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COntinuing MeDiCAL eDuCAtiOn

Workshop Objectives: 
•	 Characterize	resistance	to	new	anti	agents	for	HIV,	HBV	and	HCV
•	 Review	mechanisms	of	HIV/HBV/HCV	drug	resistance	
•	 Assess	HIV/HBV/HCV	pathogenesis,	fitness	and	resistance
•	 Identify	the	clinical	implications	of	antiviral	resistance	
•	 Discuss	new	developments	in	epidemiology	of	antiviral	resistance	
•	 Review	new	technologies	and	analyses	of	antiviral	resistance	
•	 Identify	viral	reservoirs	mechanism	of	viral	persistence	and	strategies	to	eradicate	virus

Statement of need
The content of this Workshop was determined by assessment of educational need, including feedback 
from prior programs and new medical knowledge.

target Audience
This Workshop was designed to interest physicians, clinicians, scientists and clinical researchers in the HIV/
HBV/HCV resistance arena.

Accreditation
The University of California, San Diego School of Medicine is accredited by the Accreditation Council 
for Continuing Medical Education to provide continuing medical education for physicians. 

The University of California, San Diego School of Medicine designates this educational activity for a 
maximum of 12.5 AMA PRA Category 1 Credits™. Physicians should only claim credit commensurate 
with the extent of their participation in the activity. 

Cultural and Linguistic Competency Statement 
California Assembly Bill 1195 requires continuing medical education activities with patient care 
components to include curriculum in the subjects of cultural and linguistic competency. It is the intent 
of the bill, which went into effect on July 1, 2006, to encourage physicians and surgeons, CME providers 
in the state of California, and the Accreditation Council for Continuing Medical Education to meet 
the cultural and linguistic concerns of a diverse patient population through appropriate professional 
development. The planners, speakers and authors of this CME activity have been encouraged to address 
issues relevant in their topic area. In addition, a variety of resources are available that address cultural 
and linguistic competency, some of which are included in your syllabus or handout materials. Additional 
resources and information about AB1195 can be found on our website at http://cme.ucsd.edu.

Faculty Disclosure Statement
It is the policy of the University of California, San Diego Continuing Medical Education (UCSD CME) to 
ensure balance, independence, objectivity and scientific rigor. All faculty participating are required to 
disclose any real or apparent conflict of interest related to the content of their presentation. All conflicts 
of interest will be resolved prior to an educational activity being delivered to learners through one of the 
following mechanisms 1) altering the financial relationship with the commercial interest, 2) altering the 
individual’s control over CME content about the products or services of the commercial interest, and/or 3) 
validating the activity content through independent peer review. All faculty are also required to disclose 
any discussions of off label/unapproved uses of drugs or devices.
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TIME TITLE PRESENTING AUTHOR ABSTRACT

Wednesday, June 9, 2010
08:30 Opening Remarks Brendan Larder; RDI, UK 

08:45 Introduction of the Plenary Presentation  Charles Boucher; Erasmus University,  
Erasmus Medical Center, Rotterdam,  
Academic Hospital, Utrecht, the Netherlands

09:00–09:50 Plenary presentation: Influenza resistance  Menno de Jong; University of Amsterdam,  P1 
the Netherlands

ReSiStAnCe tO neW AntiRetROviRAL AgentS

Chairs: Brendan Larder RDI, UK 
 Raymond Schinazi  Emory University/VA Medical Center, USA

09:50  Mutations based on viral decay acceleration in  James Mullins; University of Washington, USA 1 
the HIV-1 genomes of a clinical population treated  
with the mutagenic nucleoside KP1461

10:05  The crystal structure of EFdA-resistant HIV-1  Bruno Marchand; University of Missouri, USA 2 
reverse transcriptase reveals structural changes  
in the polymerase active site

10:20  Temporal order of resistance emergence for  Michael Miller; Merck & Co., Inc., USA 3 
lamivudine/emtricitabine, efavirenz and raltegravir  
in treatment-naive patients

10:35  Strong inhibition of wild-type and integrase  Tomokazu Yoshinaga; Shionogi, Japan 4 
inhibitor (INI)-resistant HIV integrase (IN) strand  
transfer reaction by the novel INI S/GSK1349572

10:50–11:20 BREAK

MeCHAniSMS OF Hiv DRug ReSiStAnCe

11:20  The K65R mutation in subtype B and C HIV-1:  Dimitrios Coutsinos; McGill University AIDS 5 
rates of development and the implications of  Centre, Canada 
template-specific dislocation mutagenesis

11:35  Differential resistance in HIV-1 protease: the role  Madhavi Kolli; University of Massachusetts 6 
of residue 50 in pathways for amprenavir/darunavir  Medical School, USA 
and atazanavir resistance

11:50  Substrate envelope based design of potent HIV-1  Madhavi Nalam; University of 7 
protease inhibitors resilient to resistance Massachusetts Medical School, USA

12:05  S/GSK1349572 demonstrates significantly slower  Kendra Hightower; GlaxoSmithKline, USA 8 
dissociation rates than raltegravir when comparing  
wild-type and raltegravir-resistant integrase protein

12:20  LunCH

pROgRAMMe
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13:30–15:30  poster viewing
 Oral presentations from Wednesday  
 Resistance to new antiretroviral agents  
 Mechanisms of HIV drug resistance  
 New resistance technologies and interpretations 

genOtYpiC AnD pHenOtYpiC MARKeRS OF ReSpOnSe tO entRY inHiBitORS 
Chairs: Daniel Kuritzkes Brigham and Women’s Hospital, USA  
 Jonathan Schapiro National Hemophilia Center, Israel

15:30  Genotypic analysis of V3 in patients experiencing  Luke Swenson; BC Centre for Excellence 9 
virological failure on maraviroc-containing  in HIV/AIDS, Canada 
regimens and correlation with pre-treatment  
‘deep’ sequencing results

15:37  Use of the enhanced sensitivity tropism assay (ESTA)  Julie Strizki; Merck, USA 10 
to predict on-treatment detection of CXCR4-using  
virus and impact on virological outcomes in a  
vicriviroc (VCV) Phase II treatment-experienced  
study (VICTOR-E1)

15:44  Defining evolutionary pathways and genetic  Wei Huang; Monogram Biosciences, USA 11 
barriers to CXCR4-mediated entry by HIV type-1 

15:51  Specific genetic signatures in V3 base can modulate  Valentina Svicher; University of Rome 12 
coreceptor usage in vivo, the interaction with  Tor Vergata, Italy 
neutralizing antibodies, and HIV-1 cytopathic effect

15:58  Clinical, virological and immunological  Jayvant Heera; Pfizer, USA 13 
characteristics of patients with discordant  
phenotypic and genotypic (ultra-deep 
sequencing) tropism test results: analysis of  
tropism calls in MOTIVATE and 1029

16:05  Pairwise comparison of genotypic tropism  Rolf Kaiser; University of Cologne, Germany 14 
prediction between 1 reference centre and 10  
European laboratories

16:12-16:37 Panel Discussion 

thursday, June 10, 2010
HBv DRug ReSiStAnCe 
Chairs:  Douglas Richman VA San Diego Healthcare System and   
  University of California San Diego, USA 
 Gaston Picchio Tibotec, Inc., USA

08:30  Introduction of the Plenary Presentation  Douglas Richman; VA San Diego  
Healthcare System and University of  
California San Diego, USA

08:45–09:30  Plenary presentation: Hepatitis B: new treatments  Stephen Locarnini; Victorian Infectious P2 
and drug resistance Diseases Reference Laboratory (VIDRL), Australia

09:30  The HBV genetic barrier and the overlapping  Valentina Svicher; University of Rome 15 
structure of HBV genome synergistically modulate  Tor Vergata, Italy 
drug resistance emergence and immune-escape  
potential of HBV genotypes 

HCv DRug ReSiStAnCe 
09:40 Introduction of the Plenary presentation Douglas Richman; VA San Diego Healthcare 
  System and University of California San Diego,  
  USA

09:45–10:30  Plenary presentation: Hepatitis C: new treatments  Jean-Michel Pawlotsky; Hôpital Henri Mondor, P3 
and drug resistance Université Paris, France

10:30–11:00 BReAK 

Chairs:  Douglas Richman VA San Diego Healthcare System and 
  University of California San Diego, USA  
 Abel De La Rosa Pharmasset, Inc., USA
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11:00  Analysis of resistance in virologic failures during  Richard Barnard; Merck and Co., USA 16 
IFN/RBV therapy post 28 day treatment with  
MK7009; results through week 24 of the Phase IIa  
dosing finding study in genotype 1 patients

11:10  Avoiding drug resistance against HCV NS3/4A  Celia Schiffer; University of Massachusetts 17 
protease inhibitors Medical School, USA

11:20  Resistance profile of the novel hepatitis C virus  David Wyles; University of California 18 
(HCV) acyclic nucleoside phosphonate inhibitor  San Diego, USA 
ODE-S-MPMPA

11:30  Deep-sequencing analysis of baseline and  Oliver Lenz; Tibotec BVBA, Belgium 19 
on-treatment samples from HCV genotype-1  
patients treated for 5 days with TMC435  
monotherapy and subsequently retreated with  
TMC435 in combination with PEG-IFN-a2a/ribavirin

11:40  Selection and characterization of hepatitis C virus  Angela Lam; Pharmasset Inc., USA 20 
replicons using combination of NS3 protease and  
NS5B non-nucleoside inhibitors or combination of  
NS5B nucleotide inhibitors

11:50  Characterization of resistant variants in  Jim Sullivan; Vertex Pharmaceuticals 21 
treatment-experienced genotype-1 HCV patients  Incorporated, USA 
receiving telaprevir/peginterferon/ribavirin in  
Phase II clinical trials

12:00  Long-term follow-up of patients treated with  Richard Barnard; Merck and Co., USA 22 
boceprevir in combination with PEG-Intron/ 
ribavirin (P/R): durability of responses and rates of  
reversion of resistance mutations

12:10  Molecular characterization of HCV resistance to  Stephane Chevaliez; Hôpital Henri 23 
telaprevir, a novel, potent HCV protease inhibitor Mondor, France

12:20  LunCH

13:30–15:30 Poster viewing 

 Oral presentations from Thursday  
 HBV/HCV resistance  
 Clinical implications of resistance  
 Drug resistance in resource-poor countries 

AppLiCAtiOn OF neW SeQuenCing teCHniQueS

Chairs:  Robert Shafer Stanford University, USA  
 Richard Harrigan BC Centre for Excellence in HIV/AIDS, Canada

15:30  Next generation deep-sequencing technologies for  Robert W Shafer; Stanford University, USA 24 
virus quasispecies analysis: implications for  
detecting minority drug-resistant variants 

15:50  Reduced PCR-based recombination for HIV-1 drug  Wei Shao; ABCC, SAIC Frederick, NCI 25 
resistance mutation linkage determination by  Frederick, USA 
454 pyrosequencing

15:57  Prevalence of low-level variants with RT K65R  Michael Kozal; Yale University School of 26 
among different HIV subtypes and the effects of  Medicine and VA CT, USA 
ARV-exposure on variant levels

16:04  Presence of low abundance drug-resistant  Carole Wallis; University of the 27 
mutations in recently infected HIV-1 subtype C  Witwatersrand, South Africa 
patients from South Africa

16:11  Single transmitted drug resistance mutations: not  Marieke Pingen; Erasmus Medical Center,  28 
always an indicator of transmission of more  and University Medical Center Utrecht, 
extensive resistance profiles the Netherlands

16:18  A multicentre collaborative study on HIV drug  Martin Däumer; Institute of 29 
resistance testing using 454 massively parallel  Immunology and Genetics, Germany 
pyrosequencing

16:25-16:50 Panel discussion 
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Friday, June 11, 2010

Hiv pAtHOgeneSiS, FitneSS AnD ReSiStAnCe 

Chairs:  John Mellors University of Pittsburgh, USA 
 Charles Boucher Erasmus University, Erasmus Medical Center,  
  Rotterdam, Academic Hospital, Utrecht, 
  the Netherlands

09:00  HIV-1 drug resistance evolution during persistent  Babafemi Taiwo; Northwestern 30 
near target viral suppression University, USA

09:15  Complete protection against rectal transmission of  J Gerardo Garcia-Lerma; Centers for Disease 31 
an emtricitabine (FTC)-resistant SHIV162p3M184V  Control and Prevention, USA 
mutant by intermittent prophylaxis with Truvada

09:30  Factors affecting the emergence of intersubtype  Wei-Shau Hu; National Cancer Institute, USA 32 
recombinants in HIV-1 population

09:45  Analysis of HIV DNA molecules in paired peripheral Sarah Palmer; Swedish Institute for Infectious 33 
blood and lymph node tissue samples from  Disease Control, Karolinska Institutet, Sweden 
chronically infected patients

10:00  The relationship between virus replication and  Anthony Smith; University of Minnesota, USA 34 
gene expression in lymphatic tissue during  
HIV-1 Infection

10:15–10:45  BREAK

peRSiStenCe, ReSeRvOiRS AnD eLiMinAtiOn StRAtegieS 

10:45  The histone deacetylase inhibitors SAHA, MS-275, Fiona Wightman; Monash University, Australia  35 
LBH589 and MCT3 are able to induce HIV-1  
transcription with differing potencies in chronically  
infected cell lines and latently infected primary  
CD4+ T-cells

11:00  Most HIV DNA in PBMC is present in non-gut-  Kersten Koelsch; National Centre in HIV 36 
homing, resting central memory CD4 T cells Epidemiology and Clinical Research and 
 St Vincent’s Hospital Centre for Applied 
 Medical Research, Australia

11:15  Emergence of monotypic HIV-1 DNA during ART  Thor Wagner; Seattle Children’s Hospital, 37 
suggests proliferation of cells with integrated HIV  University of Washington, USA 
DNA provirus may sustain infection

11:30  Rebound HIV-1 viraemia after cessation of  Mary Kearney; National Cancer Institute, USA 38 
long-term suppressive antiretroviral therapy has low 
genetic diversity and little divergence from 
pre-therapy virus populations

11:45–12:15 Panel discussion 

12:15 LUNCH

13:30–15:30  Poster viewing 

 Oral presentations from Friday  
 HIV pathogenesis, fitness and resistance  
 Persistence, reservoirs and elimination strategies  
 Epidemiology

epiDeMiOLOgY 

Chairs:  Charles Boucher Erasmus University, Erasmus Medical Center,  
  Rotterdam, Academic Hospital, Utrecht, 
  the Netherlands 
 Huldrych Günthard University Hospital Zurich, Switzerland  
15:30  Dynamic expression of HIV-1 drug resistance  Jeffrey Johnson; Centers for Disease 39 

mutations during acute infection Control and Prevention, USA

15:40  Large-scale phylodynamics of HIV-1 in Italy:  Mattia Prosperi; Catholic University 40 
analysis on epidemic and resistance transmission of Sacred Heart, Italy

15:50  The effect of transmitted HIV-1 drug resistance on  David Dunn; MRC Clinical Trials Unit, UK 41 
pre-therapy viral load
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16:00  Prevalence of HIV-1 drug resistance-associated  Lisa Ross; GlaxoSmithKline, USA 42 
mutations in a large cohort of antiretroviral-naive  
HIV-infected individuals in the USA from 
2000–2009

16:10  Rapid accumulation of drug resistance and loss of  Annemarie Wensing; University 43 
therapeutic options precede WHO-defined criteria  Medical Center Utrecht, the Netherlands 
for treatment failure

16:20 Closing remarks  Charles Boucher; Erasmus University, Erasmus  
Medical Center, Rotterdam, Academic Hospital, 
Utrecht, the Netherlands

20:00 AWARDS DINNER
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Page Session Title and Presenting Author Abstract

 pLenARY ABStRACtS

A3  Influenza resistance P1

  MD de Jong

A4  Hepatitis B: new treatments and drug resistance P2

  SA Locarnini

A5  Hepatitis C: new treatments and drug resistance P3

  J-M Pawlotsky

 ORAL ABStRACtS

A9   Mutations based on viral decay acceleration in the HIV-1 genomes of  1 
a clinical population treated with the mutagenic nucleoside KP1461

  JI Mullins

A10   The crystal structure of EFdA-resistant HIV-1 reverse transcriptase  2 
reveals structural changes in the polymerase active site

  B Marchand

A11   Temporal order of resistance emergence for lamivudine/emtricitabine,  3 
efavirenz and raltegravir in treatment-naive patients 

  M Miller

A12   Strong inhibition of wild-type and integrase inhibitor (INI)-resistant  4 
HIV integrase (IN) strand transfer reaction by the novel INI S/GSK1349572 

  T Yoshinaga

A13   The K65R mutation in subtype B and C HIV-1: rates of development  5 
and the implications of template-specific dislocation mutagenesis

  D Coutsinos

A14   Differential resistance in HIV-1 protease: the role of residue 50 in  6 
pathways for amprenavir/darunavir and atazanavir resistance 

  M Kolli

A15   Substrate envelope based design of potent HIV-1 protease inhibitors  7 
resilient to resistance 

  MNL Nalam

A16   S/GSK1349572 demonstrates significantly slower dissociation rates  8 
than raltegravir when comparing wild-type and raltegravir-resistant  
integrase protein 

  KE Hightower

CONTENTS
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A17   Genotypic analysis of V3 in patients experiencing virological failure on  9 
maraviroc-containing regimens and correlation with pre-treatment  
’deep’ sequencing results

  LC Swenson

A18   Use of the enhanced sensitivity tropism assay (ESTA) to predict  10 
on-treatment detection of CXCR4-using virus and impact on  
virological outcomes in a vicriviroc (VCV) Phase II  
treatment-experienced study (VICTOR-E1)

  JM Strizki

A19   Defining evolutionary pathways and genetic barriers to  11 
CXCR4-mediated entry by HIV type-1

  W Huang

A20   Specific genetic signatures in V3 base can modulate coreceptor usage  12 
in vivo, the interaction with neutralizing antibodies and HIV-1  
cytopathic effect 

  V Svicher

A21   Clinical, virological and immunological characteristics of patients with  13 
discordant phenotypic and genotypic (ultra-deep sequencing) tropism  
test results: analysis of tropism calls in MOTIVATE and 1029

  J Heera

A22   Pairwise comparison of genotypic tropism prediction between 1  14 
reference centre and 10 European laboratories

  R Kaiser

A23   The HBV genetic barrier and the overlapping structure of HBV genome  15 
synergistically modulate drug resistance emergence and immune-escape  
potential of HBV genotypes 

  V Svicher

A24   Analysis of resistance in virological failures during IFN/RBV therapy  16 
post 28 day treatment with MK7009; results through week 24 of the  
Phase IIa dosing finding study in genotype 1 patients.

  RJO Barnard

A25  Avoiding drug resistance against HCV NS3/4A protease inhibitors 17

  C Schiffer

A26   Resistance profile of the novel hepatitis C virus (HCV) acyclic nucleoside  18 
phosphonate inhibitor ODE-S-MPMPA

  DL Wyles

A27   Deep-sequencing analysis of baseline and on-treatment samples from  19 
HCV genotype-1 patients treated for 5 days with TMC435 monotherapy  
and subsequently retreated with TMC435 in combination with  
PEG-IFN-a2a/ribavirin 

  O Lenz

A28   Selection and characterization of hepatitis C virus replicons using  20 
combination of NS3 protease and NS5B non-nucleoside inhibitors or  
combination of NS5B nucleotide inhibitors

  AM Lam
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A29   Characterization of resistant variants in treatment-experienced  21 
genotype-1 HCV patients receiving telaprevir/peginterferon/ribavirin  
in Phase II clinical trials

  JC Sullivan

A30   Long-term follow-up of patients treated with boceprevir in  22 
combination with PEG-Intron/ribavirin (P/R): durability of responses  
and rates of reversion of resistance mutations

  RJO Barnard

A31   Molecular characterization of HCV resistance to telaprevir, a novel,  23 
potent HCV protease inhibitor

  S Chevaliez

A32   Next generation deep-sequencing technologies for virus quasispecies  24 
analysis: implications for detecting minority drug-resistant variants

  RW Shafer

A33   Reduced PCR-based recombination for HIV-1 drug resistance mutation  25 
linkage determination by 454 pyrosequencing

  W Shao

A34   Prevalence of low-level variants with RT K65R among different HIV  26 
subtypes and the effects of ARV-exposure on variant levels 

  MJ Kozal

A35   Presence of low abundance drug-resistant mutations in recently  27 
infected HIV-1 subtype C patients from South Africa
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Influenza resistance

MD de Jong1

1Department of Medical Microbiology, Academic Medical Center, 
University of Amsterdam, Amsterdam, the Netherlands

Currently, two classes of antiviral drugs are available 
for treatment of influenza: the adamantanes (amanta-
dine and rimantadine) and the neuraminidase inhibi-
tors (oseltamivir, zanamivir and peramivir). For both 
classes, high-level drug resistance is conferred by single 
nucleotide changes in the target genes, hence, combined 
with the high mutation rate of the influenza virus RNA 
polymerase and high rates of viral replication, it should 
not be surprising that a substantial risk of resistance 
development exists in influenza. Adamantane resistance 
develops rapidly during treatment and is not associ-
ated with loss of viral fitness. In fact, current seasonal 
H3N2 and pandemic H1N1 viruses are all naturally 
adamantane-resistant, although ‘natural’ resistance has 
also been increasingly observed in circulating seasonal 
H1N1 and avian H5N1 viruses. Oseltamivir resistance 
may readily develop during treatment, especially in 
situations of prolonged high levels of viral replication, 
such as during (primary) seasonal influenza in young 
children or immunocompromised patients or during 
human infections with avian H5N1 influenza viruses. 
It has long been assumed that reductions in viral fitness 
conferred by neuraminidase inhibitor resistance muta-
tions would prevent transmission and spread of resist-
ance. However, since 2007, oseltamivir resistance has 
emerged and progressively spread amongst circulating 
seasonal H1N1 viruses worldwide. This spread reflects 
compensation of fitness reductions conferred by resist-
ance mutations and, similar to HIV, illustrates the plas-
ticity of influenza viruses. 

The emergence and threat of drug resistance in influenza 
warrants further exploration of alternative (combined) 
therapeutic strategies, especially in patient groups at 
highest risks of resistance development and severe dis-
ease. In this respect, lessons learned from HIV may well 
hold substantial relevance for influenza. 
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Hepatitis B: new treatments and drug resistance

SA Locarnini1

1Victorian Infectious Diseases Reference Laboratory, North 
Melbourne, Victoria, Australia

Patients with chronic hepatitis B (CHB) are usually 
treated with an immune-based therapeutic approach 
(pegylated interferon-α or standard interferon-α) or by 
targeting the HBV polymerase (Pol) with nucleos(t)ide 
analogues (NAs; such as entecavir, tenofovir, adefovir, 
telbivudine or lamivudine). Low response rates and 
adverse side effect profiles have hampered the inter-
feron approach, whilst compliance and/or resistance 
have hindered NA therapy. Several new approaches to 
treating CHB have included the use of Pre-S peptides, 
which act as entry inhibitors, capsid disrupting agents 
and histone modifying drugs that render the cova-
lently closed circular DNA molecule/viral minichromo-
some transcriptionally silent. The introduction of NA 
therapy has resulted in the emergence of antiviral drug 
resistance, limiting treatment effectiveness with this 
class of compounds. To date, eight codons in the HBV 
Pol have been associated with primary NA drug resist-
ance. These map onto four domains of the HBV Pol: 
B-domain at codons 169, 180, 181, 184; C-domain 
at codons 202 and 204; D-domain at codon 236; and 
E-domain at codon 250. Furthermore, at least five HBV 
‘antiviral drug resistance pathways’ have been charac-
terized. The first (rtM204V/I) pathway is responsible 
for resistance to the l-nucleosides lamivudine (3TC) 
and telbivudine (LdT), and also entecavir (ETV) as res-
cue therapy in 3TC-experienced patients. The second 
(rtN236T) pathway is associated with adefovir (ADV) 
and tenofovir (TFV) resistance. The third pathway 
(rtA181T/V) is associated with resistance to 3TC/LdT 
and ADV and is also a potential multidrug resistance 
(MDR) pathway and will probably impact on TFV 
sensitivity, especially in combination with rtN236T. 
In naive patients treated with ETV, a fourth pathway 
has been described where at least three mutations need 
to be selected out simultaneously: rtL180M+rtM204V 
plus codon changes at either one of rtI169 or rtT184 
or rtS202 or rtM250. These four major pathways can 
be identified in most cases of treatment failure because 
of resistance (rtM204V/I; rtN236T; rtA181T/V; and 
ETV [rtL180M+rtM204V plus one of rtT184, rtS205, 
rtM250]) with the emergence of MDR pathways (for 
example, rtA181T+rtN236T+rtM250V) a clear cause 
for concern in the longer term. Prevention of resistance 
will require the adoption of strategies that effectively 
control active HBV replication.
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Hepatitis C: new treatments and drug resistance
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Université Paris-Est, Créteil, France

In contrast to HIV or HBV infection, HCV infection is 
curable by antiviral therapy. In the last decade, insights 
into the virology of HCV have unravelled several tar-
gets for potential novel therapeutics that, unlike inter-
feron (IFN)-α and ribavirin, are specifically targeted 
to HCV. Many direct acting antiviral (DAA) drugs are 
at the preclinical developmental stage and several are 
in clinical development; however, initial trials using 
some of these inhibitors alone have raised concerns 
about their tolerability and the development of viral 
resistance. A number of specifically targeted therapies 
are now also being tested in combination with pegy-
lated IFN-α and ribavirin. The most advanced com-
pounds include inhibitors of the HCV NS3/4A pro-
tease, including telaprevir and boceprevir, which are in 
Phase III development, in combination with pegylated 
IFN-α and ribavirin; and inhibitors of HCV replication 
including nucleoside/nucleotide analogue and non-
nucleoside inhibitors of HCV RNA-dependent RNA 
polymerase, NS5A inhibitors and cyclophylin inhibi-
tors that target a host protein involved in the HCV 
life cycle. All of these drugs have been shown to select 
for resistance-associated amino acid substitutions 
when used as monotherapies. The failure of a triple 
combination of a DAA, pegylated IFN-α and ribavi-
rin to eradicate HCV infection is constantly associated 
with a viral breakthrough or relapse because of selec-
tion of viral populations resistant to the DAA. Future 
approaches will include quadruple combinations of 
pegylated IFN-α and ribavirin and two DAAs without 
cross-resistance, as well as IFN-sparing regimens using 
several oral DAAs without cross- resistance in com-
bination. The role of ribavirin in the latter treatment 
schedules remains to be determined.
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Mutations based on viral decay acceleration in the 
HIV-1 genomes of a clinical population treated 
with the mutagenic nucleoside KP1461

JI Mullins1,2, L Heath1, JP Hughes3, D Li4,5, 
JM Essigmann4,5, KS Harris6, JH Simpson4, 
J-P Laurent6, LA Loeb7, J Parkins6

1Department of Microbiology, University of Washington, School 
of Medicine, Seattle, WA, USA 
2Department of Medicine, University of Washington, School of 
Medicine, Seattle, WA, USA 
3Department of Biostatistics, University of Washington, School of 
Medicine, Seattle, WA, USA 
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5Department of Biological Engineering, Massachusetts Institute 
of Technology, Cambridge, MA, USA 
6Koronis Pharmaceuticals, Redmond, WA, USA 
7Department of Pathology, University of Washington, School of 
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The deoxycytidine analogue KP1212 and its prodrug 
KP1461 are prototypes of a new class of antiretro-
viral drugs designed to increase viral mutation rates, 
with the goal of eventually causing the collapse of the 
viral population. KP1212 has been shown to diminish 
or extinguish HIV-1 replication in cell culture and, in 
a Phase I clinical trial, had a very good safety profile. 
Here we present an extensive analysis of viral sequences 
from patients from the first ‘mechanism validation’ 
Phase II clinical trial in which ‘salvage’ patients received 
1,600 mg of drug twice per day for 124 days. The Phase 
IIa study did not demonstrate significant diminution of 
viral load over the course of study. This was not unex-
pected as prior cell culture studies showed little change 
in viral titre prior to population collapse. Thus, in the 
present work we sought to determine whether there 
was a subclinical impact of KP1461 therapy. Given that 
the proposed mechanism of action of KP1212 results 
in viral mutation, we performed gene sequencing of a 
very large number (>100) of sequences derived from 
individual HIV-1 RNA templates, after 0, 56 and 124 
days of therapy from 10 treated and 10 untreated indi-
viduals. Private mutations, those not found in multiple 
viruses, were similar in treated and control individuals 
at day 0 (P=0.28), but were increased in treated individ-
uals after 56 (P=0.02) and 124 (P=0.001) days of drug 
treatment. Furthermore, the spectrum of mutations 
observed in the treated group was distinct from that 
of the controls, with an excess of A-to-G and G-to-A 
mutations (P=0.01), and to a lesser extent T-to-C and 
C-to-T mutations (P=0.09), in the treated group, as 

predicted by the mechanism of action of the drug (tran-
sition mutations with a bias toward A/G mutations). 
We also report analyses of KP1212 in solution and 
demonstrate the presence of the predicted tautomeric 
forms that would result in mispairing of the analogue 
during DNA syntheses. The observed increase in muta-
tions in treated patients and the chemical properties of 
the new drug support a new mechanism of action by a 
novel antiretroviral therapy in humans.
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The crystal structure of EFdA-resistant HIV-1 
reverse transcriptase reveals structural changes 
in the polymerase active site

B Marchand1, KA Kirby1, D Sietsema1, EN Kodama2, 
H Mitsuya3, 4, MA Parniak5, SG Sarafianos1

1University of Missouri, Columbia, MO, USA 
2Tohoku University, Sendai, Japan 
3Kumamoto University, Kumamoto, Japan 
4National Institute of Health, Bethesda, MD, USA 
5University of Pittsburgh, Pittsburgh, PA, USA

4′-Ethynyl-2-fluoro-2′-deoxyadenosine (EFdA) is a 
nucleoside analogue that has high inhibitory activity 
against the reverse transcriptase (RT) of HIV-1. Unlike 
other NRTIs, EFdA has a 3′ OH and inhibits RT using a 
different mechanism. We have shown that EFdA blocks 
the DNA polymerization activity of RT by preventing 
enzyme translocation once it is incorporated in the DNA 
chain. Mutations conferring resistance to EFdA have been 
identified by selection under drug pressure in cell culture. 
Changes at residues 184, 165 and 142 were observed. 
Functional studies in our laboratory demonstrated that 
mutations M184V and T165R confer resistance to EFdA 
by reducing the incorporation efficiency of the inhibitor, 
whereas mutation I142V decreases susceptibility to EFdA 
by increasing the rate of excision of the incorporated ana-
logue. In order to understand the molecular basis of the 
changes in enzyme activity and susceptibility to EFdA, 
we carried out crystallographic studies of RT containing 
mutations M184V, T165R and I142V.

We solved the crystal structure of unliganded I142V/
T165R/M184V RT at 2.7Å resolution. Overall, the 
mutant enzyme retains a similar conformation as the 
WT RT. Locally, important changes can be observed at 
each of the mutated residues. Surprisingly, in the active 
site of the enzyme, the YMDD motif, including valine 
184, is displaced, explaining the reduced nucleotide 
incorporation capacity of this mutant protein and the 
reduced fitness of the corresponding virus. This dis-
placement is likely to be responsible for the observed 
reduced incorporation of EFdA by the mutant enzyme. 
The mutated residue arginine 165 appears to interact 
with the YMDD motif and is proximal to residue 142 
of the p51 subunit.

Therefore, concerted structural changes at three resi-
dues at the polymerase domain conspire to affect the 
RT susceptibility to EFdA by affecting both incorpora-
tion of the inhibitor and the excision of the incorpo-
rated analogue.
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Temporal order of resistance emergence for 
lamivudine/emtricitabine, efavirenz and 
raltegravir in treatment-naive patients 

M Miller1, S Fransen2, W Huang2, M Markowitz3, 
J Lennox4, J Zhao1, P Sklar1, R Leavitt1, H Teppler1, 
B-Y Nguyen1, C Petropoulos2, D Hazuda1

1Merck & Co. Inc., West Point, PA, USA 
2Monogram Biosciences, Inc., South San Francisco, CA, USA 
3Aaron Diamond Research Center, The Rockefeller University, New 
York, NY, USA 
4Emory University School of Medicine, Atlanta, GA, USA

OBJECTIVE: In treatment-naive patients, raltegravir 
(RAL) proved non-inferior to efavirenz (EFV) in the con-
text of the same backbone (tenofovir [TDF] plus either 
emtricitabine [FTC] or lamivudine [3TC]). Despite few 
failures, a subset of patients receiving either regimen 
rebounded with virus harbouring resistance to one or 
more agent. We aimed to determine the temporal order in 
which resistance emerged to each drug in the regimen. 

METHODS: Viruses isolated from patients experi-
encing virological failure in Protocol 004 (Phase II) 
or Protocol 021 (STARTMRK; Phase III) were geno-
typed and/or phenotyped to identify resistance. Patients 
whose virus displayed resistance to any study drug were 
further studied by intensive longitudinal analysis.

RESULTS: By week 96 of protocols 004 and 021, 10 
of 441 (2%) randomized patients failed RAL regimens 
with resistance and 11 of 320 (3%) randomized patients 
failed EFV regimens with evidence of viral resistance. 

For 5 of the 11 EFV failures, 3TC/FTC resistance and 
EFV resistance mutations were detected simultaneously. 
The remaining 6 EFV failures all had EFV mutations, 
but 4 never developed 3TC/FTC resistance (13, 20, and 
30 weeks after EFV resistance; 1 discontinued just after 
K103N emerged). By contrast, 8 of the 10 RAL fail-
ures displayed 3TC/FTC resistance prior to detectable 
RAL resistance (time to RAL resistance ranged from 
4 weeks to >1 year after 3TC/FTC resistance), whereas 
in 2 patients RAL and 3TC resistance were first detected 
simultaneously or within 1 week. Strikingly, one patient 
who received RAL+FTC+TDF developed FTC resist-
ance at week 24, but never developed RAL resistance 
through week 96 despite staying on the same regimen. A 
second patient who received RAL+3TC+TDF developed 
3TC resistance at week 8 and subsequently developed 
RAL resistance, but only after more than 1 year on the 
same regimen and with continued 3TC resistance. 

CONCLUSIONS: EFV and RAL resistance develop dif-
ferently when administered with the same backbone 
regimen of 3TC/FTC and TDF. EFV resistance usually 
occurred before or concurrent with 3TC/FTC resist-
ance, whereas RAL resistance usually occurred after 
3TC/FTC resistance, in some cases with a large tempo-
ral disparity despite virological failure. This observa-
tion is consistent with previous observations comparing 
the barrier to these agents suggesting the resistance bar-
rier to RAL is distinct from that of EFV.
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Strong inhibition of wild-type and integrase 
inhibitor (INI)-resistant HIV integrase (IN) strand 
transfer reaction by the novel INI S/GSK1349572 

T Yoshinaga1, M Kanamori-Koyama1, T Seki1, 
A Sato1, T Fujiwara1 
1Shionogi, Osaka, Japan 

BACKGROUND: The in vitro resistance profile of 
S/GSK1349572 is distinct from that of raltegravir 
and elvitegravir; for example, signature mutations at 
Q148 and N155 negatively impact raltegravir (RAL) 
and elvitegravir (ELV) antiviral potency, but do not 
for S/GSK1349572. Herein, we describe activity of S/
GSK1349572 against WT and mutant INs in an in vitro 
strand transfer assay.

METHODS: Biotinylated donor DNA was immobi-
lized on streptavidine-coated plate in complex with 
recombinant integrase protein. INI was added and pre-
incubated for 60 min at 30°C. Washing was used to 
remove unbound INI, then strand transfer reaction was 
initiated by adding digoxigenin-labelled target DNA 
followed by 10 mins incubation. Products from assays 
run with or without washing were measured by ELISA 
assay. For time course experiments, INI pre-incubation 
time ranged from 5 to 90 mins, following which strand 
transfer reaction was started by adding digoxigenin-
labelled target DNA. After 5 mins reaction, products 
were measured by ELISA. 

RESULTS: The INI concentration-strand transfer inhi-
bition curve was linear for examined INI, and wild-
type and mutant INs. The IC50 (3.2~4.9 nM) of S/
GSK1349572 against WT IN was equivalent to RAL 
and ELV (4.3~6.8 and 3.0~4.6 nM, respectively) even 
when free INIs were washed three times. IC50s against 
E138K/Q148R enzyme, however, were substantially 
different: 4.2, 62.4 and 104.8 nM for S/GSK1349572, 
RAL, and ELV, respectively. These results were cor-
related with IC50s determined in a cell-based assay. In 
time course experiments, S/GSK1349572 and RAL 
IC50s reached the maximum inhibition at 60 mins pre-
incubation, and binding of these INI to WT IN seemed 
to follow the same time course. However, IC50 (nM) of 
RAL and S/GSK1349572 to E138K/Q148R was 132.1, 
and 28.2, or 82.9 and 6.6, or 101 and 4.5 at 5 min, 
60 min and 90 min pre-incubation, respectively. 

DISCUSSION: Strand transfer reaction IC50s of S/
GSK1349572 were well correlated with IC50s from cell-
based assay. S/GSK1349572 had stronger and faster 

binding to mutant IN than RAL. These results are com-
plementary to IN inhibitor dissociation experiments 
and suggest the importance of Kon as well as Koff to bet-
ter understand resistance profiles of INIs.

Absract book.indb   12 4/6/10   15:01:11



Dubrovnik, Croatia, 8–12 June 2010

International HIV & Hepatitis Virus Drug Resistance Workshop & Curative Strategies A13

AbstrAct 5
Antiviral Therapy 2010; 15 suppl 2:A13

The K65R mutation in subtype B and C HIV-1: 
rates of development and the implications of 
template-specific dislocation mutagenesis

D Coutsinos1,2,3, CF Invernizzi1,3, D Moisi1, 
M Oliveira1, JL Martinez-Cajas1, BG Brenner1,2,3, 
MA Wainberg1,2,3

1McGill University AIDS Centre, Montréal, Canada 
2McGill University Department of Microbiology & Immunology, 
Montréal, Canada 
3McGill University Department of Medicine, Montréal, Canada

BACKGROUND: Recent studies have suggested that 
the K65R mutation occurs more readily in subtype C 
than in subtype B HIV-1. These data revealed that silent 
polymorphisms at codons 64 and 65 of the reverse tran-
scriptase (RT) gene cause the RT enzyme to pause more 
frequently at the location of K65R development in sub-
type C and may be responsible for these observations. 
However, the exact mechanism(s) involved remain(s) to 
be elucidated.

METHODS: Recombinant subtype B and C RT 
enzymes and gel-based nucleotide extension assays 
were used to study patterns of DNA synthesis. Various 
primers and templates from subtype B and C HIV-1 
were used to evaluate primer-dependent and primer-
independent rates of K65R-containing transcript 
production.

RESULTS: When K65R production was evaluated in 
either a primer-dependent or independent manner, 
a higher percentage of K65R-containing transcripts 
were produced on the subtype C than on the subtype 
B template (68% versus 40% [P<0.05] and 40% ver-
sus 15% [P<0.05], respectively). Similar results were 
obtained regardless of the subtype origin of the RT 
used. We observed a double-banding pattern of DNA 
synthesis characteristic of dislocation mutagenesis 
only when subtype C but not subtype B template was 
used, providing insight on two outcomes of DNA syn-
thesis at the pause site located at the end of the sub-
type C homopolymeric sequence. First, misalignment 
between the template and primer is followed by incor-
poration of dGTP into the misaligned strands. DNA 
synthesis can then proceed from this point resulting 
in a -1 frameshift mutation, which deletes the middle 
adenine of codon K65. Alternatively, dislocation can 
occur which allows for strand realignment. Upon rea-
lignment, a second dGTP is incorporated to give rise 
to the AAG " AGG transition that is responsible for 
K65R. Over time, the amount of dislocation product 

increases, thereby giving rise to additional K65R-
 containing transcripts.

CONCLUSIONS: These findings extend previous work 
on the facilitated development of the K65R mutation 
in subtype C HIV-1 and confirm the notion that the 
mechanisms involved are template specific and enzyme 
independent. Dislocation mutagenesis appears to be the 
underlying mechanistic cause of this observation.
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Differential resistance in HIV-1 protease: the 
role of residue 50 in pathways for amprenavir/
darunavir and atazanavir resistance 

RM Bandaranayake1, S Mittal1, NM King1, 
M Prabu-Jeyabalan1,2, MNL Nalam1, CA Schiffer1 

1University of Massachusetts Medical School, Worcester, MA, USA 
2The Commonwealth Medical College, Scranton, PA, USA

BACKGROUND: Residue 50 in HIV-1 protease is an 
active site residue that is often substituted in order 
to confer resistance to amprenavir (APV), daruna-
vir (DRV) and atazanavir (ATV). The I50V substitu-
tion is often associated with APV and DRV resistance, 
whereas the I50L substitution is observed in patients 
failing ATV therapy. We present here, biochemical and 
structural data to explain how APV, DRV and ATV sus-
ceptibility are influenced by mutations at residue 50 in 
HIV-1 protease. 

METHODS: Binding thermodynamic parameters of 
APV, DRV and ATV binding to WT, I50V and I50L 
protease variants were determined by isothermal titra-
tion calorimetry (ITC). Crystal structures of WT, I50V 
and I50L in complex with APV, DRV and ATV were 
determined. Each mutant–inhibitor complex was com-
pared with the corresponding WT–inhibitor complex 
to evaluate how substitutions at residue 50 affected 
inhibitor binding. 

RESULTS: The I50V variant had 2.2-fold and 16.7-fold 
reduced affinity for APV and DRV, respectively, when 
compared with WT protease. In contrast, the I50V var-
iant had a 7.7-fold higher affinity for ATV compared 
with WT. The I50L variant had 2.8-fold and 2.0-fold 
reduced affinity for ATV and DRV, respectively, when 
compared with WT. However, the affinity for APV was 
improved by 2.8-fold. Analyses of the crystal structures 
showed subtle changes in hydrogen-bonding patterns 
and van der Waals contacts between the inhibitors and 
protease variants.

CONCLUSIONS: Binding affinity data indicates that 
the I50V substitution can reduce affinity for APV 
and DRV. Interestingly, the I50V substitution made 
the protease more susceptible to ATV. The I50L vari-
ant had reduced affinity for ATV and DRV, but was 
more susceptible to APV binding. Structural data indi-
cate that perturbations resulting from substitutions 
at residue 50 affect how APV, DRV and ATV inter-
act with protease. Thus, the varied inhibitor suscep-
tibilities observed between the protease variants are 

likely a direct consequence of the structural differences 
 resulting from the substitutions at residue 50.
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Substrate envelope based design of potent HIV-1 
protease inhibitors resilient to resistance 

MNL Nalam1, A Ali1, GSKK Reddy1, SG Anjum1, 
TM Rana1, CA Schiffer1

1University of Massachusetts Medical School, Worcester, MA, USA

BACKGROUND: Drug resistance mutations in HIV-1 
protease selectively alter inhibitor binding without sig-
nificantly affecting substrate recognition and cleavage. 
This alteration in molecular recognition led us to develop 
the substrate envelope hypothesis, which predicts that 
HIV-1 protease inhibitors that fit within the overlap-
ping consensus volume of the substrates are less likely 
to be susceptible to drug-resistant mutations because 
a mutation affecting such inhibitors would simultane-
ously affect the processing of substrates. In this study, 
we have used a general strategy, structure-based design 
combined with substrate-envelope constraints, to design 
new analogues that are more effective against clinically 
relevant MDR protease variants.

METHODS: Ten protease inhibitors were synthesized 
using techniques of synthetic organic chemistry and 
their crystal structures were determined in complex 
with wild-type HIV-1 protease. These inhibitors were 
tested for inhibitory activity in enzymatic and calori-
metric studies against wild-type and clinically relevant 
MDR protease variants. They were also tested by 
Monogram Biosciences, Inc using their PhenoSense™ 

assay.

RESULTS: We have successfully designed, synthe-
sized, assayed and analysed crystal structures of ten 
novel HIV-1 protease inhibitors that bind with single 
digit picomolar affinity to the wild-type protease. The 
backbone of the protease in all ten crystal structures 
superpose very well. The minor differences observed 
among these structures can be attributed to differences 
in the chemical structures of the inhibitors themselves. 
The crystal structures of these inhibitors show that they 
do indeed fit within the substrate envelope. The Phe-
noSenseTM assay demonstrated that these ten inhibitors 
were consistently more potent than darunavir against a 
diverse panel of wild-type and resistant viruses. 

