebrospinal fluid (CSF) and blood samples obtained over the first two years of HIV infection.

Methodology: Subjects with primary HIV infection (PHI, <1 year after initial infection) were enrolled in San Francisco, USA, in a longitudinal neurological
study including serial paired CSF and blood sampling. Using single genome amplification (SGA) and phylogenetic analysis of the full-length env gene, we
compared viral populations from blood and CSF in samples obtained up to two years post-infection from 72 ART-naive PHI subjects infected with HIV-1
subtype B.

Results: At baseline, subjects were a median 106 (IQR 73, 158) days post infection, had 567 (411, 732) CD4 T cells/ul, 4.66 (4.09, 5.08) plasma HIV
RNA log10 copies/ml, and 2.62 (1.74, 3.32) CSF HIV RNA log10 copies/ml. Independent replication in the CNS (compartmentalization) was detected in
12% of all sample pairs, predominantly after four months of infection. Approximately 20% of the time there was either compartmentalization or marked
pleocytosis, which we propose are dynamic and interrelated. Longitudinal assessment of individual subjects demonstrated that compartmentalized
replication was present either as a transient state, or was maintained within the CSF and diversified independently over a period of time during early
infection. Two subjects had one of two transmitted lineages (or their recombinant) largely sequestered within the CNS shortly after transmission, indicating
a second mechanism for establishing independent replication in the CNS early. All viruses examined required high levels of CD4 for entry, indicative of
replication in CD4+ T cells.
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Conclusions: Examination of the relationships between CSF viral populations, blood and CSF viral loads, and inflammatory responses identified four
distinct states of viral population dynamics, and revealed putative mechanisms of local viral replication and the early influx of virus into the CNS. We
observed genetically complex, compartmentalized viral replication within the CSF/CNS suggestive of sustained replication in CD4+ T cells during the first
two years of HIV infection.

Persistent CSF, But Not Plasma HIV RNA Is Associated With Increased Risk of New-0nset Depression

Edward R. Hammond', Rosa M. Crum', Glenn J. Treisman', Shruti H. Mehta', Ronald J. Ellis?, Igor Grant?, Scott L. Letendre?, Christina M. Marra®, Susan Morgello*, Justin
C. McArthur!

"The Johns Hopkins University, Baltimore, MD, United States, 2University of California San Diego, San Diego, CA, United States, *University of Washington, Seattle, WA, United
States, “Icahn School of Medicine at Mount Sinai, New York, NY, United States

Background: Major depressive disorder is the most common neuropsychiatric complication in persons with HIV and is associated with worse clinical
outcomes. It is unknown whether detectable cerebrospinal fluid (CSF) human immunodeficiency virus (HIV) ribonucleic acid (RNA) at thresholds =50
copies/ml, is associated with increased risk of new-onset depression. We hypothesized a priori that detectable CSF HIV RNA is associated with increased
risk of depressive symptoms and increasing depression scores.

Methodology: The CNS HIV Anti-Retroviral Therapy Effects Research (CHARTER) cohort is a six-center US-based prospective cohort with bi-annual
follow-up 674 participants. We fit linear mixed models (N=223) and discrete-time survival models (N=154), a total of 832 observations, among
participants on combination antiretroviral therapy (cART) enrolled from 2004 to 2007, and followed through 2009 over 2,496 person-months. Participants
were included in these analyses if they were free of depression at study entry and received a minimum of three CSF exams during follow-up. The main
outcome measures were incidence of new-onset moderate-to-severe depressive symptoms (BDI =17), and trajectories of BDI scores.

Results: The mean age was 44.8 years, majority were male (81.6%), 44.8% Black, 39.5% White, and mean duration of current cART use was 18.1
months. At study entry, 32 (14.4%) participants had detectable CSF HIV RNA (=50 copies/ml). Detectable CSF HIV RNA at any visit was associated with a
4.7-fold increase in new-onset depression at subsequent visits adjusted for plasma HIV RNA and treatment adherence; hazard ratio (HR)=4.76, (95% Cl:
1.58_14.3); P=0.006. BDI scores were 2.53 points higher (95% Cl: 0.47_4.60; P=0.02) over 6 months if CSF HIV RNA was detectable at a prior study
visit in fully adjusted models including age, sex, race, education, plasma HIV RNA, duration and adherence of cART, and lifetime major depressive disorder
by Diagnostic Statistical Manual of Mental Disorders, Fourth Edition criteria. Throughout follow-up in adjusted linear mixed models, BDI scores for persons
with detectable CSF HIV RNA increased, whereas BDI scores decreased when CSF HIV RNA was undetectable. Unlike the findings for CSF HIV RNA,
plasma HIV RNA was not associated with an increase in BDI scores over time.

Conclusions: Persistent CSF but not plasma HIV RNA is associated with an increased risk for new-onset depression. Persons with persistent or worsening
depression may benefit from CSF testing for HIV RNA, which may help guide HIV and depression treatment. Further research evaluating the role of immune
activation and inflammatory markers will improve our understanding of this association. We speculate that depression may be a surrogate of ongoing CNS
inflammation and injury.

CSF Metabolomics Reveals Altered Waste Clearance and Accelerated Aging in HIV Patients With HAND
Edana Cassol', Vikas Misra', Anupriya Dutta’, Susan Morgello?, Dana Gabuzda'
"Cancer Immunology and AIDS, Dana-Farber Cancer Institute, Boston, MA, United States, °The Mount Sinai Medical Center, New York, NY, United States

Background: HIV-associated neurocognitive disorders (HAND) remain prevalent in HIV-infected populations on antiretroviral therapy (ART). Factors
associated with increased risk of HAND in HIV patients on suppressive ART include older age, low nadir CD4, and active HCV co-infection, but underlying
pathophysiological mechanisms remain unclear.

Methodology: Untargeted metabolite profiling of cerebrospinal fluid (CSF) from 90 subjects (36 HIV+ subjects on ART from CHARTER and NNTC [median
CD4 count 141 cell/ul, median plasma VL 268 copies/ml, median CSF VL 50 copies/ml; n=17 and 19 with and without HAND [median global T-scores 36
and 48, respectively)] and 54 healthy controls [ages 30-78]) was performed using liquid or gas chromatography followed by mass spectrometry. Cytokine
profiling was performed by Bioplex array. Pathway mapping and PLS-DA, were performed using Metaboanalyst and Cytoscape. Integrative analysis of CSF
metabolites, cytokines, and global and domain-specific T-scores was performed in R.

Results: Of 107 named metabolites detected in CSF, 20 were altered in HIV+ subjects on ART compared to age/gender-matched healthy controls
(FC>1.2, p<0.05, FDR<5%) including metabolic waste products (ketone bodies, phenylacetylglutamine, p-cresol sulfate), neurotransmitters (glutamate,
NAA), and markers of mitochondrial dysfunction (3-dehydrocarnitine, succinate, malate) and oxidative stress (5-oxoproline and purine metabolites). 53%
of metabolites altered in HIV subjects (< age 50) overlapped with those altered in aging healthy controls (= age 50 vs. < age 50), including glutamate,
succinate, ketone bodies, and phenylacetylglutamine, suggesting a pattern indicative of accelerated aging. Fold change and PLS-DA analysis identified
glutamate, glycine, succinate, ketone bodies (3-hydroxybutyrate, acetoacetate, and 1,2 propanediol), and myo-inositol as top-ranked classifiers of HAND.
Integrative analysis of cytokine, metabolomic, and clinical data revealed positive correlations (p<0.05, FDR<10%) between persistent elevation of CSF
IFN-y and IL-8, plasma IFN-y and IL-6, and a metabolite cluster consisting of neurotransmitters (glutamate and glycine), ketone bodies (3-hydroxybutyrate
and 1,2 propanediol), and markers of glial responses (myo-inositol), and suggested associations between systemic and intrathecal inflammation, metabolic
alterations in CSF that overlap those detected in older controls, and classifiers of HAND.

Conclusions: Alterations in the CSF metabolome of HIV patients on ART suggest that persistent inflammation, glial responses, glutamate/glycine
neurotoxicity, and age-dependent effects on brain waste-disposal systems contribute to mechanisms involved in development of HAND that may be
augmented with aging.
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Cerebral Small Vessel Disease and HAND in ARV-Treated Subjects

Virawudh Soontornniyomkij, Anya Umlauf, Benchawanna Soontornniyomkij, Ben Gouaux, Will Toperoff, David J. Moore, Eliezer Masliah, Igor Grant, Cristian L. Achim
UC San Diego, San Diego, CA, United States

Background: Despite the widespread use of highly active antiretroviral therapy, HIV-associated neurocognitive disorders (HAND) remain prevalent and
may be associated with cumulative exposure to antiretroviral (ARV) medications and other factors. We proposed that chronic toxic effects of ARV drugs on
the blood vessel walls could contribute to cerebral small vessel disease (CSVD), which even at its early stages could lead to disturbance of cerebrovascular
autoregulation and deficiency in functional hyperemia.

Methodology: We assembled 144 consecutive autopsy HIV-infected cases that had detailed data on ARV medications ever used during the entire period
of follow-up observation and died during 1999-2011. In studying associations between the use of ARV drugs and the occurrence of blood vessel pathology
in the brain, we included three major drug classes: nucleoside reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors
(NNRTIs), and protease inhibitors (PIs). We employed multinomial logistic regression to determine associations between the use of ARV drugs and the
occurrence of CSVD. Forebrain CSVD was defined as concentric intramural hyalinization of small arteries or arterioles in the forebrain leptomeninges and
parenchyma. CSVD was graded as absent, mild, or severe.

Results: Mild CSVD was present in 24.8% and severe CSVD in 47.4% of 137 cases. On multinomial logistic regression analysis, the use of NRTIs or Pls
was associated with the higher odds of mild CSVD (relative to absent) [OR 19.23 and 2.84, P=0.003 and =0.06, respectively]. No association was found
between mild CSVD and any of the potential covariates. In contrast, the occurrence of severe CSVD (relative to absent) was associated with older age or
diabetes (OR 2.56 and 6.55, P=0.035 and =0.01, respectively), but not with any of the ARV-related predictors. Notably, HAND was associated with mild
CSVD (0R 4.82). No other significant associations between pathologic changes and HAND were found.

Conclusions: The clinical importance of mild CSVD in our study was substantiated by the finding that mild CSVD was predictive of HAND. Our findings
suggest that the use of NRTIs or Pls may increase the risk of mild CSVD and consequently neurocognitive impairment. Interestingly, we found no significant
association between the use of any ARV drug classes during life and the presence of HIV encephalitis at autopsy. Although our study analyzed the adverse
effects of individual major ARV drug classes, different ARV drugs even in the same class might carry differential degrees of toxicity on cerebral vessels. We
are pursuing now studies of the molecular mechanisms of ARV toxicity to the cell components of cerebral vessels and identification of potential biomarkers
for CSVD in HIV-infected patients.

Temporal Trends in Prognostic Markers of HIV-1 Virulence and Transmissibility

Nikos Pantazis', Kholoud Porter?, Dominique Costagliola®, Andrea De Luca*, Jade Ghosn®, Marguerite Guiguet®, Anthony D. Kelleher®, Charles Morrison’, Rodolphe
Thigbaut?, Giota Touloumi', on behalf of the CASCADE Collaboration in EuroCoord

"Hygiene, Epidemiology & Medical Statistics, Athens University Medical School, Athens, Greece, 2MRC Clinical Trials Unit at University College London, London, United Kingdom,
SINSERM U943, Université Pierre et Marie Curie - Paris 6, UMR S 943, Paris, France, *Institute of Clinical Infectious Diseases, Universita Cattolica del Sacro Cuore, Roma, Italy,
SInternal Medicine and Infectious Diseases, Bicetre University Hospital, Kremlin Bicetre, Paris, France, °Kirby Institute, University of New South Wales, Sidney, Australia, “FHI
360, Durham, NC, United States, ®INSERM U897 Centre of Epidemiology and Biostatistics, ISPED Bordeaux School of Public Health, University Bordeaux Segalen, Bordeaux,
France

Background: Measures of CD4 T-cell count (CD4) and HIV-1 plasma viral load (pVL) are proxies for HIV-1 virulence. Whether these proxies are changing

over time has serious implications for prevention and treatment. The aim of this study is to investigate these trends.

Methodology: Data were derived from the CASCADE collaboration (updated in 2011) excluding African cohorts, recent seroconverters (=2009) and
children <15 years old at seroconversion (SC). Follow-up was censored at the time of antiretroviral initiation or clinical AIDS onset. CD4 at SC, CD4 rate
of decline and pVL measurements were analyzed using linear or fractional polynomials mixed models adjusting for all available potential confounders.
Calendar time effects were modelled through natural cubic splines.

Results: 15,875 individuals seroconverting from 1979-2008 fulfilled the inclusion criteria. Estimated (95% Cl) CD4 at SC for a typical individual declined
from ~770 (750-800) in the early ‘80s to a plateau of ~570 (560-580) cells/pL after 2000. Rates of CD4 loss were relatively stable up to 1996 becoming
faster between 1996 and 2004. Estimated (95% CI) pVL set-point increased from 4.05 (3.98-4.12) in 1980 to 4.50 (4.45-4.54) log10 copies/mL in 2002
with a tendency of returning to lower levels thereafter. Estimated (95% CI) CD4 at SC and pVL set-point for white men, infected through sex between men
(MSM), aged 30-39 years at seroconversion are shown in Figure (a and b, respectively). Results were similar when restricting the analyses to various
subsets (e.g. those with a ‘midpoint’” method of seroconversion determination and a test interval <180 days; white MSM etc.), adjusting for pVL assay,
censoring follow-up at 3 years or using variations of the main statistical approach.

Conclusions: Our results provide strong indications of an increased HIV-1 virulence and transmissibility during the course of the epidemic and a potential
plateau effect after ~2000. Continued monitoring and basic science studies are needed to detect further virulence changes and to assess the consistency
of our findings.
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Transmission Clusters, Recent Infection and STIs Among New HIV Cases: Implications for Prevention

Hong-Ha M. Truong"2, Sharon Pipkin®, Kara 0'Keefe?®, Brian Louie®, Teri Liegler', Willi McFarland' %, Robert M. Grant"?, Mark Pandori®, Kyle Bernstein®, Susan Scheer®
"University of California San Francisco, San Francisco, CA, United States, *Gladstone Institute of Virology and Immunology, San Francisco, CA, United States, *Department of
Public Health, San Francisco, CA, United States

Background: Only HIV transmission that is occurring in the present can be interrupted. Recent infection, a new diagnosis of a sexually transmitted infection
(STI) and phylogenetically-linked transmission clusters are factors that may help direct prevention efforts towards current chains of HIV transmission. We
therefore examined correlates associated with recent and longer-standing infection among persons newly-diagnosed with HIV in San Francisco.

Methodology: San Francisco residents newly-diagnosed with HIV from 2005 through 2011, linked to care at publicly-funded facilities and had viral
genotypes were included in the analysis. This study received IRB approval. Transmission clusters were identified based on bootstrap values of = 90% and
mean pairwise genetic distances of <= 0.03%. Recent HIV infection was defined as having a documented negative antibody test within 6 months of HIV
diagnosis and/or being acutely infected (RNA+/Ab-). A recent STI diagnosis was defined as being diagnosed with a new STl within the 6 months preceding
HIV diagnosis. Associations were assessed by multivariate logistic regression.

Results: Overall, there were 1,311 persons newly-diagnosed with HIV, of whom 45% were part of a transmission cluster, 16% were recently infected and
12% had a recent STI diagnosis. Demographically, 57% were non-white, 32% were under 30 years old and 76% were MSM. Among persons recently
infected with HIV, 57% were linked to a transmission cluster, 25% had a recent STI diagnosis, 56% were non-white, 44% were under 30 years old and
86% were MSM. Individuals with recent HIV infection were more likely to belong to a transmission cluster (OR=1.8; p<0.001), have a recent STI diagnosis
(OR=2.5; p<0.001) and be under 30 years old (OR>2.7; p<0.01) than persons with longer-standing infections.

Conclusions: These findings help to pinpoint where HIV transmission continues to propagate in San Francisco, including highlighting that many newly-
diagnosed infections are participating in phylogenetically-linked transmission chains. Recent HIV infection was associated with being diagnosed with a STI
during the time interval that overlapped with when HIV transmission most likely occurred, thereby pointing to intervention opportunities to interrupt HIV
transmission. The high rate of clustering observed indicates that recent infections may be associated with increased risk of onward transmission of HIV but
also suggests these individuals may be reached to prevent the further spread of infections.

Race and Age Disparities in HIV Incidence and Prevalence Among MSM in Atlanta, GA

Eli S. Rosenberg’, Patrick S. Sullivan', Colleen F. Kelley?, Travis H. Sanchez', Nicole Luisi', Carlos del Rio®, Laura F. Salazar‘, Paula F. Frew®, John L. Peterson®
"Epidemiology, Emory University Rollins School of Public Health, Atlanta, GA, United States, ?Infectious Diseases, Emory University School of Medicine, Atlanta, GA, United
States, Hubert Department of Global Health, Emory University Rollins School of Public Health, Atlanta, GA, United States, *Institute of Public Health, Georgia State University,
Atlanta, GA, United States, *Medicine, Emory University School of Medicine, Atlanta, GA, United States, °Psychology, Georgia State University, Atlanta, GA, United States
Background: HIV prevalence and incidence race disparities exist among US men who have sex with men (MSM); individual-level risk factors do not explain
these differences.

