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  Dr. Eric Hunter’s distinguished career has focused primarily on 

research into the family of viruses that includes the causative agent 

of AIDS. He has lectured extensively, both nationally and 

internationally, and continues to teach at both graduate and 

undergraduate levels. He has enthusiastically mentored more than 

60 graduate students and postdoctoral fellows, many of whom 

remain in research and have become leaders in their own right. 

Dr. Hunter’s career has included graduate work in tumor 

immunology conducted at the Imperial Cancer Research Fund & 

Brunel University, London, England, and postdoctoral studies at the 

University of Southern California. Through his leadership, he was 

instrumental in establishing one of the first Centers for AIDS 

Research at the University of Alabama, Birmingham, and currently 

co-directs the Emory Center for AIDS Research. His laboratory has 

been recognized internationally for its work in defining molecular 

events involved in HIV transmission and disease progression among 

heterosexual couples living in Rwanda and Zambia, as well as more 

basic molecular studies on retrovirus replication. His bibliography 

includes over 300 articles, reviews, and book chapters. He has also 

been the recipient of four NIH merit awards for his work on 

retrovirus and HIV molecular biology. 

Dr. Hunter served as the Editor in Chief of the journal, AIDS Research 

and Human Retroviruses for 10 years. He was Chair of the AIDS 

Vaccine Research Subcommittee, which is charged with providing 

advice and consultation on AIDS vaccine research to the National 

Institute of Allergy and Infectious Diseases and continues to serve 

on Editorial boards for several academic journals and on external 

advisory committees for several government, academic, and 

commercial institutions. 

E: ehunte4@emory.edu  
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Dr. Volker Lohmann is independent group leader at Heidelberg 

University. He studied Biology at the University of Mainz, where 

he did his diploma thesis on the thymidine kinase of Herpes 

Simplex Virus. For his PhD thesis he joined the newly established 

laboratory of Ralf Bartenschlager at the Institute for Virology in 

Mainz in 1993 and received his degree in 1998. During his Postdoc 

time in the same laboratory he succeed in establishing selectable 

subgenomic replicons of the genotype 1b isolate Con1 and 

thereby created the first efficient cell culture system for HCV. This 

work was essential for further development of directly acting 

antivirals and has been widely used to study HCV host factor 

interactions. Volker Lohmann optimized the system by identifying 

cell culture adaptive mutations required for efficient replication of 

most HCV isolates in cell culture. 

In 2002 Volker Lohmann moved on a permanent position as an 

independent group leader to the Department Infectious Diseases, 

Molecular Virology in Heidelberg. Here he continued working on 

different aspects of HCV replication including the understanding 

of cell culture adaptation, structure-function analyses on the HCV 

polymerase and the identification of host cell factors engaged in 

HCV replication, e.g. the cellular lipid kinase PI4KA, Cyclophilins 

and microRNA 122. One of his focuses is a general understanding 

of the biogenesis of the membranous replication organelles of 

positive strand RNA viruses, in particular HCV and Norovirus. He is 

furthermore interested how HCV induces and counteracts innate 

and adaptive immune responses to finally achieve persistence, in 

contrast and comparison to hepatitis A virus infections, sharing a 

similar replication strategy, but always being cleared. 

E: Volker.Lohmann@med.uni-heidelberg.de  

 

mailto:Volker.Lohmann@med.uni-heidelberg.de
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Fabiola obtained her undergraduate degree in Medicine at the 
University of Vienna in 1995 and entered her specialist training in 
Genitourinary and HIV Medicine after becoming a Member of the 
Royal College of Physicians, London, UK. She completed her 
specialist clinical training and obtained her MD(Res) in Human T 
Leukaemia Virus Type 1 medicine at Imperial College London in 
2009. In 2014 she became a fellow of the Higher Education 
Academy (FHEA) and was invited to join the Royal College of 
Physicians (FRCP) as a fellow in 2015. In 2o19 Recently she joined 
the Chapter of Sexual Health at Royal Australasian College of 
Physicians (FAChSHM) as a fellow. She has joined the Faculty as 
the Head of MD Program Admissions and is a senior clinical 
lecturer at the School of Public Health at University of Queensland 
and works as a sexual health, HIV and HTLV specialist in Brisbane.

    She has experience in biomedical, observational cohort and 
clinical trial research, has led systematic reviews and 
epidemiological studies as well as the MD Program Admission 
Review 2017. Fabiola is also a patient advocate and supervises the 
www.HTLVaware.com webpage and conceived and lead the Open 
HTLV Letter to World Health Organisation in 2018 to improve the 
implementation of HTLV-1 public health prevention strategies 
internationally.

E: fabiola.martin@uq.edu.au 
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Damian Purcell is a tenured academic at the University of Melbourne 
and theme leader for Viral Infectious Diseases at the Peter Doherty 
Institute for Infection and Immunity. After receiving a PhD from the 
University of Melbourne in 1987 he was a CJ Martin traveling fellow 
of the NHMRC working at the Laboratory for Molecular Microbiology 
of the NIAID, NIH examining human retroviruses (HIV and HTLV). He 
returned to Melbourne’s Burnet Institute before moving back to the 
University of Melbourne in 2001.  
 
He studies RNA-mediated control of HIV and HTLV-1 replication during 
productive and the latent phases of infection. He uses insights into the 
molecular events of these infections and the innate and adaptive host 
responses to develop new antiviral and latency-breaking drugs, 
vaccines and biomedical interventions. He was first to describe that 
cows vaccinated with HIV Env trimers produce large amounts of HIV 
broadly neutralising antibody in the colostrum milk. He patented this 
and fostered a start-up company that is developing antibody-products 
to prevent HIV transmission. He also patented novel Amidothiozol 
compounds for HIV latency reversal. His recent studies have explored 
HTLV-1 replication, gene expression and pathogenesis and he has 
developed ddPCR assays measuring HTLV-1 proviral load as a 
percentage of T-cells. 
 
Purcell has published over 120 peer-reviewed journal articles. He is 
co-Director of the Global Virus Network (GVN) in Australia, the 
Executive Committee and Past President of the Australasian Virology 
Society, and Executive Committee of the Australian Center for HIV and 
Hepatitis Virology. He chairs the ASHM-HTLV-1 working group and is 
on the Steering Committee of the Australian Federal Ministerial 
taskforce on HTLV-1.  He is the Australasian Governing councillor of 
the International Retrovirology Association and co-convener for the 
20th International HTLV and Related Viruses Conference in 
Melbourne in 2021. Purcell has supervised 29 PhD completions with 
18 of these as sole supervisor and 9 as the primary co-supervisor. 
 
E: dfjp@unimelb.edu.au  

  

mailto:dfjp@unimelb.edu.au
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Lloyd Einsiedel is an infectious diseases physician who has provided a 
clinical service to central Australia for more than a decade. He has 
active research interests in Indigenous health with particular 
reference to interactions between the social determinants of health, 
health literacy and disease. Working with international collaborators 
at Imperial College, London, and the Institut Pasteur, Paris, he has 
sought to understand the implications of infection with the Human T-
Lymphotropic Virus type 1 (HTLV-1) among the Indigenous people of 
central Australia. 

   E: lloyd.einsiedel@bakeridi.edu.au  

mailto:lloyd.einsiedel@bakeridi.edu.au
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Day One:  Wednesday 29th May 2019 
  

11:30 – 13:00 Registration & Refreshments: Pavilion 
  

13:00 – 14:00 Lunch: Pavilion  
  

14:00 – 14:15 Welcome: Conference Centre – Tony Cunningham 

 
14:15 – 15:00 HIV Plenary: Conference Centre 

 

 Chairs:  Tony Cunningham (ACH2) and Heidi Drummer (ACHV) 

 

 Eric Hunter, Ph.D. 

Professor of Pathology and Laboratory Medicine, 

Georgia Research Alliance Eminent Scholar 

Emory Vaccine Center 

 

 Title: The roles of the transmitted virus and sex of the newly infected person in HIV 

disease progression 

 

 

15:00 – 15:30   Afternoon tea: Conference Centre Terrace 

 

15:30 – 17:00   Joint Session 1: Vaccines (HIV/HCV)  

Chair: Damian Purcell and Rowena Bull 

Room: Conference Centre 
 

15:30 – 15:45  Heidi Drummer (HCV)        [1] 
Immunosilencing of the non-neutralizing face of HCV E2 glycoprotein for improved vaccine 
responses     

 
15:45 – 16:00  Makutiro Masavuli        [2] 

A hepatitis C virus DNA vaccine encoding a secreted, oligomerized form of envelope 
proteins is highly immunogenic and elicits neutralizing antibodies in vaccinated mice 
    

16:00 – 16:15  Behnaz Heydarchi        [3] 
SOSIP env vaccine improves HIV neutralization of Bovine antibodies 

     
 
16:15 – 16:30  Brianna Jesaveluk        [4] 

Production and immunogenicity testing of high-stability soluble HIV-1 glycoprotein vaccine 
candidates based on a transmitted-founder isolate.  
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16:30 – 16:45  Danielle Fong         [5] 
Detailed Epitope Mapping of Bovine Broad Neutralising Antibodies against HIV-1 

 
 
16:45 – 17:00  Alexander Underwood        [6] 

Characterising broad neutralising antibodies in subjects with repeated HCV exposure 

 

17:00 – 18:00  ACHV AGM 

   Conference Centre 

 

18:00 – 19:00  Free Time 

    

19:00 – 22:00  Dinner, Gourmet BBQ 

Pavilion 
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Day Two: Thursday 30th May 2019 

  

7:30 – 8:45 Breakfast:  Dining Room 
  

8:45 – 9:30 Hepatitis Plenary: Conference Centre 
 

 Chair:  Heidi Drummer 

 

 PD Dr. Volker Lohmann  

University of Heidelberg 

Department of Infectious Diseases 

Molecular Virology 

Centre for Integrative Infectious Disease Research (CIID) 

 

 Title: Hepatitis C virus replication and virus-host interactions 

 

9:30 to 10:45      Joint Session 2  

   Replication and Pathogenesis     

Chairs: David Harrich and Julie Nigro 

Room: Conference Centre 
     

9:30 – 9:45  Chandan Kishor         [7] 
Identification of calcium as a novel factor for Gag oligomerization and the HIV 
assembly      

 
9:45 – 10:00  Thao Huynh         [8] 

Exploring HBx and DDB1 interactions, and their impacts on HBV replication across 
genotypes  
         

 
10:00 – 10:15  Wei Zhao         [9] 

HIV and hepatitis B virus (HBV) co-infection leads to an increase in intracellular 
hepatitis B surface antigen and HBV DNA in hepatocytes: a potential mechanism for 
adverse liver outcomes          

 

10:15 – 10:45  Morning Tea  

Conference Centre Terrace 
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10:45 – 12:30  Breakout Session 1  

   Virus persistence and latency    

Chairs: Chantelle Ahlenstiel and Gilda Tachedjian 

Room: Conference Centre – Inspiration 
 

 

10:45 – 11:00   Jenny Anderson                   [10] 
Tracking the death of HIV latently infected T cells induced by latency reversing 
agents and pro-apoptotic drugs 
  

11:00 – 11:15   Jori Symons                    [11] 
Clonal integration site expansion of infected cells is a main contributor of HIV 
persistence in more differentiated T cell subsets during suppressive ART   

 
11:15 – 11:30   Bethany Horsburgh                  [12] 
   Cellular proliferation maintains genetically intact and defective HIV-1 over time 
  
11:30 – 11:45   Vincent Morcilla                  [13] 

Large in vivo expansion and subsequent partial contraction of a T-cell clone 
carrying a defective HIV genome reflect the dynamics of the HIV reservoir during 
ART   

 
11:45 – 12:00   Katie Fisher                   [14] 

Different T cell subsets contain intact proviruses in blood and lymph node during 
ART  

 
12:00 – 12:15   Michelle Wong                   [15] 

Development of an in vitro model to study latently HIV infected macrophages and 
their reactivation   

 
12:15 – 12:30   Jared Stern                  [16] 

Transcription Initiation in HIV-positive Individuals on Antiretroviral Therapy has a 
Circadian Rhythm: Implications for the Reversal of HIV Latency   

 

 

10:45 – 12:30  Breakout Session 2  

   Anti-viral immune responses 

Chairs: Hongyan An and Branka Grubor-Bauk 

Room: Conference Centre – Reflection 
 

10:45 – 11:00  Hans Netter                 [17] 

Hepatitis B virus-like particles and particulate platforms with enhanced 

immunogenicity   

11:00 – 11:15  Ashish Chandra Shrestha               [18] 

Cocktail Immunisation as an Approach to Induce Humoral and Cell Mediated 

Immune Responses against Hepatitis C Virus   
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11:15 – 11:30  Anurag Adhikari                  [19] 

Increase in antibody-dependent phagocytosis in a subset of HCV patients with anti-

envelope antibodies    

 

11:30 – 11:45  Zelalem Mekonnen                   [20] 

Vaccination strategies to localise T cell immunity in the liver with the potential to 

confer rapid protection against hepatitis C virus (HCV)  

 

11:45 – 12:00  Harikrishnan Balachandran                  [21] 

Determinants of long-lived memory B cells for antiviral immunity   

 

12:00 – 12:15   Wen Shi-Lee                    [22] 

Anti-drug antibodies in macaques receiving bNAb PGT121 prophylactically and 

therapeutically    

 

12:15 – 12:30  Natalia Salazar-Quiroz                   [23] 

Comparison of Fc-effector functions mediated by antibodies elicited against 

different HIV-1 gp140 envelope vaccines   

 

12:30 – 13:45   Lunch  

Conference Centre Terrace 

 

13:45 – 15:15  Breakout Session 3  

   Assay Development and New Model Systems 

Chairs: Jori Symons and Wen Shi Lee 

Room: Conference Centre – Reflection 
 

13:45 – 14:00  Julie Nigro                    [24] 
   Discovering immunotherapeutic antivirals with chronic hepatitis B liver organoids.
   
14:00 – 14:15  Chuan Kok Lim                    [25] 

Human Liver Organoids Culture as a Novel In Vitro Model of HBV Infection  
   

 
14:15 – 14:30  Nathan Main                    [26] 

Circulating Hepatitis B virus (HBV) double-stranded linear DNA (dslDNA) as a clinical 
marker  

 

14:30 – 14:45  David Anderson                   [27] 
Point of care testing for treatment eligibility in chronic hepatitis B virus infection 

  
14:45 – 15:00  Hugh Mason                     [28] 

Workflow Optimisation for Detecting Hepatitis B Virus Minichromosome in Liver 
Tissue   
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15:00 – 15:15  Thomas R. O'Neil                    [29] 
Designing a flow cytometry panel for the identification of CD4+ T cells isolated from 
human anogenital tissues  

 

13:45 – 15:30  Breakout Session 4  

   Mucosal Immunity    

Chairs: Jennifer Juno and Natalia Salazar-Quiroz 

Room: Conference Centre – Inspiration 
 

13:45 – 14:15  Prof Gilda Tachedjian [30mins]                   [30] 
Vaginal microbiota metabolites and HIV susceptibility  

 
14:15 – 14:30  Heeva Baharlou                    [31] 

HIV and the Colorectal Mucosa - Investigating the Early Interactions of HIV with 
Mucosal Target Cells In Situ 

 
14:30 – 14:45  Jake Rhodes                     [32] 

Investigating HIV interactions with mononuclear phagocytes of the human 
anogenital tract   

 
14:45 – 15:00  Hafsa Rana                     [33] 
   Developing Methods to Investigate Viral Entry into Human Foreskin   
 
15:00 – 15:15  Erica Longmuir-Vine                   [34] 

HIV interactions with colorectal macrophages in early infection     
 

15:15 – 15:30  Nicolas P Canete                   [35] 
Imaging Mass Cytometry to Understand Early HIV-Cell Interactions In Colorectal 
Tissue   

 
15:30 – 16:00  Afternoon Tea 

Conference Centre Terrace 
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16:00 – 17:15  Breakout Session 5 

   Genomics      

Chairs: Hongping Jin and Anupriya Aggarwal 

Room: Conference Centre – Inspiration 

 

16:00 – 16:15  Jennifer Currenti                   [36] 
The effect of Pathogen adaptation on human T cell function and T cell receptor 
diversity  
   

16:15 – 16:30  Chaturaka Rodrigo                   [37]  
   Using networks to study epistatic interactions of HCV  
 

16:30 – 16:45  Nasir Riaz                     [38] 
   Whole genome long read sequencing of hepatitis C virus and its applications 
  

16:45 – 17:00  Jennifer Currenti                                 [39] 
Deep sequence analysis of HIV adaptation following vertical transmission reveals 
the impact of immune pressure on the evolution of HIV 
 

17:00 – 17:15  Xiao Qian Wang                   [40] 
Immune activation markers associated with levels and diversity of intact HIV 
proviruses during HIV-HBV co-infection   

 

 

16:00 – 17:45  Breakout Session 6 

   Virus and Host interactions 

Chairs: Jenny Anderson and Stuart Turville   

Room: Conference Centre – Reflection 

 

 

16:00 – 16:15  David Harrich                    [41] 
Can investigation of HIV-1’s requirement for eEF1A lead to a broad spectrum 
antiviral?  
 

16:15 – 16:30  Andrew Harman                   [42] 
   Identification of HIV Transmitting CD11c+ Human Epidermal Dendritic Cells 
  

16:30 – 16:45 Alberto Ospina Stella                   [43] 
HIV cell-cell transmission and the role of the actin cytoskeleton  

 
16:45 – 17:00  Orion Tong                   [44] 

The influence of plasmacytoid dendritic cells on memory CD4+ T cells during initial 
HIV infection  

 
17:00 – 17:15  Annemarie Laumaea                 [45] 

Targeting HIV-infected macrophages as part of a functional cure strategy   
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17:15 – 17:30  Kai Yan Mak                   [46] 
Serum levels of spliced hepatitis B virus DNA is associated with increased risk of 
hepatocellular carcinoma in patients with chronic hepatitis B infection   

 
17:30 – 17:45  Laura McCullough                  [47] 
   Analysing the replication phenotype of HBV splice variants  
 
 
18:00 – 19:00  Free Time 
    
19:00 – 19:30  Pre Dinner Drinks 
 
19:30 – 23:00  Formal Dinner  
    
   Conference Centre 
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Day Three: Friday 31st May 2019 

 

7:30 – 9:00           Breakfast: Dining Room 

9:00 – 10:30 HTLV-1 update Conference Centre 

Joint Session 3 
 

 Chair:  Tony Cunningham 

 

 Dr Fabiola Martin  

MD, MDRes, FAChSHM, FRCP, FHEA  

University of Queensland  

 

Title: HTLV-1 Diseases and Public Health Response 

 
 

9:20 – 9:40          Damian Purcell                    [48] 

Genomics and Virology of HTLV-1c Prevalent in Remote Australia 

   

9:40 – 10:00          Lloyd Einsiedel                     [49] 

Disease associations of Human T-cell Leukaemia Virus type 1c subtype in a remote 

Indigenous Australian population 

 

10:00 – 10:15  James Cooney                   [50] 

Tenofovir alafenamide reduces transmission of human T-leukaemia virus 1 (HTLV-

1) in a humanised mouse model of infection 

 

10:15 – 10:30  Ashley Hirons                  [51] 

   Novel hbz mRNA in HTLV-1c results in loss of activation domain   

       

 

10:30 – 11:00    Morning tea 

   Conference Centre Terrace 
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11:00 – 12:15  Joint Session 4 

Chairs: Chaturaka Rodrigo and Andrew Harman 

Anti-viral therapeutics      

Room: Conference Centre 
 

11:00 – 11:15  Julie Nigro                   [52] 
Targeting hepatitis B virus infection and hepatocellular carcinoma with engineered 
T cells. 
 