CONCLUSIONS: This design effort of highly potent 
HIV-1 protease inhibitor validates the substrate enve-
lope hypothesis that it is possible to avoid susceptibil-
ity to drug-resistant variants by designing inhibitors 
to fit within the substrate envelope. This provides a 
strong rationale for incorporating substrate envelope 

constraints into structure-based design strategies to 
develop new HIV-1 protease inhibitors. 
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S/GSK1349572 demonstrates significantly 
slower dissociation rates than raltegravir when 
comparing wild-type and raltegravir-resistant 
integrase protein 

KE Hightower1, R Wang, MR Underwood 
1GlaxoSmithKline, Inc., Research Triangle Park, NC, USA 

BACKGROUND: The integrase inhibitor (INI) S/
GSK1349572 (572) has significant activity against 
HIV-1 with raltegravir-associated resistance muta-
tions. Previous evaluations demonstrated faster ralte-
gravir dissociation with N155H, which has been sug-
gested as a mechanism of resistance. As an initial step 
in characterizing the different resistance profiles for S/
GSK1349572 and raltegravir, their dissociation rates 
were determined with wild-type and resistant integrase 
proteins, including signature raltegravir mutations at 
Q148 and N155.

METHODS: HIV-1 integrase BH10 wild-type and site-
directed mutant proteins (N155H, E92Q, Q148H, 
Q148R and N155H/E92Q) were used for inhibitor-
binding studies. These studies were performed by 
pre-incubating 40 nM 3H-labelled S/GSK1349572 
or raltegravir overnight at room temperature with an 
integrase–donor DNA complex that was bound to SPA 
imaging beads. Following incubation at 37°C for 1 h, 
40 µM cold compound was added, and dissociation at 
37°C was monitored over 7 days using a ViewLux™.

RESULTS: S/GSK1349572 dissociated slowly from 
wild-type integrase at 37°C with a half-life of approxi-
mately 100 h (versus 10.1 h with raltegravir). The 
presence of a N155H, Q148H or Q148R mutation 
decreased the half-life of S/GSK1349572 binding (11.6, 
7.7 and 10.7 h, respectively), but the S/GSK1349572 
binding half-lives were still at least 19× longer than 
raltegravir (0.6, <0.3 and 0.4 h, respectively). Mutation 
at E92 had the least effect on compound dissociation 
(t1/2 of 23.6 and 3.9 h for S/GSK1349572 and raltegra-
vir, respectively), but the addition of this second muta-
tion to N155H affected compound dissociation (t1/2 
of 5.8 and <0.3 h for S/GSK1349572 and raltegravir, 
respectively). 

CONCLUSIONS: S/GSK1349572 had significantly 
slower dissociation than raltegravir from wild-type 
integrase and all mutants examined (6–>26-fold). In 
fact, dissociation of S/GSK1349572 from raltegravir-
 resistant N155H, Q148H and Q148R mutants was 
comparable with dissociation of raltegravir from wild-

type integrase protein. The measured values for ralte-
gravir dissociation were consistent with previously 
presented values. S/GSK1349572’s long dissociation 
half-life may contribute to its distinct resistance profile 
and highlight a potential for improved activity against 
wild-type HIV-1 and raltegravir-resistant viruses.
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Genotypic analysis of V3 in patients experiencing 
virological failure on maraviroc-containing 
regimens and correlation with pre-treatment 
’deep’ sequencing results

LC Swenson1, CKS Chui1, CJ Brumme1, D Chan1, 
CK Woods1, T Mo1, W Dong1, D Chapman2, 
M Lewis2, J Demarest3, I James2, S Portsmouth2, 
J Heera2, H Valdez2, PR Harrigan1 
1BC Centre for Excellence in HIV/AIDS, Vancouver, BC, Canada 
2Pfizer, Inc., New York, NY, USA 
3ViiV Healthcare, Research Triangle Park, NC, USA

BACKGROUND: Virological failure (VF) on CCR5 
antagonists can occur by selection of non-R5 and/
or drug-resistant R5 variants. Limited information is 
available regarding genotypic changes in HIV V3 fol-
lowing maraviroc exposure.

METHODS: ‘Deep’ V3-loop sequencing was performed 
on the screening sample of maraviroc recipients in the 
MOTIVATE studies who were R5 by the original Tro-
file assay, but later experienced VF. Population-based 
V3 sequencing was subsequently also performed at 
VF. Tropism was inferred using the geno2pheno algo-
rithm (cutpoints: 3.5 for ‘deep’; 5.75 for population-
based sequencing). VF sequences were evaluated for 
phylogenetic relatedness to pre- treatment ‘deep’ 454 
sequencing data.

RESULTS: Of 105 VF samples analysed, Trofile and 
population-based sequencing had overall agreement in 
95 cases (90%). Both methods indicated non-R5 in 59 
samples and R5 in 36, with 10 samples called non-R5 
by Trofile and R5 by genotype. These results confirm 
that maraviroc failure usually selects for non-R5 vari-
ants that can be recognized by algorithms designed 
for detection of non-R5 HIV in untreated individuals. 
In 36% (25/69) of VF cases with phenotypic tropism 
change, ‘deep’ sequencing identified the sample as 
already having >2% non-R5 virus at study screening. 
In 52% of cases (36/69), a non-R5 sequence closely 
related to that present at VF could be detected pre-
treatment by 454. These results suggest outgrowth of 
pre-existing non-R5 variants, confirmed in most cases 
by phylogenetic analysis. The majority (88%) of these 
tropism changes occurred by week 8; and follow-up 
non-R5 variants usually had very low g2p values by 
population-based sequencing (median <0.8).

A total of 34% of failing patients had R5 virus by both 
methods (36/105); some 83% (30/36) of these remained 

phenotypicly R5 at all weeks tested. A more complete 
V3 dataset is in process and should allow genotypic 
characterization of maraviroc-resistant variants.

CONCLUSIONS: Genotypic and phenotypic tropism 
assays can detect tropism changes upon failure of mar-
aviroc-containing regimens. Many virological failures 
show outgrowth of pre-existing minority variants that 
could be detected earlier with ‘deep’ 454 sequencing, 
with a tendency for the selection of ‘strongly’ non-R5 
variants with very low g2p scores.
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Use of the enhanced sensitivity tropism assay 
(ESTA) to predict on-treatment detection of 
CXCR4-using virus and impact on virological 
outcomes in a vicriviroc (VCV) Phase II 
treatment-experienced study (VICTOR-E1)

JM Strizki1, P McNicholas1, P Mann1, L Wojcik1, 
P Qiu1, J Shen1, M McCarthy1, LM Dunkle1, TA Black1

1Merck, Kenilworth, NJ, USA

BACKGROUND: CCR5 receptor antagonists block 
entry of CCR5-tropic (R5) HIV-1, but not CXCR4-
tropic (X4) virus. To minimize failure of CCR5 antago-
nist therapy, subjects are screened to exclude those with 
pre-existing X4-using variants prior to therapy. The 
Monogram ESTA has been reported to improve iden-
tification of subjects with a low prevalence (0.3%) of 
X4 virus.

METHODS: The standard Trofile assay was used to 
determine viral tropism throughout the VICTOR-E1 
trial. A post-hoc sequence-based tropism assessment 
(PSSM and Geno2Pheno) was performed on baseline 
(BL) and on-treatment (OT) envelope clones generated 
from 12 of 25 subjects who had detectable X4-using 
virus OT. Tropism calls were confirmed by introducing 
the V3 loop from select clones into full-length gp160 and 
performing a phenotypic assay. A post-hoc reanalysis of 
114 BL samples was also performed using the ESTA and 
virological outcomes reassessed following exclusion of 
subjects having X4-using virus detected at BL.

RESULTS: Among 114 enrolled subjects, Trofile identi-
fied 6 and reanalysis with ESTA identified an additional 
22 subjects having X4-using virus at BL. Exclusion of 
these 28 subjects from the analysis did not significantly 
improve the virological response to VCV. Among the 
86 subjects with R5 at BL, 28 (33%) were virological 
failures compared with 8 of 28 (29%) with BL X4. 
Clonal analysis of envelope sequences identified X4 
virus at BL at frequencies ≥0.3 % in 10 of 12 subjects 
with X4-using virus detected OT; 6 of which were clas-
sified as R5 by ESTA. Thirteen of the 22 subjects with 
X4-using virus detected at BL by the ESTA did not have 
X4 virus detected OT. 

CONCLUSIONS: Clonal analysis demonstrated that 
the sensitivity of ESTA was variable and did not con-
sistently identify X4-using virus in BL samples having 
X4 clone frequencies ≥0.3%. Conversely, 59% (13/22) 
of subjects called X4 by ESTA did not have X4-using 
virus detected OT. Sequence-based analysis of cloned 

V3 loops identified X4 virus at BL in 83% (10/12) of 
subjects tested with X4 detected OT. Using ESTA to 
exclude additional subjects with X4 virus at BL did not 
improve the overall outcome of the study.
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Defining evolutionary pathways and genetic 
barriers to CXCR4-mediated entry by HIV type-1

W Huang1, A Frantzell1, J Toma1, S Fransen1, 
JM Whitcomb1, E Stawiski1, CJ Petropoulos1

1Monogram Biosciences, South San Francisco, CA USA

BACKGROUND: Although genetic determinants 
within the V3 loop of HIV-1 envelope have been firmly 
associated with CXCR4-mediated entry, the evolution-
ary pathways leading to efficient CXCR4 use remain 
poorly defined. Here we have detailed the genotypic 
composition and phenotypic characteristics of envelope 
sequences derived from patient virus populations that 
use CCR5 and/or CXCR4. 

METHODS: The tropism of 35 viruses containing unam-
biguous V3 sequences (no mixtures) and basic amino acid 
substitutions at position 11 or 25, or lacking a poten-
tial N-linked glycosylation site (PNGS) at position 6–8 
were evaluated. Twelve patient viruses containing mixed 
amino acid sequences at these positions were evaluated 
by clonal analysis. Coreceptor utilization was determined 
by Trofile and V3 sequences were analysed using conven-
tional methods. Site-directed mutagenesis was used to 
introduce single amino acid substitutions (S11K, S11R, 
E25K, E25R, N6Q) into the V3 regions of three R5-tropic 
clones and R11S reversions into two dual-tropic clones of 
patient isolates. V3 structure modelling was performed 
using paired R5- and dual-clones from four patients.

RESULTS: Analysis of the tropism and V3 sequences of 
virus populations and individual clones indicated that 
basic amino acid substitutions at position 11 are strong 
determinants of CXCR4-mediated entry, but require mul-
tiple compensatory mutations to overcome associated 
reductions in infectivity; basic amino acid substitutions 
at position 25, or substitutions that result in loss of the 
PNGS at position 6–8, contribute to CXCR4-mediated 
entry, but require additional substitutions acting coop-
eratively to confer efficient CXCR4 use. We also noticed 
that variants that efficiently mediate CXCR4 entry may 
share identical V3 sequences with R5 variants, demon-
strating that regions outside of V3 can independently 
confer efficient CXCR4 use. These observations were 
confirmed by analysing a panel of site-directed mutants. 
Modelling of patient V3 sequence charge and structure 
supported the association between multiple amino acid 
changes in V3 and efficient use of CXCR4.

CONCLUSION: Our study demonstrates that CCR5-
to-CXCR4 coreceptor switching by HIV requires 

multiple and sequential amino acid changes in enve-
lope. The impact of individual V3 substitutions on 
CXCR4 utilization is generally subtle and backbone 
dependant. Our results further define the evolutionary 
pathways leading to CXCR4 use and their associated 
genetic barriers. 
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Specific genetic signatures in V3 base can 
modulate coreceptor usage in vivo, the interaction 
with neutralizing antibodies and HIV-1 
cytopathic effect 
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BACKGROUND: We recently identified additional 
V3 determinants correlated with different coreceptor-
usage. Here, we investigate the effect of such determi-
nants on the interaction with CCR5 N-terminus, cru-
cial for R5-viruses entry, and with human neutralizing 
antibody-412d (so far investigated mostly for V3 posi-
tions 11 and 25), and their correlation with viroimmu-
nological parameters. 

METHODS: HIV-1 coreceptor-usage was assessed 
in 544 HIV-1 (all B-subtype) infected patients by 
V3-sequencing+tropism prediction using geno2pheno-
algorithm (false-positive rate =10%). Genotypic test-
ing reported 410 R5-viruses and 134 X4-viruses. The 
gp120-interaction with CCR5 N-terminus/antibody-
412d was evaluated by docking-analysis/molecular-
 dynamic simulations starting from the model described 
elsewhere (Huang C-C et al., 2007). 

RESULTS: Additional V3 genetic determinants (beyond 
V3 positions 11/25) significantly correlate with CCR5 
or CXCR4 usage. Some of them, associated with 
CXCR4 usage and localized in V3 base, modulate 
gp120 affinity for CCR5 N-terminus. This is the case 
of N5Y and N7K, completely absent in R5 viruses and 
present in 4.5% and 6% of X4 viruses, respectively, and 
Q32K, occurring in 14.9% of R5 viruses and 28.4% 
of X4 viruses (P<0.005 after multiple-comparison cor-
rection). Their presence determines a decreased affin-
ity for CCR5 N-terminus equal or stronger than that 
already observed in presence of S11R or E25R (N5Y 
-6.60 Kcal/mol, N7K -5.40 Kcal/mol, Q32K -6.70 Kcal/
mol, S11R=E25R -6.70 Kcal/mol, WT -6.90Kcal/mol). 
N7K (also when alone) increases the distance between 
V3 position 7 and sulphotyrosine at CCR5 position 
14 (crucial for binding to gp120), thus abrogating the 
interaction between these two important residues. 

Beyond decreasing gp120 affinity for CCR5 
N- terminus, N5Y and N7K determine also an 
increased affinity for neutralizing antibody 412d, 
again stronger than that in S11R presence (N5Y -6.50 
Kcal/mol, N7K -6.60 Kcal/mol, S11R -6.30 Kcal/mol, 
WT -5.50 Kcal/mol). This supports their ability to 
modulate HIV binding to neutralizing antibodies. 

A correlation with viroimmunological parameters 
shows that, among all V3 determinants associated 
with CXCR4 usage identified, N5Y and T8A/I (but not 
mutations at any other site, including all X4-known 
positions) are associated with lower CD4 count, (103 
±115 cells/µl with N5Y versus 349 ±188 cells/µl with-
out N5Y [P=0.03] and 37 ±24 cells/µl with T8A/I ver-
sus 302 ±175 cells/µl without T8A/I [P=0.02] after 
multiple correction), suggesting their ability to interfere 
with HIV cytopathicity. No correlation with viraemia 
is found

CONCLUSION: This study provides a snapshot of 
molecular mechanisms underlying HIV-1 corecep-
tor usage and binding to neutralizing antibodies. This 
information can be used to optimize the use of geno-
typic tropism testing and has molecular implications 
for the design of vaccine and new entry inhibitors.
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Clinical, virological and immunological 
characteristics of patients with discordant 
phenotypic and genotypic (ultra-deep sequencing) 
tropism test results: analysis of tropism calls in 
MOTIVATE and 1029
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RA McGovern4, LC Swenson4, PR Harrigan4
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2Pfizer Global Research and Development, Sandwich, UK 
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OBJECTIVES: Tropism determination by phenotypic 
(Trofile) and genotypic (ultradeep V3 loop sequencing) 
methods predicts response to maraviroc. Trials MOTI-
VATE and 1029 evaluated maraviroc in patients with 
CCR5-tropic (R5) or non-R5 virus. Retrospective anal-
ysis of concordant and discordant tropism results from 
these trials can help ascertain whether some patients 
with phenotypic non-R5 virus can respond to maravi-
roc and can help improve predictions.

METHODS: Clinical, virological and immunologi-
cal characteristics of 889 patients were evaluated with 
respect to tropism determination by 454 sequencing or 
original Trofile, including CXCR4 luciferase outputs 
(RLU). Patients with >2% non-R5 virus by 454 (3.5 
FPR using g2p) were categorized as non-R5. 

RESULTS: Most patients had concordant tropism results 
(749, 84%). Of the 140 patients with discordant results, 
most (125/140, 89%) were R5 by Trofile and non-R5 by 
454. Median baseline CD4+ cell counts trended higher in 
patients with concordant R5 tropism results (179 cells/
mm3) than in patients with concordant non-R5 results 
(58 cells/mm3) and discordant R5 (15 cells/mm3) or 
non-R5 (79 cells/mm3) by 454. Baseline viral load and 
numbers of active drugs were comparable. Patients with 
discordant calls (non-R5 by 454) had lower median 
CXCR4-using virus than those with concordant non-R5 
(14% versus 47%, 454); median CXCR4 RLU was sim-
ilar to that of concordant R5 patients (77 versus 72), 
and median week 8 viral load reductions were similar 
compared with concordant non-R5 patients (1.3 versus 
1.2). Corresponding reductions were 2.5 and 2 in the 
concordant R5 and discordant R5 454 groups. Among 
patients with inadequate background activity (wSS <2), 
corresponding median week 8 viral load reductions were 
2.4, 0.4, 1.7 and 0.5 logs in concordant R5, concordant 
non-R5, discordant R5 454 and discordant non-R5 454 
groups, respectively.

CONCLUSION: Most patients had concordant tropism 
results. Non-R5 454/R5-Trofile patients had significant 
amounts of non-R5 virus and did not respond to mara-
viroc, confirming the lower sensitivity of the original 
Trofile assay versus the current ESTA, as shown by the 
low CXCR4 RLU signal. Response to maraviroc was 
similar in patients with R5-454/X4-Trofile and patients 
with concordant R5 results. Genotypic and newer phe-
notypic tests appear optimized to select responders to 
CCR5 antagonists.
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Pairwise comparison of genotypic tropism 
prediction between 1 reference centre and 10 
European laboratories
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AIM: Genotypic approaches demonstrated good 
 performance in retrospective analyses of the MERIT 
and MOTIVATE studies and in prospective cohort 
analyses of patients receiving maraviroc. As protocols 
for testing vary, we evaluated the agreement in tro-
pism testing performed in 10 European laboratories 
(EU-labs).

METHODS: Plasma samples from 137 patients from 
9 EU-labs were randomly chosen for sequencing at the 
origin HIV centre and at the University of Cologne ref-
erence laboratory. The V3 loop of the gp120 was sub-
typed and interpreted with the geno2pheno[coreceptor] tool 
(g2p) tool using 5% and 10% FPRs. A Trofile assay 
from 61 samples was performed in parallel.

RESULTS: A total of 122/137 (89.1%) samples were 
successfully analysed at the respective EU-lab and 
Cologne (88 subtype B and 24 non-B).

Using FPR=10%, EU-labs predicted 85/112 sequences 
as R5 and 27/112 as X4, while Cologne classified 81/112 
as R5 and 31/112 as X4. The overall concordance 
between EU-labs and Cologne was 100/112 (89.3%). 

Concordant results were obtained for 79/88 (89.8%) of 
subtype B and 19/24 (79.2%) of non-B isolates.

For FPR=5%, EU-labs reported 94/112 sequences as 
R5 and 18/112 as X4, while Cologne classified 92/112 
as R5 and 20/112 as X4, resulting in a concordance of 
also 100/112 (89.3%). Seventy-seven of 88 (87.5%) of 
clade B and 23/24 (95.8%) of non-B isolates produced 
concordant results.

Of the 61 samples analysed by Trofile, 1 produced a 
negative result, 39 were reported as R5 and 21 as X4. 
Fourty-three of 61 (70.5%) and 45/61 (73.8%) matched 
the 10% and 5% FPR-concordant results from EU-labs 
and Cologne.

CONCLUSIONS: We show a high concordance in the 
genotypic approach for tropism prediction among dif-
ferent European laboratories, with no major differences 
between B and non-B subtypes. Causes for these dis-
crepancies were not analysed, but may have arisen from 
differences in primers and procedures.

In our dataset, the best concordance was obtained 
using 5% FPR. However, to ensure a safe adminis-
tration of maraviroc, the guidelines still recommend 
higher FPR cutoffs.

Of note, poor quality sequencing data are interpreted 
as CXCR4 usage by g2p; therefore, avoiding a false 
prediction of R5 tropism and therefore ensuring a safe 
prescription of maraviroc.
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The HBV genetic barrier and the overlapping 
structure of HBV genome synergistically 
modulate drug resistance emergence and 
immune-escape potential of HBV genotypes 
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BACKGROUND: The effect of HBV genetic barrier 
(defined as the number and type of nucleotide substitu-
tions required to overcome drug/immune selective pres-
sure; see Methods) is still unknown. Because of the high 
variability among HBV genotypes, we analysed whether 
specific HBV genotypes show different genetic barriers 
for drug-resistance/immune-escape development. 

METHODS: This study includes 3,482 HBV-RT/HBsAg 
sequences from 555 drug-naive and 2,927 antiviral-
treated patients, isolated in Europe and Asia, infected 
with HBV genotype A (n=542), B (n=607), C (n=1,332), 
D (n=689), E (n=198), F (n=74) or G (n=42). The genetic 
barrier was calculated as the sum of nucleotide transi-
tion (score =1) and/or nucleotide transversion (score 
=2.5) required for the evolution to any drug-resistance/
immune-escape mutations. Fourteen RT codons known 
to be associated with drug resistance: 80-169-173-180-
181-184-191-194-202-204-215-233-236-250, and 13 
HBsAg-codons known to be associated with immune/
diagnostic-escape: 114-118-120-123-126-128-129-
130-131-133-141-144-145, were analysed. 

RESULTS: The HBV genetic-barrier estimated in drug-
naive patients varies according to the type of drug 

resistance mutations. The lowest genetic barrier is 
observed for primary mutations rtM204I/V, rtA181T/
V/S, rtI169T and rtA194T. Indeed, their appearance 
requires only a single transition. Conversely, the 
highest values are found for secondary/compensa-
tory mutations (for example, rtL80I/V, rtL180M, 
rtV173L). Each of them requires a transversion or ≥2 
nucleotide substitutions.

Despite a natural variability, the genetic barrier for 
drug resistance development was identical among all 
HBV genotypes. In case of immune escape, genetic bar-
rier for development of specific HBsAg-mutations var-
ies among HBV genotypes. This is the case of genotypes 
A and G, more prone to develop the immune/diagnos-
tic-escape mutations sT114R, sG130N. The vaccine-
escape- associated sT131N mutation is a natural poly-
morphism in both genotypes A and G. 

The analysis in antiviral-treated patients shows that in 
all HBV-genotypes, immune-escape and drug-resistance 
development always follows the pathway with the low-
est genetic barrier score. An exception is rtM204I. This 
mutation can derive from the transition ATG to ATA 
(with low genetic barrier) or from the transversions ATG 
to AAT/ATC (with high genetic barrier). Although ATA 
codon is associated with low genetic barrier, it causes 
a stop-codon in HBsAg-positions sW196, not compat-
ible with virus-replication. For this reason, ATT/ATC-
codons are preferred for 204I, and commonly detected 
in lamivudine-failing patients.

CONCLUSIONS: Our study shows that the genetic-
barrier and the RT/HBsAg-overlapping influence HBV 
drug-resistance/immune-escape development. The 
different immune-escape potential of specific HBV 
 genotypes can have important clinical consequences 
in terms of disease-progression, vaccine-strategies 
and correct HBsAg-detection. 

Absract book.indb   23 4/6/10   15:01:14



Dubrovnik, Croatia, 8–12 June 2010

Programme & AbstractsA24

AbstrAct 16
Antiviral Therapy 2010; 15 suppl 2:A24

Analysis of resistance in virological failures during 
IFN/RBV therapy post 28 day treatment with 
MK7009; results through week 24 of the Phase IIa 
dosing finding study in genotype 1 patients.
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MK-7009 is a non-covalent competitive inhibitor of 
HCV NS3/4A protease. This Phase IIA study was a 
randomized, placebo-controlled, double-blind study of 
MK-7009 in treatment-naive CHC patients. MK-7009/
placebo was administered for 28 days with PEG-IFN/
RBV in 1 of 4 doses: placebo, 300 mg twice daily, 
600 mg twice daily, 600 mg once daily or 800 mg once 
daily versus placebo; all patients subsequently contin-
ued PEG-IFN/RBV for an additional 44 weeks. For 
these analyses, the NS3 region of the HCV genome was 
amplified by RT-PCR from RNA purified from patient 
plasma and clonal sequencing was performed on the 
resultant NS3 amplicons at multiple time points on a 
total of nine virological failure patients.

Four of the nine patients experienced virological break-
through during dosing with MK-7009 (by day 28 of 
the study). All four patients had virus that have been 
associated with reduced susceptibility to MK-7009.

Five patients experienced virological failure post-dosing 
with MK-7009 during PEG-IFN/RBV treatment. Due 
to assay sensitivity limitations, resistance analysis could 
not be performed on virus from two of these patients. 
One patient had HCV genotype 1A virus that exhib-
ited high levels of the R155K variant upon failure at 
112 days after dosing with MK-7009. Conversely, two 
patients in this group had HCV genotype 1B virus that 
exhibited either no or very low levels of MK-7009 resist-
ance variants 140 days after dosing with MK-7009.

The R155K variant is likely enriched in the population 
of genotype 1A virions during the 28-day MK-7009 
treatment period and persisted at high levels >100 days 
after cessation of MK-7009 dosing. The persistence of 
virions harbouring R155K in the absence of selective 
drug pressure is likely due to the high degree of replica-
tive fitness reported for this variant. By contrast, R155K 

is rarely selected in genotype 1B virions as it requires 
two nucleotide changes at the R155 codon in the geno-
type 1B genome. In clinical studies of MK-7009, geno-
type 1B failures have mutations at position D168. As 
D168 variants have been reported to be markedly less 
fit than the R155K variant, this difference could explain 
the apparent lack of resistance variants detected when 
patients infected with genotype 1B experience virologi-
cal failure during PEG-IFN/RBV treatment, post-MK-
7009 dosing.
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Avoiding drug resistance against HCV NS3/4A 
protease inhibitors
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BACKGROUND: Hepatitis C virus infects an estimated 
180 million people worldwide, prompting consider-
able efforts to develop inhibitors targeting the essen-
tial viral protease NS3/4A. However, resistance against 
some of the most promising protease inhibitors, such 
as boceprevir, telaprevir, and ITMN-191, and TMC435 
has emerged in replicon studies and clinical trials. 
Alarmingly, single-site mutations at A156 and R155 
have been shown to confer high-level resistance against 
nearly all protease inhibitors currently in development. 
A more detailed understanding of the molecular basis 
underlying these observed resistance profiles is critical 
to the development of future drugs that are less suscep-
tible to resistance.

METHODS: In this study, we investigate the balance 
between substrate recognition by NS3/4A protease 
and the occurrence of drug resistance. Peptides corre-
sponding to the viral cleavage products (4A4B, 4B5A, 
5A5B) were crystallized in complex with the inactive 
protease domain of NS3/4A. Structural alignments 
were performed with the full-length NS3/4A structure 
(PDB code 1CU1) to characterize the mode of substrate 
binding. The crystal structure of NS3/4A protease 
was also solved in complex with ITMN-191, which 
we synthesized. A structural analysis was then carried 
out to investigate the binding modality of ITMN-191, 
boceprevir (PDB code 2OC8) and TMC435 (PDB code 
2KEE) relative to the NS3/4A cleavage products.

RESULTS: The analysis of the four product complexes 
reveals a conserved ‘substrate envelope’ defined as the 
consensus volume shared by any three of the four pep-
tides. Mutations conferring the most severe resistance in 
the clinic occur where the inhibitors protrude from the 
substrate envelope, as these changes selectively weaken 
inhibitor binding without compromising the binding 
of substrates. The P2 groups of boceprevir (PDB code 
2OC8), ITMN-191 (1.25 Å) and TMC435 (PDB code 
2KEE) all protrude extensively from the substrate enve-
lope to contact residues A156 and R155, which mutate 
to confer multidrug resistance. Furthermore, an alter-
native conformation of R155, not found in the prod-
uct complexes, stacks against the P2 aromatic rings of 
ITMN-191 and TMC435. These interactions are fur-
ther stabilized by a hydrogen bond with D168, which 

mutates to confer resistance specifically to ITMN-191, 
TMC435 and other macrocyclic drugs containing aro-
matic P2 moieties.

CONCLUSIONS: Our findings suggest a general model 
for using the substrate envelope to predict patterns of 
drug resistance in other quickly evolving diseases. For 
drug resistance to occur, mutations must selectively 
weaken a target’s affinity for an inhibitor without sig-
nificantly altering its natural biological function. Muta-
tions occurring outside the substrate envelope are better 
able to achieve this effect, as these molecular changes 
can selectively alter inhibitor binding without compro-
mising the binding of natural substrates. As a general 
paradigm, design efforts incorporating the substrate 
envelope would facilitate a more rationale evaluation 
of drug candidates and lead to the development of more 
robust inhibitors that are less susceptible to resistance.
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Resistance profile of the novel hepatitis C virus 
(HCV) acyclic nucleoside phosphonate inhibitor 
ODE-S-MPMPA
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BACKGROUND: Alkoxyalkyl esters (octadecyloxye-
thyl [ODE]) of the acyclic nucleoside phosphonates 3-hy-
droxy-2-(phosphonomethoxypropyl)adenine (HPMPA) 
and 3-methoxy-2-(phosphonomethoxypropyl)adenine 
(MPMPA) inhibit HCV replication in vitro. The resist-
ance profile of these compounds is unknown. We sought 
to describe resistance mutations associated with these 
compounds and determine whether cross-resistance 
with the 2′-C-methyl nucleosides (S282T) existed.

METHODS: Compound activity was determined in cells 
stably expressing HCV genotypes 1b and 2a luciferase 
replicons. Resistance selection was carried out in 1b rep-
licon cells under G418 selection with increasing concen-
trations (1, 3 and 9 µM) of ODE-S-MPMPA over 6–8 
weeks. Total cellular RNA was harvested from resist-
ant cells and the NS5B gene amplified and sequenced. 
Candidate resistance mutations, as well as the S282T 
mutation, were introduced into wild-type replicons via 
site-directed mutagenesis and confirmed by sequenc-
ing. Due to the impaired replication of some mutants, 
transient replication assays were carried out using the 
2a replicon. Dose response curves were generated and 
fold-changes in EC50 versus wild type calculated. 

RESULTS: The EC50s of ODE-S-HPMPA and ODE-S-
MPMPA were 1.55 ±0.50 µM and 1.43 ±0.38 µM in 
the genotype 1b and 1.65 ±0.33 µM and 2.38 ±1.09 µM 
in the 2a replicons, respectively. Mutations identified 
in the genotype 1b replicon include Q49L, K50N and 
Q58L, all of which are within, or in close proximity 
to, the highly conserved nucleotide triphosphate tun-
nel of the polymerase. Introduction of the K50N muta-
tion back into the wild-type 2a replicon resulted in a 
1.6-fold increase in MPMPA EC50s. The S282T muta-
tion conferred a 2.5-fold increase in EC50 for both 
MPMPA and HPMPA and a 2.4-fold increase for 2′-C-
methyladenosine. The K50N replicon had a replication 
capacity of 169% (±21%, n=4) whereas the replication 
capacity of the S282T mutant was 8% (±2%, n=5).

CONCLUSIONS: ODE-S-MPMPA selects for unique 
resistance mutations in the HCV NS5B nucleotide 

triphosphate tunnel. The K50N mutation results in a 
modest increase in EC50, but also increases the repli-
cation capacity of the replicon. This pattern suggests 
K50N may function as a compensatory mutation 
in concert with the other identified mutations. Cross 
resistance was found with regard to the previously 
described polymerase active site mutant S282T. Studies 
are underway to characterize the other mutants found 
individually and in combination.
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Deep-sequencing analysis of baseline and on-
treatment samples from HCV genotype-1 patients 
treated for 5 days with TMC435 monotherapy 
and subsequently retreated with TMC435 in 
combination with PEG-IFN-α2a/ribavirin 

O Lenz1, L Vijgen1, T Verbinnen1, H van Marck1, 
I Vandenbroucke1, M Peeters1, G De Smedt1, 
K Simmen1, G Fanning1, H Reesink2, G Picchio3 
1Tibotec BVBA, Mechelen, Belgium 
2Academic Medical Center, Amsterdam, the Netherlands 
3Tibotec Inc., Yardley, PA, USA

TMC435 is a HCV NS3/4A protease inhibitor. In the 
Phase I study TMC435-C101 (C101), 6 HCV geno-
type-1 IFN treatment-experienced patients received 
TMC435 monotherapy (200 mg once daily) for 5 days. 
Approximately 1.5 years later, 5/6 patients were enrolled 
in the OPERA-1 study and retreated with TMC435 
(200 mg once daily) plus PEG-IFN-α2a/ribavirin with 
4/5 patients reaching HCV RNA levels <25 IU/ml at 
day 28 of OPERA-1. Presence at baseline, emergence 
and persistence of viral variants and their impact on 
retreatment were studied.

Population, clonal and 454 ultra-deep sequencing of 
the HCV NS3 region were performed in all subjects. 
Phenotypic analysis was conducted using a chimeric 
genotype 1b replicon system. 

Baseline population sequencing of study C101 identi-
fied 2/6 patients with substitutions at NS3 amino acid 
positions, known to affect susceptibility to TMC435 
in vitro (Q80K and D168D/E, respectively). Decreases 
in HCV RNA were comparable between patients and 
no viral breakthroughs were observed. Emerging muta-
tions at one or more of the NS3 amino acid positions 
80, 155, 156, 168 were detected in all 6 subjects and 
these were associated in vitro with fold changes (FC) 
in EC50 values for TMC435 of >100. At baseline of 
the subsequent OPERA-1 study, population sequenc-
ing and phenotyping revealed similar NS3 sequences 
and FC values as observed prior to TMC435 admin-
istration. However, 454 sequence analysis detected 
additional variants to those observed with population 
sequencing, for example, in one patient, previously 
selected R155K mutation was detected at low frequency 
(<2%) at baseline of OPERA-1. In another patient, 
mutations Q80R/D168E detected as minority variant 
during C101 using 454 sequencing were not found at 
baseline of OPERA-1, but emerged as a major vari-
ant upon retreatment with TMC435. Although overall 

changes in HCV RNA were comparable between both 
studies, a lower decrease from baseline compared with 
C101 was observed in these two patients at day 3 (-3.7 
log10 IU/ml compared with -2.9 log10 IU/ml) or day 7 
(-3.5 log10 IU/ml compared with -2.8 log10 IU/ml) of 
OPERA-1, respectively. 

Viral variants that emerged during first exposure to 
TMC435 in study C101 were mostly replaced by wild-
type virus over time, whereas some persisted at low fre-
quencies based on deep-sequencing analysis. 
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Selection and characterization of hepatitis C virus 
replicons using combination of NS3 protease and 
NS5B non-nucleoside inhibitors or combination of 
NS5B nucleotide inhibitors

AM Lam1, S Bansal1, C Espiritu1, MJ Otto1, 
PA Furman1

Pharmasset, Inc., Princeton, NJ, USA

BACKGROUND: One consequence of the error-prone 
nature of the HCV NS5B polymerase is the develop-
ment of drug-resistant mutants, resulting in lack of 
suppression and/or viral rebound. Combination treat-
ment using HCV inhibitors with different modes of 
action may prevent or delay the development of resist-
ant mutations. In this study, we performed resistance 
selections with the combination of a protease inhibi-
tor plus a NS5B non-nucleoside inhibitor or two NS5B 
nucleotide inhibitors. Resistance selection of these com-
pounds alone was also characterized.

METHODS: VX950 plus HCV796 comprised the pro-
tease/non-nucleoside combination and PSI-7977 plus 
PSI-352938 comprised the dual nucleotide combina-
tion. Cells containing the genotype 1b replicon were 
treated with combinations starting at the approximate 
EC50 values of the individual compounds and gradu-
ally increased during the course of selection. Changes in 
sensitivity were monitored using quantitative real-time 
PCR. Resistant mutations were identified by reverse 
transcription, PCR amplification and sequencing of the 
NS3 protease or NS5B regions. 

RESULTS: A time-dependent loss of sensitivity was 
observed for the combination of VX950 plus HCV796. 
The EC50 values increased by about threefold for each 
compound on day 21, by >10-fold on day 46 and 
by >20-fold on day 56. Sequencing analyses on day 
46 identified one known NS5B polymerase resistant 
mutation (C445F) and multiple known NS3 protease-
 resistant mutations (A156S/T, V170A and G282S/V). 
Using identical selection procedures, the nucleotide 
analogue combination produced little change in suscep-
tibility. After 120 days the difference in EC50 values was 
only ~threefold. Resistance selection with the individual 
compounds VX950, HCV796, or PSI-7977 produced 
the expected mutations. Selection with PSI-352938 has 
not yet identified a mutation that confers resistance to 
this compound.

CONCLUSION: The combination of VX950 plus 
HCV796 selected for HCV replicons that were resistant 

to both molecules. Combinations with the nucleotides 
PSI-7977 and PSI-352938 did not appear to select for 
resistance over a significant time period. Results from 
the current study suggest that combination therapies 
using complementary NS5B nucleotide analogues could 
provide a significant barrier to resistance selection that 
might not be seen with a combination of a protease 
inhibitor plus a non-nucleoside inhibitor. 
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Characterization of resistant variants in 
treatment-experienced genotype-1 HCV patients 
receiving telaprevir/peginterferon/ribavirin in 
Phase II clinical trials

DJ Bartels1, JC Sullivan1, EZ Zhang1, AM Tigges1, 
JL Dorrian1, AD Kwong1, TL Kieffer1

1Vertex Pharmaceuticals Incorporated, Cambridge, MA, USA

BACKGROUND: Telaprevir (TVR, T) has been evalu-
ated in combination with peginterferon and ribavi-
rin (PR) in Phase II studies of treatment-naive and 
treatment- experienced genotype-1 HCV patients. Pop-
ulation sequencing in treatment-naive subjects receiv-
ing a TVR-based regimen has revealed a consistent 
resistance profile, with variants in the NS3 protease 
at amino acid positions V36, T54, R155 and A156. 
Here we report the TVR resistance profile in prior PR 
treatment- experienced subjects. 

METHODS: Plasma samples for viral sequencing were 
taken at baseline and at each HCV RNA assessment. 
The NS3•4A region was amplified by nested RT-PCR 
and sequenced directly in samples with HCV RNA 
>1,000 IU/ml. Resistance profiles were analysed by 
prior PR response: i) non-responders or relapsers in 
PROVE3 and ii) well-characterized non-responders 
(null responders or partial responders) and relapsers 
in rollover Study 107, and compared with treatment-
 naive patients having received T12/PR regimens in 
Phase II studies (PROVE1 and PROVE2).

RESULTS: The clinical resistance profile of treatment-
experienced subjects receiving a TVR-based regimen is 
consistent with that previously observed for treatment-
naive subjects. In subjects receiving T/PR, virological 
failure rates due to stopping rules or viral breakthrough 
were low in prior PR relapsers, regardless of subtype. 
Virological failure rates were also low in prior PR non-
responders with genotype 1b infections; however, rates 
were higher in subjects with genotype 1a. Virological 
failure was predominantly associated with the higher-
level TVR-resistant variant, V36M+R155K, which 
was observed only in subtype 1a, presumably due to 
the lower genetic barrier compared with subtype 1b. 
Relapse rates were low in subjects who completed the 
assigned 48 weeks of a T/PR regimen and were usu-
ally associated with lower-level TVR-resistant variants 
(V36M/A, T54A or R155K/T).

CONCLUSIONS: In two phase II studies of PR- 
experienced subjects (PROVE3 and Study 107), TVR 

in combination with PR provided significantly higher 
SVR rates than were achieved with retreatment with 
PR alone in PROVE3. For the subset of subjects that 
failed to achieve SVR, the resistance profile was con-
sistent with that observed in studies of treatment-naive 
subjects. On-treatment virological failure was associ-
ated with higher-level TVR-resistant variants, whereas 
relapse was predominantly associated with lower-level 
TVR-resistant variants.
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Long-term follow-up of patients treated with 
boceprevir in combination with PEG-Intron/
ribavirin (P/R): durability of responses and rates 
of reversion of resistance mutations

R Ralston1, J Vierling2, E Lawitz3, J McCone4, 
S Gordon5, D Pound6, M Davis7, J Galati8, 
I Jacobson9, L Rossaro10, F Anderson11, J King12, 
W Cassidy13, M Bourliere14, R Esteban-Mur15, 
N Ravendhran16, G Galler17, J Long1, N Boparai1, 
P Mendez1, C Brass1, J Albrecht1

1Merck Research Laboratories, Kenilworth, NJ, USA 
2Advanced Liver Therapies/St. Luke’s Episcopal Hospital, Houston, 
TX, USA 
3Alamo Medical Research, San Antonio, TX, USA 
4Mount Vernon Endoscopy Center, Alexandria, VA, USA 
5Henry Ford Hospital, Detroit, MI, USA 
6Indianapolis Gastroenterology Research Foundation, 
Indianapolis, IN, USA 
7South Florida Center of Gastroenterology, Wellington, FL, USA 
8Liver Specialists of Texas, Houston, TX, USA 
9Weill Medical College of Cornell University, New York, NY, USA 
10Davis Medical Center, University of California, Sacramento, 
CA, USA 
11The Liver and Intestinal Research Centre, Vancouver, Canada 
12LSU Medical Center, Louisiana State University, Shreveport, LA, USA 
13Louisiana State University, Baton Rouge, LA, USA 
14Hospital Saint Joseph, Marseille Cedex, France 
15Hospital Vall d’Hebron, Barcelona, Spain 
16Digestive Disease Associates, Baltimore, MD, USA 
17Kelsey Research Foundation, Houston, TX, USA

BACKGROUND: Combination treatment of chronic 
hepatitis C genotype 1 with boceprevir, an inhibitor of 
the HCV NS3 serine protease, leads to high rates of 
sustained virological response (SVR). The durability of 
SVR and the natural history of resistance mutations in 
patients not responding to therapy are unknown. To 
characterize long-term outcomes, patients who par-
ticipated in boceprevir trials are being monitored for 
3 years post-therapy.

METHODS: We evaluated samples from 604 patients 
(treatment-naive or P/R failures) who received 
boceprevir plus PEG-Intron ±ribavirin in 2 Phase II 
trials. HCV RNA was detected using Roche Taqman 
(LLD=29 IU/ml). Resistance mutations were detected 
by population sequencing of the NS3 protease region 
(codons 1–181) by Virco BBVA (Belgium) and/or by 
sponsor. Kaplan–Meier analysis was used to compare 
the loss of detectable resistance mutations in the NS3 
1–181 sequence. 

RESULTS: No late relapse was confirmed in the 290 
subjects who previously had SVR. Subjects (n=172) 
who received boceprevir treatment and who did not 
achieve SVR were followed for ≥2 years, from the 
naive trial (38/373; 16%) and from the treatment fail-
ure trial (134/226; 59%) in which no patient received 
the current treatment regimen. We identified 18 
boceprevir- resistant mutations in the following pro-
portions: R155K 64%, T54S 54%, V36M 54%, T54A 
22% and others <9% each. We used a Kaplan–Meier 
method to determine the rate of return of individual 
resistance mutations to wild type, treating each muta-
tion independently and tracking for each patient only 
the positions which were wild type at baseline. The 
time to return to wild type was shorter for patients 
with V36M, median time 0.50 years, compared with 
those with T54S or R155K, median times 1.43 and 
1.19 years, respectively.

CONCLUSION: Specific resistance mutations to 
boceprevir decreased at different rates, V36M decreased 
fastest; T54S and R155K decreased at similar rates. The 
variation in the rates of decline likely reflects the rela-
tive fitness of the mutants.
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Molecular characterization of HCV resistance to 
telaprevir, a novel, potent HCV protease inhibitor

S Chevaliez1, C Rodriguez1, A Ahmed-Belkacem1, 
L Barbotte1, A Soulier1, D Bartels2, Y Zhou2, 
A Ardzinski2, N Mani2, G Rao2, C Hezode1, 
S George2, A Kwong2, J-M Pawlotsky1 
1French National reference Center for Viral Hepatitis B, C and 
Delta, Department of Virology & INSERM U955, Hôpital Henri 
Mondor, Université Paris 12, Créteil, France 
2Vertex Pharmaceuticals, Cambridge, MA, USA

OBJECTIVE: Telaprevir (VX-950, Vertex Pharmaceuti-
cals) is a potent inhibitor of HCV NS3 serine protease. 
Resistance to telaprevir monotherapy occurs early as 
a result of the selection of amino acid substitutions at 
four positions (V36, T54, R155 and/or A156). To char-
acterize HCV resistance to telaprevir by means of clas-
sical and ultra-deep sequencing in patients also receiv-
ing PEG-IFN-α with or without ribavirin. 

