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Sunday, April 17, 2016
›  Women in Science Roundtable Luncheon

›  Drug Discovery & Development 101

›  Welcome and Keynote Address

›  Opening Reception

Monday, April 18, 2016
›  Structural Biology Symposia

›  Gertrude Elion Award Lecture

›  Oral Sessions

›  Poster Session 1

›  New Member and First Time Attendee Networking Reception

Tuesday, April 19, 2016
›  Antonin Holy Award Lecture 

› Oral Sessions

› Shotgun Session 1

› Diagnostic Technologies Workshop

› Career and Networking Happy Hour

Wednesday, April 20, 2016
›  William Prusoff Young Investigator Award Lecture

›  DNA Virus Symposia

›  Oral Sessions

›  Shotgun Session 2

›  Poster Session 2

›  Closing Reception and Banquet

Thursday, April 21, 2016
›  Clinical Session

›  Oral Sessions

DAILY 
SCHEDULE
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International Society for Antiviral Research and
Twenty-Ninth International Conference on Antiviral Research

Officers
President  

Robert Buckheit, Jr.
Frederick, MD, USA – 2018 

The International Society For Antiviral Research (ISAR)
The Society was organized in 1987 as a non profit scientific organization for the purpose of advancing and disseminating 
knowledge in all areas of antiviral research . To achieve this objective, the Society organizes an annual meeting . The Society 
is now in its twenty ninth year of existence, and has approximately 550 members representing 30 countries . Membership 

application forms will also be available at the Conference Registration desk, or from our website www.isar-icar.com .

Andrea Brancale 
Cardiff, UK – 2016

Roger Ptak 
Frederick, MD, USA – 2015

Jennifer Moffat 
Syracuse, NY, USA – 2017

Rhonda Cardin  
Cincinnati, OH, USA – 2015

William Delaney  
Foster City, CA, USA – 2016

Kathie Seley-Radtke 
Baltimore, MD, USA – 2016

Board of Directors

President-Elect  
José Este  

Barcelona, Spain – 2020

Treasurer  
Brian Gowen 

   Logan, UT – 2017

Past President  
Phillip Furman  

St . Augustine, FL, USA – 2016

Secretary  
Graciela Andrei 

Leuven, Belgium – 2015

Graciela Andrei
Masanori Baba 

Andrea Brancale
Robert Buckheit, Jr.

Rhonda Cardin 
Jose Este

Brian Gowen

Johan Neyts
Amy Patick 
Roger Ptak

Kathie Seley-Radtke

Conference Committee
Chair

Phil Furman

ORGANIZATION
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Confirmed Sponsors as of April 1, 2016

Alios BioPharma Inc.,  
part of the Janssen Pharmaceutical Companies

South San Francisco, CA, USA

GlaxoSmithKline, Inc. 
Research Triangle Park, NC, USA

Platinum

Gilead Sciences, Inc. 
Foster City, CA, USA

Gold

Silver
AbbVie Inc.

 North Chicago, IL, USA

Chimerix Inc.
Durham, NC, USA

ImQuest BioSciences Inc.
Frederick, MD, USA

JCR Pharmaceutical Co., Ltd.
Ashiya, Japan

Southern Research Institute
Birmingham, AL, USA

Bronze
ACS Infectious Diseases

Washington, DC, USA

Antiva Biosciences Inc.
South San Francisco, CA, USA

Center for Drug Design,  
University of Minnesota

Minneapolis, MN, USA

Elsevier B.V.
Amsterdam, The Netherlands

Institute for Antiviral Research
Utah State University, Logan, UT, USA

Kineta Inc.
Seattle, WA, USA

Medivir AB
Huddinge, Sweden

Riboscience LLC
Sunnyvale, CA, USA

Toyama Chemical Co., Ltd.
Tokyo, Japan

XpressBio
Frederick, MD, USA

CONTRIBUTORS 
to the

29th International Conference  
on Antivral Research

Personal Contribution: Phil Furman
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Conference Reception and Banquet
Wednesday, April 20, 2016

7:30 PM – 10:00 PM
GRANDE BALLROOM ABC

Keynote Address

SUNDAY, APRIL 17, 2016
Decoding Viral Genomics in the Next Generation Era

Richard Scheuermann, Ph.D.
 J. Craig Venter Instititute 

La Jolla, CA

Ebola Virus: Past, Present, Future
Heinz Feldmann, M.D., Ph.D.

National Institute of Allergy and Infectious Diseases 
Hamilton, Montana, USA

Networking Events
Women in Science Roundtable Luncheon

Sunday, April 17, 2016
11:30 AM – 2:00 PM

FAIRWAY 1

Opening Reception
Sunday, April 17, 2016

6:00 PM – 8:00 PM
GRANDE BALLROOM PRE-FUNCTION

New Member and First Time Attendee 
Networking Reception
Monday, April 18, 2016

6:30 PM – 7:30 PM
FAIRWAY 1

Career and Networking Happy Hour
Tuesday, April 19, 2016

5:00 PM – 6:30 PM 
GRANDE BALLROOM PRE-FUNCTION

NETWORKING
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Sunday, April 17, 2016
TIME EVENT LOCATION

11:00 AM – 5:00 PM Registration GRANDE BALLROOM 
PRE-FUNCTION 

11:30 AM – 2:00 PM Women In Science Roundtable Luncheon FAIRWAY 1

2:00 PM – 4:00 PM Drug Discovery & Development 101 GRANDE BALLROOM ABC 

4:00 PM – 4:30 PM Coffee Break GRANDE BALLROOM 
PRE-FUNCTION

4:30 PM – 6:00 PM Keynote Address GRANDE BALLROOM ABC 

6:00 PM – 8:00 PM Opening Reception
Light hors d’oeuvres served 

GRANDE BALLROOM 
PRE-FUNCTION 

Monday, April 18, 2016
TIME EVENT LOCATION

7:30 AM – 5:30 PM Registration GRANDE BALLROOM 
PRE-FUNCTION 

7:30 AM – 8:30 AM Continental Breakfast GRANDE BALLROOM 
PRE-FUNCTION

8:30 AM – 12:00 PM Structural Biology Symposia GRANDE BALLROOM ABC 

10:00 AM – 10:30 AM Coffee Break GRANDE BALLROOM 
PRE-FUNCTION

12:00 PM – 1:30 PM Lunch On Your Own

1:30 PM – 2:10 PM Gertrude Elion Award Lecture GRANDE BALLROOM ABC 

2:10 PM – 4:30 PM Oral Sessions – In Vitro Evaluation  
and Drug Resistance

GRANDE BALLROOM ABC 

3:00 PM – 3:30 PM Coffee Break GRANDE BALLROOM 
PRE-FUNCTION

4:30 PM – 6:30 PM Poster Session I
Light hors d’oeuvres served 

GRANDE BALLROOM DE & 
SCRIPPS 1/2

6:30 PM – 7:30 PM New Member and First Time  
Attendee Networking Reception
Light hors d’oeuvres served 

FAIRWAY 1

SCHEDULE 
at a GLANCE
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Tuesday, April 19, 2016
TIME EVENT LOCATION

7:30 AM – 4:00 PM Registration GRANDE BALLROOM 
PRE-FUNCTION 

7:30 AM – 8:30 AM Continental Breakfast GRANDE BALLROOM 
PRE-FUNCTION

8:30 AM – 9:00 AM Antonin Holý Award Lecture GRANDE BALLROOM ABC 

9:00 AM – 10:15 AM Oral Sessions – Medicinal Chemistry GRANDE BALLROOM ABC 

10:15 AM – 10:45 AM Coffee Break GRANDE BALLROOM 
PRE-FUNCTION

10:45 AM – 11:35 AM Oral Sessions – In Vitro Antiviral Activity GRANDE BALLROOM ABC 

11:35 AM – 12:00 PM Shotgun Session 1 GRANDE BALLROOM ABC

12:00 PM – 1:30 PM Lunch On Your Own

1:30 PM – 1:45 PM International Society for  
Antiviral Research Business Meeting

GRANDE BALLROOM ABC

1:45 PM – 2:45 PM Zika Virus GRANDE BALLROOM ABC

2:45 PM – 4:45 PM Diagnostic Technologies Symposium GRANDE BALLROOM ABC

3:15 PM – 3:45 PM Coffee Break GRANDE BALLROOM 
PRE-FUNCTION

6:30 PM – 8:00 PM Career and Networking Happy Hour 
Light hors d’oeuvres served

GRANDE BALLROOM 
PRE-FUNCTION 

SCHEDULE at a GLANCE
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Wednesday, April 20, 2016
TIME EVENT LOCATION

7:30 AM – 5:00 PM Registration GRANDE BALLROOM 
PRE-FUNCTION 

7:30 AM – 8:30 AM Continental Breakfast GRANDE BALLROOM 
PRE-FUNCTION

8:30 AM – 9:00 AM William Prusoff Young Investigator Award GRANDE BALLROOM ABC

9:00 AM – 12:00 PM DNA Virus Symposia GRANDE BALLROOM ABC

9:50 AM – 10:20 AM Coffee Break GRANDE BALLROOM 
PRE-FUNCTION

12:00 PM – 1:30 PM Lunch On Your Own

1:30 PM – 4:30 PM Oral Sessions – Mechanism of  
Action Studies

GRANDE BALLROOM ABC

2:50 PM – 3:20 PM Coffee Break GRANDE BALLROOM 
PRE-FUNCTION

4:30 PM – 6:30 PM Poster Session 2 
Light hors d’oeuvres served

GRANDE BALLROOM DE & 
SCRIPPS 1/2

7:00 PM – 7:30 PM Closing Reception
Light hors d’oeuvres served

GRANDE BALLROOM 
PRE-FUNCTION

7:30 PM – 10:00 PM Closing Banquet
Dinner served

GRANDE BALLROOM ABC

Thursday, April 21, 2016
TIME EVENT LOCATION

7:30 AM – 12:00 PM Registration GRANDE BALLROOM 
PRE-FUNCTION 

7:30 AM – 8:30 AM Continental Breakfast GRANDE BALLROOM 
PRE-FUNCTION

8:30 AM – 10:00 AM Clinical Session GRANDE BALLROOM ABC

10:00 AM – 10:30 AM Coffee Break GRANDE BALLROOM 
PRE-FUNCTION

10:30 AM – 11:40 AM Oral Sessions – Animal Models of Infection GRANDE BALLROOM ABC

11:40 AM – 12:00 PM Shotgun Session 2 GRANDE BALLROOM ABC

12:00 PM Conference Concludes



ICAR 
Career and Networking Happy Hour

Please join us for an informal career discussion and networking at the 29th ICAR meeting. 
This year we will again host an excellent group of moderators who are recognized experts 
in various areas of antiviral research and have pursued successful career in academia, 
government, or industry. As a part of the informal group discussion, the moderators will 
be ready to share their experience, answer questions, and provide feedback about career 
development. In addition, you will have opportunity to network with your colleagues and 
make new contacts.

The event is open to all ICAR attendees. Please sign up during the ICAR conference at the 
registration desk before 8:30 AM on Tuesday, April 19.

Tuesday 
April 19, 2016  
5:00 PM – 6:30 PM 

ROOM:  
GRANDE BALLROOM  

PRE-FUNCTION



4th Annual 
Women in Science  
Roundtable

Sunday 
April 17, 2016

11:30 AM – 2:00 PM
FAIRWAY 1

This session is open to all ICAR attendees, both women and men, and will 

feature prominent women scientists who will talk about the challenges they 

have faced and the lessons they have learned while navigating the twists and 

turns of their personal career progression. We invite you to come and hear 

their perspectives as well as network with other scientists in the industry, 

government and academic sectors.
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Jessica Spengler  
Georgia, USA
Jessica received her M.P.H. (2004) from UC Berkeley  
in infectious diseases, and then her Ph.D. (2011) and 
D.V.M. (2012) from UC Davis. She is currently a post-
doctoral fellow with the CDC Viral Special Pathogens 
Branch, conducting molecular virology and in vivo 

studies on several hemorrhagic fevers viruses, including Ebola virus,  
Marburg virus, Crimean-Congo hemorrhagic fever virus, and  
Rift Valley fever virus.

Shuo Wu  
Pennsylvania, USA
Shuo is currently working as a post-doc at Baruch 
S. Blumberg Institute, Hepatitis B Foundation in 
Doylestown Pennsylvania, where her works focus on the 
molecule mechanisms of antivirals against Yellow Fever 
virus and Hepatitis B virus. She received her Bachelor 
degree in Medicine from Harbin Medical University in 

China, followed by a PhD in Pathogenic Biology in 2014, focusing on Molecular 
pathogenesis of enterovirus infection and antiviral target identification.  

Lindsay Broadbent   
Belfast 
Lindsay recently completed her PhD at Queen’s University, 
Belfast (QUB). Her research focused on innate immune 
responses to respiratory syncytial virus infection of infant 
airway epithelium by using a novel model of RSV infection 

based on well-differentiated primary paediatric airway epithelial cell (WD-PBEC) 
cultures. As a post-doctoral research associate she is currently working at QUB, 
in collaboration with Ablynx nv (Belgium), to assess the antiviral activity of their 
novel Nanobody® drug against RSV in WD-PBEC cultures.

Nam Nam Cheung 
Hong Kong 
Nam Nam Cheung graduated from medical school at the 
Radboud University in Nijmegen in The Netherlands in 
2012. She is currently a PhD candidate at the department of 
microbiology at The University of Hong Kong, where 
she focuses on the discovery and characterisation of  

novel broad-spectrum inhibitors of respiratory viral infections.

Nicole Haese  

2016 International Society for Antiviral Research (ISAR)  

Chu Family Foundation Award for Woman Scientists 
2016 International Society of Antiviral Research (ISAR) – Chu Family Foundation (CFF) Committee is excited 
to announce the winners of its 2016 Award for Woman Scientists. This award supports the professional 
development of women with potential for significant contribution in the field of  Antiviral Research. 

2016 Awardees

Oregon, USA
Nicole is currently a post-doctoral research fellow in Dan Streblow’s lab at the Vaccine & Gene Therapy Institute in Oregon where she 
studies the development of antiviral treatments for Alphaviruses. Previously, she obtained her B.A. in cytogenetic technology from  
Saint Mary’s University of Minnesota in 2009, followed by her Ph.D. in Microbiology and Immunology from the University of North Dakota 
in 2014.

WOMEN IN SCIENCE
WINNERS

Honorable Mention
Valeria Cagno 
Montcalieri, Italy
Valeria is currently a post doctoral researcher in 
Switzerland (EPFL and University of Geneva). She obtained 
her PhD at the University of Turin (Italy) in 2016. Her main 
interests are the identification of broad spectrum antivirals 
targeting early phases of viral infection.

Erofili Giannakopoulou   
Athens, Greece
Erofili has obtained a Degree in Pharmaceutical Sciences 
from the University of Athens and is currently pursuing  
her Master Thesis in Synthetic Medicinal Chemistry.  
She is working on the synthesis of novel compounds with 
antiviral activity on Hepatitis C and Influenza.  

Soon afterwards, she plans to continue her research at the Ph.D. level.
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Sunday
April 17th, 2016

Acceleration of Antiviral Drug Development through Cooperation  
of Government, Academia and Industry

Chairs: Maaike Everts, Ph.D. and Rich Whitley, M.D.
GRANDE BALLROOM ABC

2:00 PM – 4:00 PM

2:00 PM 210. Introduction and Overview of the Antiviral Drug Discovery and Development Center
Maaike Everts, Ph.D.
University of Alabama at Birmingham, Birmingham AL, USA

2:10 PM 213.  Compound Management & High Throughput Screening; Partners in Drug Discovery Research
David Cowfer, Ph.D.
Gilead Sciences, Foster City, California, USA

2:30 PM 211.  High Throughput Screening Assays to Identify Antiviral Agents for Influenza A
Robert Bostwick, Ph.D.
Southern Research, Birmingham, Alabama, USA

2:48 PM 214.  Hit to Lead Chemistry in Antiviral Drug Discovery
Ashish Pathak, Ph.D.
Southern Research, Birmingham, Alabama, USA

3:06 PM 215.  A Small Molecule Inhibitor of Dengue Virus Replication Incorporates into the Viral Particle  
and Blocks Infectivity
Alec Hirsch, Ph.D., Jessica Smith, Ph.D.
Oregon Health and Science University, Portland, Oregon, USA

3:24 PM 212.  The Nucleoside Prodrug GS-5734 Broadly Inhibits Coronavirus Infection and Selects for  
Resistance Mutations in the nsp12 RNA-dependent RNA Polymerase
Mark Denison, M.D.
Vanderbilt University, Nashville, Tennessee, USA

3:42 PM 216.  Animal Models of Chikungunya Virus Infection and Disease
Dan Streblow, Ph.D.
Oregon Health and Science University, Portland, Oregon, USA

Coffee Break
GRANDE BALLROOM PRE-FUNCTION AREA

4:00 PM – 4:30 PM

PROGRAM
SCHEDULE
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Keynote Address
Chair: José Esté, Ph.D.
GRANDE BALLROOM ABC

4:30 PM – 6:00 PM

4:30 PM  Welcome
Robert Buckheit, Ph.D.
President ISAR

4:45 PM  Memorial Address for Chris McGuigan, Ph.D.
Andrea Brancale, Ph.D.
Cardiff University, Cardiff, Wales

5:00 PM 196.  Decoding Viral Genomics in the Next Generation Era
Richard Scheuermann, Ph.D.
J. Craig Venter Institute, La Jolla, California, USA

5:35 PM 197.  Ebola Virus: Past, Present ,Future
Heinz Feldmann, M.D., Ph.D.
National Institute of Allergy and Infectious Diseases, Hamilton, Montana, USA

Opening Reception
GRANDE BALLROOM PRE-FUNCTION AREA

6:15 PM – 8:15 PM

Monday
April 18th, 2016

Structural Biology Symposium
Chairs: Andrea Brancale, Ph.D. Bruno Canard, Ph.D., and Erica Ollman Saphire, Ph.D.

GRANDE BALLROOM ABC

8:30 AM – 12:00 PM

8:30 AM 203.  Structural Basis for Retroviral DNA Integration
Peter Cherepanov, Ph.D.
Rutgers University, Piscataway, New Jersey, USA

9:00 AM 204.  Combining Structure, DNA, Chemistry and Camels to Develop Novel Viral Therapies
Clodagh O’Shea, Ph.D.
Salk Institute, La Jolla, California, USA

9:30 AM 205.  Successful Structure-Based Design of Anti-AIDS Drugs Targeting HIV-1 Reverse Transcriptase: 
Overcoming Resistance Through Strategic Flexibility
Eddy Arnold, Ph.D.
Rutgers University, Piscataway, New Jersey, USA
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10:00 AM  Coffee Break

10:30 AM  207.  RNA Viral Nucleases: From Genome Stability to Innate Immunity Evasion
Francois Ferron, Ph.D.
Centre National de la Recherche Scientifique – Aix-Marseille Université UMR7257, Marseilles, France

11:00 AM 206.  Antibodies Against Ebolavirus: A Global Collaboration
Erica Ollman Saphire, Ph.D.
The Scripps Research Institute, San Diego, California, USA

Lunch On Your Own
12:00 PM – 1:30 PM

Elion Award Lecture
Chair: Robert Buckheit, Ph.D.

GRANDE BALLROOM ABC

1:30 PM – 2:10 PM

Antiretroviral Drugs: History and Future
Douglas Richman, M.D.

University of California at San Diego, San Diego, California, USA

In Vitro Evaluation and Drug Resistance
Chairs: Randall Lanier, Ph.D. and Mike Bray, M.D.

GRANDE BALLROOM ABC

2:10 PM – 4:30 PM

2:10 PM  Author and Reviewer Awards from Antiviral Research

2:20 PM 214.  Update on Clinical Development of Brincidofovir
Michelle Berrey, M.D.
Chimerix, Durham, North Carolina, USA

2:40 PM 117.  Verdinexor (KPT-335), a Selective Inhibitor of Nuclear Export (SINE) Compound Currently  
in Phase 1 Clinical Trials, Shows Potent Anti-Influenza Activity in Single Agent and Combination 
Studies in Mouse Models of Influenza A H3N2
Sharon Tamir, B.S.1, Xiuzhen Yan, Ph.D.1, Claire Drolen, B.S1., Sharon Shacham, Ph.D.1, Margaret Lee, Ph.D.1, Olivia Perwitasari, Ph.D2, 

Scott Johnson, M.S.2, Ralph Tripp, Ph.D.2
1Karyopharm Therapeutics, Inc., Newton, Massachusetts, USA; 2Dept. of Infectious Diseases, Animal Health Research Ctr., 
University of Georgia, Athens, Georgia, USA

2:50 PM 162.  Genetically Optimized Banana Lectin for the Treatment of Influenza
Steven King, Ph.D.1, Maureen Legendre, B.S.1, David Markovitz, M.D.1, Shyamala Ganesan, Ph.D.2, Dawn Reyna, B.S.2,  

Richard Lister, B.S.2, Eric Simon, Ph.D.2, Narayanan Surendran, Ph.D.2, Elke Lipka, Ph.D.2, Bart Tarbet, Ph.D.3
1University of Michigan, Ann Arbor, Michigan, USA; 2Therapeutic Systems Research Laboratories (TSRL), Inc., Ann Arbor, 
Michigan, USA; 3Utah State University, Logan, Utah, USA
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3:00 PM  Coffee Break

3:30 PM 146.  Novel, Validated Ex Vivo Model of the Vaginal Mucosa for Rigorous Mechanistic Investigation  
of Antiretroviral Drug Disposition: Implications for HIV Prophylaxis
Manjula Gunawardana, M.S.1, Amalia Castonguay, B.S.1, Mackenzie Anderson, B.S.1, Sofia Rivera, B.S.1, 
Simon Webster, B.S.1, Flora Yang, B.S.1, Paul Webster, Ph.D.1, Aaron Miller, M.S.2, Richard Pyles, Ph.D.2
1Oak Crest Institute of Science, Pasadena, California, USA; 2University of Texas Medical Branch, Galveston, Texas, USA

3:40 PM 194.  Pan-ebolavirus and Pan-filovirus Monoclonal Antibodies and Antibody Cocktails Targeting  
Novel Cross Neutralizing Epitopes
M. Javad Aman, Ph.D., Katie Howell, Ph.D.1, Holtsberg Frederick, Ph.D.1, Sergey Shulenin, Ph.D.1, Hong Vu, M.S.1,  

Jenifer Brannan, Ph.D.2, Andrew Herbert, Ph.D.2, John Dye2, Xiangguo Qiu, Ph.D.3, Gary Kobinger, Ph.D.3, Christopher Bryan, Ph.D.4, 

Benjamin Doranz, Ph.D.4, Edgar Davidson, Ph.D.4, Anna Wec, Ph.D.5, Kartik Chandran, Ph.D.5, Hannah Turner, M.S.6,  

Jesper Pallesen, Ph.D.6, Charles Murin, M.S.6, Erica Ollman Saphire, Ph.D.6, Andrew Ward, Ph.D.6, Larry Zeitlin, Ph.D.7 
1Integrated Biotherapeutics, Gaithersburg, Maryland, USA; 2US Army Medical Research Institute of Infectious Diseases, 
Frederick, Maryland, USA; 3Public Health Agency of Canada, Winnipeg, Manitoba, Canada; 4Integral Molecular, 
Philadelphia, Pennsylvania, USA; 5Department of Microbiology and Immunology, Albert Einstein College of Medicine,  
New York, New York, USA; 6The Scripps Research Institute, La Jolla, California, USA; 7Mapp Biopharmaceutical,  
San Diego, California, USA

3:50 PM 042.  Broad-spectrum Antiviral Activity of GS-5734, a Novel Adenine Nucelotide Analog Prodrug  
Across the Families Filoviridae and Paramyxoviridae
Michael Lo, Ph.D.1, Mike Flint, Ph.D.1, Laura McMullan, Ph.D.1, Punya Ranjan, Ph.D.1, Stuart Nichol, Ph.D.1, Christina Spiropoulou, Ph.D.1, 

Robert Jordan, Ph.D.2, John Knox, Ph.D.2, Michel Perron, Ph.D2, Tomas Cihlar, Ph.D.2, Linda Rennick, Ph.D.3, W. Paul Duprex, Ph.D.3
1Centers for Disease Control and Prevention, Atlanta, Georgia, USA; 2Gilead Sciences, Foster City, USA
3Boston University, Boston, Massachusetts, USA

4:00 PM 215.  Development of GS-5734: A Novel Adenine Nucleotide Prodrug for Treatment of Ebola Virus
Rob Jordan, Ph.D.
Gilead Sciences, Foster City, California, USA

Poster Session 1
GRANDE BALLROOM DE; SCRIPPS BALLROOM

4:30 PM – 6:30 PM

 017.  Solid Lipid Based Nanoparticulate System for Effective Vaccine Delivery
Saurabh Bhargava, M.S.1, V Bhargava, M.S.2
1Manav Bharti University, Kanpur, U.P., India; 2KRV Hospitals Pvt. Ltd., Kanpur, U.P., India

 019. In Vitro Screening of Novel Anti-Hepatitis B Virus Activities of 60 Medicinal Plant Extracts
Mohammad Parvez, Ph.D. Ahmad Arbab, M.S., Mohammed Al-Dosari, Ph.D., Adnan Al-Rehaily, Ph.D.
Dept. of Pharmacognosy, King Saud University College of Pharmacy, Riyadh, Riyadh, Saudi Arabia

 021.  Selective and Potent Inhibition of Dengue Virus Multiplication by the Alkaloid Anisomycin
Verónica Quintana, B.S., Jesús Brunetti, B.S., Elsa Damonte, Ph.D., Viviana Castilla, Ph.D.
Biochemistry Department, School of Science, University of Buenos Aires, Buenos Aires, Buenos Aires, Argentina

 025.  Effect of SAMHD1 on the Anti-HIV-1 Activity of Nucleoside Analogues in Monocytoid Cells
Paula Ordonez Suarez, Ph.D., Simone Kunzelmann, Ph.D., Ian Taylor, Ph.D., Jonathan Stoye, Ph.D.
The Francis Crick Institute, London, London, United Kingdom (Great Britain)
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 031.  Activities of 2,6-Diaminopurine-based Acyclic Nucleoside Phosphonates Against  
Pseudorabies Virus (PrV, SuHV1): In Vitro Study Results
Ivana Lipenska, M.S.1, Darina Zouharova, M.S.1, Martina Fojtikova, M.S.1, Pavel Kulich, M.S.1, Michal Slany, M.S.1,  

Pavlina Turanek-Knotigova, Ph.D.1, Frantisek Hubaktka, M.S.1, Josef Masek, M.S.1, Stepan Koudelka, Ph.D.1, Lubomir Prochazka, M.S.1, 

Ludek Eyer, M.S.1, Jana Plockova, M.S.1, Eliska Bartheldyova, M.S.1, Andrew Miller, Ph.D.2, Daniel Ruzek, Ph.D.1, Milan Raska, Ph.D.1, 

Zlatko Janeba, Ph.D.3, Jaroslav Turanek, Ph.D.1, 
1VRI, Dept. of Pharmacology and Immunotherapy, Brno, Moravia, Czech Republic; 
2King’s College London, Institute of Pharmaceutical Science, London, United Kingdom (Great Britain);  
3Institute of Organic Chemistry and Biochemistry, AS CR, v.v.i., Prague, Czech Republic

 035.  In Vitro Antiviral Activity Against Bovine Viral Diarrhea Virus and Structure-activity Relationship 
of New N4-arylthiosemicarbazones Derived from 1-indanones
Matías Fabiani, B.S.1, Eliana Castro, Ph.D.1, Lucía Cavallaro, Ph.D.1María Soraires Santacruz, B.S.2, Liliana Finkielsztein, Ph.D.2
1Virología, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Ciudad Autónoma de Buenos Aires,  
Argentina; 2Química Medicinal, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Ciduad Autónoma  
de Buenos Aires, Argentina

 041.  Prophylactic and Therapeutic ANTI-RSV Activity of SB 9200 – A Novel Agent That Activates  
RIG-I and NOD2
Radhakrishnan Iyer, Ph.D.1, Sreerupa Challa, Ph.D.1, Anjaneyulu Sheri, Ph.D. 1, Seetharamaiyer Padmanabhan, Ph.D. 1,  

Brent Korba, Ph.D.2, Te-Hung Chang, Ph.D.3, Niraj Shil, Ph.D.4, Santanu Bose, Ph.D.4
1Spring Bank Pharmaceuticals, Milford, Massachusetts, USA; 2Georgetown University Medical Center, Washington,  
District of Columbia, USA; 3University of Texas Health Sciences Center, San Antonio, San Antonio, Texas, USA;  
4Washington State University, Pullman, Washington, USA

 044.  Activation and Induction of Immune response Genes RIG-I, STING & NOD2 in the Antiviral Activity 
of SB 92000 in the Woodchuck Model of Chronic Hepatitis B
Manasa Suresh, M.S.1, Kyle Korolowicz, B.S.1, Stefanie Czerwinski, M.S.1, Robin Tucker, M.D.1, Stephan Menne, Ph.D.1,  

Radhakrishnan Iyer, Ph.D.2, Seetharamaiyer Padmanabhan, Ph.D.2, Sreerupa Challa, Ph.D.2, Shenghua Zhou, M.D., Ph.D.2
1Georgetown University, Washington D.C., District of Columbia, USA; 2Spring Bank Pharmaceuticals, Milford,  
Massachusetts, USA

 047.  SB 9200, a Novel Antiviral Agent, Targets Liver after Oral Administration to Rats
Radhakrishnan Iyer, Ph.D.1, Judith Marquis, Ph.D.1, Carol Nelson, Ph.D.1, Nezam Afdhal, M.D.1, Carol Green, Ph.D.2, Jon Mirsalis, Ph.D.2 

Roger Hayes, Ph.D.3,Lori Cochrane, B.S.3,Ryan Anstatt, M.S.3 
1Spring Bank Pharmaceuticals, Milford, Massachusetts, USA; 2SRI International, Menlo Park, California, USA;  
3MPI Research, Kalamazoo, Michigan, USA

 049.  Antibody Coated Liposomes for Transmucosal Vaccination
Marut Agarwal, M.S.1, Saurabh Bhargava, M.S.2, Gomed Agarwal, M.S.3, Mani Bhargava, M.S.4
1Signa Pharma, Kanpur, U.P., India; 2Manav Bharti University, Kanpur, U.P., India; 3KRV Hospitals, Kanpur, U.P., India;  
4ICFAI University, Kanpur, U.P., India

 051.  Gold Sulfonated Nanoparticles Displays a Virucidal Activity Against HSPGs Dependent Viruses
Valeria Cagno, Ph.D.1, Marie Muller, M.S.1, Francesco Stellacci, M.S.1, Marco D’Alicarnasso, Ph.D.2, Patrizia Andreozzi, Ph.D.2,  

Caroline Tapparel, Ph.D.3, David Lembo, Ph.D.4
1EPFL, Lausanne, Vaud, Switzerland; 2IFOM, Milan, MI, Italy; 3University of Geneva, Geneva, GE, Switzerland;  
4University of Turin, Turin, TO, Italy
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 053. Triple Combination of Viral Replication Inhibitors Against Coxsackievirus B1 Neuroinfection  
in Mice
Adelina Stoyanova, M.S.1, Ivanka Nikolova, Ph.D.1, Angel Galabov, M.D., Ph.D.1, Gerhard Pürstinger, Ph.D.2, Georgi Dobrikov, Ph.D.3, 

Vladimir Dimitrov, Ph.D.3, Stefan Philipov, Ph.D.3
1The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Sofia, Sofia-City, Bulgaria;  
2Institute of Pharmacy, University of Innsbruck, Innsbruck, Tyrol, Austria; 3Institute of Organic Chemistry with  
Centre of Phytochemistry, BAS, Sofia, Sofia-City, Bulgaria

 055.  The Respiratory Syncytial Virus N/P Interaction As Target for the Computer-Based Design  
of Novel Replication Inhibitors
Roberto Manganaro, M.S.1, Andrea Brancale, Ph.D.1, Dirk Jochmans, Ph.D.2, Johan Neyts, Ph.D.2, Pieter Leyssen, Ph.D.2
1Cardiff Universtiy, School of Pharmacy and Pharmaceutical Sciences, Cardiff, UK, Cardiff, Wales, United Kingdom  
(Great Britain); 2KU Leuven – University of Leuven, Rega Institute for Medical Research, Leuven,Belgium

 059.  RNAi-mediated Suppression of Cyclophilins Does Not Inhibit HBV Viral Biomarkers
Andrew Kondratowicz, Ph.D.1, Nicholas Snead, Ph.D.1, Agnes Jarosz, B.S.1, Amy C.H. Lee, M.S.1, Laurèn Bailey, Ph.D.2,  
Andrea Cuconati, Ph.D.2, Michael Sofia, Ph.D.2
1Arbutus Biopharma, Corp., Burnaby, BC, Canada; 2Arbutus Biopharma, Inc., Doylestown, Pennsylvania, USA

 061.  The Discovery of Novel Ebola Virus Entry Inhibitors Enabled by QSAR-based Approaches
Stephen Capuzzi, B.S.1, Alexander Tropsha, Ph.D.1, Eugene Muratov, Ph.D.2, Wei Sun, Ph.D.3, Gregory Tawa, Ph.D.3, Wei Zheng, Ph.D.3, 

Adolfo Adolfo García-Sastre, Ph.D.4
1University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA; 2A.V. Bogatsky Physical-Chemical Institute 
NAS of Ukraine, Odessa, Odessa, Ukraine, Ukraine; 3National Center for Advancing Translational Sciences, Bethesda, 
Maryland, USA; 4Icahn School of Medicine at Mount Sinai, New York, New York, USA

 063.  Broad-spectrum Inhibitors of Viral Primary Attachment
Furkat Mukhtarov, M.S.1, Nargess Hosseini, Ph.D.2, Che Colpitts, Ph.D.3, Devon Schatz, B.S.4, Frederick West, Ph.D.4,  

Luis Schang, Ph.D.5
1Department of Biochemistry and Li Ka Shing Institute of Virology, University of Alberta, Edmonton, Alberta, Canada; 
2Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada; 3Inserm U1110, University of Strasbourg, 
Institute of Viral and Liver Disease, Strasbourg, Alsace, France; 4Department of Chemistry, University of Alberta, Edmonton, 
Alberta, Canada; 5Dept Biochem, Med Micro and Immuno & LKSIOV, University of Alberta, Edmonton, Alberta, Canada

 065.  Neplanocin A Derivatives as Selective Inhibitors of HBV with a Novel Mechanism of Action
Masaaki Toyama, Ph.D.1, Takayuki Hamasaki, Ph.D.1, Mika Okamoto, M.D., Ph.D.1, Masanori Baba, M.D., Ph.D.1, Koichi Watashi, Ph.D.2, 

Takaji Wakita, M.D., Ph.D.2, Atsuya Yamashita, Ph.D.3, Kohji Moriishi, Ph.D.3, Ashoke Sharon, Ph.D.4
1Kagoshima University, Kagoshima, Kagoshima, Japan; 2Department of Virology II, National Institute of Infectious Diseases, 
Shinjuku-ku, Tokyo, Japan; 3University of Yamanashi, tyuhoh-shi, Yamanashi, Japan; 
4Department of Applied Chemistry, Birla Institute of Technology, Mesra, Ranchi, India

 067.  ViroSpot Microneutralization Assay for Antigenic Typing of Influenza Viruses
Rienk Jeeninga, Ph.D.1, Carel van Baalen, Ph.D.2, Juthatip Keawcharoen, Ph.D.2, Germaine Penders, B.S.2, 
Brenda vam Gemt, B.S.2, Ruud van beek, Ph.D.3, Guus Rimmelzwaan, Ph.D.3
1Viroclinics Biosciences B.V., Rotterdam, Zuid Holland, Netherlands; 2Dept. Assay Development Services,  
Viroclinics Biosciences B.V., Rotterdam, Zuid Holland, Netherlands; 3Dept. of Viroscience, Erasmus MC, Rotterdam,  
Zuid Holland, Netherlands

 069.  Evaluation of the Cobas e 601 Anti HCV II Assay for the Diagnosis of Hepatitis C Virus Infection
Nafija Serdarevic
Clinics Center University of Sarajevo, Sarajevo, Bosnia and Herzegovina
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 079. Tenofovir Diester Prodrugs Prolong Intracellular Persistence of Tenofovir Diphosphate
Kathy Aldern, B.S., James Beadle, Ph.D., Nadejda Valiaeva, Ph.D., Karl Hostetler, M.D.
University of California, San Diego, La Jolla, California, USA

 089.  Proteasome Inhibition Induced Latent HIV Reactivation is Mediated by HSF1 through  
Recruiting HSP90-p-TEFb Complex
Xiaoyan Pan, M.D., Wei Zhao, M.D., Ph.D., Xiaoyun Zeng, B.S., Jian Lin, B.S., Ruxia Ren, B.S., Keng Wang, B.S., Tianrong Xun, M.S., 
Shuwen Liu, M.D., Ph.D.
Southern Medical University, Guangzhou, China, Guangzhou, Guangdong, China

 093.  Design and Evaluation of Acyclic Fleximer Nucleoside Analogues that Inhibit MERS-CoV  
and SARS-CoV Replication
Clara Posthuma, Ph.D.1, Adriaan de Wilde, Ph.D.1, Jessika Zevenhoven-Dobbe, B.S.1, Eric Snijder, Ph.D.1, Hannah Peters, Ph.D.2, 
Katherine Seley-Radtke, Ph.D.2, Dirk Jochmans, Ph.D.3, Johan Neyts, Ph.D.3, 
1Department of Medical Microbiology, Leiden University Medical Center, Leiden, Zuid-Holland, Netherlands;  
2Department of Chemistry & Biochemistry, University of Maryland, Baltimore, Maryland, USA; 3Rega Institute,  
University of Leuven, Leuven, Vlaanderen, Belgium

 095.  Novel indole-flutimide Heterocycles with Activity Against Influenza PA Endonuclease and 
Hepatitis C Virus
Grigoris Zoidis, Ph.D.1, Erofili Giannakopoulou, M.S.1, Vassilios Myrianthopoulos, Ph.D.1, George Fytas, Ph.D.1, Emmanuel Mikros, 
Ph.D.1, Annelies Stevaert, Ph.D.2, Lieve Naesens, Ph.D.2, Efseveia Frakolaki, B.S.3, Penelope Mavromara, Ph.D.3, Niki Vassilaki, Ph.D.3,  

Ralf Bartenschlager, Ph.D.4
1Faculty of Pharmacy, Department of Pharmaceutical Chemistry, University of Athens, Athens, Europe, Greece;  
2Rega Institute for Medical Research, KU Leuven – University of Leuven, Leuven, Europe, Belgium; 3Molecular Virology 
Laboratory, Hellenic Pasteur Institute, Athens, Europe, Greece; 4Department of Molecular Virology, University Heidelberg, 
Heidelberg, Europe, Germany

 101.  Exploring the Hydrazoindolin-2-one Based Scaffold to Develop Ribonuclease H/DNA Polymerase 
HIV-1 RT Dual Inhibitors
Angela Corona, Ph.D.1, Rita Meleddu, Ph.D.1, Francesca Esposito, Ph.D.1, Simona Distinto, Ph.D.1, Giulia Bianco, B.S.1,  

Elias Maccioni, Ph.D.1, Enzo Tramontano, Ph.D.1, Olivier Delelis, Ph.D.2
1University of Cagliari, Cagliari, CA, Italy; 2LBPA, ENS, Cachan, Cedex, France

 105.  Biochemical Effect of Resistance Mutations against Multiple Classes of RSV Polymerase Inhibitors
Jerome Deval, Ph.D., Amy Fung, M.S., Sarah Stevens, M.S., Joshua Taylor, B.S., Meng Jia, Ph.D., Jin Hong, Ph.D., Guangyi Wang, 

Ph.D., Natalia Dyatkina, Ph.D., Marija Prhavc, Ph.D., Julian Symons, Ph.D., Leo Beigelman, Ph.D.
Alios BioPharma, South San Francisco, California, USA

 107.  Antiviral Activity of T-705 Against Chikungunya Virus is Linked to Triphosphorylation  
in Various Cell Lines
Makda Gebre, B.S. Donald Smee, Ph.D., Justin Julander, Ph.D.
Institute for Antiviral Research, Utah State University, Logan, Utah, USA

 109.  A Novel Class of Highly Potent Small Molecule Inhibitors of Rhinovirus Replication
Young Sik Jung, Ph.D., Jin Woo Kim, M.S., Yu Kyoung Jung, B.S., Jin Soo Shin, M.S., Chonsaeng Kim, Ph.D., Chong-Kyo Lee, Ph.D., 

Soo Bong Han, Ph.D.
KRICT, Yuseong, Daejeon, Korea, Republic of

 111.  Heat Sock Protein (HSP) Modeling to Explore as Possible Antiviral Target
Ashoke Sharon, Ph.D., Monika Yadav, B.S., Raghav Vij, M.S., Farhana Rozy, M.S., Chandralata Bal, Ph.D.
Department of Chemistry, Birla Institute of Technology, Mesra, Ranchi, Jharkhand, India
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 113.  Optimized Influenza Virus Multivalent Inhibitors with In Vivo Efficacy Higher than the Tamiflu
Sumati Bhatia, Ph.D.1, Kai Ludwig, Ph.D.1, Rainer Haag, Ph.D.1, Daniel Lauster, M.S.2, Andreas Herrmann, Ph.D.2,  

Markus Bardua, M.S.3, Ute Hoffmann, Ph.D.4, Alf Hamann, Ph.D.4, Matthias Budt, Ph.D.5, Thorsten Wolff, M.D., Ph.D.5
1Free University of Berlin, Germany, Berlin, Berlin, Germany; 2Humboldt University of Berlin, Germany, Berlin, Berlin, Germany; 
3DRFZ Berlin, Berlin, Germany, Berlin, Berlin, Germany, Germany; 4RCIS Berlin, Berlin, Germany, Berlin, Berlin, Germany, 
Germany; 5RKI Berlin, Berlin, Germany, Berlin, Berlin, Germany, Germany

 115.  Biological Activity of Trifluoromethyl Substituted Derivatives of Tiosugars In Silico and In Vitro
Krystyna Naumenko, M.S., Lyubov Zelena, Ph.D., Svitlana Zagorodnya, Ph.D.
Zabolotny Institute of Microbiology and Virology NAS of Ukraine, Kyiv, APO AE, Ukraine

 119.  Hepatitis B Virus Surface Antigen Loaded Pluronic Grafted Chitosan Nanoparticles to Enhance 
Immunogenic Response by Oral Route
Shweta Sharma
Pharmaceutics division, CDRI, India

 125.  Cytokine Mediated Mechanisms Contribute to the Differential Susceptibility of Lung and Head  
and Neck Carcinoma Cells to Infection with Oncolytic Reovirus
Kevin James, B.S., Timothy Cooper, M.D., David Fast, B.S., Adil Mohamed, B.S., Vince Biron, M.D., Ph.D., Hadi Seikaly, M.D.,  

Maya Shmulevitz, Ph.D.
University of Alberta, Edmonton, Alberta, Canada

 127.  Identification of Bioactive Constituents in Fruit Extracts of Morinda Citrifolia L by HPTLC Method
Periyasamy Selvam, Ph.D.1, Paul Pandi T, M.S.2
1Bioorganic Lab, International Research Center, Kalasalingam University, Krishnankiol 626190, Tamil Nadu, India;  
2Himalaya Drug company, Bangalore, Karnataka, India

 131.  Establishment of a Novel HBV cccDNA Reporter Cell Line for High Throughput Screening
Dawei Cai, Ph.D.1, Haitao Guo, Ph.D.1, Xiaohe Wang, M.D.2, Andrea Cuconati, Ph.D.2, 
Changhua Ji, M.D., Ph.D.3
1Indiana University School of Medicine, Indianapolis, Indiana, USA; 2Baruch S. Blumberg Institute, Hepatitis B Foundation, 
Doylestown, Pennsylvania, USA; 3Virology Discovery, Roche Pharma Research and Early Development, Nutley,  
New Jersey, USA

 133.  AR-12: A Broad Spectrum Host Direct Antiviral Drug – Mechanism of Action
Laurence Booth, Ph.D.1, Jane Booth, Ph.D.1, Paul Dent, Ph.D.1, Stefan Proniuk, Ph.D.2, Alexander Zukiwski, M.D.2

1Virginia Commonwealth University, Richmond, Virginia, USA; 2Arno Therapeutics, Inc, Flemington, New Jersey, USA

 137.  Efficacy of Cyclopropavir Analog Compounds in the Mouse Model of Cytomegalovirus Infection.
Rhonda Cardin, Ph.D.1, Fernando Bravo, M.D.1, Mei Wang, Ph.D.1, Derek Pullum, B.S.1, David Bernstein, M.D.1, John Williams, Ph.D.2, 

Gloria Komazin-Meredith, Ph.D.2, Terry Bowlin, Ph.D.2
1Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA; 2Microbiotix, Inc., Worcester, Massachusetts, USA

 141.  Development of an LC-MS/MS Assay for Measurement of the Intracellular Concentrations  
of USC-505 (a Prodrug of Cidofovir) and its Metabolites
Eric Simon, Ph.D.1, Shyamala Ganesan, Ph.D.1, Cheryl Harteg, B.S.1, Dawn Reyna, B.S.1, Elke Lipka, Ph.D.1, Boris Kashemirov, Ph.D.2, 

Charles McKenna, Ph.D.2
1Therapeutic Systems Research Laboratories, Inc., Ann Arbor, Michigan, USA; 2University of Southern California,  
Los Angeles, California, USA
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 143.  Suppression of miR-17-92 Cluster by Enterovirus 71 During Virus Replication
Yuxuan Fu
Nanjing University, Nanjing, PR, China

 145.  Analytical Method Development for the Structural Characterization of BL-84, a Genetically-
Engineered, Recombinant Banana Lectin with Potent Antiviral Activity and Reduced Mitogenicity
Elke Lipka, Ph.D.1, Eric Simon, Ph.D.1, Dawn Reyna, B.S.1, Richard Lister, B.S.1, Shyamala Ganeson, Ph.D.1, Steven King, Ph.D.2,  

David Markovitz, M.D.2
1Therapeutic Systems Research Laboratories, Inc., Ann Arbor, Michigan, USA; 2Div. of Infectious Diseases,  
Dept. of Internal Med, Program of Immunology Univ of MI, Ann Arbor, Michigan, USA

 151.  Humanized Mouse Models of Filovirus Disease: Screening Model for Vaccines and Therapeutics?
Jessica Spengler, D.V.M., Ph.D.1, Stuart Nichol, Ph.D.1, Christina Spiropoulou, Ph.D.1,

James Keck, Ph.D.2, Dana Scott, D.V.M.3, Heinz Feldmann, M.D., Ph.D.4, Joseph Prescott, Ph.D.4
1Viral Special Pathogens Branch, CDC, Atlanta, Georgia, USA; 2In Vivo Services, The Jackson Laboratory,  
Sacramento, California, USA; 3Rocky Mountain Veterinary Branch, NIAID, NIH, RML, Hamilton, Montana, USA;  
4Laboratory of Virology, NIAID, NIH, RML, Hamilton, Montana, USA

 153.  Toxicity and Antiviral Action of the Aminomethanesulphonic Acid and its N-Alkylated Derivatives
Ruslan Khoma, Ph.D.1, Alim Ennan, D.V.M., Ph.D.2, Vladlena Godovan, D.V.M., Ph.D.3, Petro Antonenko, Ph.D.3, Tetyana Grydina, Ph.D.3, 

Alla Fedchuk, Ph.D.4, Viktor Lozitsky, M.D., Ph.D.4
1I.I. Mechnikov National University, Odesa, Odesa, Ukraine; 2Physico-Chemical Institute of Environment and Human’ 
Protection, Odesa, Odesa, Ukraine; 3Odesa National Medical University, Odesa, Odesa, Ukraine;  
4Odesa Research Center -Biomedical Testing Food and Drugs, Odesa, Odesa, Ukraine

 157.  Antiviral Activity of Ribavirin, 2’,3’-Dideoxicitidine, Pirodavir, Oseltamivir and Infergen™  
Against RSV, Adeno-2, Rhino-14, Influenza and MERS Virus Infection in Differentiated  
Normal Bronchial Epithelial (NHBE) Cells
Kie Hoon Jung, Ph.D., Jung Ae Choi, M.S., Jonna Westover, Ph.D., Donald Smee, Ph.D., Craig Day, Ph.D.
Utah State University, Logan, Utah, USA

 159.  Rational Design of Selective Phosphatidylinositol 4-Kinase IIIbeta Inhibitors as Highly Potent, 
Broad-Spectrum Antiviral Agents
Radim Nencka, Ph.D.1, Ivana Mejdrová, M.S.1, Pavla Plačková, M.S.1, Michal Šála, Ph.D.1, Dominika Chalupská, M.S.1,  

Dmytro Strunin, M.S.1, Eliška Procházková, Ph.D.1, Jan Weber, Ph.D.1, Evzen Boura, Ph.D.1, Christin Müller, M.S.2, John Ziebuhr, Ph.D.2, 

Gabriel Birkus, Ph.D.3
1Institute of Organic Chemistry and Biochemistry AS CR, v.v.i. (IOCB Prague), Prague, Czech Republic;  
2Institute of Medical Virology, Justus Liebig University, Giessen, Germany; 3Gilead Sciences Inc., Foster City, California, USA

 161. Nuclear Proteins TDP-43 and FUS/TLS Translocation to Cytoplasm Are Dependent on 2A Activity 
of EV71 and Bind to EV71 5’UTR as a Negative ITAFs
Xiaohui Wang, Ph.D.1, Liang Chang, B.S.2

1State Key Lab of Analytical Chemistry for Life Science, Nanjing University, Nanjing, NanJing, Jiangsu, China;  
2Center for Public Health Research, Medical School, Nanjing University, Nanjing, NanJing, Jiangsu, China

 163. Novel Mcl-1 Small-molecule Inhibitors Encapsulated into Nanoparticles Exhibit Increased  
Killing Efficacy Towards Human Cytomegalovirus-infected Monocytes
Christine Burrer, B.S.1, Olesea Cojohari, B.S.1, Megan Peppenelli, B.S.1, Xu Wang, Ph.D.1, Gary Chan, Ph.D.1,  

Zaneta Nikolovska-Coleska, Ph.D.2 

1SUNY Upstate Medical University, Syracuse, New York, USA; 2University of Michigan, Ann Arbor, Michigan, USA
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 165.  Anti-Influenza Activity of Argentums Bis(citrato)Germanate
I Seifullina, D.V.M., E Martsinko, D.V.M., E Chebanenko, D.V.M., T Grydina, Ph.D., A Fedchuk, Ph.D., L Mudryk, M.S., K Radkevich, M.S.
I.I.Mechnikov Odesa National University, Odesa, Odesa, Ukraine

 167.  Adenovirus Proteinase- 40% of Its Surface Contains Potential Targets for Antiviral Agents
Walter Mangel
Biology Department, Brookhaven National Laboratory

 171.  Emerging Tick-Borne Phleboviral Diseases Modeled in Genetically Engineered Golden Syrian 
Hamsters Highlight the Importance of STAT2 in the Control of Infection and Serve as  
Novel Models for Antiviral Drug Development
Brian Gowen, Ph.D., Jonna Westover, Ph.D., Brady Hickerson, B.S., Brittney Downs, B.S., Skot Nielson, M.S., Zhongde Wang, Ph.D.
Utah State University, Logan, Utah, USA

 173.  New Era Therapy of Chronic Viral Hepatitis “C” Infection
Periyasamy Selvam, Ph.D.1, Markandavel Chandramohan, M.D., Ph.D.2, D Sivakumar, M.D.2, M. Kannan, M.D.2,  

S.C. Vivekananthan, M.D.2
1Research Faculty, International Research Centre – Kalasalingam University, Krishnankoil-626126, Tamil nadu, India;  
2Bharat Ratna Kamarajar liver hospital and Research Centre, Madurai-625001, Tamil Nadu, India

 175.  Cidofovir and Cyclic Cidofovir Reduce Gene Expression of Immediate Early Genes in EBV-positive 
Jiyoye Cells
Erika Trompet, M.S., Robert Snoeck, M.D., Ph.D., Graciela Andrei, Ph.D.
KU Leuven, Leuven, Vlaams-Brabant, Belgium

 181.  Evaluation of Interleukin-6 and Monocyte Chemoattractant Protein-1 as Potential Biomarkers  
for the Severity of Influenza Infections in Mice
Brett Hurst, M.S., Donald Smee, Ph.D., Ernest Tarbet, Ph.D.
1Utah State University, Logan, Utah, USA

 183.  Evaluation of Candidate Microbicides in the ICCA as a Means to Predicting Dosing Concentrations
Karen Buckheit, M.S., Caitlin Buchholz, B.S., Maggie Garvey, B.S., Robert Buckheit, Jr., Ph.D.
ImQuest BioSciences Inc., Frederick, Maryland, USA

 185.  Small Molecule Compounds Inhibit Vpu Mediated Down-regulation BST-2
Shan Cen, Ph.D.
Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences, Beijing, APO AE, Beijing, China

 187.  Study of Antiviral Activity of a New Plant Origin Preparation -Neoglazidum- on a Model  
of Hepatitis C Virus
Yu Porva, Ph.D.1, Svitlana Rybalko, M.S.1, Darya Starosyla, Ph.D.1, Viktor Atamanyuk, M.S.1, Larisa Palchykovs’ka, Ph.D.2,  

Svitlana Zagorodnya, Ph.D.3

1L. V. Gromashevskiy Institute of Epidemiology and Infectious Diseases NAMSU, Kyiv, Kyiv region, Ukraine;  
2Institute of Molecular Biology & Genetics, NASU, Kyiv, Kyiv region, Ukraine; 3Zabolotny Institute of Microbiology and 
Virology NAS of Ukraine, Kyiv, Kyiv region, Ukraine

 195.  Design and Synthesis of a Series of Flex-base Nucleoside Analogues to Target Filoviruses
Brian Cawrse
University of Maryland, Baltimore County, USA
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Tuesday
April 19th, 2016

Tony Holy Award Lecture
Chair: Robert Buckheit, Ph.D.