11:15 – 11:30  Chantelle Ahlenstiel                 [53] 
RNA-directed epigenetic silencing protects humanized mice during HIV challenge 

  
11:30 – 11:45  Christina Fichter                  [54] 

Development of a non-integrative viral vector delivery platform to target the 
primary latent HIV reservoir   

 
11:45 – 12:00  Hongping Jin                  [55] 

Development of Nullbasic protein as an HIV nanomedicine  
  
12:00 – 12:15   Abdalla Ali                   [56]  

The role of size and surface charge in cellular uptake of nanoparticles for the 
elimination of HIV latency   

 

12:30 – 1:30   Lunch 

Conference Centre Terrace 

 

1:30 – 2:00   Closing Awards and Departure 

   Conference Centre Terrace 

   Pick up afternoon tea to go and continue to board coaches  

 

 

THANK YOU FOR ATTENDING THE 2019 ACH2 WORKSHOP… 

 

 



   25 

 

 

 

ABSTRACTS 
  



   26 

[1] 

Immunosilencing of the non-neutralizing face of HCV E2 glycoprotein for improved vaccine responses 
 
Rob J Center1,2, Pantelis Poumbourios1,3 and Heidi E Drummer1,2,3. 
1Disease Elimination, Burnet Institute, Melbourne VIC 3004, 2Department of Microbiology and Immunology at the Peter 
Doherty Institute, University of Melbourne, Parkville VIC 3010, 3Monash University, Clayton VIC 3800 
 
Introduction: To achieve timely elimination of HCV an effective preventative vaccine will be required in addition to 
direct acting antiviral drugs. Passive antibody transfer experiments in animal models and studies of natural infection in 
humans suggest that the induction of broad-acting neutralizing antibodies (bNAb) against the HCV E2 glycoprotein is 
likely to be a critical component of an effective HCV vaccine. HCV E2 displays extremely high amino acid sequence 
variability, and this represents a significant hurdle to the development of a cross-protective vaccine. E2 has a 
neutralizing face consisting of structures that mediate binding to the cellular receptor CD81, and a non-neutralizing face 
that may act as an immunological decoy. In some circumstances non-neutralizing antibodies (non-Nab) appear to 
enhance infection. A disulfide-linked oligomeric form of E2 was effective at inducing bNAb, at least in part due to the 
occlusion of the non-neutralizing face, as evidenced by reduced reactivity to a number of non-NAb. We aimed to 
recapitulate this property in a readily-produced monomeric form E2 that would be a more cost-effective and simple to 
manufacture vaccine candidate. The parental E2 molecule used lacks hypervariable region 1, 2 and 3 enabling the 
immune system to focus on conserved neutralization domains on the neutralizing face of E2. In addition, it contains 
seven cysteine to alanine mutations that results in the expression of an entirely monomeric species (Δ123A7). 
 
Methods: Alanine scanning mutagenesis of Δ123A7 was performed across the non-neutralizing face of E2. Surface 
exposed amino acids on the non-neutralizing face of E2 and those involved in non-NAb epitopes were selected where 
the amino acid was predicted not to have extensive contacts with buried residues. Mutant genes were synthesized, sub-
cloned into expression vectors and used to transfect 293T cells. The expression, antigenicity and ability to bind cell 
surface receptor CD81 was assessed by ELISA. 
 
Results: Our panel consisted of 15 mutants with a single amino acid substitution localised in two clusters and one mutant 
with an 11-amino acid deletion. The mutations were generally well-tolerated resulting in near wild-type levels of 
expression and recognition by conformation sensitive antibodies. The E2 panel was screened to identify mutants that 
displayed reduction of binding to non-NAb and/or maintenance or enhancement of binding to bNAb. The binding of a 
linear bNAb targeting the first CD81 binding cluster and a conformational bNAb targeting the second CD81 binding 
cluster generally showed little variance in binding between the parental and mutant molecules. In contrast, a bNAb with 
a more complex conformational epitope showed binding to mutant Δ123A7 ranging from a marked reduction to 
enhancement compared to the parental. Non-NAbs with either linear or complex conformational epitopes similarly 
displayed a range of reduced or enhanced binding to mutant Δ123A7. 
 
Discussion and conclusion: 
Our preliminary results suggests the strategy is feasible. In future studies, we will combine favorable mutations 

(reduced binding to non-NAb and/or enhanced binding to bNAb) for second-round of screening. The most favorable 

mutant combinations will be placed in an immunization trial in small animals where we will assess the neutralization 

potency and breadth of the sera generated compared to parental wild-type forms of the immunogen.
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              [2] 

A hepatitis C virus DNA vaccine encoding a secreted, oligomerized form of envelope proteins is highly immunogenic 
and elicits neutralizing antibodies in vaccinated mice. 
 
Makutiro Ghislain Masavuli1, Danushka K Wijesundara1, Alexander Underwood2, Dale Christiansen3, Linda Earnest-
Silveira3, Rowena Bull2, Joseph Torresi3, Eric J. Gowans1 & Branka Grubor-Bauk1 
 

1Virology Laboratory, Basil Hetzel Institute for Translational Medicine, Discipline of Surgery, University of Adelaide, 
Adelaide, South Australia, Australia 
 

2School of Medical Sciences and the Kirby Institute, Faculty of Medicine, University of New South Wales, Sydney, New 
South Wales, Australia 
 

3Department of Microbiology and Immunology, The Peter Doherty Institute for Infection and Immunity, University of 
Melbourne, Parkville, Victoria, Australia 
 
Introduction:   
Hepatitis C virus (HCV) persistently infects approximately 71 million people globally. To prevent infection a vaccine 
which elicits neutralizing antibodies against the virus envelope proteins (E1/E2) which are required for entry into host 
cells is desirable.  DNA vaccines are cost-effective to manufacture globally and despite recent landmark studies 
highlighting the therapeutic efficacy of DNA vaccines in humans against cervical cancer, DNA vaccines encoding E1/E2 
developed thus far are poorly immunogenic. We now report a novel and highly immunogenic DNA vaccination strategy 
that incorporates secreted E1 and E2 (sE1 and sE2) into oligomers by fusion with the oligomerization domain of the C4b-
binding protein, IMX313P. The FDA approved plasmid, pVax, was used to encode sE1, sE2, or sE1E2 with or without 
IMX313P, followed by vaccination studies in Balb/c mice using prime-boost intra-dermal DNA immunisations. The 
immunogenicity of this DNA prime/boost approach was then compared against DNA prime/E1E2 protein boost or DNA 
prime/VLP boost approaches. 
 
Methods:  E1 and E2 protein expression and IMX313 oligomerisation were assessed using fluorescent Western blotting 
under non-reducing conditions. Vaccine immunogenicity was assessed in mice using IFN-γ ELISpot and E1E2-based 
ELISA. Neutralisation ability of the hyperimmune sera was assessed using an inhibition of binding assay using genotype 
1 HCV VLPs; as well as a neutralisation assay using HCV pseudoparticles (HCVpp) from various genotypes. 
 
Results: The DNA vaccines encoding IMX313P were the most effective in eliciting humoral and cell-mediated immunity 
against the envelope proteins. Animals vaccinated with p-sE2-IMX313P or p-sE1E2-IMX313P or a cocktail of p-sE1-
IMX313P+p-sE2-IMX313P elicited significantly higher E1 and E2-specific antibody responses (titers of 1/1707, 1/1343 
and 1/1994 respectively) when compared to animals vaccinated with p-sE2 (titer 1/6) or a cocktail of p-sE1+p-sE2 (titer 
1/9). No significant differences in anti-E1E2 titers were observed between mice vaccinated with p- sE1 (titer 1/2) or p-
sE1-IMX313P (titer 1/6). Further boosting with recombinant E1E2 proteins but not DNA nor virus-like particles (VLPs) 
expressing E1E2 increased the immunogenicity of the DNA prime-boost regimen. Nevertheless, the antibodies 
generated by the homologous DNA prime-boost vaccinations more effectively inhibited the binding of VLPs to target 
cells and neutralized transduction with HCV pseudoparticles (HCVpp) derived from different genotypes including 
genotypes 1, 2, 3, 4, 5 and 6. 
 
Discussion:  Overall, the data show that vaccination with a DNA vaccine encoding a secreted, oligomerized form of E1E2 
can significantly augment E1E2-specific immune responses, and importantly generate antibodies with cross-neutralizing 
activity 
 
Conclusions: These results have significant implications for the design and development of a HCV prophylactic vaccine 

and demonstrate the flexibility and unique ability of the sE1/sE2-IMX313P strategy to elicit HCV-specific immune 

responses after homologous and heterologous prime-boost immunization. These results also support further 

development and testing of these vaccine constructs in larger animals, most likely in combination with DNA vaccines 

which elicit CMI.  
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[3] 

SOSIP ENV VACCINE IMPROVES HIV NEUTRALIZATION OF BOVINE ANTIBODIES  

Behnaz Heydarchi1 , Jack M. Edwards1 , Danielle S. Fong1 , Natalia A. Salazar Quiroz1 , Charlene Mackenzie1 , Christopher 

Gonelli1 , Marit van Gils2 , Rogier Sanders2 , Damian Purcell1 

1University of Melbourne, Melbourne, VIC, Australia, 

2Academic Medical Center, Amsterdam, Netherlands 

Introduction:  HIV Env trimer vaccines aim to elicit broadly neutralising antibodies (BrNAbs) capable of blocking a diverse array 

of HIV strains. HIV-patient derived BrNAbs that attain this potency typically have immunoglobulin (Ig) variable (V) regions with 

a third heavy chain complementarity determining region (CDRH3) that are among the longest possible through germline gene 

rearrangement, and are very highly evolved after somatic hypermutation. While this outcome is rare during human Ig 

maturation and may require vaccines targeting long CDRH3 precursors, bovine CDRH3 are notably longer than those in other 

species and readily attain the desirable features when vaccinated with HIV-1 Env gp140 trimers. This study investigated the 

development of BrNAbs in cows vaccinated with uncleaved gp140, or structurally constrained (SOSIP) cleaved gp140 Env 

trimers and assessed the relationship between heterologous neutralising activity and CRH3 length by isolating anti-HIV bovine 

monoclonal antibodies (mAbs). 

Methods:  Cows were vaccinated four times at 10 week intervals with AD8 gp140 (clade B) and revaccinated twice more with 

AD8 SOSIP gp140 and bovine memory B cells were isolated from blood drawn 5 days after each boost. To produce mAbs, the 

IgG+, SOSIP AD8+ cells were FACS sorted and variable heavy (VH) and light (VL) genes were amplified and cloned into a human 

constant region expression vector. The mAbs were expressed and characterised for Env binding and neutralisation activity. 

Results:  Of the 46 expressed mAbs, 15 bound not only to SOSIP AD8 but also to uncleaved gp140 and monomeric gp120. The 

CDRH3 length of mAbs ranged between 18 and 59 residues. These bovine mAbs inhibited binding to SOSIP AD8 gp140 of 

human BrNAbs targeting CD4bs (b12, HJ16 and 3BNC117) and V3 (10-1074 and PGT121) in competition ELISA and showed 

heterologous neutralising activity in TZM-bl neutralisation assay. Antibodies with short or average-sized CDRH3 (18-22 aa) 

only neutralised tier 1 clade B viruses whereas mAbs with ultra-long (~59aa) CDRH3 could also neutralise tier 1 clade C and 

tier 2 clade B HIV viruses. 

Discussion and Conclusions: Although bovine mAbs with short or average-sized CDRH3 could neutralise heterologous HIV 

viruses, mAbs with ultralong CDRH3 that were detected after boosting with SOSIP Env trimers showed an improved 

neutralisation prolfie  
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Introduction: A key goal for the development of a prophylactic HIV-1 vaccine is the production of broadly neutralising 
antibodies (bNAbs), which are directed to key conserved sites of the HIV-1 envelope glycoproteins (Env). To date, bNAbs 
against circulating HIV-1 strains have not been reliably elicited via vaccination. We have developed a novel approach for 
enhancing the presentation of bNAb epitopes in SOSIP Env glycoprotein trimers through a glycan deletion in variable 
loop 1 (V1) of gp120 (ΔN). By combining ΔN with trimer stabilizing mutations, bNAb epitopes are enhanced in the 
context of a ‘closed’ trimer conformation in which immunodominant non-neutralising antibody (nNAb) epitopes are 
occluded. 
 
Methods: Guinea pigs were inoculated with a sequence of four immunisations over a 26-week period, after which their 
sera were collected and screened for the presence of bNAbs. Vaccinations were formulated containing the SC45 
SOSIPv4.1, which contains additional stabilizing mutations, and with or without the ΔN mutation. Neutralisation activity 
of sera was determined using a luciferase reporter assay in TZMbl cells, where neutralisation of Tier 2 HIVNL4.3 
pseudotypes was assessed. 
 
Results: SC45 is a transmitted/founder strain whose Env was found to express with highly favourable biochemical 
characteristics when engineered as a SOSIP trimer. The introduction of the ΔN mutation led to strong enhancement of 
the presentation of the PGT121 bNAb glycan-dependent epitope at the V3 base in a nNAb epitope-occluded trimer. 
SC45-ΔN SOSIPv4 can be purified in high yield (34 mg/L) as a highly thermostable disulfide-linked trimer which was 
shown via cryoEM studies to adopt a ‘closed’ conformation. Screening of sera from vaccinated guinea pigs demonstrated 
the elicitation of high-titre autologous binding antibodies. However, the antibodies that were elicited had narrow 
neutralising activity against a range of Tier 2 pseudotypes. This contrasted the broadly neutralising response we have 
generated using a SOSIPcc-ΔN vaccination protocol, which has an intermediate stability and conformation. 
 
Discussion: Our data indicates that though the SC45 SOSIPv4 ΔN vaccine candidate has highly favourable biochemical 
properties and is capable of eliciting high titre autologous responses, the antibodies produced were not broadly acting 
against a global panel of Tier 2 pseudotyped viruses. Taken together, the data indicates that the intermediate 
conformation is favourable for the presentation of bNAb epitopes. 
 
Conclusion: The development of a vaccine capable of eliciting bNAbs in humans remains a key challenge in the HIV-1 

vaccine field. Our ΔN novel glycan deletion represents a strong vaccine candidate. The protocol employed in this study 

will be optimised for further investigation in small animal and macaque models. 
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Introduction: Recently, there has been a major interest in using antibodies to prevent/treat HIV infection. Among the 

anti-HIV antibodies, broadly neutralising antibodies (BrNAbs) target conserved epitopes of envelope (Env) protein on 

numerous strains of HIV and are shown to be able to control HIV prophylactically and therapeutically. The main problem 

is that induction of BrNAbs usually takes months to years and it occurs only in approximately 20% of HIV-infected 

individuals. Anti-HIV antibodies require high levels of affinity maturation to be able to neutralise HIV broadly and this is 

achievable by continuous exposure of the immune system to HIV Env. Although vaccination in humans and animals (i.e. 

mice, rabbits, primates) has so far been unsuccessful in reliably inducing BrNAbs, cows were able to produce 

exceptionally high levels of BrNAbs in a short period of time. While there has been comprehensive epitope mapping of 

human BrNAbs (e.g. VRC01, b12, PG9), there is very limited information on the target sites of bovine BrNAbs. This study 

will reveal the interaction sites of bovine BrNAbs and will investigate whether they overlap with any known human 

BrNAbs epitopes.   

Methods:  A competition ELISA between bovine and human BrNAbs was performed to investigate which epitope were 

predominantly targeted by bovine antibodies. According to competition ELISA results, a series of thirty-four residues 

were selected for alanine mutagenesis using PCR. The mutagenesis was confirmed by sequencing analysis and the 

plasmids expressing mutated gp160 were transfected into 293T cells to confirm the expression of Env proteins. The 

plasmids will be co-transfected with a proviral reporter plasmid that terminates Env after 26 amino acids (pNL-

4.3ΔenvNef). The pseudoviruses will be produced in 293T cells and will then be used in TZM-bl neutralisation and ELISA 

assays to investigate the interaction sites of bovine BrNAbs on HIV Env.   

Results:  The results of the competition ELISA of bovine BrNAbs against a panel of human monoclonal BrNAbs showed 

that there are some shared contact epitopes between these antibodies, particularly at the CD4 binding site (CD4bs) and 

V3 loop of HIV1 Env. Bovine antibodies F2, D1 and 130 were able to inhibit at least 50% Env binding of human CD4bs 

BrNAb b12 (100ng). In addition, F2 and 130 could inhibit binding of 3BNC117 (CD4bs) as well as PGT121 (V3) 

respectively. However 198 (monoclonal Ab) did not compete with the tested human BrNAbs significantly, suggesting 

that it probably targets nearby epitopes on Env. Thirty-four AD8 gp160 Env mutants were successfully produced and 

the outcome of mutagenesis on Env binding of human BrNAbs e.g. 2G12, VRC01 and b12 was confirmed. We will also 

investigate the effect of mutagenesis on neutralisation activity of bovine BrNAbs shortly.  

Discussion and Conclusions:  Our data has shown that there are some overlapping binding sites between bovine and 

human BrNAbs. However, detailed epitope mapping is still required to conclude exactly how bovine BrNAbs interact 

with HIV Env.  
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Introduction 
Despite the recent introduction of effective direct acting antiviral (DAA) therapy, a protective vaccine against HCV 
remains a high priority. The essential ingredient for almost all successful vaccines to-date is the induction of broadly 
neutralising antibodies (BnAbs). However, the efficacy of BnAbs in protecting against HCV infection is incompletely 
understood, and despite high titres being present prior to exposure, re-infection can still occur. To better understand 
which BnAbs are most appropriate for vaccine design, this study characterised BnAbs from subjects who repeatedly 
cleared HCV infection and subjects that cleared primary infection but developed chronic infection on re-exposure.    
Methods 
Subjects were selected from the Hepatitis C Incidence and Transmission Studies in prisons (HITS-p, n=590) and in 
community (HITS-c, n=268). These were prospective cohorts of high-risk HCV-negative injecting drug users from New 
South Wales, Australia. Subjects that were seen to naturally clear infection by result of undetectable viraemia, had at 
least 1 time point with undetectable viraemia and then had detectable viraemia again were selected for this study 
(n=15). Subjects that repeatedly cleared HCV infection (>2 infections cleared) were considered ‘clearer-clearers’ (n=7). 
Subjects that cleared a primary infection but were unable to clear a reinfection were considered ‘clearer-chronics’ (n=8).  
All subjects were screened for antibodies longitudinally using an IgG detection enzyme linked immunosorbent assay 
(ELISA). The breadth of the neutralising antibodies (nAbs) was then assessed using a library of heterologous HCVpp 
(n=11) representing six of the major HCV genotypes (Gt1-6). In addition, where possible, neutralisation of autologous 
HCVpp was measured. The epitope targets of the nAb responses were then characterised using a competition ELISA 
involving a panel of 9 well-described anti-Envelope (E) monoclonal antibodies (mAbs). Antigen-specific B cells were 
sorted by flow cytometry with a recombinant E2 tetramer. Single cell RNAseq (Illumina) was performed to characterise 
the B cell receptor (BCR) repertoire and transcriptomic analysis performed with VDJpuzzle. 
Results 
Only 2/7 clearer-clearer subjects showed any BnAb activity at any timepoint during primary infection or reinfection. 
Despite viral clearance, BnAb titres in these 2/7 clearer-clearers remained high. In contrast, 2/8 clearer-chronic subjects 
demonstrated BnAb activity in the primary infection, which was seen to wane post clearance. Upon secondary exposure, 
these two subjects developed an anamnestic BnAb response, but failed to clear the virus. The remaining 6/8 clearer-
chronic subjects showed BnAb activity only during the secondary infection but, despite this, failed to clear the virus. 
Binding and neutralisation assays with autologous E1/E2 from the primary infecting virus showed that Ab responses 
were boosted upon secondary exposure to HCV, even when the newly infecting virus was a different genotype. Epitope 
mapping of plasma from both the clearer-clearers and clearer-chronics showed that the epitopes targeted remained 
conserved between infections, even if exposed to a different HCV genotype. IgD+CD27+ HCV-specific B cells were 
enriched following resolution of primary infection in the clearer-clearer groups. Transcriptomic and repertoire analysis 
is currently underway to examine the extent of recall in reinfection.  
Discussion 
Even though a subset of both clearer-clearer and clearer-chronic subjects developed BnAbs, only the clearer-clearer 

subjects could repeatedly clear infection. 5/7 clearer-clearer subjects showed no BnAb activity, suggesting that BnAbs 

are not essential for repeated viral clearance. However, a potentially protective BnAb response was observed in the 

other 2/7 clearer-clearers.  When compared to the clearer-chronics, these clearer-clearers sustained higher titres of 

BnAbs, while in the clearer-chronics the BnAbs were seen to wane post viral resolution. This may indicate that protection 

from HCV via nAbs requires long-lived plasma cells. Comparing the epitopes targeted by BnAbs in clearer-clearers and 

clearer-chronics did not reveal any significant differences. Interestingly, the specificity of the epitopes targeted was 

conserved longitudinally in both subject groups suggesting original antigenic sin. Thus, the primary encounter with the 

virus may define the nAb repertoire and may therefore predict future infection outcomes. HCV vaccine development 

needs to carefully select antigens to stimulate BnAb responses. To investigate this further, we are currently exploring 

the repertoire of BCRs from sorted HCV-specific B cells from both primary and secondary infections in both subject 

groups.  
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Introduction:  Many retroviruses such as HIV and murine leukemia virus assemble and release from the rear end 

(uropods) of the host cells, but it is not known what drives this process. Such directional release of retrovirus implies an 

undefined cellular process is guiding the assembly and release of retrovirus particles. For example, the intracellular 

gradient of calcium (Ca2+) gradient between the front (leading edges with low Ca2+) and the back (uropods with high 

Ca2+) of HIV producing cell could be responsible for such activity.  