Methodology: InvolveMEN is a longitudinal cohort of black (BMSM) and white (WMSM) HIV-negative MSM aged 18-39, recruited via venue time-space
sampling. Eligible men reported any sex with a man in the previous 3 months. Every 3-6 months, participants were tested for HIV/STI and completed CASI
surveys of individual- and sexual dyad-level risk behaviors. Race- and age-specific HIV and STI prevalence, prevalence-ratios (PR), incidence rates and
incidence-density ratios (IDR) were estimated with exact 95% confidence intervals (Cl). Age-scaled Cox proportional hazards estimated time-independent
and -dependent mediators of disparate HIV incidence.

Results: 803 MSM (454B, 349W) were enrolled: 197 BMSM and 46 WMSM were HIV-positive at baseline. Except for 18-19 year olds, BMSM had
higher HIV prevalence than WMSM (BMSM: 34% at 25 years, 45% by 30 years, 60% =30 years). In 755 person-years (PY) of followup, 23 incident HIV
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infections were diagnosed (19 BMSM, 4 WMSM). Among participants < 25 years, HIV incidence for BMSM was 9.6% and 0% for WMSM (RR undefined
but > 2.1 (95% CI: [2.1, +<0]). Among participants = 25 years, HIV incidence was nonsignificantly higher for BMSM (3.4%) than WMSM (1.2%; IDR = 2.8
(CI: 10.7,13.1]). Compared to BMSM = 25 years, those < 25 had significantly higher incidence (RR = 2.9, Cl: [1.1, 7.7]). Similar significant disparities were
found for urethral gonorrhea, rectal chlamydia, rectal gonorrhea, and syphilis incidence. Results from a change-in-hazard approach found that the racial
disparity in HIV incidence was explained by poverty and partner race, but not employment, insertive vs. receptive sex roles, drug use, and time-dependent
homelessness, arrest, anal intercourse, and known serodiscordant partners (unadjusted HR: 5.4, CI: [1.8, 16.6]; adjusted HR: 1.4, Cl: [0.4, 5.5]).

Conclusions: Relative to WMSM, BMSM in Atlanta experience substantially higher HIV and STl incidence. Nearly 1 in 10 black MSM under age 25 is
infected with HIV annually. Observed incidence levels are consistent with large observed prevalence disparities and highlight the 18-24 year period as
critical for prevention, and that educational and other prevention services need to start before 18. It is critical to identify mechanisms, such as choice of
sexual partners and access to clinical and prevention services, through which poverty shapes other risks. In a setting where partner pool risk is a driver of
disparities, it is also important to maximize care and treatment for HIV-positive MSM to reduce transmission potential.

Correlating GSK1265744 Plasma Levels To Prevention of Rectal SHIV Transmission in Macaques

Chasity D. Andrews', William Spreen?, Yun Lan Yueh?, Agegnehu Gettie', Kasi Russell-Lodrigue®, Hiroshi Mohri", Cecilia Cheng-Mayer", Zhi Hong?, Martin Markowitz', David
D. Ho'

"Aaron Diamond AIDS Research Center, The Rockefeller University, New York, NY, United States, *GlaxoSmithKline, Research Triangle Park, NC, United States, °Tulane National
Primate Research Center, Covington, LA, United States

Background: GSK1265744 (GSK744) is an InSTI with properties permitting formulation as a long-acting (LA) injectable nanoparticle suspension (200 mg/
mL). We reported at CROI 2013 that GSK744LA is effective as PrEP against repeated low-dose intrarectal (IR) SHIV exposures in 8 male rhesus macaques
(RM). This follow-up study was performed to confirm our initial findings and determine the plasma levels of GSK744 at which protection is maintained and
lost during repeated low-dose IR SHIV challenges in male RM to guide further clinical development.

Methodology: Twelve male RM were injected IM with 50 mg/kg GSK744LA one week prior to the first challenge. Four RM remained untreated as placebo
controls, with 1 placebo RM beginning challenge every four weeks. All animals were challenged IR each week with SHIV162P3 (50 TCID, ) until infection
was established. Infection status was monitored by real-time PCR amplification of viral gag sequences from plasma obtained weekly. We assumed a
two-week eclipse phase between infection and virus detection. Plasma GSK744 levels were measured by HPLC-MS/MS.

Results: Of the 12 GSK744LA-treated RM, none had detectable
systemic viremia following the first 4 weekly challenges confirming 0<0.0001

that monthly administration of GSK744LA protects an additional T - 1
12 male RM against repeated IR low-dose SHIV challenges. p=0.0012 ,
GSK744LA-treated RM became infected after 6 to 17 challenges p=0.0467 12/26
compared with 1to 7 challenges for the 12 placebo controls (4 -

current and 8 historical). One dose of GSK744LA delayed infection
by 5 to 10 (median 8) challenges compared with untreated RM.
GSK744 plasma levels are reported at the time of infection. The
percent of challenges resulting in infection were calculated relative
to the plasma GSK744 protein-adjusted IC,, (PAIC, ) value. None
of 59 challenges resulted in infection when plasma levels were
>3X PAIC,,, compared with 1 of 22 challenges when plasma
levels were between 1X to 3X PAIC,, and 11 of 43 challenges
when plasma levels were <1X PAIC, | (seg figure). 12 of 26
challenges resulted in infection in placebo RM.

Conclusions: We have shown that GSK744LA can protect 20/20
male RM against repeated IR SHIV challenges. Furthermore, D
GSK744 plasma concentrations >3X PAIC,, result in 100% _\_Q &
protection while the efficacy appears to be 97% at plasma levels 4“’ Q?‘
=1X PAIC,,. These plasma levels of GSK744 can be readily
achieved in man with quarterly 800 mg IM injections. Phase Y Plasma GSK744
2 evaluations of GSK744LA as PrEP will initiate in 2014 in

anticipation of Phase 3 efficacy trials.
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Monthly GSK744 Long-Acting Injections Protect Macaques Against Repeated Vaginal SHIV Exposures
Jessica Radzio', William Spreen?, Yun Lan Yueh?, James Mitchell', Leecresia Jenkins', J. Gerardo Garcia-Lerma', Walid Heneine'
"Division of HIV/AIDS Prevention, CDC, Atlanta, GA, United States, *GlaxoSmithKline, Research Triangle Park, NC, United States

Background: Pre-exposure prophylaxis (PrEP) with long-acting antiretroviral drugs has the potential to overcome the challenges of adherence associated
with daily PrEP. The HIV integrase inhibitor GSK1265744 has been formulated as a long-acting injectable nanosuspension (GSK744 LA) and is an attractive
candidate for PrEP. We used a pigtail macaque model to investigate systemic and vaginal GSK744 LA pharmacokinetics (PK) and evaluate efficacy against
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vaginal SHIV infection. This model assesses PrEP under physiologic conditions because pigtails have menstrual cycles similar to women, do not require the
use of depo Provera to ensure vaginal infection, and can be infected with lower and more physiologic virus doses.

Methodology: Drug PK was evaluated in plasma and vaginal secretions from 6 macaques receiving two intramuscular (IM) injections of GSK744 LA (50
mg/kg) administered 4 weeks apart. The prophylactic efficacy of GSK744 LA was investigated in macaques repeatedly challenged with SHIV. Macaques
received GSK744 LA (n = 6) or placebo (n = 6) IM every 4 weeks (total of 3 injections), and were concurrently exposed twice a week to low (50 TCID, )

doses of SHIV Infection was monitored by serology and PCR amplification of SHIV RNA and proviral DNA.

162P3"
Results: Peak plasma drug concentrations (C_, = 3,753 ng/ml; range = 2,488-9,903) were within the range reported in humans receiving 400 mg

IM, with levels remaining above the protein adjusted IC,, (166 ng/ml) for a median of 49 days (range = 28->63) after the last dose. Peak GSK744
concentrations in vaginal secretions (911 ng/ml; range = 427-1,877) were lower than in plasma. Area under the curve values over 28 days were also
lower in vaginal secretions (11,511 ng*day/ml; range = 3,956-14,011) relative to plasma (70,333 ng*day/ml; range = 40,265-169,341). All 6 macaques
receiving GSK744 LA remained seronegative and viral RNA and DNA negative during the 22 SHIV challenges and 12 weeks after the last GSK744 LA
injection. In contrast, all 6 controls were SHIV RNA positive after a median of 4 (range = 2-20) exposures (p<0.001).

Conclusions: We show that single, monthly injections of GSK744 LA that reproduce the human dose fully protect macaques against repeated vaginal SHIV
exposures. The high protection seen despite lower vaginal drug concentrations suggest a contribution of mucosal and systemic GSK744 to the observed
protection. These data support advancement of GSK744 LA as a PrEP candidate for women.

Safety and Pharmacokinetics/Pharmacodynamics of Dapivirine and Maraviroc Vaginal Rings

Beatrice A. Chen', Lori Panther?, Craig Hoesley®, Craig Hendrix*, Ariane van der Straten®, Marla Husnik®, Lydia E. Soto-Torres’, Annalene Nel®, Sherri Johnson®,
Charlene S. Dezzutti'™

"University of Pittsburgh, Pittsburgh, PA, United States, ?The Fenway Institute, Boston, MA, United States, *University of Alabama at Birmingham, Birmingham, AL, United States,
“The Johns Hopkins University, Baltimore, MD, United States, °RTI International, San Francisco, CA, United States, 5Statistical Center for HIV/AIDS Research & Prevention, Fred
Hutchinson Cancer Research Center, Seattle, WA, United States, “NIAID/DAIDS, Bethesda, MD, United States, ®International Partnership for Microbicides, Silver Spring, MD,
United States, °FHI 360, Research Triangle Park, NC, United States, "°Magee-Women'’s Research Institute, Pittsburgh, PA, United States

Background: Vaginal rings offer sustained multi-drug delivery for pre-exposure prophylaxis of HIV infection. A dapivirine (DPV) vaginal ring, an NNRTI, is

in Phase Il trials. Maraviroc (MVC), a CCR5 co-receptor antagonist, is approved for oral HIV treatment but has not been studied intravaginally. This trial
evaluated the safety and pharmacokinetic/pharmacodynamics of vaginal rings containing DPV and MVC alone or in combination compared to placebo.

Methodology: We conducted a multi-site, double-blind, randomized, placebo-controlled trial in 48 HIV-negative sexually abstinent women to evaluate
vaginal rings containing 25 mg DPV plus 100 mg MVC, DPV only, MVC only or placebo used for 28 days followed by 24 days off product. Safety was
assessed by adverse events (AE). Adherence was assessed by self-report and residual drug levels in returned rings. DPV and MVC plasma and vaginal fluid
levels were quantified. Cervical biopsies were obtained on day 28 immediately after ring removal to quantify drug and for the HIV ex vivo challenge assay.

Results: Mean age was 29.6 years (range 20-40); 50% were white and 38% were black. Retention was 98% at the final visit. There were 33 grade 1 and
one grade 2 related genitourinary AEs from 22 women with no difference between each of the treatment arms and placebo arm. There were 20 grade 2 or
higher AEs from 13 women, of which two grade 2 AEs were related to study product. Ninety-four percent were fully adherent by self-report; ring use was
confirmed by residual drug levels. Plasma DPV Cmax was not significantly different .

between DPV and DPV/MVC users (272 vs 294 pg/mL, respectively). MVC Day 11 of Ex vivo challenge culture
plasma concentrations were below limits of quantification (LOQ). Day 28 mean
DPV vaginal fluid levels were 14.9 pg/mL and 10.0 ug/mL in DPV and DPV/MVC P =0.0157
users, respectively. Day 28 mean DPV tissue levels were 0.6 ug/mL and 1.6 ug/
mL in DPV and DPV/MVC users. Day 28 mean MVC vaginal fluid levels were 6.7
pg/mL and 1.1 ug/mL in MVC and DPV/MVC users. Only 4 of 24 MVC and DPV/
MVC users had tissue levels above LOQ for MVC.. Fresh cervical tissue from DPV
and DPV/MVC users showed a significant inverse linear relationship between HIV
replication and tissue DPV drug levels.

£ »
1 1

Log4o[p24]pg/mi
N

Conclusions: Vaginal rings were safe and well tolerated. DPV but not MVC
delivered by a vaginal ring for 28 days blocked HIV-1 infection in cervical tissue.
There was a linear correlation between DPV levels in tissue and protective effect. 0

These data suggest that delivery of NNRTIs via vaginal rings is a viable approach -2 -1 0 1
for HIV prevention. Logo[C,s DVP]ug/ml

FAME-02: A Phase | Trial To Assess Safety, PK, and PD of Gel and Film Formulations of Dapivirine

Katherine E. Bunge', Charlene S. Dezzutti?, Ingrid Macio', Craig W. Hendrix, Lisa C. Rohan?, Mark A. Marzinke®, Brid Devlin*, Leslie A. Meyn?, Hans M. L. Spiegel°,
Sharon L. Hillier?

"Department of Obstetrics, Gynecology and Reproductive Sciences, University of Pittsburgh, Pittsburgh, PA, United States, ?°Magee-Womens Research Institute, Pittsburgh,

PA, United States, *Department of Medicine, The Johns Hopkins University, Baltimore, MD, United States, “International Partnership for Microbicides, Silver Spring, MD, United
States, *Division of AIDS, National Institutes of Health, Bethesda, MD, United States

Background: Film formulations of topical microbicides have

theoretical advantages over gels and intravaginal rings. Relying on physiologic fluids to dissolve, the product may provide more efficient drug delivery while
minimizing disruption of innate immune defenses, product application may ensure privacy while avoiding leakage, and the cost associated with scale up of
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vaginal films compares favorably to gels. In this first in human
trial of a film for delivery of ARVs, we sought to compare the
safety, PK, and PD of film and gel formulations of dapivirine
versus placebo.

Suppression of HIV-1 Infection After Ex-Vivo Challenge of Vaginal Tissues
Obtained from Women 2-4 Hours after Application of Film or Gel

100000 -

Methodology: 60 healthy HIV negative women were [ D3y 11 Dapivirine Film vs Placeto Filmp=0.003
randomized to placebo gel, dapivirine (0.05%) gel, placebo 10000 — n=16
film, or dapivirine (1.25mg) film. Participants were instructed to [ wy 11 Duplebinautes PiocetoGetp=<0.001 | it
use product daily for seven days. Adverse event (AE) data were
collected via questionnaire and physical exam at two follow-up
visits. The proportion of participants experiencing Grade 2 and
higher AEs deemed related to study product were compared
across treatment arms using Fisher’s exact test. After seven
daily doses plasma dapivirine levels were measured. Cervical
and vaginal biopsies obtained 2-4 hours after the last dose 10 -
were analyzed for tissue drug levels or were exposed to

HIV-1 in an ex-vivo challenge model. Tissue HIV infection was

monitored by p24 levels in culture supernatant. 1 T T T
0 1 2 3 4 5 6 7 8 9 10 11 12

Results: The mean age of the participants was 26.7 years; Days of Culture

53.3% of evaluable participants were white and 36.7% black.

There were two Grade 2 related AEs; both were in the placebo film group. Five of 29 women assigned to film were noted to have visible film at or outside
of the introitus just prior to biopsies which suggested poor film placement; all were in the active film arm. Women randomized to gel and film products

had comparable plasma dapivirine levels (302.47 vs 22713 pg/ml) after one week. However, tissue levels of dapivirine were 4 times higher in the gel
users when compared to film users, possibly due to residual gel product adherence to the tissue surface. Both active products when placed correctly were
protective against HIV-1 infection in the ex-vivo challenge model (Figure 1).

1000 - ——Fim DPV-Vag
-~ -m-Fim PLA-Vag
n=10 —@-GelDPV-Vag

100 - + GelPLA-Vzg

Log p24 (pg/mL)

Conclusions: This proof of concept study demonstrated that the dapivirine film was safe and released dapivirine to plasma and genital tissue at levels
comparable to the dapivirine gel and intravaginal ring. While safe and effective when placed correctly, the dapivirine film was difficult to insert for some
women, and further development is needed to optimize ease of placement for this dosage form.

Single-Agent TDF Versus Combination FTC/TDF PrEP Among Heterosexual Men and Women
Jared Baeten', Deborah Donnell"?, Patrick Ndase', Nelly Mugo'#, Connie Celum', Partners PrEP Study Team
"University of Washington, Seattle, WA, United States, *Fred Hutchinson Cancer Research Center, Seattle, WA, United States, *Kenya Medical Research Institute, Nairobi, Kenya

Background: Antiretroviral pre-exposure prophylaxis (PrEP), using daily oral tenofovir (TDF) alone or combination emtricitabine/tenofovir (FTC/TDF), has
been demonstrated to be an efficacious HIV-1 prevention intervention in four clinical trials. Whether single-agent TDF PrEP has comparable efficacy to
dual-agent FTC/TDF PrEP is unknown.