GRANDE BALLROOM ABC

8:30 AM – 9:00 AM

Acyclonucleosides to Ziagen
Robert Vince, Ph.D.

University of Minnesota, Minneapolis, Minnesota, USA

Medicinal Chemistry
Chairs: Chris Meier, Ph.D. and Katherine Seley-Radtke, Ph.D.

GRANDE BALLROOM ABC

9:00 AM – 10:45 AM

9:00 AM 026.  Cell Uptake of DiPPro- and TriPPPro-nucleotides by Employing Fluorescent Nucleoside Analogs
Inga Reimer, M.S.1, Chris Meier, Ph.D.1, Ilona Hauber, Ph.D.2 
1Universität Hamburg, Hamburg, Hamburg, Germany; 2Heinrich-Pette-Institut, Hamburg, Hamburg, Germany

9:10 AM 029.  Microwave-assisted Synthesis of Nucleotide Phosphoramidates
Cecilia Cima, M.S., Cinzia Bordoni, M.S., Andrea Brancale, Ph.D.
Cardiff University, Cardiff, Wales

9:20 AM 045.  Synthesis and Evaluation of Acyclic Nucleoside Phosphonate Diester Prodrugs:  
 Potential Topical Microbicides for Prevention of HIV-1 Transmission
James Beadle, Ph.D.1, Nadejda Valiaeva, Ph.D.1, Karl Hostetler, M.D.1 Tracy Hartman, M.S.2, Robert Buckheit, Jr., Ph.D.2 
1University of CA, San Diego, La Jolla, California, USA; 2Imquest Biosciences, Frederick, Maryland, USA

9:30 AM 071.  Synthesis of Nucleoside Triphosphate Prodrugs (NTP) of Abacavir and Carbovir
Simon Weising, M.S., Vincente Sterrenberg, B.S., Chris Meier, Ph.D.
1University of Hamburg, Hamburg, Hamburg, Germany

9:40 AM 169.  Overcoming the Substrate Barrier: Double-Winged HPD Inhibitors of HIV RNase H
Sanjeev Vernekar, Ph.D.1, Bulan Wu, Ph.D.1, Jing Tang, Ph.D.1, Daniel Wilson, M.S.1, Zhengqiang Wang, Ph.D.1, Andrew Huber, B.S.2, 

Karen Kirby, Ph.D.2, Stefan Sarafianos, Ph.D.2, Lena Miller, Ph.D.3, Michael Parniak, Ph.D.3
1University of Minnesota, Minneapolis, Minnesota, USA; 2University of Missouri, Columbia, Missouri, USA;  
3University of Pittsburgh, Pittsburgh, Pennsylvania, USA

9:50 AM 030.  Exploring the Chikungunya Virus nsP3 Protein for the development of Small-molecule Inhibitors 
by Computer-Aided Drug Design
Birgit Zonsics, M.S.1, Andrea Brancale, Ph.D.1, Leen Delang, Ph.D.2, Johan Neyts, Ph.D.2, Pieter Leyssen, Ph.D.2
1Cardiff Universtiy, School of Pharmacy and Pharmaceutical Sciences, Cardiff, UK, Cardiff, Wales, United Kingdom  
(Great Britain); 2KU Leuven – University of Leuven, Rega Institute for Medical Research, Leuven, Belgium

10:15 AM  Coffee Break
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In Vitro Antiviral Activity Session
GRANDE BALLROOM ABC

10:45 AM – 12:00 PM

10:45 AM 122.  Lessons Learned: Drug-testing Concepts in the Context of the Ebola Virus Disease Outbreak
Julie Dyall
Integrated Research Facility, NIAID/NIH

10:55 AM 177.  High-Throughput Assay for Identifying Small Molecules that Bind to a Specific Intersubunit 
Interface Within the Assembled HIV-1 Capsid
Upul Halambage, Ph.D., Jason Wong, B.S., Bruce Melancon, Ph.D., Craig Lindsley, Ph.D., Christopher Aiken, Ph.D.
1Vanderbilt University School of Medicine, Nashville, Tennessee, USA

11:05 AM 123.  Analogs of Camptothecin, Inactive Against Topoisomerase are Broadly Neutralizing of HIV-1 as 
Inhibitors of Vif-Dependent, APOBEC3G Degradation
Ryan Bennett, Ph.D.1, Ryan Stewart, B.S.1, Harold Smith, Ph.D.1, Marie Mankowski, Ph.D.2, Priscilla Hogan, Ph.D.2, Roger Ptak, B.S.2, 

Tracy Hartman, B.S.3, Robert Buckheit, Ph.D.3
1OyaGen, Inc, Rochester, Maryland, USA; 2Southern Research Institute, Frederick, Maryland, USA; 3ImQuestBio, Frederick, 
Maryland, USA

11:15 AM 140.  Inhibition of Hepatitis B virus Replication by N-Hydroxyisoquinolinediones and Related 
Polyoxygenated Heterocycles
Tiffany Edwards, M.S.1, Elena Lomonosova, Ph.D.1, Jenny Patel, B.S.1, Qilan Li, Ph.D.1, John Tavis, Ph.D.1

Fabrice Bailly, Ph.D.2, Philippe Cotelle, Ph.D.2, Erofili Giannakopoulou, M.S.3, Grigoris Zoidis, Ph.D.4, 
1Saint Louis University, Saint Louis, Missouri, USA; 2University of Lille, Lille, Nord-Pas-de-Calias, France; 
3University of Athens, Athens, Athens, Greece

11:25 AM 121.  Exploring Combination Therapy for Curing HBV: Preclinical Studies
Michael Sofia
Arbutus Biopharma, Inc.

Lunch On Your Own
12:00 PM – 1:30 PM

 International Society for Antiviral Research Business Meeting
Robert Buckheit, Ph.D.

President 

1:30 PM
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 Zika Virus
Chairs: Pei-Yong Shi, Ph.D. and Heather Greenstone, Ph.D.

1:45 PM – 2:30 PM

1:45 PM 215.  Zika Virus: What Could We Learn from Other Flaviviruses?
Pei-Yong Shi, Ph.D.
University of Texas Medical Branch, Galveston, Texas, USA

2:15 PM 088.  Modeling Zika Virus: Cell Culture and Animal Models for Use in Antiviral Studies
Justin Julander, Ph.D.
Utah State University, Logan, Utah, USA

2:30 PM 216.  Antiviral and Vaccination Strategies Against the Zika Virus
Johan Neyts, Ph.D.
University of Leuven, Leuven, Belgium

Diagnostic Technologies Symposium
Chair: Mark Prichard, Ph.D.

GRANDE BALLROOM ABC

2:45 PM – 4:45 PM

2:45 PM 217.  Introducing the Roche cobas® 6800/8800 Virology Assays
Pedro L. Rodriguez, Ph.D.
Roche Diagnostics Corporation, Indianapolis, Indiana, USA

3:00 PM 218.  Advancing Multiplex Molecular Diagnostics
Scott O’Brien
GenMark Diagnostics, Carlsbad, California, USA

3:15 – 3:45 PM  Coffee Break

3:45 PM 219.  FocusDx: Flexible Solutions for Molecular Testing
Michelle Tabb, Ph.D.
Focus Diagnostics, Cypress, California, USA

4:00 PM 220.  Luiminex Applications in Research and Clinical Settings
Aaron Benfield, Ph.D.
Luminex Corporation, Austin, Texas, USA

4:15 PM 221.  FilmArray – Point of Impact Rapid Diagnostic Improves Patient Care
Lou Banks
BioFire Diagnostics, Salt Lake City, Utah, USA

4:30 PM 222.  High Content Imaging and Analysis “The Cellomics Way”
David Sweeney Ph.D.
Thermo Fisher Scientific, Waltham, Massachusetts, USA
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Wednesday 
April 20th, 2016

William Prusoff Young Investigator Award Lecture
Chair: Robert Buckheit, Ph.D.

GRANDE BALLROOM ABC

8:30 AM – 9:00 AM

New Frontiers in Antiviral Drug Development:  
Inhibiting the Polymerase of (-) Strand RNA Viruses

Jerome Deval, Ph.D.
Alios BioPharma Inc.  South San Francisco, California, USA

DNA Viruses Symposium
Chairs: Graciela Andrei, Ph.D. and Rhonda Cardin, Ph.D.

GRANDE BALLROOM ABC

9:00 AM – 12:00 PM

9:00 AM 198.  Adenovirus Monitoring and Treatment in Immunocompromised Patients
Thomas Lion, M.D., Ph.D.
Children´s Cancer Research Institute (CCRI), Vienna, Austria

9:25 AM 199.  Using Preclinical Models for Papillomavirus-induced Disease to Define  
Novel Therapeutic and Preventative Strategies
Paul F. Lambert, Ph.D.
University of Wisconsin, Madison, Wisconsin, USA

9:50 AM  Coffee Break

10:20 AM 201.  Leveraging Population Genetics to Reveal Clinically Relevant Aspects of CMV Evolution
Timothy Kowalik, Ph.D.
University of Massachusetts Medical School, Worcester, Massachusetts, USA

10:45 AM 202.  Roseoloviruses: Ships or Icebergs in the Sea of Pathogens?
Phil Pellett, Ph.D.
Wayne State University, Detroit, Michigan, USA

11:10 AM 200.  Update on Herpes Simplex Virus Vaccines; Are We Getting Closer?
David Bernstein, M.D.
University of Cincinnati, Cincinnati, Ohio, USA

Lunch On Your Own
12:00 PM – 1:30 PM
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Mechanism of Action Studies
Chairs: Johan Neyts, Ph.D. and Joana Rocha-Pereira, Ph.D.

GRANDE BALLROOM ABC

1:30 PM – 4:30 PM

1:30 PM 023.  Identification and Characterization of Molecular Clones for HBV Genotypes B, C, E, G,  
and H Capable of Infecting Primary Human Hepatocytes
Stacey Eng, B.S., Jason Perry, Ph.D., Kathryn Kitrinos, Ph.D., Mei Yu, B.S., Lindsay Gamelin, M.S., Huiling Yang, M.S.,  

Xiaodong Xie, M.S., Katie Chan, Ph.D., William Delaney, Ph.D., Christian Voitenleitner, Ph.D.
Gilead Sciences, Foster City, California, USA

1:40 PM 024.  Small-Molecule Inhibitors of XPO1-Mediated Nuclear Export Suppress the Replication of HIV  
and Inhibit AIDS-Related Lymphoma
Graciela Andrei, Ph.D.1, Eline Boons, M.S.1, Tatiane Nogueira, Ph.D.1, Els Vanstreels, Ph.D.1, Maarten Jacquemyn, M.S.1,  

Jasper Neggers, B.S.1, Thomas Vercruysse, Ph.D.1, Robert Snoeck, Ph.D.1, Christophe Pannecouque, Ph.D.1, Dirk Daelemans, Ph.D.1  

Joost van den Oord, M.D., Ph.D.2, Sharon Tamir, B.S.3, Sharon Shacham, Ph.D.3, Yosef Landesman, Ph.D.3
1Rega Institute for Medical Research, KU Leuven, Leuven, Flemish Brabant, Belgium; 2Department of Imaging and  
Pathology, Translational Cell & Tissue Research, KU Leuven, Leuven, Flemish Brabant, Belgium; 3Karyopharm Therapeutics, 
Inc., Newton, Massachusetts, USA

1:50 PM 033.  Combating Multidrug-resistant Influenza A Viruses by Targeting the Highly Conserved  
M2-S31N Proton Channel
Jun Wang
Department of Pharmacology and Toxicology, College of Pharmacy, University of Arizona, Tucson, Arizona, USA

2:00 PM 037.  Mycophenolic Acid Potently Inhibits Rotavirus Infection with a High Barrier to  
Resistance Development
Yuebang Yin, M.S.1, Yijin Wang, M.S.1, Wen Dang, M.S.1, Lei Xu, M.S.1, Xinying Zhou, M.S.1, Wenshi Wang, M.S.1,  

Marcel Bijvelds, Ph.D.1, Dave Sprengers, Ph.D.1, Hugo de Jonge, Ph.D.1, Herold Metselaar, Ph.D.1, Maikel Peppelenbosch, Ph.D.1,  

Qiuwei Pan, Ph.D.1, Krzysztof Felczak, Ph.D.2, Luc van der laan, Ph.D.3, Krzysztof pankiewicz, Ph.D.4, Annemiek van der Eijk, Ph.D.5, 

Marion Koopmans, Ph.D.5
1Department of Gastroenterology and Hepatology, Erasmus MC-University Medical Center, Rotterdam, South Holland, 
Netherlands; 2Center for Drug Design, University of Minnesota, Minneapolis, Minnesota, USA; 3Department of Surgery, 
Erasmus MC-University Medical Center, Rotterdam, South Holland, Netherlands; 4Center for Drug Design, University of 
Minnesota, Minneapolis, Minnesota, USA; 5Department of Viroscience, Erasmus MC-University Medical Center, Rotterdam, 
South Holland, Netherlands

2:10 PM 082.  Unraveling Determinants of Multivalent Interactions for the Design of Optimal Influenza  
Virus Inhibitors
Daniel Lauster, M.S.1, Victor Bandlow, M.S.1, Simon Klenk, M.S.1, Oliver Seitz, Ph.D.1, Christian Hackenberger, Ph.D.1,  

Andreas Herrmann, Ph.D.1, Susanne Liese, M.S.2, Sumati Bhatia, Ph.D.2, Kai Ludwig, Ph.D.2, Christoph Böttcher, Ph.D.2,  

Roland Netz, Ph.D.2, Rainer Haag, Ph.D.2
1Humboldt University of Berlin, Berlin, Germany; 2Free University of Berlin, Berlin, Germany

2:20 PM 083.  Novel Benzodiazepine Compounds Potently Inhibit Yellow Fever Virus Infection by Specifically 
Targeting NS4B Protein
Shuo Wu, Ph.D.1, Fang Guo, Ph.D.1, Julia Ma, B.S.1, Xuexiang Zhang, M.S.1, John Kulp, Ph.D.1, Andrea Cuconati, Ph.D.1,  

Timothy Block, Ph.D.1, Yanming Du, Ph.D.1, Ju-Tao Guo, M.D., Ph.D.1, Jinhong Chang, M.D., Ph.D.1, Justin Julander, Ph.D.2
1Baruch S. Blumberg Institute, Hepatitis B Foundation, Doylestown, Pennsylvania, USA; 2Utah State University,  
Logan, Utah, USA
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2:30 PM 085.  RNA-protein Interactions Regulate the Antiviral Efficacy of Host Restriction by APOBEC3G
Harold Smith, Ph.D.1, Bogdan Polevoda, Ph.D.2, William MacDougall, Ph.D.2, Alan Friedman, Ph.D.2, Jason Salter, Ph.D.3,  

Ryan Bennett, Ph.D.3
1University of Rochester, School of Medicine and Dentistry, CFAR, Rochester, New York, USA; 2University of Rochester,  
School of Medicine and Dentistry, Rochester, New York, USA; 3OyaGen, Inc, Rochester, New York, USA

2:40 PM 087.  Characterization of a Novel Human-Specific STING Agonist that Elicits Antiviral Activity  
Against Emerging Alphaviruses
Tina Sali, Ph.D., Kara Pryke, B.S., Jinu Abraham, Ph.D., Rebecca Broeckel, B.S., Jessica Smith, Ph.D., Aaron Nilsen, Ph.D.,  

Daniel Streblow, Ph.D.
Oregon Health and Science University, Portland, Oregon, USA

2:50 PM  Coffee Break

3:20 PM 077.  Inhibition of Venezuelan Equine Encephalitis Virus through Novel Capsid Inhibitors
Lindsay Lundberg, M.S.1, Chelsea Pinkham, M.S.1, Kylene Kehn-Hall, Ph.D.1, Aaron DeBono, Ph.D.2, Jonathan Baell, Ph.D.2,  

Sharon Shechter, M.S.3, David Thomas, Ph.D.4, Kylie Wagstaff, Ph.D.4, David Jans, Ph.D.4, Sharon Tamir, B.S.5, Sharon Shacham, Ph.D.5 
1National Center for Biodefense and Infectious Diseases, George Mason University, Manassas, Virginia, USA; 
2Monash Institute of Pharmaceutical Sciences, Monash University, Parkville, Victoria, Australia; 3Shechter Solutions,  
Andover, Massachusetts, USA; 4Nuclear Signaling Laboratory, Monash University, Clayton, Victoria, Australia;  
5Karyopharm Therapeutics Inc., Newton, Massachusetts, USA

3:30 PM 118.  Influenza Virus Multivalent Interactions: Learning from Single Ligand-Receptor Interactions  
to Understand Virus Adhesion
Jose Cuellar Camacho, Ph.D.1, Sumati Bhatia, Ph.D.1, Rainer Haag, Ph.D.1, Daniel Lauster, M.D.2, Valentin Reiter, M.S.2,  

Jürgen Rabe, Ph.D.2, Andreas Herrmann, Ph.D.2
1Free University of Berlin, Berlin, Germany; 2Humboldt University, Berlin, Germany

3:40 PM 129.  Sequence Independent Endo- and Exo-Ribonuclease Activities of the HBV Ribonuclease H,  
a New Target for Drug Development
Juan Villa Torrecilla, Ph.D.1, Daniel Pike, B.S.1, Kunjan Patel, B.S.1, Elena Lomonosova, Ph.D.1, Roz Abdulqader, B.S.1, John Tavis, Ph.D.1, 

Gaofeng Lu, M.D.2
1Saint Louis University, Saint Louis, Missouri, USA; 2Zhengzhou University, Zhengzhou, Henan, China

3:50 PM 170.  AViiDTM Screening Platform Identifies Small Molecule Agonists of the RLR/IRF3 Axis  
that Exhibit Host-Mediated, Broad-Spectrum Antiviral Activity
Shari Kaiser, Ph.D., Jhoanna Noonan, M.S., Nathan Hedin, M.S., Noah David, B.S., Myra Imanaka, Ph.D., Michael Gale, Jr., Ph.D., 

Shawn Iadonato, Ph.D., Kristin Bedard, Ph.D.
Kineta, Inc., Seattle, Washington, USA

4:00 PM 091.  Discovery of Two Novel Fusion Inhibitors of Influenza A Virus through Chemical Genetics
Kin Kui Lai, M.S.1, Nam Nam Cheung, M.D.1, Fang Yang, M.S.1, Jun Dai, Ph.D.1, Kong Hung Sze, Ph.D.1, Hong Lin Chen, Ph.D.1,  

Kwok Yung Yuen, M.D., Ph.D.1, Richard Yi Tsun Kao, Ph.D.1, Li Liu, Ph.D.2, Zhiwei Chen, Ph.D.2, 
1Department of Microbiology, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong; 2AIDS Institute,  
Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong
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Poster Session 2
GRANDE BALLROOM DE; SCRIPPS BALLROOM

4:30 PM – 6:30 PM

 018.  Oral Combination Vaccine: Development & Characterization
Mani Bhargava, M.S.1, Saurabh Bhargava, M.S.2
1ICFAI University, Kanpur, U.P., India; 2Manav Bharti University, Kanpur, U.P., India

 020.  Bipolymer Based Novel Nanoparticles in Microsphere System as Vaccine Adjuvant
Saurabh Bhargava, M.S.1, Mani Bhargava, M.S.2
1Manav Bharti University, Kanpur, U.P., India; 2ICFAI University, Kanpur, Uttar Pradesh, India

 032.  The Interplay Between Viperin Antiviral Activity and Junin Arenavirus Lipid Dependent Mechanisms
Jose Peña Carcamo, M.S.1, Maria Morell, B.S.1, Cybele Garcia, Ph.D.1, Sezen Vatansever, M.S.2, Cristian Sobarzo, M.S.3,  

Vanesa Guazzone, Ph.D.3, Sandra Cordo, Ph.D.4
1Laboratory of Antiviral Strategies, School of Sciences, University of Buenos Aires, Capital City, Argentina;  
2Graduate School of Science and Engineering, Koc University, Istambul, Capital City, Turkey; 3Facultad de Medicina,  
UBA- Instituto de Investigaciones Biomédicas, Buenos Aires, Capital City, Argentina; 4Laboratory of Virology,  
School of Sciences, University of Buenos Aires, Capital City, Argentina

 034.  Oxysterols Potently Inhibit Human Rotavirus Infection by Hampering the Virus-Cell  
Penetration Process
Andrea Civra, Ph.D., Valeria Cagno, Ph.D., Giuseppe Poli, M.D., Ph.D., David Lembo, Ph.D.
University of Turin, Department of Clinical and Biological Sciences, Turin, Turin, Italy

 036.  MERS Coronavirus Nucleocapsid Protein Interacts with Host Factor Elongation Factor 1 Alpha  
and Has Similar Cellular Functions as the SARS Coronavirus Nucleocapsid Protein
Oi-Wing Ng, Ph.D.1, Yee-Joo Tan, Ph.D.2
1Yong Loo Lin School of Medicine, National University of Singapore, Singapore; 2Yong Loo Lin School of Medicine,  
National University of Singapore; IMCB, A*STAR, Singapore

 038.  Development and Characterization of Surface Modified Chitosan Nanoparticles for Selective 
Targeting of Lamivudine to Hepatocyte
Gomed Agarwal, M.S.1, Saurabh Bhargava, M.D.1, Mani Bhargava, M.S.2
1KRV Hospitals, Kanpur, Uttar Pradesh, India, 2ICFAI University, Kanpur, U.P., India

 040.  In Vitro Anti-Hepatitis C Virus Activity of Alpha-Zam, a Nigella sativa Plant Extract
Olufunmilayo Oyero, Ph.D.1, Masaaki Toyama, Ph.D.2, Naoki Mitsuhiro, B.S.2, Akemi Hidaka, B.S.2, Mika Okamoto, M.D., Ph.D.2, 

Masanori Baba, M.D., Ph.D.2
1University of Ibadan, Ibadan, Oyo, Nigeria; 2Kagoshima University, Kagoshima, Kagoshima, Japan

 046.  Thoningia Sanguinea and Khaya Senegalense Protect Against Cyclophosphamide Induced 
Immunosupression in Albino Wistar Rats
Omonike Ogbole, Ph.D., Kevwe Eseivo, M.S., Edith Ajaiyeoba, Ph.D.
University of Ibadan, Ibadan, Oyo, Nigeria

 048.  In Vitro Metabolism, CYP Inhibitory Potential and Transporter Studies of SB 9200 – A Novel 
Broad-spectrum Antiviral Agent
Radhakrishnan Iyer, Ph.D.1, Carol Nelson, Ph.D.1, Judith Marquis, Ph.D.1, Nezam Afdhal, M.D.1, Carol Green, Ph.D.2,  

Anna Furimsky, M.S.2, Patricia Byrge, B.S.2, Jon Mirsalis, Ph.D.2, Mirza Jahic, B.S.3, Mark Warren, Ph.D.3, Jane Huang, Ph.D.3 
1Spring Bank Pharmaceuticals, Milford, Massachusetts, USA; 2SRI International, Menlo Park, California, USA;  
3Optivia Biotechnology, Menlo Park, California, USA
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 050. NonInvasive Topical Immunization Using Cholera Toxin As Adjuvant for the Treatment  
of Hepatitis B
Ruchi Agrawal, M.S.1, Saurabh Bhargava, M.S.2, Mani Bhargava, M.S.3, Vishal Bhargava, Ph.D.4, Gomed Agarwal, M.S.4
1Ideal Chemical Works, Kanpur, U.P., India; 2Manav Bharti University, Kanpur, U.P., India; 3ICFAI University, Kanpur,  
U.P., India; 4KRV Hospitals, Kanpur, U.P., India

 052.  Potent Inhibition of Influenza A Virus Using Trachyspermum Ammi and Comparison with  
Anti-viral Drug: an In-Vitro Study
Madhu Khanna, Ph.D., Saugata Roy, M.S., Latika Saxena, Ph.D., S.N. Gaur, M.D.
VP Chest Institute, University of Delhi, Delhi, India

 054. Mother T Follicular Helper Cells Prevent Vertical Transmission of Hepatitis B to Their Babies
Nirupma Trehanpati, Ph.D., Ashish Vyas, M.S., paul David, M.S., Shiv Sarin, M.D., Nirupma Trehanpati, Ph.D.
Institute of Liver and Biliary Sciences, New Delhi, New Delhi, India

 058.  Discovery of Non-Adamantyl Compounds that Inhibit Influenza A Amantadine Sensitive and 
Resistant M2 Proton Channels”
Greg Henkel, Ph.D.1, Jeff Davis, B.S.1, Michael Plewe, Ph.D.1, Katherine Hutson, B.S.1, Ken McCormack, Ph.D.1, Paul Rowe, B.S.2,  

Brian Hawks, Ph.D.3, Ilke Rinke, B.S.4, Andrea Brueggemann, Ph.D.4
1Arisan Therapeutics, San Diego, California, USA; 2AB Sciex, San Diego, California, USA; 3Illumina, San Diego, California, 
USA; 4Nanion, Munich, Bavaria, Germany

 060.  Lack of Efficacy of Nucleoside Analogs Lamivudine and Zidovudine Against Ebola Virus Infection
Yu Cong
NIH/ NIAID, Integrated Research Facility, Division of Clinical Research

 062.  Lopinavir/Ritonavir Enhanced the Antimalarial Activity of Amodiaquine and Artesunate  
in a Mouse Model of Plasmodium Berghei
Oyindamola Abiodun, Ph.D., Nekabari Gbimadee, M.S., Grace Gbotosho, Ph.D.
Department of Pharmacology and Therapeutics, University of Ibadan,Nigeria, Ibadan, Oyo, Nigeria 

 064.  Dendrobine, a Novel Small Molecule Inhibitor Attenuates Influenza A Virus Infection
Jie Yang, M.D., Ph.D., Richan Li, B.S., Teng Liu, B.S.
School of Pharmaceutical Sciences, Southern Medical University, Guangzhou, Guangdong, China

 066.  Susceptibility of Two RNA Viruses of Public Health Significance to Selected Nigerian  
Medicinal Plants
Robert Obi
Federal University of Technology, Owerri, Imo State, Nigeria

 070.  The Determination of HCV RNA and HCV Genotype in Sarajevo Canton
Nafija Serdarevic
Clinics Center University of Sarajevo, Sarajevo, Bosnia and Herzegovina

 072. KPT-335, a Selective Inhibitor of Nuclear Export (SINE) Compound, Reduces  
Respiratory Syncytial Virus (RSV) Replication In Vitro
Patricia Jorquera, Ph.D.1, Colin Williams, M.S.1, Ralph Tripp, Ph.D.1, Sharon Tamir, M.S.2, Sharon Shacham, Ph.D.2
1University of Georgia, Athens, Georgia, USA; 2Karyopharm Therapeutics, Newton, Massachusetts, USA
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 074.  Carboxylic Acids of the Trail of a Slug to Fight Measles Virus
Ana Rita Toledo-Piza, Ph.D.1, Cristina Figueiredo, Ph.D.2, Giuseppina Negri, Ph.D.3
1Butantan Institute, São Paulo, São Paulo, Brazil; 2Adolfo Lutz Institute, São Paulo, São Paulo, Brazil;  
3Federal University of São Paulo, São Paulo, São Paulo, Brazil

 084.  Ester Prodrugs for the Delivery of N-Alkyldeoxynojirimycin Derivatives Against Filovirus Infections
Yanming Du, Ph.D., Jia Guo, Ph.D., Fang Guo, M.D., Ph.D., Julia Ma, B.S., Xuexiang Zhang, M.S., Shuo Wu, Ph.D., Ju-Tao Guo, M.D., 

Timothy Block, Ph.D., Jinhong Chang, M.D., Ph.D.
Baruch S. Blumberg Institute, Doylestown, Pennsylvania, USA

 086.  QSAR Analysis of Anti-Influenza Activity
Ekaterina Varlamova, Ph.D.1, Carolina Andrade, Ph.D.1, Michaela Schmidtke, M.D., Ph.D.2, Pouria Hasani, Ph.D.3, Ian Tietjen, Ph.D.3, 

David Fedida, Ph.D.3, Eugene Muratov, Ph.D.4

1Federal University of Goias, Goiania, Goias, Brazil; 2Jena University Hospital, Jena, Jena, Germany;  
3University of British Columbia, Vancouver, British Columbia, Canada; 4A.V.Bogatsky Physical-Chemical Institute  
NAS of Ukraine, Odessa, Odessa, Ukraine

 088.  Modeling Zika Virus: Cell Culture and Animal Models for Use in Antiviral Studies
Justin Julander, Ph.D. Joseph Evans, B.S., Makda Gebre, B.S., Brittney Downs, B.S., Skot Nielson, M.S., Craig Day, Ph.D.
Institute for Antiviral Research, Utah State University, Logan, Utah, USA

 090.  More Deletions in HIV-1 subtype B than in Non-B Subtypes Following Long-term Korean  
Red Ginseng Treatment
Jung-Eun Kim, M.S.1, Jun-Hee WOO, M.D., Ph.D.2
1Asan Medical Center, University of Ulsan College of Medicine, SEOUL, Korea, Korea, Republic of; 2Internal Medicine,  
Asan Medical Center, University of Ulsan College of Medicine, SEOUL, Korea, Korea, Republic of

 092.  Naturally Occurring Peptide Derived from HIV gp120 during Viral Infection Forms Amyloid Fibrils 
that Enhance Viral Infection
Suiyi Tan, M.D., Ph.D.1, Wenjuan Li, M.D.1, Jinqing Li, B.S.1, Lin Li, M.D., Ph.D.1, Shuwen Liu, M.D., Ph.D.1, Lu Lu, M.D., Ph.D.2,  

Shibo Jiang, M.D., Ph.D.2 
1Southern Medical University, Guangzhou, China, Guangzhou, Guangdong, China; 2Fudan University, Shanghai, Shanghai, 
Shanghai, China

 094.  Anti-viral Activity Evaluation of Selected Medicinal Plants of Nigeria against Measles Virus
Bolaji Oluremi, M.S., Johnson Adeniji, Ph.D.
University of Ibadan, Ibadan, Oyo, Nigeria

 096.  Effectiveness of Antiviral Drugs in the Model of Co-Infection
Liubov Biliavska, Ph.D., Olga Povnitsa, Ph.D., Yulia Pankivska, M.S., Svitlana Zagorodnya, Ph.D., Nadiya Nesterova, Ph.D.
Institute of Microbiology & Virology NAS of Ukraine, Kyiv, Kiev region, Ukraine

 102.  Targeting Intracellular Ion Homeostasis for the Control of Respiratory Syncytial Virus
Michael Norris, M.S., Manpreet Malhi, M.S., Wenming Duan, Ph.D., Jason Maynes, M.D., Ph.D., Theo Moraes, M.D., Ph.D.
The Hospital for Sick Children, Toronto, Ontario, Canada

 104.  The Effect of Sorafenib on Rift Valley Fever Virus Assembly and Egress
Ashwini Benedict, M.S.1, Kylene Kehn-Hall, Ph.D.1, Rajini Mudhasani, Ph.D.2, Krishna Kota, Ph.D.2, Farooq Nassar, Ph.D.2,  

Rouzbeh Zamani, M.S.2, Sina Bavari, Ph.D.2, 
1National Center for Biodefense and Infectious Diseases, George Mason University, Manassas, Virginia, USA;  
2U.S. Army Medical Research Institute of Infectious Diseases, Frederick, Maryland, USA
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 106.  A Sensitive and Robust High-Throughput Screening Assay for Inhibitors of the Chikungunya Virus 
nsP1 Capping Enzyme
Kristen Bullard-Feibelman, Ph.D., Benjamin Fuller, B.S., Brian Geiss, Ph.D.
Colorado State University, Fort Collins, Colorado, USA

 108.  Antiviral Activity of Mycophenolic Acid Against Seasonal Influenza Viruses and Avian 
Influenza Virus A(H5N1)
Kelvin To, M.D., Florence Mok, M.S., Andy Chan, M.S., Nam-Nam Cheung, B.S., Pui Wang, Ph.D., Yin-Ming Lui, B.S.,  

Jasper Chan, M.D., Honglin Chen, Ph.D., Kwok-Hung Chan, Ph.D., Richard Kao, Ph.D., Kwok-Yung Yuen, M.D.
Department of Microbiology, The University of Hong Kong, Hong Kong

 110.  A Degraded Fragment of the HIV-1 gp120 in Hepatocytes Forms Amyloid Fibrils and Enhances  
HIV-1 Infection
Lin Li
Southern Medical University, 1838 Guangzhou Avenue North, Guangzhou 510515, China

 114.  Suramin Inhibits Semen-derived Amyloid Fibril Formation and Blocks Fibril-mediated Enhancement 
of HIV-1 Infection
Suiyi Tan, Ph.D., Jinqing Li, B.S., Xiaoyun Zeng, B.S., Shuwen Liu, Ph.D.
Southern Medical University, Guangzhou, PR China, Guangzhou, Guangdong, China

 116.  USC-087 and USC-505 Protect Immunosuppressed Syrian Hamsters Against Lethal Intravenous 
Challenge with Human Type 5 and 6 Adenoviruses
Karoly Toth, Ph.D.1, Jacqueline Spencer, B.S.1, Ann Tollefson, Ph.D.1, Baoling Ying, M.D.1, William Wold, Ph.D.1, Dawn Reyna, B.S.2, 

Shyamala Ganesan, Ph.D.2, Cheryl Harteg, B.S.2, Elke Lipka, Ph.D.2, Eric Richard, Ph.D.3, Jinglei LV, M.S.3, Jiajun Fan, B.S.3,  

Boris Kashemirov, Ph.D.3, Charles McKenna, M.D., Ph.D.3, Mark Prichard, Ph.D.4
1Saint Louis University School of Medicine, St. Louis, Missouri, USA; 2TSRL, Inc., Ann Arbor, Michigan, USA;  
3University of Southern California, Los Angeles, Los Angeles, California, USA; 4University of Alabama at Birmingham, 
Birmingham, Alabama, USA

 120.  Support for Antiviral Drug Research in the Influenza Research Database (IRD) and Virus Pathogen 
Resource (ViPR)
Brian Reardon, Ph.D., Brian Aevermann, M.S., Douglas Greer, Ph.D., Richard Scheurmann, Ph.D.
J. Craig Venter Institute, La Jolla, California, USA

 124.  Molecular Docking Studies of Thiosemicarbazones Derived from 1-Indanones Against Bovine  
Viral Diarrhea Virus RNA-dependent RNA-polymerase
María Soraires Santacruz, B.S.1, Liliana Finkielsztein, Ph.D.1, Matías Fabiani, B.S.2, Eliana Castro, Ph.D.2, Lucía Cavallaro, Ph.D.2 
1Química Medicinal, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Ciudad Autónoma de Buenos Aires, 
Argentina; 2Virología, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Ciudad Autónoma de Buenos Aires, 
Argentina

 132.  In Vitro and In Vivo Efficacy of Alkaloid and Phytosterol Fractions of Sida Cordifolia L.  
Against Herpes Simplex Virus Type I Infection
Ashish Wadhwani, Ph.D.1, Viral Patel, Ph.D.1, Smit Patel, B.S.1, Vijayan Pottekad, Ph.D.1, Khayati Moudgil, M.S.2,  

Masahiko Kurokawa, Ph.D.3, Palanisamy Dhanabal, Ph.D.4
1Department of Pharmaceutical Biotechnology, JSS College of Pharmacy, Ooty, Ooty, Tamil Nadu, India; 
2Department of Pharmacy Practice, Ooty, Tamil Nadu, India; 3Department of Clinical Pharmacology, Kyushu University 
of Health and Welfare, Nobeoka, Miyazaki, Japan; 4Department of Pharmacognosy and Phytomedicine, JSS College of 
Pharmacy, Ooty, Ooty, Tamil Nadu, India
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 134.  A Glycogen Synthase Kinase-3 Inhibitor, BIO, Induces Apoptosis of Adult T-cell Leukemia Cells  
and HTLV-1 Infected Cells Through the Inhibition of NF-kB Activation
Mika Okamoto, M.D., Ph.D., Akemi Hidaka, B.S., Masaaki Toyama, Ph.D., Masanori Baba, M.D., Ph.D.
Kagoshima University, Kagoshima, Kagoshima, Japan

 136.  Small Molecule Inhibitors of the PI3K/SHIP-1/Akt Pathway Sensitize Human  
Cytomegalovirus-infected Monocytes to Apoptosis
Olesea Cojohari, B.S., Megan Peppenelli, B.S., Gary Chan, Ph.D.
SUNY Upstate Medical University, Syracuse, New York, USA

 142.  Improved In Vitro Potency of Nucleoside Phosphonate Analogs against Different Adenovirus 
Serotypes Using an Oral Prodrug Approach
Shyamala Ganesan, Ph.D.1, Eric Simon, Ph.D.1, Cheryl Harteg, B.S.1, Dawn Reyna, B.S.1, Elke Lipka, Ph.D.1, Adriana Kajon, Ph.D.2,  

Susan Core, B.S.2, Eric Richard, Ph.D.3, Boris Kashemirov, Ph.D.3, Charles McKenna, Ph.D.3, Mark Prichard, Ph.D.4 
1Therapeutic Systems Research Laboratories, Inc., Ann Arbor, Michigan, USA; 2Lovelace Respiratory Research Institute, 
Albuquerque, New Mexico, USA; 3University of Southern California, Los Angeles, California, USA; 4University of Alabama  
at Birmingham, Birmingham, Alabama, USA

 150.  Lysosomes Serve as a Platform for Enterovirus 71 Particle Replication
Chunhong Feng
Nanjing University

 152.  Transchromosomic Bovine Hyperimmune Immunoglobulin – a Novel Platform for the Rapid Response 
to Emerging Pathogens with Demonstrated Efficacy Against Ebola Virus in Non-human Primates
Richard Bennett, Ph.D.1, Dawn Traynor, B.S.1, Srikanth Yellayi, Ph.D.1, Nicholas Oberlander, B.S.1, Gene Olinger, Ph.D.1, Anna Honko, 
Ph.D.1, Lisa Hensley, Ph.D.1, Hau Wu, Ph.D.2, Jin-An Jiao, Ph.D.2, Eddie Sullivan, Ph.D.2, Gale Smith, Ph.D.3, Greg Glenn, Ph.D.3,  
Peter Jahrling, Ph.D.4, Tom Luke, M.D., Ph.D.5
1IRF, NIAID, NIH, Frederick, Maryland, USA; 2SAB Biotherapeutics Inc, Sioux Falls, South Dakota, USA; 3Novavax, Inc, 
Gaithersburg, Maryland, USA; 4IRF, NIAID, NIH; EPS, NIAID, NIH, Frederick, Maryland, USA; 5Viral and Rickettsial Diseases 
Department, NMRC, Silver Spring, Maryland, USA

 156.  Mechanism of Influenza A Virus Inhibitor, MBX2546, Targeting Hemagglutinin-Mediated  
Virus Fusion
Arnab Basu
Microbiotix, Inc., Worcester, Massachusetts, USA

 160.  Synthesis and Evaluation of Base-Modifed 3’-O-methyl Ribonucleosides
Yogesh Sanghvi, Ph.D.
Rasayan Inc., 2802 Crystal Ridge Road, Encinitas, CA 92024-6615, USA, Sandiago, California, USA

 164.  Targeting RNA Dependent RNA Polymerase: The Discovery of a New Class of Potent Compounds 
Against Flaviviruses
Eloise Mastrangelo, Ph.D.1, Delia Tarantino, Ph.D.1, Mario Milani, Ph.D.1, Rolando Cannalire, Ph.D.2, Martino Bolognesi, Ph.D.2, 

Violetta Cecchetti, Ph.D.2, Giuseppe Manfroni, Ph.D.2, Gilles Querat, Ph.D.3
1CNR-IBF, Istituto di Biofisica, Milano, Milano, Italy; 2Dipartimento di Scienze Farmaceutiche, Università di Perugia, Perugia, 
Perugia, Italy; 3Emergence des Pathologies Virales, Faculté de Médecine, Marseille, Marseille, France

 166.  Targeted Delivery of Clevudine-5’-Monophosphate to the Liver After Oral Administration of a 
Clevudine-Phosphoramidate Conjugate to Rats for the Treatment of HBV Infections
Gregory Bluemling, Ph.D.1, Alexander Kolykhalov, Ph.D.1, George Painter, Ph.D.1, Abel De La Rosa, Ph.D.1, David Guthrie, Ph.D.2, 
Manohar Saindane, Ph.D.2, Deborah Mitchell, B.S.2, Taylor Evers, B.S.2, Prabhakar Reddy, Ph.D.2
1EIDD/DRIVE, Atlanta, Georgia, USA; 2EIDD, Atlanta, Georgia, USA
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 168.  HIV-1 Entry Inhibitors with a Mechanism that Depends on Subunit Occupancy at a Gp120-Gp41 
Interface and on Fusion Peptide Hydrophobicity
Daniel Leaman, Ph.D.1, Arthur Kim, B.S.1, Lei Zhang, Ph.D.1, Michael Zwick, Ph.D.1, Edward Murray, Ph.D.2, Per Johan Klasse, Ph.D.3
1The Scripps Research Institute, San Diego, California, USA; 2Retroscreen Virology, London, London, United Kingdom  
(Great Britain); 3Weill Medical College of Cornell University, New York, New York, USA

 172.  Expression of CCR5 and CXCR4 on Cd4+t-Lymphocytes in HIV-Positive Patients in Dependence  
on HIV-1 Subtype A Tropism
Natallia Matsiyeuskaya, M.D., Ph.D.1, Irina Tokunova, M.S.1, Dmitriy Kireev, Ph.D.2, Andrei Hancharou, Ph.D.3
1State Medical University, Grodno, Grodno, Belarus; 2Central Research Institute for Epidemiology, Moscow, Moscow,  
Russian Federation; 3Republican Research & Practical Center for Epidemiology & Microbiology, Minsk, Minsk, Belarus

 174.  Comparative Virologic and Morphological Characteristics of Experimental Herpes and Influenza
I Gomolyako, D.V.M., Ph.D.1, N Klotchkova, M.D., Ph.D.1, S Ribalko, M.D., Ph.D.2, D Starosyla, M.D., Ph.D.2, V Lozitsky, M.D., Ph.D.3,  

A Fedchuk, Ph.D.3, T Grydina, Ph.D.4
1A.A. Shalimov National Institute of Surgery and Transplantology, Kyiv, Kyiv, Ukraine; 2L.V. Gromashevsky Institute of 
Epidemiology and Infectious Diseases, Kyiv, Kyiv, Ukraine; 3Research Center – Biomedical Testing of Preparations and 
Products, Odesa, Odesa, Ukraine; 4Odesa National Medical University, Odesa, Odesa, Ukraine

 176.  Suramin Inhibits Chikungunya Virus Replication by Interfering with Viral Attachment
Irina Albulescu, M.S.1, Eric Snijder, Ph.D.1, Martijn van Hemert, Ph.D.1, Tabitha Hoornweg, M.S.2, Jolanda Smit, Ph.D.2,  

Salvatore Ferla, Ph.D.3, Andrea Brancale, Ph.D.3
1Department of Medical Microbiology, Leiden University Medical Center, Leiden, Zuid-Holland, Netherlands;  
2Department of Medical Microbiology, University Medical Center Groningen, Groningen, Groningen, Netherlands;  
3School of Pharmacy and Pharmaceutical Sciences, Cardiff University, Cardiff, Wales, United Kingdom (Great Britain)

 178.  Repurposing of Signal Transduction Inhibitors to Fight the Flu – An Update
Karen Buckheit, M.S., Anthony Ham, Ph.D., Robert Buckheit, Ph.D.
ImQuest BioSciences Inc., Frederick, Maryland, USA

 184. Evaluation of IQP-0528 Pharmacokinetics in Gels, Intravaginal Rings, and Films
Karen Buckheit, M.S., Anthony Ham, Ph.D., Robert Buckheit, Ph.D.
ImQuest BioSciences Inc., Frederick, Maryland, USA

 186.  Anti-Influenza Effect of N-Stearoylethanolamine
N Hula, M.D.1, A Chumak, M.D.1, V Asmolkova, Ph.D.1, A Berdyshev, Ph.D.1, H Kosiakova, Ph.D.1, Yu Bashta, M.S.1, Svitlana Rybalko, M.D.2, 

Svitlana Diadiun, Ph.D.2, Darya Starosyla, Ph.D.2, L Benkovskaia, Ph.D.2
1A. V. Palladin Institute of Biochemistry NASU, Kyiv, Kyiv region, Ukraine; 2L. V. Gromashevskiy Institute of Epidemiology and 
Infectious Diseases NAMSU, Kyiv, Kyiv region, Ukraine

 190.  High-Throughput Screening Using a Whole-Cell Virus Replication Reporter Gene Assay to Identify 
Inhibitory Compounds against Rift Valley Fever Virus Infection
Md Koushikul Islam, M.S.
Phd student, Umeå, Vasterbotten, Sweden

 192.  Receptor Usage and Cell Entry of Highly Pathogenic Porcine Epidemic Diarrhea Coronavirus
Chang Liu, M.S.1, Yang Yang, Ph.D.1, FANG LI, Ph.D.1, Jian tang, Ph.D.2, QianQian Qi, Ph.D.2, lanying Du, Ph.D.2, YuanMei Ma, Ph.D.3, 

Xueya Liang, Ph.D.3, jianrong li, Ph.D.3, Guiqing Peng, Ph.D.4, ShiBo Jiang, M.D., Ph.D.5
1University of Minnesota, Minneapolis, Minnesota, USA; 2New York Blood Center, New York, New York, USA;  
3The Ohio State University, Columbus, Ohio, USA; 4Huazhong Agricultural University, Wuhan, HuBei, China;  
5Lindsley F. Kimball Research Institute, New York Blood Center, New York, New York, USA
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 194.  Pan-ebolavirus and Pan-filovirus Monoclonal Antibodies and Antibody Cocktails Targeting Novel 
Cross Neutralizing Epitopes
Katie Howell, Ph.D.1, Holtsberg Frederick, Ph.D.1, Sergey Shulenin, Ph.D.1, Hong Vu, M.S.1, M. Javad Aman1, Jenifer Brannan, Ph.D.2, 

Andrew Herbert, Ph.D.2, John Dye2, Xiangguo Qiu, Ph.D.3, Gary Kobinger, Ph.D.3, Christopher Bryan, Ph.D.4, Benjamin Doranz, Ph.D.4, 

Edgar Davidson, Ph.D.4, Anna Wec, Ph.D.5, Kartik Chandran, Ph.D.5, Hannah Turner, M.S.6, Jesper Pallesen, Ph.D.6, Charles Murin, M.S.6, 

Erica Ollman Saphire, Ph.D.6, Andrew Ward, Ph.D.6, Larry Zeitlin, Ph.D.7 
1Integrated Biotherapeutics, Gaithersburg, Maryland, USA; 2US Army Medical Research Institute of Infectious Diseases, 
Frederick, Maryland, USA; 3Public Health Agency of Canada, Winnipeg, Manitoba, Canada; 4Integral Molecular, 
Philadelphia, Pennsylvania, USA; 5Department of Microbiology and Immunology, Albert Einstein College of Medicine,  
New York, New York, USA; 6The Scripps Research Institute, La Jolla, California, USA; 7Mapp Biopharmaceutical, San Diego, 
California, USA

Thursday
April 21st, 2016

Clinical Session
GRANDE BALLROOM ABC

8:30 AM – 10:00 AM

8:30 AM 155.  Role of Adenovirus Species and Type on Virologic Response to Brincidofovir
Randall Lanier, Ph.D., Andrew Bae, M.S., Tom Brundage, M.S., Herve Mommeja-Marin, M.D., Garett Nichols, M.D.,  

Phiroze Sethna, Ph.D.
Chimerix, Durham, North Carolina, USA

8:55 AM 154.  Clinical Pharmacokinetics of MBX-400, a Potent Antiviral in Development for CMV and HHV-6
Jennifer Brooks, M.S., Terry Bowlin, Ph.D.
Microbiotix, Inc., Worcester, Massachusetts, USA

9:20 AM 112.  Oral Favipiravir for Severe Ebola Virus Infection
Rui-Yuan Cao, Ph.D., Wu Zhong, Ph.D.
Beijing Institute of Pharmacology and Toxicology, Beijing, Beijing, China

10:00 AM  Coffee Break

Animal Models of Infection
Chair: Jennifer Moffat, Ph.D. and Bart Tarbet, Ph.D.