Methods and Results: Using our recombinant full-length Gag protein for biophysical analyses, such as charge detection 

mass spectrometry (CDMS) and isothermal titration calorimetry (ITC), we were able to show that calcium could facilitate 

In-vitro Gag oligomerization and articulate an energetically favourable interaction with Gag protein. CDMS data 

indicates calcium induced Gag oligomerization at the range between 100 M to 1mM which resemble the local 

physiological concentration of calcium near uropod of the cell. The role of Ca2+ in Gag oligomerization has not extended 

to other cations, such as (Mg2+, Zn2+, Na+ and K+). Similarly, ITC data imply Gag protein binds specifically with calcium 

with stronger affinity than other four cations tested. In addition, Protein fragment mapping indicates the putative 

calcium binding site is likely to be found in the late domain (p6) of Gag protein. As acidic amino acids (glutamic acid and 

aspartic acid) are the most likely amino acids to be involved with calcium bindings, we have noticed seven highly 

conserved (>80%) amino acid residues within the p6 domain, which could play a role in calcium binding. Mutational 

analyses are being done to assess the impact on Gag-calcium binding, trafficking, uropod assembly and infectivity of 

progeny viruses. 

Discussion and conclusion: Our data indicated that calcium could be an important factor for Gag oligomerization and 

HIV assembly. The putative site for calcium binding is shown in the p6 domain for Gag protein. These In-vitro 

investigation providing suggestive evidence that ‘calcium’ could be a facilitator to guide the assembly and directional 

budding of virus particles in retroviruses.  
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Introduction: The absence of appropriate in vitro and in vivo replication models enabling direct comparison of hepatitis 
B virus (HBV) replication across genotypes is hampering the progress of curative HBV research. HBV exists as nine distinct 
genotypes (A-I) which vary with respect to geographic localization, demographics affected, disease severity and 
treatment implications. Imperative molecular analyses of replication across HBV genotypes has been hindered by lack 
of a suitable model that enables efficient infection to allow for critical and thorough inspection of the complete 
replication cycle of HBV, particularly the viral cccDNA reservoir which is a major source of viral persistence. We utilise a 
previously established plasmid-free monomeric HBV transfection model to investigate the differential replicative 
capacities observed between HBV genotypes, and to assess potential host-virus interaction factors which may 
contribute to these discrepancies. In particular, we were interested in the interaction between the viral X protein (HBx), 
a known transactivator implicated in a multitude of cellular pathways through various direct and indirect interactions, 
and the host damaged DNA-binding protein (DDB1), which is progressively being found to play an important role in 
transcriptional regulation of cccDNA. We sought to further explore these interactions and their relative contribution to 
viral replication. 
 
Methods: We first co-expressed DDB1 with selected HBx variants by transfection, to assess their interactive capability 
in liver cancer cell lines. We then transfected full-length monomeric HBV genomes to investigate virus replication of 
selected viral genotypes and mutants in vitro. This system allows the induction of the complete HBV replication cycle in 
cells, including establishment of a cccDNA-like intermediate. We further introduced exogenous HBx and/or DDB1 via 
co-transfection of the respective expression plasmids to assess the impacts of these proteins on HBV replication in cell 
culture. Detection of replicative intermediates by northern and Southern blotting was used to characterize and compare 
replication of different HBV variants. 
 
Results: Initial protein expression experiments confirmed co-transfection with DDB1 expression plasmids resulted in 
enhanced HBx expression in cell culture, as shown by western blotting. This effect was consistent for HBx of the 
investigated HBV sub-genotypes of A, C and D, but appeared to be impaired for some mutant HBx constructs. 
Transfection of HBV monomers resulted in establishment of typical HBV replicative intermediates in vitro, as 
demonstrated by Southern and northern blot analyses. Importantly, this included cccDNA-like episomes which mostly 
likely represent the circularized input monomer.  
 
Discussion & Conclusion: HBV remains a global health burden with complete cure as yet unachievable due to the 

existence of an untargeted nuclear reservoir of its stable episome; the covalently closed circular DNA (cccDNA) 

minichromosome.  We utilised an experimental model of HBV which includes formation of cccDNA-like molecules to 

investigate the association of HBV replication with viral HBx and host DDB1 proteins. Targeting these interactions may 

present opportunities for future development of novel pan-genotypic therapeutic approaches, which could in turn lead 

to HBV cure.  
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Introduction:  HIV infection significantly alters the natural history of chronic hepatitis B (HBV). Compared to HBV mono-

infection, HIV-HBV infected individuals experience accelerated progression of liver disease and increased liver-related 

mortality. HBV-active antiretroviral therapy (ART) including tenofovir has improved rates of virological control, however 

liver related mortality and morbidity remains increased. We hypothesized that direct interactions between HIV and HBV 

in the hepatocyte, in the presence and absence of HBV-active ART, drives adverse liver outcomes. 

Methods:  Hepatocyte cell lines HepG2 (not expressing HBV) with or without 1-mer HBV DNA transfection and AD38 

(stably expressing HBV) were infected with vesicular stomatitis virus (VSV.G)-pseudotyped HIV-NL4.3-EGFP. HIV 

infection of liver organoids derived from human liver stem cell was also performed. Sodium taurocholate co-

transporting polypeptide (NTCP)-expressing HepG2 were infected with HBV inoculum derived from AD38 supernatant 

and subsequently with HIV. EGFP expression was quantified by flow cytometry; integrated HIV DNA by qPCR; 

intracellular HBsAg by western blotting; HBV RNA by northern blotting and HBV DNA by southern blotting. HIV viral 

protein was transfected to AD38 using Fugene 6 and the expression level was examined by western blotting. 

Comparisons between conditions were made using a student t-test. 

Results:  VSV.G-HIV-NL4.3-EGFP infection of hepatocyte cell lines and liver organoids resulted in 60-70% of cells 

expressing EGFP. Inhibition of HIV integrase or reverse transcriptase prior to infection led to a substantial reduction in 

EGFP expression and integrated HIV DNA. HIV infection of AD38 resulted in a significant increase in intracellular HBsAg, 

HBs RNA, HBx RNA, HBV DNA and secreted HBeAg, but not secreted HBsAg. Similar results were obtained following HIV-

HBV co-infection of HepG2-NTCP cells with significant increases in intracellular HBsAg and secreted HBeAg, but not HBV 

DNA. Overexpression of HIV Gag, Nef, Tat, Vpr or Vpu did not affect intracellular HBsAg level in AD38. 

Discussion:  HIV infection of HBV-expressing and HBV-infected hepatocyte cell lines led to significant increases in HBs 

RNA, intracellular HBsAg and HBx RNA. Given that these effects required integration of HIV, we propose that changes 

in HBV expression are a result of changes in cellular transcription factors that directly regulate HBs RNA and protein 

levels. Alternatively, HIV infection could lead to enhanced HBs transcription and translation by up-regulating HBV X 

protein. Retention of intracellular HBs protein has been described to induce hepatocyte apoptosis and therefore may 

contribute to adverse liver outcomes. Further work is continuing in liver organoids. 

Conclusions: HIV-HBV co-infection of hepatocytes significantly up-regulated intracellular HBsAg, HBs RNA and HBx RNA 

and secreted HBeAg. These changes in HBV RNA and proteins may contribute to accelerated liver disease in individuals 

with HIV-HBV co-infection, even in individuals on effective ART and with low frequency of HIV infection of hepatocytes 

in vivo.  
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Introduction:  One strategy to eliminate latently infected CD4+ T cells in HIV-infected individuals on antiretroviral 

therapy (ART) is to reactivate virus expression using latency reversing agents (LRAs). However, LRAs alone in clinical 

trials have not cleared latently infected cells. Thus, additional strategies are needed to kill reactivated cells. We 

hypothesize that combining pro-apoptotic drugs to increase cellular sensitivity to apoptosis, with LRAs to drive pro-

apoptotic viral protein expression, will selectively clear latently infected cells. However, assays that test for the selective 

clearance of latently infected cells with minimal effects on uninfected cells are lacking. Here, we aim to develop a high 

throughput, flow cytometry-based assay to track the selective clearance of HIV latently infected T cells. 

 

Methods:  The latently infected ACH2 T cell-line was stimulated with 5nM phorbol 12-myristate 13-acetate (PMA) for 

24 hours to reactivate HIV expression, and further treated 24 hours without or with 10uM Venetoclax pro-apoptotic 

drug to induce apoptosis and cell death. Two staining methods were tested to detect reactivation of HIV RNA and cell 

death: 1. Primeflow branched oligonucleotide detection of HIV gag-pol RNA and active caspase-3.PE antibody stain for 

apoptosis; or 2. PrimeFlow for HIV gag-pol and HIV env-nef RNA plus Near-infrared (NIR) live/dead stain (that permeates 

and stains amines in dead cells). Cell staining was analysed via flow cytometry (BD Fortessa) and FlowJo software. Data 

was graphed using Prism (version 7). To test the sensitivity of detecting HIV gag-pol and env-nef RNA, PMA reactivated 

ACH2 were serially diluted into the uninfected Jurkat T cell-line prior to PrimeFlow staining and analysis. 

  

Results:  PMA reactivation of latently infected ACH2 cells typically induced >80% of cells to express HIV gag-pol and/or 

env-nef RNA. The detection of active caspase 3 and HIV RNA co-expressing cells increased 3.0-fold with venetoclax 

compared to DMSO diluent control (n=3). Clearer discrimination of live and dead cells was observed using the NIR 

live/dead stain with PrimeFlow, and HIV RNA+ NIR dead+ cells again increased with venetoclax (5.6-fold, n=3). The ability 

of different LRA and pro-apoptotic drug combinations to selectively kill latently infected ACH2 is currently being 

examined using the HIV gag-pol and env-nef RNA plus NIR live/dead stains. Using serial dilutions of PMA activated ACH2 

into Jurkat cells, detection of HIV gag-pol and env-nef RNA co-staining had a limit of detection of 0.1% reactivated ACH2 

in uninfected cells (n=3). 

 

Discussion:  HIV RNA and NIR live/dead staining coupled with flow cytometry was able to detect cells expressing HIV 

RNA and death markers. It is currently unclear if this will be sufficiently sensitive to detect similar cells using CD4+ T-

cells from HIV-infected individuals on ART. Simultaneous detection of HIV RNA and HIV p24Gag with NIR live/dead 

staining using flow cytometry will be evaluated in future experiments. 

 

Conclusions: We have developed a novel assay using Primeflow staining for HIV gag-pol and env-nef RNA plus NIR 

live/dead staining to detect the reactivation and death of a latently infected T cell-line. We plan to use this assay to 

detect potent combinations of LRAs and pro-apoptotic drugs that selectively kill latently infected T cell-lines, and will 

further modify the assay to test the ability of these drug combinations to selectively kill latently infected CD4+ T cells 

from HIV+ individuals on ART ex vivo.  
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Background: In HIV-infected individuals on antiretroviral therapy (ART), HIV persists in long-lived and proliferating CD4+ 

T-cells. HIV can infect CD4 T-cells at different stages of differentiation. These cells turn over at diverse rates. We aimed 

to characterise HIV integration sites (IS) and clonal expansion in CD4 T-cell subsets in blood from HIV-infected individuals 

on suppressive ART. 

 

Methods: From 24 individuals, DNA from 0.2-2 million sorted naïve (TN:CD3+CD4+CD45RA+CCR7+CD27+CD57-CD95-), 

stem cell memory (TSCM:CD3+CD4+CD45RA+CCR7+CD27+CD57-CD95+), central memory (TCM:CD3+CD4+CD45RA-

CCR7+CD27+), transitional memory (TTM:CD3+CD4+CD45RA-CCR7-CD27+), effector memory (TEM:CD3+CD4+CD45RA-

CCR7-CD27-) or terminally differentiated (TTD:CD3+CD4+CD45RA+CCR7-) cells was enzymatically cut to random 

fragments, tagged and amplified by barcoded nested PCR before Miseq sequencing. Chromosomal alignment was 

determined using Blat-UCSC Genome Browser (GRCH38/hg38). Clonal IS expansion was defined if identical IS differed 

>2 base pairs in PCR-product length and ≥3 length polymorphisms were present. Differences in clonal IS expansion were 

assessed by Wilcoxon test, gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (Kegg) enrichment by 

False Discovery rate using TOPPGene. Epigenomic markers associated with IS were assessed using the NIH Roadmap 

Epigenomics Mapping Consortium by Fishers exact test.  

 

Results: The highest frequency of clonally expanded IS was observed in TEM and TTD (p <0.04) and lowest in TN and 

TSCM (<0.01) compared to more differentiated subsets (TTM-TTD). We observed the same clonally expanded IS in 

different T-cell subsets from the same participant with larger clones in more differentiated cells. GO and Kegg 

demonstrated distinct patterns of enrichment in the T-cell subsets with genes and pathways enriched for immune 

function in TTM and TEM. Furthermore, IS from clonally expanded cells compared to non-clonal were enriched for 

proliferation, cell survival and immune function (p<0.05). IS from clonally expanded cells were found in more accessible 

parts of the genome, more associated with transcriptionally active transcription start sites and less quiescent genes 

compared to non-clonal IS (p<0.05).  

 

Conclusion: There is more clonal IS expansion of infected cells with differentiation consistent with antigen induced 

proliferation. In addition, we show evidence that infected cells can differentiate and retain the same IS.  

 

Discussion: The clear difference in IS between non-clonal and clonally expanded infected cells supports a model of two 

distinct mechanisms for HIV persistence in T-cells on ART.  
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Introduction: A thorough understanding of the mechanisms maintaining persistent HIV are needed to design future 

eradication strategies. We examined the role of the proliferation of memory cell subsets in maintaining genetically intact 

proviruses during prolonged ART.  

  

Methods: Naïve, central (CM), transitional (TM) and effector (EM) memory CD4+ T-cells were sorted from the peripheral 

blood of two participants on long-term ART. Additional sequences from CM, TM and EM cells co-sorted with HLA-DR 

were obtained four years later. Full-length individual proviral sequencing was used to characterise proviruses as intact 

or defective. Clusters of identical sequences were identified as ≥2 100% identical proviral sequences.  

 

Results: A total of 269 and 392 sequences were isolated from the first and second time-points. Thirty-four (13%) and 88 

(22%) were considered intact at each time. This increase was driven by one participant from whom 76 intact proviruses 

were isolated at the second time, with 54 (71%) of these forming 8 clusters of identical proviral sequences. The intact 

infection frequency in each subset increased in a stepwise progression (CM < TM < EM). HLA-DR+ cells from each subset 

had a higher infection frequency with an intact provirus than HLA-DR- cells. There was a significant correlation between 

the proportion of identical sequences and the proportion of intact sequences (p = 0.02-0.03). Sequences observed at 

both time-points were more likely to persist in the cell subset they were first observed in (33/40 expanded sequences), 

rather than change cell type. More clusters were found to be formed from a mix of HLA-DR+ and HLA-DR- memory cells 

(12/34 identical clusters), rather than HLA-DR+/- cells exclusively (11 and 8 clusters, respectively). These groups were 

larger, with 71% of identical sequences belonging to a cluster of mixed activation status. The proportion of identical 

sequences was significantly higher in the intact proviral population compared to the defective at the second time-point 

(69% vs 34%, p=0.004), but not the first time-point (19% vs 26%, p=0.78). There was an increase (1.4- and 4.4- fold) in 

both participants of the infection frequency with an intact provirus with time.  

 

Discussions and Conclusions: The correlation between cell proliferation and the proportion of intact provirus highlights 

the importance of cellular proliferation in maintaining the latent reservoir. Genetically intact proviruses in all memory 

T cell subsets were at their highest levels when the cells expressed HLA-DR. The increase in the proportion of intact 

provirus that had undergone proliferation over time, and the subsequent increase in the infection frequency with an 

intact provirus, underscores the importance of reducing cell proliferation as an arm of any curative strategy for HIV.  
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Introduction: Studies have shown that cellular proliferation contributes to the maintenance of the persistent HIV 

reservoir within individuals on antiretroviral therapy (ART). Here we report the unique case of an infected individual on 

ART with a massive expansion and subsequent contraction of an HIV-infected T cell clone. 

Methods: A 57-year-old African American man was virally suppressed on ART for more than 3 years and underwent 2 

leukaphereses 6 years apart. CD4 T cell subsets were isolated by flow cytometry. Integrated HIV DNA was measured 

using Alu-real time PCR and replication competent HIV was measured using QVOA. Integration sites were determined 

by extracting and sonicating genomic DNA followed by ligation-mediated PCR and next-generation sequencing (NGS). 

To genetically characterise the provirus located in each T cell subset, we used the full-length individual proviral 

sequencing (FLIPS) assay using two different primer sets to amplify the HIV provirus at limiting dilution followed by NGS. 

Results and Discussion: An unusually high frequency of cells carrying integrated viral genomes (31,070 copies/106 CD4 

T cells) was measured at the first-time point. 45% of effector memory (EM) T cells harbored integrated HIV DNA, 

contributing to 97% of all integrated viral genomes in the blood of this participant. Chromosome 14 was the only 

integration site shared across all sorted memory CD4+ T-cell subsets and represented the highest frequency in EM cells. 

Interestingly we were unable to amplify any provirus using the FLIPS protocol however, using forward primers in 

chromosome 14 and reverse primers in the 3’LTR of HIV, we sequenced the expanded provirus in EM cells. These 

proviruses integrated in chromosome 14 were defective with 83% of HIV genomes being genetically identical and lacking 

the LTR-5’ to Pol region. This result confirmed the low frequencies of CD4+ T cells harboring replication-competent 

proviruses (0.87 cells /106 CD4 T cells). After 6 additional years of ART, the frequencies of CD4+ T cells and EM cells 

harboring integrated HIV DNA decreased by almost 3-fold (3.1% to 1.2% and 44.6% to 16.3% respectively). This coincided 

with a 10-fold decrease in the infection frequency of the chromosome 14 provirus (36.9% to 4.1%) in EM T cells. 

Furthermore, we were able to amplify proviruses using the FLIPS primers from naïve (NV), central memory (CM), 

transitional memory (TM), and EM T cells with infection frequencies of 0.11%, 0.06%, 0.03%, and 0.02% respectively. 

Intact provirus was only found in NV and TM subsets with infection frequencies of 0.01% and 0.002% respectively.   

Conclusions: These results indicate that massive clonal expansion followed by a partial contraction of a single defective 

genome can occur in vivo suggesting that antigen-driven T cell dynamics influence the HIV reservoir during ART. 
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Introduction: Understanding the distribution of genetically intact, and therefore potentially replication-competent, 

proviruses in different CD4+ T cell subsets and within different anatomical sites is important for identifying targets for 

future eradication strategies.  

Methods: Naïve (NV), central (CM), transitional (TM) and effector memory (EM) cells were isolated from both the 

peripheral blood (PB, 13 participants) and lymph nodes (paired LN, 5 participants) of HIV positive individuals on long-

term ART (3-17 years). HIV proviral sequences were obtained using the Full-Length Individual Proviral Sequencing assay 

(FLIPS) which amplifies single, near full-length (92% of genome) HIV proviruses followed by Next-Generation 

Sequencing. Genetically intact HIV proviruses were identified as those lacking inversions, stop codons/hypermutation, 

insertions, deletions or frameshifts.  

Results: We sequenced 1893 genomes and identified genetically intact proviruses in all cell subsets except LN EM (3 

participants). The frequency of infection with any HIV genome (intact and defective) differed across the cell subsets in 

LN and PB (P<0.001). We observed the highest levels in TM and EM cells, followed by CM and then NV cells, with the 

trend significant in blood (P<0.05). The infection frequency of genetically intact proviruses also differed across the 

subsets in blood (P<0.001) and LN (P=0.02). In blood, intact genomes showed a trend of EM>NV>TM>CM with evidence 

for EM>CM (P=0.01). In LN, the intact genomes showed a different trend: NV>CM>TM>EM. Overall, the infection 

frequencies of intact proviruses within the LN and PB anatomic sites were similar (P=0.67), but this result was sensitive 

to 2 participants with high levels of intact proviruses in LN NV cells (10% and 26% were intact of all LN NV sequences). 

The intact LN sequences were genetically unique.  We did not identify any identical intact sequences between PB and 

LN.  

Discussion and Conclusions: The distribution of genetically intact proviruses within T cell subsets in blood do not 

necessarily reflect their distribution in lymph nodes.  In lymphoid tissues, the frequency of intact proviruses is highest 

in less differentiated cells such as NV cells, while in blood the frequency is highest in more differentiated EM cells. 

Tissue-based NV T cells may act as progenitors of the total reservoir during ART whereas in the periphery this reservoir 

is maintained within the EM T cell population, perhaps by clonal proliferation. 
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Introduction:   

The persistence of HIV in cellular reservoirs is the most significant barrier to HIV cure. The bulk of the HIV reservoir is 

contained within CD4+ T cells; however, HIV can also infect macrophages, which unlike T cells, are largely resistant to 

HIV-associated apoptosis and may persist in tissue as long-lived HIV reservoirs. HIV strategies such as ‘shock and kill’ 

and ‘lock and block’ aim to eliminate HIV reservoirs and/or prevent viral rebound from these reservoirs to limit viral 

rebound but testing the efficacy of compounds which target the latent reservoir has been largely restricted to infected 

T cells. An effective HIV cure will need to address all relevant HIV reservoirs and there is a need for a robust and 

quantitative in vitro model of latent macrophage infection and reactivation to test the efficacy of compounds which 

target the latent reservoir. 