Methodology: The Partners PrEP Study was a randomized, double-blind, placebo-controlled three-arm trial of daily oral TDF and FTC/TDF PrEP among
heterosexual HIV-1 uninfected members of HIV-1 serodiscordant couples from Kenya and Uganda. In July 2011, the trial’s placebo arm was discontinued
because of clear demonstration of HIV-1 protection from PrEP; compared to placebo, HIV-1 prevention efficacy was 67% for TDF and 75% for FTC/TDF,
and TDF and FTC/TDF efficacy were not significantly different (p=0.23). After July 2011, to gather additional comparative information about single-
versus dual-agent PrEP, the trial’s active arms were continued in a blinded fashion and the participants initially randomized to placebo were offered re-
randomization to TDF or FTC/TDF PrkP. Data collection was completed in December 2012,

Results: 4747 HIV-1 serodiscordant couples were enrolled and followed; for 62%, the HIV-1 uninfected partner was male. A total of 52 post-randomization
HIV-1 infections occurred among individuals assigned to the active PrEP arms: 30 prior to and 22 after July 2011. Of these 52 infections, 31 were among
those assigned TDF (incidence 0.7 per 100 person-years) and 21 were among those assigned FTC/TDF (incidence 0.5 per 100 person-years); for
comparison, HIV-1 incidence in the placebo arm prior to July 2011 was 2.0 per 100 person-years. HIV-1 prevention efficacy for FTC/TDF compared to TDF
alone was not statistically significantly different: HR 0.67, 95% 0.39-1.17, p=0.16. Detection of tenofovir in plasma samples, measured in seroconverters
and a subset of non-seroconverters, was associated with an 85% relative risk reduction in HIV-1 acquisition for the TDF arm and 93% for the FTC/TDF arm
(both p<0.001). By consensus sequencing, no cases of HIV-1 antiretroviral resistance related to TDF or FTC were identified in HIV-1 seroconverters after
July 2011.

Conclusions: Among heterosexual men and women, once-daily oral TDF and FTC/TDF are safe and provide high and comparable risk reduction against
HIV-1 acquisition.

Divergent Adherence Estimates With Pharmacokinetic and Behavioral Measures in VOICE (MTN003)
Ariane van der Straten"?, Elizabeth R. Brown?, Jeanne M. Marrazzo*, Zvavahera M. Chirenje®, Kailazarid Gomez®, Jeanna M. Piper’, Craig W. Hendrix®

"Women'’s Global Health Imperative, RTI International, San Francisco, CA, United States, ?Department of Medicine, Center for AIDS Prevention Studies (CAPS), University of
California San Francisco, San Francisco, CA, United States, *Statistical Center for HIV/AIDS Research & Prevention (SCHARP), Fred Hutchinson Cancer Research Center,
Seattle, WA, United States, “Department of Medicine, Division of Infectious Diseases, University of Washington, Seattle, WA, United States, *Department of Obstetrics and

23



IAS-USA Topics in Antiviral Medicine

Gynecology, University of Zimbabwe, Harare, Zimbabwe, 5FHI 360, Research Triangle Park, NC, United States, "Division of AIDS, National Institute of Allergy and Infectious
Diseases, Bethesda, MD, United States, éDepartment of Medicine, The Johns Hopkins University, Baltimore, MD, United States

Background: The level of protection conferred by tenofovir (TFV)-based PrEP correlates with product adherence in some studies. In VOICE, daily oral
tenofovir disoproxil fumarate (TDF), oral TDF-emtricitabine (FTC), and 1% vaginal TFV gel were not effective and poor adherence was determined based on
plasma TFV detection in a subset of participants in the active product random pharmacokinetic (PK) cohort.We compare behavioral measures of adherence
to (PK) assessment of TFV in plasma and vaginal swabs.

Methodology: From 9/2009 to 8/2012, 5029 HIV-negative, sexually active, non-pregnant women were enrolled and followed up to 36 months at 15 sites
in South Africa, Uganda and Zimbabwe. Adherence assessments included face-to-face interviews (FTFI; assessed frequency of product use, past 7 days)
and clinic product counts (CPC) conducted monthly; audio-computer assisted self-interview (ACASI; frequency of product use, past 7 days) and 6 point
rating scale (very lowto excellent, past 4 weeks) conducted quarterly. Plasma concentration < 0.3 ng/mL in oral arms and vaginal swab < 8.5 ng/swab

in gel arm correspond with no product use in the past week, and were defined dichotomously as “PK non-adherent”. We randomly selected one single
quarterly visit for each participant from the random PK cohort (visit range: 3-24 months). Logistic regression models were fit to calculate the combined
predictive ability of the behavioral measures as summarized by the area under the ROC curve (AUC).

Results: Of 472 participants in the random subset, 314 were in the active oral arms and 158 in the TFV gel arm. Mean age was 25.4 years, 79% were
unmarried, and 79% had a main male sex partner; 79%, 14% and 7% were from South Africa, Zimbabwe and Uganda, respectively. PK non-adherence
was 69% in the oral arms and 64% in the gel arm. For both oral and gel arms, modal adherence was “Good” per ACASI self-rating, and mean adherence
was =94% (FTFI-dose frequency), 293% (CPC), =289% (ACASI-dose frequency). Reporting <75% use in the past month by CPC, or no doses in the past
week had good specificity (=89%) at identifying PK non-adherence; however, <10% of the sample reported such use with any behavioral measure. None
of the regression models had an AUC >0.65 for any single or combined behavioral measures, indicating slightly better prediction than a coin toss (0.5).

Conclusions: In this random sample of VOICE participants, PK thresholds based on route of administration indicated similarly low adherence for the oral
and vaginal gel arms. None of the behavioral measures correctly predicted PK non-adherence. Accurate real-time, low-cost objective and/or biological
measures that minimize opportunities for manipulation or respondent-bias are urgently needed to facilitate real-time adherence monitoring in PrEP trials.

153LB HIV Transmission Risk Through Condomless Sex If HIV+ Partner On Suppressive ART: PARTNER Study

Alison Rodger", Tina Bruun?, Valentina Cambiano', Pietro Vernazza®, Vicente Estrada“, Jan Van Lunzen®, Simon Collins®, Anna Maria Geretti’, Andrew Phillips', Jens
Lundgren?, for the PARTNER Study Group

"Research Department of Infection & Population Health, University College London, London, United Kingdom, ?Copenhagen HIV Programme, University of Copenhagen,
Copenhagen, Denmark, °Infectious Diseases, Cantonal Hospital, St. Gallen, Switzeriand, *Department of Infectious Diseases, Hospital Clinico San Carlos, Madrid, Spain,
SDepartment of Infectious Diseases, University Medical Center, Hamburg, Germany, °HIV i-Base, London, United Kingdom, “Institute of Infection & Global Health, University of
Liverpool, Liverpool, United Kingdom, éCentre for Viral Diseases and the Copenhagen HIV Programme, University of Copenhagen, Copenhagen, Denmark

Background: The absolute risk of sexual HIV transmission on stable ART (HIV RNA viral load (VL) <200 ¢/mL) from condomless sex is unknown. Current
limited data are largely focusing on vaginal sex

Methodology: The international, observational multi-centre PARTNER study prospectively follows serodifferent couples (heterosexual (HT) and MSM) who
had condomless penetrative anal or vaginal sex in the month prior to study entry, and where the HIV+ve partner is on ART. Every 6 months, each partner
completes a sexual behaviour questionnaire and the negative partner tests for HIV. Eligibility of follow-up time in this transmission rate analysis required:
continued condomless sex; not using PEP or PrEP; and latest VL <200 ¢/mL. For new diagnoses, phylogenetic analysis compared HIV-1 pol and env
sequences by couple, after samples were anonymised. This planned analysis reports the rate of occurrence of linked transmissions.

Results: By 1st November 2013, 1110 couples were enrolled. Of 1151 couple-years of follow-up (CYFU), 894 were eligible (586 in HT and 308 in MSM).
At baseline, the median duration on ART was 4.9 years (IQR: 1.9-11.4) and couples reported having condomless sex for a median 2 years (IQR: 0.5-6.3).
Condomless sex with a different partner outside the partnership during follow-up was reported by 27% MSM and 2% HT HIV-negative partners. During
follow-up, couples had condomless sex a median of 45 times/ year (IQR: 16-90). Although some negative partners became HIV positive during FU, no
phylogenetically linked transmissions occurred, giving a rate of within-couple HIV transmission during eligible couple-years of zero (95% CI: 0-0.40/100
CYFU)(Table). The upper limit of the 95% Cl for the rate of transmission was 0.96/100 CYFU for condomless anal sex (HT and MSM) and 1.97/100 CYFU
for condomless receptive anal sex with or without ejaculation (MSM).

Conclusions: The overall risk of HIV transmission (in the context of previous sex without transmission) through condomless anal or vaginal sex from
HIV positive people on ART with plasma VL < 200 copies/mL is extremely low, but uncertainty over the risk remains, particularly over receptive anal
sex. Additional follow-up in MSM is essential to provide more precise estimates for transmission risk given the current assumptions of safety in some
communities.

Risk Behaviour Reported by the HIV Negative Partner and Rates of Transmission
HIV status Risk behaviour Number of events | Couple- Estimated | Transmission risk | Rate of within 10 year risk of
and sexual reported by HIV -ve (linked HIV years of number of per condomless couple HIV within couple
orientation of partner transmissions) follow up sex acts sexual contact transmission HIV transmission
couples (CYFU) (95% Cl) (per 100 CYFU) (95% Cl)
(95% CI)
Overall Condomless sex 0 894 44,439 0(0-0.00008) 0(0-0.40) 0(0-3.9%)
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Condomless sex 0 836 41,479 0(0-0.00009) 0(0-0.43) 0(0-4.2%)
VL<50
Condomless anal 0 374 21,032 0(0-0.00017) 0(0-0.96) 0(0-9.2%)
Sex
HT m-+/f- Condomless sex 0 288 13,728 0(0-0.00028) 0(0-1.25) 0(0-11.7%)
partners
Condomless 0 191 8,915 0(0-0.00043) 0(0-1.88) 0(0-171%)
vaginal sex with
gjaculation
Condomless 0 174 6,377 0(0-0.00060) 0(0-2.07) 0(0-18.7%)
vaginal sex without
gjaculation
HT m-/f+ Condomless sex 0 298 14,295 0(0-0.00027) 0(0-1.21) 0(0-11.4%)
partners
Condomless 0 272 14,149 0(0-0.00027) 0(0-1.32) 0(0-12.4%)
vaginal sex
MSM Condomless anal 0 308 16,416 0(0-0.00023) 0(0-1.17) 0(0-11.0%)
Sex
Condomless 0 182 7,738 0(0-0.00050) 0(0-1.97) 0(0-17.9%)
receptive anal sex
(with or without
gjaculation)
Condomless 0 262 11,749 0(0-0.00033) 0(0-1.37) 0(0-12.8%)
insertive anal sex
45 Inhibition of Cul4A Neddylation Causes a Reversible Block To SAMHD1-Mediated Restriction of HIV-1

Henning Hofmann, Thomas D. Norton, Eric C. Logue, Megan L. Schultz, Sylvie B. Polsky, Nicole Sunseri, Nathaniel R. Landau
NYU School of Medicine, New York, NY, United States

Background: The deoxynucleoside triphosphohydrolase SAMHD1 restricts retroviral replication in myeloid cells. It is thought to work by depleting the pool
of intracellular deoxynucleotide triphosphates but has also been reported to have exonuclease activity that could allow it to degrade the viral genomic RNA
or viral reverse transcribed DNA. HIV-2 and SIVmac, but not HIV-1, encode Vpx, a virion-packaged accessory protein that counteracts SAMHD1 by inducing
its degradation in the nucleus of a newly infected cell. To induce the degradation of SAMHD1, Vpx co-opts the cullin4a-based E3 ubiquitin ligase, CRL4. E3
ubiquitin ligase complexes are regulated by neddylation, the covalent attachment of the small ubiquitin-like protein, Nedd8, to the cullin subunit. The small
molecule MLN4924 prevents cullin neddylation. In this study MLN4924 was used to study the mechanism by which SAMHD1 restricts HIV-1.

Methodology: Monocyte derived dendritic cells (MDDC) were incubated with MLN4924 prior to infection with the Vpx-containing HIV-1.GFP reporter virus.
The degradation of SAMHD1 was then determined by immunoblot analysis and infectivity was analyzed by flow cytometry. The effect of the neddylation
inhibitor was also tested on a cell line that expressed a GFP-SAMHD1 fusion protein that contained only the Vpx-interacting domain of SAMHD1. The cell
line allowed measurement of the kinetics and cellular requirements for Vpx-mediated degradation of SAMHD1.

Results: MLN4924 inhibited the neddylation of CRL4, blocking the Vpx-induced degradation of SAMHD1. Incubation of cells expressing the GFP-SAMHD1
fusion with Vpx-containing HIV-1 resulted in a rapid reduction in GFP fluorescence and the reduction was blocked by MLN4924. The neddylation inhibitor
maintained SAMHD1-mediated restriction in cells that expressed SAMHD1 when infected with Vpx-containing HIV-1. In cells that did not express SAMHD1
the drug had no effect on infectivity. Removal of the drug several hours post-infection released the block. Similarly, Vpx-containing virus-like particles and
deoxynucleosides added to the cells more than 24 h post-infection released the SAMHD1-mediated block.

Conclusions: The block to SAMHD1-mediated restriction of HIV-1 is reversible for several hours, arguing against an exonuclease model and supporting
dNTP pool depletion as the primary mechanism of restriction. Virus replication requires the function of various cullin-based E3 ubiquitin ligases. Thus, this
class of small molecules may have antiviral activity and at least one is already approved for use in humans.

MX2, an Interferon-Induced Inhibitor of HIV-1 Infection

Melissa Kane', Shalini S. Yadav'?, Julia Bitzegeio, Sebla B. Kutluay', Trinity Zang"?, Sam J. Wilson'?, Daniel Blanco-Melo', Masahiro Yamashita®, Theodora Hatziioannou?®,
Paul D. Bieniasz"?

"The Rockefeller University, New York, NY, United States, ?Howard Hughes Medical Institute, New York, NY, United States, *Aaron Diamond AIDS Research Center, New York, NY,
United States

Background: HIV-1 replication can be inhibited by type | interferon (IFN), and the expression of a number of gene products with anti-HIV-1 activity is
induced by type I IFN. However, none of the known antiretroviral proteins can account for the ability of type | IFN to inhibit early, preintegration phases of the
HIV-1 replication cycle in human cells.
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Methodology: Screens of interferon stimulated genes and comparison of gene expression profiles in cell lines that differ in their ability to restrict HIV-1
infection upon exposure to IFN-« revealed MX2 as a potential anti-HIV-1 protein. We examined the the ability of wild type MX2, and mutant forms of
lacking GTPase activity, the nuclear localization signal, or leucine rich effector domain to inhibit HIV-1 infection in stably transduced cell lines.

Results: Ectopic expression of MX2 inhibited infection by HIV-1 and a variety of other primate lentiviruses, while knockdown of MX2 expression reduced
the anti-viral effect of type | IFN. We found that the The GTPase activity of MX2 was dispensable for inhibition of infection. However, both the N-terminal
nuclear localization and C-terminal leucine-rich effector domains were required. HIV-1 reverse transcription proceeded normally in MX2-expressing

cells, but 2-LTR circular forms of HIV-1 DNA were less abundant, suggesting that MX2 inhibits HIV-1 nuclear import, or destabilizes nuclear HIV-1 DNA.
Consistent with this notion, mutations in the HIV-1 capsid protein that are known, or suspected, to alter the nuclear import pathways used by HIV-1 confered
resistance to MX2, whereas preventing cell division increased MX2 potency. Finally, the anti-viral activity of MX2 did not appear to be species-specific, as
MX2 proteins from a variety of Old and New World monkey species (rhesus macaque, African green monkey, Owl monkey, and squirrel monkey) were able
to inhibit HIV-1 infection.

Conclusions: Our findings demonstrate that MX2 is an effector in the anti-HIV-1 activity of type I IFN, but is not solely responsible for the inhibitory action
of IFN-o during the early steps of the HIV-1 replication cycle. The anti-viral activity of MX2 may involve the inhibition of HIV-1 nuclear import, and appears
to be conserved among primate species

BCA2/Rabring7 Targets HIV-1 Gag for Lysosomal Degradation in a Tetherin-Independent Manner
Ruth Serra-Moreno
Harvard Medical School, Southborough, MA, United States

Background: BCA2 (Breast Cancer-Associated gene 2, Rabring7) is an E3 ubiquitin ligase that was identified as a co-factor in the restriction imposed
by tetherin on HIV-1, lacking antiviral activity in the absence of tetherin. Contrary to this model, we found that BCA2 also possesses tetherin-independent
antiviral activity, which leads to a reduction in the cellular levels of Gag, and therefore, in the amount of virus particles released from cells.