GRANDE BALLROOM ABC

10:30 AM -12:00 PM

10:30 AM 057.  Identification of the Cellular HIV Reservoir In Vivo by Suppression with 4’-ethynyl-2-fluoro-2’-
deoxyadenosine (EFdA), a Highly Potent Nucleoside Analog Reverse Transcriptase Inhibitor
Cheryl Stoddart, Ph.D.1, Ekaterina Maidji, Ph.D.2
1University of California, San Francisco, San Francisco, California, USA; 2University of California, San Francisco, Pacifica, 
California, USA
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10:40 AM 182.  The Viral Polymerase Inhibitor 7-deaza-2’-C-methyladenosine is a Potent Inhibitor of In Vitro 
 Zika Virus Replication and Delays Disease Progression in a Robust Mouse Infection Model
Suzanne Kaptein, Ph.D.1, Joanna Żmurko, M.S.1, Dominique Schols, Ph.D.1, Johan Neyts, Ph.D.1, Rafael Marques, M.S.2,  

Eric Verbeken, Ph.D.3
1Rega Institute of Medical Research, University of Leuven, Leuven, Vlaams-Brabant, Belgium; 2Universidade Federal de Minas 
Gerais, Belo Horizonte, Minas Gerais, Brazil; 3Translational Cell and Tissue Research, University of Leuven, Leuven, Vlaams-
Brabant, Belgium

10:50 AM 081.  Interferon lambda (IFN-) Prevents Infection with the Murine Norovirus by Blocking  
Mouse-to-Mouse Transmission
Joana Rocha-Pereira, Ph.D.1, Sam Noppen, Ph.D.1, Erik Verbeken, M.D., Ph.D.1,Johan Neyts, Ph.D.1  Sophie Jacobs, M.S.2,  

Thomas Michiels, Ph.D.2 
1KU Leuven, Dep Microbiology and Immunology, Rega Institute for Medical Research, Leuven, Brabant, Belgium;  
2Université Catholique de Louvain (UCL), de Duve Institute, Brussels, Brussel, Belgium

11:00 AM 126.  Antiviral Efficacy of an Arenavirus Entry Inhibitor in a Mouse Pathogenesis Model
Sean Amberg, Ph.D.1, kenna Madu, Ph.D.1, Tiffany Huelar, B.S.1, Shawn Iadonato, Ph.D.1, Kristin Bedard, Ph.D.1 , 

Viktoriya Borisevich, Ph.D.2, Chad Mire, Ph.D.2, Thomas Geisbert, Ph.D.2
1Kineta, Seattle, Washington, USA; 2University of Texas Medical Branch, Galveston, Texas, USA

11:10 AM 158.  A Recombinant, Fully Human Anti-CHIKV mAb is Efficacious in an NHP Model of Disease
Rebecca Broeckel, B.S.1, Nicole Haese, Ph.D.1, Craig Kreklywich, B.S.1, Michael Denton, B.S.1, Patricia Smith, .S.1, Alfred Legasse, B.S.1, 

Michael Axthelm, D.V.M.1, Daniel Streblow, Ph.D.1 Carsten Corvey, Ph.D.2, Shiv Krishnan, Ph.D.2, Kara Carter, Ph.D.2
1Oregon Health and Science University, Beaverton, Oregon, USA; 2Sanofi, Cambridge, Massachusetts, USA

11:20 AM 147.  Tyrosine Ester Prodrug of Cidofovir is Effective Against VZV in Mice
Jennifer Moffat, Ph.D.1, Dongmei Liu, M.S.1, Wanda Coombs, B.S.1, Dawn Reyna, B.S.2, Shyamala Ganesan, Ph.D.2, Cheryl Harteg, 

B.S.2, Elke Lipka, Ph.D.2, Eric Richard, Ph.D.3, Jinlei Lv, M.S.3, Jiajun Fan, B.S.3, Boris Kashemirov, Ph.D.3, McKenna Charles, Ph.D.3,  

Mark Prichard, Ph.D.4
1SUNY Upstate Medical University, Syracuse, New York, USA; 2TSRL, Inc., Ann Arbor, Michigan, USA; 
3University of Southern California, Los Angeles, California, USA; 4University of Alabama at Birmingham,  
Birmingham, Alabama, USA

11:30 AM 103.  Efficacy of a Dual-Domain Universal Influenza Vaccine Against Heterologous Influenza Virus 
Challenge in Mice
Bart Tarbet, Ph.D.1/, Brett Hurst, M.S1. Yawei Ni, Ph.D.2
1Utah State University, Logan, Utah, USA; 2KJ Biosciences, College Station, Texas, USA
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017 Solid Lipid Based Nanoparticulate System for Effective Vaccine Delivery
Saurabh Bhargava, M.S.1, V Bhargava, M.S.2
1Manav Bharti University, Kanpur, U.P., India; 2KRV Hospitals Pvt. Ltd., Kanpur, U.P., India

The search for innovative ways of vaccination has intensified recently with declining vaccine coverage and growing public concern about new virulent disease 
outbreaks. The work envisaged here explores potential of Solid Lipid Nanoparticles(SLN) in efficient protein delivery through surface modifications using 
subcutaneous route(SC). 

The SLN were prepared by Solvent Injection Method & optimized. The characterization included Transmission & Scanning Electron Microscopy, X-Ray Diffraction 
Analysis, In-vitro release, Kinetics of uptake by flow cytometer, Evaluation of cell apoptosis, T-cell proliferative assay, TH1/TH2 cytokine profile and Internalization 
studies by spectral bioimaging. In-vivo study comprised fluorescence studies and estimation of IgG in serum, sIgA in various body secretions using specific ELISA.

The particulate system is better carrier system for immunization because of less diffusivity and restricted movement.SLNs themselves act as signal for the phagocytic 
cells.Surface modified SLNs can entrap greater amount of antigen, provide its sustained release and rapidly internalized by the antigen presenting cells. In-vitro T-cell 
proliferation and induction of TH1 type of immune response clearly marks, potential of this novel carrier system. Fluorescence studies showed better uptake of surface 
modified SLNs. Higher and more sustained antibody titer obtained with surface modified SLNs suggests their better immunological potential. Thus, SC immunization 
could be an efficient alternative approach for vaccination against hepatitis.

The formulations developed in this study can be further explored for the incorporation and delivery of other proteins and peptides should subsequently be subjected 
to pilot plant scale-up & clinical trial to establish their potential for subcutaneous immunization against hepatitis-B.

018 Oral Combination Vaccine : Development & Characterization
Mani Bhargava, M.S.1, Saurabh Bhargava, M.S.2
1ICFAI University, Kanpur, U.P., India; 2Manav Bharti University, Kanpur, U.P., India

Infections are still leading cause of morbidity and mortality and most of which can be prevented by vaccination. However, there are too many vaccines to be 
administered, increasing cost of immunization. Combination vaccines can answer these problems by development of single vaccine containing all possible antigens.

The goal of present study was to see the effect of 2 antigens when given in combination. Bilosomes can provide needle free, painless approach for immunization. 
Recombinant hepatitis-B surface antigen(HBsAg) and recombinant protective antigen(rPA) were candidate antigens.

Bilosomes containing rPA and HBsAg were prepared by lipid cast film method. Antigen loaded bilosomes were characterized in-vitro for shape, size, antigen 
entrapment and stability in various body fluids. Fluorescence microscopy was done to confirm the uptake of bilosomes. The in-vivo study comprised of immunization 
of Balb/c mice and estimation of IgG response in serum and sIgA in various body secretions using specific ELISA.

Bilosomes formed were multilamellar and stable in gastric and intestinal fluids. Fluorescence microscopy suggested that bilosomes were taken up by gut associated 
lymphoid tissues. In-vivo data demonstrates that combination produced both systemic as well as mucosal antibody responses upon oral administration at higher 
dose levels as compared to intramuscular immunization but fail to produce any synergistic effect.

When rPA and HBsAg given in combination, HBsAg(high dose) potentiates the production of anti-rPA antibody. Also they elicited measurable sIgA in mucosal 
secretions, while alum adsorbed antigens failed to elicit such responses. The combination produced both systemic as well as mucosal antibody responses upon  
oral administration.

ABSTRACTS
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019 In Vitro Screening of Novel Anti-Hepatitis B Virus Activities of 60 Medicinal Plants Extracts
Mohammad Parvez, Ph.D. Ahmad Arbab, M.S., Mohammed Al-Dosari, Ph.D., Adnan Al-Rehaily, Ph.D.
Dept. of Pharmacognosy, King Saud University College of Pharmacy, Riyadh, Riyadh, Saudi Arabia

Although, there are many effective therapeutic drugs available against hepatitis B virus (HBV) infection, they have certain limitations. Therefore, there is 
an ongoing effort to search for novel potential antiviral herbal products. Though approximately 35 of more than 100 species of Saudi medicinal plants are 
traditionally used to treat liver disorders, none has been subjected to scientific evaluations for anti-hepatitis B potential. Therefore, in the present study, 
the novel anti-HBV activities of total ethanol as well as sequential extracts of 60 candidate medicinal plants were investigated on HBV stable cell line, 
HepG2.2.15. Of these, 9 plants viz., G. senegalensis (dichloromethane extract, IC50= 10.65); P. crispa (ethyl acetate extract, IC50= 14.45); C. gardis  
(total ethanol extract, IC50= 31.57); F. parviflora (hexane extract, IC50= 35.44); C. decidua (aqueous-extract, IC50= 66.82); C. epigeus (total ethanol 
extract, IC50= 71.9); I. caerulea (methanol extract, IC50= 73.21); A. figarianum (dichloromethane extract, IC50= 99.76) and A. oerfota (total ethanol 
extract, IC50= 101.46) showed marked inhibition of viral HBsAg and HBeAg expressions in a time-dependent manner at non-cytotoxic dose. Further 
phytochemical analysis of the active extracts showed presence of alkaloids, flavonoids, tannins, and saponins attributed to antiviral efficacies. However, 
detailed phytochemical study of these extracts is essential to elucidate the active principle(s) responsible for the anti-HBV potential. From the results 
obtained in this study, it is possible to demonstrate the importance of the application of ethnobotanical information in the search and selection of plants 
that may provide new opportunities for the treatment of chronic hepatitis B.

020 Bipolymer Based Novel Nanoparticles in Microsphere System as Vaccine Adjuvant
Saurabh Bhargava, M.S.1, Mani Bhargava, M.S.2
1Manav Bharti University, Kanpur, U.P., India; 2ICFAI University, Kanpur, Uttar Pradesh, India

Novel strategies are required for the achievement of safe and effective immunization beyond conventional strategies. Frequent booster dosing  
can be avoided by development of mucosal/adjuvant vaccine delivery system, which can produce both humoral and cell-mediated responses.  
The work envisaged uses combined hydrophilic(gelatin nanoparticles,GN) with a hydrophobic polymeric system(PLGA microspheres) which creates  
a biodegradable system for HBsAg delivery.

GN & PLGA microspheres were prepared by double emulsification method and composite system by phase separation method. Composites were 
optimized and characterized in-vitro for their shape, size by Scanning & Transmission Electron Microscopy, %antigen entrapment and stability. 
Fluorescence microscopy was carried out to confirm the uptake. In-vivo study comprised of estimation of IgG response in serum and sIgA in various  
body secretions using specific ELISA. The in-vitro studies exhibited an initial burst release from gelatin nanoparticles, degradation of antigen from  
PLGA microspheres & a continuous release from composite system. This supports the hypothesis to formulate single shot vaccine with such system  
(to mimic booster dosing). The fluorescence studies showed the selective uptake of composites by NALT.

Humoral response generated by single dose of composites was comparative to marketed formulation receiving booster dose. Further, composite system 
generated effective sIgA antibody which was not elicited by marketed formulation. Thus, it could be concluded from present study that bipolymer based 
composite system are capable to provide sufficient protein stability and can be a promising candidate for development of single shot vaccine, not only 
against Hepatitis but against all those diseases that invade host by mucosal surfaces.

021 Selective and Potent Inhibition of Dengue Virus Multiplication by the Alkaloid Anisomycin
Verónica Quintana, B.S., Jesús Brunetti, B.S., Elsa Damonte, Ph.D., Viviana Castilla, Ph.D.
Biochemistry Department, School of Science, University of Buenos Aires, Buenos Aires, Buenos Aires, Argentina

In this work, we investigated the antiviral activity of anisomycin, a natural alkaloid, against dengue virus (DENV). The effect of anisomycin in Vero cell 
viability was assessed by the MTS method and the 50% cytotoxic concentration (CC50) was determined. In order to evaluate the antiviral activity, DENV-2 
infected cells were treated with non-cytotoxic concentrations of anisomycin for 48 h and virus yields were quantified by plaque assay. The 50% effective 
concentration (EC50) was determined and the selectivity index (SI) was calculated as the ratio CC50/EC50. The compound was active against DENV-2 
(SI = 172) and a 99.99% inhibition of virus yield was obtained at the highest non-cytotoxic concentration assayed even in cultures infected with a m.o.i. 
of 50 PFU/cell. The compound did not exhibit virucidal effect and treatment of cells prior to infection did not affect virus multiplication. Time course 
experiments showed that extracellular and intracellular viral infectivity was highly inhibited even when anisomycin was added at 8h post-infection (p.i.). 
Furthermore, maximum inhibition of virus yield was obtained when the compound was present from 1 to 4 h p.i. Indirect immunofluorescence assays 
showed that anisomycin completely blocks viral protein synthesis. The compound was also active against the other DENV serotypes with SI values of 
232, 217 and 87 for DENV-1, DENV-3 and DENV-4, respectively, whereas it was inactive against other RNA viruses such as poliovirus and Junín virus. 
Anisomycin is a potent and selective inhibitor of all four DENV serotypes that impaired the formation of infectious viral particles.
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023 Identification and Characterization of Molecular Clones for HBV Genotypes B, C, E, G, and H Capable of Infecting 
Primary Human Hepatocytes
Stacey Eng, B.S., Jason Perry, Ph.D., Kathryn Kitrinos, Ph.D., Mei Yu, B.S., Lindsay Gamelin, M.S., Huiling Yang, M.S., Xiaodong Xie, M.S.,  

Katie Chan, Ph.D., William Delaney, Ph.D., Christian Voitenleitner, Ph.D.
Gilead Sciences, Foster City, California, USA

Hepatitis B virus (HBV) chronically infects ~250 million people worldwide. Although nucleos(t)ide reverse transcriptase inhibitors (N[t]RTI) effectively 
suppress HBV replication, most patients require long-term treatment. Critical to drug discovery, in vitro HBV infection assays enable identification and 
study of compounds targeting any step of the viral lifecycle. Currently, only two laboratory isolates (genotype [GT] A and D) are commonly used in 
infection assays. To optimize pan-genotypic activity of inhibitors, infectious clones for all eight HBV genotypes (GT A-H) are needed. Therefore, we 
created consensus sequences for each genotype, based upon a collection of sequences. We also screened serum from HBV patients harboring GTs 
B, C, E, F, G and H for infectivity in primary human hepatocytes (PHH). We sequenced infectious patient isolates, constructed clones in pcDNA 3.1(+), 
and generated virus stocks by transient transfection of HepG2 cells. Stocks for five of six genotypes (GTs B, C, E, G, and H) successfully infected PHH 
as demonstrated by the secretion of both antigens (HBeAg, HBsAg) and HBV DNA into culture media 13 days after infection.  In addition, we detected 
(cytoplasmic and nuclear) HBcAg by immunofluorescence in PHH following infection with these genotypes.  Secretion of HBV DNA into the medium 
following infection was reduced >90% after 9 days treatment with the nucleoside inhibitor entecavir, confirming active viral replication.  In summary, we 
identified and characterized infectious molecular clones for genotypes B, C, E, G, and H; these new viruses will provide valuable tools for pan-genotypic 
profiling of potential HBV drug candidates.

024 Small-Molecule Inhibitors of XPO1-Mediated Nuclear Export Suppress the Replication of HIV and Inhibit  
AIDS-Related Lymphoma
Graciela Andrei, Ph.D.1, Eline Boons, M.S.1, Tatiane Nogueira, Ph.D.1, Els Vanstreels, Ph.D.1, Maarten Jacquemyn, M.S.1, Jasper Neggers, B.S.1, 

Thomas Vercruysse, Ph.D.1, Robert Snoeck, Ph.D.1, Christophe Pannecouque, Ph.D.1, Dirk Daelemans, Ph.D.1 Joost van den Oord, M.D., Ph.D.2,  

Sharon Tamir, B.S.3, Sharon Shacham, Ph.D.4, Yosef Landesman, Ph.D.4
1Rega Institute for Medical Research, KU Leuven, Leuven, Flemish Brabant, Belgium; 2Department of Imaging and Pathology, Translational 
Cell & Tissue Research, KU Leuven, Leuven, Flemish Brabant, Belgium; 3Karyopharm Therapeutics, Inc., Newton, Massachusetts, USA; 
4Karyopharm Therapeutics, Inc., Newton, Massachusetts, USA

The karyopherin exportin-1 (CRM1, XPO1) is an essential cellular cofactor for HIV replication and interacts with the viral protein Rev that is crucial to  
the nuclear export of the viral late RNA. Recently, orally bioavailable small-molecules called selective inhibitors of nuclear export (SINE) with potent 
anti-XPO1 activity have been discovered. Here we demonstrate that SINE potently inhibit HIV replication. Treatment of infected cells resulted in a 
decrease in viral late intron-containing mRNA species that are dependent on the XPO1/Rev mediated nuclear export. Inhibition of nuclear export of these 
viral-like late mRNA was further visualized by fluorescence microscopy. Viral replication was unaffected in CRISPR/Cas9 genome edited cells expressing 
resistant XPO1C528S protein, clearly validating the drug-target interaction. At the same time SINE demonstrated potent anti-primary effusion lymphoma 
activity. Primary effusion lymphoma (PEL) is a high-grade non-Hodgkin lymphoma with very poor prognosis typically affecting HIV-infected individuals 
in advanced stages of AIDS. Anti-PEL activity correlated with cell cycle arrest and apoptosis induction as a result of the nuclear accumulation of p53 
tumor suppressor protein as well as inhibition of NF-kB activity. In vivo, oral administration of these XPO1 inhibitors arrested BC-1 PEL tumor growth in 
mice. Since the majority of PEL cases occur in HIV-seropositive patients, a dual anti-neoplastic and anti-retroviral activity by targeting a common process 
in both diseases may be of significant clinical interest. Our results therefore provide the basis for the use of SINE as a novel strategy for the combined 
treatment of HIV and PEL or other AIDS-related cancers.

025 Effect of SAMHD1 on the Anti-HIV-1 Activity of Nucleoside Analogues in Monocytoid Cells
Paula Ordonez Suarez, Ph.D., Simone Kunzelmann, Ph.D., Ian Taylor, Ph.D., Jonathan Stoye, Ph.D.
The Francis Crick Institute, London, United Kingdom (Great Britain)

SAMHD1 is an antiretroviral protein that restricts HIV-1 infection in differentiated cells. To overcome restriction, viruses from the HIV-2/SIVsm and 
SIVrcm/SIVmnd-2 lineages encode the auxiliary protein Vpx, which directs SAMHD1 for proteasomal degradation. SAMHD1 is a triphosphohydrolase 
that restricts HIV-1 replication by depleting intracellular dNTPs to levels that do not support reverse transcription, therefore limiting the synthesis of 
viral cDNA. SAMHD1 is regulated to form a catalytically active tetramer upon allosteric activation by GTP/dGTP binding to a guanine-specific activator 
site A1 and dNTP binding to a nonspecific secondary allosteric activator site A2. As dNTP levels are consistently lower in differentiated cells compared 



ABSTRACTS

Program and Abstracts of the 29th International Conference on Antiviral Research (ICAR) 40

to undifferentiated cells, further depletion of the dNTP pool by catalytically active SAMHD1 can elicit an important effect on HIV-1 infectivity. In this 
study, we tested the anti-HIV-1 activities of a panel of six FDA-approved nucleoside analogues:  the antiherpervirus agents aciclovir and ganciclovir, 
the anticancer agent clofarabine and the NRTIs stavudine, didanosine and abacavir. First, we evaluated activities in undifferentiated and differentiated 
monocytoid cells. Next, we compared the activities upon dNTP depletion by catalytically active SAMHD1 in (1) U937cells expressing exogenous SAMHD1 
or inactive HD206-7AA, and (2) Vpx-treated THP-1 cells expressing endogenous SAMHD1. All nucleoside analogues showed increased activities in 
differentiated cells, and were further increased upon additional depletion of dNTPs by active SAMHD1. In addition, stavudine and didanosine also showed 
increased activity in undifferentiated monocytes expressing SAMHD1. Overall, reduction of dNTP levels upon monocyte differentiation and additional 
dNTP depletion by SAMHD1 increased HIV-1 susceptibility to nucleoside analogues.

026 Cell Uptake of DiPPro- and TriPPPro-nucleotides by Employing Fluorescent Nucleoside Analogs
Inga Reimer, M.S.1, Chris Meier, Ph.D.1, Ilona Hauber, Ph.D.2 
1Universität Hamburg, Hamburg, Hamburg, Germany; 2Heinrich-Pette-Institut, Hamburg, Hamburg, Germany

Several pronucleotide concepts have been developed to improve the antiviral activity in comparison to the parent nucleosides. With the DiPPro-[1] and 
TriPPPro-approach[2], recently developed, nucleoside di- and triphosphates were bioreversibly masked. Hydrolysis studies in CEM/0 cell extracts and  
in vitro antiviral evaluation of these prodrugs showed promising results.[1,2]

Nevertheless, antiviral assays are only an indirect proof of the successful cell uptake of prodrugs and further studies are needed for validation. One option 
is the use of fluorescent prodrug analogs. Therefore, a fluorescent probe with only minor structural changes compared to anti-HIV drugs like d4T is 
needed. Bicyclic nucleoside analogs (BCNAs) fulfill these requirements. In addition, BCNAs are not substrates for cellular kinases.[3] So, if phosphorylated 
BCNA-species could be detected in cell uptake studies this would strongly indicate the successful uptake of the compound and their desired enzymatic 
hydrolysis.

We report the synthesis of the DiPPro-ddBCNADPs and TriPPPro-ddBCNATPs. The key step is the coupling of the ddBCNA-monophosphate with  
a phosphoramidite in case of the DiPPro-compounds and an activated diphosphate containing the masking groups for the reaction to the  
TriPPPro-compounds. These prodrug analogs were used in cell uptake experiments using CEM-SS cells.

[1] T. Schulz, J. Balzarini, C. Meier, ChemMedChem 2014, 9, 762-775.
[2] T. Gollnest, T. Dinis de Oliveira, D. Schols, J. Balzarini, C. Meier, Nat. Commun. 2015, 6, 8716.
[3] R. Sienaert, L. Naesens, A. Brancale, E. De Clercq, C. McGuigan, J. Balzarini, Mol. Pharmacol. 2002, 61, 249-254.

029 Microwave-Assisted Synthesis of Nucleotide Phosphoramidates
Cecilia Cima, M.S., Cinzia Bordoni, M.S., Andrea Brancale, Ph.D.
Cardiff University, Cardiff, Wales

The development of effective nucleoside and nucleotide analogues, the major class of antiviral agents, is particularly challenging. Nucleosides are 
polar molecules and prodrugs that become active upon intracellular transformation to their corresponding 5’-O-triphosphate nucleotides, generally by 
host kinases. The first phosphorylation often represents a rate limiting step in the cascade of activation and may compromise the antiviral potency of 
nucleosides. The ProTide strategy consists in the conjugation of nucleosides to a phosphoramidate moiety in which the negatively charged phosphate 
is conveniently masked by biolabile groups, such as an amino acid ester and an aryl ester. By delivering the nucleotide monophosphate into cells, the 
ProTide by-passes the phosphorylation by highly discriminating host nucleoside kinases and improves the pharmacokinetics properties of the resulting 
prodrug, greatly boosting the activity of the nucleoside analogue in vivo. Sofosbuvir, now in the clinic for the treatment of hepatitis C virus infection, 
represents a remarkable example of the success of the ProTide strategy. Nucleotide phosphoramidates are synthesised by the coupling reaction of the 
nucleoside with an aryl amino acid phosphorochloridate. The method is limited by modest yields, long reaction time and poor stability of the chloro 
reagent. In order to overcome these drawbacks, we developed an innovative synthetic technique for the preparation of nucleotide phosphoramidates 
using both phosphorochloridate and stable phosphoramidating reagents under microwave irradiated conditions. The results of these experiments will 
be presented. The novel method is rapid and efficient and will ease the preparation of ProTide phosphoramidates of modified nucleoside analogues as 
potential antiviral agents.
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030 Exploring the Chikungunya Virus nsP3 Protein for the Development of Small-molecule Inhibitors by  
Computer-Aided Drug Design
Birgit Zonsics, M.S.1, Andrea Brancale, Ph.D.1, Leen Delang, Ph.D.2, Johan Neyts, Ph.D.2, Pieter Leyssen, Ph.D.2
1Cardiff Universtiy, School of Pharmacy and Pharmaceutical Sciences, Cardiff, UK, Cardiff, Wales, United Kingdom (Great Britain);  
2KU Leuven – University of Leuven, Rega Institute for Medical Research, Leuven, Belgium, Leuven, Belgium, Belgium

Chikungunya virus (CHIKV) is an arthropod-borne (Arbovirus) (+)ssRNA virus that belongs to the genus Alphavirus within the family of Togaviridae. 
Since 2005, CHKV has re-emerged, causing several severe outbreaks in the Indian Ocean region, southern Europe and the Americas due to adaptation to 
a new vector, i.e. Aedes albopictus. In healthy adults, CHKV causes fever, skin rash and severe joint pain that can persist for several months. In children 
and people with underlying conditions, it can also infect the brain and may cause death. In the last years, CHKV was excessively studied but to date, there 
is still no drug nor vaccine on the market. 

The virus life cycle is controlled by four non-structural proteins (nsP1-4) that form the viral replication complex and are responsible for RNA synthesis. 
The nsPs are multifunctional proteins that closely collaborate with each other, but not all their functions have been determined yet. The crystal structure 
of nsP3 macro domain was chosen as target for structure-based pharmacophore modelling and docking studies to identify potential new inhibitors.  
For the precursor (P23) of nsP2 and nsP3, a homology model was built providing additional structural information about nsP2 MT-domain and nsP3  
zinc-binding domain. This complex was studied for its function and interactions to reveal potential sites for new inhibitors, which were targeted by  
virtual screening techniques. The results of the virtual screenings will be presented at the conference.

031 Activities of 2,6-Diaminopurine-based Acyclic Nucleoside Phosphonates against Pseudorabies Virus  
(PrV, SuHV1): In Vitro Study Results
Ivana Lipenska, M.S.1, Darina Zouharova, M.S.1, Martina Fojtikova, M.S.1, Pavel Kulich, M.S.1, Michal Slany, M.S.1, Pavlina Turanek-Knotigova, Ph.D.1, 

Frantisek Hubaktka, M.S.1, Josef Masek, M.S.1, Stepan Koudelka, Ph.D.1, Lubomir Prochazka, M.S.1, Ludek Eyer, M.S.1, Jana Plockova, M.S.1,  

Eliska Bartheldyova, M.S.1, Andrew Miller, Ph.D.2, Daniel Ruzek, Ph.D.1, Milan Raska, Ph.D.1, Zlatko Janeba, Ph.D.3, Jaroslav Turanek, Ph.D.1, 
1VRI, Dept. of Pharmacology and Immunotherapy, Brno, Moravia, Czech Republic; 2King’s College London, Institute of Pharmaceutical 
Science, London, London, United Kingdom (Great Britain); 3Institute of Organic Chemistry and Biochemistry, AS CR, v.v.i., Prague, CZ, 
Czech Republic

Pseudorabies virus (PrV), a causative agent of Aujeszky´s disease, is deadly to most mammals with the exception of higher primates and men. The virus 
is still present in wild boar (surviving reservoir) and current vaccination strategies are not suitable for dogs not are there anti-PrV drugs approved for 
veterinary use. Therefore, the disease still represents a high threat, particularly for hunting dogs that can come into close contact with infected boars. 
Beside of its economic importance, PrV represents unique model of herpesvirus infection. Here we report on the anti-PrV activities of a series of synthetic 
diaminopurine-based acyclic nucleoside phosphonate (DAP-ANP) analogues. Synthetic DAP-ANPs under investigation were shown to exhibit low 
cytotoxicity by XTT tests (1 – 100 M range). In vitro infection models were established using PrV SuHV-1 optimized on PK-15 and RK-13 cell lines.  
Out of the six DAP-ANPs tested, N6-cyclopropyl-PMEDAP proved to be the most effective against PrV, while four other  analogues modified at 
C-2’position were ineffective. Cidofovir was found to exert only low activity against PrV in these in vitro models.

ACKNOWLEDGEMENTS: Project CENATOX, CSF, GAP503/12/G147 (JT); the Ministry of Education, Youth and Sports CZ.1.07/2.3.00/20.0164 (JT), 
MZE0002716202 Czech Ministry of Agriculture; the European Social Fund and the State Budget of the Czech Republic – Project FNUSA-ICRC, 
CZ.1.07/2.3.00/30.0043. JT, DR and ADM are obligated to the Ministry of Education, Youth and Sports for supporting of the project “FIT”; AS CR  
(RVO: 61388963).
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032 The Interplay Between Viperin Antiviral Activity and Junin Arenavirus Lipid Dependent Mechanisms
Jose Peña Carcamo, M.S.1, Maria Morell, B.S.1, Cybele Garcia, Ph.D.1, Sezen Vatansever, M.S.2, Cristian Sobarzo, M.S.3, Vanesa Guazzone, Ph.D.3, 

Sandra Cordo, Ph.D.4
1Laboratory of Antiviral Strategies, School of Sciences, University of Buenos Aires, Buenos Aires, Capital City, Argentina; 2Graduate School 
of Science and Engineering, Koc University, Istambul, Capital City, Turkey; 3Facultad de Medicina, UBA- Instituto de Investigaciones 
Biomédicas, Buenos Aires, Capital City, Argentina; 4Laboratory of Virology, School of Sciences, University of Buenos Aires, Buenos Aires, 
Capital City, Argentina

Junin arenavirus infections are associated with high levels of interferons and cytokines in both severe and fatal cases that correspond to a 30% of the 
infected patient. The assumed hypotheses is that upon viral infections a signaling cascade is initiated at the cell in attempting to limit viral replication and 
ultimately prevent infection progression. Although this cascade is supposed to activate the expression of host antiviral factors the actual acting antiviral 
proteins that may be expressed during JUNV infection, have not been characterized yet. This work allow us to present viperin, an interferon stimulated 
gene (ISG), as an important antiviral factor against JUNV infection. We found that viperin is naturally up-regulated upon JUNV infection and more 
importantly the overexpression of viperin has an strong and specific effect over JUNV yield. This protein that has already  been described as lipophilic was 
found to localized at the level of lipid droplets (LDs) in infected cells. Confocal microscopy showed that the viral nucleoprotein partially co-localizes with 
viperin at the mentioned structures. This observation is also supported by bioinformatic analysis that postulate NP-viperin interaction. On the other hand 
a defect in JUNV glycoprotein membrane expression was found upon viperin overexpression with diminished cell to cell propagation. Although more 
work has to be done to deepen the exact mechanism of viperin action our results  suggested that the diminish on JUNV production could be related to 
deficient budding or morphogenesis.

033 Combating Multidrug-resistant Influenza A Viruses by Targeting the Highly Conserved M2-S31N Proton Channel
Jun Wang
Department of Pharmacology and Toxicology, College of Pharmacy, University of Arizona

Influenza A viruses are severe pathogens to public human health and approximately 10-20 % of the world population are infected in each year’s flu 
season. However, we are limited in the countermeasures to fight against influenza infection, and oseltamivir is the only orally bioavailable drug in the 
United States. To meet the demand of novel antivirals that are needed to combat multidrug-resistant influenza A strains, we focus on the M2-S31N proton 
channel as the drug target. More than 95% of current circulating influenza A viruses carry M2-S31N mutation which render them resistant to amantadine 
and rimantadine. Guided by molecular dynamics simulations, NMR, and X-ray crystallography studies of M2, we have succeed in designing the “first-
in-class” M2-S31N inhibitors. Their mechanism of action and antiviral activity were profiled in two-electrode voltage clamp assay, NMR, and plaque 
reduction assays, respectively. The therapeutic potential of S31N inhibitors was further characterized in terms of their potency against clinic isolates of 
influenza A strains, cytotoxicity, genetic-barrier of drug resistance, and combination therapy effect with oseltamivir. The M2-S31N inhibitors were found 
to display submicromolar efficacy against clinic isolates of influenza A strains which are resistant to amantadine or oseltamivir or both. Encouragingly, 
unlike amantadine, drug-resistant mutants were not readily emerged under the drug selection pressure of S31N inhibitors. Moreover, the antiviral efficacy 
of M2-S31N inhibitors is synergistic with that of oseltamivir. Thus, M2-S31N inhibitors are highly promising drug candidates for the next generation of 
anti-influenza therapeutics.

034 Oxysterols Potently Inhibit Human Rotavirus Infection by Hampering the Virus-cell Penetration Process
Andrea Civra, Ph.D., Valeria Cagno, Ph.D., Giuseppe Poli, M.D., Ph.D., David Lembo, Ph.D.
University of Turin, Department of Clinical and Biological Sciences, Turin, Turin, Italy

The oxysterols are a family of 27-carbon molecules originating from cholesterol oxidation by either enzymatic or non-enzymatic mechanisms.  
These pleiotropic molecules play roles in several physiological processes. Recently, the role of oxyesterols in innate immunity has been disclosed, by the 
demonstration that 25-hydroxycholesterol (25HC) displays broad antiviral properties against several enveloped viruses (e.g. human immunodeficiency 
virus, hepatitis C virus and ebola virus). In the light of these emerging evidences, we tested the antiviral activity of oxysterols against a non-enveloped 
virus, i.e. human rotavirus (HRoV), the etiologic agent of severe gastroenteritis in infants.

We tested the in vitro efficacy of 25HC and of a panel of oxysterols, i.e. 27-hydroxycholesterol (27HC), 7-hydroxycholesterol (7HC), 
7-hydroxycholesterol (7HC) and 7k-cholesterol (7kC) by focus reduction assay. Oxysterols with the highest selectivity indexes (SI) were selected  
and their mechanism of action was investigated by in vitro assays.

We showed that 25HC and 27HC are able to inhibit the infectivity of a wide panel of HRoV strains and are characterized by a SI above 100. These 
molecules are able to hamper the HRoV-cell penetration process (i.e. virus endocytosis and HRoV excape from endocytic vescicles). Preliminary 
experiments suggest that the antiviral activity of 25HC and 27HC could be ascribable to their ability to interact with the oxysterol binding protein (OSBP).

These findings suggest that appropriate modulation of endogenous production of oxysterols might be a primary host strategy to counteract a broad 
panel of viral infections. Moreover, 25HC and 27HC could be considered for new therapeutic strategies against HRoV.
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035 In Vitro Antiviral Activity Against Bovine Viral Diarrhea Virus and Structure-activity Relationship  
of New N4-arylthiosemicarbazones Derived from 1-indanones
Matías Fabiani, B.S.1, Eliana Castro, Ph.D.1, Lucía Cavallaro, Ph.D.1María Soraires Santacruz, B.S.2, Liliana Finkielsztein, Ph.D.2
1Virología, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Ciudad Autónoma de Buenos Aires, Argentina;  
2Química Medicinal, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Ciduad Autónoma de Buenos Aires, Argentina

Bovine viral diarrhea virus (BVDV) is a Pestivirus, Flaviviridae familiy. BVDV infection is worldwide-distributed, causes serious livestock industry 
problems, and still has no specific treatment. The thiosemicarbazone (TSC) of the 5,6-dimethoxy-1-indanone (lead compound) is a potent BVDV 
polymerase non-nucleoside inhibitor (EC50=3.8+0.4 M). In order to increase the potency and to further understand the structure-activity relationship 
(SAR) of this family of compounds, twenty-three N4-aryl-TSCs were synthesized and evaluated against cytopathic BVDV 1A NADL strain. We have 
previously reported the anti-BVDV activity of nine of them, and the N4-p-nitrophenyl derivative was the most active (EC50=0.7+0.3 M).  

Here, we report the biological activity and SAR of fourteen novel N4-aryl-TSCs. Furthermore, the most active compounds were tested against other 
cytopathic BVDV strains of different genotypes.

The five 5-methyl-1-indanone derivatives showed anti-BVDV activity (EC50 ranging 8-19 M), even though lower than 5,6-dimethoxy-1-indanone 
derivatives, and low cytotoxicity in MDBK cells. The other N4-aryl-TSCs studied, derived from the 4,5-dimethoxy-1-indanone and from the 1-indanone, 
resulted inactive. Thus, the 5,6-dimethoxy-1-indanone derivatives hold the highest anti-BVDV activities. Also, the antiviral potency varied in relation with 
the nature of the aryl group substituent: electron-withdrawing substituents enhanced the anti-BVDV activity. 

Moreover, the lead compound resulted to be active against BVDV of other strains, such as 1A Oregon strain (EC50=7.2+1.3 M) and 2A VS253 strain 
(EC50=2.2+1.1 M), but not against 1A Singer strain or 1B 95409 strain (EC50>40 M). Evaluation of other active TSCs against these BVDV strains is 
currently in progress. These results will be presented and discussed during the meeting.

036 MERS Coronavirus Nucleocapsid Protein Interacts with Host Factor Elongation Factor 1 Alpha and Has Similar 
Cellular Functions as the SARS Coronavirus Nucleocapsid Protein
Oi-Wing Ng, Ph.D.1, Yee-Joo Tan, Ph.D.2
1Yong Loo Lin School of Medicine, National University of Singapore, SIngapore, Singapore, Singapore; 2Yong Loo Lin School of Medicine, 
National University of Singapore; IMCB, A*STAR, Singapore, Singapore, Singapore

In the past 12 years, we saw the emergences of two highly pathogenic human coronaviruses capable of causing severe lower respiratory tract infections. 
The Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) first emerged in late 2002 and caused an epidemic which lasted for 4 months. Nearly a 
decade later, the Middle East Respiratory Syndrome coronavirus (MERS-CoV) was discovered. The ongoing MERS epidemic in Middle East over the past 
years significantly highlights the continual worldwide threats of MERS-CoV, prompting the urgent need for antivirals and vaccines targeting the virus 
which are currently unavailable.

In current study, we investigated the interaction of MERS-CoV nucleocapsid (N) protein with the host cell factor, eukaryotic elongation factor 1 alpha 
(eEF1A), and the resulting cellular effects in mammalian cells. A specific interaction of MERS-CoV N protein and eEF1A was demonstrated, and this 
interaction was found to occur at the C-terminal of MERS-CoV N protein at residues 251 to 285. It was further shown that MERS-CoV N protein, through 
its association with eEF1A, results in the inhibition of protein translation and the re-arrangement of F-actin in cells, suggesting the possible role(s) of 
MERS-CoV N protein in contributing to viral pathogenesis. These cellular properties have been observed with SARS-CoV N protein, indicating conserved 
functions of the SARS-CoV and MERS-CoV N proteins. This study shed light into some significant functions of MERS-CoV N protein, which currently 
remain largely unknown.  This knowledge can be further applicable in the development of antiviral strategies targeting the N protein for effective 
treatment of MERS.
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037 Mycophenolic Acid Potently Inhibits Rotavirus Infection with a High Barrier to Resistance Development
Yuebang Yin, M.S.1, Yijin Wang, M.S.1, Wen Dang, M.S.1, Lei Xu, M.S.1, Xinying Zhou, M.S.1, Wenshi Wang, M.S.1, Marcel Bijvelds, Ph.D.1,  

Dave Sprengers, Ph.D.1, Hugo de Jonge, Ph.D.1, Herold Metselaar, Ph.D.1, Maikel Peppelenbosch, Ph.D.1, Qiuwei Pan, Ph.D.1, Krzysztof Felczak, Ph.D.2, 

Luc van der laan, Ph.D.3, Krzysztof pankiewicz, Ph.D.4, Annemiek van der Eijk, Ph.D.5, Marion Koopmans, Ph.D.5
1Department of Gastroenterology and Hepatology, Erasmus MC-University Medical Center, Rotterdam, South Holland, Netherlands; 
2Center for Drug Design, University of Minnesota, Minneapolis, Minnesota, USA; 3Department of Surgery, Erasmus MC-University 
Medical Center, Rotterdam, South Holland, Netherlands; 4Center for Drug Design, University of Minnesota, Minneapolis, Minnesota, USA; 
5Department of Viroscience, Erasmus MC-University Medical Center, Rotterdam, South Holland, Netherlands

Rotavirus infects the enterocytes of the small intestine and is one of the major causative agents of gastroenteritis. Recently it has become clear that 
rotavirus infection has emerged as an important cause of complications in organ transplantation recipients. Immunosuppressants used to prevent 
alloreactivity can also interfere with virus infection, but the direct effects of the specific type of immunosuppressants on rotavirus infection are still 
unclear. Hereto, we aimed to comprehensively profile the effects and mode-of-action of different types of immunosuppressants on rotavirus. Caco2 cell 
line, 3D model of human primary intestinal organoid, laboratory rotavirus strain (SA11), patient-derived rotavirus strain and five immunosuppressants 
including prednisolone (Pred), dexamethasone (Dex), cyclosporine A (CsA), tacrolimus (FK506) and mycophenolic acid (MPA) were used in this study. 
We found that treatment with mycophenolic acid (MPA) at a clinically achievable concentration (10 g/ml) profoundly inhibited rotavirus replication 
(99% inhibition of viral RNA) in Caco2 cells. This effect was further confirmed in primary organoids model with both laboratory and patient-derived 
strains. Importantly, continuous treatment with MPA for 30 passages did not attenuate its antiviral potency, indicating a high barrier to drug resistance 
development. Mechanistically, the antiviral effects of MPA act via inhibiting the IMPDH enzyme and resulting in guanosine nucleotide depletion. By 
profiling different immunosuppressants, we have identified MPA as a potent inhibitor of rotavirus infection with a high barrier to resistance development. 
Thus for transplantation patients at risk for rotavirus infection, the choice of MPA as an immunosuppressive agent appears rational.

038 Development and Characterization of Surface Modified Chitosan Nanoparticles for Selective Targeting  
of Lamivudine to Hepatocyte
Gomed Agarwal, M.S.1, Saurabh Bhargava, M.D.1, Mani Bhargava, M.S.2
1KRV Hospitals, Kanpur, Uttar Pradesh, India, 2ICFAI University, Kanpur, U.P., India

Hepatitis B is an infection of the liver caused by the hepatitis B virus(HBV). It is a major cause of infectious liver disease throughout the world.  
Viral hepatitis resides primarily in the liver; hence drug targeting with ligand anchored moiety can be an effective strategy in management of this  
disease. Lamivudine a “nucleoside analogue” is commonly used in treatment of Hepatitis B and effectively inhibit viral replication, however it shows 
extra-hepatic toxicity.

The project envisaged that use of receptor-mediated endocytosis may permit the realization of potential of drug targeting that reduces side effects.  
This necessitates developing surface modified chitosan nanoparticles for hepatocyte selective targeting via conjugation of a ligand (glycyrrhizin).

The chitosan nanoparticles were prepared by Low Molecular Weight Chitosan(LMWC) by Ionotropic gelation method and ligand was anchored. The 
nanoparticles were then characterized in-vitro for their shape, size, drug entrapment, in-vitro drug release and stability. The in-vivo study comprised of 
biodistribution studies in various organs and fluorescence microscopy was performed, hematological and histological examinations were done.

Finally it could be concluded that encapsulation of lamivudine in glycyrrhizin coupled LMWC nanoparticles enhances the residence time. Further 
bioavailability of the drug in liver is increased which could be utilized in reducing the dosing frequency as well as the dose. This could help in the 
reduction of dose related toxicity associated with this antiviral drug. Ligand mediated bio-deposition and cellular interaction of LMWC nanoparticles 
especially at the site would be a focal paradigm for the upcoming research in the field of antiviral drug delivery.

040 In Vitro Anti-Hepatitis C Virus Activity of Alpha-Zam, a Nigella Sativa Plant Extract
Olufunmilayo Oyero, Ph.D.1, Masaaki Toyama, Ph.D.2, Naoki Mitsuhiro, B.S.2, Akemi Hidaka, B.S.2, Mika Okamoto, M.D., Ph.D.2,  

Masanori Baba, M.D., Ph.D.2
1University of Ibadan, Ibadan, Oyo, Nigeria; 2Kagoshima University, Kagoshima, Kagoshima, Japan

The recent development of direct antiviral agents (DAAs) created the opportunity for safe and effective treatment of chronic hepatitis C virus (HCV) 
infection. However, the cost of current DAAs is extremely high, so that patients are unable to access the treatment with DAAs even in high-income 
countries. As a consequence, HCV infection will remain a serious liver disease with substantial morbidity and mortality due to liver cirrhosis and cancer. 
Therefore, natural products appear to be alternative and promising candidates as cheaper drugs for HCV treatment. Undoubtedly, this would make 
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access to treatment widely available and subsequently reduce the epidemic of HCV infection caused by unsafe blood transfusion prior to HCV screening. 
The anti-HCV activity was determined in LucNeo#2 cells with various dilutions of a-zam. After 3 days of incubation, cells were treated with lysis buffer 
and examined for their luciferase activity. The screening of the crude herbal drug demonstrated selective and dose-dependent inhibition of HCV RNA 
replication in LucNeo#2 cells. The 50% effective dilution for HCV replication was 761-folds, whereas the 50% cytotoxic dilution was less than 100-fold 
of the original drug used for treatment of patients in Nigerian clinics. A-zam was also tested for its antiviral activity against HBV and HCV, however, it 
was found to be inactive against these viruses. These results indicate that a-zam is a selective inhibitor of HCV replication. Thus, a-zam seems to be a 
potential anti-HCV drug, further studies are on-going to isolate, characterize and identify the mechanism of action of the bioactive compounds.

041 Prophylactic and Therapeutic ANTI-RSV Activity of SB 9200 – A Novel Agent That Activates RIG-I and NOD2
Radhakrishnan Iyer, Ph.D.1, Sreerupa Challa, Ph.D.1, Anjaneyulu Sheri, Ph.D. 1, Seetharamaiyer Padmanabhan, Ph.D. 1, Brent Korba, Ph.D.2,  

Te-Hung Chang, Ph.D.3, Niraj Shil, Ph.D.4, Santanu Bose, Ph.D.4
1Spring Bank Pharmaceuticals, Milford, Massachusetts, USA; 2Georgetown University Medical Center, Washington, District of Columbia, 
USA; 3University of Texas Health Sciences Center, San Antonio, San Antonio, Texas, USA; 4Washington State University, Pullman, 
Washington, USA

INTRODUCTION: Respiratory syncytial virus (RSV) causes lower respiratory tract infections in infants and other high-risk populations leading to 
substantial morbidity and mortality. Currently, there is no treatment for RSV and a significant unmet need exists for developing anti-RSV agents.  
The clinical candidate SB 9200 is a first-in-class oral innate immune modulator that activates intracellular RIG-I and NOD2, and is a potent antiviral  
agent against HBV, HCV, and Norovirus. We report here studies supporting the anti-RSV activity of SB 9200. 

METHODS: (a) For in vitro antiviral studies, RSVA2-infected (0.5 MOI) A549 cells were treated with 100nM to 1uM SB 9200 and viral titer estimated 
by plaque assay. For in vivo therapeutic activity, BALB/c mice (n=5/group) were treated with either vehicle or SB 9200 (20 mg/kg, i.t.) and at 16h and 
40h post-infection (RSVA2, 1 x 107 pfu/mouse, i.t), lungs were evaluated by histopathology, and viral load and cytokine levels assessed. For prophylactic 
activity, mice were first treated with SB 9200 (10mg/kg) or vehicle via i.t. and after 16h infected with RSVA2. After 2d-, and 4d, lungs were collected and 
evaluated as before.

RESULTS: Consistent with its MOA, SB 9200 treatment: (a) significantly reduced lung inflammation revealing “un-obstructive” airway spaces almost 
similar to that of uninfected control mice, (b) strongly reduced viral burden and RSV nucleocapsid expression, and (b) caused strong induction of 
interferon-beta (IFN), and significant reduction in levels of IL-6 (6-fold) and TNF-alpha (3-fold).

CONCLUSION: Prophylactic and therapeutic studies show that SB 9200 diminishes disease-severity associated with RSV infection.

042 Broad-spectrum Antiviral Activity of GS-5734, a Novel Adenine Nucelotide Analog Prodrug Across the Families 
Filoviridae and Paramyxoviridae
Michael Lo, Ph.D.1, Mike Flint, Ph.D.1, Laura McMullan, Ph.D.1, Punya Ranjan, Ph.D.1, Stuart Nichol, Ph.D.1, Christina Spiropoulou, Ph.D.1,  

Robert Jordan, Ph.D.2, John Knox, Ph.D.2, Michel Perron, Ph.D2, Tomas Cihlar, Ph.D.2, Linda Rennick, Ph.D.3, W. Paul Duprex, Ph.D.3
1Centers for Disease Control and Prevention, Atlanta, Georgia, USA; 2Gilead Sciences, Foster City, 3Boston University, Boston, 
Massachusetts, USA

Numerous viruses belonging to the families Paramyxoviridae and Filoviridae are zoonotic and human pathogens of significant public health importance. 
The outbreak of Ebolavirus in 2014-15 has highlighted the need for drugs and vaccines to control these pathogens. GS-5734 is a phosphoramidate prodrug 
of adenine nucleoside analog GS-441524. It has shown notable therapeutic effect in Ebola-infected non-human primates and is in development for the 
treatment of Ebola infection. GS-5734 undergoes effective intracellular conversion to active triphosphate that inhibits viral RNA polymerases. Here 
we report the in vitro antiviral activities of GS-5734 and GS-441524 against human viral pathogens across families Filoviridae and Paramyxoviridae. 
The 50% effective concentration (EC50) of GS-441524 nucleoside against Ebolavirus, Marburgvirus, Henipavirus (Nipah and Hendra), Morbillivirus 
(Measles), Respirovirus (Human Parainfluenza virus 3), Pneumovirus (Respiratory Syncytial virus), and Rubulavirus (Mumps) ranged from 0.5 to 9.7 uM. 
In comparison, prodrug GS-5734 exhibited  30-100-fold higher antiviral potency with EC50s of 0.014 to 0.79 uM against filo- and paramyxoviruses. Both 
GS-5734 and GS-441524 showed little to no activity against viruses in the families Arenaviridae (Lassa), Rhabdoviridae (Vesicular Stomatitis virus), 
Bunyaviridae (Rift Valley Fever, Andes, Crimean Congo Hemorrhagic Fever) as well as tick-borne members of Flaviviridae (Alkhurma Hemorrhagic 
Fever, Kyasanur Forest Disease, Omsk Hemorrhagic Fever, Tick-borne encephalitis). Sequence alignments of target viral RNA polymerases were analyzed 
to aid understanding of the antiviral spectrum of GS-5734. In conclusion, the potent broad-spectrum activity of GS-5734 against filoviruses and 
paramyxoviruses warrants its further development for the treatment of these highly pathogenic viral infections in humans.
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044 Activation and Induction of Immune Response Genes RIG-I, STING & NOD2 in the Antiviral Activity of SB 92000 
in the Woodchuck Model of Chronic Hepatitis B
Manasa Suresh, M.S.1, Kyle Korolowicz, B.S.1, Stefanie Czerwinski, M.S.1, Robin Tucker, M.D.1, Stephan Menne, Ph.D.1, Radhakrishnan Iyer, Ph.D.2, 

Seetharamaiyer Padmanabhan, Ph.D.2, Sreerupa Challa, Ph.D.2, Shenghua Zhou, M.D., Ph.D.2
1Georgetown University, Washington D.C., District of Columbia, USA; 2Spring Bank Pharmaceuticals, Milford, Massachusetts, USA

INTRODUCTION: SB 9200 is an orally bioavailable dinucleotide that activates the cellular viral sensors RIG-I and NOD2 causing the induction of IFN 
signaling cascade for antiviral defense. In efficacy studies in WHV-infected woodchucks, SB 9200 was shown to cause significant reductions of viral DNA 
and surface antigens in serum and liver (Menne, et al., EASL 2015). Reported here is the evaluation of the induction and expression of RIG-I, NOD2, and 
STING, as well as, IRF3, IRF7 and antiviral cytokines associated with the antiviral activity of SB 9200.

METHODS: Two groups of five chronically WHV-infected woodchucks were treated orally with SB 9200 at 15 and 30 mg/kg/day for 12 weeks. Both 
groups were monitored for 8 weeks post-treatment. Immune responses associated with treatment were determined by changes in RNA transcript levels 
of IFN-, , IP-10, IL-6, ISG15 and OAS1 in blood and liver using PCR. Samples from woodchucks were also analyzed for changes in expression levels of 
innate immune response genes including RIG-I, NOD2, STING, IRF3, and IRF7 by RT-PCR and immunohistochemistry.

RESULTS: SB 9200-treatment induced dose-dependent and long-lasting expression of type I IFNs and ISGs, and antiviral cytokines in blood and  
liver of woodchucks. SB 9200 treatment also induced the expression of RIG-I, NOD2, STING, IRF3, and IRF7 in liver compared to pretreatment levels.  
The expression of all genes was significantly induced during treatment and follow-up.