Methods:   

To establish a model of latent HIV infection in macrophages, monocytes were purified from healthy donors, 

differentiated into monocyte-derived macrophages (MDM) in vitro for 5 days and infected with an R5-tropic strain of 

HIV which expresses Bal envelope and contains a GFP reporter which serves as a marker for HIV transcription in 

productively infected cells. 7 days post-infection, infected MDM cultures were sorted by FACS to purify the live, GFP- 

MDM population (which includes uninfected bystander MDM and latently infected MDM). GFP- MDM were replated on 

tissue culture dishes and cultured in the presence of the entry inhibitor T20 to prevent reinfection and reactivation of 

latently infected MDM was observed and quantified by fluorescence microscopy and live-cell imaging every 3 days for 

a total of 9 days. 

Results:  

We have established an in vitro MDM latency model which enables GFP- MDM populations to be purified by sorting, 

and cell culture conditions to allow replating and culture of sorted macrophages have been established. This model has 

been optimised to obtain approximately 20% HIV infected MDM to provide sufficient numbers of uninfected/latently 

infected MDM for sorting. Sorted GFP- MDM have been verified using intracellular p24 staining to be approximately 

99.5% pure (HIV p24-). Preliminary analysis of the GFP- MDM over time indicates the presence of a small but quantifiable 

population of latently infected macrophages which spontaneously reactivate, with approx. 0.9% of MDM being GFP+ at 

day 9 as compared to 2.1% at day 0. Further, the spontaneous reactivation rate of this population was determined and 

found to occur at a linear rate.  

Discussion:   

Our data suggest that MDM can be latently infected and that these cells can be reactivated to productively infected 

cells which may contribute to viral rebound. The ability of this in vitro model to quantify reactivation kinetics of latent 

MDM may be useful to test the efficacy of latency reversing and latency inducing agents in macrophages, as well as 

assessing potential impacts of these agents on macrophage activation and inflammatory behaviour. This model will also 

prove useful for studying factors such as localised cytokine environments which may affect the dynamics of latent vs 

productive infection in macrophages, and comparing the prevalence of latent infection using in vitro models of different 

types of macrophages (eg microglial cells). 

Conclusions: 

HIV DNA persists in macrophages in the tissues of virologically suppressed individuals and our preliminary data suggest 

the potential of a latent infection in these cells. The effect of latency altering agents used in cure strategies on 

macrophage reservoirs needs to be investigated and understood, particularly given that reactivation of viral replication 

in HIV infected macrophages in tissues such as the brain may result in side-effects such as localised inflammation.  
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Introduction:  HIV-positive individuals on antiretroviral therapy (ART) have detectable cell-associated unspliced (CA-US) 

HIV RNA in CD4+ T-cells from blood which varies with time. Additionally, we recently showed that circadian transcription 

factors, Circadian Locomotor Output Cycles Kaput (CLOCK) and Brain and Muscle Arnt-like protein-1 (BMAL1), bind to 

the HIV LTR and increase HIV transcription. We hypothesised that a circadian cycle exists in basal levels of HIV 

transcription and therefore circadian transcription factors could be exploited to develop novel latency reversing agents. 

Methods:  Chronically infected, HIV-positive individuals on suppressive ART (n=17) were admitted to the Medical 

College of Wisconsin and supervised for 24 hours as inpatientsx. Blood and saliva were collected every four hours, and 

levels of stress and sex hormones known to vary diurnally were measured. CD4+ T-cells were isolated from PBMCs and 

cell-associated HIV DNA, CA-US HIV RNA, and mRNA of several circadian genes (Clock, Bmal1, Period1-3, 

Cryptochrome1-2) were measured by qPCR using a relative standard curve method. To understand how each of these 

parameters varied with time, two non-linear mixed-effects models were developed with time measured as either a 

categorical variable, or a parametric function. Circadian variation was defined as having a 24-hour period. Compounds 

known to affect various stages of the cell-autonomous circadian cycle were assessed for toxicity in Jurkat cells and 

primary T-cells, and production of green fluorescent protein (GFP) in the latently infected cell line, J-Lat Tat-IRES-GFP 

clone A2. 

Results:  All circadian genes were quantifiable in these participants. Salivary and plasma cortisol showed circadian 

cycling (p<0.0001) over the 24-hour observation period, as did all circadian genes (p<0.05) using either model. Peak 

salivary cortisol was observed at 08:00AM, as expected. CA-US HIV RNA and the RNA:DNA ratio also had circadian cycles 

(p=0.0485 and p=0.0007, respectively with time as a parametric function) but HIV DNA showed no variation. CA-US HIV 

RNA peaked at midnight and had a nadir at midday. Using a model incorporating time and Bmal1 expression levels, the 

time-dependent variations in Bmal1 were predictive of CA-US HIV RNA changes (p=0.015). Two organic selenium 

compounds, L-methylselenocysteine (MSC) and methaneseleninic acid (MSA), known to increase Bmal1 transcription 

and translation, were able to reactivate HIV expression as shown by an increase in GFP expression of 68.9±0.43-fold and 

39.05±5.66-fold, with half maximal effective concentrations (EC50¬¬) of 246uM and 1.14uM respectively. Toxicities 

were maintained within acceptable limits.  

Discussion:  CA-US HIV RNA and the RNA:DNA ratio in CD4+ T-cells in HIV-positive individuals on ART have circadian 

cycles. This is not explained by cell trafficking as HIV was quantified in purified CD4+ T-cells, so any fluctuations in CD4+ 

T-cells would not have affected this measurement. In addition, there was no variation in HIV DNA, a surrogate for total 

number of infected cells. Bmal1 expression predicted changes in CA-US HIV RNA, suggesting that circadian proteins 

impact HIV transcription in CD4+ T-cells in vivo. The ability of two Bmal1 transcription-modulating compounds to induce 

HIV expression from an in vitro model of latency further suggests the importance of this major circadian transcription 

factor in HIV latency and uncovers a novel pathway to exploit for latency reversal.  

Conclusions: Circadian variation represents a novel pathway to potentially target to modify HIV transcription and 

eliminate latency. The variation in markers of HIV transcription should be considered in clinical trials of LRAs.  
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Introduction: Virus like particles (VLPs) are classified as bio-nanoparticles, which are composed of viral structural 

proteins. Depending on the VLP type, they provide high density displays of structural proteins that efficiently trigger key 

parts of the immune system for B cell and/or T cell responses; the capacity to serve as carriers of antigenic sequences 

derived from either the parental virus or foreign sources has broadened their potential as prophylactic and therapeutic 

vaccine candidates. Novel strategies to manipulate or to enhance immunogenicity by utilising biochemically modified 

VLPs composed of the small hepatitis B virus envelope protein (HBsAgS) have been developed. The ability of the VLPs 

as carrier platforms for inserted foreign antigenic sequences has been assessed. Immunisation studies in mice were 

performed to assess the immunogenicity of non-native VLPs compared to wild type (wt) VLPs. 

Methods: HBsAgS proteins are expressed in HEK293F cells to synthesise VLPs, which are harvested and purified through 

ultracentrifugation using a sucrose gradient. Alternatively, VLPs tagged with the FLAG-epitope were affinity purified. 

Particle formation is determined by CsCl density gradient and electron microscopy analyses. Comparative immunisation 

studies in mice are performed to assess the immunogenicity of the VLPs. 

Results: The introduction of an additional glycosylation site into the HBsAgS protein sequence allowed the synthesis of 

hyperglycosylated VLPs. Wt VLPs and hyperglycosylated VLPs illustrate an extensive microheterogeneity on N-glycan 

structures with bisecting N-acetylglucosamine, core fucosylation and sialylation as dominating features. Depending on 

the bioprocess conditions the content of high mannose-type glycans can vary. Comparative immunisation studies in 

mice demonstrated that VLPs with an enhanced N-glycan density induce earlier and longer-lasting antibody immune 

responses than wt or hypoglycosylated VLPs. To assess whether the immune response induced by hyperglycosylated 

VLPs compared to wt VLPs is enhanced in the presence of the licensed adjuvant aluminum hydroxide, wt and 

hyperglycosylated VLPs were formulated with the adjuvant. Immunisation studies in mice resulted in significantly 

enhanced antibody responses induced by hyperglycosylated VLPs compared to wt VLPs, also in comparison to the 

licensed vaccine Engerix B. In addition, HBsAgS VLPs were assessed as carriers for foreign antigenic sequences, and 

demonstrated that manipulation of the antigenic density impacts on the anti-foreign immune response.  

Discussion & Conclusion: The enhanced immune response towards modified VLPs strongly indicates that the 

introduction of structural changes can promote immunogenicity. The modular VLP system will be further explored to 

generate desired anti-hepatitis B immune responses needed for promoting a functional cure of chronic hepatitis B.  
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Introduction: An effective T cell vaccine has the potential to prevent persistent hepatitis C virus (HCV) infection. 

However, neutralising antibodies are likely to be necessary in viral clearance and protection. Therefore, we developed 

a novel cytolytic HCV DNA vaccine encoding non-structural proteins (NS3/NS4/NS5B) and perforin (PRF) (pNS3NS4NS5B-

PRF) to induce cell mediated immunity (CMI), and a DNA vaccine encoding secreted and oligomerised HCV truncated 

envelope proteins (E1/E2) (ptPAE1E2-IMX313p) to enhance antibody responses. In this study we evaluated the use of a 

cocktail of tPAE1E2-IMX313p and pNS3NS4NS5B-PRF vaccines to induce multi-genotypic (gt1b and gt3a) CMI and (gt1b, 

gt2a and 3a) humoral responses.   

Methods:  DNA vaccines (ptPAE1E2-IMX313p) encoding HCV E1, E2 proteins (gt 2a and gt 3a) were constructed in pVax. 

Expression of the envelope proteins was confirmed by immunofluorescence and western blot. 6-8 weeks old female 

BALB/c mice (n=7/group) were prime-boost immunised (4 doses at 3 weeks intervals) intradermally with equimolar 

ratios of:  1) a cocktail of pVax (75 µg) and pVax- PRF (50 µg)   2)  a cocktail of ptE1E2-IMX313p (gt 1b, gt 2a, gt 3b) (25µg 

each)  and pVax-PRF (50 µg) 3) a cocktail of pNS3NS4NS5B-PRF  (gt 1b, gt 3a) (25µg each) and pVax (50 µg)  or 4) a 

cocktail of ptE1E2-IMX313p (gt 1b, gt 2a, gt 3b) (25µg each)  and a cocktail of pNS3NS4NS5B-PRF  (gt 1b, gt 3a) (25µg 

each). After the fourth dose, mice sera were tested by ELISA to detect for antibodies against the E1/E2 proteins (gt 1b, 

gt 2a and gt 3a). CMI against HCV E1, E2 proteins (gt 1b and gt 3a) and NS3 and NS5B proteins (gt 1b and gt 3a) was 

assessed in vivo using fluorescent target array (FTA) to evaluate the magnitude and/or avidity of cytotoxic CD8+ T cell 

and T helper cell responses.  

Results:  Mice immunised with a cocktail of ptPAE1E2-IMX313p (group 2) elicited highest antibody response against gt 

1b. Antibody responses were also highest against gt 1b and gt 2a in the mice immunised with ptPAE1E2-IMX313p and 

pNS3NS4NS5B-PRF (group 4). Compared to the groups (1, 2), FTA analysis detected significant killing response for gt3a 

(NS5B peptide pool 3) in the cocktail vaccinated groups (3, 4). An effective T helper response was highest against gt 3a 

(NS3 peptide pool 3) (p<0.05) and gt 1b NS5B Pool 2 (p<0.01) in the groups (3, 4), compared to the groups (1, 2).  

Discussion:  The antibody titre against gt1b E1/E2 was higher in comparison to other genotypes, perhaps due to the 

higher immunogenicity of the gt1b envelope proteins. Corroborating our previous findings, the strongest killing 

response was observed with NS5B pool 3 of gt 3a and a significant T helper response with NS5B pool 2 (gt 1b) and NS3 

pool 3 (gt 3a), demonstrating the ability of pNS3NS4NS5B-PRF to induce NS3/NS5B specific cellular response and E1/E2 

specific humoral responses with ptE1E2-IMX313p. However, the study failed to show T cell responses with tE1E2-

IMX313p vaccines.  

Conclusions: Co-administration of ptE1E2-IMX313p and pNS3NS4NS5B-PRF DNA vaccines can elicit both humoral and 

cellular responses in mice. The neutralising antibody responses need to be assessed by HCV pseudo particle and cell 

culture assays. Variable antibody responses against different genotypes necessitates further evaluation with different 

dosage of individual E1/E2 vaccines. 
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Introduction:  Anti-hepatitis C virus (HCV) broadly neutralizing antibodies (bnAbs) can neutralize the virus by blocking 

infection of target cells. However, little is known about the role of Fc gamma receptors (FcγR)-dependent effector 

functions. Moreover, if present it is not known whether these FcγR-mediated antibody functions such as antibody-

dependent cellular phagocytosis (ADCP) are beneficial to the host. We propose that HCV patients with high titres of 

anti-envelop antibodies will have increased ADCP that may improve disease outcomes. In this study, we established a 

simple method to assess FcγR-mediated ADCP using plasma from patients with HCV infection and monoclonal 

antibodies against HCV-envelope antigen in a view of using it to investigate the presence of this effector function in our 

HITS-p cohort of HCV patients with clinical outcomes.  

 

Methods: Flow cytometry-based quantitative ADCP assay was developed using recombinant envelope 2 (rE2) produced 

in 293T cells. A recombinant E2, typical of the native protein was enzymatically biotinylated and efficiency of labelling 

confirmed by western blot and ELISA. Increasing concentrations of the biotinylated rE2 was conjugated onto Alexa-488 

and streptavidin-tagged 0.6µm polystyrene beads overnight at 4 C with biotinylated rE2. After establishing the correct 

concentrations of rE2 required for optimal coating of the beads as determined by western blotting, specific uptake 

(phagocytosis) of the monoclonal antibody or plasma-opsonised beads by a monocytic cell line (THP-1 cells) was 

established. The specificity of the ADCP was confirmed by dose-dependent blocking the FcγR. 

 

Results: Binding assays using a panel of 7 reference anti HCV monoclonal antibodies targeting different epitope of the 

native envelop indicated that the rE2 was typical of the native protein and ELISA showed biotin labelling efficiency of 

~50%. After thorough optimisation using a series of bead numbers, biotinylated rE2 concentrations, cell numbers and 

opsonisation antibodies, we found 50ug/ml rE2 saturated 8x10^6 florescent beads, and 5ug/ml opsonising Abs and a 

80:1 bead to cell ratio yielded highly reproducible, specific ADCP with significant differences between positive and 

negative control monoclonal antibodies and between healthy subjects and patients with chronic HCV infection. The best 

incubation time was 2 hours at 37 C. 

 

Discussion and Conclusions: We established a simple, specific and highly reproducible flow cytometry-based assay to 

detect FcγRII-mediated ADCP using HCV envelop antigen coated beads. Our preliminary data using limited subjects 

indicates that HCV patients with high titre of anti-envelop antibodies in their plasma had increased ADCP when 

compared to healthy controls.  
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Introduction: Hepatitis C virus (HCV) is a significant contributor to the global burden of disease with at least 71 million 

individuals persistently infected with the virus. Although effective anti-viral therapies are available, they are prohibitive in cost 

and at least 80% of infected individuals are undiagnosed for HCV making the development of an effective vaccine a crucial 

requirement to eliminate HCV infections. There is much conjecture about how to design an effective HCV vaccine, nonetheless, 

there is evidence to suggest that a vaccine which can elicit T cell immunity in the liver will be protective. Firstly, tissue-resident 

memory CD8+ T (TRM) cells have been reported to patrol the liver sinusoids for the lifespan of the individual and clinical data 

suggest that these cells play crucial protective roles against hepatotropic infections such as malaria and hepatitis B. Secondly, 

CD4+ and CD8+ T cell-mediated immunity against non-structural (NS) proteins of HCV correlate with recovery from acute 

infections in patients. Recombinant DNA and adeno-associated virus (rAAV) have an excellent safety profile, and AAV can be 

used to elicit CD8+ TRM cells. We have also shown that a DNA vaccine encoding HCV NS proteins and a cytolytic perforin (PRF) 

is more effective than a canonical DNA vaccine in eliciting HCV-specific T cell responses. Thus, using a DNA vaccine encoding 

NS5B from HCV genotype 3a and PRF (pVAX-NS5B-PRF) and recombinant AAV (rAAV) encoding the vaccine antigen (rAAV-

NS5B), vaccination regimens designed to elicit systemic and intrahepatic HCV-specific T cell mediated immunity were 

developed and evaluated.  

Methods: Wild-type BALB/c mice were vaccinated with two 50 g doses of highly immunogenic pVAX-NS5B-PRF at fortnightly 

intervals. Two days after the first pVAX-NS5B-PRF vaccination, mice were immunised intravenously with a recombinant adeno-

associated virus (AAV) encoding NS5B (rAAV-NS5B) at a dose that transduces 10% of hepatocytes. An established fluorescent 

target array (FTA) technology was modified to identify immunodominant CD4+ T cell and CD8+ T cell epitopes of NS5B in vivo, 

which were subsequently used to design a KdNS5B451-459. In the FTA, CD8+ T cell responses were measured based on the 

killing of NS5B peptide-pulsed targets while CD4+ T cell responses were assessed based on the ability of helper CD4+ T cells to 

stimulate activation of naïve NS5B peptide-pulsed B cells targets in the FTA presenting CD4+ T cell epitopes in vivo. 

Results: Data showed that multi-dose vaccination with pVAX-NS5B-PRF was effective in eliciting TH and cytotoxic CD8+ T cell 

responses, and intrahepatic CD8+ TRM cells, but a single dose of hepatotropic rAAV-NS5B and multi-dose vaccinations with 

pVAX-NS5B-PRF and rAAV-NS5B were significantly more effective. In the liver of mice that received rAAV-NS5B as a single dose 

or in a multi-dose with pVAX-NS5B-PRF, 75% of the NS5B-specific CD8+ T cells manifest a tissue-resident memory phenotype 

(i.e. CD69+ CD62L- and high expression of CD11a and CXCR3). 

Discussion and Conclusion: As a T-cell based vaccine against HCV should ideally result in localised T cell responses in the liver 

this study describes primary observations in the context of HCV vaccination which can be used to achieve this goal. Although, 

the protective efficacy of the vaccination strategy described above still needs to be evaluated following an authentic HCV 

challenge, the results bridge an important gap in the HCV vaccine development especially for vaccines that aim to elicit 

protective T cell responses in the liver to eliminate the virus shortly after infection and potentially before a divergent 

population quasi-species emerge.  
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Introduction:  Most infectious disease vaccines are dependent on long-term protection mediated by circulating 

antibodies and the imprinted antigen-specific humoral memory. Despite significant differences in B cell differentiation 

in humans versus mice, the bulk of the available data on antigen-specific B cell memory formation are murine studies, 

where access to bone marrow and germinal centres is easy.  The factors that determine the persistence of humoral 

memory in humans is not well characterized, though multiple factors have been implicated including: antigen affinity, 

polyclonal activation, AID expression levels and chemokines secreted by follicular dendritic cells and follicular helper T 

cells. It has been established that the memory B cell repertoire and the efficiency of recall on re-exposure are very 

antigen specific. For example, smallpox and polio vaccines induce potent lifelong protection, while hepatitis B vaccine 

protection is less so – especially if the immunisation schedule is incomplete, and no booster effect from natural exposure 

occurs. Understanding the influencers of long-lasting protection and identifying conserved long-lived BCR clonotypes 

are key to evaluation of the reasons for vaccine success. This project is based on stored, longitudinally collected samples 

and data from a prospective cohort study of high-risk injecting drug users in the NSW prisons where both hepatitis B 

and C infections are prevalent.     

Methods:  Subjects were selected from the Hepatitis C Incidence and Transmission cohort in prisons (HITS-p, n=590). 

This prospective cohort enrolled hepatitis C uninfected prisoners who reported injecting drug use who were then 

followed at regular intervals over many years whilst in prison with storage of sera and peripheral blood mononuclear 

cells (PBMCs). All subjects were also screened for hepatitis B status at baseline, and three-doses of Engerix®-B vaccine 

was offered by the health service to those who were non-immune. All longitudinally collected sera were ultimately 

tested for makers of HBV infection and immunisation. On the basis of this prospective dataset: the ‘successfully 

immunised’ group comprised of subjects with anti-HBsAb titers > 10IU/L, the ‘non-responder’ group consisted of 

subjects who continued to have anti-HBsAb <10IU/L after more than 3 immunisation doses; the naturally-infected group 

included individuals who had seroconverted to anti-HBcAb; and the non-immune group included those who had not 

received immunisation or natural infection and remained HBV marker negative. The broad aim of the current study is 

to identify HBV-specific BCR clones that originate post-vaccination and are consistently identified, or are lost in 

longitudinal follow-up. Antigen-specific B cells will be sorted using a HBsAg-tagged probe in 13 colour flow cytometry 

and single cell transcriptomics using RNAseq performed to identify BCRs.  