Methodology: Virus release assays (p24 ELISA) were performed from tetherin-deficient cells transiently transfected with HIV proviral DNA and constructs
coding for tetherin, BCA2, or BCA2 mutants. To explore if BCA2 promotes the degradation of Gag, similar assays were performed in the presence of
proteasomal (ALLN, clasto-lactacystin-B-lactone) and lysosomal inhibitors (chloroquine, pepstatin, leupeptin, E64). To investigate if BCA2 promotes

Gag ubiquitination, cells were engineered to express Gag and BCA2. The levels of Ub-Gag were determined by immunoprecipitation followed by western
blotting, using an Ubiquitin-specific antibody. Next, Gag was tested for an interaction with BCA2 by co-immunoprecipitation. The role of endogenous BCA2
in virus release and replication was investigated by ShRNA knockdowns. Finally, the effects of BCA2 on the subcellular distribution of Gag were evaluated by
confocal microscopy.

Results: Expression of BCA2 in tetherin-deficient cells caused a ~3-fold decrease in virus release. Western blot analyses indicated that this corresponds to
a defect in Gag expression, with no effects on the levels of other viral proteins. Our binding and ubiquitination assays showed that BCA2 interacts with Gag
through the Matrix region, and that BCA2 promotes Gag ubiquitination. The addition of lysosomal inhibitors to BCA2-expressing cells significantly restored
Gag levels and virus release. The targeted depletion of BCA2 resulted in a substantial increase in virus release (5-fold more) and virus replication (10-fold
more). Finally, cellular imaging assays revealed that BCA2 induces drastic changes in the subcellular distribution of Gag, which is primarily present in endo-
lysosomal compartments.

Conclusions: (1) BCA2 has tetherin-independent antiviral activity; (2) BCA2 promotes the ubiquitination and lysosomal degradation of HIV-1 Gag; and
(3) the targeted depletion of BCA2 in tetherin-deficient cells increases virus release and replication, indicating that endogenous BCA2 possesses antiviral
activity. These results indicate that BCA2 is an important antiviral factor that promotes the degradation of HIV-1 Gag, thereby, impairing virus assembly.

Crystal Structure of APOBEC3F Elucidates HIV-1 Vif Interaction and Dynamic Oligomerization
Markus-Frederik Bohn, Shivender M. D. Shandilya, Mohan Somasundaran, Celia A. Schiffer
Biochemistry, UMass Medical School, Worcester, MA, United States

Background: Human APOBEC3F is an anti-retroviral SSDNA cytosine deaminase, susceptible to proteasomal degradation mediated by the HIV-1 protein
Vif. Elucidating regulation of APOBEC3F and susceptibility to Vif might lead to novel approaches in antiretroviral therapy.

Methodology: We determined the crystal structure of the HIV-1 Vif interacting catalytically active, C-terminal domain of human APOBEC3F and performed
dynamic light scattering experiments to investigate the solution state of different APOBEC3F mutants.

Results: The catalytic domain of APOBEC3F shares structural motifs with APOBEC3C, APOBEC2 and the C-terminal domain of APOBEC3G. Residues
previously identified as determinants of susceptibility to Vif-mediated degradation fit within a charged contiguous surface on APOBEC3F. Sequence motifs
critical for Vif susceptibility and virion encapsidation are shown to be conserved across APOBEC3 family members and between APOBEC3F and Vif.
Physiological APOBEC3F activity is dependent on a conversion from high molecular mass complexes of megadalton in size to a low molecular mass form
of less than 100 kD. The single domain protein APOBEC3A does not undergo a similar conversion. We show the C-terminal domain of APOBEC3F being
capable of forming complexes of high molecular mass in solution which are not observable for APOBEC3A. Interface residues identified from the crystal
structure of APOBEC3F are the determinants of APOBEC3F complex formation.
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Conclusions: The identification of potential oligomerization interfaces might help elucidate the anti-viral regulatory role of high molecular mass complexes
of active APOBEC3 proteins and facilitate approaches utilizing modulation of APOBEC3 activity in novel antiretroviral strategies.

Crystal Structure of a TRIM Coiled-Coil: Implications for HIV-1 Capsid Recognition by TRIM5«x
Jacint G. Sanchez', Katarzyna Okreglicka', Viswanathan Chandrasekaran?, Jordan M. Welker!, Wesley |. Sundquist?, Owen Pornillos’
"Molecular Physiology and Biological Physics, University of Virginia, Charlottesville, VA, United States, 2Biochemistry, University of Utah, Salt Lake City, UT, United States

Background: TRIM5a is a cytosolic pattern-recognition receptor that intercepts incoming capsids of retroviruses, including HIV-1. Capsid recognition
results in species-specific restriction of viral replication and induction of an innate immune response. The prevailing model is that TRIM5« recognizes the
HIV capsid through synergy of at least 3 biochemical activities: direct binding of capsid subunits by a B30.2/SPRY domain, TRIM5« dimerization, and
higher-order assembly of the tripartite motif into a hexagonal lattice. A key point is that multiple B30.2 domains in the TRIM5a assembly are positioned

to match the spacing of their repeating binding epitopes on the capsid surface, thereby vastly amplifying the avidity of capsid recognition. However, the
molecular details of the above biochemical activities remain to be uncovered. The tripartite motif is a series of domains - RING, B-box, and coiled-coil -
arranged in that order from the N-terminus. Here, we describe the structure of the coiled-coil, which mediates TRIM dimerization and is required for higher-
order TRIM5ax assembly. Our studies reveal how TRIM5a dimerizes, how it positions the B30.2/SPRY domains to bind capsid subunits, and how TRIM5x
dimers organize into hexagonal arrays to recognize the capsid lattice and restrict viral replication.

Methodology: Working under the framework that a comprehensive mechanistic model must address how the various TRIM domains are structurally
coupled, we initially focused on the coiled-coil, because it specifies dimerization and defines the spatial relationships between the other domains. We
used human TRIM25 as a model system since it lacks TRIM5’s propensity for higher-order assembly and is therefore more tractable biochemically. We
determined the crystal structure of the TRIM25 coiled-coil at 2.6 A resolution. Based on this structure, we built and experimentally validated a homology
model for the TRIM5ax coiled-coil.

Results: Our analyses revealed that: 1) the TRIM coiled-coil is an elongated dimer of hairpin-shaped subunits; 2) the coiled-coil dimers form the edges of
the TRIM5ax hexagon, positioning two C-terminal B30.2 domains at the center of each edge and the N-terminal RING and B-box domains at the vertices;
and 3) the “L2” linker between the coiled-coil and B30.2 is integrated with the tripartite motif and participates in dimer formation. We propose that the L2
linker of TRIM5«x structurally couples the tripartite motif to its B30.2 domain, thereby orienting the two capsid-binding domains of one TRIM5¢x dimer on
the same side and positioning them with a defined spacing relative to each other,

Conclusions: Our studies support a model wherein TRIM5 proteins recognize retroviral capsids by acting as “molecular rulers” that measure the spacing of
the assembled capsid subunits.

Global Identification of the RNA Targets of HIV-1 Gag During Particle Genesis
Sebla B. Kutluay', Daniel Blanco-Melo', Trinity Zang', Paul D. Bieniasz'?
"Aaron Diamond AIDS Research Center, New York, NY, United States, ?Rockefeller University & Howard Hughes Medical Institute, New York, NY, United States

Background: HIV-1 Gag protein selectively packages two copies of the viral genome, an event thought to be primarily mediated by interactions between
the packaging signal (¥) on the viral genome and the nucleocapsid domain of Gag. However, the ¥ sequence is defined based only on genetic studies
and limited in vitro binding data. To date, no assay has been able to demonstrate a direct and specific interaction between ¥ and Gag protein in a relevant
context, i.e. in live cells and in virions. Importantly, deletion of ¥ does not completely abolish genome encapsidation, suggesting that packaging may be
more complex than W:Gag interaction, and other regions on the viral genome may contribute. Finally, Gag undergoes several changes in localization,
multimerization state and is proteolytically processed during particle genesis, but it is completely unknown how these changes affect RNA-binding
properties of Gag. Therefore, we set out to determine globally and at near-nucleotide resolution the RNA targets of Gag during various stages of virion
genesis, in cells and in virus particles.

Methodology: To identify the RNA targets of Gag, we adapted a CLIP-seq (crosslinking-immunoprecipitation-sequencing) methodology, which combines
immunoprecipitation of covalently crosslinked protein-RNA complexes with high-throughput sequencing. This method globally identifies the RNA molecules
associated with an RNA-binding protein of interest in biological settings and provides near-nucleotide-resolution information about the protein-RNA
interaction sites.

Results: In addition to determining precisely where within ¥ Gag is bound, we identified several novel sites on the viral genome that are specifically bound
by Gag in the cytosol of cells. Mutation of these sites delayed virus replication and we are currently investigating whether this is due to defects in genome
packaging. Experiments performed on fractionated cells and in virions indicated that there are major changes in RNA binding specificity during particle
morphogenesis: in contrast to cytosolic Gag, Gag associated with the plasma membrane and in virions binds to numerous other regions on, but does not
uniformly coat, the viral genomic RNA. We have also globally identified several cellular RNA molecules, such as 7SL RNA, that are specifically bound by
Gag in the cytosol and encapsidated into virus particles.

Conclusions: Our studies indicate that Gag selects viral genome for packaging by binding to a few distinct regions on the viral genome and that association
with the plasma membrane and particle formation induces significant changes in the RNA-binding properties of Gag. These studies provide the first
dynamic, quantitative and high-resolution picture of viral/cellular RNA interactions with Gag in relevant biological contexts.

Gorillas Transmitted SIV To Humans: Identification of HIV-1 Group P and O Ancestors
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Mirela D’arc’, Ahidjo Ayouba?, Amandine Esteban?, Avelin Aghokeng? 3, Sabrina Locatelli?, Lucie Etienne?, Beatrice Hahn*, Eric Delaporte?, Eitel Mpoudi Ngole®, Martine
Peeters?

"Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil, 2UMI 233, IRD and University of Montpellier 1, Montpellier, France, *Projet PRESICA and IMPM/CREMER,
Yaoundeé, Cameroon, “University of Pennsylvania, Philadelphia, PA, United States, °Projet PRESICA and IMPM/CREME, Yaoundé, Cameroon

Background: Western lowland gorillas (G. g. gorilla) are infected with a simian immunodeficiency virus, SIVgor, that is related to HIV-1 groups O and P.
Partial SIVgor sequences suggested that gorillas from southwest Cameroon are infected with the ancestor of HIV-1 P, but the origin of HIV-1 O remained
unclear. In order to confirm whether gorillas are the reservoir of HIV-1 P and to elucidate the origin of HIV-1 O, we studied more in detail SIVgor in wild
gorillas from Cameroon and characterized full-length genomes of new SIVgor strains.

Methodology: Between 09/2009 and 06/2013, we collected 1559 fecal samples from wild gorilla populations at 14 different sites in southern Cameroon.
All samples were preserved in RNAlater and then tested for presence of HIV cross-reactive antibodies. We extracted nucleic acids from reactive samples
and performed RT-PCR using SIVcpz/SIVgor/HIV-1 consensus and specific primers. We sequenced the full-length genome of two new SIVgor strains. The
species and enumeration of individuals were obtained by mitochondrial DNA and microsatellite analyses. We used PhyML for phylogenetic analyses.

Results: SIVgor antibodies were identified in 69/1559 samples from 4/14 sites. Partial viral sequence analyses showed a high genetic diversity, with
strains closely related to HIV-1 O and P. The full-length genome sequence of the new SIVgorBP-ID01 strain (9029 bp), from southwest Cameroon, was
most closely related to HIV-1 P across the entire genome. At least two gorilla populations were infected with this SIVgor variant at high rates (54%).
Analyses of SIVgorBQ-I1DO1 (full-length, 9236 bp), from a gorilla from southcentral Cameroon, revealed a recombinant SIVgor strain with 6914 bp of

the genome most closely related to HIV-1 0 and fragments in pol (470 bp) and env (1850 bp) that were most closely related to other SIVgor strains. To
calculate the genetic distances, a modified alignment was completed, and breakpoint information was used to extract the non-group O related regions of
the SIVgorBQ-IDO1 from the genome alignment. Genetic distances between SIVgorBQ-1D01 / HIV-1 0 (0.167) and SIVgorBP-IDO1 / HIV-1 P (0.124) were
smaller than between SIVcpz and their HIV-1 counterparts, groups M (0.260) or N (0.158).

Conclusions: Gorilla populations from southwest Cameroon are the direct source of HIV-1 P and we show for the first time that SIV sequences closely
related to HIV-1 O circulate also in wild gorilla populations. Further studies are needed to identify more in detail the sources of HIV-1 0. Although SIV
infection is less widespread in gorillas than in chimpanzees, SIVgor was most likely transmitted to humans on two occasions. These new findings show that
we are closer to resolve the origins of all HIV-1 groups and that two ape species are involved in the origin of HIV-1 in humans.

A Gorilla Reservoir for Human T-lymphotropic Virus Type 4 (HTLV-4)

Matthew LeBreton™?, William M. Switzer®, Cyrille F. Djoko?, Amethyst Gillis', Hongwei Jia®, Walid Heneine®, Anupama Shankar?, HaoQiang Zheng®, Bradley S. Schneider,
Nathan D. Wolfg'#

"Metabiota, San Francisco, CA, United States, *Global Viral Cameroon, Yaounde, Cameroon, *CDC, Atlanta, GA, United States, “Global Viral, San Francisco, CA, United States

Background: While the primate origins of human retroviruses have been identified by detailed epidemiologic and phylogenetic analyses of isolates from
both humans and nonhuman primates (NHPs), of the seven known species of human retroviruses, one, HTLV-4, lacks a known animal reservoir. HTLV-4
was discovered in 2005 in a 48-yr-old male hunter from rural Cameroon who reported hunting monkeys, chimpanzees, gorillas, and other animals and
currently represents the only known primate (human or simian) virus in this lineage.

Methodology: 1,107 individual captive and wild NHPs from Cameroon consisting of 21 species were screened for evidence of simian T-cell lymphotropic
virus type 4 (STLV-4) infection, the simian origin of HTLV-4, using a real-time PCR assay specific for the detection of HTLV-4-like pol sequences. pol, env,
tax and full genome sequences were obtained by nested PCR from positive samples. Phylogenetic analyses to demonstrate the genetic relatedness of
STLV-4 and HTLV-4 and to estimate the possible date of STLV-4 entry into humans using detailed Bayesian phylogenetic analyses were performed.

Results: Of the 1,107 individuals of 21 species tested, samples from only three wild and three captive gorillas were positive. Partial PTLV-4 (primate-T-cell
lymphotropic virus type 4) pol, envand tax sequences were detected for the six gorilla samples and all showed at least 99% nucleotide identity to HTLV-
4(1863LE) and to each other. These results were confirmed by phylogenetic analysis of tax and po/ sequences which showed a clustering of all STLV-4
sequences with those from HTLV-4. One gorilla was dually infected with PTLV-1. TMRCA estimates for the PTLV-4 ancestor were 3,300 - 8,400 years
suggesting a relatively recent introduction of STLV-4 into humans.

Conclusions: These findings indicate that STLV-4 is endemic to gorillas, and that HTLV-4 recently emerged from a gorilla reservoir, likely through the
hunting and butchering of wild gorillas. Our findings shed further light on the importance of gorillas as keystone reservoirs for the evolution and emergence
of human infectious diseases and provide a clear course for preventing HTLV-4 emergence through management of contact with gorillas, the development
of improved assays for HTLV-4/STLV-4 detection, and the monitoring of STLV-4 among gorillas and for HTLV-4 zoonosis among individuals exposed to
gorilla populations.

Impact of Early ART On HIV Eradication in Children
Katherine F. Luzuriaga
University of Massachusetts Medical School, Worcester, MA, United States

Background: Combination antiretroviral therapy (CART) initiated within three months of birth is not only effective in controlling HIV-1 replication and
preserving immune function, but also markedly reduces HIV-1 related mortality. Early diagnosis of HIV-1 infected infants and initiation of CART is thus
recommended globally. The development of highly sensitive assays has facilitated the characterization of HIV-1 persistence in early-treated infants.
Durable suppression of HIV-1 replication is associated with lack of detectable plasma viremia (LOD 2 copies/ml), limited T cell activation, and absent HIV-1
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specific immune responses. Under these conditions, proviral and replication-competent reservoirs decline steeply over the first year of therapy; continued
reductions result in extremely low levels of proviral DNA and lack of recoverable replication-competent HIV-1 after a decade or more of suppressive therapy.
The decay in PBMC HIV-1 proviral DNA and replication-competent HIV-1, in the absence of detectable HIV-specific immune responses, suggest that

early cART limits seeding of long-lived cellular reservoirs. This may be particularly true in infants, where primary HIV-1 infection occurs in the context of

a developing immune system. Additional support for this hypothesis is provided by a previously reported case of a very early-treated HIV-1 infected child
who controlled HIV-1 viremia off therapy after receiving CART between 30 hours and 18 months of age, as well as preliminary data from studies of infected
CD4+ T cell subsets.