RESULTS: Among 20 patients with HCV genotype 
1 infection included in the Phase II PROVE 2 trial, a 
breakthrough on therapy or post-treatment relapse 
occurred in 6 patients receiving telaprevir, 750 mg every 
8 h, and PEG-IFN-α2a, 180 µg once weekly, without 
ribavirin, for 12 weeks (3 breakthroughs, all subtype 1a; 
3 relapses, 1 subtype 1a) and 2 patients receiving the 
triple combination of telaprevir, PEG-IFN-α2a and riba-
virin for 12 weeks. In all instances, the wild-type virus 
was replaced by complex mixtures of viral quasispecies 
variants bearing known telaprevir resistance substitu-
tions at the time of breakthrough/relapse that subse-
quently deeply fluctuated in their composition. Most of 
the selected variants bore additional amino acid changes 
together with the known telaprevir resistance-associated 
substitutions. Three-dimension modelling suggested that 
none of them affected telaprevir binding to NS3 protease, 
except maybe T42S and A40T. In a replicon-based phe-
notypic assay, these additional amino acid changes did 
not confer a significant change in baseline sensitivity to 
telaprevir, suggesting that their selection was related to 
an improvement in fitness for telaprevir-resistant vari-
ants. A novel resistance mutation at a known resistance 
position (V36C) was observed in one patient receiving 
the triple combination who stopped therapy early. This 
substitution increased the IC50 by 8.6-fold, while the rel-
ative in vitro replication capacity and kinetic parameters 
were not different from the wild-type V36 variant. 

CONCLUSION: Breakthroughs during and relapses 
after telaprevir administration in combination with 

PEG-IFN-α with or without ribavirin are associated 
with the selection of complex mixtures of viral variants 
bearing amino acid substitutions that confer resistance 
to telaprevir plus additional changes likely conferring 
improved fitness to the telaprevir-resistant variants.
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Next generation deep-sequencing technologies 
for virus quasispecies analysis: implications for 
detecting minority drug-resistant variants

RW Shafer1

1Stanford University Medical Center, Stanford, CA

BACKGROUND: Next generation sequencing 
 technologies (NGST) include methods for assessing 
the distribution of genetic variants in complex virus 
quasispecies. 

METHODS: Published studies in which NGST deep 
sequencing was used to assess low-abundance HIV-1, 
HBV and HCV drug resistance mutations (DRMs) 
were reviewed. Studies were characterized by the tar-
get of sequencing and the potential clinical implications 
of the sequencing results. Methodological issues that 
influence interpretation of viral deep-sequencing results 
were also reviewed. 

RESULTS: In antiviral-naive patients, NGST deep-
 sequencing studies have shown that DRMs exist in 
samples for which standard (Sanger) sequencing detects 
only wild-type variants suggesting that DRMs may 
emerge at low proportions in the absence of selective 
drug pressure or may be a relic of previously transmit-
ted drug-resistant variants. In antiviral-treated patients, 
deep-sequencing studies have shown that the extent 
of cross-resistance detectable by deep sequencing is 
greater than that detectable by standard sequencing. In 
HIV-1-infected patients for whom CCR5 inhibitors are 
being considered, deep sequencing is highly sensitive at 
detecting low-abundance CXCR4 variants. Although 
the Roche/454 NGST platform produces less data than 
other NGSTs, it has been the main NGST for viral deep 
sequencing because it produces longer reads (~400 bp) 
and has a lower error rate than most NGSTs. Sensitivity 
for detecting low-abundance variants is limited prima-
rily by the relatively low numbers of independent viral 
genomes that can efficiently be extracted from plasma 
samples of patients receiving antiviral therapy. Specifi-
city is limited by PCR errors and by 454 pyrosequenc-
ing errors concentrated in homopolymeric regions. Spu-
rious results may be obtained when defective viruses 
contain DRMs arise as a result of APOBEC-induced 
RNA editing. 

CONCLUSIONS: NGST deep sequencing for viral 
drug resistance is a powerful research tool for detecting 
low-abundance DRMS. Published studies have dem-
onstrated challenges to sensitivity, specificity and data 

interpretation that are currently addressed during data 
analysis but that should ideally also be addressed by the 
development of improved methods for sample prepara-
tion. With additional studies of clinical significance and 
improvements in sample preparation and data analysis, 
viral deep sequencing may prove useful in clinical as 
well as research settings. 
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Reduced PCR-based recombination for HIV-1 drug 
resistance mutation linkage determination by 
454 pyrosequencing

W Shao1, VF Boltz2, JE Spindler2, M Kearney2, 
F Maldarelli2, JW Mellors3, C Stewart4, N Volfovsky1, 
A Levitsky1, RM Stephens1 JM Coffin5

1Advanced Biomedical Computing Center, SAIC Frederick, NCI-
Frederick, Frederick, MD, USA 
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3Division of Infectious Diseases, University of Pittsburgh, 
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4LMT, SAIC Frederick, NCI-Frederick, Frederick, MD, USA 
5Tufts University, Boston, MA, USA

BACKGROUND: 454 pyrosequencing is a useful 
method for detecting minor variants in HIV-1 popula-
tions, but linkage analysis of mutations is compromised 
by PCR-based recombination. We reported previously 
that recombination rates were as high as 40% when 
amplifying mixtures of wild-type and mutant HIV plas-
mids. Here, we report optimized methods to reduce 
PCR-based recombination significantly.

METHODS: Two clones were mixed at 50:50 ratios. 
One was wild type and the other contained seven linked 
mutations in RT: M41L, K65R, D67W, K70R, L74V, 
L100I and K103N. The mixture was amplified either 
with ‘standard’ PCR conditions (400 nM primers, 
200 µM dNTPs, 4 mM MgSO4, 1× Hi Fi Buffer and 
2.5 units Hi Fidelity Platinum Taq; 94°C for 2 mins fol-
lowed by 40 cycles at 94°C for 15 s, 51°C for 30 s and 
70°C for 30 s) or with ‘low-recombination’ PCR-based 
conditions (1 µM primers, 400 µM dNTPs, 2.3 mM 
MgCl2, 1× Taq Gold buffer and 5 units Taq Gold; 95°C 
for 15 mins followed by 25 cycles 95°C for 15 s, 51°C 
for 30 s and 68°C for 1 min 30 s).The products were 
sequenced by 454 with the standard reagent kit. 

RESULTS: A total of 122,344 sequences were obtained 
from amplicons produced by standard PCR condition, 
of which 39.81% were recombinants from template 
crossovers between wild-type and mutant plasmids 
(crossover frequency of 0.07%/base). We obtained 
62,445 sequences from amplicons produced by low-
 recombination conditions, of which only 2.29% were 
recombinants (crossover frequency of 0.0055%/
base). Recombinants resulted primarily from a sin-
gle crossover event. There were 75 crossover patterns 
resulted from standard PCR condition and 20 from 
low- recombination conditions. In addition to reduced 
recombination, we also found that the sequence error 

rate using ‘low recombination’ conditions was slightly 
lower (0.8%) than that using the standard conditions 
(0.11%) perhaps due to the reduced cycle number. 

CONCLUSION: PCR reaction conditions can be 
optimized to reduce in vitro recombination to ~2% 
such that 454 sequencing becomes a powerful method 
for high-throughput analysis of mutation linkage in 
HIV-1 populations. 
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Prevalence of low-level variants with RT K65R 
among different HIV subtypes and the effects of 
ARV-exposure on variant levels 

MJ Kozal1, J Chiarella1, EP St. John2, LA Blake2, 
BB Simen2, M Egholm2, M Lataillade1,3 
1Yale University School of Medicine and Veterans Affairs 
Healthcare System, New Haven, CT, USA 
2454 Life Sciences – A Roche Company, Branford, CT, USA 
3Bristol –Myers Squibb, Research and Development, Wallingford, 
CT, USA

BACKGROUND: It has been reported that the persons 
infected with HIV subtype C may be more likely to 
harbour RT-K65R variants possibly due to effects of 
template-dependent mutagenesis. 

OBJECTIVE: To determine the prevalence of low-level 
K65R variants within different HIV subtypes infecting 
ARV-naive subjects and the effects of ARV-exposure on 
K65R variant levels. 

METHODS: ARV-naive subjects with a wide range of 
HIV subtypes were genotyped by ultra-deep sequencing 
(UDS; 454-Life Sciences/Roche). Samples were evalu-
ated for low-level variants to 0.4% to >1% depending 
upon viral load. 

RESULTS: A total of 407 ARV-naive subjects were evalu-
ated by UDS to 1% levels: 2 had K65R >1%, 1 subtype 
BF at 7.4% and 1 subtype C at 3.11%. Both these sub-
jects had variants with multiple linked NRTI and NNRTI 
mutations suggesting transmitted resistant variants. 
There were 147 ARV-naive subjects were sequenced to 
0.4% to 1% depending on viral load; 8.8% (13/147) had 
K65R low-level variants identified: 2.1% (2/94) in sub-
type B, 37% (10/27) in subtype C (P<0.001 for B versus 
C) and 3.8% (1/26) in non-B/C subtypes. These 13 ARV-
naive subjects with K65R variants at <1% received TDF/
FTC+PI/r and 6 subsequently experienced virological fail-
ure (VF), all without K65R by Sanger sequencing. Four of 
the six had a viral load sufficient to perform UDS at VF; 
K65R was identified in three (all subtype C); there was no 
enhancement in K65R levels compared with pre-therapy 
in two subjects (remaining <1% and mutational loads 
<800); in the remaining subject K65R increased slightly 
from 0.76% (mutational load -1,550) pre- therapy to two 
separate K65R variants at 1.28% (mutation load -2,304) 
and 0.52% (mutational load -936) at VF.

CONCLUSION: Low-level K65R variants were more 
frequently identified in subtype C. K65R variants at 

>1% levels likely represent transmitted resistant vari-
ants. The implication of low-level K65R variants below 
1% in ARV-naive subjects who receive TDF/FTC+PI/r 
remains to be determined as the majority are very low 
level and did not increase after ARV exposure. The lack 
of K65R enhancement suggests that other active com-
ponents of the regimen may be able to prevent selec-
tion and/or alternatively their identification may be a 
result of viral or assay polymerization errors especially 
in subtype C. 
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Presence of low abundance drug-resistant 
mutations in recently infected HIV-1 subtype C 
patients from South Africa
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1University of the Witwatersrand, Johannesburg, South Africa 
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BACKGROUND: The level of transmitted drug 
resistance in recently infected individuals detected 
by population- based sequencing has been shown to 
occur at a prevalence of less than 5% in South Africa 
(SA). Recent studies using more sensitive point muta-
tion assays have indicated increased levels of trans-
mitted drug resistance in developed countries. This 
study examined the presence of minority variants by 
ultra-deep sequencing (UDS) in SA individuals recently 
infected with HIV-1 subtype C.

METHODS: Samples from sixty recently infected indi-
viduals enrolled in the SPARTAC trial from two SA 
sites were examined for mutation patterns in protease 
and reverse transcriptase regions using both popula-
tion-based sequencing (ViroSeq) and UDS (454 Life 
Sciences). Resistant variants obtained by UDS were 
compared at >1% and >0.5% levels. The ‘2009 WHO 
transmitted drug resistance’ list was used to examine 
and compare the difference in mutations detected with 
the two methods.

RESULTS: All 60 participants had documented sero-
conversion within 6 months prior to study entry. 
Median HIV-1 RNA at baseline was 4.46 log10 cop-
ies/ml (3.85–5.06 log10 copies/ml). Population-based 
sequencing indicated that 3% (n=2) of samples had 
the G190A mutation associated with transmission of 
HIV-1 drug-resistant viruses. UDS analysis of minor 
variants at >1% frequency revealed that 35% (n=21) of 
participants had additional mutations associated with 
transmitted drug resistance. Seventeen of the 21 par-
ticipants harboured one minor variant each, namely, 
K65R (n=11), D67N (n=1), D67G (n=2), M184I (n=1), 
N83D (n=1), L100I (n=1); one sample had two minor 
variants (K65R, I85V) and two had three minor vari-
ants (K65R, K219E, P225H and K65R, K70R, F77L) 
present. If the analysis included all variants >0.5%, 
an additional 18 study participants (n=39, 65%) were 

identified as harbouring minor variants. Of the total 
variants detected, K65R was observed at the highest 
frequency (n=31; 0.5–2.3%). 

CONCLUSION: Several mutations conferring pre-
dicted resistance to both reverse transcriptase and pro-
tease inhibitors were observed using UDS. The impact 
of these low-frequency mutations on future treatment 
outcomes remains to be determined. The high preva-
lence of K65R mutation requires further investigation 
to ascertain whether it is a result of transmitted resist-
ance, spontaneously occurring in subtype C, or a result 
of amplification. 
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Single transmitted drug resistance mutations: 
not always an indicator of transmission of more 
extensive resistance profiles
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1Erasmus Medical Center, Rotterdam, the Netherlands 
2University Medical Center Utrecht, Utrecht, the Netherlands 

BACKGROUND: It is generally thought that detection 
of single drug resistance mutations in untreated individ-
uals represent the transmission of viruses with a more 
extensive resistance profile (‘tip of the iceberg’). We 
used 454 amplicon sequencing to investigate in depth 
whether more complex profiles could be detected in the 
viral quasispecies as a sign for gradual evolution after 
transmission.

METHODS: Ten MSM were diagnosed in our clinic 
with a single drug-resistant change at presentation 
between 2005 and 2008. Population-based sequence 
analysis of the pol gene at time of diagnosis showed 
single changes in 10 patients (M41L, 69N, M184V, 
T215E [2], T215S [3], T215L or K219Q [2]). Retro-
spectively, ultra-deep resistance analysis of reverse tran-
scriptase was performed on the first available sample by 
454 amplicon sequencing.

HAART was initiated in all patients. Nine patients 
started with a NNRTI-based regimen, of which one 
switched to a boosted PI due to detection of the resis-
tance mutation T215S, and one patient started with a 
boosted PI-based regimen. One patient enrolled in a 
study and therefore started a regimen containing both 
NNRTI and PI for 3 months, but only continued with 
the NNRTI. Furthermore, all regimens contained a 
backbone of two NRTIs (TDF and FTC). Subsequent 
treatment response was monitored. 

RESULTS: In 9 of 10 patients, no additional major 
resistance mutations were identified with 454 amplicon 
sequencing, in only one patient a complex genotype 
was identified by 454. In the patient infected with a 
virus with a single 69N change identified by popula-
tion sequencing, a mixture of 69D/N and additionally 
minority variants harbouring K103N were detected. 

Therapy response was monitored over a period of 
14–218 weeks (median 66 weeks). Only the patient 
with additional resistance mutations experienced 
virological failure after reported bad adherence of his 
NNRTI-based regimen. 

CONCLUSION: At this stage of the epidemic, it seems 
that detection of singletons in therapy-naive individu-
als often represents circulation and transmission of true 
singletons and therefore they will not always represent 
the tip of the iceberg. Further clinical studies are war-
ranted to determine the implication of singletons for 
the choices of initial regimens. 
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A multicentre collaborative study on HIV drug 
resistance testing using 454 massively parallel 
pyrosequencing

BB Simen1, MS Braverman1, I Abbate2, 
J Aerssens3, Y Bidet4, O Bouchez5, C Gabriel6, 
J Izopet7, HH Kessler 8, A Radonic9, K Metzner10, 
R Paredes11, P Recordon-Pinson12, J Sakwa13, 
GG Schmitz-Agheguian14, MP Däumer15 on behalf of 
the 454 HIV Alphastudy Group 
1454 Life Sciences – A Roche Company, Branford, CT, USA 
2National Institute for Infectious Diseases ‘L. Spallanzani’, 
Rome, Italy 
3Tibotec-Virco Virology bvba, Mechelen, Belgium  
4Centre Jean Perrin / Clermont Universités, Clermont-Ferrand, France 
5Plateforme Génomique Toulouse/Laboratoire Génétique 
Cellulaire, Toulouse, France 
6Blutzentrale Linz, Linz, Austria 
7INSERM U563, Toulouse, France 
8Medical University of Graz, Graz, Austria 
9Robert-Koch-Institute, Berlin, Germany 
10University Hospital Zuerich, Zuerich, Switzerland 
11Institut de Recerca de la SIDA – IrsiCaixa, Badalona, Spain 
12CHU de Bordeaux et EA 2968, Université Victor Segalen, 
Bordeaux, France 
13LIFElab-National Genomics Platform, Durban, South Africa 
14Roche Applied Sciences, Penzberg, Germany 
15Institute of Immunology and Genetics, Kaiserslautern, Germany

BACKGROUND: The detection of mutant spectra 
within viral quasispecies is critical for management 
of drug-resistant infections. We performed ultra-deep 
sequencing (UDS) to detect minority variants in HIV-1 
protease (PR) and reverse transcriptase (RT) genes from 
de-identified samples in a collaborative study at 11 sites 
having variable experience with deep-sequencing strate-
gies on HIV drug resistance testing using the Roche/454 
GS-FLX platform.

METHODS: Sixteen subtype B-samples were pro-
vided for UDS as both cDNA and plasma with viral 
loads of 88,600–573,000 copies/ml. Eight overlapping 
amplicons spanning PR codons 10–99 and RT codons 
1–251 were generated using barcoded primers designed 
to provide dual coverage for Stanford Database Drug 
Resistance mutations with a score of ≥5 for any drug. 
Following UDS, sequence analysis was performed using 
454 Life Science’s Amplicon Variant Analyzer (AVA) 
software. For four of the sites, the data were corrected 
for obvious study protocol execution errors. Quanti-
fied variation data were analysed for intra- and inter-
laboratory concordance using the R statistical package. 

Standard population sequencing was performed using 
the ViroSeq HIV-1 genotyping system. 

RESULTS: The median sequencing depth across all sites 
was 1,168 reads per position (IQR=678–1,717). As 
expected, 100% of the 95 ViroSeq-reported mutations 
with a Stanford Database score of ≥5 were detected by 
UDS. In addition, all of the 69 variants with a Stan-
ford Database score of <5 were also detected by UDS. 
An analysis of 10 preselected Stanford Database vari-
ants with 3 expected negatives and 7 positives (3 of 
which were <10%) were consistently found across sites 
(mean % ±sd: variant 1 99.6 ±0.3, variant 2 92.6 ±1.6, 
variant 3 33.0 ±1.7, variant 4 23.3 ±2.8, variant 5 9.1 
±2.9, variant 6 5.3 ±1.1 and variant 7 1.6 ±1.2). Finally, 
all-pair Pearson correlations were calculated based on 
all AVA-detected variants demonstrating high intra- 
and interlaboratory consistency in frequency estimates, 
indicating robustness of the method.

CONCLUSION: HIV drug resistance testing using 454-
massively parallel sequencing results in an accurate and 
highly reproducible, albeit complex, approach to analy-
sis of the HIV-1 mutant spectra, even at frequencies well 
below those detected by standard population sequenc-
ing. The complexity is expected to be reduced signifi-
cantly by workflow automation and taking advantage 
of newly available longer read lengths.
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HIV-1 drug resistance evolution during persistent 
near target viral suppression

B Taiwo1, S Gallien2, E Aga3, H Ribaudo3, 
R Haubrich4, D Kuritzkes2, J Eron5

1Northwestern University, Chicago, IL, USA 
2Harvard Medical School, Boston, MA, USA  
3Harvard School of Public Health, Boston, MA, USA 
4University of California San Diego, San Diego, CA, USA 
5University of North Carolina, Chapel-Hill, NC, USA

OBJECTIVE: To investigate factors associated with 
accumulation of resistance mutations during near tar-
get viral suppression (NTVS) defined as persistent HIV 
RNA (vRNA) between 50 and 1,000 copies/ml (c/ml) 
after at least 24 weeks of antiretroviral therapy (ART).

METHODS: Subjects were identified retrospec-
tively from two ACTG clinical trials (A5095 and 
A5142). Cases were defined as subjects with vRNA 
between 50 and 1,000 c/ml on at least 2 occasions 
during a 6 month period or longer while on rand-
omized ART. One vRNA <50 or >1,000 c/ml within 
a 6 month period was allowed. Pretreatment reverse 
transcriptase (RT) and protease (PR) sequences were 
extracted from the parent study. Plasma virus during 
NTVS was bulk sequenced. 

RESULTS: Of 1,234 subjects on ART for at least 
24 weeks, 65 NTVS cases were identified (39 from 
A5142 and 26 from A5095). Randomized ART was 2 
NRTIs + efavirenz (31%), 2 NRTIs + lopinavir/riton-
avir (31%), lopinavir/ritonavir + efavirenz (22%), 
3 NRTIs + efavirenz (17%). Median pretreatment 
vRNA was 5.1 (range 3.20–6.42) log10 c/ml; median 
CD4 cell count was 121/mm3. Median NTVS first 
week and duration were 39 (range 25–119) and 30 
(23–93) weeks, respectively. 

Baseline sequences were available for 51/65 NTVS cases 
(35 from A5142; 16 from A5095). Only RT mutations 
were present at baseline (n=4 patients): 90I+179D/V, 
103N+106I+190A, 179D, 108I. 

Genotyping during NTVS was successful in 58/65 cases. 
Forty-seven subjects had baseline and NTVS sequences. 
Resistance mutation(s) were detected in 20/58 subjects 
during NTVS. New mutations emerged in 16/47 sub-
jects, including 2 with baseline resistance. All mutations 
were in the RT region; most frequently 184V/I (n=12) 
and 103N (n=8). Factors associated with resistance 
accumulation were higher minimum (median: 68 versus 

46 c/ml; P=0.007), mean (173 versus 77; P=0.002), and 
maximum (841 versus 260 c/ml; P=0.005) vRNA. Pre-
treatment vRNA and CD4 cell count, week and vRNA 
at onset of NTVS and duration of NTVS were not sig-
nificantly associated with accumulation of resistance 
during NTVS (P>0.05). 

CONCLUSION: NTVS as defined was observed in 5% 
of our trial population. Accumulation of resistance dur-
ing NTVS occurred in 34% of evaluable cases (most 
commonly to lamivudine and efavirenz) and was asso-
ciated with higher vRNA levels, although some muta-
tions emerged at very low levels.
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Complete protection against rectal transmission of 
an emtricitabine (FTC)-resistant SHIV162p3M184V 
mutant by intermittent prophylaxis with Truvada

M Cong1, AS Youngpairoj1, Q Zheng1, W Aung1, 
J Mitchell1, D Hanson1, M Hendry1, C Dobard1, 
W Heneine1, JG García-Lerma1

1Laboratory Branch, Division of HIV/AIDS Prevention, Centers for 
Disease Control and Prevention, Atlanta, GA, USA

BACKGROUND: Intermittent prophylaxis with Tru-
vada is a promising strategy to prevent HIV transmission 
in humans. We recently showed that a simple regimen 
with an oral dose of Truvada given 3 days before virus 
exposure followed by a second dose 2 h after exposure 
protected macaques against repeated rectal exposures 
with wild-type (WT) SHIV. Here we investigated if the 
same Truvada regimen maintains prophylactic efficacy 
against an emtricitabine (FTC)-resistant SHIV isolate 
containing the M184V mutation.

METHODS: SHIV162p3M184V was generated by site-
directed mutagenesis and expanded in CD8-depleted 
rhesus PBMCs. Susceptibility of SHIV162p3M184V to 
FTC and TFV was measured in TZMBL cells. Fitness 
cost of M184V was evaluated in rhesus PBMCs using 
a competitive SHIV replication assay. Efficacy of Tru-
vada against SHIV162p3M184V was investigated using 
a rectal transmission model consisting of 14 weekly 
virus challenges. Five macaques received two weekly 
human-equivalent doses of Truvada by oral gavage; 
doses were given 3 days before and 2 h after exposure 
to SHIV162p3M184V. Five untreated animals exposed 
to the same virus were used as controls. Infection 
was monitored by serology and PCR amplification of 
SHIV sequences from plasma. Infection probabilities 
in treated and control groups were compared using the 
Fisher’s exact test.
 
RESULTS: As expected, SHIV162p3M184V showed 
>100-fold resistance to FTC, fivefold hypersusceptibil-
ity to TFV and reduced (30-fold) fitness relative to WT 
SHIV162p3. Despite the high level of FTC resistance, 
all five animals receiving Truvada were protected from 
infection after the 14 virus challenges. In contrast, the 
five control animals were infected after a median of three 
exposures (range 2–11; P=0.0008). Interestingly, mean 
peak SHIV162p3M184V viraemias in control animals (6.1 
log10 RNA copies/ml, range 5.2–7.3) were significantly 
lower than those seen in 22 historical controls (7.0 log10 
RNA copies/ml, range 5.3–8.9; P=0.04, Wilcoxon test) 
infected with the parenteral WT virus.

CONCLUSIONS: Our results show that intermittent 
prophylaxis with Truvada maintains efficacy against 
an FTC-resistant SHIV isolate in macaques. Residual 
antiviral activity by FTC, hypersensitization to teno-
fovir and/or reduced virus fitness due to the M184V 
mutation may have all contributed to the observed 
protection. The reduction in viral fitness might also 
explain the blunted acute SHIV162P3M184V viraemias 
seen in untreated macaques.

Absract book.indb   39 4/6/10   15:01:18



Dubrovnik, Croatia, 8–12 June 2010

Programme & AbstractsA40

AbstrAct 32
Antiviral Therapy 2010; 15 suppl 2:A40

Factors affecting the emergence of intersubtype 
recombinants in HIV-1 population

A Galli1, O Nikolaitchik1, J Chen1, M Kearney1, 
VK Pathak1, F Maldarelli1, J Coffin1, W-S Hu1

1HIV Drug Resistance Program, National Cancer Institute, 
Frederick, MD, USA

OBJECTIVE: Recombinant forms of HIV-1 are a major 
component of the currently circulating HIV-1 popula-
tion in infected individuals. We hypothesized that the 
sequence divergence could affect the emergence of 
intersubtype recombinants in three aspects: efficiency 
of viral RNA packaging, recombination rates and the 
replication fitness of the recombinants. We sought to 
test this hypothesis. 

METHODS: To examine RNA copackaging, we devel-
oped a single virion analysis method to directly examine 
the RNA content of individual viral particles using fluo-
rescence microscopy. To identify the newly generated 
recombinants and recombinants that survived multiple 
round of replication, we used single genome sequencing 
(SGS) to analyse the viruses after one round of HIV-1 
replication without requirement for gene function and 
after multiple rounds of replication with selection for 
gene function. 

RESULTS: Single virion analyses revealed that HIV-1 
RNAs derived from different proviruses can be copack-
aged together efficiently. However, RNAs containing 
GCGCGC and GTGCAC in their dimerization ini-
tiation signals, observed in subtype B and C viruses, 
respectively, did not copackage together efficiently. We 
have analysed the pol gene sequence in intra- and inter-
subtype recombinants using SGS; these results indicated 
that the intersubtype recombination rate was slightly 
lower than that of intrasubtype rate. Without the 
requirement for Pol function, the crossover junctions in 
both intra- and intersubtype recombinants were distrib-
uted through out the pol gene after one round of rep-
lication. However, when Pol function is required, the 
observed crossover junctions were drastically different 
between intra- and intersubtype recombinants. These 
junctions were distributed throughout the pol gene for 
intrasubtype recombinants, but clustered near the 3′ 
end of the pol gene for intersubtype recombinants. 

CONCLUSIONS: Our studies indicate that there are at 
least three potential barriers to the emergence of inter-
subtype recombinants. First, the RNAs from different 
HIV-1 subtypes may not copackage together efficiently. 

Second, the intersubtype recombination rate can be 
lower than the intrasubtype rate. Lastly, many of the 
newly generated intersubtype recombinants undergo 
strong purifying selection and can be quickly eliminated 
from the viral population. 
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Analysis of HIV DNA molecules in paired 
peripheral blood and lymph node tissue samples 
from chronically infected patients

L Josefsson1,2, S Palmer1,2, J Casazza3, D Ambrozak3, 
M Kearney2, W Shao2, A O’Shea3, L Heytens3, 
C Rehm3, J Mellors4, J Albert1, J Coffin5, F Maldarelli2

1Swedish Institute for Infectious Disease Control and Karolinska 
Institutet, Solna, Sweden 
2HIV Drug Resistance Program, NCI, NIH, Frederick, MD, USA 
3NIAID, NIH, Bethesda, MD, USA 
4University of Pittsburgh, Pittsburgh, PA, USA 
5Tufts University, Boston, MA, USA

BACKGROUND: Determining the relationship among 
proviruses in cells from peripheral blood and tissue com-
partments is important for understanding the patho-
genesis of HIV-1. Therefore, we developed a single-cell 
sequencing technique to examine individual viral DNA 
molecules from single cells in the peripheral blood (PB) 
and lymph node tissue (LN).

METHODS: Memory and naive CD4+ T-cells from 
paired PB and LN samples from five chronically HIV-
infected patients (0.5–11 years, 3,000–290,000 HIV 
RNA copies) were sorted into PCR plates with each 
well containing, on average, far less than one infected 
cell. The cells in each well were lysed and their DNA 
distributed over a row of 10 wells. A 1.3 kb gag–pol 
fragment was amplified and sequenced. We estimated 
the number of viral DNA molecules per infected cell 
from the number of positive wells in each row and 
determined the genetic relatedness of intracellular viral 
DNA sequences from PB and LN.

RESULTS: Analysis of CD4+ T-cells from PB revealed 
1 HIV DNA copy per 100–1,770 memory T-cells and 
170–1,400 naive T-cells. The infection frequency of 
memory T-cells from LN of each patient was two to 
ninefold higher than PB, whereas naive T-cells had a 
lower frequency of infection. The majority (80–90%) of 
infected memory and naive CD4+ T-cells from the PB and 
LN contained a single viral DNA molecule. The number 
of wells with more than one copy of viral DNA was 
similar to that predicted by the Poisson distribution. For 
three patients, sequence analysis revealed that intracellu-
lar viral DNA in memory CD4+ T-cells from the PB and 
LN samples was indistinguishable phylogenetically with 
an average diversity of 1.6% and 2.2%, respectively. 

CONCLUSIONS: Most infected memory and naive 
CD4+ T-cells from PB contain only one copy of HIV 

DNA, implying a limited potential for recombination in 
virus produced by these cells. Moreover, the majority of 
memory and naive CD4+ T-cells from LN contained one 
DNA molecule. This finding is of interest given reports 
that there can be 100-fold more viral RNA in LN than 
in PB. The genetic similarity between HIV populations 
in T-cells from PB and LN implies ongoing exchange 
between these compartments. 
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The relationship between virus replication and 
gene expression in lymphatic tissue during 
HIV-1 infection 

AJ Smith1, Q Li1, SW Wietgrefe1, TW Schacker1, 
CS Reiily1, AT Haase1

1University of Minnesota, Minneapolis, MN, USA 

BACKGROUND: Systems biology has taken on an 
increasingly important role in microbial pathogenesis, 
delineating salient features of the host–pathogen rela-
tionship. Genome-wide studies addressing HIV-1 infec-
tion have yet to investigate essential host genes affecting 
virus replication in lymphatic tissue, a primary anatom-
ical site of host–pathogen interactions. To this end, we 
have used a microarray approach to identify host genes 
important for HIV-1 replication in lymphatic tissue by 
examining gene expression in inguinal lymph nodes 
and its association with viral load.

METHODS: RNA from inguinal lymph node biopsies 
collected from 22 HIV-1-infected individuals at vari-
ous stages of disease and viral loads was purified for 
microarray analysis. The RMA algorithm was used to 
quantify the level of gene expression for all genes rep-
resented on the U133 Affymetrix microarray. A linear 
regression model was used to investigate the relation-
ship between gene expression and viral load for all 
subjects, including disease stage as a covariate to pre-
vent this variable acting as a confounder. The P-values 
testing for an association between gene expression and 
viral load from the linear model were used to gener-
ate q-values and the false discovery rate was then cont-
rolled at the 7% level. Genes were then functionally 
classified/annotated. Protein expression of a subset of 
genes was examined via immunofluorescence. 

RESULTS: Strikingly, ~95% of the genes (557) in this 
data set (591 genes total) were negatively associated 
with HIV-1 replication, identifying genes that (1) inhibit 
cell activation/proliferation (ex.: TCFL5, DSTYK, 
KLF10), (2) deacetylate histones (ex.: HIC2, CREBZF, 
ZNF148), (3) increase collagen synthesis (PLOD2, 
POSTN, CRTAP), and (4) reduce cellular transcription 
and translation. Potential anti-HIV-1 restriction factors 
were also identified (ex.: NR3C1, HNRNPU, PACT). 
Only ~5% of the genes (34) were positively associated 
with HIV-1 replication, with nearly all these genes para-
doxically ascribed to both innate and adaptive immune 
defences. One such gene product, the innate, anti-
viral SP100 protein, was identified and found here via 
immunofluorescence to be highly upregulated in T-cells 

and macrophages during HIV-1 infection, potentially 
acting as a nuclear inhibitor. 

CONCLUSION: Collectively, these data identify con-
stellations of host genes important for HIV-1 replica-
tion in lymphatic tissue and point the way towards 
future insightful investigations.
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The histone deacetylase inhibitors SAHA, 
MS-275, LBH589 and MCT3 are able to induce 
HIV-1 transcription with differing potencies 
in chronically infected cell lines and latently 
infected primary CD4+ T-cells.

F Wightman1,2, S Saleh1,2, A Solomon1,2, A Dear3, 
M Shehu-Xhilaga1, PU Cameron1,2,4, SR Lewin1,2,4 
1Department of Medicine, Monash University, Victoria, Australia 
2Centre for Virology, Burnet Institute, Melbourne, Victoria, Australia 
3Australian Centre for Blood Diseases, Monash University, 
Melbourne, Australia 
4Infectious Diseases Unit, Alfred Hospital, Prahran, Australia

BACKGROUND: Histone deacetylase inhibitors 
(HDACi) may play a role in reversing HIV latency by 
enhancing acetylation of histones bound to the HIV 
LTR and promoting transcription in latently infected 
cells. In this study, we aimed to determine the efficacy 
and toxicity of a panel of HDACi that are in advanced 
stages of clinical development for the management of 
cancer using a primary T-cell model of HIV latency 

METHODS: Purified resting CD4+ T-cells were cul-
tured with CCL19 and subsequently infected with 
NL4.3 HIV to establish latent infection. These latently 
infected cells or chronically infected cell lines (ACH2, 
J-lat6.3 or U1) were then exposed to the potent 
HDACi vorinostat (SAHA, a pan HDACi), panob-
inostat (LBH589, a pan HDACi), Etinostat (MS-275, 
HDAC1 specific HDACi) and MCT-3 (Class I and II 
HDACi) and phorbol myristate acetate (PMA; posi-
tive control) or DMSO (negative control). Induction 
of HIV transcription was quantified by measuring 
reverse transcriptase (RT) in supernatants. Toxicity 
was evaluated using MTS assay.

RESULTS: SAHA, MS-275, LBH589 and MCT-3 
induced HIV transcription in all three chroni-
cally infected cell lines in a dose-dependent manner 
(0.5–5 M). RT activity was greatest in ACH2 cells 
treated with MS-275, followed in decreasing order by 
MCT-3, SAHA and LBH589 (mean RT after 48 h was 
293, 244, 213 and 151 cpm, respectively, at 5 µM). Tox-
icity in PBMC was observed with all HDACi with EC50 
values of 1.17, 0.05, 1.3, 1.7 µM, respectively. We eval-
uated the effect of each HDACi (at 0.5 µM, the lowest 
concentration at which HIV transcription was observed 
in cell lines) in our primary T-cell model. MCT-3 and 
LBH589 induced transcription 3 days post-treatment 
(mean increase was twofold above background). SAHA 
induced transcription but this was only detected after 

6 days (mean increase 1.5-fold above background). 
There was no increase in RT with MS-275.

CONCLUSIONS: Our primary T-cell model of HIV 
latency is a robust model for evaluation of HDACi 
activity in vitro. The relative potency of HDACi dif-
fered in T-cell lines and primary T-cells, with maximal 
efficacy of MCT-3 and LBH589 and lowest toxicity 
with MCT-3 and SAHA in the primary T-cell model. 
This model is ideally suited for in vitro evaluation of 
efficacy as well as the mechanism of action of HDACi 
in promoting HIV transcription.
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Most HIV DNA in PBMC is present in non-gut-
homing, resting central memory CD4 T-cells.

KK Koelsch1,2, Y Xu2, M Bailey2, K McBride2, 
N Seddiki2, K Suzuki1, J Murray3, DA Cooper1,2, 
AD Kelleher1,2, J Zaunders1

1St Vincent’s Hospital Centre for Applied Medical Research, 
Sydney, Australia  
2National Centre in HIV Epidemiology and Clinical Research, 
University of New South Wales, Sydney, Australia  
3Department of Mathematics, University of New South Wales, 
Sydney, Australia.

BACKGROUND: Recent studies report that most early 
CD4 T-cell depletion occurs in gut-associated lymphoid 
tissue (GALT), inferring that most viral replication 
occurs in these tissues. Memory CD4 T-lymphocytes 
in peripheral blood comprise two main subsets, those 
with integrins a4β7 that recirculate through GALT, and 
those with a4β1 that do not access GALT. We tested 
the hypothesis that a4β7+ CD4 T-cells are preferen-
tially infected with HIV DNA during primary and early 
chronic HIV infection.

METHODS: Peripheral blood or leukopheresis packs 
were from a total of 11 patients, 7 with early, untreated 
chronic HIV infection (CHI, CD4 T-cell counts<), 2 
with primary HIV infection (PHI) and 2 with long-term 
fully suppressed CHI. CD4 T-cells were first isolated 
by negative selection, then further cell sorted to highly 
purify subsets of CD3+CD4+CD45RO+ cells: β7+ ver-
sus β7-; CD25+CD127dim Treg versus CD127high; 
CD27+ versus CD27- and CD38+ versus CD38- sub-
sets. DNA was extracted from all cell subsets and total 
HIV DNA copies quantified by real-time PCR. 

RESULTS: Approximately 90% of HIV DNA 
copies in PBMC from the three groups were in 
CD3+CD4+CD45RO+ memory cells. Further subdivi-
sion of these memory CD4 T-cells in early/untreated 
CHI found that a median 80% of this HIV DNA was 
found in β7- non-gut-homing cells. Similar results were 
obtained in PHI and in fully suppressed CHI. A median 
8% of HIV DNA in early untreated CHI was found in 
highly purified Tregs, with the majority in CD127high 
cells. Only 9% of HIV DNA was found in CD38+ acti-
vated memory, whereas 32% was found in effector 
memory CD27- cells.

CONCLUSIONS: Our results demonstrate that the 
majority of the HIV reservoir in PBMC is present in 
non-gut-homing memory CD4 T-cells with a resting 

CD127highCD38-CD27+ phenotype. These cells recir-
culate preferentially through secondary lymphoid tis-
sue, but not GALT. These results are important for the 
design of therapy regimens targeting the HIV reservoir. 
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Emergence of monotypic HIV-1 DNA during ART 
suggests proliferation of cells with integrated HIV 
DNA provirus may sustain infection

TA Wagner1, JL McKernan1, NH Tobin2, LM Frenkel1

1Seattle Children’s Hospital and University of Washington, Seattle, 
WA, USA 
2Santa Clara Valley Medical Center, San Jose, CA, USA

OBJECTIVES/AIMS: A cure for HIV requires bet-
ter understanding of HIV persistence. During ART 
some individuals have multiple identical HIV DNA 
sequences, persistent clones have also been noted in 
the plasma, suggesting that proliferation of cells with 
integrated provirus might help sustain HIV infection. 
If true, we hypothesized that cells with identical pro-
viral sequences should increase over time on effective 
ART.

METHODS: Individuals with specimens from before 
and >2 time points during effective ART were stud-
ied. Sequences were generated from peripheral blood 
mononuclear cells (PBMC) and sputum cells by sin-
gle genome amplification of env (C2-V5) and pol. 
The main outcomes were detection of monotypic 
sequences (group of identical sequences comprising 
≥5% of sequences) and change over time in prevalence 
of monotypic sequences. P-values were calculated by 
paired Wilcoxon two-sided ranked sign tests.

RESULTS: A total of 867 (median 124 per individual, 
range 100–223) env sequences were amplified from 
six individuals. Eighteen percent of the sequences were 
from specimens collected before ART, the remainder 
were from specimens collected over a median of 8.5 
(range 4–12) years of effective ART. Thirty-two per-
cent of the sequences were generated from sputum 
DNA, all from after the initiation of ART. All six 
individuals had at least one monotypic cluster. All 
monotypic clusters included sequences from multi-
ple time points and/or cell types (PBMC or sputum 
cells). Phylogenetic analysis indicates that the mono-
typic clusters were not closely related to the imputed 
founder virus. When pol sequences were concord-
antly amplified with env by multiplex PCR they were 
also monotypic and did not contain unique resistance 
mutations. The prevalence of monotypic sequences in 
the six subjects went from a median of 0% (range 
0–12.5%) pre-ART to 9.8% (range 5.6–35.6%) dur-
ing ART (P=0.05) and notably reached 19.8% (range 
5.62–42.3%) after 5 years of ART (P=0.05, compared 
with pre-ART).

CONCLUSION/DISCUSSION: Monotypic HIV DNA 
env sequences became common during ART, compris-
ing approximately 20% of blood and sputum sequences 
after 5 years of effective ART. The persistence and 
growth of monotypic clusters suggests that prolifera-
tion of infected cells might help sustain infection when 
active replication is suppressed by ART.
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Rebound HIV-1 viraemia after cessation of 
long-term suppressive antiretroviral therapy has 
low genetic diversity and little divergence from 
pre-therapy virus populations

M Kearney1, J Spindler1, W Shao2, R Stephens2, 
A O’Shea3, C Rehm3, C Poethke1, JW Mellors4, 
JM Coffin5, F Maldarelli1

1HIV Drug Resistance Program, National Cancer Institute, 
Frederick, MD, USA 
2Advanced Biomedical Computing Center, SAIC, Frederick, MD, USA 
3Laboratory of Immunoregulation, National Institute of Allergy 
and Infectious Diseases, NIH, Bethesda, MD, USA 
4Department of Medicine, University of Pittsburgh, Pittsburgh, 
PA, USA 
5Department of Molecular Biology and Microbiology, Tufts 
University, Boston, MA, USA

BACKGROUND: A better understanding of changes in 
HIV-1 genetics with long-term suppressive antiretrovi-
ral therapy (ART) is essential for designing eradication 
strategies. We therefore analysed HIV-1 genetic varia-
tion in patients before ART, during long-term suppres-
sion on ART and after viral rebound. 

METHODS: Single-genome sequences were obtained 
from HIV-1-infected patients prior to ART, after 
long-term suppression (4–16 years; n=8) or after viral 
rebound (n=5) following patient-initiated interruption 
after 2–15 years on ART. Intrapopulation diversity and 
interpopulation diversity (divergence) were measured 
by average pairwise difference (APD). Population struc-
ture was assessed by phylogenetic analyses and a test 
for panmixia. Drug resistance mutations were identi-
fied using the Stanford database.

RESULTS: Measurements of intrapopulation diversity 
revealed loss of genetic variation in 5/8 patients treated 
for >4 years with ART and in 3/5 patients sampled fol-
lowing viral rebound after >2 years on ART. Mean APD 
was 1.2% prior to ART, 0.6% during suppression and 
0.8% after rebound. In 10/13 patients, the population 
structure changed significantly (probability of panmixia 
<10-4) from diverse sets of viral variants prior to therapy 
to populations containing one or more genetically uni-
form subpopulations during or after therapy. Despite 
significant changes in population structure, rebound 
virus had little divergence (mean of 0.3%) from pre-
therapy virus, implicating long-lived cells infected 
before therapy as the source for rebound. Minor popu-
lations carrying drug resistance mutations were found 
sporadically, but were not present in the majority of 

virus detected either during or after long-term ART and 
were not present in the uniform subpopulations. 

CONCLUSIONS: The appearance of genetically uni-
form virus population after prolonged therapy and the 
lack of divergence in rebound virus provide further evi-
dence that HIV-1 persists during therapy in long-lived 
cells that were infected before therapy was initiated and 
not from ongoing viral replication. 
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Dynamic expression of HIV-1 drug resistance 
mutations during acute infection

JT Lipscomb1, SM Owen1, JA Johnson1

1Division of HIV/AIDS Prevention, CDC, Atlanta, GA, USA

BACKGROUND: Mutations associated with drug resist-
ance can serve as unique genetic markers for evaluating 
HIV-1 expression. Using sensitive testing, we targeted 
resistance mutations during acute viraemia to examine 
the breadth of virus expression following transmission. 