Discussion:  Understanding the memory B cell repertoire and back-tracking it to the naïve B cell repertoire at the B cell 

phenotypic and transcriptomic levels, will help understand loss of durable protection. This information could be used 

to design improved BCR ‘germline targeting’ immunogen to aid ‘Reverse vaccinology’.  The results of this HBV study will 

be extended to include hepatitis C infection where long-lived protection is rare.   
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Introduction:   
Passive administration of broadly neutralising antibodies (bNAbs) reliably protects non-human primates from simian-
human immunodeficiency virus (SHIV) challenge when delivered intravenously, mucosally or via viral vectors. 
Therapeutic administration of bNAbs can also suppress viraemia to undetectable levels in SHIV-infected macaques. 
However, the development of anti-drug antibody (ADA) responses in animal models against bNAbs of human origin can 
reduce the efficacy of passively transferred bNAbs.  
 
Methods:  
Pigtail macaques were infused with the bNAb PGT121 intravenously at 1mg/kg prior to challenge with cell-associated 
SHIVSF162p3 intravenously. To examine the therapeutic efficacy of PGT121, macaques with established SHIV infection 
were infused with PGT121 intravenously at 1mg/kg. Viral RNA copies within plasma were quantified via droplet digital 
PCR. ADA against PGT121 within macaque plasma were measured using ELISA.  
 
Results:  
All macaques that received PGT121 prior to challenge with SHIV were protected from infection. ADA against PGT121 
developed as early as 3 weeks post-first exposure to PGT121. Following protection from SHIV challenge, some macaques 
were infused with an isotype control antibody and re-challenged with SHIV, resulting in high levels of viraemia. These 
animals with established SHIV infection were then infused with PGT121 therapeutically. Though low levels of ADA were 
present in macaques that had been exposed to human antibody 1-2 times, PGT121 could rapidly suppress viraemia. In 
contrast, PGT121 did not suppress viraemia in macaques that had high levels of ADA following exposure to human 
antibodies 3-4 times. PGT121-specific ADA were directed against both Fab and Fc regions. Future studies will examine 
whether the ADA can interfere directly with HIV neutralisation mediated by PGT121. 
 
Discussion:   
ADA arise in macaques as early as 3 weeks after first exposure to PGT121 of human origin. The ADA at low levels did not 
interfere with the ability of PGT121 to suppress viraemia in macaques with established infection. In contrast, ADA 
against PGT121 rose greatly following 3-4 exposures to human antibodies and completely blocked PGT121 from 
suppressing viraemia in infected animals. These results have implications for non-human primate trials examining 
multiple infusions of human bNAbs.  
 
Conclusions: 
Most bNAbs have undergone large amounts of somatic hypermutation and have diverged greatly from their germline 

sequences. These bNAbs could therefore be seen as foreign antigens and be immunogenic in non-human primate 

models of HIV infection and possibly in humans. ADA against infused bNAbs should be monitored in trials aiming to 

assess the efficacy and therapeutic potential of bNAbs.  
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Introduction: Modifications of the HIV-1 envelope (Env) glycoprotein, such as the deletion of the gp120-gp41 cleavage 

site (Uncleaved trimer) or the addition of a disulphide bond plus an I559P mutation (SOSIP trimer), allow the stabilisation 

and production of recombinant gp140 trimers. We know that uncleaved AD8 gp140 and KNH1/BG505 SOSIP gp140 

elicited antibodies with different neutralising activity in cows. Moreover, antibodies against uncleaved AD8 gp140 

targeted CD4 binding site and the V3-glycan loop, whereas those against KNH1/BG505 SOSIP gp140 did not. It is possible 

that these differences also affect the elicitation of Fc-effector functions, such as antibody-dependent phagocytosis 

(ADP) and complement-dependent cytotoxicity (CDC). 

Methods: 16 cows were divided in 3 groups and vaccinated with either AD8 gp140 HIV-1 gp140 or KNH1/BG505 SOSIP 

gp140 Env trimers. A prime vaccine was given before conception, followed by 3 boosts during pregnancy in a period of 

33 weeks. Colostral milk was collected after calving between weeks 46 to 52 and IgGs were purified. Binding of purified 

bovine IgGs to human Fc-gamma receptors (FcgR) was assessed by ELISA using recombinant FcgR dimers, and ADP was 

evaluated by ADP-SHIP assay. Finally, activation of complement cascade was assessed by antibody-dependent 

complement deposition (ADCD) assay. 

Results: All 3 groups of IgGs bound to the cellular receptor FcgRIIa, allotype R131 in an affinity-dependent manner. An 

in silico analysis showed that the C region of bovine IgGs favours interaction between their Fc portion and FcgRIIa. 

Nevertheless, IgGs groups elicited different levels of antibody-dependent phagocytosis when same concentration of 

binding antibodies was used. The different antibody profiles generated by both vaccines also affected the formation of 

C3b in CEM cells and beads, both coated with Env gp140. 

Discussion: While uncleaved AD8 gp140 elicits antibodies that target multiple sites within Env, KNH1/BG505 SOSIP 

seems to focus in specific sites. This difference has repercussions in the Fc-effector functions elicited by the antibodies; 

although all IgGs can bind Fcg receptors or C1q, only some of them activate phagocytosis or complement cascade. 

Conclusions: The structural differences of uncleaved AD8 gp140 and KNH1/BG505 SOSIP gp140 affect the effector 

functions mediated by the IgGs elicited. These results are important in the development of antibodies against HIV-1 

with immune functions in addition to neutralising activity. 
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Introduction: Natural Killer cells may have both a protective (anti-viral) and damaging (hepatic injury) role in the liver 
of chronic hepatitis B (CHB) patients. Our laboratory has established 3D human liver organoids from CHB patients that 
can be used to test the behaviour of the patient’s own NK cells, in the presence of novel immunotherapies such as 
check-point inhibitors. The aim of this study is to establish cytotoxicity assays that can be applied to CHB liver organoids 
to determine their utility in the discovery of novel antivirals including immunotherapies. 
 
Methods: Patients with CHB-induced hepatocellular carcinoma undergoing open liver tumour resection are recruited 
to the study. Distal liver tissue (>2 cm tumour margin) biopsy is collected and bipotent ductal cells are enriched in vitro 
to establish progenitor liver organoids. A target cell line (K562) is fluorescently labelled (cell trace yellow) and co-
cultured with healthy donor NK cells. Apoptosis of target cells is measured by incubating the co-culture with a non-
fluorescent DEVD peptide that becomes green fluorescent after cleavage by activated caspase 3/7. Fluorescence is 
measured by flow cytometry and correlated with a parallel 51-chromium release assay.  
 
Results: Mature liver organoids are made up of cubical cells that morphologically resemble the hepatocyte arrangement 
within liver tissue. Compared with mature organoids, the stem cell marker LGR5 is highly expressed in progenitor 
organoids. Compared with progenitor organoids, mature liver markers (albumin and cytochrome P450 3A4) are more 
highly expressed in mature organoids. Organoid cultures from CHB patients are positive for HBsAg by 
immunofluorescence. In a co-culture, NK cells induce apoptosis of K562 cells.  
 
Discussion: Additional studies are required to validate the cytotoxicity of NK cells towards human 3D CHB liver organoids 
with the addition of checkpoint inhibitors such as anti-programmed cell death protein-1. 
 
Conclusions: Cytotoxicity assays established in cell lines will be applied to CHB organoids to allow for the discovery of 

individualised therapies.  
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Background and Aims: The use of primary hepatocytes as a model of HBV infection is limiting due to rapid 

dedifferentiation and short lifespan. In an effort to develop a physiological human model of HBV replication we used 

the method developed by Huch to isolate 3D human liver organoids that demonstrate mature hepatocyte function, 

genetic stability, long-term expansion and importantly they retain the genomic background of the tissue of origin. Our 

aim was to assess liver organoid culture as a novel in vitro model for characterisation of the HBV life-cycle, cellular 

response and antiviral susceptibility testing. 

 

Methods: Human liver organoids were generated following isolation of LGR5+ ductal stem cells from liver resection 

followed by expansion and differentiation into 3D culture. Hepatocyte differentiation markers (albumin, CYP3A4) and 

NTCP (bile acid transporter and high affinity HBV receptor) expression were evaluated using qRT-PCR and confocal 

microscopy. Infection of organoids was performed using HepAD38 cell culture derived HBV (genotype D) at 1000 GE/cell 

and HBV total RNA harvested and quantified by qRT-PCR at 12 dpi while HBV infected cells (HBsAg, HBcAg) were 

visualised by immunofluorescence detection.  

 

Results: Differentiation of organoids was confirmed by expression of albumin and CYP3A4 and loss of LGR5 (qRT-PCR 

and confocal microscopy) and hepatocyte polarisation as assessed by the redistribution of Zona occludens-1 to tight 

junctions (confocal microscopy). Undifferentiated organoids did not express the HBV receptor, NTCP, while 

differentiated organoids expressed NTCP at the mRNA level with concomitant expression at the cell surface. 

Differentiated organoids were successfully infected with HBV as confirmed by an increase in HBV RNA over time and 

immunostaining for HBcAg and HBsAg by confocal microscopy. No adverse effects on cell or overall organoid viability 

were noted following infection.   

 

Conclusions: We have successfully generated liver organoid cultures that retain a hepatocyte phenotype that express 

the NTCP receptor and are permissive to HBV infection. These findings accentuate the utility of human liver organoids 

as a HBV infection model, with the potential to further dissect HBV replication and the cellular response in a model 

system that more accurately reflects human HBV infection. Liver organoids also show promise as a personalised antiviral 

testing platform to guide future HBV cure therapy and to study resistance. 
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Introduction:  

Over 350 million people are chronically infected with HBV, which causes > 700,000 deaths annually due to liver cirrhosis 

and hepatocellular carcinoma (HCC). The viral genome in circulating HBV virions exists in two distinct topologies: 

relaxed-circular DNA (rcDNA) and double-stranded linear DNA (dslDNA), with the latter being shown to integrate 

frequently into the host cell genome, possibly driving oncogenesis. The proportion of dslDNA relative to rcDNA in serum 

of chronically infected HBV patients has previously been shown to progressively increase with HBV-associated disease 

progression, with elevated dslDNA levels detected in cirrhosis and cirrhosis-derived HCC patients1. Seropositivity for 

HBV e antigen (HBeAg), a surrogate marker of active viral replication and the host antiviral immune response, has been 

shown to be a significant risk factor for the development of cirrhosis and HCC. However, the dslDNA proportions in 

serum of HBeAg-positive and HBeAg-negative patients has not been established. This study aims to quantify dslDNA 

levels in sera from HBeAg-positive and HBeAg-negative patients and determine the clinical significance of dslDNA 

proportions in disease progression.  

Methods:  

A peptide nucleic acid (PNA)-mediated quantitative real-time PCR (qPCR) clamping assay that amplifies only dslDNA was 

used to quantify dslDNA levels in the sera of HBeAg-positive (n = 30) and HBeAg-negative (n = 32) patients with chronic 

HBV (n = 16) or cirrhosis and cirrhosis-developed HCC (n = 17). 

Results: 

dslDNA proportions in total HBV DNA sera were significantly elevated (p < 0.0001, Mann-Whitney) in HBeAg-negative 

patients (mean = 47.25, SD = 35.8) compared to HBeAg-positive (mean = 3.782, SD = 6.556) patients. dslDNA proportions 

in total HBV DNA sera were elevated in in HBeAg-negative patients with cirrhosis/HCC (mean = 64.92, SD = 37.16) 

compared to HBeAg-negative patients without cirrhosis/HCC (mean = 30.71, SD = 24.8) but not significantly (p = 0.3109, 

Kruskal-Wallis).  

Conclusion: 

We have employed a PNA-mediated qPCR clamping assay to demonstrate that dslDNA levels in total HBV DNA sera are 

significantly elevated in HBeAg-negative patients compared to HBeAg-positive patients. While this data is preliminary, 

it suggests an association between inflammation and increased production of dslDNA. Expanding from this work, we 

are characterising the immune profile of chronic HBV patients with elevated and normal dslDNA proportions, as well as 

the anti-HBe and anti-HBs responses to dslDNA. This work will further elucidate the role of dslDNA in the inflammatory 

response. 
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Introduction:  Over 3% of the world’s population are estimated to be currently living with chronic hepatitis B infection 

and without treatment are at risk of death from liver cirrhosis and liver cancer. Current blood tests that are required to 

determine which patients should start treatment according to national and international guidelines (including HBV viral 

load and fibroscan or AST/ALT/complete blood count) are expensive, time consuming and require special laboratory 

facilities and technologies that are not routinely available in many parts of the world where hepatitis B is most common. 

However a recent study has shown that a combination of semi-quantitative ALT and HBeAg status, the TREAT-B 

algorithm, can provide satisfactory agreement on treatment eligibility for African patients (Shimakawa et al, J. Hepatol 

2018), opening up the potential for POC testing for treatment eligibility. We have developed an easy-to-use, point-of-

care (POC) ALT1 test that allows real-time measurement of liver inflammation and damage; the test provides a simple 

visual result within 20 minutes. POC HBeAg tests are already on the market, although they vary in reported sensitivity. 

Methods:  In our current ACH2-funded project, we are examining the accuracy of this novel POC ALT1 test along with a 

commercially available POC HBeAg test, compared with current laboratory based ALT and HBeAg ELISA test results as 

well as standard tests (viral load etc) in a retrospective cohort (biobank) of 150 HBV patient samples at St Vincent’s 

Hospital, Melbourne, to determine how our POC ALT1 test and POC HBeAg perform for identifying treatment eligibility 

in these patients. Testing will be performed through May-June 2019. 

Results and Discussion:  This study will allow a comparison of the TREAT-B algorithm for treatment eligibility in 

Australian patients versus published results in African patients. In addition, this is the first study to examine the accuracy 

of the TREAT-B algorithm using POC tests, which will be important for the use of this simple algorithm to provide 

expanded treatment access in resource-poor settings. 
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Introduction: Hepatitis B infection remains a significant health issue worldwide, with approximately 257 million people 

chronically infected, resulting in up to 887,000 deaths annually due to cirrhosis and liver cancer. In Australia, an 

estimated 240,000 people are living with chronic hepatitis B. The virus replicates using a covalently closed circular 

minichromosomal DNA (cccDNA) molecule, which resides in the hepatocyte nucleus. The cccDNA molecule is a major 

barrier to HBV cure, which will not be achieved without removal or inactivation of this minichromosome reservoir.  

The aim of this project is to: (1) Evaluated different methods of homogenisation and extraction to isolating cccDNA. (2) 

Determine the best enzymes to eliminate HBV replicative intermediates. (3) Optimise detection of cccDNA on the Biorad 

ddPCR and ABI ViiA7 platforms. 

Methods: In vivo explant liver material was homogenised using mechanical methods, and the homogenate was 

extracted using either the QIAGEN DNA Mini Extraction Kit or Epicentre DNA/RNA Extraction Kit. To eliminate replicative 

intermediates, eluted liver DNA was treated with either Plasmid-Safe DNase (PSD) or Exonuclease I and III before 

molecular analysis was performed using the ddPCR and ViiA7 platforms. The cccDNA primers and probe combination 

used were developed by the Dandri group and optimised for the ddPCR. Detected cccDNA was normalised to 

copies/genomic equivalents (copies/GEq) using the RPP30 Assay from Bio-Rad Laboratories. 

Results: We have initially determined that the Epicentre extraction kit does isolate more HBV DNA as well as genomic 

DNA from the same size piece of tissue, when compared to the QIAGEN kit. From previous experiments we observed 

that the ExoI/III enzymes digest more replicative intermediates over the PSD. We are currently in the process of 

validating the cccDNA assay on both platforms using DNA extracted from in vivo samples. 

Discussion: Many laboratories have established methods for isolating and detecting HBV cccDNA, however an accepted 

standardised protocol is needed. The ICE-HBV coalition has been working with a number of laboratories to tackle this 

issue. One of the outcomes of this project is to evaluate the current ‘in development’ protocol from ICE-HBV. We initially 

used in vivo liver tissue from patients for this work considering the end goal is for use with patient samples. However 

we also plan to use in vivo tissue from mice hydro-dynamically injected with HBV plasmid DNA, due to constrains with 

obtaining newly biopsied human tissue. 

Conclusions: The ability to detect the cccDNA molecule is a crucial step in eliminating HBV globally. The potential 

combination of the new infection cell culture systems with this highly sensitive technique to detect and quantify cccDNA 

may allow the development of antiviral therapies to target and eliminate cccDNA, ultimately resulting in HBV cure.  
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Introduction: The events that occur during the early stages of HIV transmission are still widely unknown. This gap in the 

literature may be, in part, due to restricted knowledge on the immune cells that are resident within the sites of 

transmission. Given CD4+ T cells are the primary target cells for HIV, it is therefore our aim to correctly define and 

identify the precise subsets of CD4+ memory T cells that reside within human anogenital tissues that form the portals 

of HIV entry.  

Methods: Using discarded human anogenital tissues derived from various surgeries we will have optimised enzymatic 

tissue digestion methods and defined the proportions of CD4+ T cell memory subsets in both the dermal and epidermal 

compartments using multi-parameter flow cytometry. Additionally, we have infected ex vivo CD4 T cells isolated from 

human tissue with HIV and identified which CD4+ T cell subsets take up and become infected virus.  

Results: We optimised a 16 colour flow cytometry panel with full czonsideration of the enzymes used in tissue digestion, 

which included clonal selections to recover resolution lost due to enzymatic cleavage of cell surface proteins. Using this, 

we mapped the relative proportions of memory T cell subsets across anogenital tissues and found an overall dominance 

of effector memory and transitional memory T cells. We investigated the expression of HIV-related cell surface 

receptors, such as HLA-DR and CCR5 on all subsets between the tissues and found that this expression of CCR5 was 

enriched in colorectal tissues. Finally, we investigated and report the susceptibility of each subset to HIV and found that 

effector memory cells constituted a larger portion of infected cells. However, of each of the total subset populations, 

HIV infection was proportionally higher in central memory cells. Furthermore, we identified surface markers that were 

specific to infected cells. 

Discussion and Conclusions: We have defined the subsets of CD4 T cells present in actual human tissues where HIV 

transmission occurs, and specify which subsets are the first to become infected with the virus. This is important for our 

understanding of the mechanism of transmission and also in defining which subsets to target for vaccine design. In the 

future, we aim to define the interactions between HIV-containing dendritic cells and specific CD4+ T cell subsets, which 

will be critical for vaccine development. Additionally, investigating the subsets of memory CD4+ that become latently 

infected in tissue could provide essential information to aid HIV cure strategy, as these are the cells that harbour the 

virus reservoir. 
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Abstract:  

HIV transmission is modulated by the vaginal microbiota. Women colonised with optimal vaginal bacterial communities, 

typically dominated by a specific Lactobacillus spp., have a decreased risk of acquiring and transmitting HIV compared 

to women colonised with ‘non-optimal” microbiota (e.g. bacterial vaginosis, BV) that promote subclinical genital 

inflammation driving increased HIV risk. BV is characterised by a depletion of Lactobacillus spp. and a high relative 

abundance or load of facultative and/or obligate anaerobes. While studies have focused on the association between 

vaginal microbiota and/or specific taxa and HIV risk, relatively little is known about the role of microbiota metabolites 

in modifying the vaginal environment to help protect against HIV.   Major distinguishing features between women 

colonised with optimal vaginal microbiota compared to women with BV include lower vaginal pH (pH<4.5 vs pH4.5) 

and dramatically increased vaginal levels of lactic acid (120 mM vs 20 mM). Accordingly, our working hypothesis is 

that lactic acid, an organic acid metabolite, is an effector molecule produced by optimal microbiota that plays a role in 

helping to prevent HIV transmission.  Here, data will be presented demonstrating that lactic acid at physiological levels 

and pH has bactericidal activity against BV-associated bacteria but not lactobacilli, in vivo and ex vivo HIV virucidal 

activity, and immune modulatory properties on cervicovaginal epithelium that prevents and reduces genital 

inflammation that could potentially decrease HIV susceptibility. In addition, RNAseq studies suggest a role for lactic acid 

in directly promoting epithelial barrier function. These findings highlight the multifaceted properties of a major vaginal 

microbiota metabolite and suggest potential use of lactic acid and/or lactic acid producing bacteria in enhancing the 

vaginal environment and microbiota (EVE-M) to promote sexual and reproductive health including their use as adjuncts 

to reduce HIV acquisition. 
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Introduction:  

There is no vaccine for HIV. Antiretroviral therapy has helped reduce transmission rates, but alone is not enough to 

combat this significant global health issue. As such, we need to develop strategies to block transmission of the virus to 

complement current therapies. This requires an in depth understanding of early viral pathogenesis across the human 

anogenital tract, of which there is limited data. 