Conclusions: Early and very early cART restrict the numbers of long-lived CD4+ T cells that harbor HIV-1 DNA and replication-competent virus, which
serve as the barrier to cure. Continued refinement of assays to measure and characterize viral reservoirs in early-treated children should further improve our
understanding of HIV persistence, define markers predictive of successful control of HIV-1 replication off cART, and lead to the conduct of additional trials
aimed at sparing children a lifetime of therapy.

T Memory Stem Cells: The Stem Cell Reservoir for HIV?
Mathias Lichterfeld
Massachusetts General Hospital, Boston, MA, United States

Background: Current antiretroviral combination therapy is extremely effective in suppressing HIV-1 viremia, but replication-competent HIV-1 can persist for
extremely long-periods of time despite effective treatment with HAART. Defining the cell types that serve as a reservoir for long-term persistence of HIV-1 is
critical for designing interventions that may at one point lead to HIV-1 eradication and cure. Stem cells represent the most long-lasting human cells and are
maintained by specific molecular programs that induce self-renewal, homeostatic proliferation and resistance against apoptotic cell death. Tissue-specific
stem cells, in particular hematopoietic stem cells, have been proposed as long-term reservoirs for HIV-1, but their role for HIV-1 persistence remains
controversial. A number of recent observations indicate that molecular stem cell programs are not exclusively active in classical organ-specific stem cells,
but also govern developmental programs of cellular immune memory. In fact, recent data suggest that the process of memory T cell development originates
from an exquisitely rare population of T cells with stem cell-like properties. These cells, termed T memory stem cells, likely represent the earliest and most
immature developmental stage of memory T cells and have recently been described in humans, mice and non-human primates. Functionally, T memory
stem cells exceed the proliferative capacity of all known alternative memory T cell subsets, and can differentiate into large numbers of mature effector T
cells, while maintaining their own pool size through homeostatic self-renewal. Due to these characteristics, CD4 T memory stem cells may represent a
preferred cellular niche for HIV-1 persistence during suppressive antiretroviral therapy.

Conclusions: Our data suggest that CD4 T memory stem cells are susceptible to HIV-1, and harbor high levels of HIV-1 DNA in HIV-1 infected patients
treated with suppressive HAART. In addition, we show that HIV-1 DNA levels in these cells remain stable for many of antiretroviral therapy, and that the
relative contribution of these cells to the total viral reservoir increases over time. As such, HIV-1 infected CD4 T memory stem cells may represent a
stem-cell like reservoir for HIV-1 that has a similar function for maintaining HIV-1 persistence as cancer stem cells have for perpetuating certain oncologic
diseases. The increasing understanding of how stem cell-like properties of cellular immune memory support HIV-1 persistence despite HAART may be
translatable into improved clinical strategies for inducing HIV-1 eradication.

Inflammation as an Obstacle for Remission: Lessons Learned From Non-Human Primate Models
Michaela Miiller-Trutwin
Institut Pasteur, Paris, France

Background: Chronic immune activation (IA) during HIV-1 infection persists even in patients with controlled viremia. This residual inflammation might fuel
viral replication by creating new target cells and thus could represent an additional obstacle for cure. Early treatment likely has a favourable impact on the
reduction of viral reservoirs, and eventually on the inflammatory set point. Non-human primate models allow analyzing the early events after viral infection,
exploring the nature of the viral reservoirs in tissues and searching the factors, which initiate chronic immune activation. Several non-human primate
models for virological or inflammatory control exist. We have shown previously that natural hosts of SIV (African green monkeys, AGM) are capable to
efficiently resolve inflammation by the end of acute SIVagm infection. Based on this observation in AGMs, we had analyzed if the early level of inflammation
during HIV-1 infection would predict the disease progression rate. We reported elevated plasma CXCL10/IP-10 levels during primary HIV-1 infection being
more robust predictors of rapid progression toward AIDS than viral RNA and CD4 counts.

Conclusions: Here, we show that during acute HIV-1 infection, plasma IP-10 level was a better predictor of rapid disease progression than viral DNA.
Moreover, we evaluated whether the plasma levels of IP-10 already before SIV infection and before HIV-1 infection (Amsterdam Cohort Studies) have an
impact on the outcome of infection. We quantified the expression of an endogenous antagonist of IP-10 and observed that it’s frequency is decreased
during primary HIV-1 infection in those patients who rapidly loose their CD4+ T cells (ANRS PRIMO Cohort No6). Finally, we investigated the source of
IP-10 in Humans and in non-human primates (rhesus macaques and African green monkeys), probing blood and relevant tissues, notably the gut (in the
simian models). The IP-10 expression in intestinal CD4+ cells was associated with IP-10 plasma levels, suggesting that plasma levels can reflect the levels
of IP-10 production in the gut and/or that these gut cells represent the major source of systemic IP-10. These studies are in favor of IP-10 as a robust early
biomarker for inflammation and of efforts combining viral suppressive therapies with anti-inflammatory strategies.

Humanized Mouse Models for Studies On HIV Latency, Reservoirs, and Eradication Strategies

J. Victor Garcia-Martinez
University of North Carolina at Chapel Hill, Chapel Hill, NC, United States
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Background: Humanized mice represent a relatively recent tool in the growing armamentarium of animal models for the in vivo study of HIV and other
human hematotropic viruses. These models can be created by transplanting human hematopoietic cells into immunodeficient mice. However, the choice of
mouse strain used can have dramatic effects on the reconstitution of key immune organs like the gut. Another important, issue that affects reconstitution
and outcomes is the co-implantation of human thymus, used in the bone marrow/liver/thymus (or BLT) model, which can result in bona fide education of
human T cells in the context of HLA. Highly relevant to in vivo studies of HIV persistency has been the development and implementation of adequate drug
regimens that can suppress peripheral blood viremia. This has been achieved in mouse models using the same antiretrovirals used in humans. Also critical
to these efforts, has been the establishment of sensitive and reproducible assays for latency in human T cells obtained from these mice. This has been
recently demonstrated in mouse models using the same methodology used to quantitate the number of latently infected cells present in the peripheral
blood of humans. Based on this information, BLT humanized mice have more recently been used to establish the systemic distribution of latently infected
cells in vivo and to evaluate novel approaches to destroy residual HIV+ cells in tissues. Specifically, we used BLT humanized mice to evaluate the efficacy of
envelope targeted immunotoxins to kill HIV infected cells in the tissues of ART suppressed mice.

Conclusions: Our results demonstrate that this approach can be highly effective at Killing residual HIV infected cells in vivo. In summary, humanized BLT
mice serve as a flexible and accessible platform for the in vivo evaluation of novel approaches for the study of HIV latency, reservoirs and eradication
strategies.

HEV: State of the Art
Kenneth E. Sherman
University of Cincinnati College of Medicine, Cinncinnati, OH, United States

Background: The hepatitis E virus (HEV) is a small, fecal-orally transmitted RNA virus with a worldwide distribution. There are multiple genotypes which
are associated with both host and geographic specificity. In resource-limited regions of the world, large epidemics of acute hepatitis associated with

HEV are common during periods of flooding, or with poor sanitation in refugee camps and during military conflict. The endemic nature of the infection in
Western countries has not been widely recognized. It seems to be highly associated with exposure to swine and swine products infected with HEV genotype
3. Misclassification of acute hepatitis as drug injury, which was actually attributable to acute HEV infection has been described. Testing for HEV remains
problematic. Recent data suggests that HEV is highly prevalent in those with HCV, though the transmission epidemiology of this finding is uncertain.
Furthermore, in immunosuppressed hosts, including those with HIV infection, as well as transplant recipients the virus is capable of establishing a chronic
infection which can be associated with progressive hepatic fibrosis. HEV viral clearance with ribavirin, interferon, or withdrawal of immunosuppression has
been described.

Conclusions: HEV is increasingly recognized as a cause of both acute and chronic liver injury in the United States and other Western countries. Chronic
infection can lead to progressive liver injury and cirrhosis in immunosuppressed hosts.

HBV Eradication: Similarities To and Differences From HIV
Shyam Kottilil
National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD, United States

Background: Chronic hepatitis B virus (HBV) infection is a major public health concern affecting over 500 million people worldwide. HBV is a partially
double stranded DNA virus that preferentially infects hepatocytes and causes acute hepatitis. While this acute hepatitis resolves in most patients, a

subset of patients progress to chronic hepatitis with development of liver fibrosis. HBV shares several features with HIV that includes similar routes of
transmission, development of chronic disease, and use of a reverse transcriptase enzyme to integrate in to the host genome. The latter feature is associated
with the difficulties involved in eradicating HBV in chronically infected patients. Current treatment options for HBV include pegylated interferon alfa and
nucleotide based therapy. Suppression of HBV replication is achieved in most treated patients, however, similar to HIV infection, discontinuation of therapy
is associated with relapse of HBV viremia. Unlike HIV infection, both innate and adaptive immune responses have been associated with resolution of acute
HBV infection and development of protective immunity in most adult patients exposed to HBV resulting in resolution of acute HBV infection. However,
strategies to replicate this protective immunity in human subjects, which would enable them to stop antiviral therapy, have not yet been successful. Major
reasons for our inability to cure HBV in chronically infected subjects include both viral and host factors. Viral factors such as a highly error prone replication
system, presence of pre-core mutants, immune escape mutants and host factors that result in a lack of development of adaptive immune responses against
HBV underscore the difficulties in our ability to boost HBV specific immunity in vivo. Recently, several strategies to eradicate HBV have been adopted that
target the virus (potent directly acting antiviral agents, agents that target release of HBSAg), target innate immune system (toll-like receptor agonists),
enhance antiviral immunity (therapeutic vaccinations) and target immunoregulatory mechanisms (PD-1, Tim-3). These approaches are promising, however,
the safety profile of targeting key immunoregulatory mechanisms that may be vital for maintenance of physiological homeostasis of host immunity may need
to be carefully evaluated.

Conclusions: A combination of targeting the virus and boosting host immunity may be the ideal approach to eradicate HBV. The safety of such an approach
chronic hepatitis B patients needs to be evaluated.

Humoral Immunity and the Innate Response To HCV
Andrea L. Cox
The Johns Hopkins University School of Medicine, Baltimore, MD, United States

Background: Hepatitis C virus (HCV) infection is a blood born disease with global distribution that affects almost 3% of the world’s population and 25% of
those with HIV in the United States. In the United States and many other countries, HCV remains the leading cause of liver failure requiring transplantation
and of hepatocellular carcinoma. Continuing advances in therapeutic regisnaens are promising for effecting cures of HCV and may reduce transmission.
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However, access to therapy is limited for many of those infected given its costs and the fact that HCV often goes undiagnosed. In addition, therapy for

HCV does not provide immunity against subsequent reinfection or fully reverse damage already done to the liver, much of which is thought to be immune
mediated. Due to the silent nature of most chronic infections, diagnosis of HCV infection before significant damage is done to the liver can be challenging.
This is particularly true of those with HIV infection, in whom liver diseases progresses more quickly. Thus, prevention of chronic infection through
prophylactic vaccination and development of therapies to reverse damage in those with liver disease remain a priority. Understanding the immune response
to HGV is important for development of both.

Conclusions: The host-virus interaction during the earliest stages of HCV infection influences the developing immune response and, ultimately, the
outcome of infection. Recently, novel mechanisms of viral recognition utilizing a family of cytosolic pattern-recognition-receptors called the nucleotide-
binding oligomerization domain (NOD)-like receptors have been reported. Engagement of NOD receptors activates the inflammasome-complex leading to
production of the pro-inflammatory, inflammasome-associated cytokines interleukin (IL)-18 and IL-1B. These cytokines not only amplify the innate antiviral
immune response and skew developing adaptive immune responses, but high levels are associated with cardiovascular disease and metabolic syndromes.
In following subjects at high risk of HCV infection longitudinally from pre-infection through clinical outcome, we determined that IL-18 was the earliest and
the most reliable host response to acute HCV infection measured in blood. IL.-18 remains elevated in chronic infection, although at lower levels than in the
acute phase of infection. HIV infection is also associated with high IL-18 levels. This talk will present a summary of recent data from multiple groups on

the mechanisms by which HIV and HCV induce activation of the inflammasome-complex, modulation of this response in chronic infection, and the effect
of the humoral response on this innate sensing. Better understanding of this innate response may increase understanding of protective immunity and
pathogenesis.

Interferon Alfa-Free Treatment of HCV
Jean-Michel Pawlotsky
Henri Mondor Hospital, University of Paris-Est, Créteil, France

Background: Hepatitis C therapy is living its revolution. Several new anti-hepatitis C virus (HCV) drugs have reached the market and many others,
including direct-acting antivirals (DAAs) and host-targeted agents (HTAs), are at the late clinical developmental stage. Several all-oral, interferon-free
drug combination strategies are being developed, including nucleotide-based strategies, nucleoside-free strategies based on 3 DAAs with a low barrier to
resistance, nucleoside-free strategies based on 2 DAAs including at least one second-generation drug with a higher barrier to resistance. Infection cure
rates over 90% can be expected with these new therapies.

Conclusions: A number of unanswered questions and challenges however remain that will need to be addressed, including treatment of special
populations, the role of ribavirin in interferon-free regimens, the role of HCV resistance in HCV treatment failures, strategic choices and cost issues, as well
as screening and broad access to care in resource-constrained areas.

HIV Pre-Exposure Prophylaxis: Clinical Pharmacology Insights
Craig W. Hendrix
The Johns Hopkins University School of Medicine, Baltimore, MD, United States

Background: HIV pre-exposure prophylaxis (PrEP) trials with tenofovir-containing regimens have achieved perfect protection in some sub-populations

and no benefit in others. Pharmacological data from all PrEP trials and smaller pharmacokinetically (PK)-intensive studies provide critically useful data to
help understand the larger sources of PrEP trial outcome variability, principally, highly variable adherence across studies. There is a clear concentration-
response relationship between tenofovir and its protective benefit that indicates PrEP regimens are highly effective, if taken as directed. Clinical PrEP
implementation questions remain, especially questions of intermittent or periodic dosing regimens that have not and may not be formally studied in the
future. In the absence of prospective randomized trials, clinical pharmacology provides some cautious guidance on the limitations of intermittent or periodic
PrEP dosing which may differ in its protective effect for receptive anal and vaginal intercourse. In this regard, animal and ex vivoHIV challenge studies may
also be useful, but with important caveats. Looking forward, this rich pharmacological datashould inform planning the next generation of PrEP trials.

Conclusions: Clinical pharmacology helps explain PrEP trial outcomes, inform PrEP management in the clinic, and guide the design of the next generation
of PrEP candidates.

Notes From the Field: Implementing PrEP in Resource Constrained Settings
Nelly R. Mugo
Kenya Medical Research Institute, Nairobi, Kenya

Introduction: Unequivocal evidence from landmark clinical trials has demonstrated that oral tenofovir disoproxil fumarate-based Pre-Exposure Prophylaxis
(PrEP) is a highly effective biomedical intervention for preventing acquisition of HIV-1 infection. For the first time we have a much sought HIV prevention
tool for vulnerable HIV-uninfected individuals without requiring negotiation of safe sex with partners. We currently have a robust toolbox of evidence-based
biomedical and behavioural HIV prevention strategies that can be used in combination to effectively combat the HIV/AIDS epidemic.

However, clinical trial efficacy is only the first step towards public health effectiveness. For high impact public health implementation, we require a delivery
package that is both acceptable and accessible to the populations that most need it.

The use of antiretroviral medications both as treatment and prophylaxis in combination with other interventions has shifted the goals of prevention of mother
to child HIV transmission towards elimination; similarly, current evidence of PrEP and treatment as prevention in combination with each other and other
preventative strategies can shift the goals of prevention of sexual HIV transmission towards zero new infections.
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From clinical trial efficacy to public health effectiveness, PrEP requires innovative implementation strategies and unrelenting demand creation. In the
absence of these efforts a highly effective and needed HIV prevention intervention will join the pile of effective and underutilized public health interventions
as the pool of newly infected individuals continues to rise.

This presentation will discuss current on going activities in resource restrained settings that will inform both science and policy makers on PrEP
implementation such as the current on-going ‘demonstration projects’ and options for successful PrEP delivery.

Conclusion: PrEP implementation is not only possible, but it is required in resource-constrained settings.

A Community Perspective On PrEP
Christopher Balthazar and London Dorris
Stroger Hospital of Cook County, Chicago, IL, United States

Background: Following the success of several clinical pre-exposure prophylaxis (PrEP) trials and the approval of FTC/TDF for the prevention of HIV,
attention has shifted to the interest and uptake of PrEP as well as the best practices for PrEP implementation. In the United States, young men who have
sex with men (YMSM), particularly racial minority YMSM, are an anticipated target population for PrEP interventions. Thus, a better understanding of
community knowledge, interest, and attitudes about PrEP is important. The speakers bring extensive experience, both professional and personal, with
community outreach and education around PrEP, recruitment and retention across multiple PreP trials focused on YMSM (ATN 082, ATN 110/113, and
iPrEx OLE), and adherence to daily PrEP.