METHODS: We evaluated 105 longitudinal plasma 
samples collected every 5–7 days from 13 seroconvert-
ers who became infected with HIV-1 subtype B in the 
USA in 1997–2000. The samples were examined using 
sensitive real-time PCR assays for two thymidine ana-
logue mutations, M41L and K70R, which were preva-
lent during that time and, therefore, likely candidates 
for transmitted resistance. We also evaluated an unlikely 
mutation, K65R, which has been shown to select in vitro 
with d4T, but no occurrences of transmission had been 
identified by conventional genotyping for that period. 
The assay detection limits for M41L, K70R and K65R 
were 0.8%, 2.0% and 0.3% frequencies, respectively. 
Samples that screened positive for any mutation were 
further characterized by clonal sequencing.

RESULTS: Three of 13 individuals screened positive 
for at least one transmitted resistance mutation: one 
K65R+K70R, one K65R and one had K70R. The resist-
ant variants were not detectable until 10–61 days of RNA 
positivity and coincided with either a pre- exponential 
increase or post-peak decrease in plasma virus load. Low 
K65R reactivity suggested this mutation was present at 
low frequencies. Clonal sequencing verified K65R at 
16.7% in one individual (K65R/K70R positive) on the 
10th day of viraemia, 7 days pre-seroconversion. The 
K65R variant coexisted unlinked with five distinct thy-
midine analogue-resistant variants (mutations at RT 67, 
69, 70 and/or 74) that separately were present at fre-
quencies between 4.2–16.7%. K65R was detected in the 
second individual at 10 days post seroconversion also 
with a low-frequency thymidine analogue-resistant vari-
ant at 1.6%; at this time point the population was nearly 
98% wild type. The third subject was K70R-positive 
only prior to seroconversion. 

CONCLUSIONS: Sensitive resistance analysis during 
acute infection revealed transmissions of multiple low-
frequency drug-resistant variants. K65R transmission, 
which the mutation patterns reveal could have been 

d4T-selected, had occurred undetected in the 1990s. 
The data suggest that the breadth of resistance muta-
tion selection and of variant composition during trans-
mission may be greater than currently realized.
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Large-scale phylodynamics of HIV-1 in Italy: 
analysis on epidemic and resistance transmission 

MCF Prosperi1, I Fanti1, M Ciccozzi2, F Saladini3, 
M Pecorari4, V Borghi5, S Di Giambenedetto1, 
B Bruzzone6, A Capetti7, A Vivarelli8, S Rusconi9, 
MC Re10, MR Gismondo11, L Sighinolfi12, A De Luca1 
on behalf of the ARCA cohort
1Infectious Diseases Clinic, Catholic University of Sacred Heart, 
Rome, Italy 
2Istituto Superiore di Sanità, Rome, Italy 
3Section of Microbiology, Department of Molecular Biology, 
University of Siena, Italy 
4Virology Department, Modena Hospital, Italy 
5Infectious Diseases Clinic, Modena Hospital, Italy 
6S. Martino Hospital, Genova. Italy 
7Prima Divisione Malattie Infettive, Ospedale L. Sacco, Milan, Italy 
8Infectious Diseases Clinic, Pistoia, Italy 
9Sezione di Malattie Infettive e Immunopatologia, DISC 'Luigi 
Sacco', Università degli Studi di Milano, Italy 
10Microbiology Section, University of Bologna, Italy 
11Laboratorio Microbiologia Ospedale L. Sacco, Milan, Italy 
12Infectious Diseases Department, S. Anna Hospital, Ferrara, Italy

BACKGROUND: Only a few recent studies analysed 
HIV-1 transmission epidemic in European countries. 
This study aims at analysing the transmission epidemic 
in Italy, with a focus on the mode of transmission and 
associated drug resistance.

METHODS: HIV-1 polymerase subtype B sequences 
from patients in the Italian ARCA database were 
extracted, along with patients’ demographics and 
epidemiological data. Drug resistance was defined 
by the presence IAS-2009 mutations (any major for 
protease). Maximum-likelihood phylogeny (FastTree) 
was performed, after removal of positions associated 
to drug resistance. 

RESULTS: A total of 11,541 sequences from 9,855 
patients were considered (70% male, 20% heterosexual, 
19% MSM, 20% IDU, 10% ART-naive, 57% ART-
experienced) with a median (IQR) age of 41 (37–45) 
years and sequencing year of 2005 (2002–2007). ART-
naive patients (n=1,000) with NRTI, NNRTI and PI 
resistance were 6.5%, 5.7% and 4%, respectively. 
Phylogenetic analysis identified 298 clusters with a 
median (IQR) of 4 (3–6) patients per cluster. Twenty-
three percent of sequences from ART-naive patients 
clustered. Using seroconversion dates (available for 50 
clustered and 262 unclustered sequences), we could 
identify that transmission of new infections occurred 

from ART-naive patients in 26% (14 –38%), from ART-
experienced in 20% (9–31%) and from unknown sta-
tus source in 54% (40–68%). We estimated a rate of 
transmission from ART-naive of 46% (27–66%) and 
from ART-experienced of 6% (3–11%).

Multivariable analysis showed that a more recent 
calendar year (OR=1.80 per 10 years, 95% CI 1.43–
2.26; P<0.0001), heterosexuals (OR=1.55, 95% CI 
1.25–1.93; P=0.0001) and MSM (OR=1.82, 95% CI 
1.46–2.26; P<0.0001) versus IDU and presence of any 
PI resistance (OR=1.55, 95% CI 1.35–1.77; P<0.0001) 
were positively associated with transmission cluster-
ing, whereas younger age (OR=0.83 per 10 years older, 
95% CI 0.77–0.89; P<0.0001), living in the northern 
(OR=0.33, 95% CI 0.29–0.38; P<0.0001) or southern 
(OR=0.34, 95% CI 0.25–0.45; P<0.0001) as compared 
with central Italy and carrying any NRTI mutation 
(OR=0.85, 95% CI 0.74–0.98; P=0.02) were factors 
negatively associated with clustering. 

CONCLUSIONS: There is evidence of a higher rate of 
infection transmission from the ART-naive population 
compared with ART-experienced, although informa-
tion on seroconversion dates was partial. Among ART-
naive, transmission clusters were more likely to form in 
younger patients and those with sexual risk factors.
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The effect of transmitted HIV-1 drug resistance 
on pre-therapy viral load

L Harrison1, H Castro (née Green)1, P Cane2, 
D Pillay2,3, C Booth3, A Phillips3, AM Geretti3,4, 
D Dunn1 on behalf of the UK Collaborative Group on 
HIV Drug Resistance and the UK Collaborative HIV 
Cohort Study (UK CHIC)
1HIV and Infections Group, MRC Clinical Trials Unit, London, UK 
2Centre for Infections, Health Protection Agency, London, UK 
3UCL Medical School, London, UK 
4Royal Free Hampstead NHS Trust, London, UK

BACKGROUND: Reduced replication capacity of 
viruses expressing drug-resistant mutations (particularly 
M184V/I) implies that patients with transmitted drug 
resistance (TDR) might be expected, on average, to have 
lower HIV RNA viral load than those infected with 
wild-type virus. We investigated pre-therapy viral load 
by class of TDR, as well as by individual mutations. 

METHODS: Pol gene sequences, and demographic and 
clinical data were obtained from the linked UK HIV 
Drug Resistance Database and UK CHIC study. Eligi-
ble patients had a resistance test performed between 
1997 and 2007 while antiretroviral therapy (ART) 
naive, were >16 years, and had an HIV RNA and CD4 
count measurement within 6 months of their first resist-
ance test and before starting ART. TDR was defined 
using the list of surveillance drug resistance mutations. 
Models were adjusted for CD4 count (as a surrogate 
for duration of infection), viral subtype, ethnicity, risk 
group, sex, age, calendar year, clinical centre and viral 
load assay. 

RESULTS: Of 7,994 patients included, 709 (9%) 
had TDR: 604 (85% of those with TDR) had resist-
ance to one drug class only (350 nucleos(t)ide reverse 
transcriptase inhibitors [NRTIs], 164 non-nucleoside 
reverse transcriptase inhibitors [NNRTIs], 90 protease 
inhibitors [PIs]), 77 (11%) to two classes (42 NRTI/
NNRTI, 31 NRTI/PI or 4 NNRTI/PI) and 28 (4%) had 
resistance to three classes. The overall mean (sd) viral 
load at the time of resistance testing was 4.60 (0.82) 
log10 copies/ml and did not differ by class of TDR. 
However, patients harbouring the M184V/I mutation 
(total n=61, coexpressed with other mutation n=53) 
had a significantly lower viral load (adjusted mean 
difference -0.33 log10 copies/ml, 95% CI -0.54–0.11), 
53% lower (22–71%; P=0.002) compared with wild-
type virus. No significant differences were observed for 
other mutations.

CONCLUSION: This large study provides clear evi-
dence for a reduced viral load associated with the 
M184V/I mutation in antiretroviral-naive patients. To 
our knowledge, this is the first report of an in vivo fit-
ness cost of M184V/I independent of any drug effect 
and could translate to a clinically significant reduction 
in the rate of disease progression and in the probability 
of viral transmission.
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Prevalence of HIV-1 drug resistance-associated 
mutations in a large cohort of antiretroviral-
naive HIV-infected individuals in the USA from 
2000–2009

LL Ross1, B Wine1, JH Horton1, C Vavro1, M St Clair1, 
BF Ha1, KA Pappa1, M Shaefer1

1GlaxoSmithKline, Research Triangle Park, NC, USA

BACKGROUND: Changes in prevalence of HIV 
resistance-associated mutations was analysed for HIV 
obtained from ART-naive patients in the USA.

METHODS: HIV population-based genotypes and sub-
types collected from 2000–2009 were analysed from 
3,791 ART-naive patients from 36 states (and the Dis-
trict of Columbia) enrolling into clinical trials. Major 
resistance mutations were analysed by 2009 IAS-USA 
and by WHO surveillance mutation definitions. Minor 
IAS-USA PI and NNRTI (V90I, A98G, V106I, E138A, 
V179D/F/T and M230L) mutations were excluded. 
The genotypes were stratified by year of sample col-
lection. The overall prevalence is presented, with the 
specific prevalence observed in 2000 and 2009 shown 
in parentheses and the overall range, if different, shown 
in brackets. 

RESULTS: Prevalence of major IAS-USA resistance 
mutations was 11.8% (2000/2009: 5%/9% [range: 
5–15%]). By drug class, NRTI was 4% (2000/2009: 
3%/5%, [range: 3–6%]), NNRTI 7% (2000/2009: 
2%/4% [range: 2–8%]), and PI 3% (2000/2009: 
0%/0%, [range: 0–5%]). By WHO, overall resist-
ance mutation prevalence was 10% (2000/2009: 
3%/7% [range: 3–13%]). By drug class, NRTI was 
6% (2000/2009: 5%/7% [range: 4–10%]), NNRTI 
6% (2000/2009: 2%/4% [range: 2–8%]) and PI 2% 
(2000/2009: 0%/0%, [range: 0–5%]). 

By either definition, overall 2000–2009 dual-class resist-
ance was 2% (2000/2009 <1%/0% [range:0–3%]); 
overall 2000–2009 triple class resistance was <1% 
(IAS-USA: 15/3,791; Stanford: 10/3,791), with no tri-
ple class resistance detected after 2007.

The prevalence of specific major IAS-USA NNRTI 
mutations was also evaluated over this period. K103N 
prevalence increased from 2000 (1%) to 2008 (6%), 
but decreased in 2009 (3%). Y181I/C/V prevalence 
also decreased from a high of 2% in 2000 to 0% in 
2009. No other major NNRTI mutations had a preva-
lence of >2% from 2000–2009. Of the IAS-USA-defined 

NNRTI mutations, only K103N, V108I and P225H 
were detected in samples collected in 2008 and 2009.

CONCLUSIONS: In this large US cohort, preva-
lence of major resistance-associated mutations in 
antiretroviral- naive individuals peaked between 
2006–2008 and decreased slightly in 2009 using either 
IAS-USA or WHO definitions. Notably, the prevalence 
of specific key NNRTI mutations, such as K103N and 
Y181I/C/V, decreased in 2009 compared with the 
preceding years. Detection of double- or triple-class 
resistance in HIV-infected antiviral-naive patients also 
appeared to be declining. 
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Rapid accumulation of drug resistance and loss of 
therapeutic options precede WHO-defined criteria 
for treatment failure 

RE Barth1, SC Aitken1,2, H Tempelman3, 
AIM Hoepelman1, R Schuurman1,2, AMJ Wensing1

1University Medical Center Utrecht, the Netherlands 
2On behalf of the ART-A consortium 
3Ndlovu Medical Centre, Elandsdoorn, South Africa

BACKGROUND: Regular virological monitoring is not 
yet implemented in resource-limited settings. This may 
result in delayed identification of patients experienc-
ing treatment failure. In an HIV-1 subtype C-infected 
cohort from rural South Africa, we studied the effect of 
ongoing virological failure on accumulation of resist-
ance and its consequences for second-line therapy. 

METHODS: A total of 831 patients initiating NNRTI-
based antiretroviral treatment (ART) were included. 
Biannual HIV RNA monitoring was performed for 
all patients. In patients who continued their first-line 
regimen despite experiencing virological failure (HIV 
RNA >1,000 copies/ml), genotypic resistance analysis 
was performed at baseline, first detection of failure (t1) 
and 6 or 12 months later (t2), if plasma samples were 
available. Major resistance mutations (IAS) and Stan-
ford genotypic sensitivity scores (GSSs) were compared 
between these time points. Furthermore, proportions of 
patients meeting WHO-defined failure criteria (insuf-
ficient CD4 response or HIV RNA >10,000 copies/ml) 
were calculated.

RESULTS: Viral suppression (<50 copies/ml) was 
achieved in 77% of individuals, a median of 3 months 
after treatment start. Subsequent HIV RNA rebound 
to >1,000 copies/ml was observed in 148 patients, a 
median of 18 months later. Despite virological failure, 
40% (58/148) of individuals continued first-line ART. 

The total number of drug-resistance mutations in 26 
patients increased from 72 at t1 to 98 at t2; the mean 
number of mutations per person increased from 2.8 
to 3.8. Initially, NNRTI-associated mutations (n=47) 
predominated; only 25 NRTI-associated mutations 
(mainly M184V, n=15) were detected. Prolonged failure 
resulted in a predominant increase of NRTI-associated 
mutations (n=44, +76%), in particular of TAMs (from 
4 to 14 mutations) and K65R (from 3 to 6 mutations). 
As a consequence, GSSs decreased between both failure 
points: from 1.0 to 0.7 for NNRTIs and from 5.1 to 
4.0 for NRTIs. 

Despite the apparent resistance profiles, only 43% of 
patients met WHO-defined criteria for immunological 
failure and 62% met the WHO criteria for virological 
failure at t2. 

CONCLUSIONS: A rapid accumulation of drug resist-
ance was detected during continuation of failing ART. 
Although many patients did not meet WHO-defined 
failure criteria, a significant loss of treatment options 
was observed. This study calls for a wider access to 
virological monitoring in low-income countries.
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Resistance induction to the HIV-1 CD4 binding 
site inhibitor M48-U1

K Grupping1, L Heyndrickx1, K Ariën1, G Martin2, 
L Martin2, G Vanham1,3 
1Institute of Tropical Medicine, Antwerp, Belgium 
2CEA, Saclay, France  
3 Faculty of Pharmaceutical, Veterinary and Biomedical Sciences, 
University of Antwerp, Antwerp, Belgium

BACKGROUND: HIV-1 prevention methods, such as 
a vaccine or a microbicide, are urgently needed. Micro-
bicides targeting the HIV entry process show promise, 
although the development of resistance is a major risk. 
In this context, mapping the structure–function rela-
tionship of the envelope glycoproteins, in which resis-
tance mutations arises quickly, is of importance; there-
fore, we analysed the resistance pattern of a promising 
candidate microbicide M48-U1, a CD4 mimetic mini 
protein, towards two subtype B viruses.

METHODS: Resistance was obtained by cultur-
ing virus on PHA/IL-2-stimulated peripheral blood 
mononuclear cells in the presence of increasing con-
centrations of M48-U1. Control viruses were propa-
gated under the same conditions but in the absence 
of compound. When the degree of resistance reached 
a fold change of >1,000 IC50, genotyping was per-
formed. Additionally, sensitivity to other CD4 binding 
site (CD4bs) inhibitors (M48, sCD4, b12, A12 and 
BMS599793) was evaluated in a TZM-bl assay. Flu-
orescence polarization was used to study binding of 
gp120 site-directed mutants containing the resistance 
associated mutations. Furthermore, the 3D gp120 
structures of resistant viruses were modelled using the 
software application PyMol. 

RESULTS: Resistance was induced in the subtype B 
viruses Ba-L and SF162. The resistant viruses differ in 
only a few amino acids from their respective controls. 
Position S375, situated in the highly conserved Phe43 
cavity of the CD4bs, was mutated into arginine (R) in 
both viruses. SF162 had one additional mutation of 
importance: G471R. For both viruses, cross-resistance 
towards several other CD4bs inhibitors was observed 
(M48, sCD4, A12 and BMS599793). 

CONCLUSIONS: Despite its crucial role in CD4 
binding, S375 was mutated during development 
of resistance against M48-U1. 3D modelling sug-
gests that this mutation confers resistance by filling 
the Phe43 cavity, thereby abrogating the binding of 

small molecules (for example, M48-U1) well possibly 
allowing CD4 receptor binding.
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Characterization of mutations associated with 
resistance to MPC-4326 and their effecy on HIV-1 
replicative fitness

J Weber1, JD Rose1, AC Vazquez1, D Winner1, 
AM Rhea1, D Wylie1, K Salzwedel2, 
ME Quiñones-Mateu1

1Diagnostic HYBRIDS, Athens, OH, USA 
2Panacos Pharmaceuticals, Gaithersburg, MD, USA

BACKGROUND: Mutations and polymorphisms in the 
vicinity of the CA-SP1 cleavage site have been associ-
ated with reduced susceptibility to the maturation inhib-
itor (MI), MPC-4326 (bevirimat); however, the effect of 
these amino acid substitutions on viral replicative fitness 
has yet to be fully described. Here, we describe the phe-
notypic characterization of the susceptibility to MPC-
4326 of a series of MI-resistant viruses and the effect of 
these mutations on HIV-1 replicative fitness.

METHODS: Ten site-directed mutant viruses harbour-
ing amino acid substitutions associated with resistance 
to MPC-4326 were created in a HIV-1NL4-3 backbone. 
These constructions were then used in a novel yeast-
based cloning system to generate p2-INT-recombinant 
viruses that contain a 3,428 bp fragment comprising 
the 3′-end of gag (p2/p7/p1/p6) and the entire pol gene 
(PR/RT/INT). Drug susceptibility was assayed using 
VIRALARTS™HIV and HIV-1 replicative fitness esti-
mated using viral growth kinetics and growth competi-
tion experiments in MT-4 cells.

RESULTS: P2-INT recombinant viruses carrying 
mutations Q369A, Q369H, ∆T371 and T371A were 
partially or fully sensitive to MPC-4326 (IC50 fold 
changes ranging from 0.7- to 4.3-fold), whereas muta-
tions L363M, A364V, ∆Q369, V370A, V370M and 
∆V370 reduced susceptibility to this MI (IC50 FC 
range from 54- to >300-fold). Replicative fitness val-
ues ranged from 8% to 96% (relative to HIV-1NL4-3) in 
the absence of drug pressure; however, the replicative 
capacity of MPC-4326-resistant viruses increased in 
the presence of the drug (73% to 283%). Interestingly, 
all six viruses with reduced susceptibility to MPC-
4326 were impaired, with the A364V virus (originally 
identified during in vitro resistance selection studies) 
having the most marked decrease in replicative fitness 
(8%). 

CONCLUSIONS:  The clinical effect of reduced viral 
fitness in viruses carrying MPC-4326-associated muta-
tions is not completely understood. Here, we have 

taken advantage of a novel methodology that can quan-
tify susceptibility to MI, PI, NRTI, NNRTI and INI in 
a single assay to show that most amino acid substitu-
tions associated with resistance to MPC-4326 (that is, 
drug-selected mutations and polymorphisms) have a 
major effect in HIV-1 replicative fitness. As in the case 
of recently developed antiretroviral drugs, further stud-
ies will lead to a better understanding of the effects of 
resistance to maturation inhibitors on HIV-1 replicative 
fitness and their potential clinical significance.    
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New insights into the mechanism of action of a 
new HIV-1 maturation inhibitor extracted from 
Brazilian brown algae Dictyota pfaffii

CM Abreu1, AL Valadão1, R Delvechio1, LJ da Costa2, 
DC Bou-Habib3, CC Cirne-Santos4, VL Teixeira4, 
IlCPP Frugulhetti4, W Ferreira4, A Tanuri1, 
RM Brindeiro1

1Laboratory of Molecular Virology, Instituto de Biologia, 
Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil 
2Laboratório de Genética e Imunologia das Infecções Virais, 
Instituto de Microbiologia, Universidade Federal do Rio de 
Janeiro, Rio de Janeiro, Brazil 
3Oswaldo Cruz Instituto/Fiocruz, Rio de Janeiro, Brazil 
4Instituto de Biologia Universidade Federal Fluminense, Rio de 
Janeiro, Brazil

BACKGROUND: The current standard treatment for 
HIV/AIDS in the developed world is HAART. Despite 
continuous advances in antiretroviral therapy there is a 
continuing need for new drug options to overcome prob-
lems with tolerability and the emergence of viral resis-
tance. Dolabellano (DT), a natural product, has been 
discussed as another putative maturation inhibitor.

METHODS: To gain more knowledge and to elucidate 
the mechanism of action of DT, cell culture assays were 
carried out. Phenotyping in MT-4 cells were done to 
determine the IC50 in wild type (wt) and mutated iso-
lates in protease and RT. To characterize the inhibi-
tory activity of DT against early and late replication 
stages, a luciferase assay was carried out using CD4/
CXCR4+TZM-bl cells, which possess the luciferase 
gene integrated under LTR-HIV control. Western blot 
assays using specific monoclonal antibodies with puri-
fied virus from infected cells treated with DT was done 
to verify the Gag and GagPol processing.

RESULTS: DT is a DT from the Brazilian brown algae 
Dictyota pfaffii, extracted from the Atol das Rocas, 
Brazil. DT potently inhibits WT replication and virus 
isolates resistant to the approved NNRTI, NRTI and 
PI drugs in a phenotypic assay exhibited a mean IC50 
of 30 nM. It also demonstrates that DT acts by dis-
rupting a late step in HIV-1 replicative cycle, as viral 
particles arising from cells exposed to DT were unable 
to infect new cells and contained less RT activity when 
compared with untreated cells. Gag processing analy-
sis with treated viral supernatants show that there is 
an accumulation of the precursor pr160GagPol, pr55Gag 
and p41. Interestingly, DT can decrease of p66 and the 
absence of p51, making the GagPol processing slower.

CONCLUSIONS: DT acts by blocking virus replication 
at a point post-Tat expression. We speculate that the 
DT binds to the GagPol precursor at the time that the 
pr160GagPol and pr55Gag bands accumulate more than the 
profile found in protease inhibitors. Additionally, DT 
can also disturb proper dimerization of RT, suggested 
by a lower amount of p66 and reduction or absence of 
p51 intra virion. DT might therefore be a candidate for 
a maturation inhibitor, acting by binding to the GagPol 
molecule and thus altering viral processing.
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In vitro phenotypic susceptibility of HIV-2 clinical 
isolates to the integrase inhibitor S/GSK1349572
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S Matheron1, G Chêne2, B Roquebert1, T Nie3, 
RF Schinazi3, F Brun-Vézinet1, D Descamps1, the 
French ANRS HIV-2 Cohort (ANRS CO 05 VIH-2)
1Bichat-Claude Bernard Hospital, Paris, France 
2INSERM U593, Bordeaux, France 
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BACKGROUND: HIV-1 and HIV-2 differ by approxi-
mately 50–60% at the nucleotide level. Such differ-
ences may be correlated with differential response to 
some antiretrovirals. Previous work suggests compa-
rable HIV-1 and HIV-2 activity for the INI raltegra-
vir; herein, we assessed the susceptibility of wild type 
and integrase mutated clinical isolates to the new INI 
S/ GSK1349572.

METHODS: Phenotypic susceptibility to S/GSK13-
49572 was determined using the ANRS method on the 
ROD HIV-2 reference strain as well as on co-cultivated 
HIV-2 isolates obtained from 10 INI-naive HIV-2-
 infected patients, and from two raltegravir-experienced 
patients harbouring raltegravir resistance mutations, 
one of whom had provided two sequential samples. 
Integrase gene direct sequencing was performed in 
all INI-naive patients on plasma samples and on the 
supernatant at time of phenotypic assay.

RESULTS: Patients were infected with HIV-2 subtypes 
A (n=8), B (n=2) and H (n=1). The raltegravir muta-
tions observed in the two INI-experienced patients 
were T97A+Y143C (n=1), G140S+Q148R (n=1) and 
G140T+Q148R+N155H (n=1). Median EC50 values 
to S/GSK1349572 for the 10 HIV-2 INI-naive iso-
lates were 1 nM (range 0.2–1.4) and were similar to 
those observed for HIV-2 ROD reference strain. We 
found 13- and 18-fold increases in EC50 values to 
S/ GSK1349572 compared with INI-naive EC50 val-
ues for the HIV-2 subtype A double (G140S+Q148R) 
and triple (G140T+Q148R+N155H) mutants, respec-
tively. The subtype H double mutant isolate with 
T97A+Y143C integrase resistance mutations showed a 
sevenfold increase in EC50 values compared with INI-
naive strains. 

DISCUSSION: This is the first study assessing the 
susceptibility of HIV-2 clinical isolates, including 
 raltegravir-resistant isolates, to the new integrase 
inhibitor S/GSK1349572. EC50 values for the INI-naive 

HIV-2 isolates were in a similar range as those previ-
ously observed for raltegravir and elvitegravir, and were 
consistent with those previously published for HIV-1. 
The increased EC50 values to S/GSK1349572 observed 
in the double or triple integrase mutated tested viruses 
were consistent with the effects of these mutations in 
HIV-1 integrase.
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Resistance-associated mutations to the new 
integrase inhibitor S/GSK1349572 in patients with 
non-B subtypes and prior raltegravir exposure 

C Garrido1, N Zahonero1, M Lapaz1, V Soriano1, 
C de Mendoza1

1Hospital Carlos III, Madrid, Spain

BACKGROUND: S/GSK1349572 is a new integrase 
inhibitor (INI) that has demonstrated robust antiviral 
activity, even against isolates from patients failing ralte-
gravir or elvitegravir, suggesting limited cross-resistance. 
In vitro studies have identified integrase changes after 
serial passages with S/GSK1349572, including L101I, 
T124A, S153Y/F, E92Q and G193E. Moreover, codon 
148 mutations in patients failing raltegravir seem to 
impair S/GSK1349572 susceptibility. The aim of this 
study was to evaluate the prevalence of S/GSK1349572 
resistance-associated mutations in a large group of INI-
naive and INI-experienced patients.

METHODS: The integrase gene was sequenced from 
plasma of HIV-1 patients. Amplification was car-
ried out using an in-house nested-PCR protocol and 
sequences were analysed using Seqscape version 2.5. 
The presence of S/GSK1349572 resistance mutations 
were examined, taking into account raltegravir expo-
sure and HIV clade.

RESULTS: A total of 609 integrase sequences were 
analysed: 535 from INI-naive and 74 from INI-
 experienced patients. Overall, 477 belonged to sub-
type B and 132 to non-B subtypes (15 A, 19 C, 10 D, 
20 F, 17 G, 18 CRF01_AE and 33 CRF02_AG). Some 
of the in vitro resistance mutations to S/GSK1349572 
were widely present in INI-naive and INI-experienced 
patients, including L101I (49.2%; 55.4%), T124A 
(35.1%; 27%), L101I+T124A (18.1%; 17.6%), E92Q 
(0%; 1.4%), G193E (5.4%; 6.8%), whereas S153F/Y 
was absent in all sequences. Significant differences 
(P=0.007) were only found for E92Q, which exclu-
sively appeared in raltegravir-experienced patients. Of 
note, L101I and T124A, alone or in combination, were 
significantly more frequent in non-B than B subtypes 
(P<0.001), although there were no significant differ-
ences for E92Q and G193E. Changes at codon 148 
were only recognized in patients failing raltegravir, with 
no evidence for clade association. Overall, Q148H/R 
was selected in 8 (10.8%) out of 74 raltegravir fail-
ures, with the following patterns: Q148H+G140S 
(4), Q148R+G140S (1), Q148R+G140A (2) and 
Q148R+E138K (1).

CONCLUSIONS: INI resistance mutations L101I and 
T124A are common in INI-naive and INI-experienced 
patients, being significantly more frequent in non-B than 
B subtypes. By contrast, E92Q and Q148H/R were only 
found in INI-experienced patients. More than 10% of 
patients failing raltegravir display codon 148 changes, 
which may impair S/GSK1349572 susceptibility.
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Integrase inhibitor resistance mutations in 
treatment-experienced HIV-1-infected patients 
with low-level viraemia receiving raltegravir-
containing antiretroviral therapy: an ANRS 138-
EASIER Trial substudy

S Gallien1, C Delaugerre2, Z Hu1, J Braun3, 
I Charreau3, F Euphrasie3, JP Aboulker3, 
N de Castro4, JM Molina4, DR Kuritzkes1

1Brigham and Women Hospital, Harvard Medical School, Boston, 
MA, USA 
2Virology Department, Saint-Louis Hospital, Paris, France 
3INSERM SC10, Villejuif, France 
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BACKGROUND: In the ANRS 138-EASIER trial, 
the majority of treatment-experienced HIV-1-infected 
patients with multidrug-resistant virus maintained 
virological suppression after switching enfurvitide to 
raltegravir, but some experienced low-level viraemia 
(LLV; 50–500 copies/ml) despite receiving fully active 
raltegravir-containing antiretroviral therapy. We stud-
ied the emergence of integrase strand transfer inhibitor 
(INSTI) resistance-associated mutations in those ralte-
gravir-treated patients with LLV.

METHODS: Plasma samples from raltegravir-treated 
patients in the ANRS 138-EASIER trial with LLV 
were identified retrospectively for study. Plasma virus 
was concentrated by ultracentrifugation, viral RNA 
extracted and the integrase gene amplified by RT-PCR 
and sequenced by standard ABI sequencing to deter-
mine INSTI resistance-associated mutations. Baseline 
viral load, baseline and nadir CD4, antiretroviral treat-
ment, genotypic susceptibility score, number of ‘blips’ 
and treatment adherence during the study period were 
reviewed for each patient.

RESULTS: A total of 34 patients experienced at 
least one episode of LLV during the 48 weeks of 
study  follow-up. Sequencing of HIV-1 integrase was 
attempted in 58 samples from these patients (1–3 per 
patient). An integrase sequence was obtained in 45 of 
58 (78%) samples from 28 (82%) patients. Among 
them, 3 (11%, confidence interval 2.9–29.7) had sig-
nificant INSTI resistance-associated mutations consist-
ing of N155H in two and P145S in one. The N155H 
mutation was absent in the proviral DNA of periph-
eral blood mononuclear cells collected at study entry 
from the two patients in whom the N155H mutation 
emerged. Similarly, clonal analysis of HIV-1 integrase 
sequences from the week 4 plasma sample did not 

detect presence of the P145S mutation in the third 
patient. Neither the baseline characteristics examined 
nor the number of ‘blips’ were associated with emer-
gence of INSTI resistance. Adherence to study treat-
ment was high for all of the patients, including the 
three in whom INSTI resistance mutations emerged.

CONCLUSIONS: LLV in patients receiving a fully 
active raltegravir-containing regimen was associated 
with emergence of INSTI resistance mutations in 11% 
of treatment-experienced HIV-1-infected patients, with 
successfully sequenced integrase genes and appar-
ent good adherence. Emergence of the P145S muta-
tion, which confers elvitegravir resistance, in one 
patient suggests that this mutation can also selected by 
raltegravir.
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HIV integrase resistance profiles and 
S/ GSK1349572 baseline phenotypic susceptibility 
for individuals experiencing virological failure on 
raltegravir and enrolling in the VIKING Phase IIb 
Pilot Study (ING112961)
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BACKGROUND:  The next-generation integrase 
inhibitor S/GSK1349572 has a low fold change in IC50 
(FC) against HIV with raltegravir (RAL)-associated 
mutations of the Y143C/H/R and N155H pathways 
or with Q148H/K/R single substitutions. However, S/
GSK1349572 FC generally increases against virus with 
Q148H/K/R mutations as the number of Q148H/K/R-
associated mutations increases.

METHODS:  Patients with current or historical RAL 
virological failure were screened. Prior antiretroviral 
therapy, time on RAL and genotypic and phenotypic 
resistance data were obtained.

RESULTS:  A total of 53 patients were screened and 
27 were enrolled. Of the 53 screening isolates, 43 
had RAL-associated substitutions: 7 in N155H, 13 in 
Y143C (n=3)/H (n=0)/R (n=10), 18 in Q148H (n=13)/K 
(n=0)/R (n=5) pathways, 2 with a mixture of Q148H 
and Y143H pathways, and 3 others (non-signature 
substitutions T97A, V151I and E138D/V151I/E157Q). 
This population had lower proportions of N155H and 
higher proportions of Y143C/H/R or Q148H/K/R 
plus ≥2 mutations viruses than described for early 
virological failure populations from RAL P005 and 
BENCHMRK studies. All 7 (100%) enrolled patients 
harbouring virus with Q148H/K/R plus ≥1 associated 
substitutions had failing regimens with phenotypic sus-
ceptibility scores of 0 versus 11/20 (55%) for all oth-
ers. Median (range) prior RAL treatment duration in 
months for enrolled patients was longest for viruses 
with Q148H/K/R plus ≥2 substitutions (31.0 [25.1–
40.5]; n=3), shortest for Q148H/K/R plus 1 substitu-
tion (22.6 [18.9–24.8]; n=4) and Q148H/Y143H mix-
ture (24.0 [24.0–24.4]; n=2), intermediate for N155H 

(26.9 [11.9–38.6]; n=4), Y143C/H/R viruses  (27.3 
[3.4–41.2]; n=12) and others (26.1 [16.9–35.4]; n=2). 
S/GSK1349572 baseline FC median (range) varied by 
RAL-associated mutations: Y143 FC=1.1 (0.6–1.4) and 
N155 FC=1.8(1.5–5.1), whereas Q148/Y143 mixture 
FC=7.8 (6.5–9.1), Q148 plus 1 substitution FC=5.5 
(3.3–25.0) and Q148 plus ≥2 substitutions FC=21.0 
(14.0–35.0), demonstrating increasing FC with increas-
ing number of 148- associated substitutions.

CONCLUSIONS:  Viruses from patients screened 
into VIKING demonstrated more evolved RAL resist-
ance profiles than previously described for individuals 
experiencing early virological failure in published RAL 
clinical studies.  Different prior RAL therapy duration 
observed for the distinct genotypic pathways is consist-
ent with ordered evolution of RAL resistance, as previ-
ously described for the Q148H/K/R pathway. Isolates 
with the highest FC to S/GSK1349572 (Q148 plus ≥2 
substitutions) were associated with the longest median 
duration of RAL therapy. Prompt genotypic testing 
upon RAL virological failure and rapid regimen switch 
may preserve patients’ future treatment options within 
the integrase inhibitor class.
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Prevalence and patterns of raltegravir resistance 
in treated patients in Europe
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1UCL Medical School, London, UK 
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AIM: To survey patients experiencing virological 
 failure on raltegravir-based therapy within the Coro-
net project, which evaluates resistance to integrase 
inhibitors (INIs) across Europe, including the effect 
of subtype-related variability. 

METHODS: Data were collected from nine centres and 
two multicentre repositories (UK HIV Drug Resistance 
Database, EuResist Database). The analysis included 
the major INI resistance-associated mutations T66I, 
E92Q, F121Y, G140A/S, Y143R/C, S147G, Q148H/
R/K and N155H, other mutations at these codons and 
other mutations implicated in INI resistance in vivo or 
in vitro (codons 51, 54, 68, 74, 95, 97, 114, 125, 128, 
138, 145, 146, 151, 153, 154, 157, 160, 163, 203, 230 
and 263).  

RESULTS: Of 237 sequences analysed to date, 42 were 
non-B subtypes (predominantly CRF_AG, but also 
C, F, G, A, D and CRF_AE) and 45.1% showed ≥1 
major resistance mutation, comprising E92Q (0.4%), 
E92Q+N155H (2.9%), G140S (0.4%), G140A/
S+Q148H/R/K (10.5%), G140S+Q148H+N155H 
(0.4%), Y143R/C (5.5%), Y143R+N155H (0.4%), 
S147G+Q148H (0.4%), Q148H/R/K (3.4%), 
Q148H+N155H (0.4%) and N155H (20.2%). 
The median viral load was 3,170 copies/ml (IQR 
466– 9,400) and was not significantly different in 
patients with (2,700 copies/ml, IQR 700–12,000) 
or without (4,000 copies/ml, IQR 300–28,000) 
major mutations (P=0.99, Wilcoxon rank-sum test). 

Comparing the three major recognized pathways of 
raltegravir resistance in B versus non-B subtypes, 
N155H occurred in 25.1% versus 21.4% (detected in 
A, C, D, F, G and CRF_AG), Q148H/R/K in 17.9% 
versus 2.4% (C; P=0.001, Fisher’s exact Test), and 
Y143R/C in 5.1% versus 9.5% (C, F and CRF_AG). 
Other mutations at the same codons, each occurring 
in one subtype B sequence, comprised E92A, Y143H, 
S147I and N155D/Q. Other resistance mutations with 
frequency >1% comprised L74M/I, T97A, T125A/V 
(T125A in 39/42 non-B subtypes), E138D/K, V151I, 
E157Q, K160Q/T, G163R/E, I203M and S230N. 

CONCLUSIONS: A substantial proportion of raltegra-
vir failures occured in the absence of the major recog-
nised INI resistance-associated mutations. Of the three 
major recognized pathways of raltegravir resistance, 
N155H and Y143R/C occured in both B and non-B 
subtypes, whereas Q148H/R/K was uncommon in 
non-B subtypes. Further research is needed to elucidate 
the role of other mutations, subtype-related differences 
in resistance pathways and the implications of these 
findings for the use of second-generation INIs.
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Non-nucleoside reverse transcriptase inhibitor 
resistance-associated mutation detection in HIV-
infected patients screened for entrance into ongoing 
clinical studies of maraviroc and lersivirine
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BACKGROUND: A large database of screening  sample 
genotypes and phenotypes from ongoing clinical stud-
ies of maraviroc and lersivirine was interrogated to 
understand the prevalence of non-nucleoside reverse 
transcriptase inhibitor (NNRTI) resistance-associated 
mutations (RAMs) in patient populations relevant to 
the ongoing lersivirine development programme.

METHODS: Screening samples from three ongoing 
clinical trials (maraviroc-A4001026, maraviroc-
A4001078 and lersivirine-A5271015) in treatment-
naive individuals were examined for the prevalence 
of NNRTI RAMs as defined by the IAS–USA (2009). 
In order to control for subtype effects, only clade B 
was examined. In addition, etravirine and lersivir-
ine susceptibility was compared in screening samples 
from NNRTI treatment-experienced people screening 
for entry into study lersivirine-A5271022. A 10-fold 
change was set as the cutoff for lersivirine susceptibil-
ity as this was used for the initial modelling of dose for 
treatment-experienced patients.

RESULTS: The total number of clade-B-infected 
patients with any of the first-generation NNRTI RAMs 
in virus from treatment-naive individuals was 56/1,389 
(4%). The prevalence of the individual NNRTI RAMs 
in treatment-naive patients was 33/1,389 (2.4%) for 
K103N, 7/1,389 (0.5%) for V108I, 7/1,389 (0.5%) 
for Y181C/I, 5/1,389 (0.4%) for V106A/M, 4/1,389 
(0.3%) for Y188C/L/H; 4/1,389 (0.3%) for G190A/S 
and 1/1,398 (<0.1%) for K101P. The prevalence of 
mutations associated with high-level resistance to lersi-
virine was low: 2/1,389 (0.1%) for Y188L and 1/1,389 
(<0.1%) for G190E/Q. 35/76 (46%) treatment-
 experienced patients had virus with one or more etra-
virine RAMs and 20 (26%) had a mutation associated 
with reduced etravirine clinical utility (IAS–USA). The 
prevalence of virus with susceptibility to lersivirine 
(56/76, 74%) was comparable to virus retaining full 
susceptibility to etravirine (established clinical cut-
off 2.9-fold change: 58/76, 76%). There was no clear 

correlation between etravirine and lersivirine suscepti-
bility fold changes (R2=0.11), confirming their different 
binding characteristics and resistance profiles.

CONCLUSIONS: The prevalence of transmitted 
 resistance to NNRTI supports the development of fur-
ther NNRTIs active against viruses with first-genera-
tion NNRTI RAMs. Transmitted variants with lersiv-
irine RAMs associated with high-level resistance were 
rare. Minority species were not assessed; therefore, 
the estimates of the prevalence of RAMs are mini-
mum values. In the treatment-experienced patients, a 
10-fold change of IC50 for lersivirine gave the equiva-
lent number of viruses that retained full phenotypic 
activity against etravirine.
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Mutations selected in patients displaying 
treatment failure under an etravirine-containing 
regimen
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14Henri Mondor Hospital, Créteil, France 
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16CHU Bordeaux, Bordeaux, France 
17INSERM U943, Paris, France

BACKGROUND: In vitro selection experiments 
 identified mutations selected by etravirine that included 
known NNRTI-associated mutations L100I, Y181C, 
G190E, M230L and Y318F, and the novel mutations 
V179I and V179F. Few data are available concerning the 
selection of mutations in patients failing to an etravirine-
 containing regimen.

METHODS: We studied 42 treatment-experienced 
patients failing (viral load [VL]>50 copies/ml) after 
6 months on an etravirine-containing regimen. We com-
pared, for each patient, the sequence of reverse tran-
scriptase (RT) at failure with all the RT sequences avail-
able before the introduction of etravirine. A mutation 
was considered as selected if it was not present in previ-
ous genotypes. The effect of baseline and failure HIV-1 
RNA and CD4+ T-cell count, HIV-1 subtype, baseline 
number of NNRTI resistance mutations, PI and NRTI 
genotypic sensitivity score (GSS), number of new drugs 
used in the treatment and past use of efavirenz or nevi-
rapine on the selection of NNRTI resistance mutation 
were investigated. ETR resistance was defined accord-
ing to last ANRS algorithm.

RESULTS: At baseline, 36 (86%), 5 (12%) and 1 (2%) 
patients had a virus classified as susceptible, possibly 
resistant and resistant to ETR, respectively. At the time 
of failure, 14, 6 and 22 patients had a VL between 
50–500, 500–5,000 and >5,000 copies/ml, respectively. 
At failure, 12 (29%) out of 42 patients had occurrence 
of at least one new NNRTI mutation (seven patients 
selected only one mutation and five patients selected 
two mutations). The NNRTI mutations selected were 
V179I (5 patients), V179L (1), V179F (2), L100I (1), 
K103N (2), Y181C (3), K101E (1), K101R (1), H221Y 
(1). Univariate analysis showed that VL level at failure 
(P=0.033) and past exposure to efavirenz (P<0.001) 
was associated with the occurrence of NNRTI muta-
tion. The final multivariate model included only past 
exposure to efavirenz. Among the 36 patients classified 
as susceptible to etravirine at baseline, 5 were classified 
as possibly resistant at failure.

CONCLUSIONS: Only 30% of patients experiencing 
failure to etravirine selected new NNRTI resistance 
mutations (at position V179 in 2/3 of cases) in a con-
text of multiple NNRTI resistance mutations. 
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Expected HIV-1 etravirine resistance after 
treatment failure with efavirenz and/or nevirapine

G Beheydt1, J Vercauteren1, I Levy2, H Rudich2, 
D Ram2, AP Carvalho3, K Van Laethem1, 
AM Vandamme1,  R Camacho3,4, Z Grossman2,5

1Katholieke Universiteit Leuven, Rega Institute for Medical 
Research, Leuven, Belgium 
2Sheba Medical Center, Tel-Hashomer, Israel 
3Centro Hospitalar de Lisboa Ocidental, Lisbon, Portugal 
4Universidade Nova de Lisboa, Instituto de Higiene e Medicina 
Tropical, Lisbon, Portugal 
5Tel-Aviv University, School of Public Health, Tel Aviv, Israel

BACKGROUND: We studied the expected usefulness 
of etravirine after efavirenz and/or nevirapine failure 
and potential subtype influences.