Methods:  

In this study we infected human colorectal explant tissues and have performed an extensive analysis of HIV spread 

within the colorectal mucosa within minutes to hours post infection. To do this we have combined a new in situ 

hybridisation technology called RNAscope, with highly multiplexed microscopy to compare HIV uptake and transfer 

kinetics across multiple known HIV target cells including Dendritic Cells (DC), Macrophages and T cells, all in a single 

tissue section. 

Results:  

Our results show that both DCs and CD4 T cells are able to take up HIV rapidly, within 30min post-infection, however 

macrophage involvement does not occur until 2h post-infection. Furthermore, we have observed HIV in association with 

DC-T cell conjugates with the frequency of these contacts increasing with time. We devised several image analysis 

algorithms which show that in fact the majority of HIV resides within DC-T cell conjugates within the mucosa early post-

infection. Although previously hypothesised, to our knowledge this is the first demonstration of DC involvement in early 

viral transfer to T cells within the mucosa. 

We have also examined HIV entry into rectal lymphoid aggregates which are a known site of HIV latency, but unstudied 

in the context of HIV transmission. Our results show that within just 30min, HIV is able to enter both the T and B cell 

zones of these structures, associating with CD4 T cells and follicular DCs respectively, potentially indicating rapid seeding 

of the viral reservoir. 

Conclusion:  

Overall, we show that initial HIV dissemination is rapid, involving multiple cell types which may interact to facilitate viral 

spread.  
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Multiple subsets of mononuclear phagocytes (MNP) are known to exist within human tissue which includes district 
subsets of conventional dendritic cells (cDC) macrophages and CD14 expressing cells which show characteristics of both 
DCs and macrophages. MNPs are the first cells to interact with HIV during transmission which they detect via a 
repertoire of surface C-type lectin receptors which is unique to each subset. Model in vitro derived DCs and 
macrophages have been shown to transfer the virus to CD4 T cells in which the virus explosively replicates however it 
remains unclear which MNP subsets perform this function in vivo. Key reasons for our lack of understanding of HIV 
transmission in vivo include difficulty of access to the human anogenital tissues where transmission occurs and 
technological limitations associated with defining the ever increasing subtle array of HIV target cell subsets. Identifying 
the precise initial HIV target MNPs will be essential for guiding the development of a vaccine and better PrEP regimens. 
Similarly defining the precise tissue resident CD4 T cells that harbour HIV latent reservoir will aid in achieving a functional 
cure. 
 
Our lab has extensive access to all the human anogenital tissues that HIV may encounter during sexual transmission 
(labia, vagina, glans penis, foreskin, urethra, anus and rectum) as well as abdominal and intestinal tissue for comparison. 
Using high parameter flow cytometry we have thoroughly characterised the relative proportions of MNP subsets across 
the entire human anogenital tracts and found significant differences. Furthermore, we have transcriptionally profiled 
each subset using cell RNAseq. Interestingly we have identified two distinct CD14+ monocyte-derived MNPs; one that 
resembles a DC and one that resembles a macrophage.  
 
We have then gone on to characterise how each subset initially interacts with both lab adapted and transmitted/founder 

HIV strains and which subsets go on to become infected. We have found that the newly defined langerin expressing 

cDC2 subset is consistently more efficient at both uptake and productive infection compared to its langerin negative 

counterpart, while CD14+ DCs are more efficient compared to their CD14+ macrophage counterparts.  
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HIV is a sexually transmitted virus that can effectively evade the immune response to propagate infection throughout 

the body. The virus enters through the anogenital mucosal epithelium and interacts with antigen presenting cells, mainly 

Dendritic Cells (DCs), which transfer the virus to CD4 T cells, leading to the spread of infection. Herpes Simplex Virus 

(HSV) increases the risk of HIV infection by threefold through various mechanisms including the disruption of epithelial 

integrity, recruitment of HIV target cells, and inducing upregulation of HIV coreceptors on bystander cells. These 

mechanisms are yet to be fully understood, and there may also be other directly and indirectly responsible mechanisms.  

A better understanding of this HIV/HSV interplay and effect on the host immune system could provide a rationale for 

more efficient treatments to reduce the global burden caused by these viruses. 

We have recently discovered and characterised a novel population of DCs in the epidermis of skin and mucosae. This 

population of CD11c+ DCs was shown to interact with both HIV and HSV1 independently in vitro, showing much higher 

rates of infection in comparison to Langerhans Cells (LCs), the only previously known epidermal DC. The aim of this 

project is to study the interactions of both epidermal DC populations with each virus in HSV/HIV co-infections. We are 

currently developing a model for HIV/HSV co-infection that simulates the events occurring during the early stages of 

viral entry into tissue.  

We have obtained healthy infant and adult foreskin specimens to study the epidermal DC populations and optimize the 

co-infection model. We have shown that healthy adult inner foreskin provides a more accurate model of infection in 

comparison to infant foreskin, as it is the site of sexual transmission and is more keratinized, forming a strong protective 

barrier against HSV infection. To overcome this physical barrier, we have optimized the use of nanopatches to induce 

perforations within the epidermis, which mimic the microabrasions that occur during sexual transmission, and are 

optimizing the use of spinoculation or otherwise pretreating nanopatches with virus prior to application to enhance HSV 

entry into skin. Using these optimized methods we have detected HSV in situ and will use these techniques to create a 

HIV/HSV co-infection model using RNA and DNAscope to visualize both HIV and HSV in situ respectively. In combination 

with fluorescence staining of the two epidermal populations, we aim to determine the role of epithelial DCs in the 

interplay of HSV and HIV and assess other factors that may contribute to this co-infection. 
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Introduction: New HIV infections remain a significant global health issue despite antiretroviral therapy and pre-

exposure prophylactics helping to reduce transmission rates.  In Australia, as in most of the developed world, the 

majority of new infections occurs in men who have sex with men through anal intercourse.  Despite this, little is known 

of the early events that follow HIV entry into the colorectal mucosa, particularly the role that macrophages play in early 

infection.  This constitutes a fundamental gap in our knowledge of early HIV targets and understanding HIV-macrophage 

interactions may provide a basis for macrophage-specific HIV studies as well as microbicide design. 

Methods: HIV was visualised in situ in human colorectal explants from 30min to 2 hours post infection, using RNAscope 

technology for the detection of HIV RNA. RNAscope was combined with highly multiplexed immunofluorescence 

microscopy to assess HIV uptake in macrophages in a single tissue section.  Macrophage subsets, and the expression of 

HIV binding receptors were determined by flow cytometry.  Macrophage subsets will be FACS sorted and incubated for 

96 hours in the presence of HIV to determine level of infection. 

Results: We have shown that macrophages uptake HIV at both 30 minutes and 2 hours post infection.  Moreover, 

macrophages located in the submucosa compartment have increased HIV uptake when compared to the macrophages 

in the lamina propria.  We are currently investigating HIV uptake and productive infection of macrophages in each 

compartment.  Furthermore, distinct subsets of macrophages have recently been defined in the human small intestine.  

We have confirmed the presence of these subsets in colorectal tissue and will be investigating their compartment 

localisation and expression of HIV binding receptors.   

Discussion: These results indicate that HIV is able to spread very quickly upon entry into the colorectal mucosa, with 

macrophage uptake of HIV occurring as early as 30 minutes post infection. The observation that submucosal 

macrophages preferentially take up HIV is interesting as it suggests differential function of macrophages based on 

anatomical location.  The newly defined macrophages in the small intestine were found to have differing subtype 

enrichment across the tissue compartments.  Given this, we believe that identifying the subtypes enriched in the 

colorectal compartments, as well as their expression of key HIV binding receptors, may offer insight into the preferential 

uptake that has been observed.  By further investigating productive infection in these macrophages, both by 

compartment and subtype, we aim to understand if HIV infection can be associated with specific macrophage subsets 

and their localisation in the colorectal tissue.   

Conclusions: Here we have shown that HIV uptake by macrophages in early infection is varied based on anatomical 

location.  We have characterised macrophage subsets in colorectal tissue and will show their compartment locations 

and their expression of HIV binding receptors.  As this may vary their capacity for HIV uptake, it will be important to 

further characterise HIV interactions with each of these subsets.  
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Introduction: HIV is almost exclusively transmitted via sexual intercourse. Anal intercourse is the predominant mode of 
transmission in Australia and is 10-30 times more efficient than vaginal intercourse. The key HIV target cells are 
mononuclear phagocytes (dendritic cells and macrophages) and CD4+ T lymphocytes. However, due to technological 
limitations, the specific subsets present in the anogenital tissues where HIV transmission occurs and which ones interact 
with HIV is still poorly understood. To visualise the early HIV-cell interactions within colorectal tissue in situ, we have 
utilised imaging mass cytometry which employing antibodies tagged with heavy metal ions to visualise up to 40 markers 
within a single tissue section. This provides insight on the role of the various cell subsets within tissue during the early 
uptake of HIV. 
 
Methods: We obtain fresh healthy human colorectal tissue explants from the department of colorectal surgery at 
Westmead Hospital. This allows us to topically apply HIV onto the epithelium with 15 minute of removal from the body. 
After 30 – 120 minutes of exposure, transverse sections are taken, to obtain a large scsope of the tissue section. HIV is 
visualised with single virion precision through a new in situ hybridisation technique called RNAscope. Imaging mass 
cytometry is performed to visualise key HIV target cell subsets within tissue. Finally, computational image analysis 
techniques are developed and implemented to identify these cell subsets within tissue, and to analyse key HIV-cell 
interactions. 
 
Results: Through imaging mass cytometry, many T cell, dendritic cell, and macrophage subsets were visualised within 
colorectal tissue. As early as 30 minutes post-exposure, HIV was observed to have entered the mucosal tissue, and was 
seen interacting with many of these cells in a differential capacity. DCs and T cells in the lamina propria were the first 
cells observed to interact with the virus and interactions between HIV and submucosal macrophages observed later.  
 
Conclusions: The use of imaging mass cytometry in combination with RNAscope has provided a unique opportunity 

for studying HIV-cell interactions within colorectal tissue. This in situ study provides clues for the early events which 

facilitate HIV transmission within the clinically relevant colorectum. Understanding these initial events is critical for 

informing strategies on blocking the transmission of HIV and vaccine design 
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Introduction: The prototypic anti-viral immune response requires the actions of naïve T cells, which differentiate into a 
specific population of clonotypes with an optimal T cell receptor (TCR) repertoire for viral clearance and anti-viral 
memory. In HIV, this process is subverted by viral escape (adaptation) from T cells. However, viral mutations that disrupt 
the HLA-peptide-TCR complex leading to loss of antigen recognition represent only one strategy of adaptation. In many 
instances adapted viral strains can still be recognised by the host’s T cells. We developed a single-cell TCR analysis 
pipeline to delineate whether responses to the adapted form of the T cell epitope are mediated by the recruitment of 
new clonotypes or by selection of particular clonotypes with more cross-reactive TCRs. Furthermore, we assessed the 
effect of these different TCR-Ag-HLA complexes at the scRNA transcriptome level. 
 
Methods: To isolate single antigen-specific T cells to a select set of HIV CD8+ T cell epitopes, we utilised HLA class I 
tetramers (for the adapted and non-adapted form) and activation markers (CD69 and CD137) following peptide 
stimulation. Libraries were constructed from tetramer and activation positive cells and RNA transcriptome and TCR data 
were generated using the Illumina platform. The affinity of specific TCR combinations with adapted and non-adapted 
forms of the epitopes was assessed using a Jurkat transfectoma cell line with luciferase activity as the measurable 
output. 
 
Results: We found evidence of cross-reactive T cells to the adapted and non-adapted form of epitopes. Dominant TCR 
combinations identified from this cell population and transfected into a Jurkat transfectoma cell line revealed 
differences in avidity between the alternate peptides (adapted and non-adapted). Furthermore, a single amino acid 
change in an epitope corresponded to differences in the scRNA transcriptome signature of HIV-specific T cells with the 
same TCR combination. The differentially expressed genes between the adapted and non-adapted form of the epitope 
was dependent on the autologous virus of the subject and likely reflects differences in the responding T cell. 
 
Discussion and conclusions: Understanding how the TCR diversity of an immune response can be altered or exploited 

by a pathogen is a fundamental question for many pathogens for which natural, vaccine or cell therapy-based immunity 

is not currently effective or available.  
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Introduction: Epistatic interactions between mutating sites are an important strategy in HCV evolution that allows 

successful escape from host immune response. Pairwise epistatic interactions have been identified experimentally 

previously. However, such interactions may not be restricted to pairs but involve a complex network of mutating nodes.  

Methods: This is an empirical study which used methods of network analysis to explore the mutational landscape of 

HCV subtype 1a. Full-length subtype 1a HCV sequences were downloaded from two published datasets available in 

public domain. One dataset had 330 chronic HCV sequences and the other had 76 acute infection sequences. Mutating 

sites across these sequences were mapped on to a graphical network based on mutual information (MI). MI is a 

computed variable which identifies two co-occurring mutations across the HCV genomes that cannot be explained by 

chance. Such sites are represented in the network as “nodes” and the strength of association (MI) is drawn as a weighted 

link between the nodes, also referred to as a “edge”. Once the full network is drawn, the nodes of importance were 

ranked according to “centrality” measures. Each centrality measure assesses the relative importance of a node for the 

integrity of the whole network from a different perspective. In addition to the main combined HCV network, acute and 

chronic infection sequences were used separately to build sub-networks. 

Results: The HCV subtype 1a combined network had 1618 nodes and over 77,500 edges. The network demonstrated a 

small world structure, that is some nodes were preferentially clustered than being randomly connected to each other.  

When nodes were removed according to a centrality ranking, the entire network became disconnected faster than when 

nodes were removed randomly further indicating preferential clustering of nodes. Interestingly nodes ranking high in 

one centrality measure were also likely to rank high in another and these nodes were also more likely to be shared 

between the acute and chronic infection networks.    

Discussion: Mutations across the HCV genome are not randomly arranged; They have a structure. Some nodes are more 

important for network structure as they are seen in both acute and chronic infection networks and removal of these 

nodes make the network disintegrate faster than random removal of nodes. These nodes probably make it easier to 

generate compensatory mutations across the genome enabling the virus to escape from host immune pressure.  

Conclusions: Mutation networks are a powerful tool to visualize the mutational landscape of HCV as a single system. 

These empirical analyses can guide laboratory experiments by predicting sites that are more likely to mutate.  This is 

important in designing vaccine epitopes to minimize chances of immune escape.   
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Introduction: Rapidly mutating RNA viruses such as HCV present a complex problem in viral genomics as accurate 

characterization of mutations and evolutionary trends are made difficult due to the inability to sequence the entire viral 

genome and all its variants as whole molecules. Our group has previously described a method to generate full length 

9.5 Kb HCV amplicons via a single nested PCR. This work focusses on sequencing these amplicons as a whole molecule. 

Methods: In current study, single molecule long-read sequencing was tested on an Oxford Nanopore Technology (ONT) 

platform, which is a relatively novel sequencing technology. This method uses a portable hand-held sequencer plugged 

to a standard computer for real-time sequencing and analysis.  First stage experiments compared samples sequenced 

by Illumina technology and ONT for the accuracy of consensus sequences for the full HCV genome. The next stage tested 

the ability of ONT to recover individual HCV molecular clones (Core-E2 region) mixed in known proportions (varying 

from 0.1% - 90%). Finally, 54 HCV full genome samples were barcoded and combined in a single sequencing run for cost-

effectiveness.    

Results & Discussion: The average number of reads in the desired 8500 – 10,000 range in first whole genome ONT run 

was 60,000 (12.5%) of total sequencing output. This proportion was increased significantly in subsequent runs with the 

introduction of DNA size selection for the fragment of interest. The average read quality was Q8 (compared to an 

average of Q30-Q40 usually obtained in illumina sequencing). However, the relatively high error rate and lower quality 

of ONT reads were offset by high coverage allowing generation of an accurate consensus sequence which matched with 

the Illumina consensus with over 98-99% accuracy. The quality of the consensus was optimal at 300 reads or more per 

site. Experiments with clonal mixes demonstrated that ONT sequencing could reproduce the same clonal sequences at 

a frequency of occurrence as low as 0.1%. A bioinformatics pipeline has been developed to further measure the accuracy 

of ONT reads and their respective references with an estimated average of 67.75 nucleotide changes in Core-E2 

fragment of around 1.7 kb.  The combination of 54 full length HCV genome samples in a single run generated 

approximately 5000 reads per sample after a run of 47 hours on a single flow cell. Barcoded long output reads were 

demultiplexed and assembled successfully with their respective reference sequences and inputted into the pipeline with 

the result where most of the ONT consensus sequences matched with over 99% accuracy to their respective illumina 

consensus sequences. 

Conclusion: ONT sequencing offer offers full genome HCV sequences at high coverage and low cost. The relatively high 

error rate is partially offset by the depth of coverage. Tagging the products of the same PCR reaction with unique 

molecular identifiers (UMIs) during amplicon generation will allow improved fidelity and comprehensive full genome 

quasipecies sequencing for studies of viral evolution.   
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Introduction: Human immunodeficiency virus (HIV) is responsible for more deaths than any other infectious disease 

worldwide, with the only treatment option being lifelong antiretroviral therapy. HIV adapts to an individual’s T cell 

immune response via genomic mutations that affect antigen recognition and impact disease outcome. These viral 

adaptations are specific to the host’s human leucocyte antigen (HLA) alleles, as these molecules determine which 

peptides are presented to T cells. Furthermore, these adaptations can be transmitted. As HLA molecules are highly 

polymorphic at the population level, horizontal transmission events are most commonly between HLA-mismatched 

donor/recipient pairs, representing new immune selection environments for the transmitted virus. To design an 

effective preventative and/or therapeutic vaccine, it is vital to understand the complex host-viral interactions; both 

those adaptations that subvert and those that enhance the immune response. In this study, we predict the in vivo 

replicative cost and immune benefit of specific HIV adaptations and assess specific T cell responses. These results could 

be used to inform vaccine designs and cure strategies to combat the issue of immune escape in the unique setting of 

vertical HIV transmission. 

Methods: We utilised a deep sequencing approach to determine the HIV quasispecies in 26 mother/child transmission 

pairs where the potential for founder viruses to be pre-adapted is high due to the pairs being haplo-identical at HLA 

loci. The resultant sequences and previously determined viral adaptations for specific host genotypes were used to 

determine adaptations present, and corresponding adaptation scores for the transmitted virus using in house 

bioinformatic tools. We used intra-cellular staining to assess specific immune responses and single cell technologies to 

compare T cell receptor repertoire and transcriptome data between mother/child pairs for a specific HIV epitope. 

Results: We showed that the pattern of reversion or fixation of HIV adaptations following transmission provides insight 

into the replicative cost associated with specific adaptations in vivo. Transmitted viruses were commonly pre-adapted 

to the child’s HLA genotypes across the cohort, however we found evidence of de novo post-transmission adaptation, 

representing new epitopes targeted by the child’s T cell response. The T cell responses in the child overall suggested the 

immune response to pre-adapted HIV strains may focus on sub-dominant T cell epitopes.  

Discussion and conclusions: High-resolution sequence analysis revealed intra-host reversion and maintenance 

dynamics of transmitted adaptations in different immune selection environments, which acts as an estimate of the 

replicative cost and immune benefit of specific adaptations in vivo. It is hoped a better understanding of these dynamics 

can be used to inform vaccine design to maximise replicative cost of adaptations within the host and to avoid the 

selection of adaptations that incur minimal replicative cost for individuals exposed to adapted viruses via transmission 

or reactivated from reservoirs. 
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Introduction: HIV-Hepatitis B virus (HBV) co-infected individuals experience higher rates of liver disease than mono-

infected individuals. Previous studies have found that HIV co-infection can impact the natural course of HBV infection, 

but the reverse has not been confirmed. We characterised the intact proviruses in HIV-HBV co-infected individuals prior 

to ART initiation and determined their association with clinical parameters. 

Methods: HIV-HBV co-infected individuals and HIV mono-infected individuals naïve to ART were recruited in Bangkok 

Thailand as part of a prospective observational cohort study. HIV proviruses were sequenced from peripheral blood 

CD4+ T-cells using full-length individual proviral sequencing. Employing primers adapted for specificity to HIV subtype 

AE, 92% of the genome was sequenced using Next Generation Sequencing. Genetically intact HIV proviruses were 

identified as those lacking inversions, stop codons/hypermutation, insertions, deletions or frameshifts.  

Results: A total of 650 HIV proviruses were sequenced and analysed from 19 HIV-HBV co-infected individuals, and 165 

proviruses from 4 HIV mono-infected individuals. Both the co-infected and mono-infected individuals had high 

proportions of genetically intact provirus (range = 7-80% and 23-59% respectively). Intact sequences from these cohorts 

had genetic diversity ranging 0.2-2% and 0.3-1.6% for the co-infected and mono-infected cohorts respectively, but mean 

diversity between the two cohorts did not reach significance (p=0.19). While the majority of participants had genetically 

unique HIV proviruses, one co-infected participant had six genetically identical and intact sequences. No correlation was 

found between HBV infection parameters and the level or diversity of intact HIV proviruses in the co-infected individuals. 