Conclusions: Extensive efforts to engage with and educate adolescent and young adult MSM around PrEP have revealed a dearth of knowledge in
community and school settings about this new HIV prevention approach. Within groups that have basic information about PrEP, misinformation is common
and misconceptions have allowed PrEP use to quickly become stigmatized. For those who are taking PrEP, daily adherence can be difficult and integrating
PrEP into sexual relationships can be challenging. However, for YMSM who are vulnerable to HIV infection, PrEP is a feasible and highly acceptable
prevention intervention that can make a difference in their lives.

Choosing Populations for Maximal Impact
David V. Glidden
University of California San Francisco, San Francisco, CA, United States

Background: Oral emtricitabine/tenofovir (FTC/TDF)-based pre-exposure prophylaxis (PrEP) has been shown to prevent acquisition of HIV. PrEP is a
promising, yet resource-intensive prevention strategy with high drug and monitoring costs. Providers and policy makers need evidence-based guidance to
make decision on prioritizing populations for PrEP. This talk will discuss development of optimal strategies for identifying subgroups for which PrEP will have
maximum impact.

Conclusions: The efficient prioritization for subgroups tracks with the effectiveness of PrEP as measured by the absolute (rather than relative) difference
in HIV incidence rates. Populations for which this difference is maximized have a lowest number of individuals needed to treat (NNT) per infection
prevented. Underlying HIV incidence and relative efficacy (and hence adherence) determine the absolute change in HIV rates due to PrEP. Hence, lower
adherence in some settings may be offset by higher underlying HIV incidence and need not preclude the efficient delivery of PrEP. The population impact
of PrEP prioritization strategies will be largely determined by the concentration of HIV incidence within that subpopulation _ summarized by the population
attributable fraction. Additional considerations for deployment include cost, resistance, toxicity and indirect effects on HIV by interrupting HIV transmission
networks. We will illustrate these considerations by combining results of published modeling studies with results from the iPrEx trial (Grant et al, 2010) - a
randomized study of daily FTC/TDF based PrEP in men who have sex with men.

B-Cell Responses To HIV Infection: Challenges and Opportunities
Susan L. Moir, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD, United States

Background: B cells and the antibodies they secrete play a critical role in the prevention of and recovery from most infectious diseases. HIV remains

an exception, both in terms of the inability of the antibody response to control the virus once an individual is infected and the difficulty in developing an
antibody-based vaccine to prevent HIV infection. Of note, potent and broadly neutralizing antibodies against HIV can be elicited in 20 percent of untreated
infected individuals and occur to varying degrees only after several years of infection. Paradoxically, the virus itself likely contributes to a broadening of the
antibody response as it escapes neutralization by sequential mutations, thus explaining at least in part why a neutralizing antibody response provides little
benefit to the infected individual. This presentation reviews how B cells that recognize T-cell dependent antigens, such as HIV, are induced in secondary
lymphoid tissues and migrate to interact with CD4+ T follicular helper cells. These interactions lead to the formation of germinal centers that generate
memory B cells and plasma cells, the latter of which migrate to the bone marrow to become long-lived sources of antibodies that ultimately circulate in the
blood. Germinal center and memory B cells, as well as plasma cells, are perturbed in HIV disease, especially in individuals who do not control HIV viremia
either naturally or as a result of antiretroviral therapy.

Conclusions: This presentation reviews the virologic and immunologic factors that likely contribute to the ineffectiveness of the early antibody response
against HIV and those factors during the chronic phase of infection that likely exacerbate the inadequacy of the HIV-specific antibody response. Finally,
recent advances that are providing new opportunities to improve the quantity and quality of HIV-specific antibody responses are discussed, as well as
consideration for how passive immunization with such antibodies could be used to treat infected individuals.
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NeuroHIV in 2014: Beyond Dementia
Serena S. Spudich, Yale University, New Haven, CT, United States

Background: The fact that HIV infection directly impacts the central nervous system (CNS) has been recognized since very early in the global HIV
epidemic. However, the emergence of widespread combination antiretroviral therapy (CART) use has dramatically altered the clinical character of neurologic
disease observed in HIV, has led to new challenges related to optimization of CNS treatment, and raised a host of questions related to the role of the CNS
as a potential barrier to HIV eradication and cure. This presentation will review key issues in this new landscape of clinical and scientific issues facing HIV-
infected persons, providers, and investigators in the current era. Potential mechanisms of HIV-related CNS dysfunction observed in patients treated with
CART include persistent CNS infection, ongoing immune activation, effect of comorbidities and risk factors including vascular disease, aging, and genetics,
antiretroviral drug exposure in the CNS associated with either toxicity or inadequate tissue distribution, and neurologic injury accrued prior to initiation of
antiretroviral treatment. Related to issues of persistent clinical CNS abnormality in the face of cART, a unexplored frontier of research has emerged due to
isolated reports of successful HIV ‘cure” in the systemic field: whether the CNS may provide a reservoir for infection which may be a significant impediment
to efforts to eradicate HIV. The pathobiology of this putative reservoir is under active investigation, including studies on the timing of establishment of CNS
infection, the potential cells and tissues harboring HIV in the CNS, evidence of independent evolution of HIV in the CNS, and the possibility of autonomous
CNS sources of HIV replication in the setting of suppressive therapy.

Conclusions: Potent antiretroviral treatment for HIV has changed the spectrum of issues and questions related to HIV's effects on the nervous system.
Although cART treatment can almost always prevent or ameliorate the most severe form of HIV-associated dementia, numerous clinical and laboratory
biomarkers suggest that the CNS is not always normal in cART-treated HIV infected individuals. Whether this persistent perturbation of the CNS has
deleterious effects on the brain is uncertain; whether it in part reflects a reservoir for HIV within cells of CNS in the setting of apparently successful cART is
an essential question of relevance to both treatment and cure strategies.

A 15-Year Review of Maternal Deaths in a Background of Changing HIV Management Guidelines
Coceka N. Mnyani"2, Eckhart Buchmann?, Karlyn Frank?, Helen Struthers', James McIntyre'
"Anova Health Institute, Johannesburg, South Africa, 2University of the Witwatersrand, Johannesburg, South Africa

Background: While there has been a global decline in maternal deaths, South Africa has seen a reversal in gains with an increase in the maternal mortality
ratio in the past decade. Published data up to 2010 indicate that HIV-related infections remain the leading cause of maternal deaths in South Africa. The
data do not reflect the impact of increased antiretroviral therapy (ART) coverage, and increase in CD4 threshold for pregnant women to 350 cells/mm?,
since 2010.

Methodology: We assessed trends in maternal deaths over a 15-year period, 1997-2012, in a district referral hospital in Johannesburg, South Africa.
The hospital has approximately 22 000 deliveries per annum, with about a third of pregnant women HIV-infected. It is part of a relatively well-functioning
prevention of mother-to-child transmission (PMTCT) programme, where transmission rates have decreased to between 2% and 3% in the past decade.
Time trends were analysed by comparing the number of maternal deaths; patterns in HIV-related deaths; and diagnosis and management of HIV disease in
pregnant women, over four time periods. The periods coincide with major guideline changes in South Africa - Table 1.

Results: During the 15-year period, there were 590 maternal deaths in the hospital. Overall, HIV-related infections were the leading cause of maternal
mortality, accounting for 37.8% of all deaths, followed by hypertension (17.5%) and obstetric haemorrhage (13.4%). Of the women who died, 20.5% had
not accessed antenatal care, while 11.9% had no documented records of antenatal care. The majority of deaths occurred postpartum - 470/590 (79.7%),
and HIV-related deaths increased between 2003 and 2008, and have remained stable around 40%. Out of a total of 284 HIV-infected women who died,
66 (23.2%) had documented initiation of antiretrovirals (ARVs). Of those that had a CD4 count done, 74.6% had a <200 cells/mm?.

Conclusions: In this review up to the end of 2012, HIV-related infections remained the leading cause of maternal deaths, despite the availability of
efficacious ARVs. While HIV diagnosis during pregnancy improved, the majority of HIV-infected women who died were ART-eligible, and died without being
started on ART. These findings are similar to national reports prior to the widespread availability of ART. In South Africa, gains made in PMTCT are not
reflected in maternal mortality rates - targeted antenatal and postpartum interventions are needed if we are to decrease HIV-related maternal deaths.

Trends in HIV-related Maternal Deaths, 1997-2012

Time period Maternal deaths | Tested for HIV (%) | CD4 count tests done in HIV-related deaths (%)
HIV+ (%)

*1997-2002 184 84 (45.6) 20(35.1) 58 (31.5)
*no PMTCT interventions
*2003-2008 247 185 (74.9) 88 (66.2) 102 (41.3)
*sdNVP for PMTCT
*ART from 2003; CD4 threshold 200 cell/mm?
*2009-2010 86 73(84.9) 37 (80.4) 34 (39.5)
*AZT for PMTCT
*from 2010, CD4 threshold 350
*2011-2012 73 61(83.6) 44(91.7) 29(39.7)
*ART availability within antenatal clinics
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Incidence and Cofactors of Acute HIV During Pregnancy and Postpartum

John Kinuthia', Alison Drake?, Daniel Matemo', Barbra Richardson®, R. Scott McClelland*, Grace John-Stewart®

"0bstetrics and Gynaecology, University of Nairobi, Nairobi, Kenya, *Global Health, University of Washington, Seattle, WA, United States, *Biostatistics, University of Washington,
Seattle, WA, United States, “Medicine, Global Health, Epidemiology, University of Washington, Seattle, WA, United States, °Global Health, Epidemiology, Medicine, Pediatrics,
University of Washington, Seattle, WA, United States

Background: Tremendous progress has been made in identifying and treating women with HIV within prevention of mother-to-child HIV transmission
(PMTCT) programs. However, PMTCT focuses predominantly on women with chronic HIV infection. Women who are HIV seronegative at antenatal HIV test
may be reassured and fail to recognize continued risk for HIV acquisition. We evaluated rates and correlates of acute HIV infection among pregnant and
postpartum women in Western Kenya.

Methodology: At two District Hospitals in Western Kenya, pregnant women seeking antenatal care were enrolled if they were HIV negative (by two
rapid HIV tests), either at that visit or within the last three months. Consenting mothers completed a questionnaire that assessed sociodemographic
characteristics and sexual behavior. Blood was obtained for nucleic acid amplification tests (NAATs) and genital swabs were collected for detection of
sexually transmitted infections (STls) at baseline and serially during 9 month postpartum follow-up.

Results: Between May 2011 and June 2013, 1305 women were enrolled. Median age was 22 years (interquartile range (IQR) 19-26 ), 1022 (78.3%)
were married for a median duration of 4 (IQR 1-8) years and 87 (6.7%) reported prior STls. Twenty four women had acute HIV infection, of whom 11
(45.8%) had a positive NAAT at enroliment and 13 (54.2%) became infected during follow-up, either later in pregnancy (2) or postpartum (11). Six (29%)
women with acute HIV infection had symptoms of primary HIV infection. During 1071 person-years of follow-up, estimated HIV incidence was 2.63/100
person-yrs (95% Cl: 0.65-4.82). Shorter duration of marriage (OR=1.15, 95%Cl: 1.01-1.32), history of STls (OR=3.84, 95% Cl: 1.4-10.57) and infection
with syphilis (OR=9.95, 95% CI: 1.98-46.02) or bacterial vaginosis at enrollment (OR=2.88, 95% Cl: 1.28-6.5) were associated with acute HIV infection.
Maternal age, marital status, education level and age difference from partner did not differ between women with or without acute HIV infection.

Conclusions: Among pregnant/postpartum women in a high HIV seroprevalence region, risk of HIV incident infection was high and comparable to
discordant couples or sex worker cohorts. Almost half of acute HIV infections were detected during pregnancy, suggesting value of repeat HIV testing at
delivery. Screening and treatment for STIs, including bacterial vaginosis and syphilis may be useful for HIV prevention, particularly among women with
history of STl in shorter duration partnerships. Other HIV preventive options (such as PrEP or partner treatment) should be assessed in this population.

Efficacy and Safety of LPV/r Versus EFV in HIV+ Pregnant and Breast-Feeding Ugandan Women

Deborah Cohan', Paul Natureeba?, Albert Plenty®, Flavia Luwedde Julia Mwesigwa?, Veronica Ades*, Edwin Charlebois®, Tamara Clark Bridget Nzarubara?, Moses Kamya®,
Pius Okong®, Diane Havlir®

T0BGYN, University of California San Francisco, San Francisco, CA, United States, ?Infectious Diseases Research Collaboration, Kampala, Uganda, *Medicine, University of
California San Francisco, San Francisco, CA, United States, “‘OBGYN, New York University, New York, NY, United States, *Medicine, Makerere University, Kampala, Uganda,
S0BGYN, Makerere University, Kampala, Uganda

Background: 2013 WHO ART guidelines recommend EFV-based combination ART (CART) for all pregnant women, though there are limited data on
maternal/infant outcomes and alternative ART regimens. We report maternal/infant outcomes of a randomized trial comparing LPV/r to EFV-based cART in
rural Uganda.

Methodology: PROMOTE was an open label trial (NCT00993031) enrolling HIV+ cART-naive pregnant women between 12-28 weeks gestation. Women
received AZT/3TC and either LPV/r or EFV at enroliment through 1 year of breastfeeding. LPV/r increased to 600/150 twice daily at 30 weeks. We
compared virologic, immunologic and safety outcomes between the 2 arms. All women received cotrimoxazole and infants received ART prophylaxis per
Ugandan guidelines.

Results: 389 women enrolled - mean age was 29, median pre-ART CD4 count was 370 and mean pre-ART viral load was 61,611 ¢/mL. Compared to
LPV/r, women on EFV were significantly more likely to achieve viral suppression (<400 copies/mL) by delivery (85.7% [LPV/r] vs. 97.6% [EFV], p <.0001)
and 24 weeks post-ART initiation (88.5% vs. 94.3%, p=.04) and maintain suppression throughout breastfeeding (74.3% [LPV/r] vs. 83.8% [EFV],
p=.03). Among the 373 women with virologic suppression, there was significantly more virologic failure in the LPV/r arm (HR: 3.11, 95% CI 1.13 - 8.54,
p=.03). Women on LPV/r experienced greater CD4 count recovery by 24 weeks post-ART initiation (+181.5 vs. +109.2, p=.01). There was no difference
in grade 3 or 4 adverse events (AEs) (incidence rate [IR] 0.26 per woman-year), though grade 1 or 2 gastrointestinal AEs were significantly more likely for
women on LPV/r (IR ratio [IRR] 1.69 (1.41-2.02), p < .0001). HIV transmission rate was 2/374 liveborn infants (.5%, .01-1.9%) - one in-utero and one
breastfeeding transmission in LPV/r arm. HIV-free infant survival did not differ between arms (92.9% [LPV/r] vs. 97.2% [EFV] p=.10) and there was no
difference in grade 3 or 4 AEs among infants (IR 0.39 per person-year, IRR 1.25 (0.87-1.80), p=.21).

Conclusions: EFV was associated with superior virologic outcomes compared to LPV/r among cART-naive pregnant and breastfeeding women. Both
regimens were extremely effective at preventing HIV transmission during pregnancy and breastfeeding. These data affirm WHO guidelines recommending
EFV as first-line cART for Option B+ and support LPV/r as an alternative.

Infant Lopinavir/r Versus 3TC To Prevent Postnatal HIV-1 Transmission: The ANRS 12174 Trial

Chipepo Kankasa', Nicolas Nagot* 3, Nicolas Meda* ®, James K. Tumwine®, Amwe Aku’, Debra Jackson’, Roselyne Vallo> ¢, Thorkild Tylleskar®, Philippe Van de Perre? 2,
ANRS 12174 Trial Group

"Department of Paediatrics and Child Health, University Teaching Hospital, Lusaka, Zambia, 2INSERM U1058, Montpellier, France, *CHU Montpellier, Montpellier, France,
“Centre de Recherche Intemnationale pour la Santé (CRIS), Université de Ouagadougou, Ouagadougou, Burkina Faso, °Centre Muraz, Bobo-Dioulasso, Burkina Faso,
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Department of Paediatrics and Child Health, Makerere University, Kampala, Uganda, “School of Public Health, University of Westem Cape, Cape Town, South Africa, SUniversité
de Montpellier I, Montpellier, France, °Centre for Intemational Health, University of Bergen, Bergen, Norway

Background: Strategies to prevent mother-to-child postnatal transmission of HIV-1 in Africa, including infant prophylaxis, have never been evaluated for
the entire recommended period of breastfeeding, i.e. 12 months. Beside lamivudine, which proved safe and efficacious during 6 months for this purpose,
lopinavir/ritonavir (LPV/r) is a good candidate for infant prophylaxis due to its good safety profile in infants, its potent antiretroviral activity and its high
genetic barrier to HIV resistance mutations.