CONCLUSION: Our studies demonstrate that anti-viral activity of SB 9200 in woodchucks is associated with activation and induction of the host-immune 
response genes.

045 Synthesis and Evaluation of Acyclic Nucleoside Phosphonate Diester Prodrugs: Potential Topical Microbicides  
for Prevention of HIV-1 Transmission
James Beadle, Ph.D.1, Nadejda Valiaeva, Ph.D.1, Karl Hostetler, M.D.1 Tracy Hartman, M.S.2, Robert Buckheit, Jr., Ph.D.2 
1University of CA, San Diego, La Jolla, California, USA; 2Imquest Biosciences, Frederick, Maryland, USA

There is an urgent need to develop microbicides that provide protection from HIV infection. Some of the most promising topical microbicide candidates 
are intracellularly acting antiretrovirals, including anti-HIV acyclic nucleoside phosphonates (ANPs) such as tenofovir (TFV). Data from pre-exposure 
prophylaxis (PrEP) trials suggest that the presence of therapeutically relevant tenofovir concentrations in vaginal tissue is effective in reducing sexual 
transmission of HIV-1. However, there are two major problems reducing the efficacy of vaginal mucosal PrEP: 1) suboptimal drug concentrations in the 
target mucosal tissues due to the permeability limitations of unmodified ANPs; and 2) lack of patient compliance due to the need for frequent dosing.   
To address both challenges, we designed a “controlled release” topical prodrug strategy for anti-HIV ANPs. As shown in Figure 1, R1 is a long chain 
alkoxyalkyl group known to promote intracellular uptake, while R2 is a more stable promoiety that slows the drug release rate, producing a sustained 
microbicidal effect.  To investigate this approach, we synthesized a series of ANP diesters.  The alkoxyalkyl monoesters were prepared using reported 
methods then treated with benzyl alcohol or phenol and the condensation reagent PyBOP to generate the corresponding diesters.  Antiviral activity  
was assessed in PBMCs (ImQuest Biosciences, Frederick, MD). Among the diesters, ODE-Bn-TFV exhibited potent inhibition of HIV-1 replication  
(EC50 = 4 nM; CC50 > 24,600 nM) and excellent selectivity (>6000). Other ANP diesters (e. g. PMEG, (R)-PMPDAP) were also evaluated in vitro.   
Such sustained-release, membrane permeable ANP analogs could fill an unmet need as topical anti-HIV-1 microbicides.

046 Thoningia Sanguinea and Khaya Senegalense Protect Against Cyclophosphamide Induced Immunosupression  
in Albino Wistar Rats
Omonike Ogbole, Ph.D., Kevwe Esievo, M.S., Edith Ajaiyeoba, Ph.D.
University Of Ibadan, Ibadan, Oyo, Nigeria

Induction of protective immune response is one of the primary targets of antiviral therapy. A number of plant species such as Echinacea purpurea  
have been used for their role in immune stimulation. Khaya senegalense and Thoningia sanguinea are plants commonly used as antiviral herbs in 
Nigerian ethnomedicne. However, preliminary laboratory tests revealed no significant viral inhibition.  Their continued traditional usage as antiviral  
agents therefore suggest a potential immunomodulatory mechanism with viral suppression. This study was aimed to determine their immunomodulatory 
effects in albino wistar rats.
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Methanol extract from both plants were evaluated for protective effect against Cyclophosphamide induced immunosuppression (CIIS) in rats.   Six groups 
of Wistar rats were orally fed with crude plant extracts at doses of 100, 200 and 400 mg/ kg for a period of 14 days.  A control group received carboxy 
methyl cellulose (CMC). Subsequently, animals in each group received cyclophosphamide intraperitoneally on day 11 to 13 at 30 mg/kg body weight. 
Reference standard was Levamisole. The extent of protection against CIIS was evaluated on day 14 with total white blood cell count (WBC) and leucocyte 
adhesion test. 

Cyclophosphamide induced immunosuppression was counteracted by both extracts in a dose dependent manner indicating restoration of all 
hematological parameters (p<0.01) as compared to CMC treated group. 

Thoningia sanguinea and Khaya senegalense  showed immunomodulatory effects. This may be a mechanistic pathway for their suspected antiviral 
activity in Nigerian ethnobotany.

047 SB 9200, A Novel Antiviral Agent, Targets Liver After Oral Administration to Rats
Radhakrishnan Iyer, Ph.D.1, Judith Marquis, Ph.D.1, Carol Nelson, Ph.D.1, Nezam Afdhal, M.D.1, Carol Green, Ph.D.2, Jon Mirsalis, Ph.D.2  

Roger Hayes, Ph.D.3,Lori Cochrane, B.S.3,Ryan Anstatt, M.S.3 
1Spring Bank Pharmaceuticals, Milford, Massachusetts, USA; 2SRI International, Menlo Park, California, USA; 3MPI Research,  
Kalamazoo, Michigan, USA

BACKGROUND: SB 9200, an oral dinucleotide prodrug designed to target liver, is a potent antiviral agent against HBV, HCV, RSV and Norovirus. As part 
of a 3-month repeat-dose toxicology studies of SB 9200 in rats, we examined its disposition in the liver.

METHODS: Sprague Dawley rats (15/sex/group) were administered a single daily po dose of SB 9200 at 50, 150 or 250 mg/kg for 90 consecutive days. 
A toxicokinetic satellite group (9/sex/group) received the same regimen as the main group. LC/MS/MS analysis was performed to assess plasma and liver 
concentrations of SB 9200 at the end of 90-day dosing.

RESULTS: SB 9200 was not monitored in rat plasma since it was rapidly converted to the active SB 9000 by esterases. Multiple peak levels of SB 9000 
were observed in plasma consistent with enterohepatic cycling. SB 9000 distributed to the liver with levels 20 to 40-fold higher than plasma with 
clearance 24-hr post-dose after 3 months of daily dosing. The plasma bioavailability of SB 9000 was below 3%, however, consistent with a large first-
pass uptake of SB 9000 into the liver from the portal blood, 58% of the SB 9000 administered after oral dosing was found in the liver compared with 
levels after IV dosing. 

CONCLUSION: Our studies suggest that SB 9000 is actively transported via organic anion transporters into hepatocytes from the portal blood. Thus,  
oral administration of SB 9200 could potentially lead to high exposure in liver with low non-hepatic systemic exposure in patients.

048 In vitro Metabolism, CYP Inhibitory Potential and Transporter Studies of SB 9200 – A Novel Broad-spectrum 
Antiviral Agent
Radhakrishnan Iyer, Ph.D.1, Carol Nelson, Ph.D.1, Judith Marquis, Ph.D.1, Nezam Afdhal, M.D.1, Carol Green, Ph.D.2, Anna Furimsky, M.S.2,  

Patricia Byrge, B.S.2, Jon Mirsalis, Ph.D.2, Mirza Jahic, B.S.3, Mark Warren, Ph.D.3, Jane Huang, Ph.D.3 
1Spring Bank Pharmaceuticals, Milford, Massachusetts, USA; 2SRI International, Menlo Park, California, USA; 3Optivia Biotechnology, 
Menlo Park, California, USA

INTRODUCTION: SB 9200 is an orally bioavailable dinucleotide prodrug that activates cellular viral sensors RIG-I and NOD2 causing the induction of  
IFN signaling cascade for antiviral defense. In preclinical studies, SB 9200 was shown to be a potent antiviral agent against HBV, HCV, RSV, and Norovirus. 
The objective of this study was to evaluate in vitro metabolism, CYP inhibitory activity, and transport characteristics of SB 9200.

METHODS: SB 9200 was incubated with pooled mixed gender human, Beagle dog, Sprague-Dawley rat and cynomologus macaque liver microsomes 
and S9 fractions at 1 and 10 uM. Potential metabolites were analyzed by LC-MS/MS of the incubate at multiple time points. The CYP inhibitory potential 
of the compounds was evaluated using a high throughput assay involving CYP isoforms. Transporter studies were carried out using Caco-2 cells or  
MDCK-II cells transfected with the appropriate plasmids encoding the transporter.   

RESULTS: In the presence of liver microsomes, the prodrug SB 9200 was converted with a t1/2 ca. 1 hr to the active SB 9000 which was found to 
be metabolically stable with no observed sulfation or glucuronidation. Furthermore, the compounds did not affect the enzymatic activities of CYP 
isoforms.  SB 9000 was found to be a substrate for OAT1, OAT3, OATP1B1 and OATP1B3 transporters. 

CONCLUSION: Our studies show that SB 9200 prodrug is efficiently converted to the active SB 9000 which has no inhibitory effect on CYP isoforms. 
The active SB 9000 appears to be a substrate for organic anion transporters that might facilitate absorption via active transport. 
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049 Antibody Coated Liposomes for Transmucosal Vaccination
Marut Agarwal, M.S.1, Saurabh Bhargava, M.S.2, Gomed Agarwal, M.S.3, Mani Bhargava, M.S.4
1Signa Pharma, Kanpur, U.P., India; 2Manav Bharti University, Kanpur, U.P., India; 3KRV Hospitals, Kanpur, U.P., India; 4ICFAI University, 
Kanpur, U.P., India

The critical role of vaccine delivery system in “rational vaccine design” has been widely recognized. Thus research work was envisaged involving 
development of antibody coated liposome for transmucosal immunization against hepatitis-B which may offer increased uptake of nanoliposome through 
transmucosal surface of nasal route and sustaining release of HBsAg to evoke relatively high IgA titre in mucosal surface. 

Liposomes were prepared by a lipid cast film method & then IgG antibody was cross linked on the surface. Coated liposomes were characterized in-vitro 
for their shape, size, percent antigen entrapment and stability. Fluorescence microscopy was performed to confirm the deposition pattern in respiratory 
tract. The in-vivo part of the study comprised of estimation of IgG response in serum and sIgA in various body secretions using specific ELISA.

Observation of fluorescence images of nasal mucosa, lungs and spleen, revealed that these antibody coated liposome, were significantly taken up by mice 
respiratory mucosal surface, which made them promising carriers for mucosal vaccination.

Considerable immune responses were produced by the developed system that may be due to the induction of MALT as well as contribution of the 
peripheral airways. The higher immunity induced by ACL HBsAg may be attributed to its cationic nature, antibody coating and subsequent mucoadhesive 
property. Thus mucosal immunization with lipid vesicle through nasal administration may be effective in prophylaxis of diseases transmitted through 
mucosal routes as well as systemic infections. The strategy can be made more appropriate by determination of paracellular transport, nasal mucociliary 
clearance, mucosal toxicity assessment etc.

050 NonInvasive Topical Immunization Using Cholera Toxin as Adjuvant for the Treatment of Hepatitis B
Ruchi Agrawal, M.S.1, Saurabh Bhargava, M.S.2, Mani Bhargava, M.S.3, Vishal Bhargava, Ph.D.4, Gomed Agarwal, M.S.4
1Ideal Chemical Works, Kanpur, U.P., India; 2Manav Bharti University, Kanpur, U.P., India; 3ICFAI University, Kanpur, U.P., India;  
4KRV Hospitals, Kanpur, U.P., India

The search for innovative ways of vaccination has intensified recently with declining vaccine coverage and growing concern about new virulent disease 
outbreaks. Immunization is a prophylactic approach through which body is shielded from any incoming pathogenic invasion. Immune response elicited 
by Topical Immunization depends upon structure and composition of skin of target species. It provides access to local skin immune system which is 
dominated by langerhans cells that can be manipulated by adjuvants to orchestrate specific, robust immune response. Topical vaccination induces 
systemic and mucosal antibodies to coadministered antigen and moreover it avoids first pass phenomenon and also protects antigen from enzymes  
that are present in gut wall.

Niosomes are nonionic surfactant based vesicles that were used as topical carrier for immunogens for transdermal delivery. The goal of the present 
study was to investigate potential of niosomes as carrier for HepatitisB antigen(HbsAg) with cholera toxin(CTB) as adjuvant. Niosomes prepared by 
Sonication. Antigen loaded Niosomes were characterized invitro for their shape, size, %antigen entrapment and stability. Confocal laser scanning 
microscopy(CLSM) was carried out to confirm uptake of Niosomes. The invivo part of study comprised of immunization of Balb/c mice and estimation 
of IgG response in serum and sIgA in various body secretions using specific ELISA.

Niosomes formed were multilamellar and stable. Presence of fluorescence at different skin depths reflected accumulation of these niosomes in the region 
of epidermis, suggesting better uptake of antigen by langerhans cells. Based on the results obtained, niosomes presented its potential for antigen delivery 
through transcutaneous route.
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051 Gold Sulfonated Nanoparticles Displays a Virucidal Activity Against HSPGs Dependent Viruses
Valeria Cagno, Ph.D.1, Marie Muller, M.S.1, Francesco Stellacci, M.S.1, Marco D’Alicarnasso, Ph.D.2, Patrizia Andreozzi, Ph.D.2,  

Caroline Tapparel, Ph.D.3, David Lembo, Ph.D.4
1EPFL, Lausanne, Vaud, Switzerland; 2IFOM, Milan, MI, Italy; 3University of Geneva, Geneva, GE, Switzerland; 
4University of Turin, Turin, TO, Italy

Currently there are no broad spectrum antiviral drugs. This becomes an issue when considering the rapid emergence and re-emergence of new viruses. 
Recent epidemics of Ebola or MERS have highlighted this problem, given that there was no time to develop specific antiviral drugs. It is estimated that 
there are half a million of unknown mammalian viruses in wildlife reservoirs. For this reason it is important to define new antiviral strategies able to be 
effective against several viruses. A possible approach is to target the attachment receptor interaction. Heparan sulfates proteoglycans (HSPGs) are a 
common adhesion receptors for different viruses i.e. herpesvirus, papillomavirus, dengue virus, HIV, respiratory syncytial virus, coronavirus NL63 and 
many others. We synthetized gold nanoparticles coated with a high densities of sulfonate-terminated ligands. These particles show a broad spectrum 
antiviral activity against several HSPGs dependent viruses both in vitro and on reconstituted human airway epithelia. Interestingly, the inhibition observed 
with different viruses was not limited to an attachment inhibition, but was due to a permanent inactivation of the viruses as demonstrated by virucidal 
assays, TEM and CryoTEM observations and gel shift assays. Our goal now is to substitute the gold core with biodegradable materials in order to  
develop an antiviral treatment potentially acting against several viruses and also to develop sialic acid expressing materials to enhance the spectrum  
of antiviral activity.

052 Potent Inhibition of Influenza A Virus Using Trachyspermum Ammi and Comparison with Anti-viral Drug:  
An In-vitro Study
Madhu Khanna, Ph.D., Saugata Roy, M.S., Latika Saxena, Ph.D., S.N. Gaur, M.D.
VP Chest Institute, University of Delhi, Delhi, India

BACKGROUND: Influenza virus is a respiratory pathogen of global importance which causes a high degree of morbidity and mortality. Due to frequent 
antigenic and genetic changes, vaccines need to be formulated yearly thus requiring lot of financial investment. Naturally derived products from medicinal 
plants have shown great potential in preventing diseases. This study aims at evaluating the antiviral efficacy of Trachyspermum ammi plant extracts, 
having expected antiviral activity and compares with oseltamivir phosphate for the development of an alternative and effective therapy against  
influenza A viruses. 

METHODS: Certified Plant materials were procured and extracts were prepared in ethanol. The extracts of Trachyspermum ammi were dissolved in 
DMSO, aliquoted and stored in -20°C. Cytotoxicity was checked by MTT assay in A549 cells. The Anti-viral activity of the extract was assessed against 
Influenza A virus (A/PR/8/34-H1N1) infection by real time PCR at 6h, 12h and 24h. The extracts were treated differently (post infection and co-infection) 
and compared with oseltamivir. 

RESULTS: Inhibition in viral RNA (56% approx) was observed by real time PCR when treated with Trachyspermum ammi extracts. The expressions of 
pro inflammatory cytokines (TNF-, CCR5, COX2, IFN- and IL1-) and interferon stimulating genes (IFIT1, IFITM1, ISG 15) upon treatment with crude 
extract were down regulated and were monitored upon treatment with extracts. The inhibition of influenza A virus after treatment was confirmed using 
western blot. 

CONCLUSION: Extract from Trachyspermum ammi showed potential inhibition of replication Influenza A virus in A549 cells.

053 Triple Combination of Viral Replication Inhibitors Against Coxsackievirus B1 Neuroinfection in Mice
Adelina Stoyanova, M.S.1, Ivanka Nikolova, Ph.D.1, Angel Galabov, M.D., Ph.D.1, Gerhard Pürstinger, Ph.D.2, Georgi Dobrikov, Ph.D.3,  

Vladimir Dimitrov, Ph.D.3, Stefan Philipov, Ph.D.3
1The Stephan Angeloff Institute of Microbiology, Bulgarian Academy of Sciences, Sofia, Sofia-City, Bulgaria; 2Institute of Pharmacy, 
University of Innsbruck, Innsbruck, Tyrol, Austria; 3Institute of Organic Chemistry with Centre of Phytochemistry, BAS, Sofia,  
Sofia-City, Bulgaria

Chemotherapy could be a leading tool for controlling enterovirus (EV) infections, but clinically effective anti-EV drugs do not currently exist, mainly due 
to the development of drug resistance. We were the first to investigate the combination effects of selective EV replication inhibitors in order to limit 
this process. In previous studies, we showed the efficacy of consecutive alternating administration (CAA) of the triple combinations disoxaril/guanidine/
oxoglaucine and pleconaril/guanidine/ oxoglaucine against Coxsackievirus B1 (CVB1) infection in newborn mice. Drug sensitivity tests of the viral brain 
isolates showed that these drug combinations prevented the development of drug resistance.
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In the current study, we replaced guanidine-HCl with enteroviral RNA synthesis inhibitor MDL-860 to test the effect of a new triple combination—
pleconaril/MDL-860/oxoglaucine (PMO)—applied via CAA in newborn mice infected subcutaneously with 20 MLD50 of CVB1. The PMO combination 
via CAA showed high activity at the 75 mg/kg MDL-860 dose: a protective effect of 50% and a pronounced suppression of brain virus titers. Moreover, 
along with the prevention of drug resistance, a phenomenon of increased drug sensitivity was established. Pleconaril sensitivity increased by 7 times 
on Day 7 and by over 49 times on Day 13; MDL-860 sensitivity increased by 29 times on Day 7, and oxoglaucine sensitivity by 6 times on Day 13. Daily, 
simultaneous administration of PMO showed no protective effect and a rapid development of drug resistance. 

These results add new support for using CAA treatment courses to achieve clinically effective chemotherapy of EV infections.

054 Mother T Follicular Helper Cells Prevent Vertical Transmission of Hepatitis B to Their Babies
Nirupma Trehanpati, Ph.D., Ashish Vyas, M.S., paul David, M.S., Shiv Sarin, M.D., Nirupma Trehanpati, Ph.D.
Institute of Liver and Biliary Sciences, New Delhi, New Delhi, India

Chronic Hepatitis B infection (CHBV) is a leading cause of advanced liver diseases. Mother to child transmission accounts for most cases of CHBV 
infections.  Follicular T helper cells (TFH) have shown a preventive role against HBV through activating the B cell mediated humoral immunity in patients. 

METHODS: HBsAg+ pregnant mothers were followed up till delivery & babies were tested for evidence of HBV transmission(HBsAg or HBVDNA).  
Phenotyping and functionality of TFH cells and its subsets along with co-stimulatory molecule ICOS was performed by flowcytometry in 
transmitting  (N=2,GrpA) & non transmitting mothers(N=28,GrpB).   IL-21 was measured by ELISA. NGS RNA sequencing was done in PBMCs in  
both groups. RNA sequencing & FACS data was validated by qRTPCR. Correlation of TFH with HBV DNA was done. Multivariate regression & ROC  
was drawn to determine cellular predictors of HBV transmission.

RESULTS: CD4+CXCR5+(TFH) cells were significantly decreased in GrpA compared to GrpB(6.3+4.4% vs. 17.2+5%, p=0.001) and ICOS expression 
on TFH was also decreased in GrpA.  RNA sequencing data also showed >2 fold decreased expression of TFH cell related genes likeCD4, BCL6, ICOS, 
SLAMF1,CXCR5 and BAFF,BATF,CD40, BAFFR in GrpA than GrpB. qRT-PCR showed IL-21 was also decreased in GrpA . Reciprocal relation was found 
between TFH cells and HBV DNA. ROC showed significance of TFH cells with cutoff 9.5 values for prediction of HBV transmission with highest specificity 
& sensitivity. 

CONCLUSIONS:  TFH cells can be used as a marker to predict HBV Transmission. Decreased and dysfunctional TFH cells inHBV infected may lead to 
vertical transmission.

055 The Respiratory Syncytial Virus N/P Interaction as Target for the Computer-Based Design of Novel  
Replication Inhibitors
Roberto Manganaro, M.S.1, Andrea Brancale, Ph.D.1, Dirk Jochmans, Ph.D.2, Johan Neyts, Ph.D.2, Pieter Leyssen, Ph.D.2
1Cardiff Universtiy, School of Pharmacy and Pharmaceutical Sciences, Cardiff, UK, Cardiff, Wales, United Kingdom (Great Britain);  
2KU Leuven – University of Leuven, Rega Institute for Medical Research, Leuven,Belgium, Leuven, Belgium, Belgium

Respiratory syncytial virus (RSV) is an enveloped, negative-sense, single-stranded RNA virus that belongs to the Paramyxoviridae family and that is 
a predominant cause of LRTIs (Low Respiratory Tract Infections) worldwide. It causes bronchiolitis that may lead to life-threatening pneumonia and it 
seems to be involved in the development of recurrent wheeze and long-term respiratory diseases, such as asthma in adults. RSV infection is a leading 
cause for hospitalization of infants in the first two years of life and also elderly. Currently, there is no small-molecule antiviral on the market for the 
treatment or prevention of this viral infection.

Recently, several X-ray structures of RSV proteins have become available, creating new opportunities for the development of novel inhibitors of virus 
replication. Among the available viral proteins, the N protein was chosen as target. This protein binds to the viral RNA to form the ribonucleoprotein 
complex (RNP), which act as a template for transcription and replication, performed by the RdRp (RNA-dependent RNA polymerase). Interactions 
between the RNP and P protein, which is part of the RdRp, have been reported to be fundamental for viral RNA synthesis. 

Starting from the X-ray structure of the N-NTD (N protein N-terminal domain), different computer-aided methodologies were used to identify novel 
potential inhibitors of the interactions between N-NTD and P-CTD (C-terminal domain). A structure-based virtual screening of commercially available 
drug-like compounds (~340,000) was performed. The most promising compounds will be evaluated for antiviral activity in a virus-cell-based assay and 
the result will be discussed at the conference.
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057 Identification of the Cellular HIV Reservoir In Vivo by Suppression with 4’-ethynyl-2-fluoro-2’-deoxyadenosine 
(EFdA), a Highly Potent Nucleoside Analog Reverse Transcriptase Inhibitor
Cheryl Stoddart, Ph.D.1, Ekaterina Maidji, Ph.D.2
1University of California, San Francisco, San Francisco, California, USA; 2University of California, San Francisco, Pacifica, California, USA

Despite the extraordinary success of antiretroviral therapy (ART) in suppressing viremia in HIV-infected persons, it cannot eliminate all persistently 
infected cells. Identifying these cells is critical for developing HIV eradication regimens. Our goal was to investigate the source, composition, and size of 
the persistent HIV reservoir in vivo. Humanized NSG-BLT mice were inoculated with HIVJR-CSF and treated with the highly potent HIV reverse transcriptase 
inhibitor EFdA. Two weeks of EFdA treatment was sufficient to fully suppress HIV viremia and to create an in vivo model that recapitulates important 
features of ART-suppression in HIV-infected persons. We used a combination of immunohistochemistry and the ultrasensitive, semiquantitative in situ 
hybridization RNAscope assay to assess the HIV reservoir in BLT mouse spleens during fully suppressive EFdA treatment and after EFdA cessation. In 
HIV-viremic mice, the spleen contained numerous HIV RNA+ T cells and macrophages. Productive HIV replication was verified by p24 colocalization, 
and HIV-positive macrophages often revealed RNA signals in the cytoplasm, which could represent engulfed putative virions or HIV-infected T cells. 
Occasionally, macrophages contained a distinct intranuclear single HIV RNA signal, and p24 was detected in the cytoplasm indicating productive HIV 
replication. Although EFdA treatment fully suppressed HIV viremia in NSG-BLT mice, it did not eliminate all HIV-infected cells in the spleen. We identified 
a unique population of HIV-infected cells containing high levels of HIV RNA that may enable virus rebound after drug cessation. More work is required to 
fully characterize these cells and to understand how they persist in vivo.

058 Discovery of Non-Adamantyl Compounds that Inhibit Influenza A Amantadine Sensitive and Resistant  
M2 Proton Channels
Greg Henkel, Ph.D.1, Jeff Davis, B.S.1, Michael Plewe, Ph.D.1, Katherine Hutson, B.S.1, Ken McCormack, Ph.D.1, Paul Rowe, B.S.2, Brian Hawks, Ph.D.3, 

Ilke Rinke, B.S.4, Andrea Brueggemann, Ph.D.4
1Arisan Therapeutics, San Diego, California, USA; 2AB Sciex, San Diego, California, USA; 3Illumina, San Diego, California, USA;  
4Nanion, Munich, Bavaria, Germany

Antivirals play an essential role in the prevention and treatment of influenza, which remains one of the world’s greatest health risks with 3-5 million  
cases of severe influenza and 250-500 thousand deaths annually worldwide.  There remain only two approved classes of antivirals including the  
M2 adamantanes (e.g. amantadine and rimantadine) and neuraminidase inhibitors (e.g. oseltamivir). Unfortunately, after more than 30 years of  
providing effective antiviral therapeutics, the M2 adamantanes are no longer in use due to the emergence of resistance mutations in the M2 proton 
channel during the past decade.  These resistance mutations map to the pore of the M2 channel and alter the amantadine binding site. A number of 
groups have together extensively explored additional adamantyl analogs to overcome the resistance phenotype with limited success. To identify new 
inhibitor compound series of drug-resistant influenza M2 channels, which may bind and inhibit M2 channels at other sites and through other mechanisms, 
we developed a novel high-throughput cell based assay. Here we report the identification of several novel non-adamantane chemical series that inhibit 
both amantadine-sensitive and -resistant forms of M2. The development of new chemical entities that overcome amantadine resistance phenotypes 
to allow re-targeting of a proven influenza drug target could provide an important therapeutic option either alone or in combination with other anti-
influenza drugs (e.g. oseltamivir) for seasonal flu and/or pandemic outbreaks. 

059 RNAi-mediated Suppression of Cyclophilins Does Not Inhibit HBV Viral Biomarkers
Andrew Kondratowicz, Ph.D.1, Nicholas Snead, Ph.D.1, Agnes Jarosz, B.S.1, Amy C.H. Lee, M.S.1, Laurèn Bailey, Ph.D.2, Andrea Cuconati, Ph.D.2, 

Michael Sofia, Ph.D.2
1Arbutus Biopharma, Corp., Burnaby, BC, Canada; 2Arbutus Biopharma, Inc., Doylestown, Pennsylvania, USA

BACKGROUND: Approximately 400 million individuals worldwide are infected with Hepatitis B virus (HBV), making it one of the leading causes of 
hepatocellular carcinoma and liver disease. Cyclophilins (peptidyl-prolyl isomerases; PPI) are cellular chaperones that are utilized in the life cycle of a 
number of human pathogens, including HCV and HIV. Several in vitro reports have suggested that cyclophilins may serve as an attractive candidate  
for therapeutic intervention in the HBV life cycle. Here, we utilize siRNA-based inhibition of PPIA, PPIB, and PPID expression, both in vitro and in vivo,  
to further evaluate the therapeutic potential.

METHODS: We evaluated the in vitro potency of cyclophilin knockdown in HepDE19 cells, which replicates HBV gene expression and antigen production 
under an inducible system. In parallel, in vivo anti-HBV potential was evaluated in a hydrodynamic injection (HDI) mouse model using lipid nanoparticles 
(LNP) to deliver cyclophilin-targeting siRNAs to the liver. 
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RESULTS: PPIA and PPIB depletion, in the absence of any cytotoxic effects, did not have any effect on HBV gene expression in HepDE19 cells. 
Furthermore, potent mRNA knockdown of liver PPIA (95% reduction), PPIB (83% reduction), and PPID (76% reduction) did not inhibit serum or liver HBV 
markers in the in vivo HDI mouse model.

CONCLUSION: The knockdown of three cyclophilin isoforms, individually or in combination simultaneously, failed to have any effect on several different 
biomarkers of the HBV lifecycle. Our data does not support further clinical development of cyclophilin inhibitors against HBV.

060  Lack of Efficacy of Nucleoside Analogs Lamivudine and Zidovudine Against Ebola Virus Infection
Yu Cong
NIH/ NIAID, Integrated Research Facility, Division of Clinical Research

The development of antiviral drugs for Ebola virus (EBOV) has been of critical importance during the recent epidemic Ebola virus disease (EVD) in West 
Africa. In the fall of 2014, the press reported that the nucleoside analog, Lamivudine, resulted in successful treatment of several cases of unconfirmed 
EVD. Lamivudine and a similar drug, Zidovudine, are used as antiviral agents against HIV-1 infections by targeting the viral reverse transcriptase. 
Replication of EBOV does not utilize reverse transcriptase leading to questions regarding the reported efficacy of Lamivudine. To test the efficacy of 
Lamivudine and Zidovudine against EBOV, cell-culture based drug screens were designed using different multiplicities of infection (MOIs), time of drug 
addiction, and a diverse set of cell lines and primary cells. These studies found that Lamivudine and Zidovudine were ineffective in the prevention of 
EBOV replication and propagation in the cell types tested. Also, when Lamivudine and Zidovudine were used in combination, no synergistic activity was 
observed. In order to determine whether Lamivudine has in vivo effects that could not be accounted for in cell culture studies, a small scale study was 
performed evaluating the efficacy of Lamivudine in the guinea pig model of EVD. Lamivudine failed to protect the animals from EBOV infection and all 
animals succumbed to disease. The lack of in vitro and in vivo efficacy of these compounds suggests that neither drug is a likely candidate for treatment 
of EVD.

061 The Discovery of Novel Ebola Virus Entry Inhibitors Enabled by QSAR-based Approaches
Stephen Capuzzi, B.S.1, Alexander Tropsha, Ph.D.1, Eugene Muratov, Ph.D.2, Wei Sun, Ph.D.3, Gregory Tawa, Ph.D.3, Wei Zheng, Ph.D.3,  

Adolfo Adolfo García-Sastre, Ph.D.4
1University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA; 2A.V. Bogatsky Physical-Chemical Institute NAS  
of Ukraine, Odessa, Odessa, Ukraine, Ukraine; 3National Center for Advancing Translational Sciences, Bethesda, Maryland, USA;  
4Icahn School of Medicine at Mount Sinai, New York, New York, USA

The recent outbreak of the Ebola virus disease, for which there is no proven treatment, urgently demands rapid identification and development of 
effective therapeutics.  Recently, a screen of FDA-approved drugs was conducted to evaluate drug efficiency in blocking Ebola virus-like particles 
(VLPs) entry into cells (Figure 1).  Using the data from this screen, we have built Quantitative Structure-Activity Relationship (QSAR) models of anti-
Ebola activity, as well as cytotoxicity counter-screens, to help identify putative active compounds against Ebola virus infection that will be tested 
experimentally (Figure 2).  Consensus QSAR models of anti-Ebola activity have an average correct classification rate (CCR) of 0.74. Consensus QSAR 
models of cytoxicity in HEK and HeLa cells have CCRs of 0.75 and 0.73, respectively.  We virtually screened ~4,000 FDA-approved drugs from the 
NCGC Pharmaceutical Collection (NPC) and ~17 million drug-like compounds from the ZINC database in the anti-Ebola activity and cytotoxicity models.  
We have identified 170 drugs and drug-like compounds with putative anti-Ebola activity and safe cytotoxic profiles.  These hits are currently being 
experimentally confirmed in the VLP entry assay, and results of the screen will be available at the time of the conference

062 Lopinavir/Ritonavir Enhanced the Antimalarial Activity of Amodiaquine and Artesunate in a Mouse Model  
of Plasmodium berghei
Oyindamola Abiodun, Ph.D., Nekabari Gbimadee, M.S., Grace Gbotosho, Ph.D.
Department of Pharmacology and Therapeutics, University of Ibadan,Nigeria, Ibadan, Oyo, Nigeria 

Treatment of malaria and HIV in co-infected patients remains a challenge due to the limited information on interaction between drugs used for the 
treatment of the two infections. Thus, this study evaluated the interaction between lopinavir/ritonavir (LR) and artesunate (AS), amodiaquine (AQ)  
or a fixed dose of AS/AQ in a mouse model of chloroquine-resistant Plasmodium berghei. Combination of LR with graded doses of AS or AQ resulted  
in a significant reduced ED50. In addition, parasites cleared completely from day 3 till day 21 post infection in animals infected, treated with AS/AQ alone 
or AS/AQ with LR and all the animals survived till day 21 post-inoculation. In contrast, survival on day 21 in animals treated with AQ alone or AQ with  
LR was 20% and 60% respectively. It appears that the protease inhibitor lopinavir/ritonavir enhanced the antimalarial drugs AS and AQ. 
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063 Broad-spectrum Inhibitors of Viral Primary Attachment
Furkat Mukhtarov, M.S.1, Nargess Hosseini, Ph.D.2, Che Colpitts, Ph.D.3, Devon Schatz, B.S.4, Frederick West, Ph.D.4, Luis Schang, Ph.D.5
1Department of Biochemistry and Li Ka Shing Institute of Virology, University of Alberta, Edmonton, Alberta, Canada; 2Department of 
Chemistry, University of Alberta, Edmonton, Alberta, Canada; 3Inserm U1110, University of Strasbourg, Institute of Viral and Liver Disease, 
Strasbourg, Alsace, France; 4Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada; 5Dept Biochem, Med Micro and 
Immuno & LKSIOV, University of Alberta, Edmonton, Alberta, Canada

The HIV entry inhibitors enfuvirtide and maraviroc specifically target gp41 or CCR5, but molecules targeting conserved entry steps could be broad-
spectrum antivirals. Most human viruses attach to glycosaminoglycans, such as heparan sulfate (HS), or terminal sialic acid (SA) in sialoglycans.  
No inhibitor of attachment to SA and HS was known until we showed that epigallocatechin-3-gallate (EGCG) inhibits infectivity of unrelated viruses  
(EC50, 0.1 – 10 M) by competing with HS and SA binding.

We synthesized compounds mimicking the gallate-tetrahydropyran-pyrogallol side of EGCG, and tested them against viruses that bind HS (hepatitis  
C – HCV, herpes simplex virus 1 – HSV) or SA (influenza A virus – IAV). We infected cells with pretreated virions, removed them, and incubated the  
cells with no compound to assess infectivity. 1,2 or 1,4 cyclohexane digallates were inactive against IAV. Digalloyl hydroquinone inhibited all viruses at  
low-to-submicromolar EC50 (0.25 – 6.5 M). Trigalloyl glycerol and 1,3,5-benzenetrimethanol trigallate inhibited all viruses at mostly submicromolar 
EC50 (0.23 – 1.7 M). Digalloyl esters of ethylene glycol, propane-1,3-diol, or butane-1,4-diol, had low-to-submicromolar (HCV, IAV) or micromolar  
(HSV) EC50 (0.20 – 24 M). To test the ester link, we evaluated monogallates and monopyrogallols. Octylpyrogallylketone was up to twice as potent  
as octylgallate or laurylgallate against HSV or IAV (EC50, 0.32 – 2.8 M). Nonylpyrogallol was up to 7-fold less potent.

Tri- and digallates inhibit infectivity of HS- and SA- binding viruses. Ester groups are disposable, but ketone groups are important. Polygallaldehydes  
are promising candidates for medicinal chemistry for broad-spectrum antivirals

064 Dendrobine, a Novel Small Molecule Inhibitor Attenuates Influenza A Virus Infection
Jie Yang, M.D., Ph.D., Richan Li, B.S., Teng Liu, B.S.
School of Pharmaceutical Sciences, Southern Medical University, Guangzhou, Guangdong, China

Influenza virus remains to pose a direct threat to human beings and society for causing severe epidemics of respiratory illness, and highlights an urgent 
need for new anti-influenza drugs. Dendrobine, an active alkaloid compound, has been reported to possess analgesic, antipyretic effect, hypotensive 
activity and lethal tonic convulsive actions. Here we demonstrated that dendrobine had antiviral activity against the infections of multiple subtypes of 
influenza A virus, including H1N1, H3N2, H5N1 subtypes in cell cultures. HA pseudovirus neutralization Assay and haemagglutination inhibition (HI) assay 
suggested that dendrobine had no inhibitory effect on the entry of influenza virus. Q-PCR and time-of-addition assay showed that its antiviral action 
involved viral transcription so that inhibited viral replication. Importantly, drug combination treatment data indicated that the combination of dendrobine 
and zanamivir exerted effectively synergistic antiviral effect on influenza virus infection. Docking analyses predicted that dendrobine bound to an 
allosteric site of PAC, which might cause conformational changes thereby disrupting the PAC-PB1N interaction. These results demonstrate that dendrobine 
disrupting the transcriptional stage of virus life cycle may be a good lead compound to develop effective, safe and affordable anti-influenza drugs for the 
treatment influenza virus infection.

065 Neplanocin A Derivatives as Selective Inhibitors of HBV with a Novel Mechanism Of Action
Masaaki Toyama, Ph.D.1, Takayuki Hamasaki, Ph.D.1, Mika Okamoto, M.D., Ph.D.1, Masanori Baba, M.D., Ph.D.1, Koichi Watashi, Ph.D.2,  

Takaji Wakita, M.D., Ph.D.2, Atsuya Yamashita, Ph.D.3, Kohji Moriishi, Ph.D.3, Ashoke Sharon, Ph.D.4
1Kagoshima University, Kagoshima, Kagoshima, Japan; 2Department of Virology II, National Institute of Infectious Diseases,  
Shinjuku-ku, Tokyo, Japan; 3University of Yamanashi, tyuhoh-shi, Yamanashi, Japan; 4Department of Applied Chemistry, Birla Institute  
of Technology, Mesra, Ranchi, India

Chronic hepatitis B virus (HBV) infection is currently treated with nucleoside analogs, such as lamivudine, entecavir, and tenofovir. Although these 
analogs are effective in HBV-infected patients, emergence of drug-resistant mutants during chemotherapy and viral reactivation after treatment 
interruption are major concerns in current antiviral agents against HBV. Therefore, it seems still mandatory to identify and develop novel inhibitors of HBV. 
We have reported in the previous ICAR that neplanocin A derivatives are novel and selective inhibitors of HBV replication (AR-II-04-26: EC50; 0.77 + 0.23, 
CC50; > 100 M, MK-III-02-03: EC50; 0.88 + 0.43, CC50; 67.8 + 7.7 M). In this study, we investigated the mechanism of action of these compounds in 
primary human hepatocytes. The neplanocin A derivatives could reduce HBsAg and HBeAg levels in culture supernatants of HBV-infected hepatocytes, 
but lamivudine and entecavir could not. The compounds also suppressed 3.5 kb pregenome RNA and 2.4/2.1 kb RNA in the infected hepatocytes. 
Moreover, they decreased HBV core promoter activity in HepG2 cells transiently transfected with an HBV-expression plasmid. These results suggest that 
the neplanocin A derivatives inhibit the expression of HBV RNA from cccDNA. Thus, it is clear that their mechanism of action differs from that of existing 
anti-HBV nucleosides.
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066 Susceptibility of Two RNA Viruses of Public Health Significance to Selected Nigerian Medicinal Plants
Robert Obi
Federal University of Technology, Owerri, Imo State, Nigeria

BACKGROUND/AIM: The lack of effective therapies and/or vaccines for several viral infections, and the rapid emergence of new drug-resistant viruses 
have necessitated the need for developing new and effective antiviral agents. In this study we evaluate the antiviral potentials of three plants indigenous 
to Nigeria on vaccine strains of Yellow fever virus (YFV) and Polio virus (PV) in order to inform their usefulness in antiviral drug design.

MATERIALS AND METHODS: Fresh leaves of Bambusa vulgaris, Moringa oleifera, and seed of Citrus paridisi were collected from Lagos State, 
South Western Nigeria. Extraction of the plant materials was done with methanol, chloroform, water, and n-hexane using the Soxhlet extractor and 
concentrated using the rotary evaporator.

RESULTS: Aqueous extracts of the three plants were more effective on YFV with B. vulgaris inhibiting the virus at the concentrations of 0.063g/L 
and 0.031g/L, M. oleifera at 0.125g/L and 0.063g/L, and C. paridisi at 0.031g/L, 0.016g/L and 0.008g/L. Only methanol 
extract of M. oleifera was effective against YFV at 0.063g/L. Aqueous extract of C. paridisi was also effective against the combined three strains 
of PV at 0.031g/L. Results of the mechanism of action of the extracts on the replicative cycle of the viruses revealed both adsorption/entry, and 
post infection inhibitors. Phytochemical screening of the extracts revealed the presence of terpenes, alkaloids, flavonoid, tannins, combined and free 
anthraquinones, cardiac glycosides, and saponins.

CONCLUSION: This study revealed that some Nigerian medicinal plants could serve as alternative agents for treating and/or prevention of infections 
caused by RNA viruses.

067 ViroSpot Microneutralization Assay for Antigenic Typing of Influenza Viruses
Rienk Jeeninga, Ph.D.1, Carel van Baalen, Ph.D.2, Juthatip Keawcharoen, Ph.D.2, Germaine Penders, B.S.2, Brenda vam Gemt, B.S.2,  

Ruud van beek, Ph.D.3, Guus Rimmelzwaan, Ph.D.3
1Viroclinics Biosciences B.V., Rotterdam, Zuid Holland, Netherlands; 2Dept. Assay Development Services, Viroclinics Biosciences B.V., 
Rotterdam, Zuid Holland, Netherlands; 3Dept. of Viroscience, Erasmus MC, Rotterdam, Zuid Holland, Netherlands

BACKGROUND: Most currently circulating influenza A(H3N2) viruses fail to efficiently agglutinate erythrocytes or do so in a neuraminidase inhibitor 
sensitive fashion. This prevents accurate antigenic typing using the hemagglutination inhibition assay. Virus neutralization assays could be used as 
alternatives, but these assays have largely been developed for serology and are generally not robust enough for antigenic typing.

METHODS: We assessed the performance of various microneutralization assays and the influence of assay conditions on the test results. A novel 
ViroSpot MN assay was developed in which MDCK cell monolayers were inoculated with influenza A(H3N2) viruses that were preincubated for 1 hour 
with dilutions of serum samples. Following further culture in absence or presence of overlay medium, residual virus replication was detected by  
NP-specific immunostaining.

RESULTS: Antigenic characterization of a panel of recent A(H3N2) virus isolates showed several key advantages of the ViroSpot MN assay compared to 
the other MN assay: robust antigenic typing of virus strains that failed to agglutinate red blood cells; no serum background signals; standardization of 
virus concentrations based on infectious units rather than time-dependent readout signals; one incubation period for both rapidly and slowly replicating 
viruses; low influence of inevitable variability in infectious units of the viruses used in the assay.

CONCLUSIONS: The ViroSpot MN assay offers a robust alternative for the HI assay and other MN assay formats for antigenic characterization of 
influenza viruses. Vaccine strain selection and surveillance of antigenic distances could greatly benefit from results generated by this novel format.
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069 Evaluation of the Cobas e 601 Anti HCV II Assay for the Diagnosis of Hepatitis C Virus Infection
Nafija Serdarevic
Clinics Center University of Sarajevo, Sarajevo, Bosnia and Herzegovina

INTRODUCTION: We investigate the performance of the Cobas e 601 Anti HCV II Assay Roche compared with Anti HCV test at Architect and  
SR 2000 Abbott.

MATERIALS AND METHODS: In study was 200 serum samplers.  Cobas e 601 (ECLIA) anti HCV II  0.9 S/Co indicate a negative result, while 1.0 S/Co 
was positive and the “gray zone” 0.9-1.0 S/Co was also considered positive. Architect and SR 2000 (CMIA) an S/Co till 0.99 S/Co was indicate a negative 
result, while over 0.99 S/Co was positive. 

RESULTS: 75 samplers was positive in both platforms, with borderline Anti HCV 0.85-0.9 was 40 positive and 5 was positive at Cobas e 601 and 
negative in Architect. In the 80 patient samplers we have got negative result in both platforms. The accuracy ECLIA in the series is for Anti HCV ranged 
from 0.079 to 5.56 % CV, and for from day to day for Anti HCV amounted CV 0.102 to 7.74 %. For the positive samplers anti HCV, the S/Co obtained 
using Cobas e 601 anti HCV did not correlated with those obtained using Architect anti-HCV P = 0.12.   The results showed regression line between 
immunoassay in patients with suspected presence of hepatitis disease Anti HCV (Architect) = 0.604 (Cobas)-110.73; R = 0.122.

CONCLUSION: Cobas anti HCV shows sensitivity in early detection of HCV seroconversion compared Architect. The assay shows excellent sensitivity and 
specificity in the routine clinical samplers and can be used as a specific test for confirmation of border line anti HCV results.     

070 The Determination of HCV RNA and HCV Genotype in Sarajevo Canton
Nafija Serdarevic
Clinics Center University of Sarajevo, Sarajevo, Bosnia and Herzegovina

INTRODUCTION:  In all 340 analyzed samplers we determined  HCV RNA and HCV genotype 

MATERIALS AND METHODS: The study was isolation of HCV RNA  using High Pure System Viral Nucleic Acid Kit (Roche) and HCV genotype was 
determined using Versant®HCV Genotype 2.0 Assay (LiPA).  This assay determines the 6 major genotypes of HCV. 

RESULTS: The HCV positive subjects were men in the age between 50 and 59 years, womens in the age group of 20 to 29, and in the age group> 70 
years only women. At age 30 to 49 and aged 60 to 69 years increasing number of patients are men. Genotypes 1 and 1a was only in males, 1b and 3a are 
proven in both men and women, but are more common in men and 4 was detected only in one woman. Genotype 1a occurs between the ages of 20-49 
years. The genotype 1b in ages of 50 and 59, age 40 to 49 years, and age of 60-69 years, 3a is most common in the age 30 to 39 years, then aged 50 to 
59 years, and at age 40 to 49 years. Genotype 4 was detected only at the age 50 to 59 years. High concentrations of HCV RNA levels were determined in 
patients with HCV genotype 1b, 3a, 1 and 1a.

CONCLUSION: Considering the genotype, most patients were infected with genotype 1b and 3a. Genotype 1b was associated with age> 50 years and  
3a is associated in younger age.

071 Synthesis of Nucleoside Triphosphate Prodrugs (NTP) of Abacavir and Carbovir
Simon Weising, M.S., Vincente Sterrenberg, B.S., Chris Meier, Ph.D.
1University of Hamburg, Hamburg, Hamburg, Germany

A broad variety of nucleoside analogues were synthesized in the last few decades. Some of these nucleosides have shown very good antiviral properties. 
Inside the cell they have to be metabolized stepwise into their corresponding triphosphates by cellular kinases. Due to this essential metabolism into their 
active form some nucleosides were not antivirally active, because of the substrate specificity of these cellular kinases. To bypass this problem, inactive 
nucleosides can be transformed chemically into their mono-[1], di-[2] or triphosphate prodrugs.[3] 

Here we present the triphosphate prodrug synthesis of Abacavir and Carbovir. At first the nucleosides were coupled with 3-methyl-cycloSal 
phosphorochloridate to form the monophosphate prodrugs. After chemical cleavage of the cycloSal mask the nucleoside 5’-monophosphates were 
obtained. The necessary pyrophosphate unit, which contains lipophilic residues linked by 4-hydroxybenzyl alcohol, was then activated and coupled with 
the appropriate nucleoside monophosphates to yield the lipophilic triphosphate prodrugs (see figure). [1] C. Meier, Angew. Chem. Int. Ed. Engl. 1996, 35, 
70-72. [2] T. Schulz, J. Balzarini, C. Meier, ChemMedChem 2014, 9, 762-775.  [3] T. Gollnest, T. Dinis de Oliveira, D. Schols, J. Balzarini, C. Meier,  
Nat. Commun. 2015, 6:8716.
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072 KPT-335, a Selective Inhibitor of Nuclear Export (SINE) Compound, Reduces Respiratory Syncytial Virus (RSV) 
Replication In Vitro
Patricia Jorquera, Ph.D.1, Colin Williams, M.S.1, Ralph Tripp, Ph.D.1, Sharon Tamir, M.S.2, Sharon Shacham, Ph.D.2
1University of Georgia, Athens, Georgia, USA; 2Karyopharm Therapeutics, Newton, Massachusetts, USA

Respiratory Syncytial Virus (RSV) causes upper and lower respiratory tract disease in children, elderly and immunocompromised individuals. To the date, 
there is no licensed vaccine against RSV and the only therapeutic treatment available is aerosolized ribavirin, used in immunocompromised patients, but 
it is costly, teratogenic, and inconvenient. Therefore, there is a clinical need for safe and effective therapeutic agents to treat RSV infections. Therapeutic 
targeting of host proteins hijacked by RSV to facilitate replication is an antiviral strategy to reduce the development of drug resistance. Nuclear export 
of RSV matrix (M) protein from infected cells is mediated by Exportin 1 (XPO1) and silencing the XPO1 gene results in reduced RSV replication in vitro. 
Similarly, treatment of RSV-infected cells with the XPO1 inhibitor leptomycin B (LMB) limits RSV replication in vitro; however, LMB is toxic in vivo, 
which makes it unsuitable for therapeutic use. KPT-335, an orally bioavailable selective inhibitor of nuclear export (SINE) compound, was recently 
developed by using molecular modeling to screen a small virtual library of compounds for affinity to the NES groove of XPO1. Unlike LMB, KPT-335 is 
minimally cytotoxic to normal cells and demonstrates good tolerability in rodents, dogs, primates and humans. In this study, we show that prophylactic 
and therapeutic administration of KPT-335 potently inhibits the replication of various RSV strains in A549, Calu-3 and Beas-2B cell lines by selectively 
inhibiting XPO1-dependent nuclear export with minimal cytotoxicity. These studies show that KPT-335 acts as a novel anti-RSV therapeutic agent.

074 Carboxylic Acids of the Trail of a Slug to Fight Measles Virus
Ana Rita Toledo-Piza, Ph.D.1, Cristina Figueiredo, Ph.D.2, Giuseppina Negri, Ph.D.3
1Butantan Institute, São Paulo, São Paulo, Brazil; 2Adolfo Lutz Institute, São Paulo, São Paulo, Brazil; 3Federal University of São Paulo,  
São Paulo, São Paulo, Brazil

Gastropods exude mucus by the body surface, when traveling, to protect its body from mechanical injury, desiccation or contact with harmful substances. 
Mucus of mollusks has been studied as a source of compounds with biological activities, as ability to induce cell proliferation. Fbroblasts treated with 
0.012mg/µl of Phyllocaulis boraceiensis mucus have high rates of proliferation inducing a increase in production and secretion of extracellular matrix 
such as collagen fibres. Studies involving the mucus of P. boraceiensis can elucidate the presence of proteins that induces healing process in mice 
submitted a dorsal incision. The aim is to identify, isolate and purify molecules present in the mucus of P. boraceiensis with antiviral action. Antiviral 
activity of P. boraceiensis mucus was determined using Vero cells infected with Measles. The crude sample and four fractions were tested in cultures 
infected with virus and were observed antiviral action, either by determination of cytopathic effect in cell cultures infected and by immunofluorescence 
and qPCR. Fractions 39 and 50 of the P. boraceiensis mucus were analysed through HPLC-DAD-ESI-MS/MS and infrared spectroscopy. Polyunsaturated 
carboxylic acids mixture was found in both fractions. Growth reduction of measles virus in 64-fold and protection index were observed through antiviral 
assay in plates, measured by qPCR, which was over 80% in Vero infected with measles virus and treated with fraction 39, that exhibited the best antiviral 
action “in vitro”, contain high concentration of 20-hydroxy-2,6,10,14,23-tritriacontapentaenoic acid and 20-hydroxy-2,6,10,14,23-pentatriacontapentaenoic 
acid. This demonstrates efficacy of carboxylic acids from P. boraceiensis mucus as a potent antiviral agente.