However, higher levels of the activation markers CXCL10 and LPS were associated with increases in the proportion of 

genetically intact HIV proviruses (p=0.0098 and p=0.03 respectively), while soluble CD14 was associated with increases 

in genetic diversity of these intact proviruses (p=0.03).  

Discussion: Genetically unique and intact HIV proviral sequences were commonly identified in untreated HIV-HBV co-

infected and HIV mono-infected participants. The frequency of intact virus was far higher than previous studies of 

individuals on suppressive ART. Activation markers were associated with the proportion and genetic diversity of intact 

HIV proviruses in HIV-HBV co-infected participants, however, these markers were not assessed in the mono-infected 

participants.  
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Background: The cellular factor eEF1A is an important component of the HIV RTC and plays a role in reverse transcription. 

Our published research showed that eEF1A is the predominant cellular HIV reverse transcriptase (RT) binding protein. 

Using non-cytotoxic concentration of an eEF1A-binding compound, didemnin B (Did B) disrupted the HIV RTC and 

sharply reduced HIV reverse transcription, providing proof of concept that the RT:eEF1A complex is druggable. 

Unfortunately, Did B can inhibit eukaryotic translation so it is not a suitable antiviral especially for chronic viral infections 

such as HIV-1. We hypothesised that a small molecule that binds RT could have the same effect as Did B to destabilise 

the RT:eEF1A PPI and thereby inhibit HIV-1 replication. We used a robust live cell based assay to quantitatively measure 

the RT:eEF1A PPI, screen a scaffold library of small compounds for inhibitors of the RT:eEF1A PPI and identified “hit” 

compounds, oxazole-benzenesulfonamide derivatives (C7 and C8), that dose dependently inhibited replication of wild 

type (WT) and non-nucleoside RT inhibitor (NNRTI) drug-resistant HIV. All NNRTIs bind RT to inhibit RT bio-catalysis. 

However C7 and C8 bind RT but do not inhibit RT bio-catalysis directly. They act by disrupting the RT:eEF1A PPI and 

destabilize the RTC, which results in defective viral DNA synthesis in HIV-infected cells, as we described for Did B. Will it 

be possible to identifying surfaces or pockets in eEF1A that are “druggable” and block eEF1A’s interaction with RT 

without disrupting important cellular functions for eEF1A?  

Method: A wide variety of methods have been used that are described in our published papers. 

Results: The project is poised to investigate the structure of the RT:eEF1A complex. The proteins are highly purified; 

analysis indicates that RT:eEF1A is a stable, monodispersed protein complex with a component ratio ratio of 1:1. Arrays 

of techniques are available to determine structure. Another aspect of the project is the possibility that a new class of 

anti-HIV compound can be discovered by in silico and medicinal chemistry approaches. This project will proceed if 

funding is received. 

Discussion: Flaviviruses, reoviruses, tombusviruses (a plant virus), bacteriophage Qβ (infects E. coli), hepadnaviruses, 

paramyxoviruses and other that all uses eEF1A for replication of their genome or viral pathogenesis in cells. The 

mechanisms used by viruses usurp eEF1A for viral RNA or DNA transcription by the viral polymerase are remarkably 

similar. eEF1A can bind viral RNA thereby recruiting the viral polymerase for viral RNA synthesis. Afterwards, eEF1A is 

reported to stabilise the viral replicase complex. Alternatively eEF1A directly binds to viral proteins to stabilise the viral 

RNA or DNA replication complex. Except for Qβ replicase, detailed structure information of viral polymerase complexed 

to eEF1A is completely lacking. Most viral RNA or DNA polymerases share domains that are called the fingers, palms and 

thumb, and while different viral polymerases structure may not share identity, it is likely that the mechanism through 

which replication complex proteins of different viruses interact with eEF1A will be conserved. We propose that targeting 

such regions of eEF1A could produce broad spectrum antiviral compounds. 

Conclusion: Not at this time. 
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Langerhans cells (LC) represent one of the first lines of contact between the immune system and sexually transmitted 

pathogens, and in the human epidermis LCs have been thought to represent the only mononuclear phagocyte (MNP) 

population. Here we show an additional epidermal MNP subset that can be distinguished from LCs phenotypically as 

CD11chi, CD1c+ MR+ (epidermal CD11c+ DCs). These cells are transcriptionally similar to dermal cDC2 but express higher 

levels of costimulatory markers and are more efficient at T cell stimulation. Importantly, compared to LC, epidermal 

CD11c+ DCs are i) enriched in the epithelium of anogenital tissues where they preferentially interact with HIV, ii) express 

the higher levels of the HIV entry receptor CCR5, iii)  support the higher levels of HIV uptake and replication and iv) are 

more efficient at transferring virus to CD4 T cells. Importantly these findings were observed using both a lab-adapted 

and transmitted/founder strain of HIV. We also describe a cell population that can be discerned from LCs by their lower 

surface expression of CD45, HLA-DR and CD33 (epidermal CD33low cells). These are transcriptionally similar to LCs but 

do not appear to function as APCs as do not secrete cytokines, express negligible amounts of costimulatory molecules 

and are very weak inducers of T cell proliferation. They also do not act as HIV target cells. Our findings reveal a new 

subset of epidermal DCs in skin and anogenital tissues with a potential key role in sexual transmission of HIV.  
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Introduction:  Direct cell-to-cell transmission of HIV is orders of magnitude more efficient than infection by cell-free 

virus and is now recognized as a major mode of viral spread.  Abundant evidence indicates that the hosts’ cytoskeleton 

is key to this process and that the virus has evolved mechanisms to corrupt cellular actin dynamics in order to promote 

spread of the infection.   

 

Methods:  Our study follows a systematic approach to investigate the role of host actin regulatory proteins in the 

context of cell-cell HIV spread.  To this end, we established a robust viral transfer assay and combined it with the power 

of CRISPR/Cas9 gene edition to individually interrogate the loss-of-function phenotype of over 60 cytoskeletal 

regulators, in both donor and target cells.  High-resolution fluorescence microscopy (incl. live imaging) and scanning 

electron microscopy were then used to resolve key phenotypes.  

 

Results: Our CRISPR screen identified several cytoskeletal proteins that contribute to cell-cell HIV transfer, and together 

these revealed specific pathways of actin regulation that are exploited by the virus.   In particular, the central motors of 

actin polymerisation (Arp2/3 complex and formins), as well as their key upstream regulators (Rho-GTPases) were found 

to play an important role for intercellular HIV transfer. Loss of these regulators led to drastic changes in cortical actin 

structures and membrane protrusions that normally coordinate immune-cell interactions. 

 

Discussion:  Our study is the first to systematically dissect the intersection between HIV and the actin cytoskeleton 

across multiple levels of actin regulation, using methods specifically designed for this purpose and in biologically 

relevant cell types. 

 

Conclusions:  Our findings expand and refine previous models, leading us to propose that HIV selectively activates 

cellular RhoGTPases to promote cell-type specific actin polymerization events that lead to favourable outcomes for viral 

infection.  In donor cells, HIV drives formation of membrane protrusions that coordinate intercellular contacts and their 

progression to virological synapses.  In target cells, complex spatiotemporal regulation of actin remodelling is required 

to assist the virus in its journey from the membrane to the nucleus.  
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Introduction: A critical event during initial HIV infection is the rapid recruitment of plasmacytoid dendritic cells (pDC) to 

the underlying mucosa at sites of infection, as demonstrated in SIV-macaque models (Shang et al 2017). High levels of 

interferon-α (IFNα) produced early during SIV infection have been shown to restrict viral load (Sandler et al 2014), and 

as HIV markedly inhibits type I IFN responses in CD4+ T cells and other target cells, pDCs are likely to be the major source 

of this antiviral IFNα. Therefore, we hypothesized that pDCs play a protective role in SIV/HIV infection by restricting 

initial infection and spread in target cells, and we aimed to characterize how pDCs influence infection in memory CD4+ 

T cells using in vitro model cocultures. 

Methods: CD4+ T cells were isolated from peripheral blood and sorted into central, transitional and effector memory 

subsets as resting cells (CD69- CD25- CD38- HLA-DR-) or activated cells (CD69+/CD25+/CD38+/HLA-DR+). Sorted cells were 

infected with HIV-1BaL or HIV-1NL4.3 overnight and 2 days post infection sorted autologous pDCs were cocultured with 

the infected CD4+ T cells. The level of productive infection and expression of cellular activation markers were 

subsequently assessed by flow cytometry 5 days post infection.  

Results: Upon coculture, pDCs increased productive infection in memory CD4+ T cells in a subset-specific manner, which 

occurred despite the induction of IFNs and antiviral interferon-stimulated genes. pDCs induced changes in the 

expression of T cell activation markers on both resting and activated memory CD4+ T cells, which may account for the 

increased p24 expression in pDC cocultures. In particular, the early activation marker CD69 was induced on both resting 

and activated memory CD4+ T cells by pDCs, while a decrease in the expression of the late-stage activation marker CD38 

was observed. These changes in p24 and CD69 expression could be partially replicated upon treatment of infected cells 

with IFN-a but not TNF-a. Interestingly, increases in productive infection occurred when pDCs were added in the 

presence of maraviroc, suggesting pDCs may be reactivating virus in latently infected cells, concordant with a large 

proportion of p24+ cells co-expressing activation markers.  

Discussion and Conclusion: This study has revealed a previously unappreciated pathogenic role for pDCs during initial 

HIV infection, with a view to further unravel the mechanisms by which pDCs exacerbate infection in memory CD4+ T 

cells, and how this overcomes the apparent protection conferred by the induction of interferon-stimulated genes. Given 

pDCs exert a considerable influence over the course of early HIV infection, understanding their effects on HIV target 

cells will be critical for future therapeutic strategies. 
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Introduction: HIV-infected macrophages are an important reservoir that contributes to HIV persistence and are a 

significant barrier to a cure. Macrophages are long lived, resistant to HIV-induced cell death, are less sensitive to many 

antiretroviral drugs compared to T cells, and can harbor HIV in tissues for long periods; yet there is little known about 

how to eliminate HIV-infected macrophages. A potential approach is to use Env-specific antibody-dependent cellular 

cytotoxicity (ADCC)-mediating antibodies. Although the characterisation of ADCC-mediating antibodies targeting cell-

surface HIV envelope (Env) is a topical area of research, the literature is largely focused on antibodies recognising Env 

epitopes expressed on infected CD4+ T cells. It is unknown if infected macrophages display Env epitopes similarly to 

CD4+ T cells.  

Methods: Human monocytes purified from HIV-seronegative donors were cultured into monocyte-derived 

macrophages (MDMs) for 5 days, then infected in vitro with the R5-tropic HIV-1BaL strain for 7-10 days. Activated, 

autologous PBMC were infected at the same time with the same strain of HIV. MDM were analysed using flow cytometry 

and fluorescence microscopy, and CD4+ T cells in PBMC by flow cytometry  to assess productive infection (intracellular 

p24), and surface expression of HIV Env using a panel of broadly-neutralising antibodies (bNAbs) and non-neutralising, 

ADCC-mediating antibodies targeting distinct epitopes on different regions of Env. The degree of opsonisation of 

productively infected (p24+) and bystander (p24-) cells was compared for each donor. 

Results:  A proportion of productively infected (p24+) MDM were shown to express Env protein on their cell surface, 

demonstrating that MDM can be opsonised by anti-Env antibodies and therefore are potentially susceptible to ADCC. 

While the majority of epitopes examined were expressed at similar levels on infected MDM and CD4+ T cells, PGT151 

(a broadly neutralising antibody targeting epitopes within the gp120-gp41 association interface of properly cleaved 

trimers) and 10E8 (an anti-gp41-Membrane-proximal external region Ab) exhibited minimal binding to infected MDMs 

compared to CD4+ T cells suggesting differences in expression of specific Env epitopes between these two cell 

populations. Importantly, staining of MDM with trimer-preferring bNAbs PGT121 and PG16, as well as the lack of 

staining with 10E8, suggest that Env is possibly expressed in a more closed configuration on the surface of MDM.  

Conclusions: Here we show that HIV-infected MDM display  differences in Env epitopes compared to infected CD4 T 

cells. We are currently using a broader panel of antibodies to further define these epitope differences. While a majority 

of infected p24+ MDMs show minimal surface Env as detected by the antibody panel used here, the demonstration of 

a p24+population expressing surface Env, suggests that antibody-mediated strategies such as ADCC have potential for 

eliminating a subset of the HIV-infected macrophages. Understanding the mechanisms regulating Env expression will 

inform strategies to enhance the immunological visibility of HIV-infected macrophages. Importantly the differential 

expression of Env epitopes on MDMs/T cells highlights the need for future antibody-mediated cure strategies capable 

of targeting both cell types. 
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Introduction: Chronic hepatitis B virus (HBV) infection is a global burden affecting more than 290 million people 

worldwide and is associated with 880,000 deaths annually. Hepatocellular carcinoma (HCC) is the second most common 

cause of cancer death globally and 40% of all HCCs are caused by HBV infection. We have previously reported in a small 

case-control longitudinal study in the Australian HBV infection cohort the ratio and serum levels of spliced HBV (spHBV) 

DNA compared to unspliced wildtype (WT) HBV were enhanced prior to development and at diagnosis of HCC, 

respectively. In this current study we examined a large community-based treatment-naïve HBV infection cohort in 

Taiwan to further investigate the clinical relevance of measuring serum DNA levels of the two most common HBV splice 

variants spHBV1 and spHBV3 to increased risk of HCC development.  

Methods: Samples (n=645) prior to HCC diagnosis and matched samples from non-HCC controls were tested for alanine 

aminotransferase (ALT), serum α-fetoprotein and HBeAg, HBV genotype, precore and basal core promoter mutations, 

unspliced WT HBV DNA, and spliced HBV DNA using two different qPCRs specifically targeting (i) spHBV3/spHBV5 and 

(ii) spHBV1 and other splice variants. Univariate analysis and multivariate adjustment based on a logistic regression 

model were performed to examine associations between predictors of HCC, spliced HBV DNA levels and increased risk 

of HCC development. 

Results: In the univariate analysis, HCC predictors including higher serum levels of HBV DNA, ALT, α-fetoprotein, 

seropositivity for HBeAg, HBV genotype C, the absence of precore mutation, and the presence of basal core promoter 

mutation were all associated with increased risk for HCC. Among all samples, spHBV1 and spHBV3 HBV DNA levels were 

detected in 546 and 184 individuals respectively with an average percentage of 3.18% and 0.12% in total HBV DNA. 

Multivariable analysis based on a logistic regression model including all above variables and spHBV1 and spHBV3 DNA 

levels showed that individuals who had spHBV1 DNA levels ≥20% [adjusted OR (95% CI), 23.3 (6.9-79.3), p<0.0001] and 

spHBV3 DNA levels at 0.078% [adjusted OR (95% CI), 2.5 (1.1-5.8), p<0.05] had an increased risk of developing HCC. In 

addition, α-fetoprotein levels and liver cirrhosis remained significantly associated with HCC after multivariable 

adjustment with spHBV1 and spHBV3 DNA levels.  

Conclusion: Our data indicate that serum of spHBV1 and spHBV3 DNA levels may predict HCC development. Patients 

with detectable spliced HBV DNA levels may warrant more intense HCC screening.  
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Introduction: Hepatitis B virus (HBV) infects over 290 million people worldwide. Chronic HBV infection can lead to liver 

cirrhosis and hepatocellular carcinoma (HCC). HBV has a partially double-stranded 3.2kb relaxed circular DNA (rcDNA) 

genome which contains four overlapping open reading frames encoding the Core, Envelope, X and Polymerase proteins. 

Upon infection, the partially dsDNA genome is released into the nucleus where it is converted to covalently closed 

circular DNA (cccDNA). This cccDNA is then transcribed by the cellular polymerase to make pregenomic RNA (pgRNA). 

pgRNA is encapsidated and reverse transcribed by the viral polymerase to form rcDNA. Prior to virus encapsidation, 

pgRNA can be spliced by host enzymes to form shorter genomes known as splice variants. Unlike human 

immunodeficiency virus (HIV), splicing is not required for the replication of HBV. However, the role(s) of HBV splice 

variants are still largely unknown.   

Liver disease and the development of HCC have been associated with an increased proportion of splice variants in 

patient serum. To date, there are 21 splice variants that have been reported, with Sp1 being the most common. 

However, our group have previously published next generation sequencing data from a patient who had undergone a 

liver transplant which suggests that there is a wider variety of splice variants. Seven novel splice variants were identified 

with five encoding novel core-pol fusion proteins, with unknown functions. This data also showed that Sp9, apart from 

Sp1 and Sp3, is another common splice variant.  

Method: The replication of the novel splice variants identified by the next gen-seq data as well as the replication 

phenotype of the Sp9 clone will be analysed using in vitro cell transfection experiments. The intracellular and secreted 

DNA will be measured by PCR and Southern hybridisation and HBeAg and HBsAg protein expression will be measured 

by quantitative serology and western blotting. The two quantitative PCRs (qPCR) that have been developed at VIDRL 

can detect most splice variants including Sp1, Sp2, Sp3, Sp5 and Sp6. However, they are unable to detect Sp9, 10 and 

11. A specific quantitative PCR (qPCR) assay will be developed and optimised to detect and quantify serum levels of 

Sp9/10/11 in patient cohorts prior to development of HCC and matched samples from non-HCC controls. 

Results: Analysing the replication of Sp9 as well as the novel splice variants will provide new insights into their replication 

phenotype. The function of these novel core-pol fusion proteins produced by these variants may also be identified. The 

development of a specific Sp9/10/11 qPCR assay will allow for a greater understanding of the contribution and 

correlation of individual splice variants to liver disease and HCC.  Though the exact function of HBV splice variants is 

unknown, their presence in patient serum may be used to predict the development of HCC which may impact the way 

HBV is treated and screened.   

Conclusion: The development of a Sp9/10/11 qPCR and identification of novel splice variants will provide further insights 

into the relationship between HBV splicing, liver disease and HCC.  
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Human T-cell lymphotropic virus type-1 subtype-C (HTLV-1c) infects predominantly CD4+, CD8+ and Ɣδ T-cells and to a 

lesser extent, B-cells, monocytes, and dendritic cells. HTLV-1c is endemic in remote indigenous Aboriginal communities 

where prevalence is often greater than 50%1. Peripheral blood mononuclear cell (PBMC) DNA samples were obtained 

following ethics approval and patient consent in first language. We sequenced the HTLV-1c genomes from 30 patients 

(Alice Springs Hospital, ASH) and examined the structure of HTLV-1c spliced mRNA. The involvement of HTLV-1c-infected 

T-cells in clinical pathogenesis was assessed in longitudinal analysis of 84 HTLV-1+ individuals using a digital droplet PCR 

(ddPCR) assay capable of quantifying the HTLV-1c proviral load (PVL) in total PBMC and in T-cells. The T-cell receptor V-

beta locus (TCRβ) gene repertoire of HTLV-1c-infected cells from 22 patients was examined to test for antigen driven T-

cell clonal expansion. 

Comparison of Cosmopolitan (A) and Austral-Melanesian (C) HTLV-1 clades showed homology greater than 90% across 

the entire genome. However, the HBZ and p12/p8 coding regions exhibited considerable differences at both the 

nucleotide (12 and 18%, respectively) and amino acid levels (18 and 25%, respectively). There was no initiation codon 

at the expected position for p12/p8 and novel spliced mRNA may support expression of a p16 version of this protein 

with different functions. These features may contribute to the observed inflammatory pathogenesis and apparent low-

rates of T-cell leukaemia which depends on HBZ. Indigenous Australians exhibited a wide PVL per T-cell ranging from 

8x102 – 5x106 copies/106 T-cells and suggested expansion in myeloid cells. High PVL strongly associated with chronic 

inflammatory conditions of the lung, especially bronchiectasis, but the HTLV-1-associated myelopathy observed 

elsewhere was rare. Most common were skin and blood stream infections suggesting a subtle functional 

immunodeficiency1. Further studies are needed to examine the functions of HTLV-1c regulatory and accessory genes 

and to develop vaccines and antiviral drug treatments to combat HTLV-1c transmission. To this end, the Australian 

Federal Government have funded a taskforce to develop research to better understand the impact of HTLV-1 infections 

in Australia. 