METHODS: A total of 7,979 HIV-1 sequences from 
7,770 patients (Belgium, Israel and Portugal) were clas-
sified as 45% drug-naive, 21% NNRTI-naive, 19% efa-
virenz-experienced, 12% nevirapine-experienced and 
4% efavirenz+nevirapine-experienced. 41% belonged 
to subtype B, 26% to G, 14% to C and 19% to others. 
Etravirine resistance was scored according to ANRS 
v18 2009, HIVdb v6.0.7, Rega v8.0.2, enhanced Mono-
gram and Tibotec algorithms. Differences between algo-
rithms, drug experience and subtypes were statistically 
evaluated, correcting for multiple testing. A subtype 
factor was added to an ordinal logistic regression model 
already containing drug experience to assess additional 
influences of subtype on etravirine resistance.

RESULTS: ANRS scores showed lower correlation 
(0.33–0.44) than the other algorithms (0.68–0.86). 
Experience with nevirapine resulted in 6–49% (median 
31%) of sequences scoring intermediate (I) and 1–35% 
(median 4%) scoring resistant (R) depending on the 
algorithm. This was more (P=2e-12) than for efavirenz-
experienced sequences, where 5–48% (median 17%) 
scored I and 1–25% (median 3%) scored R. Experi-
ence to both nevirapine and efavirenz resulted in the 
highest etravirine resistance scores (P<6e-6 versus 
nevirapine only and P=1e-7 versus efavirenz only), 
14–43% (median 25%) scored I and 2–36% (median 
11%) scored R. Although subtype had no additional 
influence, some mutations were not equally distributed 
among subtypes. Naive subtype C sequences had more 
98G than naive B sequences (P=0.01), efavirenz or nev-
irapine experience resulted in more 106M in subtype C 
(P=6e-9 and P=0.01, respectively) and less 108I in sub-
type G (P<0.001 and P=0.047, respectively). Subtype 

G drug-naive and efavirenz-experienced sequences had 
more 179E (P=2e-7 and P=1e-12, respectively) and less 
179D (P=0.02).

CONCLUSIONS: Expected etravirine resistance was 
higher after nevirapine experience than after efavirenz 
experience (31% I plus 7% R versus 18% I plus 4% 
R using Tibotec score), whereas experience with both 
drugs further increased expected etravirine resistance 
levels (25% I plus 12% R), suggesting limited activ-
ity in a substantial number of patients previously fail-
ing nevirapine and/or efavirenz. Although some known 
etravirine resistance mutations are more prevalent in 
subtypes C and G, there was no significant influence of 
the subtype on expected etravirine resistance. Etravir-
ine may, thus, be equally useful on all continents.
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Antiviral activity profile and characterization of 
mutations associated with resistance to a novel 
NRTI (OBP-601, Festinavir®) and their effect on 
HIV-1 replicative fitness 

AC Vazquez1, J Weber1, M Baba2, D Winner1, 
JD Rose1, AM Rhea1, D Wylie1, Y Urata3, 
ME Quiñones-Mateu1

1Diagnostic HYBRIDS, Athens, OH, USA 
2Kagoshima University, Kagoshima, Japan 
3Oncolys BioPharma, Tokyo, Japan

BACKGROUND: Festinavir (4′-Ed4T) is a derivative 
of stavudine (d4T) with potent activity against HIV-1, 
limited cellular toxicity and a unique in vitro resistance 
profile. Here, we describe the phenotypic characteriza-
tion of the susceptibility to Festinavir® of multidrug-
resistant and wild-type (wt) viruses from different 
subtypes, a Festinavir-resistant virus and its replicative 
fitness, and its potential use in combination therapy.

METHODS: A comprehensive panel of p2-INT-re-
combinant viruses, comprising the 3′-end of gag (p2/
p7/p1/p6) and the entire pol gene (PR/RT/INT), was 
generated from clinical samples, HIV-1 isolates and 
an in vitro selected festinavir-resistant virus using a 
novel yeast-based cloning system. The susceptibility of 
Festinavir, alone or in combination with other antiret-
roviral drugs, was assayed using VIRALARTS™HIV. 
Viral replicative fitness of the Festinavir-resistant virus 
was determined using viral growth kinetics and growth 
competition experiments in MT-4 cells.

RESULTS: p2-INT viruses from different wt HIV-1 
subtypes, including groups O and N, showed simi-
lar susceptibility to festinavir and the parental com-
pound d4T. A range of susceptibility to festinavir was 
observed for viruses containing NAM, TAM41 path-
way or TAM67 pathway resistance mutations, together 
with K103N and M184V. Interestingly, viruses carrying 
the Q151M mutation were hypersusceptible to Festina-
vir, rescuing the resistance effect of M184V. Festinavir 
showed strong to moderate synergistic interaction with 
different antiretroviral drugs in wt, K103N, Q151M 
and M184 viruses. Finally, the Festinavir-resistant virus 
(P119S+T165A+M184V) showed a 6.3-, 6.2-, >max 
and >max-fold resistance to Festinavir, abacavir, lami-
vudine and emtricitabine, respectively. However, no 
effect on viral replicative fitness was observed.

CONCLUSIONS:  Here, we have shown that Festinavir 
is a strong inhibitor of wt HIV-1 from different subtypes 

and drug-resistant viruses, particularly those carrying 
mutations related to the Q151M complex. We also took 
advantage of a novel methodology that allows construct-
ing p2/p7/p1/p6/PR/RT/INT-recombinant viruses to rule 
out the potential role of mutations outside the RT, and 
within this Gag/Pol region, on resistance to Festinavir. 
In summary, Festinavir’s resistance profile and the syn-
ergistic effect with other antiretroviral drugs warrant 
further investigation for its potential use in combination 
therapy against HIV-1.
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Control of viral replication following transmission 
of HIV-1 exhibiting resistance to reverse 
transcriptase, protease and integrase inhibitors 

S Fransen1, B Young2,3, A Frantzell1, K Greenberg2, 
A Thomas2, S Martens1, M St Clair4, B Ha4, 
W Huang1, CJ Petropoulos1

1Monogram Biosciences, South San Francisco, CA, USA 
2Denver Infectious Disease Consultants, Denver, CO, USA 
3Health Connections International, Amsterdam, the Netherlands 
4GlaxoSmithKline, Research Triangle Park, NC, USA

BACKGROUND: Transmission of reverse transcriptase 
(RT) and protease (PR) inhibitor-resistant HIV-1 is well 
described. To our knowledge, there are no reported 
cases of transmission of integrase (IN) inhibitor-re-
sistant HIV-1. This report describes the first case of 
HIV-1 infection involving resistance to RT, PR and IN 
inhibitors.

METHODS: Genotypic and phenotypic analyses were 
performed at baseline (BL) and week (W) 48 using 
 GeneSeq and PhenoSense PRRT and IN assays, respec-
tively. Replication capacity (RC) was measured using 
resistance test vectors containing patient-derived PR/
RT, RNaseH/IN or PR/RT/RNaseH/IN (pol).

RESULTS: The patient was a 53 year-old HIV+ 
treatment- naive man that initiated therapy with 
abacavir, lamivudine and raltegravir with a BL viral 
load of 77,600 copies/ml, which decreased to 82 cop-
ies/ml by W8 and 591 copies/ml by W48. Retrospective 
genotypic analysis of the BL virus identified mutations 
associated with resistance to RT inhibitors (K70K/R, 
K103N and V106A), PR inhibitors (L10I, V32I, M46I, 
A71V, V82A and L90M) and IN inhibitors (G140S and 
Q148H). PR, RT and IN inhibitor resistance mutations 
observed at BL persisted at W48. Additional RT resist-
ance mutations, V75I and M184V, emerged along with 
other substitutions in RT and IN. At W48, reductions 
in susceptibility to PR inhibitors, non-nucleoside reverse 
transcriptase inhibitors and raltegravir persisted, and 
reductions in susceptibility to lamivudine and abacavir 
were observed. pol RC decreased 10-fold, from 20% at 
BL to 2% at W48; PRRT RC was low at both BL (1%) 
and W48 (1.5%); IN RC was not impaired at BL and 
W48, consistent with our previous observation in which 
IN mutations G140S and Q148H exhibit higher RC.  

CONCLUSIONS: This is the first documented case of 
transmitted IN inhibitor resistant HIV-1.  The sustained 
reduction in viral replication observed in this patient 

is associated with the low replication capacity of virus 
exhibiting resistance to all drug classes. 
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The integrase inhibitor raltegravir is a substrate 
but not an inhibitor of P-glycoprotein: potential 
therapeutic target to modulate drug disposition?

G Minuesa1, B Clotet1, J Martinez-Picado1,2

1AIDS Research Institute, IrsiCaixa Foundation, Hospital Germans 
Trias i Pujol, Universitat Autònoma de Barcelona, Badalona, Spain 
2Institució Catalana de Recerca i Estudis Avançats (ICREA), 
Barcelona, Spain

BACKGROUND: Raltegravir, the first integrase inhibi-
tor used to combat HIV-1 infection, works by inhib-
iting the insertion of viral genome into human DNA. 
Raltegravir has a very potent in vitro activity against 
HIV-1, with a 95% inhibitory concentration in human 
T-cell cultures of 33 nmol/l. Nevertheless, the mecha-
nisms by which raltegravir enters and effluxes from 
cellular compartment(s) and tissues still remain unex-
plored. The aim of this study was to analyse the role 
of the efflux pumps P-glycoprotein (P-gp; ABCB1) and 
multidrug resistance-related protein 1 (MRP1; ABCC1) 
in raltegravir cellular efflux and disposition. 

METHODS: The CD4+ T-lymphoblastoid cell lines 
CEMwt (CEM-CCRF), CEME1000 (overexpressing 
MRP1), CEMVBL100 (overexpressing P-gp), peripheral 
blood mononuclear cells (PBMCs) and phytohemag-
glutinin-stimulated PBMCs were used in [3H]raltegra-
vir (1 µM; 0.5–1.0 µCi/ml) cellular accumulation ratio 
experiments using two potent and specific MRP1 and 
P-gp inhibitors: MK571 and XR9051, respectively. 
The inhibition of the efflux transporters function was 
studied by measuring the retention of the fluorescent 
substrate calcein by flow cytometry and microscopy 
analysis in CEM cells. In the analysis, we used specific 
(MK571 and XR9051) and broad-spectrum inhibitors 
(Ko143 and verapamil) as well as raltegravir, protease 
inhibitors (PIs) and non-nucloside reverse transcriptase 
inhibitors (NNRTIs).

RESULTS: In CEM accumulation ratio experiments, 
XR9051 was capable of significantly increasing intra-
cellular disposition of [3H]raltegravir both in CEMwt 
(100 ±7.1% to 120 ±5.6%; P=0.0141) and CEMVBL100 
cells (71 ±11.2% to 114 ±21.3%; P=0.0017), but no 
differences in CEME1000 were found. Accordingly, when 
performing time-course experiments, CEMVBL100 cells 
showed lower intracellular [3H]raltegravir accumula-
tion than CEMwt in all time points used. These differ-
ences could be significantly diminished at 15, 30, 45 and 
60 min by XR9051. Nevertheless, in PBMCs, no sig-
nificant differences in [3H]raltegravir disposition were 

found, mainly due to high variability between blood 
donors. Finally, specific broad-spectrum inhibitors, PIs 
and NNRTIs inhibited both transporter functions in 
CEME1000 and CEMVBL100, increasing the accumulation 
of calcein fluorescence, whereas raltegravir did not.

CONCLUSIONS: These results demonstrate that ralte-
gravir is a substrate for P-gp but not an inhibitor of its 
function. P-gp, present on many barrier sites (blood-
brain or blood-testis interfaces) could be a potential 
therapeutic target to modulate drug disposition and 
pharmacokinetics of raltegravir.
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Raltegravir plasma exposure influences antiviral 
activity and selection of drug resistance

C Garrido1, E Álvarez1, J Morello1, N Zahonero1, 
F García2, S Rodríguez-Novoa1, C de Mendoza1, 
V Soriano1

1Hospital Carlos III, Madrid, Spain 
2Hospital Universitario San Cecilio, Granada, Spain

BACKGROUND: Raltegravir (RAL) resistance is 
associated to integrase mutations at positions 143, 
148 and/or 155; however, a substantial proportion 
of early RAL failures occur in the absence of these 
changes. The exam of RAL plasma trough concentra-
tions (Ct) could help interpreting this observation.

METHODS: Integrase sequences were obtained from 
patients failing RAL using an in-house PCR protocol. 
RAL Ct was measured by HPLC/MS/MS in specimens 
collected from patients before and at the time of failure, 
as well as in a group of RAL-treated patients on sus-
tained viral suppression.

RESULTS: A total of 107 patients experiencing early 
virological failure on RAL were identified. Integrase 
sequences could be obtained from 86. Low virae-
mia most likely precluded drawing results from the 
rest. Primary RAL resistance mutations were found 
in 28 (32.6%): 13 N155H, 8 Q148H/R, 3 Y143R, 
1 E92Q, 1 N155H+E92Q, 1 N155H+Y143H and 1 
N155NH+Q148QH. Another eight patients devel-
oped other INI resistance changes, including N155P, 
G163E/Q, H51Q, L74IM, T66R and S230N. The 
remaining 50 RAL failures occurred in the absence of 
integrase changes.

RAL Ct could be measured in 62 patients at failure, in 
20 of them before failure and in 21 controllers. Patients 
with undetectable viraemia on RAL displayed greater 
median RAL Ct (724.6 [427.6–1,300.9] ng/ml) than 
RAL failures, either considering them at the time of 
failure (70.4 [0.0–310.2] ng/ml; P<0.001) or before it 
(281.3 [106.1–938.1] ng/ml; P=0.063, respectively).

In patients failing RAL, median Ct at the time of failure 
was greater in patients selecting primary RAL resist-
ance mutations than in the rest (233.7 [99.3–579.7] 
versus 0.0 [0.0–91.8] ng/ml; P<0.001). The propor-
tion of patients with undetectable RAL Ct (<10 ng/
ml) was higher in patients failing RAL in the absence 
of resistance mutations than in the rest (67.6% versus 
5.3%; P<0.001).

In the longitudinal analysis of 20 patients before and 
after RAL failure, median RAL Ct tended to decrease 
from 281.3 [106.1–938.1] ng/ml during viral suppres-
sion to 160.4 [23.1–292.5] ng/ml at the time of failure 
(P=0.057).

CONCLUSIONS: RAL plasma exposure influences 
virological activity as well as selection of resistance. 
Failure on RAL regimens in the absence of resistance 
mutations mainly reflects poor drug compliance.
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Structural models of HIV-1 integrase and DNA 
in complex with S/GSK1349572, raltegravir or 
elvitegravir: structure-based rationale for INI 
resistance profiles

FG Deanda1, K Hattori2, T Yoshinaga2, T Kawasuji2, 
MR Underwood1

1GlaxoSmithKline, Inc., Research Triangle Park, NC, USA 
2Shionogi & Co., Ltd, Osaka, Japan

BACKGROUND: The in vitro HIV-1 integrase (IN) 
resistance profile of S/GSK1349572 is distinct from that 
of raltegravir and elvitegravir. For example, although 
signature IN mutations at Y143, Q148 and N155 nega-
tively affect raltegravir and elvitegravir antiviral poten-
cies, S/GSK1349572 potency is unaffected. Herein, we 
describe structural models of HIV-1 IN with DNA, con-
structed to provide a structure-based rationale for INI 
resistance profiles.

METHODS: An HIV-1 IN model was constructed from 
IN structural fragments available from the RCSB Protein 
Data Bank, and included the N-terminal domain in 1k6y 
(PDB code), catalytic core domain in 2b4j and C- terminal 
domain in 1ex4. The IN active site loop was modelled 
from prototype foamy virus (PFV) integrase in 3l2u. Two 
HIV-1 U5 LTR ends were also modelled from the PFV 
DNA in 3l2u and 3l2v; these were used to construct two 
distinct HIV-1 IN/DNA models. Raltegravir, elvitegravir 
and S/GSK1349572 were manually docked into the cata-
lytic sites and their poses geometry-optimized.

RESULTS: Unlike raltegravir and elvitegravir, the 
docked pose of S/GSK1349572 shows that the inhibi-
tor spans the width of the catalytic site from G118 to 
E152, but not its height from the two Mg2+ to Y143 
at the top of the pocket. Indeed, raltegravir’s oxadia-
zole pi stacks with Y143. By contrast, S/GSK1349572 
lies distal to and does not interact with Y143, which 
may explain its activity against HIV with Y143 resist-
ance substitutions. Our models suggest that Q148 may 
stabilize the active site loop in a catalytically active 
conformation by forming an H-bond with H114. We 
hypothesize that substitutions at Q148 may disrupt the 
loop, potentially reducing the pocket’s height and thus 
negatively affecting raltegravir and elvitegravir’s poten-
cies but not S/GSK1349572’s potency. The N155H sub-
stitution may also reduce the pocket’s height because it 
lies just beneath the catalytic site.

CONCLUSIONS: Comparison of the docked poses of 
S/GSK1349572, raltegravir and elvitegravir revealed 

clear differences in intermolecular interactions. S/
GSK1349572’s more streamlined architecture may 
contribute to its resistance to substitutions, which 
decrease the catalytic pocket’s height. Our HIV-1 IN/
DNA models provide a structure-based rationale for 
S/GSK1349572’s distinctive in vitro resistance profile 
and highlight its potential for clinical activity against 
raltegravir-resistant viruses.
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Previous antiretroviral exposure enhances 
accumulation of mutations in the integrase region 
and affects acquisition of raltegravir resistance 

H Suzuki1, J Hattori2,3, M Nishizawa1, S Ibe2,3, 
Y Iwantani2,3, Y Yokomaku2,3, W Sugiura1,2,3

1AIDS Research Center, National Institute of Infectious Diseases 
(NIID), Tokyo, Japan 
2Clinical Research Center, Nagoya Medical Center, Nagoya, Japan 
3Department of AIDS Research, Nagoya Graduate School of 
Medicine, Nagoya, Japan

OBJECTIVE: To understand how exposure to reverse 
transcriptase (RT) inhibitors (RTIs) and protease inhib-
itors (PIs) affect accumulation of mutations in the inte-
grase (IN) region, and the impact of these mutations on 
acquisition of raltegravir (RAL) resistance. 

METHODS: Plasma samples from 53 multiclass resist-
ance (MDR) cases and 51 treatment-naive (naive) 
cases were selected randomly from samples sent to the 
National Institute of Infectious Diseases for routine 
drug resistance genotyping. Protease–RT (1.3 Kbps) and 
IN (1.0 Kbps) regions were amplified and sequenced. To 
understand the effect of existing IN mutations on RAL 
resistance, we constructed recombinant clones with 
the HXB2 backbone and full-length patient-derived 
IN fragments. Into these recombinant clones, known 
RAL-resistant mutations Q148K/R/H and N155H were 
introduced by site-directed mutagenesis, and their effects 
on replication capacities and RAL resistance were evalu-
ated using an in-house phenotypic assay. 

RESULTS: The accumulation of IN mutations was 
significantly higher (P<0.008) in MDR cases (aver-
age 11.3 mutations and median 11 mutations) than in 
naive cases (average 9.6 and median 9). Three lineages 
of recombinant viruses (SHIN-1, -2 and -3) were con-
structed with IN fragments from three MDR cases by 
introducing five patterns of RAL-resistant mutations. 
SHIN-1, -2 and -3 had 20, 11 and 17 mutations in 
the IN region, respectively. In all three recombinant 
lineages, replication capacities were not affected by 
N155H, but seriously deteriorated after adding both 
Q148K+155H. The effect of IN polymorphisms on 
RAL resistance was evaluated by the RAL phenotype of 
SHIN-2 lineage. IC50 values for SHIN-2/148K, 148R, 
148H and 155H were 190 nM (115.1-fold resistance 
to HXB2wt), 96 nM (58.6-fold), 22 nM (13.6-fold) 
and 13 nM (8.7-fold), respectively, whereas IC50s for 
HXB2wt, 148K, 148R, 148H and 155H were 1.6 
nM (1.0-fold), 52 nM (32.6-fold), 35 nM (22.4-fold), 

72 nM (45.3-fold) and 13 nM (8.7-fold), respectively. 
Thus, IC50 was higher for 148K/R/H in the context of 
SHIN-2 IN polymorphisms, but lower with N155H 
mutation. 

CONCLUSIONS: Previous exposure to RTI and PI 
appeared to increase accumulation of IN region muta-
tions. Although the observed mutations themselves 
did not confer resistance to RAL, they did enhance the 
resistance level of Q148K/R/H RAL mutations. Our 
study shows that pre-existing mutations may affect 
subsequent RAL resistance acquisition. 
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Vicriviroc-resistant HIV-1 clinical isolates exhibit 
delayed entry kinetics that correct in the presence 
of drug

O Putcharoen1,2, DR Kuritzkes1,3, AMN Tsibris3,4

1Brigham and Women’s Hospital, Boston, MA, USA 
2Harvard School of Public Health, Boston, MA, USA 
3Harvard Medical School, Boston, MA, USA 
4Massachusetts General Hospital, Boston, MA, USA

BACKGROUND: A vicriviroc (VCV)-resistant HIV-1 
clinical isolate exhibited cross-resistance to other 
small molecule CCR5 antagonists, such as TAK-779, 
after 28 weeks of VCV therapy but was outcompeted 
by near wild-type virus in the absence of drug. To 
investigate the mechanism of this decreased fitness, we 
measured the entry kinetics of vicriviroc-sensitive and 
-resistant viruses.

METHODS: We used a virus-cell beta-lactamase 
(BLaM) fusion assay to determine the entry kinetics 
of recombinant viruses. Five envelopes were tested: 
the baseline env (week 0), two envs with intermedi-
ate VCV resistance isolated from weeks 16 and 19 of 
therapy, the resistant week 28 env and a chimeric enve-
lope construct that incorporated the week 28 V3 loop 
into the week 0 env backbone. Recombinant viruses 
carrying BLaM-Vpr were used to infect TZM-bl and 
U87/CD4+CCR5+ cells in the presence and absence of 
TAK-779. Fusion kinetics were monitored by real-time 
fluorimetry and the extent of fusion was determined by 
flow cytometry. 

RESULTS: In the absence of drug, the time to half-
maximal fusion (t1/2max) for viruses that expressed 
week 0 env was faster than for week 28 viruses (5.1 
±0.8 min versus 12.7 ±0.4 min). The addition of either 
1 nM or 1 µM TAK-779 to week 28 viruses, however, 
restored entry kinetics to week 0 rates (7.1 ±0.03 and 
6.1 ±1.6 min, respectively). Identical trends were seen 
in both TZM-bl and U87/CD4+CCR5+ cells. The 
percentage of BLaM-positive cells at all time points 
over 180 min was greater for week 28 viruses in the 
presence of TAK779, relative to its absence. Week 0 
viruses demonstrated the slowest t1/2max for entry 
into U87/CD4+CCR5+ cells in the presence of 1 nM 
TAK-779 (22.0 ±0.1 min); this delay progressively 
corrected in weeks 16, 19 and 28 viruses (12.8 ±1.8, 
12 .0 ±1.7 and 7.1 ±0.03 min, respectively). V3 loop 
chimeric viruses in the presence of 1nM TAK-779 
entered cells with a t1/2max of 6.4 ±1.6 min, similar 
to the week 28 virus.

CONCLUSIONS: The progressive accumulation of V3 
loop VCV resistance mutations restored entry kinetics 
in the presence of drug to wild-type levels. The delayed 
entry of these VCV-resistant isolates in the absence of 
vicriviroc may explain their observed decreased fitness 
in vivo.
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Analysis of the HIV-1 gp120 V3 loop at 
screening for treatment-experienced patients 
in the MOTIVATE studies who failed with CCR5 
tropic virus

M Lewis1, P Simpson1, B Jubb1, C Craig1, H Valdez2, 
M Westby1 
1Pfizer Global R&D, Sandwich, Kent, UK 
2Pfizer, Inc., New York, NY, USA

BACKGROUND: Mutations in the gp120 V3 loop 
have been identified in phenotypically resistant CCR5 
tropic viruses obtained from patients failing maraviroc 
treatment in the MOTIVATE studies, consistent with 
this region’s role in binding of virus to the corecep-
tor. A separate analysis of pretreatment V3 sequences 
from 840 MOTIVATE patients identified amino acid 
residues 4L and 19S as being significantly associated 
with subsequent virological failure. The objective of 
this study was to further characterize these positions 
for patients with phenotypic susceptibility data at 
failure. 

METHODS: A dataset was constructed of popula-
tion V3 loop sequences from screening samples for 26 
patients who subsequently failed having CCR5 tropic 
maraviroc-resistant virus by phenotype (<95% mpi: 
MVCres) and 57 patients failing with maraviroc-sus-
ceptible virus (≥95% mpi: MVCsus). The dataset was 
queried for the presence of either 4L or 19S at screen-
ing and MVCres at failure. In addition, V3 loop clonal 
sequences derived from baseline and failure virus for 
17 patients who failed with MVCres were queried for 4L 
and 19S. Adherence to therapy, as a means to explain 
failure in the absence of resistance, was assessed.

RESULTS: The V3 residues 4L and 19S were present 
at screening in virus from 12 of 83 patients (14%). 
At failure, MVCres virus was identified for 3 of 5 or 3 
of 7 patients whose virus had a 4L or 19S V3 residue 
at screening respectively. Clonal analyses identified 
19S V3 sequences in both MVCsus and MVCres clones 
from the three patients, indicating that this residue 
alone does not confer a resistant phenotype. Resistant 
strains studied at failure appear to originate from pre-
treatment MVCsus populations, rather than by expan-
sion of a pre-existing resistant reservoir with a 19S V3 
‘signature’. Objective markers of non-adherence were 
identified in 21 of the 57 patients failing with MVCsus-

virus, consistent with the lack of phenotypic or geno-
typic markers of viral resistance detected at failure in 
these patients.

CONCLUSIONS: V3 residues 4L and 19S at screening 
were not clearly associated with an MVCres phenotype 
at failure in treatment-experienced patients receiving a 
maraviroc regimen in MOTIVATE. 
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A vicriviroc-resistant HIV-1 subtype C 
clinical isolate depends strongly on the second 
extracellular loop of CCR5 for entry

TJ Henrich1,2, NRP Lewine3, N Lin2,4, L Ratner5, 
M Sagar1,2, AMN Tsibris2,4, DR Kuritzkes1,2

1Brigham and Women’s Hospital, Cambridge, Massachusetts, USA 
2Harvard Medical School, Boston, MA, USA 
3Harvard University, Cambridge, MA, USA 
4Massachusetts General Hospital, Boston, MA, USA 
5Washington University in St Louis, MO, USA

BACKGROUND: We previously reported the emer-
gence of vicriviroc-resistant HIV-1 over 28 weeks of 
therapy; resistance was principally associated with 
mutations in the V3 loop of this subtype C virus. We 
explored the effect of V3 from this VCV-resistant virus 
(W28) in different HIV-1 subtypes and studied interac-
tions of a viral chimera incorporating the W28 V3 loop 
into the baseline (W0) envelope backbone (W0–W28v3) 
with the N terminus and the second extracellular loop 
(ECL2) of CCR5. 

METHODS: Pseudoviruses carrying envelope 
sequences from W0, W28 and W0–W28v3 were con-
structed; inhibition by monoclonal antibodies directed 
against the N terminus (CTC5) and ECL2 (2D7) of 
CCR5 was assessed in the presence and absence of 
vicriviroc. Viral infectivity was tested in cell lines 
expressing CCR5 and chimeric coreceptors compris-
ing combinations of the four extracellular domains of 
CCR5 and CXCR4. Vicriviroc susceptibility of pseu-
doviruses carrying W0 and W28 V3 loops in HIV-1 
subtype A and B envelopes was determined.

RESULTS: Incorporating the W28 V3 loop into W0, 
subtype A (Q23) and subtype B (NL4-3) envelopes 
resulted in varying degrees of vicriviroc resistance (per-
cent maximal inhibition [PMI] -13%, 30% and 61%, 
respectively). W0, W28 and the W0–W28v3 chimera 
were completely inhibited by 2D7, but pseudoviruses 
carrying the W28 V3 showed increased sensitivity to 
2D7 inhibition (IC50=0.08 µg/ml [W28] and 0.01 µg/
ml [W0–W28v3] versus 0.38 µg/ml [W0]). The 2D7 
IC50 for W28 and W0–W28v3 increased substantially 
in the presence of saturating vicriviroc concentrations 
(IC50=0.37 µg/ml and 0.12 µg/ml, respectively). CTC5 
partially inhibited W0 (PMI 13%), W28 (33%) and 
W0–W28v3 (50%). Vicriviroc did not alter CTC5 inhi-
bition of W28 or W0–W28v3. W0, W28 and W0–W28v3 
were unable to infect cells expressing chimeric corecep-
tors, including CCR5 with ECL2 from CXCR4.

CONCLUSIONS: These results demonstrate that 
vicriviroc- resistant virus remains strongly dependent on 
interactions with ECL2 for cell entry. Although the effect 
of V3 loop mutations on susceptibility to CCR5 antago-
nists may be context dependent, V3 from the resistant 
isolate we studied conferred resistance when introduced 
into envelope backbones from diverse subtypes. 
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Enhanced NRTI and NNRTI resistance is associated 
with mutations in the HIV-1 reverse transcriptase 
connection subdomain of subtype C patients

KA Delviks-Frankenberry1, RB Lengruber2, 
AF Santos2, MA Soares2, M Kearney1, F Maldarelli1, 
JM Coffin1, VK Pathak1

1HIV Drug Resistance Program, National Cancer Institute at 
Frederick, Frederick, MD, USA  
2Departamento de Genética, Universidade Federal do Rio de 
Janeiro, Rio de Janeiro, Brazil

BACKGROUND: We have previously shown that 
mutations in the connection and RNase H regions of 
reverse transcriptase (RT) can exhibit both NRTI and 
NNRTI resistance by affecting the balance between 
polymerization and RNase H activity. Our goal was 
to determine whether connection subdomain (CN) 
mutations in other subtypes influence sensitivity to 
nucleoside and non-nucleoside RT inhibitors (NRTIs 
and NNRTIs). In this study, we focused on subtype 
C, which accounts for >50% of HIV-1 infections 
worldwide. 

METHODS: Single genome sequencing was performed 
on Brazilian subtype C patients failing RTI therapy 
and clones representing the majority genotypes were 
used for phenotypic analyses. Extensive RT subdomain 
swapping and mutagenesis was used to determine drug 
susceptibility of wild-type versus treatment-experienced 
subtype C patients. 

RESULTS: Phenotypic analysis showed that TAMS 
(D67N, K70R, T215Y and K219Q) had similar effects 
on resistance of subtypes C and B to 5′-azidothymidine 
(AZT; 28× and 18×, respectively). The CNs from sub-
type C RTI-experienced patients conferred substan-
tially increased resistance to AZT (51×–153×) in the 
context of a subtype C polymerase domain encoding 
TAMs. The CNs from subtype C patients in the context 
of TAMs also enhanced resistance to NNRTIs, includ-
ing efavirenz (EFV) and etravirine (ETR) up to 5× and 
3×, respectively. 

Mutations present in the subtype C CN were similar to 
CN mutations identified in subtype B, including 376S, 
400T, 334D, 335D, 348I and 371V. Database analy-
sis of subtype C patients showed 400T to be a com-
mon polymorphism, whereas 348I (18%) and 371V 
(22%) to be positively associated with RTI treatment 
(P<0.0001). Interestingly, 335D was negatively associ-
ated with treatment. 

CONCLUSIONS: These results indicate that, as with 
subtype B, the C-terminal domain of RT from subtype 
C HIV can also acquire mutations that confer substan-
tial resistance to AZT; therefore, the selection of muta-
tions in the CN in treatment-experienced patients also 
occurs in subtype C. These studies further emphasize the 
need to include the CN and RNase H domains in future 
genotypic and phenotypic analyses of RTI resistance. 
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Subunit-specific mutational analysis of residue 
N348 in HIV-1 reverse transcriptase

J Radzio1, N Sluis-Cremer1

1University of Pittsburgh, Division of Infectious Diseases, 
Pittsburgh, PA, USA

BACKGROUND: N348I in HIV-1 RT confers both 
AZT and nevirapine resistance. Several studies have 
demonstrated that the AZT resistance phenotype is due 
to the decreased RNase H activity of the N348I mutant 
RT. The mechanisms by which N348I in RT confer 
nevirapine resistance are poorly understood, although 
GN Nikolenko et al. (2010) suggest that it may also 
be related to the enzyme’s RNase H activity. Further-
more, it is not clear whether it is N348I in the p66, 
p51 or both subunits of RT that is responsible for the 
resistance phenotypes. Here, we carried out mutational 
analyses of residue N348 to address these questions. 

METHODS: The N348A, N348I, N348L or N348Q 
mutations were introduced into WT HIV-1 RT. RTs 
were purified in which the mutations were present in 
both subunits. We also purified RTs in which the N348I, 
N348A or N348Q mutations were present in p66 only, 
and one RT in which N348L was present in p51 only. 
The polymerase and RNase H activities of the enzymes, 
as well as their sensitivities to AZT and nevirapine, 
were determined using appropriate biochemical assays.

RESULTS: For the RTs that harboured mutations in 
both subunits, we determined that N348I and N348L 
decreased the enzyme’s RNase H activity and increased 
its capacity to excise AZT-MP using ATP as a pyro-
phosphate donor. By contrast, the N348A and N348Q 
mutations exhibited RNase H and AZT-MP excision 
activities comparable to WT enzyme. All of the mutant 
enzymes exhibited nevirapine resistance. The RTs that 
contained mutations in p66 only, exhibited RNase 
H activities similar to WT. By contrast, the RT with 
N348L in the p51 subunit exhibited decreased RNase 
H activity. We could not clearly determine whether the 
mutation in the p66 or p51 subunit of RT was respon-
sible for nevirapine resistance.

CONCLUSIONS: This study suggests that AZT 
resistance may be due to N348I in the p51, but not 
p66, subunit of HIV-1 RT. The mechanisms driving 
nevirapine resistance appear more complex and may 
involve the N348I mutation in both subunits of RT.
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Mechanisms of nucleoside analogue resistance 
associated with the selection of HIV-1 reverse 
transcriptase thumb subdomain polymorphisms 

G Betancor1, MC Puertas2, M Nevot2, 
C Garriga1,3, MA Martínez2, J Martinez-Picado2,4, 
L Menéndez-Arias1

1Centro de Biología Molecular ‘Severo Ochoa’, Consejo Superior 
de Investigaciones Científicas – Universidad Autónoma de 
Madrid, Madrid, Spain 
2Fundació irsiCaixa, Hospital Universitario Germans Trias i Pujol, 
Badalona, Barcelona, Spain 
3Centro Nacional de Epidemiología, Instituto de Salud Carlos III, 
Madrid, Spain 
4Institució Catalana de Recerca i Estudis Avançats, Barcelona, Spain

BACKGROUND: A cross-sectional study involving 
>1,800 pol sequences from HIV-infected patients under 
treatment in Spanish hospitals revealed the increased 
prevalence of reverse transcriptase (RT) thumb sub-
domain polymorphisms, such as Pro272, Arg277 
and Thr286, in patients failing therapy with different 
nucleoside analogue combinations. The RT thumb sub-
domain plays a role in DNA polymerization and con-
tributes to stabilizing the p66/p51 heterodimer. Amino 
acid changes in the thumb subdomain could affect the 
balance between excision and template RNA degrada-
tion, as reported for several connection subdomain and 
RNase H domain mutations.

METHODS: Recombinant HIV-1 containing the 
wild-type RT (subtype B, BH10) and mutant deriva-
tives bearing the substitutions M41L/T215Y, M41L/
T215Y/P272A/K277R/T286A and P272A/K277R/
T286A were obtained. In vitro drug susceptibility was 
assayed on MT-4 cells and replication kinetics with or 
without inhibitor was determined by quantification of 
p24Gag antigen production in PBMCs. RT variants with 
the mutations indicated above and the excision-profi-
cient mutant M41L/A62V/T69SSS/K70R/T215Y were 
purified. Chain terminator excision activity, ability to 
form stable ternary complexes in the presence of the 
next complementary dNTP, equilibrium dissociation 
constants with different template–primers and RNase 
H activity were determined for all RTs.

RESULTS: Amino acid substitutions P272A/K277R/
T286A had a minor effect on phenotypic RT inhibi-
tor susceptibility. However, those mutations produced a 
significant reduction of the viral replication capacity in 
PBMCs, in the presence of zidovudine, both in a wild-
type sequence context and in the presence of M41L/

T215Y. Interestingly, in the presence of ATP, RT thumb 
subdomain mutations increased primer-unblocking 
activity on RNA/DNA complexes, but not on DNA/
DNA template–primers. The excision rate of stavudine 
monophosphate in the presence of ATP 3.2 mM was 
0.0032 min-1 for wild-type BH10 RT and approximately 
2.5× lower for the mutant P272A/K277R/T286A. Dif-
ferences between M41L/T215Y and M41L/T215Y/
P272A/K277R/T286A were not significant in these 
assays, but RNA/DNA binding affinities were approxi-
mately twofold higher for the double mutant M41L/
T215Y, in comparison with M41L/T215Y/P272A/
K277R/T286A. Thumb subdomain mutations did not 
affect RNase H activity.

CONCLUSIONS: Thumb subdomain polymorphisms 
P272A, K277R and T286A have a negative effect on 
viral fitness in the presence of drugs. Our results show 
that those mutations decrease the excision activity on 
RNA/DNA template–primers through an RNase-H-
independent mechanism. 

correction

The authors would like to report an error in this abstract:  
K277R should be replaced with R277K throughout. 
The authors apologize for this mistake. 
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The base component of 3′-azido-2′,3′-
dideoxynucleosides determines the mutation 
patterns selected in HIV-1 reverse transcriptase 

J Meteer1, D Koontz1, RF Schinazi2, N Sluis-Cremer1, 
JW Mellors1

1University of Pittsburgh, Pittsburgh, PA, USA 
2Emory University/VA Medical Center, Atlanta, GA, USA

BACKGROUND: Zidovudine (AZT) selects for TAMs 
in HIV-1 reverse transcriptase (RT) that facilitate effi-
cient excision of the incorporated nucleotide analogue 
via an ATP-mediated mechanism. Previously, we dem-
onstrated that TAMs in HIV-1 confer cross- resistance 
to 3′-azido-2′,3′-dideoxypyrimidines, but not to 
3′-azido-2′,3′-dideoxypurines. This suggested that the 
nucleoside base was a key determinant of the excision 
phenotype. Here, we further explore this hypothesis 
by characterizing HIV-1 mutation patterns selected 
in vitro for 3′-azido-2′,3′-dideoxycytidine (AZC), 
3′-azido-2′,3′-dideoxyguanosine (AZG) and 3′-azido-
2′,3′-dideoxyadenosine (AZA).

METHODS: Wild-type HIV-1 was passaged in increas-
ing concentrations of drug in MT-2 cells. Drug sus-
ceptibility assays were performed in P4/R5 or MT-2 
cells. The entire coding region of RT was amplified and 
sequenced from wild-type and passaged virus to iden-
tify mutations. Mutation linkage was determined using 
single genome sequencing (SGS).

RESULTS: After 55 passages of HIV-1 in increasing 
concentrations of AZC, the virus was 10.2-fold resist-
ant (EC50=270 µM) compared with a wild-type virus 
passaged in the absence of drug (EC50=26.4 µM). 
Sequence analysis of full-length RT identified only the 
V75I mutation. After 90 passages of HIV-1 in increas-
ing concentrations of AZG, the virus was 10.9-fold 
resistant (EC50=9.2 µM) compared with the wild-type 
virus (EC50=0.84 µM). SGS analysis of 22 full-length 
sequences identified the L74V, F77L, V106I, E122K, 
L214F, K476N and V518I mutations. All sequences 
contained L74V and L214F with various combinations 
of the other mutations. After 55 passages of HIV-1 in 
increasing concentrations of AZA, the virus showed no 
resistance (EC50=3.39 µM) compared with the wild-type 
virus (EC50=3.75 µM). Sequence analysis of RT did not 
detect selection of resistance mutations.

CONCLUSIONS: AZC selected a single mutation, 
V75I, in the polymerase domain of RT. By con-
trast, AZG selected seven different mutations in the 

polymerase and RNase H domains of RT. Multiple 
combinations of these mutations were detected in each 
of the single genomes sequenced, indicating no domi-
nant resistant variant was selected. AZA resistance did 
not emerge despite selection conditions and duration 
similar to those for AZG and AZC. Together, these data 
underscore the importance of the nucleoside base for 
resistance mutations selected by different 3′-azido-2′,3′-
dideoxynucleosides. 
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Conformational rigidity of the multidrug-resistant 
HIV-1 protease revealed by modelling studies 
with the Gag-capsid protein

LC Kovari1, RS Yedidi2, PD Martin1, Z Liu1
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Bethesda, MD, USA

BACKGROUND: Previously, we reported a high-
 resolution crystal structure of the MDR HIV-1 pro-
tease (PDB 1TW7) showing an expanded active site 
cavity and wide-open flaps. According to the active site 
expansion model, mutations from longer side-chain 
residues to short side-chain residues (for example, resi-
dues 82 and 84) result in the loss of contacts with the 
protease inhibitors (PIs) decreasing their potency. The 
role of accessory/polymorphic mutations in HIV-1 pro-
tease inhibitor resistance is poorly understood. These 
computational studies examine that hypothesis that 
accessory/polymorphic mutations contribute to the 
structural rigidity of the HIV-1 protease resulting in 
increased drug resistance.

METHODS: The MDR HIV-1 patient isolate 769 
selected for these studies contains five resistance muta-
tions (M46L, I54V, V82A, I84V and L90M) and five 
accessory/polymorphic mutations (L10I, M36V, I62V, 
L63P and A71V) based on the Stanford HIV Drug 
Resistance Database classification of mutations. 

Energy minimization studies of the MDR769 HIV-1 
protease: All the energy minimization studies were per-
formed using AMBER-8 with MMFF03 force field. 500 
cycles of energy minimization was performed using an 
initial steepest descent method followed by a conjugate 
gradient method to achieve a better energy minimum 
for the structure. The energy minimization of the crystal 
structure of MDR769 HIV-1 protease was performed in 
the absence of any crystallographic symmetry atoms. 

Construction of protease–substrate models by the 
crystallographic docking method: The crystal struc-
tures of MDR769 HIV-1 apo-protease (PDB code 
1TW7), wild-type HIV-1 protease in complex with 
the matrix/capsid cleavage site peptide (PDB code 
1KJ4), the NMR structure of Gag-capsid consisting 
of the C- terminal four residues of matrix protein and 
the N-terminal domain of capsid protein were used as 
starting structures. 

Molecular dynamics (MD) simulations of the pro-
tease-substrate models: All the MD simulations were 
performed using the GROMACS package with GRO-
MOS96 force field at a temperature of 300 K and a 
pressure of 1 bar. 

RESULTS: Our molecular mechanics studies resulted in 
four key observations: the wide-open flaps of MDR769 
HIV-1 protease do not close beyond the threshold point 
set by the conformational rigidity of the MDR protease 
structure; the substrate, Gag-capsid, could not be mod-
elled into the expanded active site cavity of the MDR769 
HIV-1 protease without steric clashes and requires at 
least two fold further opening of the wide-open flaps 
of the MDR protease; conformational changes in the 
substrate, Gag-capsid, were observed during the MD 
in the wild-type protease–substrate complex model but 
not in the MDR protease–substrate complex, perhaps 
leading to a less stable enzyme–substrate complex; and 
the orientation of the cleavage site of the substrate in 
the MDR protease–substrate model is altered compared 
with that of the wild-type protease suggesting a less effi-
cient proteolysis by the MDR HIV-1 protease. 

CONCLUSIONS: Molecular mechanics studies per-
formed to understand the wide-open nature of the 
MDR769 HIV-1 protease flaps showed that the MDR 
protease exhibits a state of conformational rigidity 
compared with that of the wild-type protease. This 
suggests that the accumulation of major and accessory 
mutations at codons 46, 54, 82, 84, 90 and 10, 36, 62, 
63, 71 has effects on the structure of the MDR protease 
resulting in steric hindrance during flap closure. Based 
on our results, the conformational rigidity of MDR 
HIV-1 protease could be a novel mechanism of multi-
drug resistance for the MDR protease. This study has 
significant implications in antiretroviral drug design to 
achieve better induced-fit for tighter drug binding.
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Full-length HIV-1 gag determines protease 
inhibitor susceptibility within in vitro assays

RK Gupta1, A Kohli1, A McCormick1, G Towers1, 
D Pillay1,2, CM Parry1,2

1University College London, London, UK 
2Health Protection Agency, London, UK

BACKGROUND: There is evidence that gag contributes 
to protease inhibitor (PI) susceptibility in treatment-
 experienced patients. Moreover, PI-resistance-associ-
ated mutations can arise in gag in the absence of pro-
tease mutations in vitro. However, the vast majority of 
this work has been done in subtype B. Given the diver-
sity in gag across globally prevalent HIV-1 subtypes, we 
wished to assess the effect of diverse full-length gag and 
protease sequences to PI susceptibility.