Methodology: The ANRS 12174 study is a randomised controlled trial comparing the efficacy and safety of prolonged infant peri-exposure prophylaxis
(PreP) with lopinavir/ritonavir (LPV/r) versus lamivudine (3TC) to prevent postnatal HIV-1 transmission during the full duration of breastfeeding (50 weeks),
in children born to HIV-1-infected mothers not eligible for ART (i.e. with CD4 >350 cells/uL). In Burkina Faso, South Africa, Uganda and Zambia, seven
days old HIV-uninfected breastfed newborns with birth weight > 2000g were randomised for either drug in a 1:1 ratio. The primary outcome was infant
HIV infection until 50 weeks, diagnosed every 3 months by HIV-1 DNA PCR. Secondary outcomes included mortality, HIV-free survival and severe adverse
events, including routine biological parameters. Outcomes were analysed using Kaplan-Meier survival methods with an intention-to-treat approach.

Results: Overall, 1273 children were enrolled in the trial, 636 in the LPV/r arm and 637 in the 3TC arm. Baseline infants’ characteristics were similar
between arms. Antenatal maternal median CD4 count was 529 (IQR: 432-669). At final follow-up (completed in May 2013), 1119 (88.32%) infants had
attended the final visit and 115 (9.08%) were lost to follow-up. The median duration of breastfeeding was 42 weeks (IQR:41-42). Overall, 17 HIV infections
were diagnosed (of which 8 after 6 months), 8 in the LPV/r arm and 9 in the 3TC arm, and giving HIV infection rates of 1.39% (0.70 - 2.76) and 1.53 %
(0.80 - 2.91) at 50 weeks, respectively (p=0.83). Overall, 18 (2.83%) died in the LPV/r arm and 15 (2.35%) in the 3TC arm, respectively (p=0.57).
HIV-free survival was similar between arms, at 96.5% (94.6-97.7) and 96.3% (94.4-97.5), respectively (p=0.85). Medical or biological severe adverse
events were not different between arms.

Conclusions: Very low rates of HIV-1 postnatal transmission were achieved by using infant prophylactic LPV/r or 3TC for the whole duration of
breastfeeding, without difference between the two drugs, which were both well tolerated. Infant PreP is a feasible and effective strategy to eliminate HIV
transmission through breastfeeding. Further studies should evaluate the benefit of adding infant PreP to WHO option B/B+ in order to prevent residual
breastfeeding transmission.

Lower Newborn Bone Mineral Content Associated With Maternal Use of Tenofovir Disoproxil Fumarate

George K. Siberry', Denise L. Jacobson?, Heidi Kalkwarf?, Julia W. Wu¢, Linda A. DiMeglio®, Ram Yogev® 7, Katherine M. Knapp?, Justin Wheeler®, Rohan Hazra', Kenneth C.
Rich'

'NICHD, Maternal and Pediatric Infectious Disease Branch, NIH, Bethesda, MD, United States, ?Center for Biostatistics in AIDS Research, Harvard School of Public Health, Boston,
MA, United States, *Division of General and Community Pediatrics, Cincinnati Children’s Hospital Medical Center, Cincinnati, OH, United States, *Department of Epidemiology,
Harvard School of Public Health, Boston, MA, United States, *Pediatric Endocrinology/Diabetology, Riley Hospital for Children at Indiana University Health, Indianapolis, IN, United
States, °Ann & Robert Lurie Children’s Hospital of Chicago, Chicago, IL, United States, "Department of Pediatrics, Northwestem University Feinberg School of Medicine, Chicago,
IL, United States, ®Department of Infectious Diseases, St. Jude Children’s Research Hospital, Memphis, TN, United States, *Gerald J. and Dorothy R. Friedman School of Nutrition
Science and Policy, Tufts University, Boston, MA, United States, "°Department of Pediatrics, University of lllinois at Chicago, Chicago, IL, United States

Background: The impact of maternal tenofovir disoproxil fumarate (TDF) use on infant bone mass has not been well studied.

Methodology: Two groups of HIV-exposed, uninfected newborns >36 weeks gestational age [GA] were enrolled in this substudy of the US multisite
Pediatric HIV AIDS Cohort Study. The TDF group included infants whose mothers used =8 weeks of TDF in the 3rd trimester; the nonTDF group included
infants whose mothers used no TDF during the pregnancy. Within 4 weeks of birth, a whole body (WB) dual-energy X-ray absorptiometry (DXA) scan was
obtained to measure WB bone mineral content (BMC) with head (WBWH) and less head (WBLH). Standardized analysis of scans was performed centrally.
Maternal demographic/clinical data were prospectively collected. Infant weight/length were measured within 72 hours of birth. Target sample size was 75
(63 evaluable) per group to detect WBWH BMC difference between groups of 7% or 0.5 standard deviation (SD) with 80% power. Differences in covariates
by TDF group were evaluated by Chi-square and Wilcoxon test. Linear regression models were fit to evaluate BMC by TDF group, adjusted and unadjusted
for potential confounders.

Results: 74 TDF and 69 nonTDF group infants from 14 sites had evaluable DXA scans. Maternal TDF use varied by site (p<.001). Compared to the nonTDF
group, TDF group mothers were more likely to be married (31% vs 22%, p=.035) and use boosted protease inhibitors (bPI) (86% vs 64%, p=.005); the
groups were similar on demographics, infant weight (p=.159) and length (p=.21) z-scores and GA (p=.60). Among mothers with values available in 3rd
trimester for CD4 (63 in TDF;44 in nonTDF) and viral load [VL] (62 in TDF; 50 in nonTDF), similar proportions of TDF and nonTDF group mothers had CD4
= 250 (94% and 93%, respectively) and VL < 400 copies/mL (90% and 90%, respectively). The unadjusted mean infant WBWH BMC was significantly
lower in the TDF group (569 vs 64g, p=.002, 12.2%, 0.5 SD) as was the mean WBLH BMC (33 g vs 369, p=.038, 8.3%, 0.3 SD). These differences
persisted after adjusting individually for site; maternal bPI use, age, smoking, and pre-pregnancy body mass index; and infant GA, race/ethnicity, age at
DXA and length. Maternal CD4 and VL during the 3rd trimester were not correlated with WBWH BMC (p=.44 and p=.13, respectively) or WBLH BMC
(p=.29 and p=.34, respectively). Adjusted for site, maternal bPI use, age, and smoking, and infant body length, race/ethnicity and age at DXA, the mean
WBWH BMC and mean WBLH BMC were lower in the TDF group than in the nonTDF group by 6.3g (p = .004) and 2.6 g (p = .056), respectively.

Conclusions: Maternal TDF use is associated with a significant reduction in neonatal BMC that persists after adjustment for other factors. The duration
and clinical significance of this finding merit evaluation in longitudinal studies.

Virologic Control by 1 Year of Age Significantly Reduces HIV-1 Reservoirs in Perinatal Infection
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Background: Reducing proviral reservoir size is an important prerequisite for achieving HIV-1 remission for which antiretroviral therapy can be discontinued
without viremic rebound. The extent to which proviral reservoir size can be substantially reduced with long-term, early combination antiretroviral therapy
(CART) for perinatally HIV-infected (PHIV+) children is unknown.

Methodology: We quantified with droplet digital PCR proviral load in peripheral blood mononuclear cells (PBMCs) from 144 PHIV+ children enrolled in
the Pediatric HIVAIDS Cohort Study/Adolescent Master Protocol (PHACS/AMP) who were receiving cART for a median of 10 years. Proviral burden, HIV
serostatus, 2-LTR circles, and immune activation markers (soluble CD14, CD163, IFN-v, IL-6, and IL-1B) were compared by age at virologic control (less
than 1 vs. 1-5 vs greater than 5 years of age). Immune activation markers were also compared to perinatally-HIV-exposed, uninfected (PHEU) children.
Proviral burden was also correlated with HIV serostatus and 2-LTR circles.

Results: When studied at 8-20 years of age, the proviral load of PHIV+ children who achieved virologic control by one year of age was significantly lower
than that of PHIV+ children who suppressed between 1-5 years and after age 5 (p<0.001, Table 1); 46% of PHIV+ children who suppressed by one

year of age had an undetectable proviral reservoir at <4 copies/million PBMCs compared to 11% of those who suppressed after age 1 (p=0.01). Lower
proviral burden was associated with undetectable 2-LTR circles (p<0.001) and HIV-1 seronegative/indeterminate status (p<0.001). Plasma concentrations
of soluble CD14, CD163,
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Virologic Efficacy of Efavirenz Maintenance Therapy in Nevirapine Prophylaxis-Exposed Children

Ashraf Coovadia', Elaine Abrams?, Renate Strehlau’, Stephanie Shiau?, Francoise Pinillos, Leigh Martens', Gillian Hunt®, Wei-Yann Tsai?, Lynn Morris®, Louise Kuhn?,
NEVEREST 3 Study Team
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Background: Ritonavir-boosted lopinavir (LPV/r)-based therapy is recommended as first-line for young children in low resource settings in part to
circumvent drug resistance selected following nevirapine (NVP) prophylaxis. Whether prophylactic NVP exposure precludes later use of efavirenz (EFV)
among children initially suppressed on LPV/r is unknown.

Methodology: NEVEREST 3 was designed as a randomized clinical trial to test whether transition to EFV maintenance therapy has equivalent virologic
efficacy to standard continuation of LPV/r-based therapy in children infected despite exposure to NVP-containing prophylaxis. At Rahima Moosa Mother

& Child Hospital in Johannesburg, South Africa, 298 children, exposed to NVP prophylaxis and aged 3-5 years were enrolled in a non-inferiority trial. Al
initiated LPV/r-based therapy <24 months of age and were suppressed <50 copies/ml (cpm) at enroliment. Children were randomized to switch to EFV or
to continue on LPV/r. Children were followed with regular viral load, CD4 and other laboratory tests, growth measurements and clinical assessments to 48
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weeks. Two primary endpoints were defined: 1) non-suppression i.e. RNA >50 cpm ever and 2) viral failure i.e. RNA >1000 cpm confirmed. The study was
powered to rule out a difference between arms in virologic efficacy of =10%.

Results: Children were an average of 4.1 years of age, had initiated therapy at a mean of 9 months and had been on therapy for a mean of 3.5 years

at the time of randomization. 150 children were randomized to switch to EFV and 148 to stay on LPV/r. Retention was 98%, there were no deaths and

2 children in the EFV and 3 children in the LPV/r arms were hospitalized during the course of follow-up. Both primary virologic endpoints were found to

be non-inferior in the EFV arm relative to the LPV/r arm. In the EFV arm, 18% had non-suppression >50 cpm by 48 weeks vs. 28% in the LPV/r arm
(delta=10; 95% Cl:-0.4, 19.9). In the EFV arm 2.8% had viral failure (>1000 cpm confirmed) vs. 2.2% in the LPV/r arm (delta -0.6; 95% Cl: -3.1, 4.3).
Sleep difficulties were reported among 26% 4 weeks after the EFV switch but declined to < 1% thereafter. There were no differences by arm in behavioral
problems assessed by the Strengths & Difficulties Questionnaire (SDQ). CD4% and weight- and height-for-age remained in the normal range, similar by
arm. Laboratory abnormalities and other complications were rare.

Conclusions: Children exposed to NVP prophylaxis who are initially suppressed on LPV/r-based therapy can safely transition to EFV-based maintenance
therapy without increased risk of viral rebound. There are several advantages of the switch to EFV, including assisting adherence, simplifying tuberculosis
treatment, preserving second-line options, avoiding metabolic toxicities, and reducing cost.

Final Results of Koncert: A Randomized Noninferiority Trial of QD Vs BD LPV/r Dosing in Children
Hermione Lyall, KONCERT Trial Team
Imperial College London, London, United Kingdom

Background: Evidence for the efficacy of once daily (D) ART for HIV-1 infected children/adolescents is limited. Lopinavir/ritonavir (LPV/r) is approved for
use in adults once or twice daily, but twice daily (BID) in children.

Methodology: KONCERT was a randomized, non-inferiority PENTA trial in Europe, Thailand, Argentina and Brazil. Children (<18 yrs, >15kg) on
LPV/r-containing ART with HIV-RNA (VL)<50 c/mL for >24 weeks were randomized to continue LPV/r BID or switch to QD dosing, according to FDA
approved body weight-based dosing. Children were followed for minimum 48 weeks, visits at weeks 0, 4, 8, 12 then 12 weekly. The primary outcome
was the percentage with confirmed VL>50 ¢/mL by 48 weeks, estimated using the Kaplan-Meier method (12% non-inferiority margin). 26 children

(on LPV/r 100/25mg pediatric tablets) in the QD arm had LPV/r pharmacokinetic (PK) measurements at weeks 0 (BID) and 4 (QD). Within-subject ratios
for QD versus BID of AUC_,,, C, ., and C . were calculated. PK analyses were per-protocol, all others intention-to-treat.

Results: 173 children were randomized to QD (86) or BID (87): 46% male, median age 11 (IQR 9-14) years; 25% white, 27% black, 35% Asian; 29%
CDC stage C, median time on ART 7.2 years. Median baseline CD4% was 32% (IQR: 27, 36) QD vs 34% (28, 40) BID. Although all children had VL<50c¢/
mL at screening, 12 (14%) QD vs 4 (5%) BID had baseline VL>50 c¢/mL (IQR: 66, 239). By week 48 (1 QD child lost at week 4), 97% and 98% of time
was spent on QD and BID respectively. 12 QD vs 7 BID children had confirmed VL>50 ¢/mL within 48 weeks; the estimated percentage with VL rebound
was 14% QD vs 8% BID: difference 6% (90% CI -2, 14; p=0.2); reducing to 4% (-4, 11) after adjustment for baseline CD4% and VL in a post-hoc
analysis. No child died or had a new CDC C event. Two children (BID) had a major Pl mutation at VL rebound (L90M, M461+V82A); 3 QD vs 2 BID children
had M184V, 2 QD vs 2 BID developed TAMs. Changes from baseline to week 48 in CD4%, CD4 count, biochemistry, hematology and lipids were similar
between arms, as were the number of children with grade 3/4 AEs (10 QD vs 7 BID, p=0.6). 14 (4%) QD vs 6 (2%) BID children/carers reported missing
a dose within 3 days of any clinic visit (p=0.2). For the 26 QD children in the PK substudy, the geometric mean ratio (GMR) (90% Cl) of AUC, ,,, was 0.72
(0.61, 0.85) falling outside the 80-125% limits for bicequivalence. GMR for C__ was 1.13 (0.99, 1.28) and for C_ was 0.18 (0.11, 0.29).

Conclusions: Non-inferiority for VL suppression on QD versus BID LPV/r dosing was not demonstrated in this trial and LPV daily drug exposure was lower
with QD dosing. Resistance and safety data were similar in both arms. Although the results can be partly explained by chance VL imbalance at baseline,
they do not support the routine use of LPV/r QD in children and adolescents.

Very Early Combination Antiretroviral Therapy in Perinatal HIV Infection: Two Case Studies

Deborah Persaud', Audra Deveikis?, Hannah Gay®, Jagmohan Batra?, Tempe Chen?, David E. Michalik?, Kaitlin Rainwater-Lovett', Carrie Ziemniak', Katherine Luzuriaga®,
Yvonne Bryson®
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University of Mississippi Medical Center, Jackson, MS, United States, *Pediatrics, University of Massachusetts Medical School, Worcester, MA, United States, °Pediatrics, UCLA
School of Medicine, Los Angeles, CA, United States

Background: Combination Antiretroviral treatment (CART) by 31 hours of age led to HIV remission in the Mississippi Child where cART cessation did not
lead to rebound viremia. We report follow-up virologic and immunologic markers at 21 months off ART in the Mississippi Child and in a second perinatally-
infected infant who started cART similar to that of the Mississippi Child (by four hours of age) and remains on cART through age 8 months.

Methodology: Standard HIV DNA and RNA tests were used to confirm infection and assess virologic responses to CART. HIV-specific immune responses
were assessed by ELISA, western blot and cytotoxic T-cell responses. CD4+ and CD8+ T cell percentages were enumerated by flow cytometry. Droplet
digital PCR (DDPCR) was used to quantify proviral burden in peripheral blood mononuclear cells (PBMCs), resting CD4+ T cells, activated CD4+ T cells
and monocytes. Replication-competent proviral genomes were identified using a limiting dilution viral outgrowth assay. Non-induced proviral genomes were
quantified by DDPCR of culture-negative wells.

Results: The Mississippi Child has remained in remission with undetectable plasma viremia (<20 copies/mL) and normal CD4+ and CD8+ T cell counts
at 39 months of age, 21 months after stopping cART. Trace proviral DNA is persistently detectable in PBMCs but replication competent HIV is not; non-
induced proviruses were not detected in culture-negative wells. HIV-specific immune responses remain undetectable.
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A second infant with high-risk exposure to HIV was started on cART at four hours of age. HIV infection was confirmed by positive peripheral blood HIV DNA
PCR at four hours of life and HIV RNA of 217 copies/mL at 36 hours of age. HIV RNA was detected in CSF at 32 copies/mL on DOL#6. Plasma HIV RNA
was undetectable on DOL#11 and remained undetectable through age 8 months. HIV DNA testing was negative by DOL#6, and remained undetectable

at DOL#47 and 67. Replication-competent HIV was not recovered from resting CD4+ T cells at 1 and 3 months of age; non-induced proviral genomes
were detected by DDPCR, in culture-negative wells, at one month but not age three months. At age 3 months, HIV antibody is indeterminate (western blot
reactivity to gp160). CD4+ T cell percentages remained normal for age.