 

1. Einsiedel et al. MJA 2016 
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The Human T-cell Leukaemia Virus type 1c subtype (HTLV-1c) is highly prevalent among the Indigenous 

people of central Australia where adult prevalence rates exceed 40% in some remote Indigenous 

communities. Australia is one of a few countries in which a population with a high HTLV-1 prevalence coexists 

with a sophisticated medical system, providing an opportunity to better understand the clinical disease 

associations of this virus. Although each of the recognized HTLV-1 associated diseases has been reported 

from this region, chronic pulmonary disease is most common. In a well characterized, hospital-based cohort, 

HTLV-1 was associated with both bronchiolitis and bronchiectasis, and high HTLV-1 proviral loads (PVL) 

predicted airways inflammation and the risk of a bronchiectasis associated death. This work has now been 

extended to study disease associations at a community level: 721 residents (adults, 549; children, 172) of five 

small remote Indigenous communities were recruited to a community survey designed to better understand 

the disease associations of HTLV-1. Participants were reviewed by a physician blinded to HTLV-1 status, 

spirometry was performed and blood samples were collected for HTLV-1 studies with referral for chest 

imaging where appropriate. Chronic lung disease was again the most common HTLV-1 associated condition 

in adults. A clinical diagnosis of chronic suppurative lung disease (CSLD) was made for 16.7% and radiological 

evidence of bronchiolitis/bronchiectasis was found in 12.5% of adults with HTLV-1. In adjusted models, HTLV-

1 infection was associated with both clinically defined CSLD (aOR, 3.99; 95% CI, 1.65-9.6;p=0.002) and 

radiologically confirmed bronchiolitis/bronchiectasis (aOR, 3.16; 95% CI, 1.85-5.40; p=0.000). This effect was 

most apparent for participants with higher HTLV-1 PVL: adjusted odds ratios for CSLD and radiologically 

proven bronchiolitis/bronchiectasis were 7.40 (95% CI, 2.70-18.9; p=0.000) and 9.29 (95% CI, 3.99-21.6; 

p=0.000), respectively. Among adults able to perform spirometry, higher HTLV-1 PVL strongly predicted 

moderate-severe airflow limitation (aOR, 9.33, 95% CI, 3.62-24.0; p=0.000). Research with Indigenous 

communities in central Australia reveals a potentially broad range of HTLV-1 associated clinical conditions. 

Although the most significant of these is HTLV-1 associated pulmonary disease, which is likely to result from 

an HTLV-1 driven inflammatory process, an increased risk of chronic noncommunicable diseases may be a 

less direct consequence of HTLV-1 infection. Future longitudinal studies are planned in central Australia 

which will allow us to prospectively determine risk of developing these conditions for people with HTLV-1. 

However, community-based studies in other countries are essential to elucidating the disease associations 

of this virus. 
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Introduction 

Pre-clinical animal models can be used to identify therapeutic intervention strategies against HTLV-1 infection. No anti-

viral compounds have been developed specifically for HTLV-1. However, the HTLV-1 reverse transcriptase may be 

susceptible to some anti-retroviral compounds developed for HIV, a distantly related retrovirus. A humanised mouse 

model of HTLV-1 subtype C infection was characterised that recapitulates aspects of human disease and was used to 

study the therapeutic potential of tenofovir alafenamide (TAF), an HIV nucleotide reverse transcriptase inhibitor. 

 

Objectives 

Our objective was to examine the efficacy of TAF in preventing HTLV-1 infection in a humanised mouse model of 

infection. The overarching goal was to generate pre-clinical data to inform clinical trial design using TAF as a preventative 

measure against HTLV-1 infection. 

 

Methods  

Mice were generated by intra-facial injection of CD34+ human stem cells into 1-2 day old NOD-scid IL2Rgnull pups. 

Reconstitution of human immune cell populations in mice was confirmed at 16-weeks of age before infection by 

intraperitoneal injection of irradiated HTLV-1c-infected primary T-cells. TAF was administered daily by oral gavage 

beginning 2 days before infection at a clinically relevant human equivalent dose of 40mg per day. Peripheral blood HTLV-

1 pro-viral load was assessed by digital droplet PCR at defined intervals post-infection.  

 

Results 

Mice develop persistent HTLV-1c pro-viral load (>106 copies/106 PBMC), lymphocytosis of mature CD25+CD45RO+CD4+ 

and CD8+ T cells (>107 T cells/ml blood), splenomegaly and lobed ‘flower-like’ nuclei of infected cells. Administration of 

TAF by daily oral gavage significantly reduced transmission of HTLV-1 in this model at clinically relevant doses of drug 

(p=0.004). 

 

Conclusions 

This work demonstrates in-vivo efficacy of tenofovir as a measure against HTLV-1 infection and aims to provide grounds 

to conduct a clinical trial investigating the efficacy of TAF in preventing HTLV-1c transmission. Moreover, recent FDA 

approval of TAF for use in HIV significantly reduces the barriers to its implementation in the context of HTLV-1 disease.  

 

Disclosure of interest 

None to declared.   
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Introduction: HTLV-1 subtype-C (HTLV-1c) infection is endemic in parts of Australia and Melanesia, with prevalence 

rates of over 40% in remote central Australian Indigenous communities. HTLV-1c infection is most commonly associated 

with inflammatory diseases such as bronchiectasis and bloodstream co-infections, with fewer reported cases of 

leukemia than with HTLV-1a in other regions. Comparative analysis of HTLV-1c genomes from 22 patients has shown 

significant divergences from HTLV-1a in the pX region, particularly in the HTLV-1 orf-1 (p12/p8), and basic leucine zipper 

(hbz) genes. We hypothesised that these differences result in the expression of novel HTLV-1c gene products that may 

contribute to the distinct HTLV-1c related pathologies observed in Australia. 

 

Methods: Immune-null NSG mice transplanted with human cord blood CD34+ stem cells developed a human immune 

system (HIS-mice), and these were infected with HTLV-1c transferred as lethally irradiated lymphocytes from a patient. 

Mice were confirmed infected by ddPCR and human mRNA was isolated from the mouse spleen. HTLV-1c spliced mRNA 

was prepared by RT-PCR, cDNA transcripts cloned into pCR2.1 and sequenced by the Sanger method. The cDNAs were 

then tagged and cloned into mammalian expression plasmids to express HBZ and Tax isoforms together with an HTLV-

1c specific LTR-luciferase reporter construct. Absolute expression levels of hbz mRNA wildtype and isoform were 

determined with reverse transcription followed by ddPCR. Subcellular localisation was determined following 

transfection of human cell lines using fluorescence.  

 

Results: A novel truncated hbz mRNA transcript was detected, alongside an HTLV-1c wildtype length mRNA from 

infected HIS-mice. The hbz isoform species, detected in 16% (11/69) of clones, deleted 114 nucleotides from the 

wildtype species, covering the junction 5’-AGGTAGGGCG8318^6802GACGGTGTGC (numbering relative to forward +1 site). 

When co-expressed with Tax, this truncated HBZ protein does not downregulate 5’LTR transcription, in contrast to the 

wildtype HBZ. Absolute expression level of hbz isoform from HTLV-1c infected cells was confirmed to be lower than 

wildtype, and subcellular localisation of both HTLV-1c HBZ variants determined.  

 

Discussion: The deletion in novel hbz mRNA occurs in HBZ translational reading frame, and the predicted HBZ protein 

deletes 38 amino acids from the activation domain (AD). This domain is responsible for a variety of functions, including 

the downregulation of Tax-mediated 5’-LTR transcription. This novel HBZ isoform loses its regulatory capacity of LTR 

activation compared to wildtype HBZ and may contribute to the unique HTLV-1c inflammatory pathogenesis observed 

in Australia. 

 

Conclusion: This study found mRNA variants of the HTLV-1c basic leucine zipper (HBZ) gene and confirmed different 

regulatory properties. Further studies are needed to better understand differences in HTLV-1c gene expression, mRNA 

processing, and pathogenesis of this prevalent viral infection in remote Indigenous communities to identify therapeutic 

and/or prevention strategies tailored to these communities.  
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Introduction: New anti-hepatitis B therapies that re-establish immunological control over HBV replication are required 

to provide a functional cure (loss of HBsAg and undetectable HBV DNA) or complete cure (components of functional 

cure plus the removal of cccDNA) of chronic disease. Our aim is to use our human disease model of chronic hepatitis B 

(CHB, 3D liver organoids) to identify responders to genetically engineered T cell immunotherapy for potential cure. The 

patient’s own CD8+ T cells can be engineered to express a T cell receptor (TCR) that binds to infected hepatocytes that 

present a fragment of the hepatitis surface antigen (HBsAg) via human leukocyte antigen (HLA).  

 

Methods: Patients with CHB-induced hepatocellular carcinoma (HCC) undergoing open liver tumour resection are 

recruited to the study. Distal liver (>2 cm tumour margin) and HCC tissue biopsies are collected and cells are enriched 

in vitro to establish liver and tumour organoids. The liver specimens are analysed for hepatitis B surface antigen (HBsAg) 

using immunofluorescence. HLA genotype is tested by next generation sequencing at the Victorian Transplantation and 

Immunogenetics Services. Healthy donor peripheral blood mononuclear cells are used to expand CD8+ T cells. The CD8+ 

T cells are transfected with mRNA for a TCR against HLA-A*02:01/HBsAg 183-191. A target cell line (HepG2-AD38) is co-

cultured with engineered HBV T cells. Apoptosis of liver target cells is measured by incubating the co-culture with a non-

fluorescent DEVD peptide that becomes green fluorescent after cleavage by activated caspase 3/7. Fluorescence is 

captured by confocal fluorescence imaging and correlated with a parallel 51-chromium release assay.  

 

Results: The HBsAg was detected in the liver tissue from 4 patients with CHB. The liver tissue from each patient 

expresses different HLA-A, HLA-B and HLA-C genotypes. Healthy donor T cells expand 6-fold in culture and show maximal 

expression of the TCR, 24 h post-transfection. Engineered T cells induce apoptosis of HepG2-AD38.  

 

Discussion: Additional TCR are required to engineer T cells to match individual 3D CHB liver organoids. 

 

Conclusions: The identification of patients that would benefit from a curative treatment will improve health outcomes 

and survival.  
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Introduction:  The HIV-1 latent reservoir is maintained by specific epigenetic modifications, such as increased histone 

methylation and decreased histone acetylation. Using RNA-directed epigenetic silencing to induce and enforce super-

latency, we aim to mimic natural virus latency in an HIV-1 functional cure “block and lock” approach. We have previously 

shown novel siRNAs induce potent HIV-1 silencing in various cell lines in vitro and provide protection from virus 

challenge in a humanized mouse model of acute HIV-1 infection. We now investigate their potential for gene therapy in 

vivo using shRNA-transduced CD34+ haematopoietic stem cells (HSCs) in a humanized mouse model of chronic HIV-1 

infection.  

 

Methods:  Human CD34+ cells were transduced using GFP-labelled lentivirus expressing the promoter-targeted shRNA, 

shPromA or dual construct shPromA/shCCR5 or mock-transduced and transplanted into irradiated NSG mice. 

Transduction efficiencies ranged between 40-70%. At 22 wks post-engraftment mice expressing GFP in ~4000 CD4+ T 

cells/mL were challenged with CCR5-tropic HIV-1JR-FL. Mice were bled at wks 3, 5, 7 and 10 post-infection (p.i.), 

sacrificed at wk 10 p.i. and assessed for CD4+ T cell GFP expression by flow cytometry and viral load using RT-PCR. 

 

Results:  Transduced mice expressing shPromA or dual shPromA/shCCR5 showed up to 90% CD4+ GFP expression, with 

means of ~30-40%, respectively, over wks 3, 5 and 7 p.i.  This correlated with a decrease in viraemia in transduced mice 

vs mock at wks 3, 5 and 7, between 1 and 3 logs, depending on the individual mouse CD4+ GFP expression. Transduced 

mice also showed a >1 log increase in CD4+ T cell numbers compared to mock at 10 wk p.i. in spleen, bone marrow and 

blood. Further experiments to confirm this data and extent the study to include antiretroviral treatment and treatment 

interruption have commenced. 

 

Discussion:  This promising data shows an inverse correlation with high CD4+ GFP expression and low pVL in mice 

expressing shPromA/shCCR5 and supports our previously reported in vivo study in a humanized mouse model of acute 

HIV-1 assessing shPromA in engrafted PBMCs and CD34+ HSCs.  

 

Conclusions: Preliminary data from this study demonstrates RNA-directed epigenetic silencing by shPromA/shCCR5 

delivered by ex vivo gene therapy can protect against HIV-1 in a humanized mouse model.  
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Introduction: To date, the formation of the HIV-1 latent reservoir, which is predominantly found in resting CD4+ T-cells, 
remains the most challenging barrier to eradicate HIV infection. Although highly specific gene editing technologies, such as 
CRISPR/Cas9, are exhibiting promising results in combating HIV, the major obstacles to a successful implementation of gene 
therapy are based on ex vivo manipulation of resting immune cells. Most non-viral gene therapy approaches significantly 
manipulate target cells to enhance the uptake of exogenous genetic material. A common emerging method in the gene 
editing field is the transient delivery of CRISPR/Cas9 components through electroporation. Whilst successfully used in 
resting immune cells, it is often plagued with poor cellular yields and viabilities. Thus, we investigated, whether lentiviruses 
could be used to transiently deliver CRISPR/Cas9 in a manner similar to electroporation, but with greater cellular yields and 
viability. Herein we present a novel non-integrative and dimerization-independent lentivirus-based platform that promotes 
the delivery of functional RNAs in resting immune cells by leveraging i. the fusogenicity of a unique HIV envelope and ii. the 
packaging elements of the bacteriophage MS2 coat protein. Using this approach, we then wish to target CRISPR-Cas9 
components towards the latent HIV reservoir.  
 
Methods: A transient expression system was developed based on the well-characterized interaction between the 
bacteriophage MS2-coat protein and MS2 RNA in a lentiviral context. Firstly, a packaging constructs was generated by 
substituting the second zinc finger (ZF) domain, located within the nucleocapsid of a packaging deficient (ΔΨ) HIV-1NL4.3 
mutant, with the MS2 coat protein. Secondly, an RNA transfer construct was designed, compromising the MS2 19 nt stem-
loops sequence for interaction with the MS2 coat protein, linked to a gene of interest, e.g. β-lactamase. Particle formation 
of MS2-VLPs was quantified by immunostaining of the p24 capsid protein using KC57-FITC monoclonal antibodies. Once 
sufficient particle formation was confirmed by DeltaVision microscopy, the delivery and functionality of RNAs was assessed 
by transducing resting CD4+ T-cells, isolated from healthy donors, with -lactamase RNA containing chimeric MS2-VLPs and 
analysed in a (FRET)-based fusion assay.  
 
Results: Quantitative analysis of MS2-VLPs in the supernatant of co-transfected 293T cells revealed that the engineered 
packaging construct supports particle formation, with particle counts reaching 77% ± 8.8 in comparison to HIV-1NL4.3 WT. 
The delivery efficiency of MS2-β-lactamase mRNA by MS2-VLPs was normalised to the delivery efficiency of vpr-β-lactamase 
fusion-protein by NL4.3 WT. We found that the packaging construct successfully recruited and delivered MS2-β lactamase 
mRNA to resting CD4+ T-cells (85.9% ± 7.5% (p=0.0056)), whereas both, NL4.3 WT and NL4.3 ΔΨΔZF control vector, only 
achieved low levels of RNA recruitment, reaching 14.68 % ± 1.7 (p ≤ 0.0001) and 20.49 % ± 7.83 (p ≤ 0.0001).  
 
Discussion: Our data indicates, that modifying the NC protein of HIV-1 ΔΨ by substituting the second ZF with the MS2 coat 
protein allows for efficient packaging and delivery of non-viral RNA. The ability of the packaging construct, but not NL4.3 
WT and NL4.3 ΔΨΔZF, to recruit MS2-β-lactamase mRNA emphasizes the crucial role of the interaction between MS2-Coat 
protein and the MS2 19-nt stem-loop.  
 
Conclusion: The successful delivery of functional RNA in resting CD4+ T-cells is a first indicator that a chimeric MS2-lentiviral 
system could serve as a platform for transient delivery of gene editing enzymes, such as Cas9, without facing the risk of 
reactivating the latent HIV reservoir. This approach also eliminates the risk associated with insertional oncogenic 
transformation and, in regard to the delivery of genome-editing enzymes, minimizes the potential of long-term off-target 
effects through gradually enzymatic degradation of delivered RNAs.  
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Background: Nullbasic (NB) is a derivative of the HIV-1 (HIV) transcriptional activator protein, Tat. We have shown that 

with a stable expression in cells, NB inhibits HIV replication in Jurkat cells and CD4+ cells and HIV reactivation from latent 

cells. Moeover, our research has demonstrated that NB is a nontoxic, first-in-class antiviral agent that inhibits HIV 

production and viral spread in human T cells by independent mechanisms: 1) inhibits viral transcriptional by competing 

with Tat for pTEFb, 2) disrupts HIV mRNA trafficking by interfering with the viral Rev regulatory protein, and 3) inhibits 

HIV reverse transcription. This project is to investigate if a recombinant NB protein retains the same antiviral properties 

when delivered with a novel layered double hydroxide nanoparticle (LDH) platform. 

Method: Recombinant histidine-tagged NB protein was purified with HisLink protein purification resin and de-endotoxin 

with an endotoxin removal kit. The stability of NB protein at 4°C and 37°C was evaluated by using Western blot. The 

purified NB protein was loaded to LDH at 5:2 (mass ratio). The stability of NB nanoparticle was evaluated at 4°C. BSA 

was used a control for the nanoparticle platform. A commercial protein transfect reagent PULsin was used a control for 

the nanoparticle delivery system.   

Results: Both NB protein and NB nanoparticles are stable at 4 °C for over 6 months. NB can be delivered by the 

nanoparticle system into TZMBL, Jlat6.3 and CD4+ cells. NB protein retains the anti-viral activity since It inhibits HIV 

transcription in TZMBL cells and reactivation in Jlat6.3 cells.  

Discussion: Recombinant NB protein retained the anti-HIV properties and LDH can be used for protein delivery. Further 

optimisation of NB nanoparticles may offer a potential nanomedicine to be used as an HIV cure strategy. 

Conclusion: LDH platform is suitable for NB protein delivery. 
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Introduction: One strategy to eliminate HIV latency in HIV-infected individual on ART is to activate HIV gene expression 

by latency reversal agents (LRAs). Currently available LRAs have off-target effects and lack potency to eliminate infected 

T cells. One approach to overcome this limitation is targeted delivery of nanoparticles (NPs) loaded with LRA to resting 

CD4 T cells, which we hypothesise will reverse HIV latency with enhanced potency and reduced toxicity. We aimed to 

investigate the effect of size and surface charge of NPs on the of efficiency intracellular uptake of NPs in CD4 T cells. 

Methods: NPs were synthesised using Layer-by Layer assembly of a biopolymer with sizes ranging from 100 nm to 1µm 

and with different surface charges, including negative (PMASH), neutral (PEGylated, PEG) and positive charge (Poly-L-

lysine, PLL). Size, shape and surface charge of NPs were characterized by dynamic light scattering (DLS), transmission 

electronic microscopy (TEM), scanning electron microscopy (SEM) and micro electrophoresis. NPs interaction with 

target cells (i.e.an endocytosis cell line TZM-bl as a positive control, the Jurkat cell line and primary CD4+ T cells) and 

toxicity, was analysed by flow cytometry and confocal microscopy. 

Results: In TZM-bl, we observed a high association with NPs of all size and charge (mean [range] = 83 [66-98] %. In the 

non-phagocytic Jurkat T cell line and primary CD4 T cells, PMASH NPs were more highly associated (n=4) 70 [34-74] % 

and 63.3 [40%-73] % respectively, compared to PEG 52 [16-69] % and 22 [2-34] % (n=2) and PLL 47 [40-48] % and 15 

[15-24] % (n=4). In a relation to size, PMASH of diameter 400 nm NPs were more highly associated with Jurkat T cell line 

94% [93-95] % (n=4). Quantitative confocal microscopy for PMASH NPs in primary CD4+ T-cells demonstrated preferential 

prenuclear localisation for the 400 nm PMASH NPs with overall 30% internalization efficiency compared to PMASH 800 

nm and 1µm. Effects on cytotoxicity were assessed for PMASH and PEG, using 400 nm, 800 nm and 1µm (n=1) and the 

percentage dead cells were modest [ (3.6%, 4.6% and 3.6%) and (2%, 2.4% and 2%) respectively]. 

Discussion: Size and surface properties of PMASH NPs may influence association and toxicity in T cells. We systematically 

studied the effect of NP size and charge on T cell-associated NPs and cytotoxicity. 

Our preliminary data conclude that, size and surface charge of NPs play an important role in interaction with T cells. In 

the contest of NPs binding to T cells, smaller size in diameter (400 nm) and negatively charge NPs were highly bound 

than those greater in size. Of note, we excluded 100 nm NPs data analysis as the fluorochrome signal intensity was 

relatively dim to be measured. Moreover, not only the binding to but also the uptake of the NPs into T cells was 

influenced by the size of NPs. Additionally, evaluation of surface charge (neutral and positive) in uptake is needed. 

Further work will include detailing NPs association pattern in peripheral blood mononuclear cells (PBMCs) and in 

different subsets of T cells. For qualitative and co-localization analysis of associated NPs, will use Imaging flow 

cytometry- based assay. 

Conclusions: Our data demonstrated that negatively charged PMASH nanoparticles had better uptake in the Jurkat T cell 

line and primary CD4 T cells compared to positively or neutrally charged nanoparticles. Additionally, smaller size Nps 

(400 nm) are taken up preferentially.  
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