077 Inhibition of Venezuelan Equine Encephalitis Virus through Novel Capsid Inhibitors
Lindsay Lundberg, M.S.1, Chelsea Pinkham, M.S.1, Kylene Kehn-Hall, Ph.D.1, Aaron DeBono, Ph.D.2, Jonathan Baell, Ph.D.2, Sharon Shechter, M.S.3, 

David Thomas, Ph.D.4, Kylie Wagstaff, Ph.D.4, David Jans, Ph.D.4, Sharon Tamir, B.S.5, Sharon Shacham, Ph.D.5 
1National Center for Biodefense and Infectious Diseases, George Mason University, Manassas, Virginia, USA; 2Monash Institute of 
Pharmaceutical Sciences, Monash University, Parkville, Victoria, Australia; 3Shechter Solutions, Andover, Massachusetts, USA; 4Nuclear 
Signaling Laboratory, Monash University, Clayton, Victoria, Australia; 5Karyopharm Therapeutics Inc., Newton, Massachusetts, USA

Venezuelan equine encephalitis virus (VEEV) is an arthropod-borne virus responsible for causing acute and fatal encephalitis in animal and human hosts. 
Currently there are no therapeutics for VEEV; however, inhibitors of nucleocytoplasmic trafficking represent a potential class of VEEV therapeutics 
and a novel approach to studying virus-host interactions, as VEEV’s capsid complexes with nucleocytoplasmic transport proteins. Two main classes 
of inhibitors are being evaluated: 1) Novel selective inhibitor of nuclear export (SINE) compounds, which target CRM1, and 2) Mifepristone analogues 
which inhibit importin č/č interactions with cargo proteins such as capsid.  SINE compound treatment resulted in capsid retention in the nucleus and 
decreased viral replication through inhibition of viral assembly.  These compounds were also effective at reducing the viral titers of the related Eastern 
and Western equine encephalitis viruses, suggesting that CRM1 maintains a common interaction with capsid proteins across the New World Alphavirus 
genus.  Mifepristone analogues have been identified that disrupt the ability of VEEV capsid to interact with the nuclear pore complex, leading to altered 
capsid localization, decreased viral replication and/or increased survival of the host cell.  Ongoing studies are aimed at determining if continual treatment 
of virally infected cells leads to drug resistant viruses and to determine the in vivo efficacy of these drugs in a mouse model of Venezuelan equine 
encephalitis. This work will lay the foundation for the development of a novel class of alphavirus capsid inhibitors that can be used for the treatment  
of both naturally occurring and biothreat related alphavirus infections.
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079 Tenofovir Diester Prodrugs Prolong Intracellular Persistence of Tenofovir Diphosphate
Kathy Aldern, B.S., James Beadle, Ph.D., Nadejda Valiaeva, Ph.D., Karl Hostetler, M.D.
University of California, San Diego, La Jolla, California, USA

More than two million people have been newly infected with HIV-1 in the last two years.  While current antiretroviral therapy has greatly reduced 
mortality worldwide, a prevention strategy using antivirals as PrEP (pre-exposure prophylaxis) agents may help to reduce new infections.  Tenofovir 
(TFV) is currently used to prevent and treat HIV and hepatitis B virus. We prepared  C14-labeled TFV, ODE-TFV and ODE-Benzyl-TFV and studied the 
uptake and intracellular metabolic conversion in human foreskin fibroblast (HFF) cells.  When cells were exposed to 1 M each of these for up to 48 
hr, rapid cellular uptake was noted for both lipophilic drugs compared with an approximate 50 fold lower uptake for unmodified TFV.  To assess the 
intracellular persistence of the active metabolite, TFV diphosphate, HFF cells were exposed to 1 M ODE-[8-14C]TFV or ODE-Bn-[8-14C]TFV for 48 hr 
followed by removal of the media and replacement with drug-free media.  The metabolite levels were analyzed at intervals up to 14 days using Partisil 
SAX HPLC.  With ODE-[8-14C]TFV the diphosphate levels were approximately four fold higher after exposure than with the benzylated form.  However, 
the diphosphate rapidly disappeared yielding a half-life of about two days.  Remarkably, the diphosphate levels in the benzylated form remained relatively 
constant until day five before it slowly decreased to a half-life of about eight days.  High levels of protection are achieved when active concentrations of 
tenofovir diphosphate are present at the time of viral exposure.  Therefore, ODE-Bn-[8-14C]TFV could be a good candidate for a topical PrEP strategy.

081 Interferon Lambda (IFN-) Prevents Infection with the Murine Norovirus by Blocking Mouse-to-Mouse 
Transmission
Joana Rocha-Pereira, Ph.D.1, Sam Noppen, Ph.D.1, Erik Verbeken, M.D., Ph.D.1,Johan Neyts, Ph.D.1, Sophie Jacobs, M.S.2,  
Thomas Michiels, Ph.D.2 
1KU Leuven, Dep Microbiology and Immunology, Rega Institute for Medical Research, Leuven, Brabant, Belgium;  
2Université Catholique de Louvain (UCL), de Duve Institute,, Brussels, Brussel, Belgium

Human noroviruses are the leading cause of foodborne illness. Without available vaccines or antiviral drugs, new strategies are needed for outbreak 
control. Interferon lambda (IFN-) has been shown to act primarily on epithelial cells in vivo, controlling viral infections targeting the intestinal epithelia 
(e.g. rotavirus, reovirus). While IFN- impeded the establishment of a persistent infection by the murine norovirus [MNV.CR6] (Nice et al. 2015 
Science.16;347(6219):269-73), norovirus targets the Peyer’s Patches and virus has scarcely been detected in the epithelia. We here explored the role of 
IFN- in acute MNV infections (MNV-1.CW3) and its impact on mouse-to-mouse virus transmission, using our IFNAR-/--IFNGR-/- AG129 mouse model, in 
which MNV is efficiently transmitted from infected (seeder) animals to non-infected (sentinel) mice (Rocha-Pereira J et al. 2015 JAC.70(1):190-7). Sentinel 
mice were electroinjected in the tibialis muscle with an IFN-3-expressing plasmid (or an empty vector); sentinel mice were caged together with infected 
seeder mice and monitored daily. While untreated sentinels developed norovirus-induced diarrhea, shed MNV in the stool and were euthanized 7-11 days 
pi, those injected with IFN- did not develop disease, shed no MNV and remained healthy. The histological findings and MNV antigens detected in the 
lamina propria of seeder and untreated sentinels were totally absent in IFN--injected sentinels. Hence, IFN- can completely prevent mouse-to-mouse 
transmission of norovirus. The fact that this determining role of IFN- is epithelium-focused reveals that the intestinal epithelium still acts as a bottleneck 
for productive norovirus infection, despite not being its preferred site of replication. 

082 Unraveling Determinants of Multivalent Interactions for the Design of Optimal Influenza Virus Inhibitors
Daniel Lauster, M.S.1, Victor Bandlow, M.S.1, Simon Klenk, M.S.1, Oliver Seitz, Ph.D.1, Christian Hackenberger, Ph.D.1, Andreas Herrmann, Ph.D.1, 

Susanne Liese, M.S.2, Sumati Bhatia, Ph.D.2, Kai Ludwig, Ph.D.2, Christoph Böttcher, Ph.D.2, Roland Netz, Ph.D.2, Rainer Haag, Ph.D.2
1Humboldt University of Berlin, Berlin Germany; 2Free University of Berlin, Berlin Germany

Multivalency is a widespread phenomenon in many biological systems, and inevitable for specific surface-surface interactions. The influenza virus 
provides a suitable system for studying multivalent interactions as it is covered by a densely packed layer of hemagglutinin (HA), which provides the virus 
high affinity to the host cells glycocalyx by multivalent interactions. To prevent such interactions and thus, infection, one promising strategy is the use of 
inhibitors presenting multiple HA receptors. For efficient inhibition, we investigated the optimal spatial arrangement of multivalent structures.

In order to determine exact distances between HA binding sites, we introduced bivalent DNA-PNA heteroduplexes, presenting 6’-sialyl-LacNAc with 
distinct distances, and thus serving as molecular rulers. Inhibition of virions to erythrocytes was assessed by a hemagglutination inhibition assay, and 
compared to dissociation constants of the ligands towards trimeric HA, and full virus particles applying microscale thermophoresis (MST). By this 
strategy, we determined the spatial arrangement of the natural receptor of the human pathogenic influenza virus X31 for optimal binding to virus at 
Ångström resolution free in solution. Here, we detected low micromolar dissociation constants to full virus particles for the best bivalent binder. We 
determined a similar optimum in the ligand distance by screening Q capsids, displaying sialic acid with distinct spatial arrangements, and recorded low 
nanomolar binding and inhibition constants. On that way we could unravel critical parameters for an optimal multivalent virus-ligand interaction. These 
studies are not only highly relevant for viral infection inhibition, but also provide new insights on the principles governing multivalent interactions.
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083 Novel Benzodiazepine Compounds Potently Inhibit Yellow Fever Virus Infection by Specifically Targeting  
NS4B Protein
Shuo Wu, Ph.D.1, Fang Guo, Ph.D.1, Julia Ma, B.S.1, Xuexiang Zhang, M.S.1, John Kulp, Ph.D.1, Andrea Cuconati, Ph.D.1, Timothy Block, Ph.D.1,  

Yanming Du, Ph.D.1, Ju-Tao Guo, M.D., Ph.D.1, Jinhong Chang, M.D., Ph.D.1, Justin Julander, Ph.D.2
1Baruch S. Blumberg Institute, Hepatitis B Foundation, Doylestown, Pennsylvania, USA; 2Utah State University, Logan, Utah, USA

Using a HEK293-based IFN- promoter reporter assay (Guo, F., et al. 2014, Antiviral Research), we screened 26,900 diversified compounds from our 
in-house library and identified a benzodiazepine compound, designated as USDV-001, which potently inhibits Yellow Fever virus (YFV) with an EC90 of 
30nM, but is not active against 20 other viruses from 14 different viral families. Drug resistant YFV was selected and the mutation was mapped to amino 
acid 219 of the YFV nonstructural protein 4B (NS4B), which is an essential component of the membrane-bound viral replication complex. Structure 
biology analysis predicts that drug resistant the P219S mutant most likely alters the membrane topology of the fifth trans-membrane domain of NS4B, 
which may interfere with the binding of USDV-001. Pharmacokinetic and toxicological studies of USDV-001 demonstrated favorable drugable properties 
and an encouraging safety profile. In an in vivo efficacy study in YFV-infected hamsters, oral administration of USDV-001 protected 90% of the animals 
from death and significantly reduced viral load by greater than 2 logs. While these results have proven the concept that the “hit” molecule USDV-001 
could potentially be developed for treatment of YFV infection, our ongoing structure-activity-relationship (SAR) studies have identified several analogs 
with improved antiviral efficacy and physicochemical properties. Interestingly. Further in vivo efficacy and pharmacological studies will identify the 
potential preclinical candidates for development of the benzodiazepines as therapeutics of Yellow Fever. [Supported by HHSN272201000039I Task Order 
A21 from the Virology Branch, non-clinical and pre-clinical services program, NIAID, NIH]

084  Ester Prodrugs for the Delivery of N-Alkyldeoxynojirimycin Derivatives Against Filovirus Infections
Yanming Du, Ph.D., Jia Guo, Ph.D., Fang Guo, M.D., Ph.D., Julia Ma, B.S., Xuexiang Zhang, M.S., Shuo Wu, Ph.D., Ju-Tao Guo, M.D.,  

Timothy Block, Ph.D., Jinhong Chang, M.D., Ph.D.
Baruch S. Blumberg Institute, Doylestown, Pennsylvania, USA

We discovered a novel class of N-alkyl-ureanyl-deoxynojirimycins (NAUDNJs) that inhibits the host endoplasmic reticulum (ER) -glucosidases I and 
II, which disrupts the viral glycoprotein folding and virion assembly of multiple enveloped viruses in vitro and in vivo. Particularly, a representative lead 
compound IHVR-19029 has been demonstrated to significantly protect mice from lethal infection of Marburg and Ebola virus when administrated via 
injection route. The major obstacles toward development of oral available NAUDNJs are their short plasma half life, low oral bioavailability and inhibition 
of carbohydrate-metabolizing gut glucosidases, which results in osmotic diarrhea. To overcome these problems, ester prodrugs were designed and 
synthesized, including acetate, butyrate, isobutyrate, carbonate, and amino acid prodrugs each with fully protection or partial protection of the four 
hydroxyl groups on DNJ core of IHVR-19029. As expected, all the prodrugs lost the ability to inhibit ER -glucosidases I and II in enzymatic assays. In 
addition, in vitro ADME profiling studies demonstrated that while all the prodrugs remained intact in simulated gastric fluid, most of them subjected 
to rapid conversion to the parent drug either within the circulation and/or inside the cells. Pharmacokinetic profiling of the representative acetate, 
butyrate, isobutyrate prodrugs in mice demonstrated that oral delivered butyrate prodrugs can be very rapidly and efficiently metabolized leading to 
the significantly increased overall exposure to parent compound than that of direct administration of parent compound.  The selected prodrugs will be 
advanced into animal efficacy studies in mouse and non-human primate models of Ebola virus infection.  

085 RNA-protein Interactions Regulate the Antiviral Efficacy of Host Restriction by APOBEC3G
Harold Smith, Ph.D.1, Bogdan Polevoda, Ph.D.2, William MacDougall, Ph.D.2, Alan Friedman, Ph.D.2,

Jason Salter, Ph.D.3, Ryan Bennett, Ph.D.3
1University of Rochester, School of Medicine and Dentistry, CFAR, Rochester, New York, USA; 2University of Rochester, School of Medicine 
and Dentistry, Rochester, New York, USA; 3OyaGen, Inc, Rochester, New York, USA

Human APOBEC3G (A3G) restriction of HIV depends on RNA binding for encapsidation of the restriction factor and on binding to proviral ssDNA for 
dC-to-dU hypermutation of the negative-sense viral genome. However, A3G catalytic activity also is ablated by cellular RNA binding. We describe 
RNA inhibition of A3G binding to ssDNA under defined in vitro conditions using a combination of biophysical approaches and structural modeling. In 
addition, the physical nature of these interactions was evaluated using mass spectrometry (MS) analysis of tryptic peptides from native A3G:nucleic 
acid complexes. ssDNA bound to A3G adjacent to the zinc-dependent catalytic core domain in the C-terminus but also to a novel solvent-exposed 
surface that extends to within the N-terminal half of A3G, a region that previously had not been experimentally determined to be involved in ssDNA 
binding. MS analysis suggested that RNA bound to the C-terminal half of A3G.  This is also a novel observation and suggested that RNA may act as a 
competitive inhibitor of ssDNA binding to A3G.  We also identified tryptic peptides of the N-terminus of A3G that were cross-linked to RNA, but not DNA. 
Interestingly, these peptides were predicted to form an exposed continuous surface within the N-terminus that was juxtaposed to the surface predicted 
to bind to both ssDNA and RNA. The data predict a mechanistic model of RNA inhibition of ssDNA binding to A3G in which competitive and allosteric 
interactions determine RNA-bound versus ssDNA-bound conformational states relevant for understanding anti-retroviral host defense. 
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086 QSAR Analysis of Anti-Influenza Activity
Ekaterina Varlamova, Ph.D.1, Carolina Andrade, Ph.D.1, Michaela Schmidtke, M.D., Ph.D.2, Pouria Hasani, Ph.D.3, Ian Tietjen, Ph.D.3, David Fedida, 

Ph.D.3, Eugene Muratov, Ph.D.4

1Federal University of Goias, Goiania, Goias, Brazil; 2Jena University Hospital, Jena, Jena, Germany; 3University of British Columbia, 
Vancouver, British Columbia, Canada; 4A.V.Bogatsky Physical-Chemical Institute NAS of Ukraine, Odessa, Odessa, Ukraine

The M2 proton channel of influenza A virus is a target for the anti-influenza drugs amantadine and rimantadine. The effectiveness of these drugs has 
been dramatically limited by the rapid spread of drug resistant mutations, mainly at sites S31N, V27A and L26F in the pore of the channel. This fact 
creates a frequent need for the search for new anti-influenza drugs. Goals of this research are i) data collection and curation of inhibitors of S31N M2 
proton channel; ii) QSAR analysis of anti-influenza activity; iii) search of new hits. Dataset of 155 compounds was collected from our lab collection and 
scientific literature. Activity was represented as percentage inhibition by 100 M. Two types of descriptors (SiRMS and Dragon) and two machine-
learning techniques (Support vector machine and Random forest) were used for QSAR modelling. We succeeded to obtain two types of models: i) 
regression (R2=0.82, RMSE=11.7%) and ii) binary with cut-off 50% (Balanced accuracy > 0.85). Then obtained models were used virtual screening of the 
ZINC Database. Seven hits were selected for experimental confirmation. Results of the screen are expected to be available at the time of the conference.

087 Characterization of a Novel Human-Specific STING Agonist That Elicits Antiviral Activity Against  
Emerging Alphaviruses
Tina Sali, Ph.D., Kara Pryke, B.S., Jinu Abraham, Ph.D., Rebecca Broeckel, B.S., Jessica Smith, Ph.D., Aaron Nilsen, Ph.D., Daniel Streblow, Ph.D.
Oregon Health and Science University, Portland, Oregon, USA

Pharmacologic stimulation of innate immune processes represents an attractive strategy to achieve multiple therapeutic outcomes including inhibition 
of virus replication, boosting anti-tumor immunity, and enhancing vaccine immunogenicity. In light of this we sought to identify small molecules capable 
of activating the type I interferon (IFN) response by way of the transcription factor IFN regulatory factor 3 (IRF3). A high throughput in vitro screen 
yielded “G10”, which was found to trigger IRF3/IFN-associated transcription in human fibroblasts. Further examination of the cellular response to this 
molecule revealed expression of multiple IRF3-dependent antiviral effector genes as well as type I and III IFN subtypes. This led to the establishment of 
a cellular state that prevented replication of emerging Alphavirus species including Chikungunya virus, Venezuelan Equine Encephalitis virus, and Sindbis 
virus. To define cellular proteins essential to elicitation of the antiviral activity by the compound we employed a reverse genetics approach that utilized 
genome editing via CRISPR/Cas9 technology. This allowed the identification of IRF3, the IRF3-activating adaptor molecule STING, and the IFN-associated 
transcription factor STAT1 as required for observed gene induction and antiviral effects. Biochemical analysis indicates that G10 does not bind to STING 
directly, however. Thus the compound may represent the first synthetic small molecule characterized as an indirect activator of human STING-dependent 
phenotypes. In vivo stimulation of STING-dependent activity by an unrelated small molecule in a mouse model of Chikungunya virus infection blocked 
viremia demonstrating that pharmacologic activation of this signaling pathway may represent a feasible strategy for combating emerging Alphaviruses.

088 Modeling Zika Virus: Cell Culture and Animal Models for Use in Antiviral Studies
Justin Julander, Ph.D. Joseph Evans, B.S., Makda Gebre, B.S., Brittney Downs, B.S., Skot Nielson, M.S., Craig Day, Ph.D.
Institute for Antiviral Research, Utah State University, Logan, Utah, USA

Zika virus (ZIKV) is an emerging arbovirus that typically causes a mild disease in infected patients, and typical symptoms of disease may include 
headache, conjunctivitis, fever, rash and arthralgia. Although the disease is not typically lethal, this flavivirus has been implicated in a wave of recent 
cases of microcephaly in infants in Brazil born during a ZIKV outbreak. The virus is endemic in Africa and Southeast Asia and is currently spreading 
through the Americas. Imported cases have been observed in various countries, including the United States, and pose a risk for virus establishment in 
those areas. We have developed cell culture assays in Vero 76 and Huh-7 cells to identify potential countermeasures for the treatment or prevention of 
ZIKV. Several broadly active compounds were active (SI>10) against ZIKV in cytopathic effect inhibition and virus yield reduction assays. We have also 
developed a mouse model of infection and disease using the AG129 mouse strain. Subcutaneous challenge with a Malaysian strain of ZIKV results in 
uniform lethality, with an average survival time of 12-15 days after virus challenge. Disease signs, including conjunctivitis and neurologic impairment, 
are observed in mice and model some relevant features of human disease. The time course of disease progression and utility in antiviral studies for 
this model will be presented. This work represents initial steps towards discovery of potential therapies for the treatment of this important pathogen. 
[Supported in part by HHSN272201000039I from the Virology Branch, NIAID, NIH]
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089 Proteasome Inhibition Induced Latent HIV Reactivation is Mediated by HSF1 through Recruiting  
HSP90-p-TEFb Complex
Xiaoyan Pan, M.D., Wei Zhao, M.D., Ph.D., Xiaoyun Zeng, B.S., Jian Lin, B.S., Ruxia Ren, B.S., Keng Wang, B.S., Tianrong Xun, M.S.,  

Shuwen Liu, M.D., Ph.D.
Southern Medical University, Guangzhou, China, Guangzhou, Guangdong, China

The persistence of HIV in resting memory CD4+ T cell at latent state is regarded as the major barrier to HIV cure in spite of combined anti-retroviral 
therapy (cART). Therefore, one strategy aiming to eliminate latent HIV reservoir by reversing HIV latency combined with cART, the so called “shock and 
kill” strategy is considered promising and has been given high expectation. Here we demonstrate that proteasome inhibitors (PIs), especially the second 
generation PIs, like bortezomib (BTZ) and carfilzomib (CFZ),can reactivate latent HIV in various cell models without global T cell activation. Meanwhile, 
proteasome inhibitors facilitate host innate immune response reflecting by selective production of IL-1 and IL-18. These findings suggest proteasome 
inhibitors as a new class of latency reversing agents (LRAs). More specifically, the latent HIV reactivation is induced by proteasome inhibition, which is 
mediated by HSF1 via the recruitment of p-TEFb complex. In turn, HSP90 generated by HSF1 gives positive feedback to the reactivation process through 
binding to CDK9 and preventing it from degradation by proteasome. This study suggests proteasome inhibitors as potential novel candidates and HSF1  
as a novel target to cure HIV/AIDS.

090 More Deletions in HIV-1 subtype B than in Non-B subtypes Following Long-term Korean Red Ginseng Treatment
Jung-Eun Kim, M.S.1, Jun-Hee WOO, M.D., Ph.D.2
1Asan Medical Center, University of Ulsan College of Medicine, SEOUL, Korea, Korea, Republic of; 2Internal Medicine, Asan Medical 
Center, University of Ulsan College of Medicine, SEOUL, Korea, Korea, Republic of

BACKGROUND.  Several studies have shown that gross deletions in the HIV nef gene (gnef) are associated with long-term non-progression of HIV-1 
subtype B-infected patients. However, there are no data on patients infected with non-B subtypes (non-B). We investigated whether genetic defects in 
the nef gene are associated with Korean red ginseng (KRG) intake along with highly active antiretroviral therapy (HAART) in non-B viruses, as has been 
shown in subtype B infections. 

METHODS.  We obtained 2633 nef clones by applying nested PCR from 37 patients including 15 long-term slow progressors (LTSPs) treated with KRG 
followed by ginseng-based combination therapy (GCT). This study was divided into three sequential phases over a 25-year period; baseline, KRG, and 
GCT. The frequency of defective genes was compared among the 3 phases, between subtype B and non-B patients, and with 351 nef clones obtained 
from 36 controls and 28 on-HAART patients.

RESULTS.  The proportion of gnef in on-KRG patients was significantly higher than in baseline, GCT, control, and on-HAART patients (P < .01). 
Interestingly, its proportion was higher in subtype B (13.6%) than in non-B on-KRG (4.9%; P < .001). However, there were no differences in other genetic 
defects such as INDEL and premature stop codon between the 3 phases or between the subtypes. The higher proportion of gnef in subtype B patients 
coincided with the higher proportion of LTSPs with subtype B (P < .05).

CONCLUSIONS.  The proportion of gnef is affected by KRG intake and non-B is less attenuated by KRG than subtype B.  

091 Discovery of Two Novel Fusion Inhibitors of Influenza A Virus Through Chemical Genetics
Kin Kui Lai, M.S.1, Nam Nam Cheung, M.D.1, Fang Yang, M.S.1, Jun Dai, Ph.D.1, Kong Hung Sze, Ph.D.1, Hong Lin Chen, Ph.D.1,  

Kwok Yung Yuen, M.D., Ph.D.1, Richard Yi Tsun Kao, Ph.D.1, Li Liu, Ph.D.2, Zhiwei Chen, Ph.D.2, 
1Department of Microbiology, Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong, Hong Kong; 2AIDS Institute,  
Li Ka Shing Faculty of Medicine, The University of Hong Kong, Hong Kong, Hong Kong

The influenza virus is one of the major pathogens leading to seasonal outbreaks and even pandemics such as avian H5N1 and pandemic H1N1. Due to its 
high mutation rate, currently available drugs like Tamiflu and Amantadine have already resulted in drug resistance virus. Therefore, there is an urge to 
develop novel and effective antivirals for influenza virus associated infections. In the entry process of influenza virus infection, hemagglutinin (HA) is the 
essential viral protein for recognizing the host cell and mediating viral-endosomal membrane fusion. Our group has previously identified a pool of small 
molecules that effectively inhibit the influenza virus using a high-throughput screening. Now, we report two structurally diverse fusion inhibitors of the 
influenza A group 1 HA, FA-583 and FA-617, with nanomolar activities. HA2K51R and HA2M59L escape mutants against FA-617 and FA-583 respectively 
were generated and these mutations were found to be located near the B-loop of the HA2 protein, involved in the loop-to-helix transition of viral fusion. 
Recombinant viruses from reverse genetics confirmed the resistant phenotype. In addition, the proposed binding pockets predicted by molecular docking 
studies are consistent with the resistance-bearing mutations. Results from polykaryon assay, trypsin protection assay and low-pH inactivation assay 
further revealed that FA-583 and FA-617 act as fusion inhibitors by blocking the low pH induced HA conformational change. This study not only provides 
two lead compounds for the development of novel fusion inhibitors, but also identifies amino acid residues important in virus-resisting mechanism.



ABSTRACTS

Program and Abstracts of the 29th International Conference on Antiviral Research (ICAR) 61

092 Naturally Occurring Peptide Derived from HIV gp120 during Viral Infection Forms Amyloid Fibrils that Enhance 
Viral Infection
Suiyi Tan, M.D., Ph.D.1, Wenjuan Li, M.D.1, Jinqing Li, B.S.1, Lin Li, M.D., Ph.D.1, Shuwen Liu, M.D., Ph.D.1, Lu Lu, M.D., Ph.D.2, Shibo Jiang, M.D., Ph.D.2 
1Southern Medical University, Guangzhou, China, Guangzhou, Guangdong, China; 2Fudan University, Shanghai, Shanghai, Shanghai, China

BACKGROUND: Amyloid fibrils play an important role in microbial infection. For example, semen-derived amyloid fibril and -amyloid fibrils can greatly 
enhance HIV infection. Previously, we found many peptides derived from -strands in gp120 could spontaneously form amyloid fibrils that remarkably 
enhanced HIV-1 infection. Thus, we intended to analyze whether naturally occurring fragment derived from gp120 might exist during viral infection in 
vitro, and examine the biological function of these peptidic fragments. 

METHODS: HIV-1 IIIB at 100 TCID50 was used to infect MT-2 cells for 7 days. Then the culture supernatants were collected and centrifuged with 
ultrafiltration tube to collect components below 3kD, which were later load for LC-MS/MS analysis. The corresponding peptides were synthesis. Amyloid 
fibril formation was confirmed by Thioflavin T staining, Congo Red staining, transmission electron microscopy. Viral infection assay was explored to 
examine their ability to enhance HIV infection. 

RESULTS: Several peptidic fragments derived from gp120 were found in the supernatant during viral infection. A 15-mer peptide derived from gp120 
-strand region was found to form amyloid fibrils and remarkably enhance HIV infection by capturing HIV virions to the target cells. Significantly, the 
antiviral efficacy of ARVs become significantly decreased in the presence of the peptide. 

CONCLUSION: The data suggest amyloid-forming peptide exist in vitro and may play a role in viral pathogenesis and suppressing the efficacy of anti-
HIV therapeutics. Biological relevance of these amyloid-forming peptides in vivo is highly warranted, and, undergoing in our lab.

093 Design and Evaluation of Acyclic Fleximer Nucleoside Analogues that Inhibit MERS-CoV and  
SARS-CoV Replication
Clara Posthuma, Ph.D.1, Adriaan de Wilde, Ph.D.1, Jessika Zevenhoven-Dobbe, B.S.1, Eric Snijder, Ph.D.1, Hannah Peters, Ph.D.2,  

Katherine Seley-Radtke, Ph.D.2, Dirk Jochmans, Ph.D.3, Johan Neyts, Ph.D.3, 
1Department of Medical Microbiology, Leiden University Medical Center, Leiden, Zuid-Holland, Netherlands; 2Department of Chemistry  
& Biochemistry, University of Maryland, Baltimore, Maryland, USA; 3Rega Institute, University of Leuven, Leuven, Vlaanderen, Belgium

Outbreaks of the zoonotic SARS- and MERS-coronaviruses have highlighted the potentially lethal consequences of nidovirus infections in humans. Their 
economic and societal impact continue to illustrate that our treatment options remain very limited thus far.

The coronavirus family differs from other +RNA virus groups in their large genome size (>30kb) and complex genome expression strategy. The key 
enzyme in viral replication and a primary drug target, the RNA-dependent RNA polymerase (RdRp, nsp12), is still poorly characterized and its structure 
remains unresolved. Previous efforts to target the coronavirus family with nucleoside inhibitors were unsuccessful.

We recently developed a series of doubly flexible nucleoside analogues (fleximers) in which the purine flex-base motif is combined with the flexible 
acyclic sugar scaffold of the FDA-approved drug acyclovir (Peters et al, 2015). These analogues retain the purine hydrogen bonding patterns required for 
incorporation into newly synthesized RNA, while allowing the nucleobase to explore alternative binding modes, which can result in a high barrier  
of resistance. 

Several fleximer compounds (HP-083, HP-084, and HP-105) have potent activity against MERS-CoV and SARS-CoV in a cell culture-based infection 
model (EC50 in the micromolar range), while acyclovir itself appeared inactive. Compound treatment before or after the start of the infection (high MOI) 
is equally effective indicating that fleximers block a post-entry stage, which is in line with the proposed inhibition of RNA synthesis. We are currently 
investigating the mechanism of action of these compounds in more depth. Furthermore, second generation compounds are being synthesized, aiming  
to improve antiviral activity.
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094 Anti-viral Activity Evaluation of Selected Medicinal Plants of Nigeria against Measles Virus
Bolaji Oluremi, M.S., Johnson Adeniji, Ph.D.
University of Ibadan, Ibadan, Oyo, Nigeria

This study was carried out as a preliminary investigation into selected medicinal plants of Nigeria with the aim of discovering and developing a drug with 
anti-measles virus activity as an alternative measure in disease control. 

Ten parts of seven plants (Diospyros barteri leaf, Xylopia aethiopica leaf and stem bark, Picralima nitida stem, Cajanus cajan, Argemone Mexicana, 
Morinda lucida, Uvaria chamae leaf, stem and root bark) were dried, powdered and extracted by cold maceration using absolute methanol, and maximum 
non-toxic dose (MNTD) of each extract to Vero cell was determined. The cytotoxic activity and ability of extracts to inhibit viral-induced cytopathic effect 
(CPE) in tissue culture were evaluated three days post-inoculation and incubation, by 3-(4,5Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 
colorimetric assay. Statistical analysis was carried out using Graphpad prism software, and selective index (SI) was calculated as ratio of CC50 to IC50. 

Out of the ten plant extracts screened, Xylopia aethiopica leaf extract with IC50 of 1.248 g/mL, Uvaria chamae root and stem bark extracts with IC50 
1.216 g/mL and 3.281 g/mL, respectively demonstrated significant in vitro anti-measles virus activity. Bioassay-guided fractionation and further 
screening of active extracts showed activity to reside in the hexane and dichloromethane fractions of X. aethiopica leaf and U. chamae root and stem 
barks. These results suggest that these two plants could possibly be a lead to anti-measles virus drug discovery and development.   

KEYWORDS: Medicinal plant; anti-measles activity; cytotoxicity; cytopathic effect; X. aethiopica; U. chamae.

095 Novel Indole-flutimide Heterocycles with Activity Against Influenza PA Endonuclease and Hepatitis C Virus
Grigoris Zoidis, Ph.D.1, Erofili Giannakopoulou, M.S.1, Vassilios Myrianthopoulos, Ph.D.1, George Fytas, Ph.D.1, Emmanuel Mikros, Ph.D.1, Annelies 

Stevaert, Ph.D.2, Lieve Naesens, Ph.D.2, Efseveia Frakolaki, B.S.3, Penelope Mavromara, Ph.D.3, Niki Vassilaki, Ph.D.3, Ralf Bartenschlager, Ph.D.4
1Faculty of Pharmacy, Department of Pharmaceutical Chemistry, University of Athens, Athens, Europe, Greece; 2Rega Institute for Medical 
Research, KU Leuven – University of Leuven, Leuven, Europe, Belgium; 3Molecular Virology Laboratory, Hellenic Pasteur Institute, Athens, 
Europe, Greece; 4Department of Molecular Virology, University Heidelberg, Heidelberg, Europe, Germany

Influenza viruses cause considerable morbidity and mortality, whether in the context of annual epidemics, sporadic pandemics, or outbreaks of avian 
influenza virus. For hepatitis C virus (HCV), an estimated 170 million people are chronically infected worldwide. These individuals are at high risk of 
developing progressive liver injury or hepatocellular carcinoma. Since the efficacy of currently approved antiviral drugs is threatened by emerging viral 
resistance and the cost remains high, new antiviral drugs are still required. By utilizing a structure-based approach, novel substituted indole-flutimide 
heterocyclic derivatives (1,2-annulated indolediketopiperazines) were rationally designed, synthesized and evaluated as influenza PA endonuclease 
and HCV NS5B polymerase inhibitors. The compounds were also tested for their antiviral effect against HCV. All N-hydroxyimides were potent PA 
endonuclease inhibitors while displaying low cytotoxicity. The novel unsubstituted  indole-flutimide heterocyclic derivative proved to be the most active 
analogue, while the most favorable indole substitution was fluorine at position 8. The chloro-derivative showed additional potent anti-HCV activity and 
exhibited remarkable selectivity (>19). In accordance with the SAR data, removal of the hydroxyl group from the imidic nitrogen caused a complete loss 
of activity against influenza PA as well as HCV. Our findings suggest that the novel pyrazino[1,2-]indole-1,3(2H,4H)-dione framework that we have 
developed, following mild and experimentally convenient protocols, offers a promising motif for further construction of new analogues with optimized 
antiviral properties through appropriate substitution on the diketopiperazine or indole ring nuclei.

096 Effectiveness of Antiviral Drugs in the Model of Co-Infection
Liubov Biliavska, Ph.D., Olga Povnitsa, Ph.D., Yulia Pankivska, M.S., Svitlana Zagorodnya, Ph.D., Nadiya Nesterova, Ph.D.
Institute of Microbiology & Virology NAS of Ukraine, Kyiv, Kiev region, Ukraine

INTRODUCTION: A high spread of infections caused by herpes simplex virus and human adenovirus and their co-infections are the problems of modern 
medicine. Search of drugs with a relatively high activity against the viruses by inhibiting their transmission is an important task. 

METHODS: Model of co-infection MDBK cells created in our laboratory was used to research the efficiency of new nucleoside analog 4-(p-tolylsulfonyl)-
5-(perfluoroalkyl)-2H-1,2,3-triazol (G8) and antiviral agent of Cidofovir against human adenovirus serotype 5 (HAdV-5) and herpes simplex virus 1 type 
(HSV-1/US). Analysis of virus DNA synthesis was carried out with RT-qPCR. 

RESULTS: Use of the new nucleoside analog G8 (50g/ml) in conditions of mono infection led to inhibition of DNA replication of adenovirus by 51% and 
herpes virus by 100%. Activity of G8 against herpes virus decreased 43% under conditions of co-infection of cells. Use of the drug in these conditions 
led to the complete loss of the drug activity against adenovirus. Cidofovir (32g/ml) in models of mono infections showed reduction of reproduction of 
HSV-1/ US by 67% and HAdV-5 by 40%. During the co-infection of cells the Cidofovir inhibited the reproduction of herpes virus by 38%.

CONCLUSIONS: The changes of the nature of the pathological processes were found, as a result of the interference of the viruses and the differences of 
the drugs activities against the co-associated viruses in conditions of the mono and mixed infections of MDBK cells. 
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101 Exploring the Hydrazoindolin-2-one Based Scaffold to Develop Ribonuclease H/DNA Polymerase HIV-1 RT  
Dual Inhibitors
Angela Corona, Ph.D.1, Rita Meleddu, Ph.D.1, Francesca Esposito, Ph.D.1, Simona Distinto, Ph.D.1, Giulia Bianco, B.S.1, Elias Maccioni, Ph.D.1,  

Enzo Tramontano, Ph.D.1, Olivier Delelis, Ph.D.2
1University of Cagliari, Cagliari, CA, Italy; 2LBPA, ENS, Cachan, Cedex, France

The DNA polymerase and ribonuclease H (RNase H) activities of human immunodeficiency virus type 1 (HIV-1) are needed for the replication of the viral 
genome and are validated drug targets. However, there are no approved drugs inhibiting RNase H and the efficiency of DNA polymerase inhibitors can be 
diminished by the presence of drug resistance mutations. In this context, drugs inhibiting both activities could represent a significant advance towards 
better anti-HIV therapies.

Here we report structural studies of optimization of a new isatine-based scaffold, recently identified  as good start point for dual RT inhibitors active 
in the low micromolar range and active against HIV-1 variants naturally  selected as resistant to currently approved allosteric  non nucleoside RT 
inhibitors. Hydrazoindolin-2-one derivatives act by binding to two different RT pockets: one in the RNase H domain, responsible for inhibition of the 
RNase H function , one in the DNA polymerase domain, affecting the RT-associated DNA polymerase function. The  (Z)-4-(2-(2-(2-oxoindolin-3-ylidene)
hydrazinyl)thiazol-4-yl)benzonitrile  structure has  been used as hit compound to generate a small library of  58 new compounds with the aim to improve 
the potency of inhibition and to gain antiviral activity, inserting various functional groups. Among the synthesized compounds, 32 were active in the low/
sub micromolar range, with a good improvement in potency respect to previously reported analogs. Structure activity relationships allowed us to better 
define the differences in molecular space between the two pockets, gaining new insights on  modulating the inhibitory activity against the two functions.

102 Targeting Intracellular Ion Homeostasis for the Control of Respiratory Syncytial Virus
Michael Norris, M.S., Manpreet Malhi, M.S., Wenming Duan, Ph.D., Jason Maynes, M.D., Ph.D., Theo Moraes, M.D., Ph.D.
The Hospital for Sick Children, Toronto, Ontario, Canada

Respiratory syncytial virus (RSV) is a leading cause of mortality in infants with no specific treatment. We completed a drug screen and noted  
compounds that reduced RSV infectivity (cardiac glycosides and ionophoric antibiotics) also modulate intracellular ion concentrations. 

Digoxin and salinomycin were chosen as representatives for in vitro studies with HEp-2 cells and RSV-GFP. Both drugs reduced RSV infection  
(IC50: 0.026 M and 0.106 M respectively) without affecting cell viability (CC50: 0.839 M and >10 M respectively). Digoxin or salinomycin 
 delivered up to 6 hours post infection gave similar results to immediate treatment. 

In primary human airway epithelial cells grown at an air liquid interface there was a dose dependent reduction in RSV replication over 72 hours post 
infection in digoxin or salinomycin treated cells. Digoxin was also able to inhibit replication of a clinical isolate of RSV.

To study the role of potassium efflux, HEp-2 cells were infected in KCl depleted media; RSV replication was inhibited without changing cell viability. To 
study sodium influx, cells were treated with the sodium ionophore monensin. This was effective at inhibiting RSV (IC50 = 0.029 M) without cell toxicity 
(CC50 >10 M).  When extracellular sodium was substituted with N-methyl-d-glucamine (NMDG), the anti-RSV effects of digoxin and salinomycin were 
altered; IC50 values shifted from 0.026 and 0.106 M to 0.157 and 2.720 M respectively.

Modulation of intracellular ions provides a novel mechanism to reduce RSV replication. Further studies are ongoing to elucidate the mechanism linking 
RSV to intracellular ions.

103 Efficacy of a Dual-Domain Universal Influenza Vaccine Against Heterologous Influenza Virus Challenge in Mice
Bart Tarbet, Ph.D.1, Brett Hurst, M.S1. Yawei Ni, Ph.D.2
1Utah State University, Logan, Utah, USA; 2KJ Biosciences, College Station, Texas, USA

The efficacy of an influenza M2 and HA vaccine consisting of two dual-domain fusion protein constructs, one based on H1 hemagglutinin (phylogenetic 
group 1) and the other on H3 (group 2) was evaluated against challenge with influenza A/California/04/2009 (H1N1), influenza A/Victoria/3/75 (H3N2), 
influenza A/Vietnam/1203/2004 (H5N1) and influenza A/Anhui/1/2013 (H7N9). The alum-adjuvanted vaccine contained highly conserved domains from 
viral M2 and HA2 (stem region) fused with a nanoparticle carrier. This universal vaccine provided significant protection from challenge infection with H1N1 
(60%), H3N2 (80%), H5N1 (50%), and H7N9 (70%). Humoral immunity was determined by hemagglutination inhibition (HAI) and virus neutralization 
(VN) on serum collected on days 21 and 42 post-vaccination. As expected, all titers increased after the second vaccination, and significant HAI and VN 
titers were observed against all four influenza virus subtypes on both days 21 and 42, with only one exception. The VN mean titer of 14.8 against H7N9 on 
day 21 was not statistically significant. HAI mean titers peaked after the second vaccination at 371.2 (H1N1), 332.8 (H3N2), 92.8 (H5N1), and 70.4 (H7N9). 
VN mean titers peaked at 537.6 (H1N1), 396.8 (H3N2), 134.4 (H5N1), and 121.6 (H7N9). Differences in the HAI and VN results may indicate differences 
in the antibody binding characteristics inherent in these two functional antibody assays. Remarkably, this dual-domain universal vaccine provided 
protection against four influenza virus subtypes, and shows the potential for a universal influenza vaccine to eliminate the need for annual vaccine 
updates. [Supported by Contract HHSN272201000039I from the Respiratory Diseases Branch, NIAID, NIH]



ABSTRACTS

Program and Abstracts of the 29th International Conference on Antiviral Research (ICAR) 64

104 The Effect of Sorafenib on Rift Valley Fever Virus Assembly and Egress
Ashwini Benedict, M.S.1, Kylene Kehn-Hall, Ph.D.1, Rajini Mudhasani, Ph.D.2, Krishna Kota, Ph.D.2, Farooq Nassar, Ph.D.2, Rouzbeh Zamani, M.S.2, 

Sina Bavari, Ph.D.2, 
1National Center for Biodefense and Infectious Diseases, George Mason University, Manassas, Virginia, USA; 2U.S. Army Medical 
Research Institute of Infectious Diseases, Frederick, Maryland, USA

There is an urgent need for therapeutic development to combat Rift Valley fever virus (RVFV), which causes devastating disease in both humans and 
animals. In an effort to repurpose drugs for RVFV treatment, our previous studies involved screening a library of FDA-approved drugs. The hepatocellular 
and renal cell carcinoma drug sorafenib was the most effective RVFV inhibitor. Mechanism of action studies indicated that sorafenib targets a late stage 
in virus infection. In addition, siRNA knockdown studies indicated that non-classical targets of sorafenib are likely important for the propagation of RVFV. 

In our ongoing studies, we analyzed the influence of sorafenib through confocal microscopy. When sorafenib was added during the virus assembly/
budding stage, it was unable to inhibit the viral glycoprotein Gn traveling out of the golgi to the surface of the cells. Furthermore we observed that 
sorafenib treated cells displayed diffuse Gn staining throughout the cell and decreased Gn colocalization with the golgi marker TGN46. This is in stark 
contrast to Gn perinuclear staining and high levels of colocalization of Gn with TGN46 in DMSO treated cells, which is indicative of RVFV assembly in the 
Golgi. Transmission electron microscopy demonstrated that sorafenib caused a build-up of virions inside the cells compared to the control. 

Overall, our results indicate that sorafenib caused the disruption of Gn localization to the golgi, which resulted in defective virion budding. Additional 
studies will be performed to determine the cellular target of sorafenib that is important for propagation of the virus life cycle.

105 Biochemical Effect of Resistance Mutations Against Multiple Classes of RSV Polymerase Inhibitors
Jerome Deval, Ph.D., Amy Fung, M.S., Sarah Stevens, M.S., Joshua Taylor, B.S., Meng Jia, Ph.D., Jin Hong, Ph.D., Guangyi Wang, Ph.D.,  

Natalia Dyatkina, Ph.D., Marija Prhavc, Ph.D., Julian Symons, Ph.D., Leo Beigelman, Ph.D.
Alios BioPharma, South San Francisco, California, USA

ALS-8112 is the parent molecule of ALS-8176, a first-in-class nucleoside analog prodrug effective in the clinic against respiratory syncytial virus (RSV) 
infection. The antiviral activity of ALS-8112 is mediated by its 5’-triphosphate metabolite (ALS-8112-TP, or 2’F-4’ClCH2-cytidine triphosphate) inhibiting the 
viral RNA polymerase through RNA chain termination. Four amino acid mutations in the RNA-dependent RNA polymerase (RdRp) domain (QUAD: M628L, 
A789V, L795I, and I796V) confer in vitro resistance to ALS-8112-TP by increasing its discrimination relative to natural CTP. In this study, we show that the 
QUAD mutations specifically recognize the ClCH2 group of ALS-8112-TP. Among the four mutations, A789V conferred the greatest resistance phenotype, 
which was consistent with its putative position in the active site of the RdRp domain. AZ-27, a non-nucleoside inhibitor of RSV, also inhibited the RdRp 
activity, with decreased inhibition potency in the presence of the Y1631H mutation. The QUAD mutations had no effect on the antiviral activity of AZ-27, 
and the Y1631H mutation did not significantly increase the discrimination of ALS-8112-TP. The antiviral effect of combining ALS-8112 and AZ-27 was also 
evaluated in synergy experiments using cells infected with RSV. Overall, this is the first mechanistic study showing a lack of cross-resistance between 
mutations selected by different classes of RSV polymerase inhibitors, opening the door to potential combination therapies targeting different regions of 
the polymerase.

106 A Sensitive and Robust High-Throughput Screening Assay for Inhibitors of the Chikungunya Virus  
nsP1 Capping Enzyme
Kristen Bullard-Feibelman, Ph.D., Benjamin Fuller, B.S., Brian Geiss, Ph.D.
Colorado State University, Fort Collins, Colorado, USA

Chikungunya virus (CHIKV) is a mosquito-borne alphavirus that causes severe and debilitating disease symptoms. Alarmingly, the transmission rate of 
CHIKV has increased dramatically over the last decade resulting in local transmission in 45 countries and 1.7 million suspected cases in the Americas. 
There are currently no commercially available antivirals for the treatment of CHIKV infection and there is a clear need to identify promising anti-alphaviral 
compounds for drug development. Alphavirus nsp1 is the viral protein responsible for the methyltransferase and guanylyltransferase activities necessary 
for formation of the 5’ type 0 cap structure added to newly-formed viral RNA. Formation of this cap depends on nsP1 binding GTP and transferring a 
methylated GTP molecule to nascent viral RNA. We have developed a fluorescence polarization-based assay capable of monitoring nsP1 GTP binding in 
real time. Determining the relative affinities of 15 GTP analogs revealed aspects of GTP that contribute to binding affinity and will inform identification 
of inhibitors able to outcompete GTP for the nsP1 binding site. Adaptation and validation of the FP-based GTP binding assay for HTS was completed 
and a pilot screen of 3,050 small molecules revealed several promising “hits” for follow-up. We have also established a secondary orthogonal assay that 
measures guanylyltransferase inhibition and evaluated the ability of small molecule hits to prevent covalent addition of GTP to nsp1. Taken together, 
data indicate this HTS platform is capable of identifying potent nsP1 inhibitors and may provide badly needed compounds for the anti-alphaviral drug 
discovery pipeline.



ABSTRACTS

Program and Abstracts of the 29th International Conference on Antiviral Research (ICAR) 65

107 Antiviral Activity of T-705 Against Chikungunya Virus is Linked to Triphosphorylation in Various Cell Lines
Makda Gebre, B.S. Donald Smee, Ph.D., Justin Julander, Ph.D.
Institute for Antiviral Research, Utah State University, Logan, Utah, USA

Favipiravir (C5H4FN3O2 / 6-fluoro-3-hydroxy-2-pyrazinecarboxamide) also known as T-705 is an antiviral drug that has been found to be effective against a 
diverse group of RNA viruses in vitro and in vivo. It is active against influenza virus, and various bunyaviruses, flaviviruses, arenaviruses and alphaviruses. 
It has also shown inhibitory activity against Ebola virus in vivo. The mode of action of T-705 is dependent on its enzymatic intracellular conversion to 
a ribofuranosyltriphosphate derivative, which selectively inhibits viral RNA-dependent RNA polymerase. T-705 was tested against Chikungunya virus 
in various cell lines and was found to exhibit varying antiviral potency. We hypothesized that differential triphosphorylation of the compound may 
determine its level of efficacy in the cells. Thus, the amount of triphosphorylated T-705 was measured by HPLC analysis in different cell lines, including 
HEK 293, Vero 76 and MA-104. T-705 exhibited antiviral activity in Vero 76 and HEK cells that corresponded with concentration-dependent intracellular 
levels of triphosphorylated drug, while no antiviral activity and undetectable T-705 triphosphate were found in MA-104 cells treated extracellularly with 
up to 1000 M of the drug. There appears to be a direct correlation between the level of triphosphorylation of T-705 and its efficacy against chikungunya 
virus, underscoring the importance of cell line selection.

108 Antiviral Activity of Mycophenolic Acid Against Seasonal Influenza Viruses and Avian Influenza Virus A(H5N1)
Kelvin To, M.D., Florence Mok, M.S., Andy Chan, M.S., Nam-Nam Cheung, B.S., Pui Wang, Ph.D., Yin-Ming Lui, B.S., Jasper Chan, M.D.,  

Honglin Chen, Ph.D., Kwok-Hung Chan, Ph.D., Richard Kao, Ph.D., Kwok-Yung Yuen, M.D.
Department of Microbiology, The University of Hong Kong, Hong Kong, Hong Kong

Mycophenolic acid (MPA) is an immunomodulator that has been used clinically for the prevention of organ rejection in transplant recipients, and in 
the treatment of various autoimmune diseases. In addition, MPA has broad spectrum antiviral activities against both DNA and RNA viruses. We have 
previously reported the antiviral activity of MPA against the classical A(H1N1) strain A/WSN/1933, the 2009 pandemic A(H1N1), and the avian influenza 
virus A(H7N9), and we showed that the antiviral activity was dependent on guanosine depletion. Here, we further explored the antiviral activity of 
MPA on other subtypes of contemporary clinical strains of seasonal and avian influenza viruses. Using a plaque reduction assay, we showed that MPA 
has potent antiviral activities against several clinical strains of A(H3N2) virus and influenza B virus (IC50 < 1 mM). However, the IC50 for A(H5N1) virus 
was >12.5 mM. In order to decipher the possible resistance mechanism of A(H5N1) to MPA, we have assessed whether there are any differences in the 
inhibition of viral polymerases of different influenza A viruses. Using a luciferase reporter-based mini-genome assay, we showed that MPA could inhibit 
the viral polymerase activity of both A(H1N1) and A(H5N1). However, there was no significant difference in the polymerase inhibiting activity conferred 
by MPA on A(H1N1) and A(H5N1), suggesting that the resistance of A(H5N1) for MPA is not related to the inhibition of viral polymerase activity. Further 
studies are required to understand the resistance mechanism of A(H5N1) virus to MPA.