METHODS: We amplified gag–protease sequences from 
plasma-derived wild-type virus or molecular clones 
(three subtype A and three subtype C) and cloned these 
into a gag–pol expression vector. We then used a single 
cycle transfection-based drug resistance assay to com-
pare the IC50s of these viruses to a generic wild-type 
subtype B. We compared the drug susceptibility profiles 
of cognate gag–protease viruses with viruses containing 
patient/molecular clone-derived protease combined with 
a generic subtype B gag (as in current phenotypic test-
ing methods). We made a series of chimeras to explore 
phenotypes further, for example, patient- or molecular 
clone-derived gag with reference subtype B protease to 
examine the contribution of diverse gag sequences. 

RESULTS: For full-length gag–pro constructs, we 
observed a range of PI susceptibilities, with 3 out of 
6 showing >5-fold reduction in susceptibility to at 
least one drug. There was no subtype-specific pattern 
observed in susceptibility. In some cases, use of pro-
tease sequences without the cognate gag overestimated 
susceptibility to PIs, in particular to lopinavir. In the 
case of one subtype C virus, this overestimation was 
by a factor of 25. Furthermore, there was evidence that 
gag sequences from wild-type viruses can contribute as 
much as 14-fold reduction in susceptibility to lopinavir 
and that cognate protease can balance this by partially 
restoring susceptibility. 

CONCLUSIONS: In light of our data, we recommend 
that full gag sequences should be included in recom-
binant virus assays to determine PI susceptibility in 
clinical isolates. We would also encourage a rapid 
expansion of full-length gag sequencing in patients 

failing PI-based therapy, to populate the relevant rela-
tional databases increasingly used to assess the clinical 
effect of HIV drug resistance. 
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The amino acid substitution A376S in the HIV-1 
reverse transcriptase connection subdomain confers 
low-level phenotypic resistance to nevirapine

MC Puertas1, M Kisic2, A Cozzi-Lepri3, 
W Bannister3, R Bellido1, C Pou1, B Clotet1,4, 
R Paredes1,4, J Lundgren5,6, L Menéndez-Arias2, 
J Martinez-Picado1,7, the EuroSIDA Study Group
1IrsiCaixa Foundation, Hospital Universitari Germans Trias i Pujol, 
Badalona, Spain 
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3University College London, London, UK  
4Lluita Contra la SIDA Foundation, Badalona, Spain    
5Copenhagen HIV Programme, Panum Institute, Copenhagen, 
Denmark 
6Centre for Viral Disease KMA, Rigshospitalet, Copenhagen, Denmark 
7Institució Catalana de Recerca i Estudis Avançats, Barcelona, Spain

BACKGROUND: Previous analysis carried out in 
patients of the EuroSIDA cohort showed that the substi-
tution A376S in the reverse transcriptase (RT) connec-
tion subdomain is associated with a 10-fold increased 
risk of virological failure to nevirapine-based therapies 
in subjects previously exposed to nucleoside RT inhibi-
tors. By contrast, A376S affects the virological outcome 
of efavirenz-containing regimens to a significantly lesser 
extent. The aim of this study was to measure the effects 
of A376S on the phenotypic susceptibility to non-
 nucleoside RT inhibitors (NNRTIs). 

METHODS: Viruses containing the mutation A376S 
in their RT were obtained by site-directed mutagene-
sis. Recombinant HIV-1 clones containing the patient-
 derived polymerase segment were generated from 
plasma samples from a subset of 17 patients who were 
naive for NNRTIs: 8 with the substitution A376S and 9 
without it, all in the absence of primary NNRTI-associ-
ated mutations. In vitro drug susceptibility was assayed 
on TZM-bl cells. NNRTI inhibition of recombinant RTs 
was determined in dTTP incorporation assays using a 
heteropolymeric DNA/DNA template/primer. The equi-
librium dissociation constants of mutant and wild-type 
RTs and double-stranded DNA (dsDNA) were deter-
mined under pre-steady-state conditions.

RESULTS: Single-mutant A376S HIV-1 clones showed 
4.3-fold increase in nevirapine resistance in cell culture 
assays, but remained susceptible to efavirenz, etravirine 
and delavirdine (fold change ≤2.5). Patient-derived 
recombinant HIV-1 containing A376S showed a median 
5.5-fold increase in nevirapine resistance, in contrast to 

the 2.2-fold change observed in patient-derived viruses 
lacking the substitution (P=0.046, Mann–Whitney 
test). Enzymatic assays carried out with recombinant 
RTs showed that A376S produced 3.8-, 1.4- and 1.9-
fold increases in the IC50s for nevirapine, efavirenz and 
etravirine, respectively. The mutant A376S RT showed 
increased affinity for dsDNA in comparison with the 
wild-type enzyme (Kd values of 1.63 ±0.29 nM and 3.07 
±0.71 nM for A376S and wild-type RT, respectively).

CONCLUSIONS: Drug susceptibility data showed that 
A376S confers low-level resistance to nevirapine but has 
a much lower impact on susceptibility to other NNRTIs. 
Our results provide solid evidence that, although A376S 
does not confer high-level resistance to nevirapine per 
se, it might facilitate antiretroviral treatment failure 
under nevirapine-based regimens. These results argue in 
favour of 376 genotyping prior to the administration of 
nevirapine-based antiretroviral therapies.
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Interdependency of interactions between D30N/
N88D HIV-1 protease and the p1-p6 substrate

M Kolli1, CA Schiffer1
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BACKGROUND: The evolution of resistance against 
antiretroviral drugs is a major cause for failure of ther-
apy in HIV-1-infected patients. HIV-1 protease is an 
important therapeutic target as its function is essential 
for viral maturation. However, the selective pressure of 
protease inhibitor therapy results in a wide spectrum of 
mutations that confer resistance to nearly all drugs in 
this class. In addition, Gag cleavage sites also mutate, 
sometimes correlating with resistance mutations in the 
protease. Previously, we have shown that Gag L449F 
and S451N mutations within p1-p6 cleavage site of 
Gag coevolve with the nelfinavir-resistant D30N/N88D 
protease variant. We present here structural changes 
resulting from this coevolution.

METHODS: In this study, we investigated in detail, the 
structural changes resulting from coevolution of p1-p6 
cleavage site. Structures of WT and nelfinavir-resistant 
protease in complex with p1-p6 peptide variants were 
determined and compared with WT protease in com-
plex with the WT p1-p6 peptide.  

RESULTS: In the WT protease, Asp30 interacts with 
Arg 452 within the p1-p6 cleavage site. The D30N 
mutation disrupts this interaction and causes arginine 
to adopt new orientation. However, this loss of inter-
action is compensated by the coevolving L449F and 
S451N mutations in the p1p6 cleavage site, which sig-
nificantly increase available surface area for interac-
tion with the protease. Increased interactions were also 
observed between Asp 29 and Ile 50 of the protease 
and the p1-p6 peptide. In addition, preliminary results 
show that Gag processing is compromised as a result of 
the D30N/N88D protease mutations.

CONCLUSIONS: These results suggest that the reduced 
interactions with p1-p6 peptide resulting from D30N/
N88D protease mutations are partly compensated by 
additional changes within this cleavage site. These 
findings highlight the interdependency of interactions 
between HIV-1 protease and the p1-p6 substrate.  In 
conclusion, this study provides a rationale for substrate 
coevolution and the effect this has on resistance to 
antiretroviral therapy.  
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The development of computational models that 
accurately predict virological response to HIV 
therapy to power an online treatment selection tool
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BACKGROUND: Individualizing antiretroviral drug 
therapy to overcome/prevent viral drug resistance and 
to maximize response can be challenging. Genotyping 
with rules-based interpretation is routinely used to sup-
port such decisions. Here, we describe the development 
and testing of novel mathematical models designed to 
predict the probability of virological response as the 
potential engine for a treatment selection tool.

METHODS: Random forest (RF) models (n=10) were 
developed, using data from clinical cohorts in several 
countries, to predict the probability of a follow-up viral 
load <50 copies/ml after a change to antiretroviral treat-
ment (ART). A total of 5,752 treatment change episodes 
(TCEs) were used, comprising baseline viral load, CD4+ 
T-cell count and genotype (collected while on failing 
therapy), treatment history, the drugs in the new regi-
men and time to follow-up. The accuracy of the mod-
els in predicting the virological responses observed in 
the TCEs was evaluated during 10× cross-validation by 
plotting ROC curves for the individual models and for 
their combined outputs. A second evaluation was per-
formed using an independent test set of 50 TCEs from a 
single clinic. The models were compared with genotypic 
sensitivity scores (GSS) derived using three interpreta-
tion systems in common use (Stanford HIVDB, REGA 
V8.0.2 and ANRS V2009.07, accessed 16 March 2010) 
in terms of accuracy of the their predictions for the 50 
test TCEs.

RESULTS: The models performed with an overall 
 accuracy of 77% (72–81) and an area under the ROC 
curve of 0.82 (0.77–0.87). Sensitivity was 67% (62–80) 
and specificity was 81% (75–89). When tested with 
the independent test set, the models performed with 
an overall accuracy of 76% (71–80) and the AUC was 
0.83 (0.70– 0.88). Sensitivity was 71% (65–81) and 

specificity was 82% (76–87). The RF models were sig-
nificantly more accurate as predictors of response than 
the GSS for the test TCEs (mean overall accuracy of 
54% and an AUC of 0.51; P<0.01).

CONCLUSIONS: The RF models were accurate 
 predictors of virological response to ART. The mod-
els were more accurate in their predictions than GSS 
derived from genotype interpretation systems in com-
mon use as an aid to treatment decision-making. The 
combination of RF models is being taken forward to 
power an experimental treatment–decision support 
tool.
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A diagnostic strategy for measuring 
emergent drug-resistant HIV-1 in global 
chemoprophylaxis trials

T Liegler1, M Abdel-Mohsen1, R Atchison2, S Zhang3, 
E Fiss3, R Grant1,2

1University of California, San Francisco, CA, USA 
2Gladstone Institute of Virology and Immunology, San Francisco, 
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BACKGROUND: Detection of minor variant species 
conferring HIV-1 drug resistance from seroconvert-
ers enrolled in chemoprophylaxis trials is crucial. 
Sequence heterogeneity in diverse global settings 
presents challenges to allele-specific (AS) PCR-based 
diagnostics. Strategies are needed to minimize the 
effect of sequence diversity while maintaining specifi-
city and accuracy.

METHODS: HIV-1 pol amplicons derived from 
plasma RNA were further amplified by a ‘curing’ 
PCR using clade B consensus primers adjacent to the 
3′ base mismatch, normalizing sequence heterogene-
ity. Quantification of mixed drug-resistant (Mut) and 
susceptible (WT) virus was performed by real-time 
SYBR green-based AS-PCR using discriminating prim-
ers with a destabilizing 3′ minus-two base mismatch 
for increased specificity. The percentage minor vari-
ant species was extrapolated from a standard curve 
of ‘delta-Ct’ determinations (CtMut-CtWT). Assay per-
formance was characterized. A total of 454 pyrose-
quencing and population sequencing were performed 
on matched plasma samples for comparison.

RESULTS: Total assay precision (within and between 
run sd) ranged from 0.16–0.29 and 1.47–1.95 using 
1% and 10% standards, respectively, for RT mutations 
K65R, K70E, M184V and M184I by extrapolation 
against standard curves (R2≥0.96, %CV<1.0%). Sen-
sitivity and precision was maintained when quantify-
ing 65R minor variant mixtures at 0.5%, 1.0% and 
10% with 4 single base pair mismatches common to 
non-B subgroups in both primer regions. Removal of 
the cure step resulted in false-positive detection of the 
minor variant. Plasma viral RNA from a 3TC-resistant 
subject undergoing two cycles of ART interruption was 
assayed for RT184 mutations at frequent time points by 
AS-PCR, population sequencing and 454 pyrosequenc-
ing. AS-PCR and 454 sequencing yielded equivalent 
quantitative results. Rapid replacement of Mut with 
WT virus was observed in cycle 1 (184V<1% at 4–6 

weeks), whereas delayed kinetics were noted in cycle 2 
(184V<1% at 14–18 weeks).

CONCLUSIONS: We developed a sensitive quantita-
tive AS-PCR assay that tolerates significant sequence 
heterogeneity. AS-PCR lacking a cure step yields false-
positive detection of minor variants, which may con-
tribute to an overestimation of low-level resistance in 
clinical specimens with naturally occurring diversity at 
primer sites. This assay has direct application in sen-
sitive and accurate monitoring of drug resistance in 
genetically diverse viruses. 
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Pooled pyrosequencing of dried blood spot 
specimens is an efficient and cost-effective 
method of conducting HIV drug resistance 
threshold surveys
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P Sandstrom1, J Brooks1 
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BACKGROUND: To expand HIV drug resistance (DR) 
surveillance in resource-limited settings, a threshold 
survey (TS) approach, requiring ≤47 specimens, has 
been recommended by the WHO. Dried blood spots 
(DBS) are an ideal alternative sampling method for 
HIV DR testing in resource-limited settings due to their 
ease of collection, transportation and storage. We have 
recently demonstrated that pooled pyrosequencing is 
a cost-effective alternative for DR surveillance with 
improved sensitivity. Here, we evaluated the perfor-
mance of pooled pyrosequencing of DBS specimens in 
conducting TS. 

METHODS: Conventional genotypic DR results were 
available from a comparison between paired plasma 
and DBS specimens from 42 newly diagnosed treatment-
naive HIV-1-positive subjects. HIV-1 protease (PR) and 
DR relevant part of reverse transcriptase (RT) in the 
42 remnant DBS nucleic acid extracts were reamplified 
using primers tagged with ligation multiplex identifiers 
and pyrosequenced using 1/8 of a picotitre plate on the 
GS FLX Titanium platform. The consensus sequences 
generated from pyrosequencing reads for each patient, 
ignoring variants at frequencies <20%, were analysed 
for DR mutations (DRMs) using 2009 SDRM list and 
compared with those from conventional genotyping. 

RESULTS: Major DRMs were detected in 9.5% of the 
pyrosequenced specimens, including 2.4% with NRTI, 
2.4% with NNRTI, 2.4% with PI and 2.4% with 
multiple DRMs (PI+NRTI). The identified RT DRMs 
included D65G, K70R, M184I, T215I, K219E and 
Y181C with frequencies all at 2.4%. Three PR DRMs, 
F53L, I54M and L90M were detected at frequencies 
of 4.8%, 2.4% and 2.4%, respectively. These results 

were highly comparable to those from conventional 
genotyping of the same DBS extracts with the excep-
tion of DRMs in two additional specimens detected 
by pyrosequencing at frequencies of 2.4% each. Fur-
ther examination of associated pyrosequencing reads 
revealed that low-abundance DRMs with frequen-
cies 1~20%, which remained undetectable by Sanger 
sequencing of either DBS or plasma, were present in 
97.6% of all subjects.

CONCLUSIONS: Pooled pyrosequencing of tagged 
DBS amplicons is an ideal method for performing HIV 
DR TS. It allows for eight TS to be carried out simul-
taneously with a cost of approximately $2,700 each, 
representing >30% of cost reduction from conventional 
genotyping. As TS are conducted in reference facilities, 
the practicality of DBS manipulation and the cost-
effectiveness of pooled pyrosequencing would allow 
wider DR surveillance in resource-limited settings. 
Additionally, pyrosequencing would allow accurate in-
depth analysis of low-abundance DRMs in individual 
patients, which may also affect treatment outcomes.
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A comparison of specimens for transmitted HIV 
drug resistance surveillance: diagnostic serum 
versus first-time clinical specimen
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BACKGROUND: Analysis of transmitted HIV drug 
resistance (TDR) forms an important component of 
HIV surveillance. Ideal specimens for TDR study are 
those collected most proximal to the transmission 
event, such as sera from the HIV diagnostic test. Dif-
ficulties in obtaining comprehensive national represen-
tation through this strategy have led to the exploration 
of alternative methods of TDR surveillance. As base-
line genotypes become routine, complete national TDR 
surveillance could be conducted through the electronic 
collation of existing baseline genotypes. We compared 
results from TDR surveillance using results from geno-
types on diagnostic sera with genotypes from matched 
next available plasma specimens.

METHODS: Routine surveillance genotypes of 120 
specimens were matched with follow-up serum or 
plasma specimens. The subsequent specimens were 
genotyped and sequences were compared in a distance 
matrix to ensure correct matching and to examine for 
trends in divergence. TDR was measured and temporal 
stability evaluated using the Stanford CPR tool. 

RESULTS: Among the 120 specimens, 116 specimens 
could be clearly correlated with the matching speci-
men (unmatched specimens were excluded from the 
analysis). Follow-up specimens were collected between 
3 and 1,084 days after diagnosis (mean X=133 days). 
Sequences were exceptionally stable with 99.12% 
sequence identity that did not significantly change over 
time. TDR rates for PI, NRTI and NNRTI were 1.7%, 
7.8%, 13.8% and 0.9%, 9.5%, 13.8% for the diag-
nostic and follow-up specimens, respectively. There was 
no change in TDR for 94% of the specimens, but four 
specimens each gained a mutation (D67DG, K219KR, 
D67DN and I85V) and three specimens lost a mutation 
(K101EK, F43FY and D30DN) over time. All specimens 
that gained mutations were collected within 28 days of 

the diagnostic serum. Sequence identity was maintained 
at 99.11% in the concordant pairs and 99.17% in the 
discordant pairs. 

CONCLUSIONS: Although there is good overall 
correlation between TDR rates in diagnostic serum 
specimens and follow-up plasma specimens, there are 
important differences. Not unexpectedly, some muta-
tions were lost over time perhaps as a consequence of 
fitness costs (D30N). Our data suggests that a subset of 
specimens appear to ‘gain’ mutations not seen at diag-
nosis. All specimens that gained mutations did not have 
evidence of mixtures in the original specimen. Whether 
this phenomenon is transient, the result of PCR bias or 
is the result of the appearance of minority variants with 
fitness advantages in the new host is being explored. 
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A colinear assay for detection of HIV drug 
resistance to approved and investigational drugs
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BACKGROUND: Determination of HIV drug resist-
ance is an established part of standard HIV/AIDS 
care. Current commercial assays identify resistance to 
protease (PR) and reverse transcriptase (RT) inhibi-
tors, but are not yet established to recognize resist-
ance to drugs directed at newer targets, such as the 
integrase and RNase H genes. It would be desirable 
to have a single assay designed to colinearly recog-
nize resistance mutations to all targets positioned on 
physically separated genes.

METHODS: A 3.1 kb ‘universal’ colinear pol ampli-
con was generated from 50 plasma samples contain-
ing HIV-1 using a prototype kit, HIV-1 GeneTanker® 
LR pol assay. Viral RNA was obtained from 500 µl 
of plasma using the Qiagen viral RNA mini kit. Prim-
ers were developed to analyse sequences in integrase 
and RNase H and the HIV-1 GeneTanker assay uti-
lized sequencing cassettes designed to analyse the 
PR, RT and integrase genes concomitantly included 
in the universal amplicon. Results for PR and RT 
genes were compared with sequences obtained using 
the FDA-approved HIV-1 TRUGENE genotyping kit. 
The integrase gene was aligned with and independ-
ently compared with WT (HXB2) virus. Five samples 
underwent colinear clonal analysis using the univer-
sal amplicon to determine sequence heterogeneity of 
linked genes in pol.

RESULTS: Full integrase sequence was obtained from 
46 of 50 samples; 4 were sequencing failures. There 
was ≥98% concordance between sequences obtained by 
HIV-1 GeneTanker® LR pol assay compared with TRU-
GENE. We demonstrated the assay could be used with 
the TRUGENE sequencing platform. Clonal analyses 
revealed heterogeneity of mutation patterns, demon-
strating that bulk genotype results may not convey the 

full information regarding the detailed blending of drug 
resistance mutations present in the clinical samples. 
CONCLUSIONS: The HIV-1 GeneTanker® LR pol 
Select is a flexible assay system that can amplify the 
entire pol gene. In particular, we have demonstrated the 
ability of the ‘universal amplicon’ to colinearly detect 
mutations in PR, RT and integrase genes. The ability 
to perform colinear sequencing through clonal analysis 
to detect quasispecies and mutational associations in a 
single viral transcript may be important for clinical tri-
als and other research applications.
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Resistance mutations in protease, reverse 
transcriptase and integrase genes: do they have 
an epistatic effect on drug susceptibility and/or 
HIV-1 replicative fitness? 
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BACKGROUND: Most phenotypic studies describ-
ing resistance to integrase strand transfer inhibitors 
(INSTI) are based on the analysis of viruses that only 
carry patient-derived HIV-1 integrase genes (INT-
 recombinant viruses). However, to date, the majority of 
patients on INSTI-based treatment regimes are infected 
with multidrug-resistant HIV-1 strains. Here, we ana-
lysed the potential effect of drug resistance mutations 
in the protease (PR) and reverse transcriptase (RT) 
genes on susceptibility to INSTIs and on viral replica-
tive fitness.

METHODS: Plasma samples were obtained from 27 
virological failure patients participating in a 48-week 
dose-ranging study of elvitegravir (EVG), Study GS-US-
183-0105. Two different sets of recombinant viruses 
were constructed from each specimen using a novel 
yeast-based cloning technology: p2-INT-recombinant 
viruses that contain a 3,428 bp fragment comprising 
the 3′-end of gag (p2/p7/p1/p6) and the entire pol gene 
(PR/RT/INT), and INT recombinant viruses contain-
ing the integrase-coding region only (1,088 bp). Drug 
susceptibility was assayed using VIRALARTS™HIV 
and HIV-1 replicative fitness was estimated using viral 
growth kinetics and growth competition experiments 
in MT-4 cells.

RESULTS: Fifty-four recombinant viruses harbouring 
different patterns of INSTI resistance mutations, with 
or without multiple primary and secondary mutations 
associated with resistance to protease (PI, averaging 
4.4 mutations), nucleoside RT (NRTI, 4.1) and non-
nucleoside (NNRTI, 1.2) inhibitors were analysed. 
As expected, reduced susceptibility to PIs, NRTIs and 
NNRTIs was observed only in the p2-INT-recom-
binant viruses. A strong correlation was observed 
when susceptibility to EVG and raltegravir (RAL) 
was assayed using p2-INT- versus INT-recombinant 
viruses (Spearman correlation coefficient of 0.869 and 
0.918; P<0.0001 for EVG and RAL, respectively). 
By contrast, preliminary results showed a decrease in 

replicative fitness values for the p2-INT-recombinant 
viruses when compared with the INT viruses.

CONCLUSIONS: The potential effect of drug-
 associated mutations in other HIV-1 genes is not com-
pletely understood. Here, we used a novel methodol-
ogy that can quantify susceptibility to MI, PI, NRTI, 
NNRTI and INSTI in a single assay to show that drug 
resistance mutations in the PR and RT genes do not 
have a significant effect in the level of resistance to INS-
TIs. However, together with INSTI resistance muta-
tions, they do impair the overall replicative fitness of 
HIV-1. Our new phenotypic assay will not only be use-
ful in the clinical setting, by providing resistance data 
in one test, but it could be key in future studies aimed 
to understand the potential collective effect of epistatic 
interactions in multidrug-resistant viruses.
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Genotypic prediction of HIV-1 coreceptor usage 
based on single genome analysis of proviral DNA
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OBJECTIVE: Current phenotypic assays for HIV-1 
tropism determination require plasma samples with 
a viral load (VL)>1,000 copies/ml and are thus not 
helpful in an increasing number of cases with low or 
undetectable VL. Genotypic testing of cellular asso-
ciated HIV-1 is currently considered as a potential 
alternative. The objective of the study was to compare 
the available enhanced sensitivity trofile assay (ESTA) 
with genotypic testing by population-based sequencing 
(PBS) and single genome analysis (SGA) of HIV-1 pro-
viral DNA sequences.

METHODS: Whole blood DNA from 41 HIV-1-
infected patients, tested by ESTA in the previous 
6 months, was studied by PBS to determine the third 
variable loop (V3) sequence. The Geno2Pheno (G2P) 
algorithm at the 5.75% false-positive rate significance 
level predicted coreceptor usage. SGA was performed 
in 7 DM/R5 (ESTA/G2P) and 15 R5/R5 samples. An 
average of 8 clones were analysed per sample and the 
sample was considered as X4 when detecting >10% 
(1–2) of X4-clones. 

RESULTS: Sensitivity (SS), specificity (SP) and positive 
predictive value (PPV) for detecting X4 strains by PBS 
of proviral DNA as compared with ESTA were 41.2%, 
100% and 100%, respectively. Using SGA, 4/7 of DM/
R5 were classified as X4, whereas 2/15 concordant R5/
R5 samples were classified as DM. The number of X4 
clones detected by SGA in R5 samples by PBS was 6/97 
for R5/R5 versus 15/78 in the DM/R5 discordant group 
(two-tailed Fisher’s exact test, P=0.01). By introducing 
SGA frequencies of X4 samples in initially classified R5 
samples by PBS, SS, SP and PPV were 76.5%, 87.5% 
and 81.3%, respectively. 

CONCLUSIONS: In HIV-1 proviral DNA, genotypic 
testing by SGA, as compared with PBS, significantly 
increases the sensitivity for detection of X4/DM sam-
ples by ESTA and it could be a suitable alternative, 
especially in cases without a highly viraemic sample. 

Automated techniques to facilitate the analysis of a 
number of HIV-1 sequences would certainly be very 
useful for this purpose in a wider diagnostic basis.
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A high-throughput phenotypic assay for HIV-1 
protease drug resistance using a wheat cell-free 
protein production system
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BACKGROUND: To obtain phenotypic information on 
protease inhibitor (PI) resistance, we developed a novel 
high-throughput phenotypic assay using two new tech-
nologies. The first involves in vitro translation using 
a wheat germ cell-free system, which enables high-
throughput expression of active protease. The second 
uses the amplified luminescent proximity homogene-
ous assay (AlphaScreen; PerkinElmer), which evaluates 
molecular interactions at high sensitivity using lumines-
cent/fluorescent chemistry.

METHODS: The assay was developed using wild-type 
protease (PR) from NL4-3, five clinical isolates and eight 
PI-resistant clones (from Robert Shafer, Stanford). For 
each PR, an in vitro transcription template was generated 
by PCR. The substrate was the Gag p2-p7 cleavage site 
peptide, which was tagged with N′-GST and C′-biotin 
(GST-ATIM*MQRG-biotin). This tagged substrate was 
bound to two types of specially coated detection beads. 
When the substrate is not cleaved by PR, energy is con-
verted from the donor beads to acceptor beads, resulting 
in emitted light. By contrast, when PR cleaves the sub-
strate, no light is produced. The light intensity at serial 
dilutions of four PIs (0.1–1×105 nM indinavir, atazana-
vir, amprenavir and darunavir) were used to calculate 
their IC50 values, which were compared with those from 
immunoblot analysis. The assay results for the eight PI-
resistant clones were validated by comparing with Phe-
noSense assay results and genotypic susceptibility scores 
(GSS) calculated using the Stanford resistance database.

RESULTS: The new assay system successfully 
 evaluated PI resistance levels. Comparison of the 

new assay phenotyping results with those from GSS 
and  PhenoSense assay showed the most concord-
ance between data from the AlphaScreen and Phe-
noSense assays (68.7%, 22 concordant samples/32 
 samples), followed by GSS and PhenoSense assay 
results (56.2%,18/32), and GSS and AlphaScreen assay 
results (50%,16/32). Interestingly, discordant results 
were more evident in proteases from viruses with low 
replication capacity. Additionally, IC50 values obtained 
from our system matched well with those from conven-
tional immunoblot analysis; thus, the new assay results 
for PI resistance phenotyping agreed well with the Phe-
noSense assay and evaluated PI resistance levels easily 
and accurately.

CONCLUSIONS: Our new phenotypic assay rapidly 
and reliably evaluates drug-resistant phenotypes of PI-
resistant HIV.
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New bioinformatic algorithm to identify recent 
HIV-1 infection
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BACKGROUND: Characterizing the prevalence and 
incidence of HIV-1 infection in populations is essen-
tial to understanding the pandemic. Although HIV-1 
prevalence rates are readily derived from routine test-
ing, measurements of incidence are difficult to deter-
mine accurately. At present, sensitive serological assays 
requiring additional laboratory procedures are required. 
New inexpensive methods to efficiently measure HIV-1 
incidence would provide an important advance in 
epidemiological surveillance. Sensitive single genome 
sequencing techniques can detect consistent increases in 
HIV-1 diversity with time after infection. We developed 
a new bioinformatics approach to determine whether 
commercial population-based genotypes can provide 
indirect measures of genetic diversity useful in distin-
guishing recent (<1 year) from chronic (≥1 year) HIV-1 
infection. 

METHODS: Patients with recent (n=27) or chronic 
(n=21) HIV-1 infection with no prior exposure to 
antiretroviral therapy were identified; all patients 
provided informed consent and standard genotyping 
(TRUGENE) of an 918 bp fragment including pr and 
part of pol was performed. Using the TRUGENE base-
calling algorithm, we determined the frequency of all 
sequenced bases that were ambiguous. Differences in 
numbers of ambiguous bases between the two groups 
were compared using standard t-testing and sensitivity 
and specificity were determined. 

RESULTS: All patients with recent HIV infection had a 
documented HIV-1 seroconversion event within the year 
prior to genotyping. Individuals with chronic HIV-1 
infection had a positive western blot ≥1 year prior to 

genotyping. Median ambiguity in patients with acute 
infection (0.11 ambiguous bases/total bases sequenced, 
range 0–0.76) was c. 10-fold lower than that measured 
in chronically infected individuals (1.16 ambiguous/
total sequenced bases, range 0.1–2.51; P<0.000001). 
Using a cutoff of 0.55%, 24/27 of recently infected 
patients and 16/21 chronically infected patients were 
correctly identified, for an assay sensitivity of 0.89 and 
specificity of 0.76, comparable to that reported in sero-
logical assays. 

CONCLUSIONS: Bioinformatic analyses of commer-
cially available population-based genotypes distin-
guished recent from chronic HIV-1 infection. Current 
DHHS guidelines recommend standard genotyping for 
all individuals with newly identified HIV-1 infection; 
thus, analysis of existing data can lead to direct deter-
mination of incidence rates without requiring addi-
tional testing. 
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First external quality assessment evaluation of 
genotyping protocols for the HIV-1 integrase gene
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BACKGROUND: With the introduction of integrase 
inhibitors for HIV-1 treatment, integrase resistance 
genotyping is of clinical relevance. At present, genotyp-
ing assays for integrase are mainly based on homebrew 
protocols. In this study, we assessed the quality of HIV-1 
integrase genotyping assays, with respect to analytical 
sensitivity of the amplification procedure, application 
with HIV-1 group M subtypes and correct genotyping 
of integrase resistance codons.

METHODS: A panel of 23 blinded plasma samples 
was distributed to 20 experienced European genotyp-
ing laboratories. The panel contained HIV-1-positive 
(n=21) and negative (n=2) samples at 10,000, 2,000 
and 400 copies/ml of HIV-1 subtypes A, B, C, D, F, G 
and H wild-type reference strains.

The entire panel was tested by each participant to 
determine the sensitivity and specificity of the inte-
grase gene amplification procedure. In addition, 
amplification products from the seven samples with 
the highest VL, each representing a different HIV-1 
subtype, were sequenced. Participants received a 
unique laboratory code to allow anonymous data 
submission and analysis. 

RESULTS: At the highest VL concentration, a  positive 
amplification result was obtained for a mean of 93% 
of all determinations across subtypes (range 100% for 
subtype B to 74% for subtype H). The frequency of 
positive amplification results decreased at lower VL 
concentrations: mean of 60% at 2,000 c/ml and 30% 
at 400 c/ml. False-negative results were reported by 
all participants in at least 4/21 samples (range 4/21–
18/21). For the five laboratories with the lowest num-
ber of false-negative results, these negatives mainly 
referred to the low VL samples. False-positive results 

were reported in 4/20 (20%) datasets. For each of the 
 subtypes, sequence results were obtained by 78–100% 
of participants, again, results for subtype B were 
reported by all participants. On the individual partici-
pant level, nucleotide sequencing was successful for 
3/7 (42%) to 7/7 (100%) of the panel samples. Only 
limited interlaboratory variation was observed in the 
genotypes of the integrase resistance codons.

CONCLUSIONS: Homebrew integrase genotyping 
assays show extensive interlaboratory variation in ana-
lytical sensitivity and HIV-1 subtype compatibility. An 
overall improvement in both of these aspects is war-
ranted as integrase resistance mutations have been 
reported to appear at low viral loads.
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Study of the regimen-specific HIV-1 genotypic 
susceptibility score after treatment failure
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BACKGROUND: Regimen-specific genotypic suscepti-
bility scores (rGSS) measure susceptibility of HIV-1 to 
a specific treatment regimen. The aim of this study was 
to investigate the ability of genotypic interpretation sys-
tems (GIS) to explain therapy failure.

METHODS: We analysed 5,191 viral pol sequences 
from Belgium, Germany, Israel, Italy, Portugal, Swe-
den and the Stanford HIV database, sampled at the 
end of therapy, lasting at least 24 weeks, to avoid 
failing therapies due to reasons other than antiviral 
resistance. The rGSS to the failing regimen was calcu-
lated using the Rega v8.0.2, HIVdb v6.0.5 and ANRS 
v2009.07 GIS. An rGSS of at least three was used as 
cutoff indicating an optimal regimen. A factor was 
added discerning sequences sampled after first-line or 
follow-up therapy (37% and 63% of the sequences, 
respectively). Using Pearson’s χ2 test, we compared the 
ability of the algorithm to explain therapy failure in 
these groups. Dependency on subtype was tested using 
the most prevalent subtypes: 76% B, 8% C, 6% A1, 
2% F1 and 1% G. 

RESULTS: The median rGSS was equal to 1.0 for all 
algorithms with interquartile ranges 0.5–2.0 (Rega), 
0.5–2.0 (HIVdb) and 0.0–2.0 (ANRS). Rega v8.0.2 
identified 87% of the failing therapies as subopti-
mal, which was significantly more than HIVdb (85%; 
P<0.03) and ANRS (84%; P<6e-5). The proportion 
of correctly identified failing sequences after first-line 
therapy compared with follow-up therapy were not 
significantly different when using Rega (P=0.155), but 
HIVdb scored more genotypes as suboptimal after first-
line therapy than after follow-up therapy (87% and 
85%, respectively; P=0.021) as well as ANRS (86% 
and 83%, respectively; P=0.004). The rGSS was sub-
type-dependent for all GIS (P<0.001). Depending on 

the algorithm, 86–89% of subtype B sequences were 
correctly scored as suboptimal, 87–89% of subtype 
A1, 75–79% of subtype C, 84–85% of subtype F1 and 
76–77% of subtype G sequences. 

CONCLUSIONS: The Rega algorithm is able to identify 
87% of the suboptimal therapies, which is significantly 
better than HIVdb (85%) and ANRS (84%). The propor-
tion of explained therapy failures varies across subtypes, 
from 77% of subtype G to 89% of subtype B sequences.
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Different bioinformatic analysis for the detection of 
non-CCR5 using strains by ultra-deep sequencing 
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BACKGROUND: Different methodologies for the 
evaluation of UDS sequences have not yet been com-
pared and the determination of relevant clinical cutoffs 
for X4/DT minorities remains challenging. Here, we 
report on the detection of non-CCR5 using viruses, 
investigated with UDS of V3 region in a cohort of mar-
aviroc-treated patients.

METHODS: Eighteen patients screened as R5 by 
Standard Trofile were V3 sequenced using 454-UDS. 
For UDS sequences, two different operators (sites 1 
and 2) performed a blind analysis to retrieve valid 
sequences and nº of different strains. Sequences from 
site 1 were interpreted with web-PSSM and from site 
2 with geno2pheno. To express non-CCR5 usage, 
the addition of all non-CCR5 sequences (additive 
approach) or a normalization considering only those 
strains over 2%, the proposed cutoff for minorities 
(2% normalization) were used.

RESULTS: UDS allowed the analysis of a median 
number of 2,892.5 per patient, with a median of 202 
different strains per patient, analysed by site 1 oper-
ator. Results from site 2 were very similar: median 
number of 2,983 sequences per patient, with a median 
of 215,5 different strains. Using PSSM, median non-
CCR5 usage was 1.69% with an additive approach 
with all the patients showing detectable non-CCR5 
strains. Interestingly, >80% of the non-CCR5 
sequences analysed were single-copy variants. By 
using the 2% normalization approach, 10/18 patients 
showed no non-CCR5 strains. Using geno2pheno and 
an additive approach, 5% FPR recognized a median 
nº of 0.4% of non-CCR5, and 10%, 15% and 20% 
FPR detected a median of 1.75%, 4.35% and 23% 
of non-CCR5, respectively; with a 2% normalization, 
0/18 patients with 5% FPR, 2/18 with 10%FPR, 5/18 
with 15%FPR and 13/18 with 20% FPR showed non-
CCR5 strains.

CONCLUSIONS: UDS of the V3 region combined with 
a genotypic interpretation with bioinformatic tools 
allows for a very sensitive detection of X4/DT using 
strains. The estimation of nº of sequences and nº of dif-
ferent strains per patient using two different bioinfor-
matic approaches was very similar. A high proportion 
of non-CCR5 using sequences analysed by UDS are 
single-copy strains, so a normalization approach may 
be needed to correctly assess viral tropism. 
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Effect of triplicate testing on genotypic tropism 
prediction in routine clinical practice
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BACKGROUND: Guidelines state that CCR5 inhibi-
tor maraviroc should be prescribed to patients infected 
with R5 tropic HIV-1 only; therefore, tropism of the 
viral population needs to be assessed either phenotypi-
cally or genotypically. Preliminary data from clinical 
trials suggest that genotypic analysis in triplicate may 
increase detection of X4-tropic populations. The objec-
tive of this study was to evaluate the effect of triplicate 
genotypic analysis on prediction of coreceptor usage in 
routine clinical practice.

METHODS: Samples from therapy-naive and experi-
enced patients were collected in three European clinical 
centres. In a subset of patients with a mean VL of 1.68 
10^5 (range 2.33 10^2–2.95 10^6), RNA was isolated 
from 200–500 µl of plasma. In a different set of patients 
with a mean VL of 6.67 10^3 (range 20–1.2 10^5), 
DNA was isolated from 10^7 PBMCs. Gp120-V3 was 
amplified in a triplicate nested (RT)-PCR procedure and 
sequenced. Viral coreceptor usage was predicted using 
the Geno2Pheno[coreceptor] algorithm.

RESULTS: In total, 265 V3 sequences were obtained 
from 101 samples. Genotypic X4 coreceptor usage 
was predicted for 28% of the sequences using FPR 
10% and an additional 15% using FPR 20%. In 
viral RNA samples, results of triplicate amplification 
resulted in discordance in detection and prediction of 
coreceptor usage in 8.6% using FPR 10% and 12.1% 
using FPR 20%. In proviral DNA samples, a discor-
dance of 9.3% using FPR 10% and 18.6% using FPR 
20% was observed. 

In 24 patients, an X4 genotype was detected (24%) 
using a single amplification procedure with FPR 10%. 
Additional X4 coreceptor usage was detected in 2 
(26%) patients, respectively, and 3 (28%) patients 
using duplicate or triplicate amplification. Nadir CD4+ 
T-cell count, number of CD4+ T-cells and VL at time of 
sampling were not significantly different in X4 as com-
pared with R5 predicted isolates.

CONCLUSIONS: Single versus triplicate genotypic 
tropism testing using either viral RNA or proviral 
DNA resulted in 10–20% discordance. Only in a 
small percentage of patients triplicate testing resulted 
in enhanced detection of X4 variants. Additional 
studies are needed to investigate clinical relevance of 
X4 variants that were not uniformly detected in all 
repeat analyses.
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antivirals in Joinville, southern Brazil
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BACKGROUND: Recent focus has been pointed to the 
treatment of the hepatitis B virus (HBV) infection in 
coinfected HIV+ individuals, and new drugs are cur-
rently being added to the anti-HBV antiviral arsenal. 
However, little is known about the transmission of 
drug-resistant HBV strains to newly infected individu-
als. In this study, we assessed primary HBV resistance 
in a cohort of recently diagnosed subjects from a blood 
bank centre in Joinville, southern Brazil.

METHODS: Serum from 81 subjects recently diag-
nosed for HBV infection in a blood bank of Joinville 
had their viral DNA extracted and PCR-amplified for 
the Pre-S/S and the reverse transcriptase (RT) genomic 
regions. PCR products were directly sequenced and 
sequences were subjected to phylogenetic analysis for 
HBV genotype assignment. In addition, RT sequences 
were evaluated for HBV drug resistance through sub-
mission to the Stanford HBV Drug Resistance Data-
base, as well as through manual inspection of aligned 
sequences.

RESULTS: Viruses from 49 subjects were molecularly 
characterized. Of those, the vast majority belonged 
to the D genotype (47; 96%), whereas one strain was 
assigned to genotype A and another to genotype F. 
Among the former, subgenotype D3 was the most fre-
quent. A few cases of intragenotype D double infec-
tions were also evidenced by clonal sequence analysis. 
Inspection of RT sequences showed that four viruses 
(8%) carried resistance mutations. Three viruses har-
boured I233V, which confers resistance to adefovir, 
while another one carried A194T, conferring resistance 
to tenofovir. All resistant viruses belonged to genotype 
D, although to distinct subgenotypes.

CONCLUSIONS: To our knowledge, this is the first 
survey of HBV primary drug resistance conducted in 
Brazil. Primary resistance was found to antiviral agents 
currently adopted and indicated by Brazilian HBV 
treatment guidelines. Although performed in a small 
setting, our study highlights the need to continuously 
monitor the presence and circulation of drug-resistant 

strains among drug-naive subjects, which can poten-
tially impair their treatment outcomes.
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Telbivudine-5′-triphosphate is not a substrate for 
HIV-1 reverse transcriptase
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BACKGROUND: HIV–HBV-coinfected individuals 
who need to be treated only for their HBV infection 
have limited therapeutic options, since most approved 
anti-HBV agents have a risk of selecting for drug-re-
sistant HIV mutants. Telbivudine (LdT), also known 
as L-thymidine is currently approved for the treat-
ment of HBV infections. In vivo data are inconclusive 
as to whether LdT may exert antiviral effects against 
HIV. Thus, we investigated the in vitro activity of LdT 
against HIV in biochemical and virological studies.

METHODS: To assess possible inhibitory effects of 
LdT on HIV-1 RT, we determined if its 5′-triphosphate 
form (LdT-TP) was a substrate in the context of single 
nucleotide incorporations. The reaction was monitored 
under single turnover conditions in order to determine 
kinetic parameters. Control experiments were per-
formed with the entecavir-5′-triphosphate (ETV-TP), 
dGTP and dTTP. Furthermore, LdT susceptibility for 
a wild-type HIV reference virus (HXB2) and multiple 
clinical viral isolates from therapy-naive subjects was 
determined in a multiple-cycle phenotypic assay. LdT 
activity was also determined against lamivudine (3TC)-
resistant HIV and viruses with extensive thymidine 
analogue mutations (TAMs). Control experiments were 
performed with entecavir (ETV) and 3TC.

RESULTS: Biochemical studies demonstrated that 
LdT-TP was not incorporated by HIV-1 RT, even at 
100 µM. Under similar assay conditions, dGTP and 
dTTP were incorporated at submicromolar concentra-
tions, whereas incorporation of ETV-TP was observed 
at about 3 µM. Virological studies demonstrated that 
LdT has no activity (EC50>100 µM) against wild-type 
HIV and clinical isolates from therapy-naive subjects, 
irrespective of the MOI used. LdT also did not demon-
strate any activity against the 3TC-resistant viruses nor 
viruses with extensive TAMs. 