Conclusions: Very early cART in an HIV-infected infant led to sustained HIV remission through 39 months of age, 21 months after stopping cART. In a
second infant, CART by four hours of life led to rapid clearance of replicating virus and an undetectable proviral DNA by clinical assays within 6 days of life,
supporting restriction of HIV spread with very early cART. Development of sensitive laboratory markers and standardized approaches will be necessary to
guide the optimal management of very early HIV treated infants in order to achieve remission.

Pyroptosis Drives Both CD4 T Cell Death and Chronic Inflammation in HIV-Infected Lymphoid Tissues
Gilad Doitsh', Nicole Galloway', Xin Geng', Kathryn Monroe', Zhiyuan Yang', Orlando Zepeda?, Peter Hunt?, Hiroyu Hatano?, Stefanie Sowinski', Warner C. Greene'
'Gladstone Institute of Virology and Immunology, San Francisco, CA, United States, 2University of California, San Francisco, San Francisco, CA, United States

Background: The progressive loss of CD4 T cells in HIV-infected individuals is the over-arching cause of AIDS. Apoptosis is the mechanism by which
productively infected CD4 T-cells die. In contrast, very little is known about how “bystander” resting CD4 T cells die in lymphoid tissues. These cells are
refractory to productive HIV infection yet they account >95% of the CD4 T cell losses occurring in many lymphoid tissues like tonsil and spleen.

Methodology: Human lymphoid aggregated cultures (HLACs) were prepared using tonsil and spleen tissue; lymph nodes from consenting HIV-infected
volunteers not on antiretroviral therapy were surgically excised and used in immuno-histological staining studies.

Results: Our finding demonstrate that productive HIV infection in activated CD4 T cells from tonsil and spleen (95%) leads to by caspase-1-mediated
pyroptosis, an intensely inflammatory form of programmed cell death. In the pyroptotic death pathway, cytoplasmic contents and pro-inflammatory
cytokines including IL-1B, are released into the extracellular space. Surprisingly, lymphoid CD4 T-cells, but not CD8 T cells or B cells in the same tissue,
are primed to mount proinflammatory death responses as reflected by high-level expression of pro-IL-1beta. These events combine to create a vicious
pathogenic cycle where dying CD4 T-cells release inflammatory signals that attract more cells to become abortively infected and die by pyroptosis causing
more inflammation. Cell-to-cell transmission of HIV is obligately required to elicit this pyroptotic death response-cell free virions are ineffective Pyroptosis
is efficiently blocked by VX-765, a small-molecule inhibitor of caspase-1 that has been shown to be safe in humans. Analysis of lymph nodes from HIV-
infected subjects confirms caspase-1 dependent pyroptotic death of bystander CD4 T cells and release of IL-1beta.

Conclusions:
1. CD4 T-cell death in HIV-infected lymphoid tissues is principally controlled by caspase-1-mediated pyroptosis, an intensely inflammatory form of
programmed cell death.
2. Pyroptosis provides a new and exciting nexus between CD4 T-cell death and inflammation with strong implications for HIV pathogenesis and disease
progression.
3. Small-molecule inhibitors of caspase-1 could form a promising new “anti-AIDS” therapy that complements current treatment strategies by altering the
detrimental host innate immune response to the virus rather than the virus itself.

Early ART Initiation Prevents Disruption of the Mucosal Barrier and Subsequent T-Cell Activation

Alexandra Schuetz', Yuwadee Phuang-Ngern', Rungsun Rerknimitr?, Eugene Kroon' 2, Nitiya Chomchey®, Praphan Phanuphak®, Merlin Robb*, Jerome Kim*, Mark de
Souza®, Jintanat Ananworanich?®, on behalf of the RV254/SEARCH 010 and RV304 StudyGroups

"Retrovirology, USAMC-AFRIMS, Bangkok, Thailand, 2Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand, >SEARCH, Bangkok, Thailand, “US Military HIV
Research Program, Silver Spring, MD, United States

Background: Chronic HIV-infection is associated with damage of the intestinal epithelium partly by disrupting the Th17/Treg balance and contributing to
systemic immune activation, a marker for disease progression. The initiation of anti-retroviral treatment (ART) early during acute HIV-infection (AHI) might
represent an opportunity to intervene and limit destruction of the mucosal barrier.

Methodology: 38 subjects in Fiebig stages I to lll were enrolled and underwent sigmoid biopsy at baseline, 6 months (29/38) and 24 months (17/38) post
initiation of ART. Ten gender- and age-matched HIV uninfected (HIV-) and 5 ART-naive chronically HIV+ subjects (CHI), 6 to 12 month post infection, served
as controls. Mucosal mononuclear cells were isolated and subsequently stained for multi-parameter flow cytometry.

Results: At baseline, subjects were Fiebig stage: | (13), Il (4) and Il (21). A significantly lower frequency of Th17 cells was observed in Flll compared to FI/
Il (Median 7.1% vs. 13.2%, p=0.03). No difference was seen between Fl/Il and HIV- (Median 13.2% vs. 14.5%, p=NS), while Flll had lower Th17 cells
compared to HIV- (Median 7.1% vs. 14.3%, p=0.01). Subjects who started ART in FI/Il maintained frequencies of Th17 cells at 6 months (Median 13.5%)
and 24 months (Median 12.7%) comparable to HIV-, while Th17 cells were depleted in (CHI) (Median 1.1%), p<0.001). Initiation of ART at Flll prevented
further loss of Th17 cells, but did not reconstitute Th17 frequencies to the level of HIV- (Median baseline: 7.1%, 6 months: 9.2%, 24 months: 8.1%, HIV-
14.5%). At 24 months subjects treated at FI/Il and at Flll maintained higher frequencies of Treg compared to HIV- (Median FI/I1 6.7%, p=0.001 and Flll
7.7%; p=0.003 vs. HIV- 3.1%), but never increased to levels seen in CHI (Median 20.6%). Additionally, Flll subjects showed significantly increased CD8 T
cell activation before ART compared to HIV- as measured by HLA-DR/CD38 expression (Median 12.7% vs. 4.7%, p<0.001). However, at 6 and 24 months
CD8 T cell activation decreased to frequencies similar to HIV- with 4.5% and 5.1%, respectively. FI/Il subjects did not show an initial significant increase in
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CD8 T cell activation compared to HIV- (Median 6.9% vs. 4.7%, p=NS) and maintained low levels of immune activation at 6 and 24 months (Median 5.5%
and 4.9%).

Conclusions: FI/Il subjects exhibit levels of Th17 cells and CD8 T cell activation similar to HIV- subjects and maintain those levels under ART. Early initiation
of ART may prevent the loss of Th17 cells and subsequent CD8 T cell activation thus contributing to the integrity of the mucosal barrier.

Characterizing the IFN« Resistance of Transmitted Founder HIV-1

Shilpa S. lyer', Angharad E. Fenton-May?, Andrew G. Smith', Weiyu Zhang', John C. Kappes®, Feng Gao*, Frederic Bibollet-Ruche', Hui Li', George M. Shaw', Persephone
Borrow®, Beatrice Hahn'

"Departments of Medicine and Microbiology, University of Pennsylvania, Philadelphia, PA, United States, *Nuffield Department of Clinical Medicine, Oxford, United Kingdom,
3Departments of Medicine, University of Alabama at Birmingham, Birmingham, AL, United States, “Duke Human Vaccine Institute and Department of Medicine, Duke University
Medical Centre, Durham, NC, United States, *Nuffield Department of Clinical Medicine, University of Oxford, Oxford, United Kingdom

Background: Elucidating the host innate effector mechanisms that control HIV-1 replication at the site of entry during the earliest stages of infection could
be instrumental in the development of an effective AIDS vaccine. We reported previously that transmitted founder (TF) viruses are more resistant to the
antiviral effects of interferon o (IFN«) than viruses that predominate during chronic infection. Here, we used matched pairs of TF and 6-month (6-mo)
consensus infectious molecular clones (IMCs) to identify genetic determinants of IFNc resistance.

Methodology: Single genome sequencing (SGS) was used to infer the full-length TF sequence as well as consensus sequences at 45 days, 85 days and
6-mo post-seroconversion from one patient (CH58). In addition, TF and 6-mo genome sequences were derived from 11 longitudinally followed patients (8
subtype C and 3 subtype B). IMCs were synthesized and viral replication was assessed in human CD4+ T-lymphocytes in the presence and absence of
IFNax.

Results: To characterize the decline in IFN« resistance over time, we analyzed sequential IMCs from a single patient, CH58. In the absence of IFNe, all
four viruses replicated with similar kinetics. However, when target cells were pretreated with IFNe, the TF, d45 and d85 viruses replicated nearly 10-fold
more efficiently than the corresponding 6-mo virus (p<0.001). To determine whether loss of IFNax resistance was a common phenotype, we compared

the replication potential of matched TF/ 6-mo pairs from 11 additional patients. In each case, TF viruses replicated more efficiently than the corresponding
6-mo viruses in the presence of IFNex. This difference was statistically significant (p<0.05) throughout the 11-day replication time course, with the greatest
replication increase observed at day 7 post-infection (range 2.3- 10.2 fold). This phenotype was reproduced in CD4+ T-lymphocytes from multiple human
donors. Interestingly, we identified two distinct IFNox sensitivity profiles by varying the duration of pretreatment of target cells. For ten pairs, differential
replication was observed when cells were pretreated from 4- 24 hours prior to infection, while two pairs only showed differential replication up to 16 hours
of pretreatment, and not beyond. IFN« resistance mapped to nucleotide changes in different genes in two pairs.

Conclusions: These data demonstrate that antiviral genes up-regulated by IFNc exert significant selective pressure on the transmitted HIV-1 pool,
resulting in the establishment of infection by variants that are relatively IFN« resistant. This IFNc resistance declines within 6 months of infection and is
subtype independent. Multiple IFN« -stimulated genes likely contribute to this phenotype.

Identification of IFI16 as HIV Restriction Factor

Amalio Telenti', Ali Gawanbacht?, Dominik Hotter®, Christian Krapp®, Nitisha Pyndiah', Greg Jordan*, Seren R. Paludan®, Martin R. Jakobsen®, Frank Kirchhoff?
"University of Lausanne, Lausanne, Switzerland, ?Institute of Molecular Virology, Ulm University Medical Center, Ulm, Germany, *Institute of Molecular Virology, Ulm University
Medical Center, Ulm, Germany, “European Bioinformatics Institute, Cambridge, United Kingdom, °Department of Biomedicine and Aarhus Research Center for Innate
Immunology, Aarhus, Denmark

Background: Antiretroviral restriction factors are encoded by genes that are under strong positive selection pressure, induced in HIV-1 infection, and
frequently interacting with viral proteins. Here, we used evolutionary genomics, transcriptomics, and protein interaction data to identify additional human
genes showing these features and to characterize new restrictions factors.

Methodology: We first performed a genome-wide screen for genes under positive selection pressure in primates. The output was assessed in the
context of orthogonal sets of transcriptome and protein interaction data. A cell-based assay was used to determine the impact of candidates on HIV-1
gene expression, virus production and virion infectivity. We monitored HIV-1 Gag and Env protein expression in the cells and in the culture supernatants by
western blot analysis. Detailed analysis of the y-interferon-inducible protein 16 (IFI16) included knockdown in primary cells, assessment of counteraction
with viral accessory proteins and use of primate orthologs and a panel of viral strains and isolates. Silencing of IFI16, cGAS and STING was performed to
distinguish between immune sensing activity and direct restriction.

Results: We identified 30 genes showing the signature of restriction factors. Overexpression of a strikingly high proportion of them inhibited transcription
or translation of HIV-1, while a small subset impaired viral infectivity. Analysis of IFI16 demonstrated that this immune sensor of viral DNAS strongly reduces
the production of infectious HIV-1 by interfering with LTR activity and Gag processing. This antiviral activity is conserved across different primate species,
dependent on a nuclear localization signal, and counteracted by the viral Vpr protein. Silencing of IFI16 but not of other factors in the innate DNA sensing
pathway, such as STING or cGAS, increased infectious virus production.

Conclusions: The number of human genes sharing the characteristics of known host restriction factors is very limited. The screen allowed the identification
of IFI16 as an innate immunity factor that restricts HIV-1 independently of its DNA sensing activity.

Central Memory and Effector Memory CD4 T Cells From HIV Controllers Harbor Distinct HIV Strains

Eli Boritz', Luke Swaszek', Rebecca Hoh?, Jeffrey Martin®, Steven Deeks?, Daniel Douek'
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Background: The distinct immunologic functions performed by CD4 T cells of central memory (CM) and effector memory (EM) phenotypes require
distinct gene expression programs that could differentially affect HIV replication. We tested the difference between CM and EM cells as HIV hosts in vivo
by quantifying and sequencing HIV genomes from these cellular subsets in a group of HIV-infected donors with spontaneous control of plasma HIV-1 RNA
levels to <1,000 copies/mL in the absence of cART.

Methodology: CM and EM cells were sorted from PBMC of 6 HIV controllers by FACS. RNA genomes were extracted from plasma virions and reverse-
transcribed. Env gene fragments were quantified and cloned from cell-associated DNA or virion cDNA using a novel, high-throughput single-genome
amplification method termed fluorescence-assisted clonal amplification (FCA). Clonal sequences were checked for hypermutation using the Hypermut
algorithm. Coreceptor specificities of clonal sequences were predicted using the Geno2pheno algorithm. Maximum-likelihood phylogenetic trees were
reconstructed from alignments of non-hypermutant clonal sequences using the general time-reversible model of substitution with gamma distribution.
Compartmentalization was assessed by Slatkin-Maddison testing.

Results: Levels of HIV genomic DNA were indistinguishable in CM and EM cells from HIV controllers. By contrast, env DNA sequences from these two
subsets diverged markedly, with genetic compartmentalization between CM and EM in all 6 controllers studied. No clonal sequence from any controller was
predicted to be X4-tropic, and few sequences were hypermutant (CM median 3.9% of all sequences per donor, range 0-22.7%; EM median 2.15%, range
0-9.5%). Sequences from CM cells were more closely related to sequences from plasma virions than were sequences from EM cells, with CM/plasma
compartmentalization in 3/6 controllers and EM/plasma compartmentalization in 6/6. Average genetic distances between groups of clonal sequences were
smaller between CM and plasma than between EM and plasma. Phylogenetic trees from controllers but not from two untreated subjects with viral loads
>20,000 copies/mL showed large clusters of matching sequences, often separated by large genetic distances. Several large clusters represented HIV
clones with truncations in gp120, suggesting non-viable proviruses amplified by T cell clonal expansion.

Conclusions: The population of productively infected CD4 T cells in HIV controllers is very small. This is particularly true in the EM subset, where most cells
harboring HIV DNA appear to have expanded from a few non-productively infected precursors. The key focus of ongoing HIV replication in controllers may
be a tissue site containing CM-like cells.

Accelerated Viral Load Increase and CD4 Decline in HIV-1 Superinfected Women

Keshet Ronen', Barbra Richardson’, Susan Graham?, Kishor Mandaliya®, Walter Jaoko*, Scott McClelland?, Julie Overbaugh'

"Fred Hutchinson Cancer Research Center, Seattle, WA, United States, University of Washington, Seattle, WA, United States, °Coast Provincial General Hospital, Mombasa,
Kenya, “University of Nairobi, Nairobi, Kenya

Background: HIV superinfection (SI) has been detected at a substantial rate in several settings, but its impact on disease course remains poorly
characterized. Understanding the consequences of SI has important implications for counseling HIV-infected individuals, as well as estimating transmission
risk in epidemic modeling. Prior studies have suggested that SI may lead to a transient increase in viral load (VL) and sustained acceleration in VL increase
over time, however these studies were small (analyzing 2-12 cases of Sl) or did not distinguish between coinfection and SI. We recently screened a cohort
of HIV-infected high-risk women in Mombasa, Kenya, for superinfection. Among 145 women singly infected at baseline, 21 acquired SI during follow-up.

Methodology: Detailed clinical and laboratory data collected at quarterly intervals were used to compare disease progression between superinfected
and singly infected women from the Mombasa cohort. Linear mixed effects models were used to compare post-acute VL and CD4 counts over time. Cox
proportional hazards analysis was used to determine the effect of Sl on time to clinical progression (CD4 < 200, ART initiation or death).

Results: Overall, 124 singly infected and 21 superinfected women contributed 925 person-years of follow-up, during which 1788 VL and 1532 CD4
counts were collected and 91 progression events occurred. VL increased more rapidly following Sl than during single infection (increasing at 0.14 vs. 0.08
log10 copies/ml/year respectively, p=0.04). Conversely, CD4 counts decreased more rapidly in SI cases than singly infected women (at 1.57 vs. 0.97
VCD4+cells/ml/year respectively, p=0.05). Prior to Sl acquisition, there was a trend for ultimately superinfected women having lower setpoint VL than
singly infe