109 A Novel Class of Highly Potent Small Molecule Inhibitors of Rhinovirus Replication
Young Sik Jung, Ph.D., Jin Woo Kim, M.S., Yu Kyoung Jung, B.S., Jin Soo Shin, M.S., Chonsaeng Kim, Ph.D., Chong-Kyo Lee, Ph.D.,  

Soo Bong Han, Ph.D.
KRICT, Yuseong, Daejeon, Korea, Republic of

A series of novel benzothiophene carboxylate analogs which are highly potent inhibitors of rhinovirus replication were developed. A brief structure 
activity relationship (SAR) study could be established. The benzothiophene carboxylate analogs were tested against Human Rhinovirus 14 (HRV14), 
Human Rhinovirus 21 (HRV21) and Human Rhinovirus 71 (HRV71), which showed activities in two digit nano-molar range for the best compounds 
(selective index values >100) against these representative rhinoviruses. These compounds are also active against Poliovirus 3 (PV3). An analogue,  
KR-25710, showed broad spectrum activity across HRV and PV subtypes, and initial mode of action studies with KR-25710 reveals that KR-25710 is a 
capsid binding inhibitor. Thus the present study resulted in discovery of benzothiophene carboxylate analogs as novel skeleton against rhinoviruses. 
Supported by KRICT project (grant KK1503-C00)
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110 A Degraded Fragment of the HIV-1 gp120 in Hepatocytes Forms Amyloid Fibrils and Enhances HIV-1 Infection
Lin Li
Southern Medical University, 1838 Guangzhou Avenue North, Guangzhou 510515, China

Identification of the host or viral factors that enhance HIV infection is critical for preventing sexual transmission of HIV. Our previous study have reported 
that the peptides derived from the HIV-1 gp120 co-receptor binding region, such as enhancing peptide 2 (EP2), could self-assemble into nanofibrils and 
enhance HIV-1 infection. Notably, a degradation product of HIV-1 gp120, a short peptide fragment (INMWQG), was recognized in native gp120-loaded rat 
hepatocytes. Here, we studied whether INMWQG could form amyloid fibrils and enhance HIV-1 infection. Results showed that INMWQG formed SEMA 
amyloid fibrils spontaneously by Thioflavin T and Congo red staining assay. The morphology of SEMA fibrils was rod-like fibrils by transmission electron 
microscopy. The -sheet structure of SEMA fibrils was confirmed by circular dichroism spectroscopy. The size and the zeta potential of SEMA fibrils 
were determined using a Zetasizer Nano ZS instrument. Further results showed that SEMA fibrils effectively enhanced HIV-1 infection by promoting the 
binding of HIV-1 virions to target cells. We also found that SEMA fibrils could be used as a crossing seed to accelerating the formation of other seminal 
amyloid fibrils, such as PAP248-286 or SEM186-107. Taken together, a degraded fragment of the HIV-1 gp120, INMWQG, form amyloid fibrils and enhance 
HIV-1 infection. It will be better for further clarifying the host or viral factors that affect HIV infection. The analogs of SEMA might be useful for the 
development of novel HIV-1 entry inhibitors.

111 Heat Shock Protein (HSP) Modeling to Explore as Possible Antiviral Target
Ashoke Sharon, Ph.D., Monika Yadav, B.S., Raghav Vij, M.S., Farhana Rozy, M.S., Chandralata Bal, Ph.D.
Department of Chemistry, Birla Institute of Technology, Mesra, Ranchi, Jharkhand, India

Heat shock protein (Hsp) exploration supports the possibility to overcome drug resistance and latency in anti-HIV therapy. Hsp90 modeling delineates 
the structural facts about ATP binding using the N terminal region through conformational change. The conformational features are associated with the 
dynamic movement of two monomers followed by clamp like formation “lid” using hot spot residues enclosing the bound ATP. Thus, the conformational 
changes in the ATP lid play an essential role in the activity of the protein. In ATP bound state, followed by “closed” conformation and lid opens with ATP 
hydrolysis or similar open conformation arises, when protein complexed with an inhibitor. The simulation studies provided the possibility to modulate 
the protein using inhibitor followed by its antiviral effect. The preliminary antiviral activities and cytotoxicity’s studies were provided a structure activity 
relationship (SAR). Thus, the novel scaffold may be able to modulate Hsp, however detail biochemical mechanism are yet to be confirmed.  (Authors 
thanks to DBT (BT/PR14237/MED/29/196/2010), India for research grant support.)

112 Oral Favipiravir for Severe Ebola Virus Infection
Rui-Yuan Cao, Ph.D., Wu Zhong, Ph.D.
Beijing Institute of Pharmacology and Toxicology, Beijing, Beijing, China

BACKGROUND: The outbreak of Ebola virus disease (EVD) has caused 28,637 infections and 11,315 deaths since the first case was reported in December 
2013. No antivirals have been clinically proven effective for EVD treatment currently.

METHODS: We conducted a prospective, open-label,  controlled phase 2 trial of Favipiravir among severe cases (cases with hemorrhage, severe 
dehydration, consciousness disorders, et al) of confirmed EVD patients in Sierra Leone. Patients with 13 years of age or older were grouped to receive 
WHO-recommended therapy (mainly symptomatic and supportive therapies, control group) or oral Favipiravir (1600 mg twice on the first day, followed 
by a twice-daily dose of 600 mg until negative blood viral load detection or death) plus WHO-recommended therapy (treatment group). The primary 
efficacy end point was case fatality rate.

FINDINGS: A total of 61 patients, male and female, 13-75 years of age were included (29 in the treatment group and 32 in the control group). Case fatality 
rate of treatment group was 44.8%, compared with 71.9% in the control group (P=0.032, 95% CI 0.33-0.95). Dynamic blood viral surveillance implied 
that blood viral load decrease at early stage of treatment may correlate with survival. Greater decrease of blood viral load was observed for treatment 
group compared with control group 1-3 days after treatment (P<0.001), and the viral load of treatment group was significantly lower than the control 
group 1-3 days after treatment (P=0.009).

Interpretation Treatment with Favipiravir reduced case fatality rate and blood viral load of severe Ebola virus infection.
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113 Optimized Influenza Virus Multivalent Inhibitors with In Vivo Efficacy Higher than Tamiflu
Sumati Bhatia, Ph.D.1, Kai Ludwig, Ph.D.1, Rainer Haag, Ph.D.1, Daniel Lauster, M.S.2, Andreas Herrmann, Ph.D.2, Markus Bardua, M.S.3,  

Ute Hoffmann, Ph.D.4, Alf Hamann, Ph.D.4, Matthias Budt, Ph.D.5, Thorsten Wolff, M.D., Ph.D.5
1Free University of Berlin, Berlin, Germany; 2Humboldt University of Berlin, Berlin, Germany; 3DRFZ Berlin, Germany; 4RCIS Berlin, 
Germany; 5RKI Berlin, Germany

Interfacial multivalent interactions at pathogen-cell interfaces can be competitively inhibited by multivalent scaffolds that prevent pathogen adhesion 
to the cells during the initial stages of infection. The lack in understanding of complex biological systems makes the design of an efficient multivalent 
inhibitor a toilsome task and is the reason why as of yet no multivalent anti-infective (apart from antibodies) has emerged on the market until now.  
The seasonal influenza is the cause of  about 500 000 deaths per year despite drugs and vaccines available. The influenza infection starts with the virus 
adhesion to the host cells through multivalent interactions between hemagglutinin (HA) glycoprotein receptors, and the exposed sialosides on the cell 
surface. Lots of efforts have been done in the past to block the virus at this very first step of infection as preventive measure but failed due to either low 
efficacy or high toxicity.

In the present work, the linear and hyperbranched polyglycerol based multivalent sialosides were optimized in terms of their geometry and ligand 
arrangements to achieve nanomolar binders and infection inhibitors. All investigated multivalent inhibitors were evaluated as nontoxic in vitro and 
some candidates, which have been tested in vivo showed no acute toxicity until 11 days. Subsequently, in vivo studies with the best inhibitors of each 
class showed that low molecular weight random coiled inhibitor based on linPGSA did not only show the best efficacy but also found to be much more 
efficacious than the Tamiflu in terms of body weight recovery of the mouse.

114 Suramin Inhibits Semen-derived Amyloid Fibril Formation and Blocks Fibril-mediated Enhancement  
of HIV-1 Infection
Suiyi Tan, Ph.D., Jinqing Li, B.S., Xiaoyun Zeng, B.S., Shuwen Liu, Ph.D.
Southern Medical University, Guangzhou, PR China, Guangzhou, Guangdong, China

Semen-derived enhancer of viral infection (SEVI) is composed of amyloid fibrils that can greatly enhance HIV-1 infectivity. By its cationic property, SEVI 
promotes viral sexual transmission by facilitating the attachment and internalization of HIV-1 to target cells. Therefore, semen-derived amyloid fibrils 
are potential targets for microbicide design. Suramin, a sulfated antiparasitic compound, also displays anti-HIV activity. In this study, we re-explored 
an additional function of suramin: inhibition of SEVI fibril formation and blockage of SEVI-mediated enhancement of viral infection. We found that 
suramin bound to amyloidogenic peptide fragment (PAP248-286), thereby inhibiting peptide assembly into amyloid fibrils.  In addition, suramin binds to 
mature amyloid fibrils and antagonizes fibril-mediated enhancement of viral infection. Unlike cellulose sulfate, suramin shows no ability to facilitate fibril 
formation. More importantly, the combination of suramin with several antiretroviral drugs exhibited synergistic effects on HIV-1 infection in semen with 
little cytotoxicity to vaginal epithelial cells. Our results suggest that suramin or a derivative may be incorporated into a combination microbicide based 
on its multifunctional activity to curb the sexual transmission of HIV-1: ( i ) inhibiting HIV-1 entry, ( ii ) targeting amyloidogenic peptide to inhibit seminal 
fibril formation, ( iii ) targeting seminal fibrils to antagonize fibril-mediated enhancement of viral infection.

115 Biological Activity of Trifluoromethyl Substituted Derivatives of Tiosugars In Silico and In Vitro
Krystyna Naumenko, M.S., Lyubov Zelena, Ph.D., Svitlana Zagorodnya, Ph.D.
Zabolotny Institute of Microbiology and Virology NAS of Ukraine, Kyiv, APO AE, Ukraine

Development of potential drugs closely related to in silico methods among, which are the PASS and other software. These approaches are used for 
making a prediction of the biological activity and its degree for compounds under study. Epstein-Barr virus may exist in latent form that can lead to the 
transformation of host cell and to development of lymphoproliferative diseases. The search for the new effective drugs against this virus in different 
forms is of great importance.

The aim was to determine the possible biological activity of trifluoromethyl substituted derivatives of tiosugars (SBIO6, SBIO7) and to study their 
antiviral activities and apoptosis stimulating in cell culture B95-8. Biological activity of the compounds was studied with MTT-assay, RT-PCR and  
flow cytometry.

PASS prediction found that trifluoromethyl substituted derivatives of tiosugars may possess an antiviral activity too, Pa/ Pi was 0.689/0.004, 
respectively. In vitro study on EBV model showed a significant antiviral activity of SBIO7 only, with selectivity index of 100. We studied the potency of 
SBIO6 to cause an apoptosis. With a help of flow cytometry it was established that at 125 g/ml of SBIO6 the percentage of apoptotic cells exceeds 
control values and was 42% after 48 h exposure and 57% after 72 h. At increased concentration of SBIO6 the percentage of apoptotic cells reached 
89.7% after 72 h.

Obtained data let to relate the compound SBIO7 to a perspective anti-EBV agent while the SBIO6 to the apoptosis inducing compounds that can be used 
in further study of it antitumor action.
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116 USC-087 and USC-505 Protect Immunosuppressed Syrian Hamsters Against Lethal Intravenous Challenge  
with Human Type 5 and 6 Adenoviruses
Karoly Toth, Ph.D.1, Jacqueline Spencer, B.S.1, Ann Tollefson, Ph.D.1, Baoling Ying, M.D.1, William Wold, Ph.D.1, Dawn Reyna, B.S.2,  

Shyamala Ganesan, Ph.D.2, Cheryl Harteg, B.S.2, Elke Lipka, Ph.D.2, Eric Richard, Ph.D.3, Jinglei LV, M.S.3, Jiajun Fan, B.S.3, Boris Kashemirov, Ph.D.3, 

Charles McKenna, M.D., Ph.D.3, Mark Prichard, Ph.D.4
1Saint Louis University School of Medicine, St. Louis, Missouri, USA; 2TSRL, Inc., Ann Arbor, Michigan, USA; 3University of Southern 
California, Los Angeles, Los Angeles, California, USA; 4University of Alabama at Birmingham, Birmingham, Alabama, USA

In pediatric allogeneic hematopoietic stem cell transplant recipients, adenovirus infections can develop into systemic disease that can turn fatal. As there 
are no approved drugs available for treatment of adenovirus infections, it is imperative that such agents be developed.  Here we report results for two 
compounds with excellent in vivo activity against disseminated adenovirus infection. The two agents, named USC-087 and USC-505, are orally available 
tyrosinamide prodrugs of HMPA and HMPC (cidofovir), respectively. We used immunosuppressed Syrian hamsters to model systemic adenovirus 
infections in immunocompromised humans; these animals are permissive for species C human adenovirus replication, and develop symptoms akin to 
those seen in humans. Of the two species C adenoviruses tested here, type 6 human adenovirus (Ad6) is approximately tenfold more pathogenic than 
type 5 adenovirus (Ad5).  We examined the efficacy of USC-087 and USC-505 in hamsters intravenously infected with the 50% lethal dose of Ad5 or the 
90% lethal dose of Ad6.  We demonstrated that both compounds significantly suppressed adenovirus replication in the liver of infected hamsters, which 
is the main target of adenovirus replication and pathogenesis. The drugs prevented mortality and mitigated weight loss and liver damage caused by 
adenovirus infection in these animals. It appears that USC-087 and USC-505 surpass the anti-adenoviral activity of cidofovir, a drug with proven activity 
against adenovirus that was used as a positive control.  While more extensive studies are required to test the efficacy of these compounds, we believe 
that USC-087 and USC-505 are promising drug candidates to treat adenovirus infections.  

117 Verdinexor (KPT-335), a Selective Inhibitor of Nuclear Export (SINE) Compound Currently in Phase 1  
Clinical Trials, Shows Potent Anti-Influenza Activity in Single Agent and Combination Studies in  
Mouse Models of Influenza A H3N2
Sharon Tamir, B.S.1, Xiuzhen Yan, Ph.D.1, Claire Drolen, B.S1., Sharon Shacham, Ph.D.1, Margaret Lee, Ph.D.1, Olivia Perwitasari, Ph.D2,  

Scott Johnson, M.S.2, Ralph Tripp, Ph.D.2
1Karyopharm Therapeutics, Inc., Newton, Massachusetts, USA; 2Dept. of Infectious Diseases, Animal Health Research Ctr.,  
University of Georgia, Athens, Georgia, USA

BACKGROUND: The inhibition of host cell targets necessary for viral replication is a promising alternative strategy for the development of broad-
spectrum antiviral drugs. Exportin 1 (XPO1) – a nuclear export protein responsible for the transport of >200 protein cargoes –  is one such host cell target. 
Verdinexor (KPT-335) is a well-tolerated, orally-bioavailable XPO1 inhibitor developed by Karyopharm Therapeutics.  Previous studies have demonstrated 
that verdinexor inhibits the nuclear export of important influenza cargoes like viral ribonucleoprotein, leading to reduced viral replication.

METHODS: We evaluated the efficacy of verdinexor and the standard of care, oseltamivir, as stand-alone treatments and as a combination antiviral 
therapy. Female BALB/c mice were infected with influenza virus A/Philippines/2/82/X-79 H3N2 and divided into six treatment groups (n = 10-12/group). 
Treatment groups received oseltamivir alone (1 or 10 mg/kg), verdinexor alone (20 mg/kg), a combination therapy (20 mg/kg verdinexor and 1 or 10 mg/
kg oseltamivir), or vehicle during days 1-4 following infection. On day 5, mice were euthanized, lung samples were tested by hemagglutination assay and 
TCID50 was determined using the Spearman-Karber method.

RESULTS: Both verdinexor and oseltamivir showed strong activity as single agent antivirals. The drugs were more effective, however, when they were 
given as a combination therapy: 4 of the 10 mice receiving verdinexor and 10 mg/kg oseltamivir were completely or nearly virus-free by day 5. 

CONCLUSION: These results further support the therapeutic benefit of verdinexor in the treatment of influenza. Karyopharm hopes to advance 
verdinexor to phase 1b/2 clinical trials in early 2016.
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118 Influenza Virus Multivalent Interactions: Learning from Single Ligand-Receptor Interactions to Understand  
Virus Adhesion
Jose Cuellar Camacho, Ph.D.1, Sumati Bhatia, Ph.D.1, Rainer Haag, Ph.D.1, Daniel Lauster, M.D.2, Valentin Reiter, M.S.2, Jürgen Rabe, Ph.D.2, 

Andreas Herrmann, Ph.D.2
1Free University of Berlin, Berlin Germany; 2Humboldt University, Berlin, Berlin, Germany

The dynamics of the polyvalent attachment of the influenza virus with its molecular receptor have been investigated by means of force spectroscopy 
using a force robot. A single molecule approach was used where a synthetized PEG ligand presenting the cellular receptor group (sialic acid) was probed 
against the surface of the virus to induce bond formation and rupture. This method revealed the tensile strength required to break a single bond between 
sialic acid and Hemagglutinin, the major virus protein. An increase in the contact time that the tip expended on the surface of the virus yielded a marked 
rise in the number of unbinding events observed in the force curves. Binding probabilities allowed to determine the characteristic interaction time 
between both surfaces and a dissociation constant could be estimated. The main features of multiple bond rupture were recorded and the number of 
bonds formed between both surfaces could be estimated. This sequential unbinding of multiple receptors presented typical characteristics of a molecular 
Velcro. Our results strongly suggest that binding dynamics of the virus is influenced by the multivalent nature of its surface and the flexibility of the 
spacer presenting the receptor. In an inverted experimental setup, with the virus bound to the tip and the receptors coating a flat surface, the adsorption 
and posterior detachment of whole virus particles was characterized where the single molecule behavior could still be observed. These results will 
contribute to understand the mechanistic aspects of virus binding to novel spherical inhibitors.

119 Hepatitis B Virus Surface Antigen Loaded Pluronic Grafted Chitosan Nanoparticles to Enhance Immunogenic 
Response by Oral Route
Shweta Sharma
Pharmaceutics division, CDRI, India

Oral delivery of antigen is  preferred route for administration because of its convenience in administration which leads to improved patient compliance. 
Application of oral route becomes more important in case of vaccine delivery as it induces both mucosal as well as systemic humoral and cellular 
immune response. Hepatitis B is a serious infectious disease which in chronic infection causes hepatocellular carcinoma, cirrhosis and even death if left 
untreated. Literature reveals that approx 4 million clinical cases of acute Hepatitis B virus (HBV) ensues every year. Although parenteral vaccines derived 
from recombinant DNA are able to induce protection in about 95% of recipients but still this vaccination techniques exhibit low immune response, 
inefficient site for uptake and patient non-compliance. Hence an additional and alternative route of administration such as oral which is more patient 
compliant should be employed. The present study aims to investigate the effect of HBsAg loaded in nanoparticles over immunogenic response. The 
loaded nanoparticles are expected to improve immunogenic response by enhancing the uptake, controlling the release and preventing its degradation. 
The nanoparticles with particle size 157+12 nm and zeta potential +32+3.6 mV were developed with 82% encapsulation efficient. In vitro release analysis 
revealed the controlled release of HBsAg from nanoparticles whereas confirmation stability in enzymes was determined using CD spectra. In vivo studies 
in 5-6 BALB/c mice revealed enhance immunogenic response through HBsAg loaded nanoparticles in comparison to plain antigen

120 Support for Antiviral Drug Research in the Influenza Research Database (IRD) and Virus Pathogen Resource (ViPR)
Brian Reardon, Ph.D., Brian Aevermann, M.S., Douglas Greer, Ph.D., Richard Scheurmann, Ph.D.
J. Craig Venter Institute, La Jolla, California, USA

The Influenza Research Database (IRD, www.fludb.org) and Virus Pathogen Resource (ViPR, www.viprbrc.org) are publicly accessible repositories 
integrating biological data and analysis tools in support of research of Influenza virus, Arenaviridae, Bunyaviridae, Caliciviridae, Coronaviridae, 
Flaviviridae, Filoviridae, Hepeviridae, Herpesviridae, Paramyxoviridae, Picornaviridae, Poxviridae, Reoviridae, Rhabdoviridae, and Togaviridae.  
These resources are undergoing expansion to support antiviral research with the addition of a comprehensive infrastructure incorporating drug-target 
data, viral host factor data, and analysis tools facilitating investigation of these data.  Our initial goals of compiling information on known viral protein 
targets for antiviral drugs, specific drug-protein interaction sites, and antiviral resistance mutations have been completed.  Known drug targets and 
data characterizing chemical and pharmacological properties for all direct acting antiviral drugs (designated in the Anatomical Therapeutic Chemical 
classification system) were compiled from the DrugBank database (www.drugbank.ca).   Specific drug-interaction sites on protein targets have been 
collected from the Protein Data Bank (www.rcsb.org).  Antiviral resistance mutations for IRD- and ViPR-supported viruses were compiled through 
manual curation of relevant literature.  Representation of antiviral drug mutations and drug-interaction sites in the Sequence Feature Variant Type (SFVT) 
component of IRD and ViPR supports the identification of virus isolates carrying variant residues associated with antiviral resistance.  Forthcoming 
enhancements to IRD and ViPR will include the addition of host drug targets for all drugs, comprehensive host factor data relevant to viral infection 
(spanning all “-omics” data types), and network-based algorithms to navigate these data.  Together, these enhancements to IRD and ViPR should prove 
indispensable in the identification of promising antiviral candidates.
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121 Exploring Combination Therapy for Curing HBV: Preclinical Studies
Michael Sofia
Arbutus Biopharma, Inc.

Approximately 300 million individuals worldwide are infected with the hepatitis B virus (HBV).  Chronic HBV infection leads to liver cirrhosis and 
eventually to hepatocellular carcinoma. The challenges associated with developing a cure for HBV are linked to the ability of the virus to control and 
suppress the host immune response to infection and the presence of the viral reservoir cccDNA.  Therefore, it is believed that development of a cure 
for HBV that also provides a finite treatment duration must address multiple factors associated with viral persistence. A therapeutic regimen that 
simultaneously controls viral replication, reactivates the host immune response and addresses the viral reservoir by combining drugs with different 
mechanisms of action has the potential to deliver an HBV cure.  

A number of new therapeutic approaches that include direct acting antivirals and immune modifiers are being explored that have the potential to become 
part of a new treatment paradigm for HBV.  These include capsid assembly inhibitors, siRNA inhibitors of S-antigen production, cccDNA formation 
inhibitors, TLR agonists and others.  Combinations of these new mechanism of action agents with nucleos(t)ide standard of care could provide improved 
efficacy in the clinic.  The potential for drug combinations have been explored in both in vitro systems and in animal models.  This presentation will 
present recent preclinical data highlighting drug combinations as a strategy for delivering a cure for HBV infection.

122 Lessons Learned: Drug-testing Concepts in the Context of the Ebola Virus Disease Outbreak
Julie Dyall, Lisa Evans DeWald, Joshua C. Johnson, Anna N. Honko, Richard S. Bennett, Gene G. Olinger Jr., Lisa E. Hensley,  
Peter B. Jahrling
Integrated Research Facility, NIAID/NIH

During the recent Ebola outbreak, the WHO encouraged international collaboration to accelerate translation of potential treatments for Ebola virus 
disease. A panel of 25 drugs, approved for other indications or specific for Ebola virus infections were prioritized. However, for many of these drugs, 
insufficient efficacy data precluded advancement to clinical testing. Furthermore, for some potential antivirals, conflicting results were obtained when 
different assays were used in different laboratories.  Thus, making recommendations to West African governments on which candidate drugs to prioritize 
for immediate compassionate use or for clinical trials became problematic. 

The NIAID Integrated Research Facility, one of many collaborators, tested 15 of these prioritized drugs for inhibition of Ebola virus replication using 
a cell-based ELISA assay. Activities of some of these drugs were shown to be greatly affected by assay conditions (e.g., cell type, virus dose, time of 
treatment). IRF data were compared with those of other laboratories and the reasons for conflicting data sets were determined. Amiodarone, sertraline, 
and lamivudine, were then tested in animal models of Ebola virus infection, but failed to demonstrate efficacy, calling into question the value of in vitro 
efficacy data. Possible explanations for discordant in vitro versus in vivo results will be discussed.  

A panel of investigated antivirals would be immensely helpful for future outbreaks of emerging infectious diseases. However, identification of reliable 
indicators of efficacy in vivo will require standardizing testing techniques, collecting and managing large data sets- both negative and positive- and 
performing detailed analysis on why drugs failed in vivo.

123 Analogs of Camptothecin, Inactive Against Topoisomerase are Broadly Neutralizing of HIV-1 as Inhibitors  
of Vif-Dependent, APOBEC3G Degradation
Ryan Bennett, Ph.D.1, Ryan Stewart, B.S.1, Harold Smith, Ph.D.1, Marie Mankowski, Ph.D.2, Priscilla Hogan, Ph.D.2, Roger Ptak, B.S.2,  

Tracy Hartman, B.S.3, Robert Buckheit, Ph.D.3
1OyaGen, Inc, Rochester, Maryland, USA; 2Southern Research Institute, Frederick, Maryland, USA; 3ImQuestBio, Frederick, Maryland, USA

Camptothecin (CPT) is a natural product discovered to be active against various cancers through its ability to inhibit Topoisomerase 1 (TOP1).  CPT 
analogs also have anti-HIV-1 (HIV) activity that has been previously shown not to depend on inhibition of TOP1.  We show that anti-cancer inactive 
CPT analogs inhibit HIV infection by disrupting homo-oligomerization of an HIV auxiliary protein known as viral infectivity factor (Vif). Antiviral activity 
depended on the expression of the cellular viral restriction factor known as APOBEC3G (A3G) that, in the absence of functional Vif, has the ability to 
hypermutate HIV proviral DNA during reverse transcription. Our studies demonstrate that a non-toxic CPT analog (i) prevented Vif multimerization and 
Vif-dependent A3G degradation, (ii) increased A3G in pseudotyped HIV viral particles along with A3G signature hypermutations in viral genomes, and 
(iii) possessed an A3G-dependent and broadly neutralizing antiviral activity against seventeen HIV clinical isolates from Groups M (subtypes A-G), N, and 
O as well as seven single and multi-drug resistant strains of HIV. Medicinal chemistry and structure activity relationship (SAR) efforts further identified 
a more potent analog that reached a therapeutic index of greater than 1,000 against live HIV subtype A following a single dose in 7-day spreading 
infections.  We propose that CPT analogs not active against TOP1 have an antiviral mechanism through Vif antagonism that enables A3G-dependent 
hypermutation of HIV.
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124 Molecular Docking Studies of Thiosemicarbazones Derived from 1-indanones Against Bovine Viral Diarrhea Virus 
RNA-dependent RNA-polymerase
María Soraires Santacruz, B.S.1, Liliana Finkielsztein, Ph.D.1, Matías Fabiani, B.S.2, Eliana Castro, Ph.D.2, Lucía Cavallaro, Ph.D.2 
1Química Medicinal, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Ciudad Autónoma de Buenos Aires, Argentina; 
2Virología, Facultad de Farmacia y Bioquímica, Universidad de Buenos Aires, Ciudad Autónoma de Buenos Aires, Argentina

The Bovine Viral Diarrhea Virus (BVDV) RNA-dependent RNA-polymerase (RdRP) is an important target for drug discovery studies. Previously,  
we reported a series of thiosemicarbazones (TSCs) derived from 1-indanones as non-nucleoside inhibitors (NNIs) of BVDV RdRp (NS5B). Furthermore,  
we evaluated the activity of TSCs derived from N4-p-nitrophenyl-5,6-dimethoxy-1-indanone (1) and 6-nitro-1-indanone (2) against BVDV mutants 
resistant to the TSC derived from 5,6-dimethoxy-1-indanone (lead compound) which carried N264D and A392E mutations in the NS5B. Hence, we 
performed molecular docking studies in order to define the fundamental properties for the design of new drugs.

Based on Lamarckian genetic algorithm, three TSCs were docked with wild-type and mutant RdRp using AutoDock4.0 software. The lead compound 
docked in the mutant RdRp showed important differences respect to the wild-type. Hydrophobic interaction with the thiocarbonyl group, close contact 
with the indane ring, and hydrogen bonds involving the thiosemicarbazone function are completely absent or considerably weaker in mutant.

Compound 1 revealed some different interactions between wild-type and mutant RdRp, among them the absence of close contact with 5,6-dimethoxy 
group in mutant. Finally, compound 2 showed no differences in ligand-protein interactions between wild-type and mutant RdRp, which suggests a 
different active site for this compound. The obtained results showed an excellent agreement between in silico and in vitro data.

These studies revealed essential interactions between ligand-protein and helped in understanding the antiviral activity of TSCs at molecular level.  
Further molecular dynamics studies are being carried out for a deeper insight into the NNIs mechanism of inhibition of the BVDV RdRp.

125 Cytokine Mediated Mechanisms Contribute to the Differential Susceptibility of Lung and Head and Neck 
Carcinoma Cells to Infection with Oncolytic Reovirus
Kevin James, B.S., Timothy Cooper, M.D., David Fast, B.S., Adil Mohamed, B.S., Vince Biron, M.D., Ph.D., Hadi Seikaly, M.D., Maya Shmulevitz, Ph.D.
University of Alberta, Edmonton, Alberta, Canada

Reovirus is a naturally benign virus that preferentially replicates in transformed cells and holds promise as an oncolytic therapy. In normal mouse 
fibroblasts, transformation by constitutively activated Ras oncogene is sufficient to promote reovirus infection. However, not all tumour cells containing 
Ras mutations are susceptible to reovirus, and clinical trials show mixed response to reovirus treatment. Accordingly, we aim to discover additional host-
determinants important for conferring susceptibility to reovirus infection. 

Our first objective was to identify tumorigenic cells that restrict reovirus infection. Reovirus primary infection (at 18 hours post-infection, hpi), and 
dissemination over two rounds of virus replication (48hpi) was measured in a panel of lung (H1299, A549, H522, H322) and head and neck (SCC9, A253) 
carcinoma cells using cell-based ELISA. A549, H322, A253, and SCC9 cells were 8-90 times less permissive to reovirus dissemination relative to highly 
susceptible H1299 cells. We next evaluated if antiviral innate signalling contributes a barrier to reovirus dissemination among less-susceptible cells. 
Multiplex ELISA and qRT-PCR analysis of cell culture media and cellular RNA from reovirus-infected cells showed high levels of IFN-, IFN-, and TNF-č 
among resistant A549, H322, A253, and SCC9 cells. ShRNA-mediated knock-down of IRF3, IRF7, IFN type I and III receptors, or IFN-b neutralization in 
A549 cells had no effect on reovirus dissemination, suggesting that these factors are singularly insufficient to confer resistance in these cells. Studies are 
ongoing to determine if IFN type I and III responses act together to promote resistance to reovirus, or if alternative antiviral pathways are involved.

126 Antiviral Efficacy of an Arenavirus Entry Inhibitor in a Mouse Pathogenesis Model
Sean Amberg, Ph.D.1, kenna Madu, Ph.D.1, Tiffany Huelar, B.S.1, Shawn Iadonato, Ph.D.1, Kristin Bedard, Ph.D.1 , Viktoriya Borisevich, Ph.D.2,  

Chad Mire, Ph.D.2, Thomas Geisbert, Ph.D.2
1Kineta, Seattle, Washington, USA; 2University of Texas Medical Branch, Galveston, Texas, USA

Arenaviruses are a significant cause of hemorrhagic fever for which there are no approved therapeutics.  Lassa fever in particular generates high 
morbidity and mortality in West Africa, where the disease is endemic.  LHF-535 is a small molecule inhibitor of virus entry currently in development 
as a therapeutic candidate for Lassa fever and other hemorrhagic fevers of arenavirus origin.  The in vivo efficacy of orally-administered LHF-535 was 
evaluated using a Tacaribe virus AG129 mouse model of arenavirus pathogenesis.  A dose of 10 mg/kg/day mediated significant decreases in virus titers 
in plasma (>500-fold), liver (>5000-fold), and spleen (4000-fold).  This dose also demonstrated a significant survival benefit (60-100%) against a lethal 
virus challenge; this benefit was observed if treatment initiated either before (30 min) or after (1, 2, or 3 days) challenge.  Lassa virus (strain Josiah) and 
Tacaribe virus showed similar sensitivity to LHF-535 in vitro (EC50 5-10 nM) by yield reduction assay.  LHF-535 has good oral bioavailability, tolerability, 
and metabolic stability.  These data support the continued preclinical development of LHF-535 as a candidate Lassa therapeutic.
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127 Identification of Bioactive Constituents in Fruit Extracts of Morinda Citrifolia L by HPTLC Method
Periyasamy Selvam, Ph.D.1, Paul Pandi T, M.S.2
1Bioorganic Lab, International Research Center, Kalasalingam University, Krishnankiol 626190, Tamil Nadu, India;  
2Himalaya Drug Company, Bangalore, Karnataka, India

INTRODUCTION: Morinda citrifolia L (Noni) has been extensive history of medicinal uses among the traditional therapeutic action in 2000 years 
ago. It’s belongs to Rubiaceae family and commonly known as Indian Mulberry. Noni has demonstrated for potential inhibitors of HIV Integrase and HIV 
IN-LEDGF by our group. The present study was undertaken for identification of bioactive marker compounds in different solvent extraction of Noni. To 
establish the fingerprint profile of noni fruit extracts using high performance thin layer chromatography (HPTLC) technique. 

METHOD: The air dried Noni fruit powder was subjected to hot continues extraction by using Soxhlet apparatus with range of non-polar to polar 
solvents like Pet. Ether (MCF-Pet. Et), Acetone (MCF-Ac), ethyl acetate (MCF-EtoAc), ethanol (MCF-Et) and methanol (MCF-Me). Preliminary 
Phytochemical constituents analysis and identification of active constituents confirmed by HPTLC technique. 

RESULTS: Extracts were made and subjected to various chemical tests and showed presence of alkaloid, carbohydrate, steroids, proteins, amino acids 
and flavonoids. Further investigation of the Noni extracts by HPTLC is an attempt to deduce the varied composition of Pet. Ether (MCF-Pet. Et), Acetone, 
ethyl acetate, ethano and methanol of Noni. The chromatogram shows presence of multiple peaks which indicate diverse composition of extract. The 
results of preliminary phytochemical studies confirmed the presence of HPTLC finger printing it can be concluded that HPTLC fingerprint analysis of fruit 
of noni can be used as a diagnostic tool for  phytochemical marker and also a good estimator  correlation of chemical constituents  and antiviral activity.

129 Sequence Independent Endo- and Exo-Ribonuclease Activities of the HBV Ribonuclease H, a New Target  
for Drug Development
Juan Villa Torrecilla, Ph.D.1, Daniel Pike, B.S.1, Kunjan Patel, B.S.1, Elena Lomonosova, Ph.D.1, Roz Abdulqader, B.S.1, John Tavis, Ph.D.1,  

Gaofeng Lu, M.D.2
1Saint Louis University, Saint Louis, Missouri, USA; 2Zhengzhou University, Zhengzhou, Henan, China

Hepatitis B Virus replication requires the viral ribonuclease H (RNaseH) to degrade the RNA pregenome after it has been copied into DNA. The RNaseH 
has not previously been biochemically characterized despite being a new target for drug discovery. 

Pure monomeric HBV RNaseH with dual MBP/His6 tags was obtained following nickel-affinity chromatography when ATP and Mg++ were included in the 
buffers to remove copurifying bacterial chaperones.  The RNaseH had wide temperature and pH tolerances.  It required Mg++ for specific cleavage, was 
inhibited by Ca++, and lost specificity for RNA:DNA heteroduplexes in Mn++.  The endonucleolytic RNaseH activity required an DNA:RNA heteroduplex >14 
basepairs long and had no sequence specificity or positional dependence within the RNA.  The RNaseH could not cut substrates with a bulge or a gap in 
the DNA in the DNA strand, but it could cut when the DNA strand contained a nick.  The enzyme cut the RNA at multiple positions within the minimal 14 
nt heteroduplex, and the cleavage pattern implied that the enzyme may bind to the substrate in both possible orientations.  The RNaseH was also found 
to have a processive 3’-5’ exoribonuclease activity.  In silico modeling yielded a plausible model of the RNaseH with the DEDD catalytic motive oriented 
correctly for Mg++ binding.

These data are consistent with the HBV reverse transcription mechanism that features an initial endoribonucleolytic cut, processive 3’-5’ degradation 
of the RNA pregenome, and a sequence-independent terminal RNA cleavage.  These data provide support for our ongoing anti-RNaseH drug discovery 
efforts.

131 Establishment of a Novel HBV cccDNA Reporter Cell Line for High Throughput Screening
Dawei Cai, Ph.D.1, Haitao Guo, Ph.D.1, Xiaohe Wang, M.D.2, Andrea Cuconati, Ph.D.2, Changhua Ji, M.D., Ph.D.3
1Indiana University School of Medicine, Indianapolis, Indiana, USA; 2Baruch S. Blumberg Institute, Hepatitis B Foundation, Doylestown, 
Pennsylvania, USA; 3Virology Discovery, Roche Pharma Research and Early Development, Nutley, New Jersey, USA

It is generally acknowledged that the elimination of intrahepatic covalently closed circular DNA (cccDNA) is the ultimate goal for a definite cure of HBV 
infection. Due to technical difficulties with direct measurement of cccDNA in a high throughput format, a surrogate marker for cccDNA is needed to set 
up high throughput screening (HTS) system for discovery of cccDNA inhibitors. In response to this need, we have previously reported a HepDE19 cell 
line which expresses HBV “e antigen” (HBeAg) in a cccDNA-dependent manner. However, the existing assay is not ideal for HTS because the HBeAg 
ELISA cross reacts with core antigen (HBcAg), an HBeAg homologue expressed largely from the integrated transgene in HepDE19 cells. Here, we report 
a “second generation” cccDNA reporter cell line, namely HepBHAe82 cells, in which an HA epitope was incorporated into HBeAg. In the meantime, we 



ABSTRACTS

Program and Abstracts of the 29th International Conference on Antiviral Research (ICAR) 73

developed a chemiluminescence ELISA (CLIA) for detection of HA-tagged HBeAg with HA antibody serving as capture antibody and HBeAb serving as 
detection antibody, which eliminates the contamination signal from HBcAg. We also established a HepHA-HBe4 cell line that constitutively expresses 
HA-HBeAg, which will be used in counter screen to filter out the hits that inhibit the metabolism or secretion of HBeAg. The new cccDNA reporter assay 
system exhibits high levels of cccDNA and HA-HBeAg production, and high specific readout signals with low noise.  This system is currently used to 
identify compounds and host factors that regulate cccDNA metabolism and transcription in our laboratory.

132  In Vitro and In Vivo Efficacy of Alkaloid and Phytosterol Fractions of Sida Cordifolia L. Against Herpes Simplex 
Virus Type I Infection
Ashish Wadhwani, Ph.D.1, Viral Patel, Ph.D.1, Smit Patel, B.S.1, Vijayan Pottekad, Ph.D.1, Khayati Moudgil, M.S.2, Masahiko Kurokawa, Ph.D.3, 

Palanisamy Dhanabal, Ph.D.4
1Department of Pharmaceutical Biotechnology, JSS College of Pharmacy, Ooty, Ooty, Tamil Nadu, India; 2Department of Pharmacy 
Practice, Ooty, Tamil Nadu, India; 3Department of Clinical Pharmacology, Kyushu University of Health and Welfare, Nobeoka, Miyazaki, 
Japan; 4Department of Pharmacognosy and Phytomedicine, JSS College of Pharmacy, Ooty, Ooty, Tamil Nadu, India

INTRODUCTION: There is an increasing need for substances with antiviral activity since the treatment of viral infections with available antiviral drugs 
often leads to the problem of viral resistance. The fractions of toluene and hydroalcoholic extracts of Sida Cordifolia L. were investigated for potential 
antiviral effect against HSV-I in vitro and in vivo and efforts had also been taken to study the underlying mode of action.

MATERIALS & METHODS: The extracts and factions were screened for their cytotoxicity against Vero cell lines by MTT and SRB assays. The antiviral 
effect was tested in infected Vero cells by MTT antiviral, plaque reduction assay and mechanism based studies were carried out by virus adsorption, 
penetration and replication assay. The therapeutic efficacies were characterized using a cutaneous HSV-1 infection in mice. 

RESULTS: The alkaloid fraction (FHA) of hydro alcoholic and phytosterols of (FP) of toluene extract reduced viral infectivity and produced cell protection 
by 96 + 1.02% and 95 + 1.22 % against HSV-I (figure 1) when challenged with highest virus challenge dose (100 TCID50). The FP fraction at a dose of 750 
mg/kg per day significantly delayed the development of skin lesions (P<0.05), prolonged the mean survival times and reduced the mortality of HSV-I wild 
type 7401 virus infected mice as compared with 0.5% DMSO in distilled water (P<0.001). 

CONCLUSION: Present investigation finding reveal that the phytosterols of Sida cordifolia L. have good antiviral potential and may be possible 
candidate for the development of anti HSV-I agents. 

133 AR-12: A Broad Spectrum Host Direct Antiviral Drug – Mechanism of Action
Laurence Booth, Ph.D.1, Jane Booth, Ph.D.1, Paul Dent, Ph.D.1, Stefan Proniuk, Ph.D.2, Alexander Zukiwski, M.D.2

1Virginia Commonwealth University, Richmond, Virginia, USA; 2Arno Therapeutics, Inc, Flemington, New Jersey, USA

AR-12 is the lead compound of a new class of potential anti-viral agents with unique host-cell mechanism of action. In vitro activity in the IC range of 0.25-
1.2 M has been previously demonstrated against a broad range of viruses such as drug resistant HIV, Ebola, Marburg, Chikungunya, Influenza, Junin, 
Dengue and Measles. Targeting the host cell activity can potentially result in broad-spectrum anti-viral activity. Recent proteomic studies demonstrated 
that in addition to GRP78, AR-12 interacts with multiple other chaperone and chaperone-associated proteins including: CDC37, GRP75, HSP75, BAG2; 
HSP27; and ULK-1. AR-12 down-regulates in situ immuno-fluorescence detection of ATP binding chaperones using antibodies directed against their 
NH2-termini.  Antibodies targeting the central and COOH portions of the proteins did not exhibit altered detection levels and in silico modeling 
demonstrated AR-12 docked with high affinity into the ATP binding sites of HSP90 and of HSP70. AR-12 altered the sub-cellular distribution of chaperone 
proteins, abolishing their punctate speckled patterning concomitant with changes in chaperone – client protein co-localization. AR-12 increased the 
phosphorylation of ATG13 S318 and co-localization studies revealed that after AR-12 treatment in an HIV in vitro model, multiple HIV proteins differentially 
altered their chaperone associations and all co-localized with LC3 in punctate P-ATG13 S318 positive vesicles. Similar findings with AR-12 were observed 
with Influenza A, Influenza B and Epstein-Barr viruses. This novel anti-viral MOA of AR-12 offers a potential new approach to treat viral infections either 
alone or in combination with established drugs.
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134 A Glycogen Synthase Kinase-3 Inhibitor, BIO, Induces Apoptosis of Adult T-cell Leukemia Cells and HTLV-1 
Infected Cells Through the Inhibition of NF-kB Activation
Mika Okamoto, M.D., Ph.D., Akemi Hidaka, B.S., Masaaki Toyama, Ph.D., Masanori Baba, M.D., Ph.D.
Kagoshima University, Kagoshima, Kagoshima, Japan

Human T-cell lymphotropic virus type 1 (HTLV-1) is a causative agent of adult T-cell leukemia (ATL) which is an aggressive malignancy of CD4+ T 
lymphocytes with very poor prognosis. Despite of the development of intensive conventional chemotherapies, their therapeutic effects are limited 
because HTLV-1-infected cells are refractory to most apoptosis inducing agents. Therefore, the development of effective therapies for ATL is highly 
desired. In this study, we found a glycogen synthase kinase (GSK)-3 inhibitor, (2’Z,3’E)-6-bromoindirubin-3’-oxime (BIO) inhibited the proliferation of 
ATL and HTLV-1 infected cells potently and selectively in dose-dependent fashion. The inhibitory effect of BIO against ATL cells was up-regulated in 
the combination with tumor necrosis factor-. BIO induced apoptosis in ATL and HTLV-1 infected cells through the activation of caspase-8, -9, and 
-3. Furthermore, we found that BIO reduced the activation of nuclear factor (NF)-kB in ATL and HTLV-1 infected cells, which is highly concerned with 
their survival. Thus, BIO is a potent and selective inhibitor of HTLV-1-infected cells and ATL cells by inducing apoptosis through the inhibition of NF-kB 
activation, suggesting that the compound is a possible candidate for treatment of ATL and should be further investigated for its potential.

136 Small Molecule Inhibitors of the PI3K/SHIP-1/Akt Pathway Sensitize Human Cytomegalovirus-infected 
Monocytes to Apoptosis
Olesea Cojohari, B.S., Megan Peppenelli, B.S., Gary Chan, Ph.D.
SUNY Upstate Medical University, Syracuse, New York, USA

Blood monocytes are responsible for systemic human cytomegalovirus (HCMV) dissemination, which can cause multiorgan failure in immunodeficient 
hosts. Current anti-HCMV drugs target viral replication, rendering them ineffective in monocytes where the virus does not replicate; thus, novel 
therapeutic targets are needed to eliminate HCMV-infected monocytes and prevent viral spread.  Monocytes are naturally short-lived cells.  We 
previously showed HCMV manipulates monocytes to survive past their 48-hour life-span.  Activation of Akt (antiapoptotic protein) is critical for M-CSF 
(myeloid growth factor) induced monocyte survival.  However, Akt’s role in HCMV-infected monocytes is unknown.  We now show treatment with Akt 
inhibitor MK-2206 resulted in infected-monocytes apoptosis, suggesting Akt is central to HCMV induction of monocyte viability.  Interestingly, Akt 
activation was enhanced and kinetically different with HCMV than M-CSF, implying the virus uses a unique mechanism to regulate Akt.  Using PI3K 
isoform inhibitors, we show HCMV induces a switch from p110č, the main PI3K isoform positively regulating Akt in leukocytes, to p110, to mediate 
Akt-dependent survival.  We next examined SHIP-1, a negative Akt regulator, shown to also mediate positive (non-canonical) Akt regulation in cancer 
cells.  Treatment with a novel SHIP-1 inhibitor (3AC) annulled HCMV-induced Akt signaling and triggered apoptosis, suggesting HCMV exploits a two-
pronged approach, through PI3K-p110 and SHIP-1, to stimulate infected-monocyte survival.  Finally, HCMV entry elicited phosphorylation-mediated 
inactivation of PTEN (another negative Akt regulator), ensuring maximum Akt activity.  Overall, our data indicate that targeting Akt, p110, or SHIP-1 with 
small molecule inhibitors could be effective in eliminating HCMV-infected monocytes and preventing viral spread and pathogenesis. 

137 Efficacy of Cyclopropavir Analog Compounds in the Mouse Model of Cytomegalovirus Infection.
Rhonda Cardin, Ph.D.1, Fernando Bravo, M.D.1, Mei Wang, Ph.D.1, Derek Pullum, B.S.1, David Bernstein, M.D.1, John Williams, Ph.D.2,  

Gloria Komazin-Meredith, Ph.D.2, Terry Bowlin, Ph.D.2
1Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA; 2Microbiotix, Inc., Worcester, Massachusetts, USA

BACKGROUND:  Human cytomegalovirus (HCMV) infection is life-threatening in immunocompromised individuals such as newborns and transplant 
patients.  Cyclopropavir, an acyclic nucleoside currently in clinical trials for use against HCMV, exhibits antiviral activity against both HCMV and murine 
CMV (MCMV).

OBJECTIVE:  To determine the in vivo anti-MCMV activity of four Cyclopropavir analog compounds (MBX1616, MBX2180, MBX2181, and MBX2168) in 
mice.

METHODS:  Groups of Balb/c mice (n=8) were inoculated intraperitoneally (IP) with 1x105 pfu MCMV.  Compounds were administered starting at -1 to +2 
days or to +5 days post infection (dpi) via IP route, twice daily (MBX1616, MBX2180, MBX2181) or via oral (PO) route, twice daily (MBX2168) at 10, 50, or 
100 mg/kg/day.  For controls, mice received Vehicle only or 50 mg/kg/day Ganciclovir. Virus levels were determined by plaque assay.

RESULTS:  MBX2180 (50 mg/kg/day, IP) significantly reduced MCMV levels in both spleen (p<0.03) and liver (p<0.001) at 3 dpi whereas MBX2181 did 
not reduce virus levels.  Treatment with MBX1616 significantly reduced virus levels in the spleen at 10 and 50 mg/kg/day (<0.0002) and the liver at 50 
mg/kg/day (<0.001). Longer treatment with 50 mg/kg/day MBX1616 from -1 to +5 dpi significantly reduced virus replication in the liver (<0.002) and 
salivary glands at 6 dpi (p<0.001). MBX1616 also significantly reduced lung virus levels at 3 dpi (p<0.0001). Lastly, oral treatment with 100 mg/kg/day 
MBX2168 significantly reduced spleen and liver virus levels at 3 dpi (p<0.001). 

CONCLUSIONS:  MBX1616, MBX2180, and MBX2168 were efficacious against MCMV infection in vivo and warrant further study as anti-HCMV therapeutics.
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140 Inhibition of Hepatitis B Virus Replication by N-Hydroxyisoquinolinediones and Related  
Polyoxygenated Heterocycles
Tiffany Edwards, M.S.1, Elena Lomonosova, Ph.D.1, Jenny Patel, B.S.1, Qilan Li, Ph.D.1, John Tavis, Ph.D.1 Fabrice Bailly, Ph.D.2,  

Philippe Cotelle, Ph.D.2, Erofili Giannakopoulou, M.S.3, Grigoris Zoidis, Ph.D.4, 
1Saint Louis University, Saint Louis, Missouri, USA; 2University of Lille, Lille, Nord-Pas-de-Calias, France; 3University of Athens, Athens,  
Athens, Greece

We previously reported inhibition of Hepatitis B virus (HBV) replication by an N-hydroxyisoquinolinedione (HID) compound via suppression of the viral 
ribonuclease H (RNaseH).  Subsequently, we found that the biochemical RNaseH assay has a high false-negative rate in predicting inhibitors of viral 
replication.  Here, we screened 44 HIDs and related polyoxygenated heterocycles (POH) for viral replication inhibition.

Inhibiting the HBV RNaseH preferentially blocks synthesis of the (+)polarity DNA strand and causes accumulation of RNA:DNA heteroduplexes.  
Therefore, 16 HID, 1 HPD, 16 POH, and 11 flutimide derivatives were screened for suppression of HBV (+)polarity compared to (-) polarity DNA in hepatoma 
cells.  10 HID, the HPD, 1 POH, and 0 flutimide derivatives preferentially inhibited (+)polarity DNA accumulation.  EC50s as low as 0.57 M were observed, 
and CC50s by MTS assays were >100 – 7.9 M.  Inhibition of the HBV RNaseH was formally evaluated employing Southern blots to detect accumulation 
RNA:DNA heteroduplexes in HBV capsids.  Effects on the HBV reverse transcriptase activity were assessed employing an endogenous polymerase 
reaction with isolated HBV capsids.  The compounds were counterscreened against human RNaseH1 (hRNaseH1) to evaluate selectivity for the HBV 
enzyme.  IC50s against hRNaseH1 were 3.4 – >100 M, with the greatest apparent selectivity index (hRNaseH1 IC50/HBV EC50) being >175.