CONCLUSIONS: LdT-TP was not incorporated into 
HIV-1 RT and the parent drug did not exert an anti-
viral effect against HIV in culture. These biochemical 

and virological in vitro data together suggest that it is 
highly unlikely that LdT will exert selective pressure 
in vivo that may cause the emergence of resistance-
conferring mutations. Thus, we conclude that LdT is 
currently the only selective anti-HBV agent among the 
five FDA- approved drugs (that is, LdT, 3TC, ADV, TDF 
and ETV) for the treatment of HIV–HBV infections. 
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BACKGROUND: HBV RT sequencing is recom-
mended for patients with virological failure during 
HBV RT inhibitor (RTI) therapy. However, little is 
known about the frequency of mutations at most RT 
positions. Moreover, the association of some candidate 
drug resistance mutations (DRMs) with RTI therapy 
and resistance is uncertain. 

METHODS: We retrieved all published HBV RT Gen-
Bank sequences encompassing positions 180–240. 
GenBank entries and their associated publications 
were reviewed to determine the number of individu-
als from whom RT sequences were obtained, their RTI 
treatments, and year and region of virus sampling. 
Sequences for which these data were available were 
added to a database (HBVrtDB). HBV genotype was 
determined using reference genotype RT sequences. 
Differences between sequences and consensus refer-
ence genotype sequence were classified as mutations. 
HBVseq was developed to enable online users to iden-
tify mutations in submitted sequences and retrieve the 
prevalence of these mutations in HBVrtDB by genotype 
and treatment. 

RESULTS: A total of 267 references containing 5,931 
sequences from 3,283 individuals met HBVrtDB 
inclusion criteria. Eighty-three percent of individuals 
were RTI-naive and 17% were RTI-experienced: 347 
received l-nucleosides (3TC, FTC, entecavir, telbivu-
dine) alone, 65 received acyclic nucleoside phospho-
nates (ANP; adefovir, tenofovir) alone and 162 received 
both l-nucleosides and ANPs. Among established 
DRMs, L80IV, V173L, L180M, T184S and M204IV 
were associated with l-nucleosides and A181TSV and 
N236T were associated with ANPs (Fisher’s exact test; 
Benjamini–Hochberg-adjusted P-value <0.01). Too 
few sequences from entecavir-treated individuals were 
available to identify treatment associations for I169T, 
S202G and M250V. Of the candidate DRMs, L82M, 
V84M, S85A, A194T, A200V, V214A, Q215S, I233V, 
P237H and N238TD, an association with l- nucleosides 
was present for L82M, S85A and A200V. For the 

remaining candidate DRMs, insufficient data was avail-
able to confirm a treatment association. Several novel 
mutations were also associated with therapy, including 
T128I and L229FVS.

CONCLUSIONS: HBVseq provides researchers with 
mutation prevalence data by genotype and RTI treat-
ment in published sequences. Its underlying database 
leverages large numbers of publicly available annotated 
sequences to validate associations between candidate 
DRMs and RTI treatment exposure and to generate 
new hypotheses that can be further tested in vitro.
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The effect of pre-transplantation lamivudine 
resistance on the prognosis in liver 
transplantation recipients
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BACKGROUND: Since the introduction of lamivudine 
to treatments of chronic hepatitis B, the prevalence of 
lamivudine resistance in liver transplantation (LT) can-
didates continues to increase. In this study, we aimed 
to evaluate the effect of pre-LT lamivudine resistance 
(LAM-R) on the post-LT prognosis of recipient, which 
has not been well elucidated.

METHODS: The LT recipients who were tested for 
pre-LT genotypic resistance to lamivudine between 
September 1999 and August 2009 at a single tertiary 
care centre, Seoul, Korea, were consecutively included. 
We compared the overall survival and the incidence of 
graft failure, recurrent hepatitis and hepatocellular car-
cinoma (HCC) between the patients with LAM-R (the 
resistance group) and those without LAM-R (the non-
resistance group).

RESULTS: Eighty-three consecutive patients were 
included. All patients were treated with both intrave-
nous hepatitis B immunoglobulin and antiviral agents 
(lamivudine, entecavir or adefovir). Thirty-seven patients 
were assigned to the resistance group and 46 to the non-
resistance group. Their median follow-up duration was 
21 months (range 1–121). Mortality occurred in 2 cases 
of the resistance group and 3 cases of the non- resistance 
group, respectively. The occurrence of graft failure, 
recurrent hepatitis and HCC were 1 case, 2 cases and 2 
cases, respectively, in the resistance group; and 2 cases, 
1 case and 2 cases, respectively, in the non-resistance 
group. Univariate and multivariate analysis using Cox-
regression model showed that there was no significant 
difference in survival, graft failure, HCC occurrence and 
recurrent hepatitis between two groups. 

CONCLUSIONS: Our result indicates that pre-LT 
LAM-R does not significantly affect on the post-LT 
prognosis. Thus, considering LT in patients with 

underlying hepatitis B disease as a therapeutic modal-
ity, LAM-R may not be a barrier if it is treated with 
adequate antiviral agents.
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Impact of antiviral drugs against HBV on 
hepatitis delta virus replication - effect of 
selection of drug resistance mutations affecting 
HBsAg antigenicity
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BACKGROUND: Given the dependence of hepatitis 
delta virus (HDV) on HBV replication, potent and pro-
longed suppression of HBV replication with antiviral 
drugs could diminish HDV replication.

METHODS: Sixteen HIV+ patients with chronic HDV 
who had originally received 3TC for 43.9 ±23.3 months 
were examined. In 10 of them, TDF was subsequently 
added to 3TC for another 37.5 ±9.5 months. Longi-
tudinal serum HDV RNA was quantified using an ‘in 
house’ RT-qPCR. In parallel, serum HBsAg was mea-
sured using a commercial ELISA (BioRad). Sequence 
analysis of the HBsAg and polymerase genes was per-
formed in all positive HBV DNA sera.

RESULTS: Ten patients (62.5%) reached HBV DNA<10 
IU/ml on 3TC treatment. Before undetectability, HBsAg 
mutations sS155X and sT126I were selected in two 
of them. These changes were associated to significant 
decreases in both HBsAg and HDV RNA titres.

In four (67%) out of six non-responders to 3TC, the fol-
lowing polymerase resistance mutations were selected: 
rtL80I/rtL180M/rtM204I (n=2), rtL80I/rtM204I (n=1) 
and rtM204I/rtStop243 (n=1).

Serum HDV RNA levels (median, IQR) did not differ 
significantly (P=0.822) in patients with wild-type HBV 
(3.9×106 [1.5×106–2.4×107 copies/ml]) versus mutant 
HBVs (4.1×106 [1.8×106–1.6×107 copies/ml]). Further-
more, no significant differences (P=0.181) in serum 
HBsAg titres (median, IQR) were recognized compar-
ing wild-type versus mutant HBVs (1.6×103 [3.0×102–
2.0×103] versus 6.9×103 [1.4×103–3.8×104 IU/ml]). 

Despite all patients treated with TDF became undetect-
able for HBV DNA, serum HDV RNA levels remained 
increased in those who had previously failed 3TC. 
However, HDV RNA levels (mean ±sd) were higher 
in wild-type than in mutant HBVs (4.1×106 ±9.9×105 
versus 7.6×105 ±2.9×105 IU/ml; P=0.005). Interest-
ingly, the lowest HDV RNA levels (mean ±sd) on TDF 

treatment were found in the two subjects with mutant 
HBsAg (4.3×104 ±1.7×104 copies/ml), which was signif-
icantly lower than in the rest (2.99×106 ±6.7×105 cop-
ies/ml; P=0.0001). Serum HBsAg titres were also lower 
in these individuals, but without statistical differences.

CONCLUSIONS: Mutations in the HBsAg affect-
ing antigenicity selected following lamivudine therapy 
may indirectly reduce HDV replication, hypothetically 
impairing viral encapsidation. By contrast, complete 
suppression of HBV replication with TDF does not 
seem to impact HDV replication.
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Fidelity of HCV NS5B and implications for the 
development of drug resistance

EP Tchesnokov1, MH Powdrill1, M Götte1

1McGill University, Montreal, QC, Canada

BACKGROUND: Rapid replication dynamics of HIV 
and HCV are associated with the generation of viral 
variants that can be selected under drug pressure. 
The error-prone nature of HIV-1 reverse transcriptase 
(RT) relates to genetic variability, and it is generally 
assumed that RNA synthesis by the HCV NS5B is 
likewise error-prone; however, the fidelity of NS5B 
remains to be determined. Differences in nature and 
cellular location of replication may translate in dif-
ferent requirements for maintaining accuracy in RNA 
and DNA synthesis, respectively. 

METHODS: Purified HCV NS5B and HIV-1 RT were 
used to determine efficiency of correct and incorrect 
nucleotide incorporations. Kinetic parameters Kd and 
kpol were determined during elongation. To assess the 
biological relevance of these measurements, we com-
pared the efficiency of formation of specific mismatches 
with the frequency of corresponding codon changes 
associated with drug resistance.  

RESULTS: The biochemical efficiency of formation 
of a G:U mismatch with HCV NS5B was 2–3 orders 
of magnitude higher than for all other mismatches. 
G:U mismatches occured at a frequency of 1:350. By 
comparison, G:T mismatches generated with HIV-1 
RT occured at a frequency of 1:3,000. RT was also 
able to generate A:C mismatches at a relatively high 
frequency (1:1,000) when compared with all other 
changes. We analysed resistance-conferring mutations 
in the polymerase and protease genes of both viruses, 
and determined the possible nature and frequency of 
mismatches leading to the specific codon change. Most 
importantly, the spectrum of possible mismatches 
showed a bias to G:U(T) and A:C changes for both 
viruses. These two pairs combined were found at a fre-
quency of 52% (HCV) and 42% (HIV) as compared 
with the theoretical value of 33%.

CONCLUSIONS: Mismatches that were most effi-
ciently formed by HIV-1 RT were also most fre-
quently involved in codon changes associated with 
drug resistance. In HCV, the difficulties in generating 
A:C mismatches can likely be compensated by effi-
cient formation of complementary U:G changes in the 
opposite strand. The lack of a known RNA mismatch 

repair system allows for mutations to persist in either 
strand. The mutational bias may contribute to the 
genetic barrier in the development of resistance.
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Prevalence of natural resistance by HCV to 
protease inhibitors

H Yin1, K Bondeson1, J Lennerstrand1

1Uppsala University, Uppsala, Sweden

OBJECTIVES: The current protease inhibitor (PI) 
 candidates are primarily designed to inhibit HCV geno-
type 1 isolates; however, telaprevir and TMC435, for 
example, have shown activity against a broader spec-
trum of geno/subtypes. Nevertheless, treatment trials 
show that the current PI candidates have a low genetic 
barrier to resistance, including cross-resistance profiles. 
Due to the extremely high sequence diversity by HCV, 
natural pre-existing resistance has also been found in 
treatment-naive HCV patients. It has been established 
that >5% of PI-untreated patients with subtype 1a 
have pre-existing PI resistance mutation(s) in dominant 
form, including 1% of the notorious R155K. The aim 
of our study was to identify the prevalence of known 
and unknown pre-existing/natural PI resistance muta-
tions in PI-untreated patients for a broad spectrum of 
subtypes. In Sweden, the most common subtypes are 
1a (30%), 2b (15 %) and 3a (30%). We observed with 
BLAST search that these subtypes only need one nucle-
otide substitution for a R155K conversion.

METHODS: A nested RT-PCR and sequencing 
method was developed to study the HCV protease 
gene for a broad spectrum of genotypes (1–4). The 
consensus sequence was analysed and aligned by 
SeqScape software (with H77 genotype 1a as refer-
ence) for the presence of resistance substitutions in 
the NS3 protease. We examined 45 treatment-naive 
HCV patient samples of known geno/subtype from 
the Uppsala region. 

RESULTS: The nested RT-PCR method revealed a 
high-quality sequence product for 95% of the samples. 
In 15 patient samples with subtype 1a, we found 3 
patients with T54S and 4 with V36L. In patient sam-
ples with subtype 2b or 3a, we found unknown amino 
acid changes that could potentially be involved in PI 
resistance. For example, most of the 3a samples had a 
novel amino acid switch at the known resistance posi-
tion, D168Q. It is of interest to note that TMC435, as 
other PIs, has shown low activity against subtype 3a. 

CONCLUSIONS: We described different natural 
resistance mutations according to the HCV sub-
type. This method and further studies could con-
tribute to the evaluation of how and to which HCV 

patients the first- and second-generation PIs could be 
administered.
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Drug resistance mutations in the HCV NS3 protease 
and NS5B polymerase in newly diagnosed HIV-1 
patients with chronic hepatitis C in Spain

A Treviño1, C de Mendoza1, P Parra1, C Rodríguez2, 
A Madejón1, Z Plaza1, J del Romero2, E Poveda1, 
V Soriano1

1Hospital Carlos III, Madrid, Spain 
2Centro Sanitario Sandoval, Madrid, Spain

BACKGROUND: Oral drugs designed to inhibit the 
HCV serine protease and the HCV RNA polymerase 
have recently entered clinical development. Information 
about primary resistance to these compounds in HIV–
HCV-coinfected patients is scarce. A larger HCV vari-
ability due to immunodeficiency and a potential effect 
of antiretroviral drugs on HCV enzymes could hypo-
thetically increase the rate of primary HCV resistance 
in HIV patients.

METHODS: All individuals newly diagnosed with 
HIV-1 at several clinics in Madrid between Janu-
ary 2000 and February 2010 were tested for serum 
HCV-Ab/HCV RNA. HCV genotype was analysed by 
LiPA in viraemic specimens. NS3 protease and NS5B 
polymerase genes were sequenced in all HCV G1 
patients. 

RESULTS:  A total of 1,684 newly diagnosed HIV-1 
individuals were identified during the 10-year study 
period. Serum HCV RNA was positive in 141 (8.4%) 
patients. Median viral load was 390,830 IU/ml. 
Approximately 20% of HCV-Ab+ sera were aviraemic, 
reflecting spontaneous clearance. Of true HIV–HCV-
coinfected patients, 74% were male, median age was 
40 years; transmission route: IDUs 46%, MSM 27% 
and heterosexuals 22%; and origin: native Spaniards 
63%, Latin-Americans 13%, sub-Saharan Africans 
13% and other Europeans 9%. 

The distribution of HCV genotypes was 67 G1 
(58%; being 43 1a, 20 1b and 4 untypeable) and 24 
G4 (21%), 22 G3 (19%) and 3 G2 (2%). Complete 
sequences from G1 patients could be obtained for 
42 proteases and 41 polymerases. Changes prQ80K 
(n=8), prV55A (n=2), polC316Y (n=1), polC316N 
(n=1) and polV499A (n=20) were found. Altogether, 
60% of HIV–HCV-coinfected patients with G1a and 
20% of G1b carried at least one HCV drug resist-
ance change. Although no primary resistance muta-
tions were identified for HCV protease inhibitors and 
nucleoside analogues, primary resistance changes for 

some HCV non-nucleoside analogues (for example, 
C316Y/N for HCV-796) were found.

CONCLUSIONS: Natural drug resistance mutations 
to both HCV protease and polymerase inhibitors are 
frequently seen in HIV–HCV-coinfected individuals. 
Changes polV499A and prQ80K seem to be poly-
morphisms due to their high prevalence. Their effect 
on treatment outcomes warrants further examination. 
However, drug resistance testing in HCV drug-naive 
individuals coinfected with HIV currently does not seem 
to be warranted before using HCV protease inhibitors 
and nucleoside analogues. More information is needed 
for HCV non-nucleoside analogues.
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A cellular replicon-based phenotyping assay to 
determine susceptibility of clinical isolates to 
NS3/4A protease inhibitors

L Vijgen1, O Lenz1, JM Berke1, D Koletzki1, 
B Van Kerckhove1, M Claes1, T Verbinnen1, 
P Dehertogh1, TI Lin1, G Fanning1

1Tibotec-Virco Virology BVBA, Mechelen, Belgium

BACKGROUND: Mutations conferring resistance to 
HCV NS3/4A protease inhibitors (PIs) have emerged 
during treatment with this drug class. The develop-
ment of a cellular replicon-based phenotyping assay to 
determine the effect of patient-derived NS3 protease 
domains on susceptibility to PIs represents a useful tool 
to understand clinical response. 

METHODS: The G1b ET replicon was modified to 
allow efficient insertion of NS3 protease domains 
derived from clinical isolates using the In-Fusion™ 
cloning method. RNA of the chimeric replicon was 
transfected into Huh-7 cells and assessed in a 48-h tran-
sient replicon assay with luciferase readout to determine 
replication capacity and susceptibility to PIs. For assay 
characterization, the PI BILN-2061 and a NS5B inhibi-
tor (thiophene-2) were used. A total of 105 clinical 
isolates derived from G1 (n=70), G2 (n=2), G3 (n=3), 
G4 (n=26), G5 (n=2) and G6 (n=2) PI treatment-naive 
HCV patients were tested. Validation experiments were 
performed to assess the reproducibility, sensitivity and 
robustness of the assay.

RESULTS: Chimeric replicons could be generated with 
97% (101/105) of samples. The chimeric replicon sup-
ported replication with all G1a (n=34), G1b (n=33), 
G1e (n=1) and G4 (n=26) patient-derived NS3 domains. 
None of the G2b, G5a and G6 chimeric replicons rep-
licated, whereas in 1/3 G3a chimeric replicons, replica-
tion levels were sufficient for assessing susceptibility to 
inhibitors. The Z-prime value was 0.64 and interassay 
EC50 standard deviations (sd) were <0.3 log for indi-
vidual isolates. The sd of EC50 values of thiophene-2 
over all G1, G3a and G4 isolates was 0.3 log (factor 
1.8). All G1 and G4 samples were susceptible to BILN-
2061 with a fold change (FC) in EC50 compared with 
ET replicon ranging from <1 to 2.7. In a G1 isolate, 
the presence of a mixed population of wild-type and 
D168E resulted in a biphasic dose–response curve with 
significant difference between EC50 and EC90. For the 
G3a sample, the FC (304) was similar to the FC of site-
directed mutant D168Q (FC 483), the naturally occur-
ring amino acid at position 168 in G3.

CONCLUSIONS: The chimeric replicon assay presented 
here allows a robust assessment of the phenotypic sus-
ceptibility to PIs of patient-derived HCV G1 and G4 
protease domains.
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Prevalence of minor pre-existing substitutions 
that confer resistance to HCV NS3 protease 
inhibitors in HIV-1-coinfected patients 

S Franco1, R Bellido1, E Aparcio1, C Tural2, 
B Clotet1,2, R Paredes1, MA Martínez1

1Fundació irsiCaixa, Hospital Universitari Germans Trias i Pujol, 
Badalona, Spain 
2Fundació de la Lluita contra la Sida, Hospital Universitari 
Germans Trias i Pujol, Badalona, Spain

BACKGROUND: Several HCV NS3 protease inhibi-
tors (PIs) are in Phase I–III trials. Minor drug-resistant 
HCV variants might go undetected yet be clinically 
important. NS3 protease resistance substitutions at 
residues V36A and A156S/T/V have been selected 
in patients treated with PIs. We therefore explored 
whether substitutions at these two residues pre-exist 
in HIV-1 patients coinfected with HCV genotype 1b.

METHODS: We developed an allele-specific (AS)-PCR 
protocol to detect the NS3 resistance substitutions 
V36A and A156S/T/V. The ability of this AS-PCR to 
determine the prevalence of naturally occurring variants 
was investigated in 29 patients. All patients included 
in this study had been infected with HCV genotype 
1b and had a standard course of treatment with PEG-
IFN-α/RBV with a known virological response status at 
6 months post-treatment. AS-PCR was performed from 
baseline treatment patient plasma.

RESULTS: Four different AS-PCR protocols (NS3 
 protease mutants V36A, A156T, A156S and A156V) 
were performed separately, each with a corresponding set 
of standards. Non-selective and selective amplifications 
were performed in parallel. All reactions were performed 
in triplicate and the mean of the three values was used for 
calculations. The percentage of viral sequences contain-
ing each mutation was calculated as follows: % mutant 
sequences =([quantity of mutant sequences in the sample]/
[quantity of total viral sequences in the sample])×100. 
The specificity range of these assays was 0.03–0.45%. 
The presence of at least one minor resistant variant was 
found in 17 (60%) patients. Presence of minor variants 
did not correlate with patient HCV viral load. Detection 
of A156T was more frequent than A156V or A156S, 
suggesting that the A156T mutant might be fitter than 
A156V or A156S. Simultaneous detection of variants 
V36A+A156T was also detected in 2 (7%) patients. 

CONCLUSIONS:  AS-PCR can be used to detect minor 
HCV NS3 protease-resistant variants in pretreatment 

samples and to study, in detail, the evolution of 
mutant viruses during targeted antiviral therapy. The 
pre-existence of resistance substitutions to PIs in 60% 
of HCV-coinfected patients suggests that, in addition 
to current PEG-IFN-α/RVB therapy, more than one 
specific HCV inhibitor will likely be required to effec-
tively treat this infection.
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Analyses of genotype 2/3 HCV variants in 
patients treated with telaprevir in study C209 
showed that the telaprevir resistance profile 
appears to be consistent across genotypes

S De Meyer1, A Ghys1, GR Foster2, 
M Beumont-Mauviel1, B Van Baelen1, T-I Lin1, 
I Dierynck1, G Picchio3

1Tibotec BVBA, Mechelen, Belgium 
2Queen Mary University of London, Institute of Cell and Molecular 
Science, London, UK 
3Tibotec, Inc., Titusville, NJ, USA

BACKGROUND: C209 is a Phase IIa study of telaprevir, 
an HCV NS3 protease inhibitor, administered alone or 
with pegylated interferon-α2a (PEG-IFN) and ribavirin 
(RBV) in treatment-naive genotype 2/3 (G2/3) chronic 
HCV patients. In this study, telaprevir had significant 
antiviral activity against G2 HCV in monotherapy, but 
little or no activity against G3 HCV. The characteriza-
tion of G2/3 viral variants emerging during telaprevir-
based treatment is reported here.

METHODS: Patients were randomized to receive 
15 days of either telaprevir 750 mg every 8 h alone (arm 
A; G2/3; n=9/8), telaprevir 750 mg every 8 h with PEG-
IFN 180 µg/week and RBV 800 mg/day (arm B; G2/3; 
n=5/9) or PEG-IFN 180 µg/week and RBV 800 mg/
day plus placebo (arm C; G2/3; n=9/9). All three arms 
received an additional 24 (arm A) or 22 (arms B and 
C) weeks of PEG-IFN/RBV. Population sequencing of 
the NS3 protease region was performed on baseline 
and on-treatment samples. Selected patient-derived 
NS3 sequences were cloned, expressed and tested for 
telaprevir susceptibility using a biochemical assay.

RESULTS: No known G1 telaprevir mutations were 
detected in any of the baseline samples. Furthermore, 
no clear correlation between baseline fold change 
in EC50 to telaprevir and HCV RNA change at day 
3 was observed. Among G2/G3 patients, 6 and 3 
patients, respectively, developed a viral breakthrough 
(vBT) during monotherapy; no vBTs were observed in 
arm B. Variants carrying known G1 mutations were 
detected in 5/5 G2 vBTs with an available genotype; 
T54A (n=2), R155K (n=1), T54A+R155K (n=1), 
and A156S (n=1) and in 2/3 G3 vBTs; R155K (n=2). 
Two G2 and one G3 vBTs with emerging mutations 
achieved an SVR. Relapse was observed in 1 G2 and 
5 G3 patients in arms A and B. The R155K muta-
tion was detected in 1/4 relapsers with an available 
genotype. Phenotypic data showed that susceptibility 

to telaprevir decreased in variants and site-directed 
mutants with a R155K mutation.

CONCLUSIONS: The absence of vBTs during triple 
combination therapy and the fact that three vBT patients 
receiving telaprevir monotherapy achieved a SVR may 
suggest that G2/3 emerging variants remain suscepti-
ble to PEG-IFN/RBV. The telaprevir resistance profile 
appears to be similar across G1, G2 and G3.
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IL28B SNP rs8099917 is strongly associated with 
pegylated interferon-α and ribavirin therapy 
treatment failure in HCV–HIV-1-coinfected patients

E Aparcio1, M Parera1, S Franco1, N Pérez-Alvarez2,3, 
C Tural2, B Clotet1,2, MA Martínez1

1Fundació irsiCaixa, Hospital Universitari Germans Trias i Pujol, 
Badalona, Spain 
2Fundació de la Lluita contra la Sida, Hospital Universitari 
Germans Trias i Pujol, Badalona, Spain 
3Statistics and Operations Research Department, Technical 
University of Catalonia, Barcelona, Spain

BACKGROUND: Recent genome-wide association 
studies report that the SNP rs8099917, located 8.9 kb 
upstream of the start codon of IL28B, is associated 
with both disease chronicity and therapeutic response 
to pegylated interferon-α (PEG-IFN-α) and RBV in 
patients infected with genotype 1 HCV. To determine 
the effect of rs8099917 variation on the response of 
HCV to therapy, we genotyped this variant in a cohort 
of 160 HCV–HIV-1-coinfected patients who received 
combined PEG-IFN-α/RBV therapy. 

METHODS: A total of 160 HCV–HIV-1-coinfected 
patients from our HIV clinic unit were randomly 
included in this study. Study patients had a standard 
course of treatment with PEG-IFN-α/RBV with known 
virological response status at 24 weeks post-treatment. 
Genomic DNA was extracted from peripheral blood 
mononuclear cells (PBMCs) and used for SNP genotyp-
ing. To genotype the rs8099917, we developed a direct 
sequencing PCR-based protocol.

RESULTS: The rs8099917 T/G or G/G genotypes were 
observed in 56 (35%) patients. The proportions of 
rs8099917 TT, TG and GG genotypes were 51.5%, 
41.0% and 7.5% among patients with treatment failure 
versus 83.5%, 10.5% and 6% among those with SVR. 
These findings suggested that the G allele was strongly 
associated with treatment failure in this patient cohort. 
Indeed, treatment failure occurred in 80% of G allele 
carriers versus 48% of non-carriers (P<0.0001, χ2 test). 
Importantly, a highly significant association was found 
between the G allele and response to therapy in HCV 
genotype-1-infected patients (P<0.0001, χ2 test) but not 
in HCV genotype-3-infected patients. 

CONCLUSIONS: These results reveal the high 
 prevalence of the rs8099917 G allele in HCV–HIV-1-
 coinfected patients as well as its strong association 
with treatment failure in HCV genotype-1-infected 

patients. rs8099917 SNP genotyping may be a valid 
pretreatment predictor of which patients are likely to 
respond to treatment in this group of difficult-to-treat 
HCV–HIV-coinfected patients.
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Impact of prior NRTI failure in the ODIS 
trial, a study conducted in HIV+ patients on 
undetectable viraemia on protease inhibitors 
who switched to raltegravir once daily versus 
twice daily

E Vispo1, P Barreiro1, F Blanco1, 
S Rodríguez-Novoa2, J Morello2, I Jimenez-Nacher2, 
J Gonzalez-Lahoz1, V Soriano1

1Department of Infectious Diseases, Hospital Carlos III, Madrid, Spain 
2Pharmacology Unit, Hospital Carlos III, Madrid, Spain

BACKGROUND: Raltegravir (RAL) has demonstrated 
good antiviral activity and safety profile being dosed 
twice daily. However, its long terminal elimination half-
life might allow once-daily administration.

METHODS: All HIV-infected individuals under pro-
tease inhibitor (PI)-based regimens with plasma HIV-
RNA <50 copies/ml for longer than 24 weeks were 
identified at our clinic and invited to replace PIs by 
RAL. Patients were randomly assigned to RAL 800 mg 
once daily, 400 mg twice daily or twice daily for the 
first 3 months and then once daily (NCT00941083).

RESULTS: A total of 222 patients completed 24 weeks 
of follow-up on RAL (149 once-daily arm, 35 twice-
daily arm and 38 twice-daily-to-once-daily arm). The 
most frequently replaced PIs were atazanavir (48%), 
lopinavir (28%) and fosamprenavir (13%). Up to 
69% of patients received RAL along with tenofovir– 
emtricitabine and 31% with abacavir–lamivudine. At 
inclusion, mean CD4 count was 574 ±308 cells/µl and 
46% were HCV-coinfected. 

Within 24 weeks, 13 (5.9%) patients experienced 
 virological failure, 12 (6.4%) in the once-daily arms 
and 1 (2.9%) in the twice-daily arm (P=0.18). The 
rate of virological failure was 16.2% (12/74) in 
patients with prior NRTI resistance, but only 0.7% 
(1/148) in the rest (P<0.001). Significant reductions 
in total, LDL and HDL cholesterol were observed at 
24 weeks of RAL switching.

Predictors (OR, 95% CI, P) of virological failure fol-
lowing a switch from PIs to raltegravir (univariate) 
were as follows: RAL once daily versus twice daily: 
2.33 (0.29–18.53) 0.42; ABC versus TDF in the nuc 
backbone: 1.04 (0.31–3.49) 0.95; prior suboptimal 
ART: 1.78 (0.18–2.01) 0.41; prior virological failure: 
6.17 (0.79–48.44) 0.08; and prior NRTI resistance: 
28.45 (3.62–223.56) 0.001. 

CONCLUSIONS: A switch from PIs to RAL in HIV-
infected patients with undetectable plasma HIV RNA 
effectively sustains viral suppression as long as prior 
NRTI resistance had not been selected in the past. No 
significant differences were seen comparing RAL twice 
daily or once daily in this context, although once-daily 
dosing tended to perform less well.
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Impact of transmitted drug resistance (TDR) 
on virological response to initial combination 
antiretroviral therapy (cART)

L Wittkop1 on behalf of the EuroCoord-CHAIN 
project team
1Inserm U897 Centre of Epidemiology and Biostatistics, ISPED 
Bordeaux School of Public Health, University of Bordeaux 2, 
Bordeaux, France

BACKGROUND: We aimed to assess the association 
between TDR and virological outcome in the first year 
of cART, with particular focus on people with TDR 
predicted to receive a fully active regimen compared 
with people without TDR.

METHODS: EuroCoord-CHAIN is a collaborative 
pilot project between four constitutive networks of 
EuroCoord (CASCADE, COHERE, EuroSIDA and 
PENTA) and CHAIN. 

Patients were classified according to three categories: (1) 
WHO list 2009: no mutation; (2) WHO list 2009: ≥1 
mutation and Stanford (v6.0.5) level 1 or 2 to all drugs; 
and (3) WHO list 2009: ≥1 mutation and Stanford 
(v6.0.5) level 3, 4 or 5 to ≥1 of their prescribed drugs. 

Virological failure (VF) was defined as two consecu-
tive viral load (VL) measurements >500 cp/ml after 
6 months of therapy. 

Time to VF was analysed using Cox proportional haz-
ards models adjusted for potential confounding factors.

RESULTS: Of 10,458 patients from 19 cohorts, 721 
experienced VF (7% at 12 months). No mutation 
was found in 9,505 (90.9%) patients. Of 953 (9.1%) 
patients with ≥1 mutation, 476 (4.5%) received a fully 
active cART and 477 (4.6%) had resistant HIV for 
≥1 drug. Plasma sample was taken before ART in all 
patients: 3,900 (37.3%) patients had a genotypic test 
(median 3 month, interquartile range [IQR] 1–12) 
before cART start; 2,448 (23.4%) patients had a test 
(median 35 month, IQR 2–77) after cART start; for 
4,110 (39.3%) the test date was unknown. Patients 
with resistance to ≥1 drug had a 2.5-fold higher risk of 
VF (95% confidence interval [CI] 2.0–3.3; P<10-4) com-
pared with patients without mutations. The risk of VF 
was not significantly different between patients receiv-
ing a fully active cART and patients with no mutation 
(adjusted HR 1.2, 95% CI 0.8–1.8; P=0.4). In stratified 
analysis, patients receiving two NRTIs plus one NNRTI 

predicted to receive a fully active cART had a twofold 
higher risk (95% CI 1.0–4.0; P=0.04) compared with 
those with no mutation (no interaction between strata 
and TDR; P=0.12). 

CONCLUSION: TDR was highly predictive for viro-
logical failure if cART was not adjusted according to 
the resistance test (that is, at least low-level resistance/
intermediate to ≥1 drug). 

ACKNOWLEDGMENTS: Project team: EuroCo-
ord-CHAIN project leader: Geneviève Chêne (Linda 
Wittkop, project coordinator and statistician/epidemi-
ologist); statisticians/epidemiologists: Hannah Castro 
(nee Green), Dominique Costagliola , Alessandro Cozzi-
Lepri, David Dunn, Ali Judd, Andrew Phillips, Rodol-
phe Thiébaut and Viktor von Wyl; virologists: Marie-
Laure Chaix, Claudia Kücherer, Bernard Masquelier, 
Deenan Pillay and Frank de Wolf; clinicians: Bonaven-
tura Clotet/Roger Paredes, Huldrych Günthard, And-
rea de Luca, Jens D Lundgren and Anton Pozniak 
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Effect of mutations at position E138 in HIV-1 
reverse transcriptase on phenotypic susceptibility 
and virological response to etravirine

J Vingerhoets1, L Tambuyzer1, H Azijn1, S Nijs1, 
G Picchio2 
1Tibotec BVBA, Mechelen, Belgium 
2Tibotec Inc., Titusville, NJ, USA 

BACKGROUND: Analyses of baseline resistance 
data from the DUET studies has resulted in the 
identification of 17 etravirine (ETR) resistance-
 associated mutations (RAMs): V90I, A98G, L100I, 
K101E/H/P, V106I, E138A, V179D/F/T, Y181C/I/V, 
G190A/S, and M230L based on their association with 
decreased virological response and/or increased ETR 
FC. A recent analysis of the development of resist-
ance in ETR-treated subjects with virological failure 
has demonstrated that in addition to positions V179 
and Y181, mutations at position E138 are among the 
most frequently emerging. The goal of this study was 
to further analyse the contribution of various E138 
variants on ETR resistance.

METHODS: Emergence of mutations in ETR-treated 
subjects with virological failure (n=93) was analysed 
using DUET week 96 data. Site-directed mutants 
(SDMs) were constructed into an HIV-1/HXB2 back-
bone using the QuikChange SDM kit (Stratagene). 
Prevalence of mutations and effect on FC were analysed 
using DUET baseline resistance data. Effects on viro-
logical response (<50 HIV-1 RNA copies/ml) were stud-
ied in ETR-treated DUET patients not using de novo 
enfuvirtide and excluding discontinuations for reasons 
other than virological failure (n=406).

RESULTS: Genotype analysis of the ETR-treated 
rebounders showed that V179 (n=35), E138 (n=17), 
Y181 (n=15) and K101 (n=13) were the RT positions 
at which emerging mutations were most frequently 
observed. Mutations observed at position E138 included 
G (n=5), Q (n=5), K (n=3), V (n=2), P (n=1) and A 
(n=1). Only E138A and E138Q were found at baseline 
in DUET, at a prevalence of 3.0% and 2.5%, respec-
tively. Virological responses were observed in 6/12 sub-
jects with E138A and 8/10 subjects with E138Q. SDMs 
harbouring E138A, E138G, E138K, E138Q, E138R or 
E138S showed ETR FC values of 2.9, 2.4, 2.6, 3.0, 3.6, 
and 2.8, respectively. Some of these values were similar 
to those observed for major ETR RAMs L100I, K101P, 
Y181C, and M230L, which showed ETR FC values of 
1.3, 5.3, 4.0 and 3.6, respectively.

CONCLUSIONS: The frequent emergence of mutations 
at position E138, combined with a modest but consist-
ent increase in ETR FC, suggests that these mutations 
may contribute to ETR resistance. Inclusion of E138G, 
E138K, E138Q and E138R in the ETR-weighted geno-
typic score is being investigated further.
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Frequent emergence of N348I in the connection 
domain of reverse transcriptase with virological 
failure of first-line NNRTI-containing regimens 
in South Africa

J Brehm1, CL Wallis2, N Sluis-Cremer1, F Conradie2, 
P Ive2, C Orrell3, J Zeinecker3, I Sanne2, R Wood3, 
J McIntyre4, W Stevens2,5, J Mellors1 and the 
CIPRA-SA Project 1 Study Team
1University of Pittsburgh, Pittsburgh, PA, USA 
2University of Witwatersrand, Johannesburg, South Africa 
3University of Cape Town, Cape Town, South Africa 
4Anova Health Institute, Johannesburg, South Africa 
 5National Health Laboratory Services, Johannesburg, South Africa

BACKGROUND: It is not known how often muta-
tions in the connection or RNase H domain of reverse 
transcriptase (RT) are selected with failure of first-
line antiretroviral therapy (ART) in HIV-1 subtype C 
infected patients. We therefore compared full-length 
RT sequences in plasma samples obtained prior to 
ART and at virological failure among patients enrolled 
in CIPRA-SA ‘safeguard the household’; a study of 
ART in resource-poor settings evaluating care given by 
healthcare workers and doctors.

METHODS: Paired plasma samples obtained pre-
therapy and at confirmed virological failure (plasma 
HIV-1 RNA >1,000 copies/ml after 24 weeks) were 
obtained from patients receiving stavudine/lamivudine 
plus efavirenz (EFV) or nevirapine (NVP). Full-length 
RT sequences at pre-therapy and failure were compared 
for significant differences in mutation frequency using 
McNemar’s test. 

RESULTS: Of the 59 patients with confirmed virological 
failure, 37 had received EFV and 22 NVP with stavu-
dine and lamivudine. Sixteen patients had received prior 
single dose NVP. Polymerase (pol) domain mutations 
significantly associated with failure of NVP-containing 
ART were M184V (P<0.001) and Y181C (P=0.013) 
and with EFV-containing ART were M184V (P<0.001), 
K103N (P<0.001) and V106M (P=0.008). The connec-
tion domain mutation N348I was significantly associ-
ated with virological failure of NVP- containing ART 
(0% pre-therapy versus 46% at failure; P=0.004) and 
was also observed with failure of EFV-containing ART 
(0% pre-therapy versus 11% failure; P=0.134). Pol 
domain mutations K103N, V106M or Y181C and 
M184I/V were present in all sequences containing 
N348I. Prior single-dose NVP did not affect the fre-
quency of N348I. Most other residues in the C-terminal 

domains of RT were polymorphic and not associated 
with virological failure. 

CONCLUSIONS: The connection domain mutation 
N348I was not detected in pre-therapy samples from 
HIV-1 subtype C infected patients, but emerged fre-
quently (46%) with virological failure of NVP- containing 
first-line ART (P=0.004). N348I also emerged with EFV-
containing ART although less frequently (11%). These 
data identify N348I as an important mutation in HIV-1 
subtype C virus that is missed by sequencing only the 
pol domain of RT. 
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Prevalence of drug-resistant HIV-1 variants in 
first-line antiretroviral therapy failure: comparison 
between population- and ultra deep-sequencing, 
ANRS CO3 Aquitaine cohort, 2000–2008

M-A Vandenhende1,2, P Bellecave1, 
P Recordon-Pinson1, Y Bidet3, M Bruyand4, 
F Bonnet2, D Neau5, E Lazaro6, H Fleury1, F Dabis4, 
P Morlat2, B Masquelier1

1Laboratoire de Virologie CHU de Bordeaux and EA 2968, 
Université de Bordeaux 2, Bordeaux, France 
2Service de Médecine Interne et Maladies Infectieuses, Hôpital St 
André, Bordeaux, France 
3Laboratoire d’oncologie moléculaire, Centre Jean Perrin, 
Clermont-Ferrand, France 
4INSERM U897, ISPED, Université Victor Segalen, Bordeaux, France 
5Service des Maladies Infectieuses et Médecine Tropicale, Hôpital 
Pellegrin, Bordeaux, France 
6Service de Médecine Interne et Maladies Infectieuses, Hôpital 
Haut-Lévêque, Bordeaux, France

BACKGROUND: We aimed at studying the prevalence 
of drug resistance mutations (DRMs) and of resist-
ance to antiretroviral therapy (ART) in HIV-1-infected 
patients with virological failure (VF) on first-line ART 
between 2000 and 2008. In this setting, we wished to 
investigate the relevance of the detection of minority 
populations of DRMs.

METHODS: Of 598 patients followed up in the ANRS 
CO3 Aquitaine Cohort, with complete data and hav-
ing initiated ART between 2000 and 2007, 96 had 
VF, defined as 2 consecutive viral load >500 copies/
ml or one VL >1,000 copies/ml, during the first year 
on first-line ART. Plasma samples at VF were avail-
able for 54 subjects. Reverse transcriptase (RT) and 
protease DRMs were identified by Sanger sequenc-
ing. Additional analysis by ultra-deep pyrosequenc-
ing (UDPS) of RT was performed on 22 hazardous 
samples. Genotypic resistance was interpreted with 
the ANRS algorithm v18.

RESULTS: Drug-resistant isolates were found in 39 
(72.2%) of patients using Sanger sequencing with prev-
alence for NRTI, NNRTI and PI resistance of 74.1%, 
61.1% and 50.9%, respectively. The mean weighed 
genotypic sensitivity score was 1.38 ±0.71 with no dif-
ference between 2000–2003 and 2004–2008 periods. 
The additional sequencing of RT by UDPS increased 
the number of detected DRMs by 2.2-fold (2× for NRTI 
and 2.5× for NNRTI) in all 22 patients. Twelve of 24 
subjects (15 with no standard DRM and 9 with DRMs) 

presenting no bulk drug resistance were included on 
the UDPS analysis. Among them, results using UDPS 
were as follows: M184V and M184I mutations (13.8% 
and 4.6% of the population, respectively) in one sub-
ject receiving 3TC/FTC, other DRMs at low abundance 
and not correlated with the composition of ART in 
seven and none additional mutation in four.  

CONCLUSION: The prevalence of drug-resistant iso-
lates in subjects with VF on first-line ART was stable 
over time in our study and could be increased by using 
UDPS. Further research is needed to investigate the ori-
gin of minority RT DRMs unrelated to the prescribed 
treatment and to assess the relevance of minority drug-
resistant variants at VF and their prognostic impact. 
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Persons with virological failure (VF) on an initial 
boosted-PI regimen infrequently possess low-level 
variants with major PI drug resistance mutations 
(DRMs) by ultra-deep sequencing (UDS)

M Lataillade1,2, J Chiarella1, R Yang2, M Degrosky2, 
D Seekins2, J Uy2, D McGrath2, B Simen3, 
M Egholm3, MJ Kozal1

1Yale University School of Medicine and Veterans Affairs 
Healthcare System, New Haven, CT, USA 
2Bristol-Myers Squibb, Research and Development, Wallingford, 
CT, USA 
3454 Life Sciences-Roche Company, Branford CT, USA

BACKGROUND: The most common DRM pattern by 
standard genotyping in persons experiencing VF on an 
initial regimen of tenofovir-emtricitabine (TVD)+PI/r 
is a solitary RT M184V mutation or no DRMs. It is 
not known if these persons harbour low-level PI resist-
ant variants that are missed by standard genotyping. 
CASTLE compared the efficacy of atazanavir/ritonavir 
(ATV/r) with lopinavir/ritonavir (LPV/r), each in com-
bination with TVD, in ARV-naive subjects. 

OBJECTIVE: To determine if persons with VF on an ini-
tial PI/r-based regimen possess low-level resistant variants 
that may affect a subsequent PI-containing regimen. 

METHODS: Available VF specimens from persons 
without PI DRMs by standard genotype were evaluated 
by UDS (454-Life Sciences/Roche) for DRMs classified/
weighted by Stanford HIVdb. Samples were evaluated 
for variants to 0.4% levels. Given stochastic effects of 
RNA sampling, for samples with VL<10,000, DRM 
levels reported represent the proportion of PCR ampli-
cons containing the DRM. Phenotypes performed on 
VF specimens (Monogram Biosciences).

RESULTS: Thirty-six VF subjects were evaluated by 
UDS; 24/36 had UDS for PI and NRTI DRMs. Of these 
24, 19 (79.2%) had DRMs by UDS. The most com-
mon UDS-detected DRM were NRTI in 18 subjects: 
M184V/I (11), TAMs (7) and K65R (4); PI DRMs were 
detected in 9 subjects: M46I/V(5), F53L(2), I50V(1), 
D30N(1) and N88S(1). The remaining 12 subjects, all 
with VLs <10,000, had protease gene UDS and 4 had 
low-level PI DRMs: F53L (2), L76V (1), I54S (1), G73S 
(1). Overall, 3/36 (8.3%) subjects had DRMs identi-
fied with Stanford-HIVdb weights >12 for ATV or LPV: 
N88S (at 0.43% level mutational load 1,828) in 1 sub-
ject on ATV; I50V (0.44% mutational load 110) and 
L76V (0.52% mutational load 20) in 1 subject each, 

both on LPV. All VF samples remained phenotypicly 
susceptible to the treatment PI/r.