Therefore, the HID scaffold is more promising for anti-HBV drug discovery than we originally reported, and the HPD scaffold holds potential for antiviral 
development.  The negative results with the other compounds constrain the structural variations on HID and HPD scaffolds worthy of pursuit during 
chemical optimization. 

141 Development of an LC-MS/MS Assay for Measurement of the Intracellular Concentrations of USC-505  
(a Prodrug of Cidofovir) and its Metabolites
Eric Simon, Ph.D.1, Shyamala Ganesan, Ph.D.1, Cheryl Harteg, B.S.1, Dawn Reyna, B.S.1, Elke Lipka, Ph.D.1, Boris Kashemirov, Ph.D.2,  

Charles McKenna, Ph.D.2
1Therapeutic Systems Research Laboratories, Inc., Ann Arbor, Michigan, USA; 2University of Southern California, Los Angeles,  
California, USA

Cidofovir (CDV) is a nucleoside phosphonate that exhibits broad spectrum therapeutic activity against numerous DNA viruses.  The mechanism of action 
of the drug is through inhibition of viral DNA polymerase upon intracellular conversion to Cidofovir Diphosphate (CDV-PP).  USC-505, a CDV prodrug, has 
been designed to improve transmembrane transport of CDV for higher intracellular exposure and thus increased potency.  To assess the effectiveness 
of USC-505 for increasing intracellular levels of CDV and CDV-PP, an LC-MS/MS assay has been developed to measure USC-505 and its metabolites in 
human foreskin fibroblast (HFF) cells.  HFF cells were incubated at 37 °C and 5% CO2 in 2% DMEM-containing media spiked with 1 M USC-505 for 
72 hours.  Cell lysis was performed using chilled acetonitrile followed by overnight storage at -80 °C.  After removal of cellular debris and precipitated 
proteins via centrifugation, 5 L of supernatant was analyzed via two qualified LC-MS/MS methods for USC-505 and CDV/CDV-PP respectively.  
Perfluorophenyl and C8 UPLC columns were employed for USC-505 and CDV/CDV-PP analysis respectively.  A 8050 Shimadzu triple quadrupole mass 
spectrometer operated using optimized multiple reaction monitoring settings was employed to detect and measure the prodrug and its metabolites.   
The limits of detection of the assays were 14.5 nM, 36.0 nM and 22.8 nM for USC-505, CDV and CDV-PP respectively.  Each assay exhibited linearity over 
two orders of magnitude (R2 > 0.99).  Using this method, we showed that USC-505 delivers significantly higher concentrations of CDV and CDV-PP into 
HFF cells compared to treatment using CDV alone.
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142  Improved In Vitro Potency of Nucleoside Phosphonate Analogs Against Different Adenovirus Serotypes Using  
an Oral Prodrug Approach
Shyamala Ganesan, Ph.D.1, Eric Simon, Ph.D.1, Cheryl Harteg, B.S.1, Dawn Reyna, B.S.1, Elke Lipka, Ph.D.1, Adriana Kajon, Ph.D.2, Susan Core, B.S.2,  
Eric Richard, Ph.D.3, Boris Kashemirov, Ph.D.3, Charles McKenna, Ph.D.3, Mark Prichard, Ph.D.4 
1Therapeutic Systems Research Laboratories, Inc., Ann Arbor, Michigan, USA; 2Lovelace Respiratory Research Institute, Albuquerque, 
New Mexico, USA; 3University of Southern California, Los Angeles, California, USA; 4University of Alabama at Birmingham, Birmingham, 
Alabama, USA

Human Adenovirus (HAdV) infections are prevalent causative agents of acute respiratory disease in children and increasingly responsible for post-
transplant morbidity and mortality. Despite the prevalence and impact of HAdV infections there is no drug approved for the treatment of HAdV infections. 
To overcome this problem we have developed novel analogs of the antiviral nucleoside phosphonates (NPs) cidofovir (CDV, HPMPC) and HPMPA with 
improved potency and safety profiles. These HPMPC (USC-505 and USC-596) and HPMPA (USC-087 and USC-499) prodrugs are readily absorbed when 
administered orally, taken up by cells and converted to the pharmacologically active triphosphate analogs (NP-PP), which inhibit viral replication. In vitro 
potency of these prodrugs against HAdV serotypes B7, C2, C5, D20-15 and E4p4 relative to their respective parent compounds was measured using a 
growth curve assay in A549 cells. The prodrugs significantly decreased virus replication compared to HPMPA or HPMPC against all the serotypes tested. 
To correlate antiviral potency with intracellular levels of NP-PP we measured prodrug and metabolite concentrations in human foreskin fibroblast cells 
exposed to either USC-505 or cidofovir over 72 hours using an LC-MS/MS method. Cidofovir treated cells did not contain any quantifiable levels of CDV-
PP. In contrast, USC-505 treated cells exhibited increased prodrug exposure and significant conversion to CDV-PP. The increase in intracellular levels of 
CDV-PP correlates well with the increased potency of prodrugs over the parent compound in the in vitro antiviral assays.

143 Suppression of miR-17-92 Cluster by Enterovirus 71 During Virus Replication
Yuxuan Fu
Nanjing University, Nanjing, PR, China

Enterovirus71(EV71), the etiological agent of hand-foot-and-mouth disease, has increasingly become a public health challenge around the world. 
Accumulating evidence suggests that mammalian microRNAs(miRNAs), a class of noncoding  RNAs of 18 to 24 nucleotides(nt) with important regulatory 
roles in many cellular processes, participate in host antiviral defenses. However, the roles of miRNAs in EV71 infection and pathogenesis are still unclear. 
Here, hsa-miR-17~92 cluster expression was significantly decreased in EV71-infected human cells. As determined by virus titration, quantitative real-
time PCR , and Western blotting, overexpression of hsa-miR-17~92 inhibited, while inhibition of endogenous hsa-miR-17~92 facilitated, EV71 infection. 
Additionally, two potential hsa-miR-17-5p and miR-19a/b targets (nt 3024 to 3038 and nt 2838 to 2862) located in the EV71genome (strain FY0805) 
were bioinformatically predicted and validated by luciferase reporter assays and Western blotting. Furthermore, compared with the mock group, DNA 
methylation of the miR-17-92 promoter was significantly increased(50% or so) in EV71-infected group, which maybe caused by DNMT3b expression 
increase instead of DNMT1 and DNMT3a. Moreover, we also showed that the exosome-delivered miRNA had potent anti-viral effects against EV71 
infection, suggesting that the exosomes-derived from human cells could serve as an efficient miRNA transfer vehicle.

145 Analytical Method Development for the Structural Characterization of BL-84, a Genetically-Engineered, 
Recombinant Banana Lectin with Potent Antiviral Activity and Reduced Mitogenicity
Elke Lipka, Ph.D.1, Eric Simon, Ph.D.1, Dawn Reyna, B.S.1, Richard Lister, B.S.1, Shyamala Ganeson, Ph.D.1, Steven King, Ph.D.2, David Markovitz, M.D.2
1Therapeutic Systems Research Laboratories, Inc., Ann Arbor, Michigan, USA; 2Div. of Infectious Diseases, Dept. of Internal Med,  
Program of Immunology Univ of MI, Ann Arbor, Michigan, USA

Like several other naturally-occurring lectins, we have reported that a lectin isolated from bananas, BanLec, exhibits potent antiviral activity by binding 
specifically to mannosides on the viral surface, thus blocking viral attachment to host cells.  However, like other lectins, it is also a mitogen.  We set out 
to test several E. coli-recombinant mutants of BanLec, each of which were purified from lysate using Sephadex chromatography.  One variant, H84T 
(BL-84), exhibits significantly reduced mitogenicity while retaining antiviral potency.  To support scale-up production of BL-84 for PK/ADME, efficacy and 
toxicity studies, multiple analytical methods were developed to structurally characterize BL-84 and assess its quality during the manufacturing process 
optimization.  Liquid chromatography-mass spectrometry (LC-MS) was used for qualitative identification of BL-84 via accurate mass measurement 
(compared to the theoretical mass based on amino acid sequence).  Size-exclusion chromatography (SEC) combined with UV detection was used to 
establish the multimeric composition of BL-84 (dimer) as well as purity (>98%).  Finally, an LC-MS/MS method employing multiple-reaction monitoring 
(MRM) was developed to determine the concentration of the API from each production lot to support dose formulation preparation for in vivo studies.  
The MRM method measures a proteolytically-generated (trypsin) surrogate peptide of BL-84 and its corresponding heavy stable-isotope internal 
standard for accurate quantification.  These methods are now being applied to API stability assessment (e.g. freeze/thaw, temperature, storage duration, 
etc.) and will be key in monitoring and maintaining lot-to-lot quality control of BL-84 for ongoing PK/ADME, efficacy and toxicity studies.
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146 Novel, Validated Ex Vivo Model of the Vaginal Mucosa for Rigorous Mechanistic Investigation of Antiretroviral 
Drug Disposition: Implications for HIV Prophylaxis
Manjula Gunawardana, M.S.1, Amalia Castonguay, B.S.1, Mackenzie Anderson, B.S.1, Sofia Rivera, B.S.1, mSimon Webster, B.S.1, Flora Yang, B.S.1, 

Paul Webster, Ph.D.1, Aaron Miller, M.S.2, Richard Pyles, Ph.D.2
1Oak Crest Institute of Science, Pasadena, California, USA; 2University of Texas Medical Branch, Galveston, Texas, USA

Pre-exposure prophylaxis (PrEP) using antiretroviral (ARV) agents is a promising strategy for the prevention of vaginal HIV transmission. Membrane 
transporters and metabolizing enzymes in the vaginal mucosa may play a pivotal role in determining drug disposition and consequently HIV PrEP 
pharmacodynamic outcomes. Our genome-wide transcriptome analysis of vaginal tissue samples from reproductive-age women undergoing gynecologic 
surgeries revealed that, unexpectedly, a large number of membrane transporters and metabolizing enzymes were highly expressed in all samples. This 
observed complexity prompted the urgent need for an ex vivo model system that faithfully recreates these expression patterns to enable rigorous 
mechanistic investigation of vaginal ARV drug disposition. We have developed a novel, immortalized vaginal epithelial cell (VEC) culture model with 
an apical air interface that develops into multilayers and is physiologically and histologically representative of the vaginal mucosa. Transcriptome and 
immunohistochemical analyses validated the VEC system an optimal model for studies involving vaginal membrane transporters and metabolizing 
enzymes. Apparent permeability studies in VEC multilayers were conducted to simulate topical and oral dosing and showed that both regimens led to 
time-dependent ARV drug tissue accumulation, driven by specific physiochemical properties of the agents. Uptake studies demonstrated surprising shifts 
in uptake kinetics and even mechanism depending on drug exposure times. These systems were investigated further using transcriptomics, proteomics, 
and metabolomics. The results are interpreted in the context of HIV PrEP and highlight the need for a mechanistic understanding of the processes that 
determine ARV drug disposition to further enhance prevention strategies.

147 Tyrosine Ester Prodrug of Cidofovir is Effective Against VZV in Mice
Jennifer Moffat, Ph.D.1, Dongmei Liu, M.S.1, Wanda Coombs, B.S.1, Dawn Reyna, B.S.2, Shyamala Ganesan, Ph.D.2, Cheryl Harteg, B.S.2, Elke Lipka, 

Ph.D.2, Eric Richard, Ph.D.3, Jinlei Lv, M.S.3, Jiajun Fan, B.S.3, Boris Kashemirov, Ph.D.3, McKenna Charles, Ph.D.3, Mark Prichard, Ph.D.4
1SUNY Upstate Medical University, Syracuse, New York, USA; 2TSRL, Inc., Ann Arbor, Michigan, USA; 3University of Southern California, 
Los Angeles, California, USA; 4University of Alabama at Birmingham, Birmingham, Alabama, USA

(S)-HPMPC-L-Tyr(NHC16H33) is an acyclic nucleoside phosphonate with broad spectrum antiviral activity against DNA viruses.  This molecule, USC-505, 
is potent against varicella-zoster virus (VZV) in cells (EC50 = 0.0035 M, CC50 = 0.59 M, SI = 168).  We evaluated USC-505 for activity in human 
skin explants and in SCID-Hu mice with skin xenografts.  Skin explants in NetWells were inoculated with VZV-BAC-Luc by scarification and compounds 
were added to the medium. VZV yield was measured 5 dpi by bioluminescence.  All doses of USC-505 and cidofovir significantly reduced VZV yield. 
SCID-Hu mice with human skin xenografts were infected intradermally with VZV-BAC-Luc and treated by various routes and formulations.  Virus spread 
was measured daily by in vivo bioluminescence imaging.  USC-505 was tested at 2.38, 7.14, and 23.8 mg/kg (molar equivalents to 1, 3.3, and 10 mg/kg 
cidofovir) and compared to cidofovir 10 mg/kg. USC-505 was superior to cidofovir at the highest dose, equivalent at the middle dose, and less effective 
at the lowest dose.  The skin xenografts were collected after the final IVIS scan and VZV genome copy number was measured by qPCR.  USC-505 caused 
a significant, dose-dependent reduction in viral load.  Thus, USC-505 was more potent in the mouse model, on a molar basis, than its parent compound.  
This tyrosine ester of cidofovir is a potent and long-lasting inhibitor of VZV spread in vivo and could be studied further for its potential to treat zoster. This 
work was supported in part by Public Health Service Contracts HHSN272201100016I and HHSN272201000023I, NIAID, NIH.

150 Lysosomes Serve as a Platform for Enterovirus 71 Particle Replication
Chunhong Feng
Nanjing University

Human enterovirus 71 (EV71) is a major causative agent for hand, foot and mouth disease with occasionally severe neurological complications. Human 
SCARB2 (scavenger receptor B2, also known as lysosomal integral membrane protein II or CD36b like-2), a transmembrane protein expressed in a wide 
range of tissues,  including neurons in the central nervous system, have been identified as the functional receptor for all tested EV71 strains, and play 
essential roles in the early steps of viral infection. The majority of SCARB2 is known to localize mainly to the lysosomal membrane; however, the roles of 
SCARB2 in the lysosomal membrane in EV71 infection and pathogenesis are still unknown. In this study, by analyzing the association of this virus with 
cellular organelles using transmission electron microscopy, we found that newly synthesized EV71 particles are localized in lysosomes. Furthermore, 
EV71 protein and genomic RNA were identified in isolated lysosomes by immunoblot and PCR analysis, respectively. In addition, we demonstrated that 
EV71 VP1(?) was colocalized with organelles positive for lysosome-associated membrane protein 2(LAMP2) and SCARB2 during EV71 infection by 
immunofluorescence and that EV71 particles were co-precipitated with SCARB2 in isolated lysosomes. These evidence demonstrated that SCARB2 in the 
lysosomal membrane is associated with EV71, and lysosomes serve as cellular organelles for the replication of EV71.
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151 Humanized Mouse Models of Filovirus Disease: Screening Model for Vaccines and Therapeutics?
Jessica Spengler, D.V.M., Ph.D.1, Stuart Nichol, Ph.D.1, Christina Spiropoulou, Ph.D.1, James Keck, Ph.D.2, Dana Scott, D.V.M.3,  

Heinz Feldmann, M.D., Ph.D.4, Joseph Prescott, Ph.D.4
1Viral Special Pathogens Branch, CDC, Atlanta, Georgia, USA; 2In Vivo Services, The Jackson Laboratory, Sacramento, California, USA; 
3Rocky Mountain Veterinary Branch, NIAID, NIH, RML, Hamilton, Montana, USA; 4Laboratory of Virology, NIAID, NIH, RML, Hamilton, 
Montana, USA

Advancements in animal models for viral diseases include the development of mice that host functional human immune systems (humanized mice). 
We have investigated filovirus infection in two humanized mouse models, the NSG-BLT and the NSG-SGM3-CD34+. Wild-type virus normally requires 
adaptation to cause disease in rodents. However, in both models, infection with wild-type Ebola virus (EBOV) results in severe or lethal disease. A dose- 
and donor-dependent clinical course was observed, however the contribution of donor HLA variation and immune cell reconstitution levels to disease 
is still under investigation. Here we describe the clinical course and characterize the immune response in humanized mice challenged with EBOV. We 
discuss how different characteristics of the humanized mouse model appear to contribute to disease development and how these characteristics may 
help elucidate mechanisms of viral pathogenesis and delineate immunoprotective and immunopathogenic responses to infection. Humanized mice 
provide a small animal model to investigate filovirus disease without the need for virus adaptation. Most importantly, they provide a disease model in the 
context of a human immune system, and are thus a unique animal model for pathogenesis studies and putative therapeutic and vaccine screening.

152 Transchromosomic Bovine Hyperimmune Immunoglobulin – A Novel Platform for the Rapid Response to 
Emerging Pathogens with Demonstrated Efficacy Against Ebola Virus in Non-Human Primates
Richard Bennett, Ph.D.1, Dawn Traynor, B.S.1, Srikanth Yellayi, Ph.D.1, Nicholas Oberlander, B.S.1, Gene Olinger, Ph.D.1, Anna Honko, Ph.D.1,  

Lisa Hensley, Ph.D.1, Hau Wu, Ph.D.2, Jin-An Jiao, Ph.D.2, Eddie Sullivan, Ph.D.2, Gale Smith, Ph.D.3, Greg Glenn, Ph.D.3, Peter Jahrling, Ph.D.4,  

Tom Luke, M.D., Ph.D.5
1IRF, NIAID, NIH, Frederick, Maryland, USA; 2SAB Biotherapeutics Inc, Sioux Falls, South Dakota, USA; 3Novavax, Inc, Gaithersburg, 
Maryland, USA; 4IRF, NIAID, NIH; EPS, NIAID, NIH, Frederick, Maryland, USA; 5Viral and Rickettsial Diseases Department, NMRC,  
Silver Spring, Maryland, USA

The size of the recent Ebola epidemic in West Africa was unprecedented and highlights the enormous challenges in responding to a new and/or emerging 
infectious diseases with sufficient quantities of vaccines and therapeutics.  Passive immunotherapy can effectively prevent and/or treat multiple viral, 
bacterial and toxin mediated diseases.  There is also surmounting evidence that it could be effective for treating Ebola virus infections. However, current 
passive immunotherapeutic options – convalescent plasma, human and animal derived hyperimmune immunoglobulins, and monoclonal antibodies can 
be limited in therapeutic benefit due to cultural, scientific, and production issues which can negatively impact the ability to rapidly respond to outbreaks 
of novel disease.  

Historically, large animals have been utilized to supply hyperimmune serum with great success.  Building on this foundation, a new technology, 
transchromosomic bovines that have been genetically modified to produce high titers of fully-human polyclonal antibodies with similar diversity of 
antibodies to humans, can produce passive immunotherapies in large volumes.  Here we describe the in vitro and in vivo assessment of fully-human 
polyclonal antibodies produced in transchromosomic bovines vaccinated with an Ebola virus Makona recombinant glycoprotein nanoparticle vaccine. 
Treatment of rhesus macaques with the immunoglobulin resulted in 100% survival and prevented clinical symptoms of Ebola virus disease following 
treatment starting on 1 and 3 days after challenge with a lethal dose of virus (1000 PFU). This proof of concept study demonstrates the potential of this 
anti-Ebola therapeutic, but also the ability of this platform to rapidly produce potent passive immunotherapeutics for emerging infectious diseases.  

153 Toxicity and Antiviral Action of the Aminomethanesulphonic Acid and its N-Alkylated Derivatives
Ruslan Khoma, Ph.D.1, Alim Ennan, D.V.M., Ph.D.2, Vladlena Godovan, D.V.M., Ph.D.3, Petro Antonenko, Ph.D.3, Tetyana Grydina, Ph.D.3,  

Alla Fedchuk, Ph.D.4, Viktor Lozitsky, M.D., Ph.D.4
1I.I. Mechnikov National University, Odesa, Odesa, Ukraine; 2Physico-Chemical Institute of Environment and Human’ Protection, Odesa, 
Odesa, Ukraine; 3Odesa National Medical University, Odesa, Odesa, Ukraine; 4Odesa Research Center -Biomedical Testing Food and 
Drugs, Odesa, Odesa, Ukraine

The influenza is the most mass disseminated viral disease of the human respiratory. The purpose of this study is to research toxicity and antiviral 
activity of the aminomethanesulphonic acid (I) and its N-methyl (II), N-tert-butylderivatives (III) and reference drug (Tamiflu). We have determined 
the maximally tolerant (non-toxic) doses (MTD) for these compounds. Oral LD50 of I – III: > 5000 mg/kg (rat, male) – practically non-toxic. On tissue 
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culture CAC influenza activity was determined in a dose of 10-3 M as for test compounds so for the reference drug (Tamiflu). Methods of the compounds 
antiviral activity studies in vitro on the model tissue culture of chorio-allantoic covers of 10-12-days chicken embryos (CAC). Influenza viruses A/Hong 
Kong/1/68(H3N2) to a concentration of 10,000 (1x104 log10) TID50 were solved in cultural media in the presence of test compounds (experiment) and 
in the absence of compounds (control). The number of infectious virus in the samples was determined by titration on fragments of CAC with 10-fold 
dilutions of viruses. Control and experimental samples were incubated at 370C for 72h. Presence of virus was registrated in haemagglutination test. I 
inhibited reproduction of the viruses of the 0,50 log10TID50 (as compared to control). II showed no higher antiviral activity against influenza virus – 0,85 
log10TID50. III showed higher antiviral activity – 1,50 log10TID50, but lower than compared to the reference drug Tamiflu – 4,08 log10TID50. Results of this 
study show that aminomethanesulphonic acid and its N-derivatives are promising compounds among which to search and design effective antivirals

154 Clinical Pharmacokinetics of MBX-400, a Potent Antiviral in Development for CMV and HHV-6
Jennifer Brooks, M.S., Terry Bowlin, Ph.D.
Microbiotix, Inc., Worcester, Massachusetts, USA

MBX-400 is currently in clinical development for the treatment and/or prevention of active disease caused by select betaherpesviruses.  MBX-400 
has demonstrated good in vitro potency against human cytomegalovirus and human herpes viruses 6A and 6B, with EC50 values of 1.2, 1.3 and 2.5 M, 
respectively (Prichard, 2013).  

OBJECTIVE:  The objective of the first-in-human, Phase 1A clinical study in healthy normal volunteers was to evaluate the safety and pharmacokinetics of 
MBX-400 following single oral doses of 35, 100, 350, 700, 1000 or 1350 mg.  

METHODS:  Six cohorts of eight subjects were randomized in a 3:1 ratio to receive MBX-400 or placebo.  Subjects remained confined through the 
96-hour timepoint and returned for follow-up on Days 7 and 14.  Standard safety assessments were performed. Plasma sampling was performed to 
determine pharmacokinetic parameters.  

RESULTS:  Plasma concentration versus time profiles were similar for all doses administered with Cmax occurring approximately 1-2 hours after 
administration, followed by a gradual decrease in plasma concentrations resulting in low or undetectable levels by 24 hours after administration.  Cmax 
and AUC increased as doses of MBX-400 increased from 35 to 1000 mg.  Exposure at 1350 mg was less than dose proportional and equivalent to that of 
a 350 mg dose.  

CONCLUSIONS:  The study demonstrated that oral administration of MBX-400 is feasible and supports further development.  Upon completion of the 
7-day multiple-dose Phase 1B study (ongoing), proof-of-concept studies in patients infected with CMV and/or HHV-6 are planned.  

155 Role of Adenovirus Species and Type on Virologic Response to Brincidofovir
Randall Lanier, Ph.D., Andrew Bae, M.S., Tom Brundage, M.S., Herve Mommeja-Marin, M.D., Garett Nichols, M.D., Phiroze Sethna, Ph.D.
Chimerix, Durham, North Carolina, USA

BACKGROUND: Human adenoviruses (AdVs) are nonenveloped, double-stranded DNA viruses, divided into seven major species (A-G) with >60 
distinct types. AdV infection can be life threatening in immunocompromised patients, especially children undergoing allogeneic hematopoietic cell 
transplantation (HCT). Brincidofovir (BCV) is in development as an antiviral for cytomegalovirus, AdV, and smallpox. The in vitro activity of brincidofovir 
(BCV) against AdV is typically <50 nM (EC50).  Here we evaluated virologic response based on AdV species and type for patients enrolled in three trials 
of BCV (CMX001-202, CMX001-350, and CMX001-304). 

METHODS: AdV typing was performed on patients prior to the first BCV dosing day or first time point with detectable AdV in plasma. AdV plasma DNA 
levels were determined at ViraCor-IBT. AdV type was determined at Chimerix using DNA sequencing of hypervariable region of the AdV hexon gene. 

RESULTS: AdV was typed in plasma from 172 patients.  Some patients were infected with more than one type, leading to the detection of a total of 188 
distinct hexon types. Overall frequencies of AdV species in order of prevalence were species C, B, A, F, and D, at 59%, 23%, 13%, 3%, and 2%, respectively. 
To evaluate virologic response, patients with detectable baseline viremia and at least 2 weeks of treatment with BCV (n=137) were assessed at the last 
timepoint on BCV therapy. All AdV species responded to BCV as shown. 

CONCLUSIONS: These data suggest that BCV has antiviral activity against the species and types of AdV that have been detected in clinical trials to date.
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156 Mechanism of Influenza A Virus Inhibitor, MBX2546, Targeting Hemagglutinin-Mediated Virus Fusion
Arnab Basu
Microbiotix Inc

The influenza A virus surface glycoprotein hemagglutinin (HA) is a potential target for antiviral drugs because of its key roles in the initial stages of 
infection -- receptor binding and fusion of virus and cell membranes. Studies presented herein show that inhibition of HA-mediated membrane fusion 
by human influenza virus inhibitor, MBX2546, is mediated through specific interaction with the HA protein. This binding represses the low-pH-induced 
conformational change of the HA protein which is a prerequisite for membrane fusion. MBX2546-resistant variants of human influenza A/PR/8/34 (H1N1) 
virus were isolated in vitro, and sequence analyses of the HA genes of these drug-resistant viruses mapped the amino acid changes responsible for drug 
resistance to a region located near the amino terminus of HA2. Finally, we have modeled the binding site of MBX2546 using molecular dynamics and 
find that the resulting structure is in good agreement with the mutagenesis results. The studies highlight the importance of the stem loop region to HA 
function in development of influenza inhibitors. 

157 Antiviral Activity of Ribavirin, 2’,3’-Dideoxicitidine, Pirodavir, Oseltamivir and Infergen™ against RSV, Adeno-2, 
Rhino-14, Influenza and MERS Virus Infection in Differentiated Normal Bronchial Epithelial (NHBE) Cells
Kie Hoon Jung, Ph.D., Jung Ae Choi, M.S., Jonna Westover, Ph.D., Donald Smee, Ph.D., Craig Day, Ph.D.
Utah State University, Logan, Utah, USA

The antiviral activity of five test compounds ribavirin, 2’,3’-DDC, pirodavir, oseltamivir and Infergen™ was evaluated against 5 strains of respiratory 
syncytial virus (RSV), adenovirus type 2, rhinovirus type14, 6 strains of influenza, and human coronavirus HCoV-EMC in a highly differentiated, three-
dimensional, in vitro model of normal human bronchial (dNHBE) cells.  Antiviral activity was measured by virus yield assays after 3 to 5 days of infection 
in the presence of the test drugs.  Potential toxicity of the tested compounds was evaluated microscopically and by MTT assay.  The following treatments 
were shown to significantly reduce viral replication: ribavirin against influenza and RSV, 2’3’-DDC against adenovirus, pirodavir against rhino-14, 
oseltamivir against influenza virus, and Infergen™ against MERS virus.  In some cases, the dNHBE test model was more sensitive in detecting antiviral 
effects than normal cell culture (MA-104, A549, HeLa-Ohio, MDCK, and/or Vero 76 cells).  We propose that dNHBE cells are a valuable model for testing 
potential antiviral compounds, and since they are differentiated and have apical and basal sides, they offer new possibilities for studying antiviral activity.

158 A Recombinant, Fully Human Anti-CHIKV mAb is Efficacious in an NHP Model of Disease
Rebecca Broeckel, B.S.1, Nicole Haese, Ph.D.1, Craig Kreklywich, B.S.1, Michael Denton, B.S.1, Patricia Smith, .S.1, Alfred Legasse, B.S.1,  

Michael Axthelm, D.V.M.1, Daniel Streblow, Ph.D.1 Carsten Corvey, Ph.D.2, Shiv Krishnan, Ph.D.2, Kara Carter, Ph.D.2
1Oregon Health and Science University, Beaverton, Oregon, USA; 2Sanofi, Cambridge, Massachusetts, USA

Chikungunya virus (CHIKV) is an Alphavirus undergoing re-emergence in the Caribbean region and Central and South Americas. CHIKV infections 
elicit incapacitating arthralgia that persists from months to years. In order to reduce the impact of this virus and devastating arthralgia, we developed 
a non-human primate (NHPs) model of CHIKV pathogenesis to evaluate novel antiviral therapeutics and vaccines. Rhesus macaques were infected 
subcutaneously with CHIKV-LR. Consistent with the effects of CHIKV infection in humans, CHIKV-infected RMs develop acute polyarthritis showing 
gross swelling and lesions of finger joints and wrists showing severe edema and cellular infiltration. Plasma viremia peaks at 3dpi and viral dissemination 
occurs by 2dpi in joints of the hands/arms and feet/legs, organs, and lymph nodes and persists >14dpi. CHIKV viral loads are particularly high in the joint 
tissues of the hands, wrist and elbows; and infectious virus can be isolated from these joint tissues indicating that CHIKV infection persists long after the 
clearance of plasma viremia. Using this characterized NHP model, we evaluated efficacy of a recombinant monoclonal antibody (mAb) directed against 
a CHIKV envelope protein. Administration of this mAb at 1&3 dpi has a dose-dependent effect on viremia and limited the spread of virus to some organs 
and prevented virus isolation from all tissues. Additionally, treatment dramatically reduced inflammatory cytokine production, but did not reduce T cell 
proliferation indicating that immunity against the virus is not greatly affected by antiviral treatment. CHIKV infection in RM represents a highly tractable 
model for efficacy testing of anti-CHIKV vaccines and therapeutics.
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159 Rational Design of Selective Phosphatidylinositol 4-Kinase IIIbeta Inhibitors as Highly Potent, Broad-Spectrum 
Antiviral Agents
Radim Nencka, Ph.D.1, Ivana Mejdrová, M.S.1, Pavla Plačková, M.S.1, Michal Šála, Ph.D.1, Dominika Chalupská, M.S.1, Dmytro Strunin, M.S.1,  

Eliška Procházková, Ph.D.1, Jan Weber, Ph.D.1, Evzen Boura, Ph.D.1, Christin Müller, M.S.2, John Ziebuhr, Ph.D.2, Gabriel Birkus, Ph.D.3
1Institute of Organic Chemistry and Biochemistry AS CR, v.v.i. (IOCB Prague), Prague, Czech Republic; 2Institute of Medical Virology, 
Justus Liebig University, Giessen, Germany; 3Gilead Sciences Inc., Foster City, California, USA

Phosphatidylinositol 4-kinases (PI4Ks) are cellular enzymes that catalyze the phosphorylation of membrane-associated phosphatidylinositols. In human 
cells, four isoforms have been identified which may be subdivided into two classes (II and III). Phosphatidylinositol 4- kinase IIIbeta (PI4K IIIb), a member 
of class III, plays an important role in the replication cycle of several plus single-stranded RNA viruses, such as Hepatitis C virus (HCV), Human rhinovirus 
(HRV) and Coxsackie virus B3 (CVB3). There is evidence that these viruses “hijack” PI4K IIIb which phosphorylates specific intracellular lipids and 
thereby triggers the formation of virus-induced membrane structures. The virus-induced membranes provide a structural schaffold for the assembly of 
fully activated virus replication complexes that catalyze viral RNA synthesis. Therefore, compounds that interfere with or modulate the formation, lipid 
composition, phosphorylation state etc. of these viral “replication organelles”, such as PI4K IIIb inhibitors, are considered attractive candidates for new 
antiviral drugs effective against specific virus families.

Here, we report on the design and synthesis of a novel series of highly selective PI4K IIIb inhibitors, which were designed as “hybrids” between selective 
inhibitors reported previously by our group and the highly potent non-selective “gold standard” of PI4K inhibitors PIK93. The use of the hybrid structure 
combined with computer-aided side chain optimization led to extremely active inhibitors with excellent selectivity. The best compounds inhibited PI4K at 
low nanomolar or even subnanomolar concentration and proved to be effective inhibitors of HCV, HRV and CVB3 replication in cell culture.

160 Synthesis and Evaluation of Base-Modifed 3’-O-methyl Ribonucleosides
Yogesh Sanghvi, Ph.D.
Rasayan Inc., 2802 Crystal Ridge Road, Encinitas, CA 92024-6615, USA, Sandiago, California, USA

It is reported that virus-specific RNA synthesis was preferentially inhibited by both 3’-O-methyl adenosine and 3’-O-methyl guanosine. Both showing 
higher affinity for vaccinia RNA polymerase. Synthesis of 3’-O-methyl cytidine and 3’-O-methyl uridine have been described in literature. However, no 
report on their effect on the growth of cells or viruses has appeared so far. As a part of our interest in making structurally interesting nucleosides, we have 
decided to synthesise and evaluate anti-viral activity of various base modified 3’-O-methylayed nucleosides.

161 Nuclear Proteins TDP-43 and FUS/TLS Translocation to Cytoplasm Are Dependent on 2A Activity of EV71  
and Bind to EV71 5’UTR as a Negative ITAFs
Xiaohui Wang, Ph.D.1, Liang Chang, B.S.2

1State Key Lab of Analytical Chemistry for Life Science, Nanjing University, Nanjing, Jiangsu, China; 2Center for Public Health Research, 
Medical School, Nanjing University, Nanjing, Jiangsu, China

Enterovirus 71(EV71), one of the etiological agents of hand-foot-and-mouth disease in children, which can cause sequelae of nervous system including 
neurodegenerative disease in some cases. TDP-43 and FUS/TLS, two nuclear RNA binding proteins identified as the major pathological protein in FTLD 
and ALS, also has been reported as the components of stress granules under some stress conditions. In the present study, at first, we found the sera level 
of TDP-43 in EV71 infected patients has obviously increased, which shows a significant clinical diagnostic meaning. Through immunofluorescence assay, 
we found that TDP-43 and FUS/TLS translocate from nucleus to cytoplasm and form co-localized aggregates after EV71 infection. Both TDP-43 and FUS/
TLS can bind to 5’UTR of EV71 genome and negatively regulate virus replication. Besides, EV71 induces formation of SGs in the early time post-infection. 
However, formed SGs disappeared gradually accompanied by massive replication of EV71. Further experiments revealed that TDP-43 and FUS/TLS can be 
recruited into P-bodies since both of them co-localize with Dcp1a and Mov10, two components of P-body. Furthermore, we discovered that viral coded 
2A protease, but not 3C protease, induces cytoplasm translocation of TDP-43 and FUS/TLS, which likely mediated by the 2A cleavage of their nuclear 
localization signals. Altogether, these data suggest a significant role of 2A protease in proteinopathy of cellular endogenous TDP-43 and FUS/TLS during 
EV71 infection. The potential roles of TDP-43 and FUS/TLS in EV71 neuropathogenesis are discussed.
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162 Genetically Optimized Banana Lectin for the Treatment of Influenza
Steven King, Ph.D.1, Maureen Legendre, B.S.1, David Markovitz, M.D.1, Shyamala Ganesan, Ph.D.2, Dawn Reyna, B.S.2, Richard Lister, B.S.2,  

Eric Simon, Ph.D.2, Narayanan Surendran, Ph.D.2, Elke Lipka, Ph.D.2, Bart Tarbet, Ph.D.3
1University of Michigan, Ann Arbor, Michigan, USA; 2Therapeutic Systems Research Laboratories (TSRL), Inc., Ann Arbor, Michigan, USA; 
3Utah State University, Logan, Utah, USA

Influenza virus vaccines and current antiviral drugs only partially control epidemics and are likely to be ineffective during a pandemic when a new 
pathogenic influenza virus enters the population.  To develop a new drug to treat influenza, we genetically optimized a lectin (BL-84) and examined its 
influenza antiviral activity, PK profile, and exploratory toxicity.  In vitro, BL-84 had potent (low nanomolar) antiviral activity against multiple influenza 
virus strains and showed synergy with oseltamivir.  Most importantly, BL-84 was highly active in treating lethal influenza infection when administered 
systemically in a mouse model. All mice survived infection when treated IP with 5mg/kg of BL-84 administered once daily for 5 days beginning 4h post-
challenge with significant survival when treatment was delayed until 72h post-infection. PK analysis underscored the highly promising characteristics 
of BL-84 with significant concentrations expected in lungs, the target organ for influenza therapeutics, and a long terminal half-life (~80h) supportive 
of single dose administration. To explore single dose toxicity, mice were dosed IP with BL-84 at 50, 100, or 200 mg/kg.  Adverse effects were limited 
to a slight dose-dependent weight loss, however hematology and histological evaluations of kidney, liver, lung, intestine and spleen appeared normal.  
Repeat IP dosing also produced no overt toxicity, and while mice developed anti-BL-84 antibodies, those did NOT neutralize BL-84’s antiviral activity in 
vitro or in vivo.  BL-84 represents a new influenza treatment that targets different virus pathways to circumvent current treatment limitations, create 
combination therapy possibilities, and potentially outperform available antiviral drugs in the marketplace.

163 Novel Mcl-1 Small-molecule Inhibitors Encapsulated into Nanoparticles Exhibit Increased Killing Efficacy  
Towards Human Cytomegalovirus-infected Monocytes
Christine Burrer, B.S.1, Olesea Cojohari, B.S.1, Megan Peppenelli, B.S.1, Xu Wang, Ph.D.1, Gary Chan, Ph.D.1, Zaneta Nikolovska-Coleska, Ph.D.2 

1SUNY Upstate Medical University, Syracuse, New York, USA; 2University of Michigan, Ann Arbor, Michigan, USA

Human cytomegalovirus (HCMV) is the most important opportunistic infectious cause of solid-organ transplant failure.  HCMV spreads within host by 
stimulating the survival of short-lived carrier blood monocytes.  However, because monocytes do not support virus replication during the early stages 
of infection, the repertoire of viral antiapoptotic proteins is rendered useless during the monocyte cell fate decision checkpoint.  We have found that 
HCMV, but not normal myeloid growth factors, rapidly upregulated the antiapoptotic Bcl-2 family member Mcl-1 in order to drive the survival of infected 
monocytes.  Moreover, BH3 profiling, a functional assay that globally assesses the cellular “addition” to individual Bcl-2 proteins, determined Mcl-1 to be 
the predominant Bcl-2 protein required for infected monocyte survival.  However, the lack of potent Mcl-1-specific inhibitors and a targetable delivery 
system limits Mcl-1 as a viable therapeutic target.  Thus, we tested the cytotoxicity of a new library class of Mcl-1 small-molecule inhibitor against HCMV-
infected monocytes and found two lead compounds rapidly induced death of quiescently infected monocytes.  The Mcl-1 antagonists had no effect on 
the viability of Bcl-xL-dependent EBV-infected B cells, demonstrating the specificity of these inhibitors.  Further, encapsulation of Mcl-1 antagonists into 
myeloid cell-targeting nanoparticles was able to selectively increase the delivery of inhibitors into HCMV-activated monocytes, thereby amplifying their 
potency.  Because survival of quiescently HCMV-infected myeloid cells are dependent on exploiting antiapoptotic Bcl-2 proteins, our study provides 
a proof-of concept for the use of nanoparticle technology to selectively deliver small-molecule antagonists while reducing the typical side effects 
associated traditional chemotherapeutic agents.

164 Targeting RNA Dependent RNA Polymerase: The Discovery of a New Class of Potent Compounds  
Against Flaviviruses
Eloise Mastrangelo, Ph.D.1, Delia Tarantino, Ph.D.1, Mario Milani, Ph.D.1, Rolando Cannalire, Ph.D.2, Martino Bolognesi, Ph.D.2, 

 Violetta Cecchetti, Ph.D.2, Giuseppe Manfroni, Ph.D.2, Gilles Querat, Ph.D.3
1CNR-IBF, Istituto di Biofisica, Milano, Milano, Italy; 2Dipartimento di Scienze Farmaceutiche, Università di Perugia, Perugia, Perugia, Italy; 
3Emergence des Pathologies Virales, Faculté de Médecine, Marseille, Marseille, France

RNA dependent RNA polymerases (RdRps) are essential proteins for flavivirus replication. Starting from an in silico docking analysis we identified a new 
molecule, HeE1-2Tyr, able to inhibit RdRp activity in vitro and effective against a number of flaviviruses in cell culture. Initial crystallographic data showed 
HeE1-2Tyr located between the fingers domain and priming loop of Dengue virus RdRp (Fig). On the contrary, enzyme kinetics, binding studies and 
mutational analysis suggested that, during the protein activity and the formation of the ternary complex (protein-inhibitor-RNA), HeE1-2Tyr moves to a 
different binding site, likely located in the thumb domain. Additional mutational studies driven by in silico docking analysis allowed us to identify this new 
allosteric site, occupied by the inhibitor during protein activity. To better explore the compound MOA we started the synthesis a small library of  chemical 
variants of the first hit. Some derivatives showed inhibitory activity in cell cultures against a panel of different flaviviruses with EC50 between 0.1 and  
10 M. The results achieved so far aim at providing innovative information for the optimization of a new class of antiviral compounds.
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165 Anti-influenza Activity of Argentums BIS(Citrato)Germanate
I Seifullina, D.V.M., E Martsinko, D.V.M., E Chebanenko, D.V.M., T Grydina, Ph.D., A Fedchuk, Ph.D., L Mudryk, M.S., K Radkevich, M.S.
I.I.Mechnikov Odesa National University, Odesa, Odesa, Ukraine

Development of the drugs with the provided specific antiviral activity against different strain of influenza viruses  is very important today. New 
coordination compound of argentum bis(citrato)germanate (AgCG) have a low toxic that gives the prospect for antiviral research. Methods of the 
compound activity studies in vitro on the tissue culture of chorio-allantoic covers of 10-12-days chicken embryos (CAC) and on the MDCK cell culture 
were used. Influenza viruses A/PR/8/34 (H1N1), A/Hong Kong/1/68 (H3N2) and avian influenza H5N3 were solved in cultural media in the presence AgCG 
(experiment) and in the absence of compound (control) to a concentration of 10,000(1x104 log10) TID50. The number of infectious virus in the samples 
was determined by titration on fragments of CAC. Also antiviral activity was determined by infecting monolayers of MDCK cells with 10-fold dilutions of 
viruses (H1N1), (H3N2). Presence of virus was registrated in haemagglutination test. AgCG inhibited reproduction of (H3N2) on 0,83 log10 TID50, (H1N1) 
on 2,92 log10 and the avian influenza virus H5N3 on 2,42 log10 TID50 as compared to control. Tamiflu as reference-compound demonstrated 4,27, 4,17 and 
3,75 42 log10 TID50 respectively. In MDCK cell culture compound showed higher antiviral activity than on CAM tissue culture. AgCG inhibited reproduction 
of (H3N2) on 3,9 log10 TID50, (H1N1) on 1,2 log10 TID50. Tamiflu demonstrated 4,33 and 3,33 log10 TID50 respectively. Level of inhibition of influenza virus 
reproduction of the tested compound was lower than for reference drug. However, the level of toxicity of AgCG was lower than that of the Tamiflu.

166 Targeted Delivery of Clevudine-5’-Monophosphate to the Liver After Oral Administration of a  
Clevudine-Phosphoramidate Conjugate to Rats for the Treatment of HBV Infections
Gregory Bluemling, Ph.D.1, Alexander Kolykhalov, Ph.D.1, George Painter, Ph.D.1, Abel De La Rosa, Ph.D.1, David Guthrie, Ph.D.2,  

Manohar Saindane, Ph.D.2, Deborah Mitchell, B.S.2, Taylor Evers, B.S.2, Prabhakar Reddy, Ph.D.2
1EIDD/DRIVE, Atlanta, Georgia, USA; 2EIDD, Atlanta, Georgia, USA

Hepatitis B virus (HBV) targets the liver resulting in either an acute infection with symptoms arising in 45 to 160 days, or in a chronic infection, a 
condition that currently affects more than 350 million people worldwide.  Approved treatments for chronic HBV infections, which aim to reduce 
HBV replication and thereby limit liver damage, include pegylated alpha interferon and nucleoside/nucleotide reverse transcriptase inhibitors 
(NRTIs).  Clevudine, a NRTI, is a potent inhibitor of HBV replication that has been shown to reduce levels of covalently closed circular DNA (cccDNA).  
Unfortunately, phase III clinical trials involving clevudine were terminated after a year due to skeletal myopathies resulting from mitochondrial 
dysfunction.  To potentially avoid the liabilities associated with clevudine, we synthesized clevudine-5’-phosphoramidate conjugates to target clevudine, 
as its 5’-monophosphate, to the liver with the goals of: 1) reducing systemic exposure to clevudine and 2) minimizing the possibility of skeletal myopathy.  
Phosphoramidate conjugates of clevudine retained potent anti-HBV activity in cell culture models of infection.  The phosphoramidate moiety successfully 
delivered clevudine-5’-monophosphate to the liver while significantly decreasing non-liver organ exposure.  Selective targeting of the liver could 
potentially lead to a decrease in the off-target effects related to clevudine in humans.

167 Adenovirus Proteinase- 40% of Its Surface Contains Potential Targets for Antiviral Agents
Walter Mangel
Biology Department, Brookhaven National Laboratory, Upton, New York, USA

We chose human adenovirus as our model system for the development of new antiviral agents and the adenovirus proteinase (AVP) as our drug target.  
The results so far have revealed that more than 40% of the surface of AVP contains potential antiviral drug targets.  Late in adenovirus infection, AVP is 
activated by two cofactors to cleave multiple copies of 7 different precursor proteins used in the assembly of the virion. One cofactor is pVIc, an 11-amino 
acid peptide from the C-terminus of the precursor to protein VI, pVI, and the other is the viral DNA. The activation of the proteinase and the cleavage of 
its substrates do not occur in three-dimensional space; they occur in the virion in the one-dimensional space along the viral DNA. These proteins interact 
via one-dimensional diffusion, by sliding along the viral DNA on pVIc, which is a new vehicle in molecular biology, a molecular sled. Many proteins in the 
nucleus of cells contain sequences similar to those in the molecular sled (C-terminus of actin, NLSIII of the 53 protein) raising the possibility that this new 
form of biochemistry, one-dimensional biochemistry, may be relevant to the many protein-protein interactions that occur in regions of high DNA density 
such as in a virus particle, bacteria or the nucleus of cells.  pVIc is a promising vehicle to deliver drugs to inhibit proteins bound to DNA in the nucleus.  
 It’s a cell permeable peptide that contains an NLS that allows it to slide along DNA.
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168 HIV-1 Entry Inhibitors with a Mechanism that Depends on Subunit Occupancy at a Gp120-Gp41 Interface  
and on Fusion Peptide Hydrophobicity
Daniel Leaman, Ph.D.1, Arthur Kim, B.S.1, Lei Zhang, Ph.D.1, Michael Zwick, Ph.D.1, Edward Murray, Ph.D.2, Per Johan Klasse, Ph.D.3
1The Scripps Research Institute, San Diego, California, USA; 2Retroscreen Virology, London, London, United Kingdom (Great Britain); 
3Weill Medical College of Cornell University, New York, New York, USA

Highly active antiretroviral therapy can control HIV-1 replication, but emergence of drug resistance has created the need for new inhibitors. We previously 
described a low-molecular-weight entry inhibitor, PF-68742, which targets a site on the envelope glycoprotein (Env) involving the disulfide loop 
(DSL) region of gp41 that becomes exposed on CD4 engagement. Here, we identify mutations not only in the DSL but also in C5 of gp120 that cause 
resistance to PF-68742, suggesting that the compound binds to a gp120-gp41 interface. However, with certain mutants of the gp41 fusion peptide (FP), 
PF-68742 shows negative inhibition of infectivity, suggesting a complex mechanism of action. VIRIP, a broad-spectrum fusion inhibitor that targets the 
FP, surprisingly also causes negative inhibition of infection with FP mutants that introduce a charged residue. In an extreme case we designate “ligand 
inducible fusion by Env (LIFE)”, low concentrations of VIRIP rescues infectivity of non-infectious FP mutants that then become fully inhibited at higher 
concentrations. A mathematical model is proposed in which partial subunit occupancy of Env can allow viral entry whereas full occupancy blocks it 
completely. Presence of PF-68742 or VIRIP hypersensitizes HIV-1 to other fusion inhibitors, while PF-68742 reduces sensitivity to CCR5 drugs (e.g. 
maraviroc). The models of inhibition by PF-68742 and VIRIP define key vulnerabilities at the gp120-gp41 interface, suggest a link between coreceptor 
engagement and successful deployment of FP, and identify an intermediate state against which low molecular weight inhibitors block entry at full – if not 
partial – subunit occupancy.

169 Overcoming the Substrate Barrier: Double-Winged HPD Inhibitors of HIV RNase H
Sanjeev Vernekar, Ph.D.1, Bulan Wu, Ph.D.1, Jing Tang, Ph.D.1, Daniel Wilson, M.S.1, Zhengqiang Wang, Ph.D.1, Andrew Huber, B.S.2,  

Karen Kirby, Ph.D.2, Stefan Sarafianos, Ph.D.2, Lena Miller, Ph.D.3, Michael Parniak, Ph.D.3
1University of Minnesota, Minneapolis, Minnesota, USA; 2University of Missouri, Columbia, Missouri, USA; 3University of Pittsburgh, 
Pittsburgh, Pennsylvania, USA

Human immunodeficiency virus (HIV) reverse transcriptase (RT) associated ribonuclease H (RNase H) remains the only virally encoded enzymatic 
function not targeted by approved drugs. Many compounds have been reported to biochemically inhibit RNase H. However, very few if any have 
demonstrated the ability to mitigate RNase H functions in cells to produce the anticipated antiviral phenotypes. The steep challenge towards achieving 
bona fide RNase H inhibition may reflect the extraordinarily high barrier of small molecule active site-directed inhibitors competing for binding with large 
nucleic acid (NA) substrates which bind tightly to RNase H with Ki in low nanomolar range.1 Interestingly, molecular modeling on a previous 3-hydroxy-
pyrimidine-2,4-dione (HPD) chemotype 1 2 revealed two distinct binding modes for RNase H with or without NA substrates. Specifically, in the two 
docking poses, the orientation of the central chelating core remains unchanged, whereas the C-6 wing of the inhibitor completely flips (Figure 1, left). 
Based on this observation, we have redesigned the chemotype by introducing an additional wing at the C5 position, such that both poses are accounted 
and that the new chemotype 2 might have the ability to bind to RNase H with or without NA substrates. This strategy could provide an important path 
towards overcoming the intrinsic biochemical barrier of RNase H inhibition. We report herein the synthesis and biochemical evaluation of the new  
double-winged HPD chemotype. Some analogues selectively inhibited RNase H over polymerase and integrase and with exceptional potencies  
(IC50 = 30-60 nM).

170 AViiDTM Screening Platform Identifies Small Molecule Agonists of the RLR/IRF3 Axis that Exhibit  
Host-Mediated, Broad-Spectrum Antiviral Activity
Shari Kaiser, Ph.D., Jhoanna Noonan, M.S., Nathan Hedin, M.S., Noah David, B.S., Myra Imanaka, Ph.D., Michael Gale, Jr., Ph.D.,  

Shawn Iadonato, Ph.D., Kristin Bedard, Ph.D.
Kineta, Inc., Seattle, Washington, USA

Stimulation of the host innate immune response provides a therapeutic platform for discovering both broad spectrum anti-infectives as well as tailored, 
robust vaccine-adjuvant systems. Kineta has developed the AViidTM screening platform to rapidly identify novel small molecule drug and vaccine adjuvant 
candidates that stimulate innate immune pathways such as the Interferon Response Factors (IRF) pathways.  IRFs are critical first responders to a 
pathogen infection and are required for limiting infection, pathogen clearance, and directing an appropriate adaptive immune response.  Using the AViidTM 
platform, Kineta has successfully identified several classes of small molecule IRF agonists that are being developed as host-directed, broad spectrum 
antivirals and vaccine adjuvant systems. Importantly, this screening strategy favors molecules that maintain innate immune stimulation in the presence 
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of antagonizing viral countermeasures.  Our lead antiviral series demonstrates host-mediated protection from multiple respiratory and systemic viruses in 
vitro including influenza, RSV, dengue, and ebola.  Administration of lead compounds provides significant reduction in viral titers resulting in a reduction 
in morbidity and mortality in murine models of influenza and RSV infection, even when administered up to 24 hours post-challenge. In summary, scaffolds 
identified using Kineta’s AViiDTM platform are being developed as non-direct acting antivirals that potentiate a cell autonomous effector response active 
against diverse RNA viruses, are less likely to elicit emergence of resistant viral variants, and have potential to be therapeutics for viral infections of 
undiagnosed etiology.

171 Emerging Tick-Borne Phleboviral Diseases Modeled in Genetically Engineered Golden Syrian Hamsters Highlight 
the Importance of STAT2 in the Control of Infection and Serve as Novel Models for Antiviral Drug Development
Brian Gowen, Ph.D., Jonna Westover, Ph.D., Brady Hickerson, B.S., Brittney Downs, B.S., Skot Nielson, M.S., Zhongde Wang, Ph.D.
Utah State University, Logan, Utah, USA

Severe fever with thrombocytopenia syndrome virus (SFTSV) and Heartland virus (HRTV) are emerging tick-borne viruses (Bunyaviridae family, 
Phlebovirus genus) present in Asia and the Unites States.  SFTSV has caused significant morbidity and mortality in China, Korea and Japan, while HRTV is 
an emerging disease threat with reported cases in Missouri, Tennessee and Oklahoma.  Key features of disease associated with infection are intense fever, 
thrombocytopenia, and leukopenia, with case fatality rates up to 30%.  The development of small animal models for early stage antiviral drug evaluations 
has been hampered by the lack of susceptibility of immune competent laboratory mice and hamsters to SFTSV and HRTV challenge.  Here we show 
for the first time uniformly lethal disease in STAT2 knock-out (KO) hamsters, deficient in type I interferon antiviral signaling, with as little as 10 plaque-
forming units of either virus.  Notably, the STAT2 KO hamsters were acutely affected by SFTSV infection with all animals succumbing within 5-6 days after 
subcutaneous challenge.  In contrast, hamsters challenged with HRTV succumbed 9-15 days post-infection.  In several moribund animals infected with 
HRTV, infectious virus was detectable in the serum, spleen, liver, and kidney, but not brain tissue.  Studies characterizing the natural history of disease in 
both models and the use of these novel phlebovirus infection models in the evaluation of candidate antiviral therapies will be presented.  This work was 
supported in part by the National Institutes of Health (HHSN272201000039I).

172 Expression of CCR5 and CXCR4 on CD4+T-Lymphocytes in HIV-Positive Patients in Dependence on  
HIV-1 Subtype A Tropism
Natallia Matsiyeuskaya, M.D., Ph.D.1, Irina Tokunova, M.S.1, Dmitriy Kireev, Ph.D.2, Andrei Hancharou, Ph.D.3
1State Medical University, Grodno, Grodno, Belarus; 2Central Research Institute for Epidemiology, Moscow, Moscow, Russian Federation; 
3Republican Research & Practical Center for Epidemiology & Microbiology, Minsk, Minsk, Belarus

Aim of study was to establish expression of CCR5 and CXCR4 on CD4+T-lymphocytes in HIV-positive in dependence on HIV-1 subtype A tropism.

MATERIAL AND METHODS:  29 HIV-positive patients with subtype A without antiretroviral therapy (mean age -  33,5+7,2 yr., women – 16) were divided 
in 2 groups:  the 1st – 17 patients with R5-tropic virus (AIDS was in 3/17,6%)  the 2nd – 12 ones with non R5-tropic HIV (AIDS was in 4/33,3%). HIV tropism 
was detected by sequencing of V3 loop of gp120 gene («AmpliSens HIV-Resist-Seq», Russia), FPR – 20%. «FACSCalibur» flow cytometer («Becton 
Dickenson», USA), monoclonal antibodies CD184, CD195 (Abd Serotec) were used. 

RESULTS: In the 1st group expression of CXCR4 on T helper  were significantly decreased in patients with AIDS in comparison with non AIDS ones (cells/
mkl): 7,10 (1,1-78,4) and 107,43(30,7 -331,7), p=0,02, respectively, Mann-Whitney test. Expression of CCR5 on T helper  did not differ significantly in AIDS 
and non AIDS patients of the 1st group: 31,36 (10,6-31,5) and 54,84 (21,9-84,6), p=0,06, respectively.

In the 2nd group expression of CCR5 on T helper were significantly decreased in AIDS patients in comparison with non AIDS ones: 20,81 ( 8,5–32,6) and 
61,90 (13,3– 129,0), p=0,03, respectively. Expression of CXCR4 on T helper  did not differ significantly in AIDS and non AIDS patients of the 2nd group: 
16,94 (10,6-510,0) and 60,60 (0,0–166,3), p=0,4, respectively

CONCLUSIONS: Different patterns of CCR5 and CXCR4 expression on CD4+T-lymphocytes in study groups may reflect the different mechanism of AIDS 
formation in dependence on HIV tropism.
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173 New Era Therapy of Chronic Viral Hepatitis “C” Infection
Periyasamy Selvam, Ph.D.1, Markandavel Chandramohan, M.D., Ph.D.2, D Sivakumar, M.D.2, M. Kannan, M.D.2, S.C. Vivekananthan, M.D.2
1Research Faculty, International Research Centre – Kalasalingam University, Krishnankoil-626126, Tamil nadu, India; 2Bharat Ratna 
Kamarajar liver hospital and Research Centre, Madurai-625001, Tamil Nadu, India

Since the advent and approval of treatment of Chronic Viral Hepatitis C infection with sofosbuvir 400mg blocking NS5B Polymerase along with ribavirin 
800mg QID, SVR achieved 12-24weeks is 100% in Genotypes 1-6. Our institutional’s protocol of antiviral agents for Chronic Hepatitis C Infection is: 
Chloroquine(CQ) 5mg/kg,Nitazoxinide (NTZ) 500mg/bd.Amatidine (AMT) 100mg/b.d were given till HCV RNA viral load PCR assay reached <34 IU/ml 
In six patients aged between 50 and 64: 3 male, 3 female who had been on our institutional therapy for 42 to 221 weeks with slow response of reduction 
in HCV RNA viral load also blocking on NS5B RNA Polymerase were put on sofosbuvir 400mg O.D along with Ribavirin 800mg /day achieved SVR in 5 
to 15 weeks. We would like explain the earlier SVR virological response to possibly our  therapy primed these patients by the NS5B and Entry blockade 
action of CQ and modulation of host antiviral pathways of NTZ and viral clearance action by AMT. In one of our patients who had virological response 
for 169 weeks with our institutional protocol had been having persistence serological marker of Anti-HCV IgM prompted us to do liver tissue HCV RNA 
PCR Assay and got the result of 450 IU/g denoting persistence of lurking HCV infection in the liver, who also had SVR of 12 weeks during the present 
sofosbuvir and ribavirin as additional therapy. So the SVR observed may only reduce the possibility of fulminant hepatic failure, halting progress in 
cirrhosis liver and also possibly prevent Hepatocellular carcinoma.

174 Comparative Virologic and Morphological Characteristics of Experimental Herpes and Influenza
I Gomolyako, D.V.M., Ph.D.1, N Klotchkova, M.D., Ph.D.1, S Ribalko, M.D., Ph.D.2, D Starosyla, M.D., Ph.D.2, V Lozitsky, M.D., Ph.D.3, A Fedchuk, 

Ph.D.3, T Grydina, Ph.D.4
1A.A. Shalimov National Institute of Surgery and Transplantology, Kyiv, Kyiv, Ukraine; 2L.V. Gromashevsky Institute of Epidemiology and 
Infectious Diseases, Kyiv, Kyiv, Ukraine; 3Research Center – Biomedical Testing of Preparations and Products, Odesa, Odesa, Ukraine; 
4Odesa National Medical University, Odesa, Odesa, Ukraine

Herpes and influenza are the most widespread chronic and acute infections. Morphological changes in organs that accompany the development of 
infections, studied not enough, comparison of morphological and virologic data available. The study of such issues to establish the characteristics of 
development of lesions in experimental herpes and influenza and the using of these models to test promising antiviral compounds and to study their 
mechanisms of action were the purposes of this study. Research of experimental generalized herpes was carried out at mice weighing 15 – 18 g infected 
intracerebrally by HSV-1 strain US. Development of infection is accompanied by pronounced damage of lymphoid tissue, vessel abnormalities and 
dystrophic changes of organs in such consistency: liver> kidney > heart > lung.  The highest average infectious titers of HSV-1 were on 3rd day in the liver 
(3.0 lg ID50), on 5th day it were in the myocardium and in the kidneys (3.0 lg ID50). In other organs and in the brain it was 2.0 lg ID50. Influenza in mice 
was modeled by intranasal use strain A/PR/8/34 (H1N1). In lungs of these animals maximum amount of virus accumulated on 3rd day, and then gradually 
decreases. There is a complete elimination of the virus up to 14 day from all organs. By severity of morphological lesions for influenza is such a typical 
sequence: lung > liver > kidney > heart.  So in experimental influenza primarily affects the lungs, while HSV affects all organs

175 Cidofovir and Cyclic Cidofovir Reduce Gene Expression of Immediate Early Genes in EBV-positive Jiyoye Cells
Erika Trompet, M.S., Robert Snoeck, M.D., Ph.D., Graciela Andrei, Ph.D.
KU Leuven, Leuven, Vlaams-Brabant, Belgium

INTRODUCTION. Ganciclovir (GCV), cidofovir (CDV) and cyclic cidofovir (cCDV) are inhibitors of Epstein-Barr virus (EBV) in vitro. These antivirals 
function through inhibition of DNA polymerase. Here, we evaluate the effects of CDV and cCDV on the expression of the immediate early (I.E.) genes 
BZLF1 and BRLF1 in EBV-positive cell lines. BZLF1and BRLF1 are the main transcription factors for viral replication. 

METHOD. The effects of CDV and cCDV on the I.E. genes are evaluated in two EBV-positive cell lines [Jiyoye (latency type III) and P3HR-1 (Wp-restricted 
latency)] that harbor the virus in a latent state. After lytic induction with TPA, the cells are treated with either GCV, CDV or cCDV. Two days after 
activation, RNA is extracted to evaluate gene expression. Five days after activation, DNA is extracted to determine the inhibition of viral DNA synthesis by 
the antivirals.

RESULT. CDV- and cCDV-treated Jiyoye cells have a significant lower expression (p<0.05) of I.E. genes compared to untreated activated Jiyoye cells. 
Although a similar trend can be seen in P3HR-1 cells, the reduction in I.E. gene expression is not significant.

CONCLUSION. CDV and cCDV have an effect on I.E. gene expression of Jiyoye cells, but not on I.E. gene expression of P3HR-1 cells. This can be the 
result of the different latency type that each cell line represents. Alternatively this can be due to the deletion of the EBNA2 gene in P3HR-1 cells and the 
accompanying changes in intracellular signaling. This will be further investigated.
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176 Suramin Inhibits Chikungunya Virus Replication by Interfering with Viral Attachment
Irina Albulescu, M.S.1, Eric Snijder, Ph.D.1, Martijn van Hemert, Ph.D.1, Tabitha Hoornweg, M.S.2, Jolanda Smit, Ph.D.2, Salvatore Ferla, Ph.D.3, 

Andrea Brancale, Ph.D.3
1Department of Medical Microbiology, Leiden University Medical Center, Leiden, Zuid-Holland, Netherlands; 2Department of Medical 
Microbiology, University Medical Center Groningen, Groningen, Groningen, Netherlands; 3School of Pharmacy and Pharmaceutical 
Sciences, Cardiff University, Cardiff, Wales, United Kingdom (Great Britain)

Registered antiviral therapy is still unavailable to treat infections with chikungunya virus (CHIKV), which causes severe persistent arthritis and has 
affected millions of people worldwide over the past decade.

We discovered that the anti-parasitic drug suramin inhibits the RNA-synthesizing activity of CHIKV replication complexes in vitro (IC50 ~5 M). 
Surprisingly, time-of-addition experiments revealed that in cell culture suramin mainly blocks an early step of the replication cycle of CHIKV and other 
alphaviruses.  

To elucidate suramin’s mechanism of action (MoA), the early steps of alphavirus infection were analyzed in more detail, using suramin in combination 
with inhibitors of the endocytic pathway and by virus binding and fusion assays. Experiments with radioactive or fluorescently-labeled viruses indicated 
that suramin prevents virus attachment to the host cell.   

We have selected suramin-resistant CHIKV variants by passaging the virus in the presence of increasing compound concentrations. After 6 passages a 
virus exhibiting a 2-fold resistance was obtained, which had mutations in nsP1, nsP3 and E2. Further passaging yielded a ~3.5-fold resistant variant that 
acquired an additional mutation in E2. Reverse genetics studies linked the mutations in E2 to suramin resistance, suggesting the compound interferes 
with the interaction between the E2 glycoprotein and the receptor. Molecular docking studies predicted suramin to interact with domain A of E2, also the 
location of the resistance mutations. Molecular modelling-guided reverse genetics studies were done to elucidate the molecular details of the MoA of 
suramin and to aid in rational design of improved suramin analogs.

177 High-Throughput Assay for Identifying Small Molecules that Bind to a Specific Intersubunit Interface  
Within the Assembled HIV-1 Capsid
Upul Halambage, Ph.D., Jason Wong, B.S., Bruce Melancon, Ph.D., Craig Lindsley, Ph.D., Christopher Aiken, Ph.D.
1Vanderbilt University School of Medicine, Nashville, Tennessee, USA

Despite the availability of more than 30 effective drugs for managing HIV-1 infection, no current therapy is curative and long-term management is 
challenging due to the emergence and spread of drug-resistant mutants.  Identification of drugs against novel HIV-1 targets would expand the current 
treatment options and help to control resistance. The highly conserved HIV-1 capsid protein represents an attractive target owing to its multiple roles 
in the viral life cycle.  However, the low antiviral potencies of the reported HIV-1 capsid-targeting inhibitors render them unattractive for therapeutic 
development.  To facilitate the identification of more potent HIV-1 capsid inhibitors, we developed a high-throughput scintillation proximity assay to 
screen for small molecules that target a biologically active and specific intersubunit interface in the HIV-1 capsid. In a screening of a chemical library 
containing 100,000 small molecules, we obtained 32 hit compounds. Some of those hit compounds showed weak anti-HIV-1 activity, thereby revealing 
novel chemical scaffolds for developing HIV-1 capsid-targeting compounds.

178 Repurposing of Signal Transduction Inhibitors to Fight the Flu – An Update
Karen Buckheit, M.S., Anthony Ham, Ph.D., Robert Buckheit, Ph.D.
ImQuest BioSciences Inc., Frederick, Maryland, USA

Influenza A virus (IAV) infection results in the activation of a variety of intracellular signaling responses. IAV exploit some of these activities to support 
efficient replication. This dependence of IAV propagation on cellular signaling factors provides opportunities for a novel antiviral strategy that targets 
essential host factors instead of viral components. We have identified several cell signaling targets that are suitable for antiviral intervention, including 
the classical mitogenic MAP kinase cascade, that regulates active viral RNP export, or the NF-kappaB pathway, that interferes with the apoptotic 
response. In previous work we could demonstrate that inhibition of these pathways efficiently blocked virus replication in cells and animals. Several 
inhibitors of the NF-kappaB pathway or the MAP kinase cascade are now under advanced clinical evaluation or even licensed for clinical use for other 
diseases. We show that these novel signaling blockers (a) efficiently inhibit influenza virus replication in cell culture and mouse models, (b) are broadly 
active against all influenza A and B viruses analysed so far, (c) showed no tendency to induce resistant virus variants, (d) are not toxic for cells or animals 
in the concentration and time line used, and (e) confirm the postulated mode of action: blocking of the transport of viral genomes from the nucleus. The 
feasibility of this repurposing approach is highlighted by recent results of a phase II clinical trial with a signalling blocker against severe influenza. We will 
present latest developments in this field of research that represents a paradigm change in anti influenza therapy.
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181 Evaluation of Interleukin-6 and Monocyte Chemoattractant Protein-1 as Potential Biomarkers for the Severity  
of Influenza Infections in Mice
Brett Hurst, M.S., Donald Smee, Ph.D., Ernest Tarbet, Ph.D.
1Utah State University, Logan, Utah, USA

Oseltamivir is a neuraminidase inhibitor used to treat influenza infections and has been shown to protect mice from lethal challenges using multiple 
influenza strains.  In this study, mice were challenged with one of four influenza viruses: A/NWS/33 (H1N1), A/Victoria/3/75 (H3N2), A/Duck/MN/1525/81 
(H5N1) or A/California/04/2009 (H1N1pdm).  The mice were then treated for five days with oseltamivir at 5 or 40 mg/kg/day while placebo-treated mice 
received PSS.  Mice were sacrificed at days 2, 4, and 6 post-infection and lung scores, lung weights, lung virus titers and cytokine levels were measured at 
each time point.  While lung parameters were similar in placebo-treated mice, various differences were observed in mice treated with oseltamivir.  Lung 
virus titers were significantly lowered by oseltamivir treatment but only in mice infected with A/NWS/33.  Cytokine levels in the lungs provided a key 
insight into the severity of infection.  Approximately 100-fold increases from baseline levels of IL-6 and MCP-1 were correlated with mortality in mice 
infected with each of the four influenza viruses.  After oseltamivir treatment, cytokine levels increased 30-fold from baseline and were correlated with 
partial protection from mortality and weight-loss.  Cytokine increases of 10-fold above baseline were correlated with 100% protection with moderate 
weight-loss.  If cytokine levels increased less than 10-fold following treatment, mice were protected from both mortality and weight-loss.

182 The Viral Polymerase Inhibitor 7-deaza-2’-C-methyladenosine is a Potent Inhibitor of In Vitro Zika Virus 
Replication and Delays Disease Progression in a Robust Mouse Infection Model
Suzanne Kaptein, Ph.D.1, Joanna čmurko, M.S.1, Dominique Schols, Ph.D.1, Johan Neyts, Ph.D.1, Rafael Marques, M.S.2, Eric Verbeken, Ph.D.3
1Rega Institute of Medical Research, University of Leuven, Leuven, Vlaams-Brabant, Belgium; 2Universidade Federal de Minas Gerais,  
Belo Horizonte, Minas Gerais, Brazil; 3Translational Cell and Tissue Research, University of Leuven, Leuven, Vlaams-Brabant, Belgium

Zika virus (ZIKV) is an emerging flavivirus causing a dengue-like febrile illness. However, the infection has potentially been linked to microcephaly 
in newborns. Also, hundreds of cases of Guillain-Barré syndrome have been reported in the wake of ZIKV infections. Given the potential link with 
microcephaly, Zika has been declared a public health emergency of national importance in Brazil. There is neither a vaccine nor a specific antiviral therapy 
for the prevention or treatment of infections by ZIKV. The increasing incidence of Zika fever stresses the need for both preventive and therapeutic 
measures. We here report on the establishment of (i) a panel of assays that allow to identify inhibitors of ZIKV replication as well as (ii) a robust animal 
model of ZIKV infection. Infection of AG129 (IFN-č/č and IFN-č receptor knock-out) mice with ZIKV resulted in acute neutrophilic encephalitis with viral 
antigens accumulating in neurons of the brain and spinal cord. High levels of viral RNA were also detected in the spleen, liver, kidney and testes. Levels of 
IFN-č and IL-18 were systematically increased in serum of ZIKV-infected mice. The viral polymerase inhibitor 7-deaza-2’-C-methyladenosine (7DMA) was 
identified as an inhibitor of in vitro ZIKV replication. Moreover, 7DMA reduced viremia and delayed the time to disease progression in virus-infected mice 
which also validates this animal model to assess the in vivo efficacy of novel ZIKV inhibitors.

183 Evaluation of Candidate Microbicides in the ICCA as a Means to Predicting Dosing Concentrations
Karen Buckheit, M.S., Caitlin Buchholz, B.S., Maggie Garvey, B.S., Robert Buckheit, Jr., Ph.D.
ImQuest BioSciences Inc., Frederick, Maryland, USA

Strategies for defining the optimal dose of topically applied microbicides to prevent the sexual transmission of HIV have routinely been to dose at the 
highest nontoxic concentration possible.  Perpetuation of this strategy results from the lack of informative data from a successful clinical trial or dose 
response studies in a predictive animal model with direct correlation to product use in humans.  We have developed an in vitro infectious cell center 
assay (ICCA) to define the sterilizing concentration of the candidate microbicide IQP-0528 which we believe will allow data-driven prediction of the 
microbicide dose required to totally suppress virus transmission.  Using this assay we have determined sterilizing concentrations for other candidate 
microbicides including dapivirine, tenofovir, TDF and FTC.  Our data show that IQP-0528 has a similar sterilizing concentration to dapivirine against 
wild-type virus but has a higher sterilizing concentration than dapivirine to viruses harboring the Y181C mutation.  IQP-0528 and dapivirine have similar 
sterilizing concentrations against viruses with a K103N mutation and viruses with the double mutant K103N/Y181C.  Tenofovir and TDF had much higher 
sterilizing concentrations than both NNRTIs.  Our efforts now involve harmonizing the sterilizing concentrations determined in vitro with the protective 
concentrations determined in ex vivo and in vivo assays.  Based on these data we can conclude that for IQP-0528 100 to 1000 times the sterilizing 
concentration is required for protection in cervical tissue and non-human primates.
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184 Evaluation of IQP-0528 Pharmacokinetics in Gels, Intravaginal Rings, and Films
Karen Buckheit, M.S., Anthony Ham, Ph.D., Robert Buckheit, Ph.D.
ImQuest BioSciences Inc., Frederick, Maryland, USA

Although topical microbicides to prevent the sexual transmission of HIV have progressed to pivotal human clinical trials and one ARV (tenofovir) has 
shown efficacy, additional agents are still required. These products must address the concerns of users with regard to acceptability of the product for 
use. We have developed the NNRTI IQP-0528 for microbicidal use and have optimized several delivery vehicles to address user perceptions.  IQP-0528 
was originally formulated as a vaginal gel and intravaginal ring but has also been formulated as a film and as a DuoGel for both vaginal and rectal use.  
Currently, a suppository based formulation amenable for both vagina and rectal use is being finalized. The various delivery vehicles have been designed to 
address perceptions of particular subsets of product users. Pharmacokinetic (PK) studies in nonhuman primates with the vaginal and dual vaginal/rectal 
DuoGel, IVR, and film have determined that sufficient amounts of IQP-0528 are delivered from each vehicle.  Four hours following dosing of the 1% wt/
wt  DuoGel, 1000 to 10,000 times the EC50 of IQP-0528 was detected in vaginal, cervical and rectal tissues.  A single application of a 1.5% wt/wt film 
delivered 100 times the EC50 of IQP-0528.  A 10% wt/wt vaginal ring designed to release 200 ug of IQP-0528 per day delivered 1000- and 10,000-fold 
the EC50 of IQP-0528 to cervical tissue at day 7 and 14, respectively.  Thus, IQP-0528 is amenable to multiple delivery devices, achieves highly active 
concentrations in target tissue, and will be acceptable to the end user population

185 Small Molecule Compounds Inhibit Vpu Mediated Down-regulation BST-2
Shan Cen, Ph.D.
Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences, Beijing, APO AE, Beijing, China

BACKGROUND: BST-2(Tetherin/CD317) has been recently recognized as a potent restriction factor that inhibits the release of HIV-1 particles from 
infected cells. HIV-1 Vpu induces the degradation of BST-2 and allows virus escape from the restriction. Therefore, blocking Vpu-mediated down-
regulation of cell surface BST-2 provides clearly an opportunity for developing anti-HIV-1 drugs.

RESULTS: In this study, we identified two small molecule compounds IMB-AZ and IMB-LA, both of which can restore cell surface BST-2 in a Vpu-
dependent manner. Interestingly, the compounds had no effect on the degradation of IFNAR1 induced by IFNa, suggesting that their abilities to block 
BST-2 degradation most unlikely resulted from a general inhibition of lysosome degradation pathway. Mechanism study revealed that IMB-AZ specifically 
inhibit Vpu-induced ubiquitination of BST-2 without interrupting the formation of Vpu--TrCP complex. Unlike IMB-AZ, the treatment of IMB-LA resulted 
in accumulation of BST-2 within CD63-containing endosomal compartments, suggesting that IMB-LA may impair the translocalization of BST-2 to 
lysosomes, and consequently inhibit the degradation of BST-2. Furthermore, the results of viral infectivity assay demonstrated that both of IMB-AZ and 
IMB-LA inhibit the release of HIV-1 particles and the infectivity of progeny virions in cell lines expressing BST-2.

CONCLUSION: In summary, results herein demonstrated that both of IMB-AZ and IMB-LA could specifically inhibit the degradation of BST-2 induced by 
Vpu, and impair HIV-1 replication in a BST-2 dependent manner, suggesting IMB-AZ and IMB-LA have potent potential to develop a new anti-HIV drug.

186 Anti-Influenza Effect of N-Stearoylethanolamine
N Hula, M.D.1, A Chumak, M.D.1, V Asmolkova, Ph.D.1, A Berdyshev, Ph.D.1, H Kosiakova, Ph.D.1, Yu Bashta, M.S.1, Svitlana Rybalko, M.D.2,  

Svitlana Diadiun, Ph.D.2, Darya Starosyla, Ph.D.2, L Benkovskaia, Ph.D.2
1A. V. Palladin Institute of Biochemistry NASU, Kyiv, Kyiv region, Ukraine; 2L. V. Gromashevskiy Institute of Epidemiology and Infectious 
Diseases NAMSU, Kyiv, Kyiv region, Ukraine

N-stearoylethanolamine (NSE) was shown in vitro experiments to suppress viral replication of influenza H1N1 strain in the 3.0 lg CCID50 in concentrations 
10–6 and 10–7 mol/l, a chemotherapeutic index NSE against influenza virus H1N1 strain to be 100 that confirms NSE anti-influenza activity. The results of in 
vivo experiments showed that intranasal prophylactic administration of 0.2 ml 10–6 mol/l and 10–8 mol/l of NSE contributed to the decrease of mortality 
of infected animals by 40 % and 100 %, respectively. A low titer of influenza virus (<0.5 lg CCID50) under NSE concentration 10–8 mol/l was revealed 
in the lung tissue of mice. The most effective concentrations of NSE which reduced lethality of animals from influenza pneumonia following therapeutic 
administration were 10–6 and 10–9 mol/l. NSE inhibited viral replication in the infected lung tissue of mice at 2.0 and 3.5 lg, respectively. Inhibition of 
H1N1 neuraminidase activity was shown to be one of the mechanisms of NSE anti-influenza effect. Another mechanism of such effect is  the induction 
of IFN synthesis (IFNg — in concentrations of NSE 10–6   – 10–9 mol/l, and IFNa in concentrations of NSE of 10–8 and 10–9 mol/l). It was also found that 
the intranasal administration of NSE in all studied concentrations prevented changes of cholesterol level in liver and lung tissues of mice infected with 
influenza virus.
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187 Study of Antiviral Activity of a New Plant Origin Preparation – Neoflazidum – on a Model of the Hepatitis C Virus
Yu Porva, Ph.D.1, Svitlana Rybalko, M.S.1, Darya Starosyla, Ph.D.1, Viktor Atamanyuk, M.S.1, Larisa Palchykovs’ka, Ph.D.2, Svitlana Zagorodnya, Ph.D.3

1L. V. Gromashevskiy Institute of Epidemiology and Infectious Diseases NAMSU, Kyiv, Kyiv region, Ukraine; 2Institute of Molecular Biology 
& Genetics, NASU, Kyiv, Kyiv region, Ukraine; 3Zabolotny Institute of Microbiology and Virology NAS of Ukraine, Kyiv, Kyiv region, 
Ukraine

Results concerning investigation of antiviral activity of a new plant origin preparation – neoflazidum, a form of proteflazidum – using a model of  hepatitis 
C virus-producing Jurkat cell cultureč (JurkatHCV) which have been previously transfected with complementary DNA preparations isolated from 
different types of hepatitis C virus (HCV) [1]. To obtain these preparations,  HCV RNA preparations were taken isolated from viral material of  HCV-
diseased patients, the transfecting agent Turbofect having been used. The cytotoxic dose (CD50) was shown to be 37.2 g/ml, the effective dose (ED50) 
being 0,46 g/ml for the HCV type 3a; this dose, however, was as high as 3.72 g/ml when neoflazidum had been tested for HCV type 1b. Therefore, the 
selectivity index for the HCV type 3a reached 80.8 in the JurkatHCV-3a cell system, being as low as 10,0 for the HCV type 1b.

The antiviral neoflazidum activity was demonstrated to be realized due to interferons - and -induction and RNA inhibition synthesis using a model 
system RNAP T7, the neoflazidum inhibiting concentration (IC50) being  0.78 g/ml.

190 High-Throughput Screening Using a Whole-Cell Virus Replication Reporter Gene Assay to Identify Inhibitory 
Compounds against Rift Valley Fever Virus Infection
Md Koushikul Islam, M.S.
Phd student, Umeå, Vasterbotten, Sweden

Rift Valley fever virus (RVFV) is an emerging virus that causes serious illness in humans and livestock. There are no approved vaccines or treatments for 
humans. The purpose of the study was to identify inhibitory compounds of RVFV infection without any preconceived idea of the mechanism of action. 
A whole-cell-based high-throughput drug screening assay was developed to screen 28,437 small chemical compounds targeting RVFVinfection. To 
accomplish both speed and robustness, a replication-competent NSs-deleted RVFV expressing a fluorescent reporter gene was developed. Inhibition  
of fluorescence intensity was quantified by spectrophotometry and related to virus infection in human lung epithelial cells (A549). Cell toxicity was 
assessed by the Resazurin cell viability assay. After primary screening, 641 compounds were identified that inhibited RVFV infection by >80%, with  
>50% cell viability at 50 M concentration. These compounds were subjected to a second screening regarding dose-response profiles, and 63 
compounds with >60% inhibition of RVFV infection at 3.12 M compound concentration and >50% cell viability at 25 M were considered hits.  
Of these, six compounds with high inhibitory activity were identified. In conclusion, the high-throughput assay could efficiently and safely identify  
several promising compounds that inhibited RVFV infection.

192 Receptor Usage and Cell Entry of Highly Pathogenic Porcine Epidemic Diarrhea Coronavirus
Chang Liu, M.S.1, Yang Yang, Ph.D.1, FANG LI, Ph.D.1, Jian tang, Ph.D.2, QianQian Qi, Ph.D.2, lanying Du, Ph.D.2, YuanMei Ma, Ph.D.3,  

Xueya Liang, Ph.D.3, jianrong li, Ph.D.3, Guiqing Peng, Ph.D.4, ShiBo Jiang, M.D., Ph.D.5
1University of Minnesota, Minneapolis, Minnesota, USA; 2New York Blood Center, New York, New York, USA; 3The Ohio State University, 
Columbus, Ohio, USA; 4Huazhong Agricultural University, Wuhan, HuBei, China; 5Lindsley F. Kimball Research Institute, New York  
Blood Center, New York, New York, USA

Porcine epidemic diarrhea coronavirus (PEDV) first emerged in the USA in 2013, and has since spread rapidly through the America’s pig populations. 
PEDV causes 80-100% fatality rate in infected piglets, and has led to substantial economic losses and public health concerns. However, no effective 
treatment is currently available to keep the spread of PEDV in check partly due to the gap in the knowledge about how PEDV infects cells. Here we 
investigated two essential steps in the PEDV infection cycle, receptor recognition and cell entry. We found a defined PEDV spike domain bound both 
human and porcine aminopeptidase N (APN); and transient expression of human or porcine APN rendered a non-permissive cell line susceptible to PEDV 
infection. Additionally, using a glycan array screening, we identified N-acetylneuraminic acid (Neu5Ac) as a preferred sugar substrate for PEDV spike. 
Therefore, PEDV uses APN, from both pig and human, as its main receptor, and Neu5Ac as its co-receptor for cell entry. Moreover, our results showed 
PEDV-spike-packaged pseudoviruses and authentic PEDV virus infected porcine, human, monkey and bat cells, demonstrating that neither receptor usage 
or cell entry is a barrier for PEDV to transmit among pigs, humans, and other mammalian species. These findings support bats as an evolutionary origin 
for PEDV, and implicate PEDV as a potential threat to other species, particularly human. Our study also provides a basis for design and development of 
effective vaccines and antiviral drugs to curb the spread of PEDV in pigs and to other species. 
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194 Pan-ebolavirus and Pan-filovirus Monoclonal Antibodies and Antibody Cocktails Targeting Novel Cross 
Neutralizing Epitopes
Katie Howell, Ph.D.1, Holtsberg Frederick, Ph.D.1, Sergey Shulenin, Ph.D.1, Hong Vu, M.S.1, M. Javad Aman1, Jenifer Brannan, Ph.D.2, Andrew Herbert, 

Ph.D.2, John Dye2, Xiangguo Qiu, Ph.D.3, Gary Kobinger, Ph.D.3, Christopher Bryan, Ph.D.4, Benjamin Doranz, Ph.D.4, Edgar Davidson, Ph.D.4,  

Anna Wec, Ph.D.5, Kartik Chandran, Ph.D.5, Hannah Turner, M.S.6, Jesper Pallesen, Ph.D.6, Charles Murin, M.S.6, Erica Ollman Saphire, Ph.D.6,  

Andrew Ward, Ph.D.6, Larry Zeitlin, Ph.D.7 
1Integrated Biotherapeutics, Gaithersburg, Maryland, USA; 2US Army Medical Research Institute of Infectious Diseases, Frederick, 
Maryland, USA; 3Public Health Agency of Canada, Winnipeg, Manitoba, Canada; 4Integral Molecular, Philadelphia, Pennsylvania, USA; 
5Department of Microbiology and Immunology, Albert Einstein College of Medicine, New York, New York, USA; 6The Scripps Research 
Institute, La Jolla, California, USA; 7Mapp Biopharmaceutical, San Diego, California, USA

Current immunotherapeutic and vaccine candidates for filoviruses are primarily specific to the Zaire strain of Ebola virus (EBOV). Using repeated 
immunizations, in mice and macaques, using virus-like particles and engineered glycoproteins for multiple filovirus species we generated a set of broadly 
reactive neutralizing and non-neutralizing antibodies.  Epitopes were identified using overlapping peptide mapping and alanine scanning mutagenesis.  
One of these antibodies, FVM04, binds to a uniquely exposed epitope within the receptor binding site (RBS), neutralizes EBOV, Sudan virus (SUDV) and 
Bundibugyo virus (BDBV), and protects against EBOV and Sudan virus (SUDV) in mice and guinea pigs form lethal infection.  Another pan-ebolavirus 
antibody, m8C4, binds to a novel neutralizing epitope that spans the glycan cap and the core GP1.  A third antibody, FVM09, binds with sub-picomolar 
affinity to a linear epitope within the glycan cap.  This antibody, while non-neutralizing by itself, synergizes with several other antibodies to broadly 
neutralize ebolaviruses. Furthermore, we describe another antibody that binds to the fusion loop of all ebolaviruses and marburgvirus and synergizes 
with several other broadly reactive antibodies.   The antibody cocktail ZMappTM, is remarkably effective against EBOV (Zaire) in monkeys, but does not 
cross-neutralize other ebolaviruses. By replacing one of the ZMappTM components with FVM04, we retained the anti-EBOV efficacy while extending 
the breadth of protection to SUDV, thereby generating the first cross protective antibody cocktail. Data will be also presented on several additional 
pan-ebolavirus and panfilovirus cocktails. These findings pave the way towards development of effective pan-ebolavirus and pan-filovirus therapeutic 
antibody cocktails. 

195 Design and Synthesis of a Series of Flex-base Nucleoside Analogues to Target Filoviruses
Brian Cawrse
University of Maryland, Baltimore County

The Filoviridae family includes the Ebola and Marburg viruses, which were shown to be of international concern during the 2014-2015 outbreaks in 
eastern Africa.  To date, there have been no FDA approved treatments developed for these deadly viruses.  In that regard, we have developed what 
we hope will be an effective lead for filovirus treatment via a series of flexible nucleosides (“fleximers”) with strategically modified sugar moieties 
that we anticipate will exhibit potent activity. Two families of inhibitors have been designed: a carbocyclic sugar series based on inhibitors of host cell 
S-adenosylhomocysteine hydrolase, and an imino sugar series designed to target viral RNA-dependent RNA-polymerase. The coupling of a flexible 
separated-purine base to these sugars has been shown to both increase binding affinity, as well as allow these flexible compounds to overcome binding 
site point mutations related to resistance mechanisms. This is significant, as genetic studies on the 2014-2015 Ebola variant has shown high levels of 
point mutations that occurs after host infection. The design and synthesis of a series of target compounds will be reported herein.
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205 Successful Structure-Based Design of Anti-AIDS Drugs Targeting HIV-1 Reverse Transcriptase:  
Overcoming Resistance Through Strategic Flexibility
Eddy Arnold
Center for Advanced Biotechnology and Medicine, and Rutgers University Department of Chemistry and Chemical Biology, Piscataway, 
New Jersey, USA

In 1987 we began collaborating with Dr. Stephen Hughes (NIH NCI in Frederick, Maryland) to study the structure and function of HIV-1 reverse 
transcriptase.  We believed that knowledge of the structure would facilitate the design of drugs targeting HIV-1 RT, in addition to providing a basis for 
understanding the function of this fascinating and versatile enzyme.  By using X-ray crystallography, we have been able to visualize many different 
conformational states of HIV-1 RT and obtain many insights into molecular mechanisms of catalysis, inhibition, and resistance.

Through collaboration with the late Dr. Paul Janssen we participated in a structure-based drug design effort that resulted in the discovery and 
development of two non-nucleoside drugs (diarylpyrimidine, or DAPY analogs) with high potency against all known drug-resistant variants of HIV-1 RT.  
Etravirine/TMC125/Intelence was approved for treatment of HIV infection by the FDA in 2008, and rilpivirine/TMC278/Edurant was approved in 2011.  
Complera has also been approved as a once-a-day triple combination of rilpivirine, tenofovir, and emtricitibine.  

We hypothesized that strategic flexibility of the DAPY inhibitors could account for their potency against a wide range of drug-resistant variants: a 
compound may “wiggle” and “jiggle” in a binding pocket to accommodate mutations.  Through a systematic protein engineering effort we obtained high-
resolution crystals of HIV-1 RT and demonstrated that strategic flexibility of rilpivirine/TMC278 was responsible for its resilience against drug-resistant 
RT variants.  Recent efforts include the discovery of new allosteric inhibitory sites on HIV-1 RT through crystallographic fragment screening using the 
high-resolution crystals, and studies of the structure of the HIV RT initiation complex.

212 The Nucleoside Prodrug GS-5734 Inhibits Human and Zoonotic Coronaviruses In Vitro and In Vivo and Selects  
for Resistance Mutations in the nsp12 RNA-dependent RNA Polymerase
Amy C. Sims4, Erica L. Andres2, Everett Clinton Smith2, Rachel L. Graham4, Michelle M. Becker2, James Brett Case1, Maria L. Agostini1,  

Joy Y. Feng3, Robert Jordan3, Adrian S. Ray3, Tomas Cihlar3, Dustin Siegel3, Richard L. Mackman3, Michael O. Clarke3, Ralph S. Baric4,  

Mark R. Denison1,2

1Department Pathology, Microbiology, and Immunology, Vanderbilt University Medical Center, Nashville, TN; 2Department of Pediatrics, 
Vanderbilt University Medical Center, Nashville, TN; 3Gilead Sciences, Inc., Foster City, CA; 4Department of Epidemiology, University of 
North Carolina at Chapel Hill, Chapel Hill, NC

Emergence of MERS-CoV and SARS-CoV emphasize the capacity of CoVs to cause zoonotic epidemics with severe human disease and pandemic 
potential. Hoever, no therapeutics against any CoVs are currently available. GS-5734, a prodrug of an adenine C-nucleoside analog GS-441524 has known 
activity against filoviruses and is currently undergoing clinical testing for the treatment of Ebola virus infection. Here we demonstrate that GS-5734 is 
highly active against all tested CoVs including SARS-CoV (b-2b), and MERS-CoV (b-2c). We assessed the activity of GS-5734 against SARS-CoV- and 
MERS-CoV-infected human airway epithelial cell (HAE) cultures, a physiologically relevant in vitro human conducting airway model. GS-5734 was found 
to have potent activity against SARS-CoV and MERS-CoV, with 90% inhibition at less than or equal to 150 nM. In addition, GS-5734 significantly reduced 
the replication of multiple a-CoVs- and b-coronaviruses (groups 2b and 2c) including zoonotic ancestors of epidemic coronaviruses. Mechanism of 
GS-5734 activity was studied in vitro by passage of the b-CoV murine hepatitis virus (MHV) in the presence of active GS-441524. MHV resistance to GS-
441524 emerged slowly over 23 passages and was associated with loss of competitive fitness. Resistant MHV encoded non-synonymous mutations in the 
finger domain of the MHV nsp12-RdRp at residues highly conserved across CoVs (F476, V553). The substitutions at these residues conferred resistance to 
GS-5734 in an isogenic cloned virus background, indicate that the anti-CoV mechanism of action of GS-5734 is RdRp-dependent. In summary, GS-5734 
is broadly active against diverse CoVs with intact proofreading in a relevant in vivo model and demonstrates a high barrier to development of resistance. 
These data support the further development of GS-5734 for use against human epidemic CoV strains and novel bat CoVs with future pandemic potential.
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225 Metabolic Activation and Selectivity of the RSV Polymerase Inhibitor ALS-8112
Paul C. Jordan1, Sarah K. Stevens1, Natalia Dyatkina1, Marija Prhavc1, Guangyi Wang1, Julian A. Symons1, Leo Beigelman1, and Jerome Deval1
1Alios BioPharma, Inc., part of the Janssen Pharmaceutical Companies, South San Francisco, CA, USA.

Respiratory syncytial virus (RSV) is a significant cause of respiratory disease in infants, the elderly and immunocompromised individuals. To date, 
no antiviral has been approved for treatment of the disease. ALS-8176 is a first-in-class nucleoside analog effective in RSV-infected adult volunteers 
and is under evaluation in hospitalized infants. ALS-8176 and its cytidine precursor analog, ALS-8112, have been identified as RSV RNA replication 
inhibitors in vitro. An understanding of the metabolic activation of ALS-8112 leading to its fully phosphorylated form would enhance an understanding 
of the mechanism of action and selectivity of this set of small molecules. We have explored the role of human deoxycytidine kinase in the first, rate-
limiting phosphorylation step by investigating the enzymatic conversion of ALS-8112 to ALS-8112-monophosphate. We characterized the substrate 
selectivity of dCK for ALS-8112 against a range of cytidine analogs and used these insights to monitor their phosphorylation in human cell lines. Uridine 
monophosphate/cytidine monophosphate kinase and NDPK have been implicated as the primary kinases in the second and third phosphorylation 
steps, respectively, of similar cytidine analogs. This prompted us to investigate the phosphorylation efficiency leading to the formation of the ALS-
8112-diphosphate and ALS-8112-triphosphate in vitro. These biochemical methods have allowed us to provide a comprehensive characterization of the 
selectivity and mechanism of action of a new class of RSV-polymerase inhibitors.

227 Ranpirnase, a Broad-spectrum Antiviral Drug that Inhibits Zika Virus
T. Hodge, K. Draper, and J. Sulley
Tamir Biotechnology. San Diego, CA

Ranpirnase, a novel member of the RNAse A superfamily, was isolated originally from Rana pipiens oocytes, and is a well-characterized single-chain low 
molecular weight protein (104 amino acids and ~11,800 MW) that was developed for use as an injectable drug to treat malignant mesothelioma. This 
novel ribonuclease has been manufactured under GMP processes, purified to homogeneity, characterized molecularly, and shown to have high homology 
to several human RNases. The safety of ranpirnase has been demonstrated in acute toxicity studies in mice, in subacute toxicity studies in rats and dogs, 
and in more than 1000 mesothelioma patients in US trials for mesothelioma efficacy. Ranpirnase is nontoxic in primary cells and has shown efficacy in 
inhibiting replication of various viral species in both in vitro and in vivo studies. Cell culture assays of viral replication have shown ranpirnase antiviral 
activity against HIV, HPV, HCMV, Ebola, Rhinovirus 14, SARS CoV, Tacaribe, VEE, Rift Valley Fever, and mosquito-borne flaviviruses including Yellow Fever, 
Chikungunya, Dengue 2, West Nile, and Zika viruses. These antiviral efficacies are observed at or below nanomolar concentrations of drug with excellent 
Selectivity Indices in primary cells. The Selectivity Index for Chikungunya and Zika virus inhibition in vitro was >21. In vivo, ranpirnase has shown antiviral 
activity versus ebola, dengue, and influenza virus. Selected in vitro and in vivo ranpirnase viral inhibition data will be presented.

229 In Vivo Efficacy of Twice Daily Delayed Oral Treatment with Pritelivir Against Herpes Simplex Virus Type 1 or 2  
in BALB/c Mice
Debra C. Quenelle1, Alexander Birkmann2, Thomas Goldner2, Tamara Pfaff2, Holger Zimmerman2, Susanne Bonsmann2, Deborah J. Collins1,  

and Terri L.Rice1

1The University of Alabama School of Medicine, Birmingham, AL and 2AiCuris Wuppertal, Germany. 

Pritelivir has been previously reported to have excellent activity both in vitro and in vivo against herpes simplex viruses (HSV). Mice were lethally infected 
intranasally with HSV type 1, strain E-377 or type 2, strain MS. Treatments were initiated 72 h post viral infection and were provided twice daily for 7 
consecutive days. Compound was suspended in 1.0% carboxymethylcellulose to yield desired dosages in a 0.2 ml volume. It was administered orally at 
30, 10, 3, 1 or 0.3 mg/kg twice daily (60, 20, 6, 2 or 0.6 mg/kg/day). Acyclovir (ACV) was given similarly at 50 mg/kg as a positive control. All dosages of 
pritelivir were highly effective (p<0.01) in reducing mortality in the HSV-1 study. All dosages except 0.3 mg/kg of pritelivir were highly effective (p<0.01) 
in reducing mortality in the HSV-2 study. Pharmacokinetic studies were performed to determine quantities of pritelivir in brain and plasma samples from 
mice that were either uninfected or infected with HSV-2, MS. Twice daily oral treatment using 45, 15 or 5 mg/kg of pritelivir beginning 24, 48 or 72 hours 
post viral inoculation was given. There was a dose dependent relationship in both plasma and brain samples regardless of infection status or time of 
initiation of treatment. Pritelivir has potent antiviral efficacy and has the potential for the treatment of serious HSV type 1 and 2 infections in humans.
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231 Genotype and Phenotype Characterization of HCV variants from a Phase I trial of RG-101, a GalNAc-Conjugated 
Oligonucleotide Targeting microRNA-122, in Patients with Chronic HCV Infection
Amy K. Patick 4, Meike H. van der Ree 1,2, Femke Stelma 1,2, J. Marleen L. de Vree 3, Sophie Willemse 1, Marc van der Valk 1 , Ad C. van Nuenen 2, 

Adam Pavlicek4, Eva van der Veer 6, Paul Grint 4, Andre van Vliet 5, Neeltje A. Kootstra 2, Henk W. Reesink 1,2 , Steven Neben 4

1Dep. of Gastroenterology and Hepatology, Academic Medical Center, Amsterdam, The Netherlands; 2Dep. of Experimental Immunology, 
Academic Medical Center, Amsterdam, The Netherlands; 3Dep. of Gastroenterology and Hepatology, University Medical Center 
Groningen, The Netherlands; 4Regulus Therapeutics Inc., San Diego, CA, USA; 5PRA Healthsciences, Zuidlaren, The Netherlands;  
6DDL Diagnostic Laboratory, Voorburg, The Netherlands

BACKGROUND: RG-101 is a GalNAc-conjugated antisense oligonucleotide inhibitor of the liver-expressed host cell factor microRNA-122 (miR-122). 
miR-122 is required for replication of the hepatitis C virus (HCV) and binds to specific regions in the 5’ untranslated region (UTR) of the viral genome. In a 
Phase 1 clinical trial, a single administration of RG-101 produced mean viral load reductions of 4.8 log (4 mg/kg) and 4.1 log (2 mg/kg) in patients infected 
with either HCV genotype (GT) 1, 3, or 4 at day 29. In this study, we analyzed the entire 5’UTR for nucleotide changes in subjects with viral rebound. 
Mutations were then engineered into HCV replicons and tested for susceptibility to RG-101 and other HCV direct acting antivirals (DAAs). Methods: 
The multicenter phase 1 study included 32 chronic HCV patients with genotype 1 (n=16), 3 (n=10) or 4 (n=6) infection. Patients received a single 
subcutaneous injection of 2 mg/kg RG-101 (n=14) or placebo (n=2), or 4 mg/kg RG-101 (n=14) or placebo (n=2). All patients were followed for 8 weeks 
after randomization. Patients with >2 log decrease in HCV RNA compared to baseline, and <1 log increase in HCV RNA from nadir at week 8 were included 
in an extended follow-up study in which patients were followed until 28 weeks after dosing. Identification of nucleotide changes in the 5’ UTR was 
accomplished by 5’ RACE followed by population-based and deep sequencing methods from matched samples at baseline and at time of viral rebound (> 
1 log increase in HCV RNA from nadir and HCV RNA >20,000 IU/mL). Mutations were engineered into HCV GT 1b replicons and susceptibility to RG-101 
and other DAAs was evaluated in transient transfection assays in Huh7 cells.

RESULTS: Matched samples were available from 11 patients who were dosed with RG-101 and experienced a viral rebound up to 28 weeks of study. HCV 
variants from 5 of 11 patients, infected with HCV GT 1, had a C3U mutation at time of viral rebound (weeks 8 to 16). HCV variants from 2 of 11 patients, 
infected with HCV GT 3 or 4, contained 4 nucleotide changes at time of viral rebound (week 8 and 12); C2G and C3U mutations and G1A and U4A 
polymorphisms. No nucleotide changes in the 5’ UTR were observed for 4 of 11 patients (HCV GT 1 or 3) with viral rebound after ≥ 16 weeks of follow-up 
or at baseline in any of the subjects evaluated. Deep sequencing results were consistent with those obtained by population based sequencing. HCV GT 1b 
variants constructed to contain C3U or C2G/C3U mutations demonstrated reductions in susceptibility to RG-101 but were fully susceptible to all HCV NS3, 
NS5A and NS5B DAA-resistant HCV variants tested. In addition, a C2G HCV variant was fully susceptible to RG-101 and all DAAs tested.

CONCLUSIONS: HCV variants emerging less than 16 weeks following administration of a single dose of RG-101 contained C3U (HCV GT 1) or C2G and 
C3U (GT 3 and 4) mutations. HCV variants constructed to contain the RG-101 resistance associated mutations C3U or C2G/C3U were fully susceptible to 
all DAAs tested. These results support the continued clinical development of RG-101 alone or in combination with other DAAs.
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