CONCLUSION: Among persons experiencing VF 
without PI DRMs with standard genotyping on an ini-
tial PI/r regimen, low-level variants possessing major PI 
DRMs were present in a minority of cases, occurred in 
isolation, and did not result in phenotypic resistance. 
NRTI DRMs were detected in a high proportion of 
subjects. These data suggest that PIs may remain effec-
tive in subjects experiencing VF on a PI/r-based regi-
men when PI DRMs are not detected by standard or 
UDS genotyping.
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Detection of minority variants, associated with 
NNRTI resistance, by ultra-deep sequencing 
and association with virological response in the 
DUET studies.

J Vingerhoets1, V Van Eygen1, H Van Marck1, 
I Vandenbroucke1, L Tambuyzer1, H Azijn1, 
J Aerssens1, G Picchio2

1Tibotec BVBA, Mechelen, Belgium 
2Tibotec Inc., Titusville, NJ, USA 

BACKGROUND: Minority variants with additional 
NNRTI mutations, detected by ultra-deep sequencing 
(UDS), were described in samples with K103N follow-
ing efavirenz or nevirapine failure. The impact of minor-
ity variants on subsequent treatment with etravirine 
(ETR) has not been investigated. The presence of low-
level NNRTI RAMs, detected by UDS at baseline, and 
its impact on virological response was studied in ETR-
treated subjects with K103N.

METHODS: Six non-responders and eight control 
responders, all with baseline K103N and treated with 
ETR in DUET, were analysed. UDS of the RT gene 
(amino acids 59–236) was performed using the GS-FLX 
platform (454 Life Sciences, Roche). At least 500 µl 
plasma, with viral loads >4.2 log, was used for RNA 
extraction and reverse transcription. Codon frequencies 
were calculated using the Amplicon Variant Analyzer 
software and analysis tools developed in-house. Viro-
logical response was defined as achieving a confirmed 
viral load of <50 HIV-1 RNA copies/ml. ETR RAMs 
were defined as V90I, A98G, L100I, K101E/H/P, V106I, 
E138A, V179D/F/T, Y181C/I/V, G190A/S and M230L.

RESULTS: UDS was performed at 1% sensitivity with a 
mean coverage of 5009x. Baseline low-level NNRTI or 
ETR RAMs (>1% and <20%) were found in both respond-
ers (3/8) and non-responders (4/6): K101Q (2.3%), V106I 
(4.3%) and twice F227L (7.0% and 15.0%) in respond-
ers; and K101Q (9.5%), V179I (2.1%), Y181C (4.1%), 
and P225H (5.7%) in non-responders. Except for Y181C 
in one non-responder, none of the emerging mutations 
detected by population sequencing in the six failing sub-
jects were detected at baseline by UDS. Recalculation of 
the ETR weighted genotypic score, accounting for the 
mutations detected by UDS, changed the prediction of 
virological response from ‘highest response’ to ‘interme-
diate response’ in only 1 subject.

CONCLUSIONS: Low-level NNRTI and ETR RAMs 
were observed at baseline in both responders and 

non-responders with K103N. Most of the minority 
variants detected by UDS at baseline were not observed 
at failure, whereas most of the emerging mutations 
detected by population sequencing at failure were not 
detected at baseline by UDS. The impact of minority 
variants on the virological response to an etravirine-
containing regimen deserves further investigation.
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Long-term outcome of individuals experiencing a 
phenotypic switch in HIV-1 coreceptor use in the 
MERIT Study

S Portsmouth1, M Lewis2, C Craig2, D Chapman1, 
LC Swenson3, J Heera4

1Pfizer Inc, New York, NY, USA 
2Pfizer Global Research and Development, Sandwich, UK 
3BC Centre for Excellence in HIV/AIDS, Vancouver, BC, Canada 
4Pfizer PGRD, New London, CT, USA

BACKGROUND: The immunological and clinical 
outcome of virological failure with the emergence of 
CXCR4-using virus after CCR5 antagonist adminis-
tration is not well described. 

OBJECTIVE: To describe the immunological and 
clinical consequences of virological failure (VF) emer-
gence of CXCR4-using virus treatment-naive individ-
uals receiving twice-daily maraviroc selected using the 
original Trofile assay.

METHODS: Individuals experiencing VF with a doc-
umented phenotypic change in coreceptor use in the 
ongoing MERIT treatment-naive maraviroc versus 
efavirenz study were included in the analysis. Baseline 
characteristics, changes in CD4 count after tropism 
change, response to subsequent therapies and occur-
rence of significant clinical events were assessed. Pre-
treatment predictors of subsequent tropism change 
and outcome were explored. Screening tropism was 
retrospectively assessed by both ESTA and ultra-deep 
sequencing (UDS: sensitivity 2% X4).

RESULTS: Fifteen individuals experienced VF on 
maraviroc with emergence of CXCR4-using virus by 
the original Trofile assay. Emergence of CXCR4-us-
ing virus and time to treatment switch occurred after 
median 85 days (range 14–504 days) and 183 days 
(range 74–548 days), respectively. Median CD4 and 
viral load at baseline were 220 cells/mm3 and 117,000 
copies/ml, respectively. Eight individuals have fol-
low-up data at 96 weeks; mean follow up was 66 
weeks (range 8–96 weeks). Median CD4 gain for all 
15 individuals was 165 cells. There were two seri-
ous adverse events: one secondary syphilis and one 
TB. Nine have subsequent therapy data; 5 received 
NNRTI, 3 PI based, and 1 triple NRTI, all but one 
(an NNRTI recipient) were virologically suppressed at 
week 96. Seven individuals would have been excluded 
from the study by ESTA at screening and 4 by UDS. 
Of 10 patients with measurements during post-failure 

viraemia after stopping maraviroc, 4 showed rever-
sion to R5 by original Trofile.

CONCLUSION: There were no observed adverse clini-
cal consequences related to the emergence of CXCR4-
using virus associated with VF on maraviroc therapy. 
These individuals had good immunological outcomes 
and responded to subsequent therapy. Tropism change 
is reversible on stopping maraviroc. Screening using a 
suitable tropism assay before starting a CCR5 antago-
nist is recommended.
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HIV-1 disease stage significantly correlates with 
sensitivity of V3 sequence-based predictions of 
CXCR4 use
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R Leduc2, Z Brumme3,4, G Skowron5,6, M Goetz7, 
E Coakley1

1Monogram Biosciences, South San Francisco, CA, USA 
2University of Minnesota, Minneapolis, MN, USA 
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BACKGROUND: Accurate determination of coreceptor 
tropism (CRT) is essential prior to initiation of CCR5 
antagonists. Here we evaluate how V3-based genotypic 
predictions compare with a phenotypic assay and show 
that prediction sensitivities correlate with disease stage 
in four cohorts. 

METHODS: In four distinct cohorts of HIV-infected 
patients, we categorized CRT by enhanced Trofile in 
addition to determining V3 sequences. The four cohorts 
were an HIV acute seroconversion (ASC) group (n=69), 
an early treatment-naive (ETN) cohort (CPCRA 
060, n=271, median CD4=630 cells/mm3), a chronic 
treatment- naive (CTN) cohort (ACTG 384, n=221, 
median CD4=350 cells/mm3) and a late treatment-
 experienced (LTExp) cohort (n=587, median CD4=97 
cells/mm3). We made V3 sequence-based CRT predic-
tions using the modified 11KR/25K charge rule, PSSM 
and SVM. Sensitivity was defined as the ability to pre-
dict CXCR4 use as compared with enhanced Trofile. 
Amino acid ambiguities were resolved to maximize sen-
sitivity to detect CXCR4 use. 

RESULTS: Average sensitivities across the algorithms 
increased in a consistent manner when compared with 
disease stage (ASC 18%, ETN 34%, CTN 43% and 
TExp 62%). When average sensitivity was compared 
with median CD4, a distinct linear correlation was 
observed (R2=0.98; P=0.01). V3-based predictions 
showed lower sensitivities across the treatment-naive 
cohorts (ASC, ETN and CTN; P<0.05) when compared 
with the LTExp cohort by the 11KR/25K rule (11%, 
41%, 37% and 56%, respectively), PSSM (11%, 30%, 
34% and 58%, respectively) and SVM (33%, 32%, 
59% and 72%, respectively). Prediction specificities 

for all methods and cohorts were generally high (93% 
average, range 79–100%). Consistent with prior obser-
vations CXCR4 use was more prevalent in later disease 
stage; ASC 13% DM (9/69), ETN 16% DM (44/271), 
32% CTN (71/221) and LTExp 47% DM (277/587), 
2% X4 (10/587). 

CONCLUSIONS: A linear relationship was observed 
between disease stage and V3-based prediction sensi-
tivities. Sensitivity to predict CXCR4 use is lower in 
treatment-naive individuals compared with treatment-
experienced individuals with advanced disease. In 
treatment- naive individuals with early established dis-
ease, currently available V3-based CRT predictions 
lack the sensitivity of the enhanced Trofile assay to 
detect CXCR4 use.
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Genotypic tropism testing from proviral DNA – 
test characteristics and clinical outcome
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BACKGROUND: Maraviroc is a well-tolerated and 
potent drug. This makes the drug especially interesting 
for switching strategies in case of adverse effects caused 
by the current, otherwise successful treatment regimen. 
As a CCR5-blocker, maraviroc can only be used as part 
of a cART regimen if most of the virus harboured by 
this patient is using CCR5 as coreceptor. A possibil-
ity to address the problem of tropism testing in those 
patients is to perform a genotypic tropism assay using 
proviral DNA.

METHODS: To assess assay characteristics, we com-
pared results of genotypic analysis from viral RNA and 
proviral DNA in viraemic patients (n=127). Trofile® 
assay was available in 101 patients. Clinical perform-
ance was analysed on a subgroup of patients in the Ber-
lin Maraviroc-Cohort, which had only proviral tropism 
testing (n=52). Genotypic analysis was performed using 
geno2pheno[coreceptor] (g2p: FPR setting 20%) and 
WebPSSM. 

RESULTS: VL range in the 127 viraemic patients was 
0.5×101–1.6×106 copies/ml. Geno2pheno CXCR4 
detection rate was 37% in viral RNA and 44% in 
proviral DNA. WebPSSM CXCR4 detection rate was 
lower (viral 20%, proviral 25%). No correlation 

could be found between viral load and diverging pro-
viral and viral results. Divergence between proviral 
DNA and Trofile® was comparable with that of viral 
RNA genotyping.

Of the 53 patients from the Berlin Maraviroc cohort, 
48 patients were detected CCR5-tropic and 4 patients 
CXCR4-tropic. Seventy percent of these patients had 
a viral load below detection limit of 50 copies/ml. 
Fourty patients have reached an observation period of 
24 weeks at the moment with 80% of the patients hav-
ing a viral load below 50 copies/ml. 

CONCLUSIONS: Genotypic tropism testing using pro-
viral DNA shows a higher rate of CXCR4 detection 
as compared with genotypic tropism testing using viral 
RNA. In combination with a high FPR cutoff of 20% 
reasonable safety for the patients can be realized. 

Patients from the Berlin maraviroc cohort that were 
switched to maraviroc based on proviral tropism test-
ing showed a high rate of treatment success at week 24. 
In our opinion, genotypic tropism testing from proviral 
DNA provides an excellent tool for switching strategies 
at a viral load below detection limit. 
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Evolution of viral load and integrase resistance 
mutations after interrupting raltegravir (RAL) in 
HIV-infected subjects with virological failure on a 
RAL-containing regimen: the Raldyn study
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BACKGROUND: Some antiretroviral agents may 
retain a residual antiviral effect despite the presence of 
resistance mutations. RAL is often prescribed as a com-
ponent of what may be last salvage therapy option in 
heavily pre-treated subjects. If those individuals fail or 
develop only a partial response, the question of whether 
or not RAL should be maintained despite the presence 
of RAL resistance mutations remain unanswered.

METHODS: This is a pilot, open-label, prospective and 
single-arm study including subjects with a confirmed 
virological failure (VF) on RAL-containing regimen, 
without further reasonable salvage options and who 
have a current CD4+ above 75 cells/mm3. After con-
firming VF, RAL was interrupted while remaining on a 
stable background regimen from week 0 to 16 and then 
reintroduced up to week 24. Subjects were monitored 
– including resistance tests – at weeks 0, 2, 4, 8, 12, 16, 
18, 20 and 24. 

RESULTS: Six individuals met the entry criteria. All 
were male, median age and previous ART duration of 
45 years and 11.5 years (range 9–18). Median duration 
of RAL-containing regimen and VF on RAL regimen 
was 18 months (12–34) and 9.5 months (4–19), respec-
tively. Median GSS of subjects was 0.25 (0–1.5). Five 
of the six subjects failed after initial response and the 
remaining subject did not respond. At week 0, all six 
subjects had RAL-associated resistance mutations (three 
selected the 140S/148H pathway, two the 155H/154I 
pathway and one the 143R/74M/138D pathway). 
Median VL change from W0 to W16 was 0.16 log 
(-0.6–0.87) and from W0 to W24 -0.03 (0.09– -0.49). 
Integrase resistance mutations remained unchanged 
during all 24 weeks period in all subjects but one. This 
particular subject selected 155H/154I/151I pathway 

and the VL increased 0.9 log from W0 to W16 while 
loosing 155H/151I mutations. The VL decreased again 
and 155H/151I mutations reappeared very quickly 
when RAL was reintroduced at W16.

CONCLUSIONS: RAL do not seem to have any 
relevant residual activity after VF/non-response to 
a RAL-containing salvage regimen. In addition, the 
N155H resistance pathway waned rapidly when RAL 
was stopped, indicating greater in vivo fitness cost 
comparing with 148 and 143 pathways.
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In vitro selection of novel etravirine-associated 
resistance mutations in B and non-B HIV-1 
subtypes.

EL Asahchop1,2, Cl Tremblay2, BG Brenner1, 
M Oliveira1, D Moisi1,  T Toni1, B Spira1, 
MA Wainberg1

1McGill University AIDS Centre, Lady Davis Institute, Jewish 
General Hospital, Montreal, Quebec, Canada 
2Centre Hospitalier de I ‘Université de Montréal,  Montréal, 
Québec, Canada

BACKGROUND:  Etravirine (ETV) is an NNRTI 
approved for treatment of NNRTI-experienced patients 
due to its high genetic barrier for resistance. The resist-
ance pathway of ETV in HIV-1 non-B has not been 
extensively characterized. In addition, the algorithms of 
ETV resistance-associated mutations (RAMs) are under 
investigation. Here we describe the genotypic and phe-
notypic resistance of a novel ETV RAM.

METHODS: Three subtype C, two CRF02_AG and 
three subtype B clinical isolate were serially passaged 
with increasing selective drug pressure of ETV and efa-
virenz (EFV) in CBMCs. Genotypic analysis was per-
formed at baseline and at weeks 18–30. Phenotypic 
resistance was tested for ETV, EFV and nevirapine 
(NVP) in isolates selected at weeks 25–30.

RESULTS: After 25–30 weeks of ETV drug pressure, 
E138K was the first mutation to appear in all subtypes 
tested. In addition to E138K, the mutations V90I/V, 
K101Q, V179D, Y181C, G190E and H221H/Y were 
selected in subtype B; V90I, V179E, Y181C, M230L 
in CRF02_AG and V90I, V179D/F, Y181C, G190E/G, 
K219R, M230L in subtype C. There was no signifi-
cant difference in the pathway of mutations selected 
under ETV drug pressure amongst non-B and B sub-
types. One CRF02_AG that selected for E138K alone 
displayed a fold change of >5.8, >3.8 and >6.7 for 
ETV, EFV and NVP, respectively. The CRF02_AG 
with the combination of mutations V90I/E138K/
V179E/Y181C/M230L, and the two subtype C viruses 
with V90I/E138K/V179D/Y181C/K219R and E138K/
V179F/Y181C/M230L all showed high-level resist-
ance to ETV, EFV and NVP. These combinations had 
a fold change of >100 for ETV. As a control drug, 
EFV selected for V90I, L100I, K103Q/N, V106I/M, 
V108I/V, I135I/T, V179V/D, Y188C/l, G190A, 
H221Y and N348I. The V106I mutation was pref-
erentially selected in subtype B, whereas the V106M 
was selected in subtype C. The preferential resistance 

pathways for ETV versus EFV were different amongst 
subtypes. 

CONCLUSION: We identified four novel ETV RAMs: 
E138K, V179E, G190E and H221Y. The earliest muta-
tion to emerge in all subtypes tested was E138K, con-
ferring decreased susceptibility to ETV, EFV and NVP.  
The E138K mutation may facilitate acquisition of other 
mutations and might be considered as an ETV RAMs. 
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Evolution of minor IAS-USA PI mutations after 
repeated genotyping in the MONET trial of 
darunavir/ritonavir, with or without nucleoside 
analogues

F Pulido1, J Arribas2, A Hill3, C Moecklinghoff 4

1Hospital 12 de Octubre, Madrid, Spain 
2Hospital la Paz, Madrid, Spain 
3Pharmacology Research Laboratories, University of Liverpool, 
Liverpool, UK 
4Janssen-Cilag, Neuss, Germany 

BACKGROUND: In the MONET trial, 256 patients 
with HIV RNA <50 copies/ml on current HAART, 
and no history of virological failure, received up to 
144 weeks of DRV/r 800/100 mg OD, either as mono-
therapy or with two NRTIs. Several minor IAS-USA 
mutations are detected frequently in samples from PI-
naive patients.

METHODS: All samples with HIV RNA >50 copies/
ml in the MONET trial were genotyped. The number 
and type of IAS-USA minor PI mutations was com-
pared over time in patients with two or more suc-
cessive genotypes during episodes of viraemia. The 
results were compared with 7,601 subtype B samples 
from PI-naive patients in the Stanford HIV Resistance 
database.

RESULTS: Fourty-eight patients with HIV RNA >50 
copies/ml (27 on monotherapy, 21 on triple therapy) 
were successfully genotyped (success rate 51%; 45 
patients had subtype B HIV). Fourty-six patients (96%) 
showed no IAS-USA major PI mutations, DRV muta-
tions or NRTI mutations. One patient per arm showed a 
DRV mutation during transient viraemia: both remained 
phenotypicly sensitive to darunavir. There were 14 
patients in the DRV/r monotherapy arm with two or 
more sequential genotypes during sustained viraemia 
(median 2.5 months apart, range 0.5–10 months). The 
median number of minor IAS-USA PI mutations detected 
was 3 (range 0–5). Ten of the 14 patients showed no 
change in the number and type of minor IAS-USA PI 
mutations over time. Three patients showed a loss of 
minor IAS-USA mutations over time, while one patient 
had a change in genotype (I64V, K20R to V77I, I64V). 
The five most common minor IAS-USA mutations in the 
DRV/r mono, DRV/r+2 NRTI arms of MONET and the 
Stanford database were L63P (78%, 62% and 55%, 
respectively), I93L (59%, 19% and 33%), V77I (41%, 
43% and 28%), I62V (22%, 33% and 22%) and I64V 
(7%, 14% and 16%). 

CONCLUSIONS: After 260 patient-years of darunavir/
ritonavir monotherapy in the MONET trial, no patient 
has developed phenotypic resistance to darunavir. 
There has been no evidence for evolution of new minor 
IAS-USA PI mutations after repeated genotyping. The 
prevalence of minor IAS-USA PI mutations is similar 
between the DRV/r monotherapy and DRV/r+2 NRTI 
arms, with minor differences to a reference database of 
viral sequences from PI-naive patients.
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Evaluation of virological response to cART in 
patients carrying non-B subtype matched for 
baseline genotype with B subtype

M Franzetti1, G Casazza2, G Meini3, AP Callegaro4, 
P Corsi5, F Maggiolo4, E Boeri6, Paolucci7, 
N Gianotti6, D Francisci8, A Orani9, G Filice10, 
T Carli11,  M Zazzi3, C Balotta1

1Infectious Diseases Clinic, Department of Clinical Sciences, 
University of Milan, Milan, Italy 
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3Department of Molecular Biology, University of Siena, Siena, Italy 
4Ospedali Riuniti, Bergamo, Italy 
5Department of Infectious Diseases, Careggi Hospital, Florence, Italy 
6San Raffaele Hospital, Milan, Italy 
7Molecular Virology Lab, IRCCS Policlinico ‘San Matteo’, Pavia, Italy 
8Infectious Diseases Clinic, University of  Perugia, Perugia, Italy 
9Infectious Diseases Clinic ’A Manzoni’ Hospital, Lecco, Italy 
10Department of Infectious Diseases, IRCCS Policlinico ‘S Matteo’, 
Pavia, Italy 
11Institute of Infectious and Tropical Diseases, University of 
Brescia, Brescia, Italy

BACKGROUND: Although the proportion of non-B 
subtypes ranges from 20% to 50% of HIV-1 newly 
diagnosed individuals in Europe, few data exist on 
the response to HAART in these patients. The aim of 
this study was to determine the overall and subtype-
specific response to PI- or NNRTI-containing regimens 
in patients carrying non-B or B clades with matched 
pre-therapy genotype.

METHODS: We analysed pol sequences of 1,216 
patients stored in the ARCA (Antiretroviral Resistance 
Cohort Analysis) database. Response to treatment was 
defined as viral load below 50 copies/ml at week 12 
(range 8–16). Resistance mutations were identified from 
IAS-USA 2009 tables. By evaluating major resistance 
mutations and their combined patterns, we obtained 
36 and 14 groups of patients undergoing PI or NNRTI 
regimens, respectively. Sixteen of these groups allowed 
for a statistical analysis (12 of PI- and 4 of NNRTI-
receiving patients). Differences between proportions 
were analysed using Fisher test; multivariate analyses 
were also conducted.

RESULTS: The proportion of patients carrying non-B 
subtypes was 10.8% of whom CRF02_AG, F1 and C 
were 33 (25%), 28 (21.2%) and 19 (14.4%), respec-
tively. The proportions of subjects achieving viro-
logical suppression was higher in those with non-B 
compared with those with B variants (50.8% versus 

40.3%; P=0.022 in univariate and P=0.017 in multi-
variate analysis).

Of the 966 patients starting a PI-containing HAART, 
10.6% carried a non-B variant. No difference in viro-
logical response was detected in the proportion of indi-
viduals according to subtype (48% in non-B versus 
39.9% in B clades). Among the 250 patients undergoing 
NNRTI-based HAART of whom 12% carried non-B 
subtype, we observed a tendency for a better virological 
response in subjects with non-B rather than B subtypes 
(60% versus 41.8%; P=0.077).

Although proportions of patients who achieved viro-
logical suppression were slightly different in patients 
assuming PIs with non-B or B subtypes, no statisti-
cal significance was observed either in the absence 
of mutations at baseline (44.4% versus 38.6%) or in 
the presence of M184V only (36.4% versus 58.6%), 
or any TAM (60% versus 44.7%), or in M184V+any 
TAM (75% versus 39.1%) or in the other eight evalu-
ated groups. Furthermore, no significant difference 
was observed in virological response comparing F1 
and C subtypes to B variants (33.3% and 55.6% ver-
sus 38.6%, respectively) when a wild-type virus was 
detected at baseline. By contrast, a better response in 
patients carrying CRF02_AG compared with B clades 
(73.3% versus 38.6%; P=0.007) was observed. 

No difference in the proportions of patients achieving 
viral load suppression was detected in subjects under-
going NNRTI-containing regimens carrying non-B or B 
subtypes when no mutations were present at baseline 
(65.2% versus 51.5%) or mutations associated with 
NRTIs or NNRTIs were found in combined patterns. 
Similarly, no difference was detected when compar-
ing proportion of individuals with specific subtypes on 
NNRTI-containing cARTs achieving an undetectable 
viral load. 

CONCLUSIONS: Further extending previous evalua-
tions, our data indicate an overall comparable response 
to PI- and NNRTI-based cART in patients carrying 
non-B or B subtype even when matched for pol geno-
type. However, patients with a CRF02_AG wild-type 
variant undergoing to PI treatment seem to show a bet-
ter virological response that may be explained by fac-
tors other than subtype (that is, adherence or limited 
size of the sample). Given the limited size of patient 
groups infected with non-B subtypes, further clade-
 specific studies are advisable to investigate possible 
minor effects on response to treatment.
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In vivo virological response in HIV-1 group-O-
infected patients to different antiretroviral line 
regimens

C Charpentier1, G Unal1, A Depatureaux1, M Leoz1, 
F Damond2, E Alessandri1, J-C Plantier1 and the 
RES-O network
1Unité de Virologie, Laboratoire associé au Centre National de 
Référence du VIH, EA2656, CHU Charles Nicolle, Rouen, France 
2Assistance Publique - Hôpitaux de Paris, Laboratoire de Virologie, 
Hôpital Bichat-Claude Bernard, Paris, France

BACKGROUND: To assess, among a large series of 
HIV-1 group O (HIV-O)-infected patients followed 
in France, the rate of virological response to differ-
ent antiretroviral-based therapies included in different 
lines regimens.

METHODS: A total of 121 HIV-O-infected patients 
were identified in France since the first case reported in 
1992 until 2009 (RES-O network). Both commercials 
kits and in-house real-time PCR assays were used to 
perform HIV-O viral loads at baseline and during treat-
ment. The HIV-O treated patients were considered in 
virological success if they reached undetectable HIV-O 
viral load after 3 months of treatment.

RESULTS: The virological response could be assessed 
in 42 patients initiating their first-line regimen. Median 
baseline HIV-O viral load was 13,000 copies/ml (range 
=566–1,100,000) and a virological success was observed 
in 62% of patients. Similarly 27, 14 and 12 patients ini-
tiated a second, third and fourth or more line regimen, 
with a virological success in 59%, 64%, and 92% of 
these patients, respectively. The proportion of patients 
exhibiting a virological success largely increased accord-
ing to the year of initiation of the regimen: from 41% 
(9/22) in patients initiating a line regimen between 1993 
and 2001, 62% (29/47) between 2002 and 2006, to 96% 
(25/26) between 2007 and 2009. As observed with HIV-1 
group M and as could be expected, the rate of virological 
success depends on the antiretroviral drugs included in 
the regimen with a rate of 72% in patients receiving the 
common combination of two NRTI and one PI/r. At the 
end of 2009, 55 out of the 121 HIV-O-infected patients 
(45%) were accurately followed-up, (median 7 years; 
range 3 months–16 years) and 51 received antiretroviral 
therapy (43% with two NRTI and one PI/r). Among these 
51 treated patients, 42 had a virological success (82%).

CONCLUSION: A high rate of virological response can 
be achieved, particularly for the recently HIV-O-treated 

patients. These good results are obtained despite the 
complex therapeutic management of HIV-O infection 
due to the difficulty to predict virological response 
using current resistance algorithms generated from 
HIV-1 group M sequences and the natural resistance 
to some drugs.
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In vitro HIV-1 cross-resistance against reverse 
transcriptase inhibitor-based microbicides 

P Selhorst1, AC Vazquez2, K Terrazas-Aranda1, 
J Michiels1, L Heyndrickx1, K Ariën1, 
ME Quiñones-Mateu2, G Vanham1,3

1Institute of Tropical Medicine, Antwerp, Belgium 
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BACKGROUND: Future use of microbicides based 
on reverse transcriptase inhibitors (RTIs) by undiag-
nosed HIV-positive woman could potentially induce 
viral resistance, compromising subsequent therapeutic 
options. Additionally, RTI-based microbicides that are 
inactive against resistant strains within the infected 
population might promote selective transmission of 
these viruses; therefore, we investigated the resist-
ance profile of three NNRTIs (dapivirine, UC781 and 
MIV160) and the NtRTI tenofovir, currently under 
development as microbicides.

METHODS: Resistance against four RTI-based 
 microbicides and two first-line therapeutics (NVP and 
EFV) was induced by serial passage of three HIV-1 iso-
lates (subtypes B, C and CRF02_AG) in PBMCs using 
increasing compound concentrations. Drug suscepti-
bility was evaluated in TZM-bl cells for the four can-
didate microbicides and the therapeutics AZT, NVP, 
DLV and EFV. Resistance was expressed as interme-
diate (FC<100) or complete (FC>100). Furthermore, 
susceptibility to all FDA-approved PIs, RTIs and INIs 
was assayed using VIRALARTSTM HIV phenotyping 
assays in order to obtain a complete resistance matrix 
for each candidate microbicide. Resistance-associated 
mutations were identified by sequencing the viral pol 
gene. Finally, the replicative fitness of p2/p7/p1/p6/
PR/RT/INT-recombinant drug-resistant viruses was 
determined using viral growth kinetics and growth 
competition experiments.

RESULTS: HIV-1 resistance to UC781 was induced in 
vitro within 5 weeks, whereas resistance to dapivir-
ine and MIV160 only occurred after 12 weeks. Virus 
resistant to tenofovir could not be selected under 
these conditions. As expected, viruses resistant to the 
NNRTI-based microbicides dapivirine, UC781 and 
MIV160 remained fully sensitive to AZT and teno-
fovir, but showed reduced susceptibility to NVP and 
DLV. Although EFV did not inhibit MIV160-resistant 
viruses, it retained some activity against dapivirine- and 
UC781-resistant strains. By contrast, all NVP-resistant 

viruses remained fully sensitive to the four candidate 
microbicides. Interestingly, although all NNRTI-based 
microbicides were not able to suppress EFV-resistant 
viruses, no cross-resistance was observed with the 
candidate microbicide tenofovir. Finally, preliminary 
results showed a decrease in replicative fitness for all 
NNRTI-resistant viruses. 

CONCLUSIONS: Microbicides continue to be in the 
frontline of HIV-1 prevention; however, here, we have 
shown that broad cross-resistance among NNRTI-based 
microbicide candidates warrant against the large-scale 
introduction of mono-RTI-based microbicides. 
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Different evolution of resistance uncovered by 
single-genome sequencing analysis of patients 
with long-term virological failure during 
continuous or interrupted antiretroviral therapy
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BACKGROUND: Detailed study of HIV-1 evolution 
under drug-selective pressure through single-genome 
sequencing (SGS) uncovered the dynamics and in vivo 
fitness determinants of intrapatient genetic variants. 
We investigated patients enrolled within the DART 
study, in which retrospective viral load testing has 
identified individuals with persistent viraemia while on 
continuous therapy (CT) and also during a structured 
treatment interruption (STI) protocol. We determined 
whether differences in the persistence and evolution of 
the plasma virus population between these individuals 
could be identified. 

METHODS: Four patients had persistent viraemia 
during combivir/nevirapine therapy, of which one was 
enrolled in a cycling on-off STI protocol: 12 weeks off 
and 12 weeks on drugs starting from week 52 of initi-
ating therapy. Samples were studied from weeks 0, 72 
and 120. More than 30 sequences from each time point 
were generated by SGS of complete protease–RT genes, 
and phylogenetic analyses were performed.

RESULTS: All the patients had extensive multi-NRTI 
and NNRTI resistance mutations irrespective of treat-
ment protocol. As expected, there was a decay of resist-
ance mutations in the STI patient between treatment 
cycles, although all the patients in the CT arm either 
gained or maintained resistance mutations. We investi-
gated the phylogenetic structure of the sequences using 
likelihood mapping analyses. The evaluation showed 
a significant difference in the percentage of 10,000 
randomly chosen quartets distributed in the centre of 
the likelihood map in the STI patient between weeks 

72 and 120 (96.2% versus 5.7%, respectively). This 
indicates a star-like phylogeny at week 72 compared 
with a tree-like phylogeny at week 120. By contrast, 
all CT patients exhibited tree-like phylogenies at both 
time points (0.5– 33.1%). This was supported by the 
mean pairwise distances, which were 0.00227 nucle-
otide differences/site in the STI patient at week 72 
compared with 0.00586 at week 120, but ranged from 
0.00642– 0.01689 and 0.00937–0.01849 at weeks 72 
and 120, respectively, in the CT arm patients. 

CONCLUSIONS: The study suggests that viral evolu-
tion during interrupted or continuous treatment could 
be different despite presence of resistance in all cases. 
More work is required to fully appreciate the effect of 
variable adherence/treatment interruption on within-
host evolutionary dynamics.
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HIV-1 molecular epidemiology and prevalence of 
drug resistance in treatment-naive and HAART-
treated patients between 2003 and 2009 in Rwanda
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BACKGROUND: A large scaling-up of HAART has 
been initiated in Rwanda since 2002. 75,000 individu-
als received HAART in 2009 with a minimum of bio-
logical monitoring. Limited data are available on HIV-1 
molecular epidemiology and drug resistance across the 
country. Our study aimed to assess HIV-1 subtypes cir-
culating in Rwanda, drug resistance among treatment-
naive and HAART-treated patients. 

METHODS: Plasma from 1,030 chronically HIV-1-
 infected treatment-naive patients and from 2,312 
patients treated with at least 12 months of HAART 
(stavudine or zidovudine, lamivudine and nevirapine 
or efavirenz) were analysed between 2003 and 2009 
in Rwanda. Quantification of viral load (VL) was per-
formed using the Cobas® TaqMan® test version 1.0 
(Roche). RNA was extracted using ViroSeq version 2.0 
technology (Abbott) and sequencing of RT and PRO 
genes was performed on an ABI prism 3130 xl (Applied 
Biosystems) on samples with VL>1,000 copies/ml. Sub-
types were assigned using the Rega and the COMET 
subtyping tools. 

RESULTS: A total of 578 PRO and RT sequences were 
obtained from treatment-naive patients and 223 from 
HAART-treated patients. The predominant HIV-1 sub-
type was A1 (72%) followed by subtypes C (13%), D 
(3%) and the unique recombinant forms (URF [11%], 
mostly A1/C recombinants), which are especially pre-
dominant in the urban area (30% of URF). Among 
the 578 baseline sequences, 4.4% revealed transmitted 
drug resistance mutations (2.4% to NNRTIs, 1% to 
NRTIs and 1.2% to PIs). From 2004 to 2009, NRTI 
and NNRTI mutation frequencies increased from 0% 
to 0.8% and from 0.7% to 1.4%, respectively. Among 
HAART-treated patients (mean of 22 months of follow-
  up), only 8.6% (223) had VL>1,000 copies/ml and 
66.7% of these patients exhibited drug resistance muta-
tions: 58% to NRTIs, 64% to NNRTIs and 56% to 
both NRTIs and NNRTIs. The most frequent mutations 

were M184V (57%), K70R (38%) and K103N (32%); 
TAMs were present at 18%.

CONCLUSIONS: Subtype A1 remains the major HIV 
strain in Rwanda. Prevalence of transmitted resistance 
mutations is still low but is now clearly detectable. 
Despite a lack of VL monitoring, the virological fail-
ure rate of this cohort was low; however, high levels of 
major HIV drug resistance mutations among patients in 
failure was observed. 
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Identification of the phenotypic, genotypic and 
fitness correlates of non-B subtype HIV-1 NRTI 
resistance through longitudinal analysis of children 
with virological failure in the developing world
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BACKGROUND: Multiple mutations throughout 
reverse transcriptase (RT) are associated with NRTI 
resistance; however, there are few data on sequential 
acquisition of mutations and on their effect on suscepti-
bility and replication capacity. We have taken advantage 
of treatment failure in the absence of viral-load-guided 
therapy to examine the relative contribution of RT 
domains in the route to high-level NRTI drug resistance, 
in particular, the acquisition of the Q151M complex. 

METHODS: CHAP2 is a cohort study of Zambian 
children initiating first-line stavudine/lamivudine/nevi-
rapine without prospective virological monitoring. 
Retrospective analysis identified seven children with 
virological rebound. Sequential samples were analysed 
using single-genome sequencing (SGS) of full-length 
protease–RT followed by phenotypic drug susceptibility 
and replication capacity testing using either full-length 
RT or patient and wild-type RT domain swapping.

RESULTS: Of the seven children, two developed 
resistance through the Q151M mutation complex. 
SGS analyses on three sequential samples from one 
of these patients showed that the Q151M complex 
was sequentially acquired on the same genome in the 
order A62V, V75I-T69N and Q151M at 4, 17 and 
37 months, respectively. This was accompanied by 
sequential acquisition of >15 other mutations, 8 of 
which were in the connection and RNase H domains. 
Of note, only N348I, which emerged prior to the 
Q151M complex, contributed approximately a five-
fold increase in nevirapine resistance. The patient 
Q151M-containing pol domain expressed with 
wild-type connection and RNase H domains demon-
strated approximately 28% replication capacity of 
full-length patient RT, which was fully compensated. 
We also demonstrate the stepwise increase in NRTI 
resistance (fold change in IC50) during the acquisition 
of the full Q151M complex in the order lamivudine 

(approximately 23-fold), abacavir and didanosine 
(approximately sixfold and fourfold) and stavudine 
(approximately 16-fold) at 4, 17 and 37 months, 
respectively. The resistance to abacavir and dida-
nosine further increased to approximately 11-fold 
at 37 months. Only tenofovir retained activity at 
37 months. 

CONCLUSIONS: We demonstrate the complex 
 interplay of drug susceptibility and compensatory repli-
cation capacity in the emergence of multi-NRTI resist-
ance, particularly in context of multiple RT domains. 
Some individuals initiating ART in the absence of viro-
logical monitoring might develop high-level resistance 
before switch to second-line therapy. It is important to 
study such resistance to guide public health approaches 
to treatment in the resource-poor environment. 
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Modelling the effect of pre-exposure 
prophylaxis on increasing need for second-line 
therapies in Botswana

V Supervie1, M Barrett1, G Musuka2, TL Moeti2, 
L Busang2, S Blower1

1Semel Institute for Neuroscience and Human Behavior, David 
Geffen School of Medicine, University of California, Los Angeles, 
CA, USA 
2African Comprehensive HIV/AIDS Partnerships, Gaborone, Botswana

BACKGROUND: Botswana has one of the highest 
levels of HIV in the world; approximately 24% of 
Botswana’s approximate 1,000,000 adults between 
the ages of 15 and 49 are HIV-infected. Effective HIV 
prevention strategies are urgently needed. One strat-
egy under investigation is pre-exposure prophylaxis 
(PrEP) based on tenofovir or truvada. There is concern 
that some individuals could become infected with HIV 
whilst taking PrEP and develop resistance. This is of 
particular concern in Botswana because first-line treat-
ment regimens are based on tenofovir. We used model-
ling to assess the potential effect of PrEP on increasing 
need for second-line therapies (SLT) in Botswana.

METHODS: We modelled the transmission of HIV 
in the heterosexual sexually active population in 
Botswana in the presence of current treatment pro-
grammes and potential PrEP interventions. The model 
was parameterized using epidemiological and treat-
ment data from Botswana, as well as virological data 
from non-human primate models. The model was cal-
ibrated using prevalence data and investigated using 
an uncertainty analysis. Sensitivity analyses were per-
formed using response hypersurface modelling. 

RESULTS: PrEP could decrease incidence from 
4.2% (median; interquartile range [IQR] 3.0–5.7) 
to 1.9% (median; IQR 1.3–2.8) in women and from 
2.5% (median; IQR 1.8–3.6) to 1.2% (median; IQR 
0.7– 1.8) in men. Transmitted resistance could rise 
from 3.6% (median; IQR 2.1–5.7) to 9.9% (median; 
IQR 6.5–14.1) among women and 9.7% (median; 
IQR 6.3–13.9) among men. PrEP interventions are 
likely to decrease the need for SLT for treatment-
 experienced individuals, but increase the need for SLT 
for treatment-naive individuals. Surprisingly, we find 
that the need for SLT will decrease in the programmes 
that are currently most in need of improvement and 
will increase in the ‘highest quality’ treatment pro-
grammes (that is, programmes with the lowest rates 
of resistance). 

CONCLUSIONS: PrEP interventions are likely to have 
a beneficial effect on reducing the need for SLT in the 
decade after they are implemented, but might be det-
rimental in the longer-term by pushing need into the 
future. Clearly, it will be necessary to determine cost-
effectiveness before PrEP is made widely available. Our 
modelling shows that PrEP interventions could be ben-
eficial to Botswana in controlling HIV, but will need to 
be carefully implemented to prevent compromising the 
success of current treatment programmes.

Absract book.indb   145 4/6/10   15:01:38



Dubrovnik, Croatia, 8–12 June 2010

Programme & AbstractsA146

AbstrAct 117
Antiviral Therapy 2010; 15 suppl 2:A146

HIV-1 viral load measurement and PCR for drug 
resistance genotyping using dried blood spots and 
dried plasma spots collected from antiretroviral 
therapy-experienced patients 

J Zhang1,2, D Kang2, X Sun2, B Lin2, J Fu2, Z Bi2, 
J Nkengasong1, C Yang1

1Division of Global AIDS, Center for Global Health, Centers for 
Disease Control and Prevention, Atlanta, GA, USA 
2Institute of AIDS/HIV Control and Prevention, Shandong Center 
for Disease Control and Prevention, Shandong, China

BACKGROUND: Dried fluid spots (DFS) including dried 
blood spots (DBS) and dried plasma spots (DPS) are prac-
tical sample collection devices for viral load (VL) and 
HIV drug resistance (DR) genotyping in resource-limited 
settings. However, DFS have not been recommended in 
biomonitoring antiretroviral therapy (ART)-experienced 
patients. We evaluated two filter papers, Whatman 903 
and FTA cards, for VL measurement and HIV DR geno-
typing using whole blood samples collected from ART-
experienced patients residing in Shandong, China. 

METHODS: From 153 ART-patients, whole blood was 
collected to prepare Whatman 903 and FTA DBS cards. 
Plasma and Whatman 903 DPS cards were stored at 
-70ºC after recovery from centrifugation of whole 
blood. DBS cards were stored at room temperature for 
2, 4 and 6 weeks. VL was measured using NucliSens 
EasyQ. HIV DR genotyping was performed using a 
broadly sensitive nested PCR genotyping assay for pro-
tease and RT gene regions. 

RESULTS: A detectable VL was measured in 42 of 153 
(27.5%) plasma samples with a median of 4.34 log10. Of 
the valid VL measurements, 16 of 141 (11.3%) DPS, 18 
of 131 (13.7%) 903-DBS at 2 weeks and 12 of 134 (9%) 
FTA-DBS at 2 weeks were determined, and the median 
log10 VL were 4.19, 4.33 and 3.76, respectively. The VL 
correlation coefficient (R-value) of DPS, 903 DBS and 
FTA DBS with frozen plasma was 0.64, 0.83, and 0.5, 
respectively. The percentages of nested PCR genotyp-
ing positivity for 903 DBS and FTA DBS stored at room 
temperature for 2, 4 and 6 weeks were 49.3%, 44.4% 
and 39.1%, and 31.5%, 28.5% and 24.3%, respectively. 
Whatman 903 DBS cards consistently had better geno-
typing efficiencies than the FTA DBS regardless of tested 
storage conditions (P<0.05) and the storing conditions 
did not affect the genotyping efficiencies (P>0.05).

CONCLUSIONS: Compared with DPS and FTA DBS 
cards, Whatman 903 DBS cards were superior for VL 

measurement and HIV DR genotyping. Room tempera-
ture storage up to 6 weeks had little effect on RT-PCR 
genotyping efficiency, suggesting that 903 DBS cards 
might be a promising sample collection device for both 
HIV VL and DR genotyping testing in resource-limited 
settings for ART-experienced patients.
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Prevalence of HIV-1 drug resistance in  
HIV-1-infected children treated in Bangui, 
Central African Republic, using plasma and dried 
blood spot samples
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S Moussa4, L Bélec1,2
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BACKGROUND: We aimed to determine the 
 prevalence of antiretroviral resistance in HIV-infected 
children treated in the paediatric complex of Bangui 
(Central African Republic) and to assess, in clinical 
practice, the feasibility of the use of dried blood spots 
(DBS) for drug resistance testing.

METHODS: A total of 165 HIV-infected children 
receiving antiretroviral therapy were included between 
April and June 2009. Paired plasma and whole blood 
samples, collected on 903 filter paper (Whatman, Inc.), 
were obtained at a median of 18 months following 
the initiation of treatment. HIV-1 viral load and CD4+ 
T-cell counts were performed. Protease and reverse 
transcriptase were sequenced using ViroSeq® (Celera 
Diagnostics) for plasma samples and the ANRS proce-
dures for DBS samples. Antiretroviral drug resistance 
mutations were identified and interpreted according to 
the ANRS algorithm.

RESULTS: Children were infected with a large variety 
of HIV-1 subtypes, with CRF11_cpx recombinant virus 
being the most prevalent (n=26, 37%). 150 (91%) chil-
dren received their first-line regimen and 15 (9%) chil-
dren received a second- or third-line regimen. 76% of 
the children were prescribed the generic combination 
of stavudine/lamivudine/nevirapine. At 18 months after 
treatment initiation, 75 (45%) children had HIV-1 viral 
load <50 copies/ml. Prevalence of resistance to PI, NRTI 
and NNRTI was 6%, 83% and 81%, respectively. 
The most prevalent resistance-associated mutations 
were M184V (n=43), T69D/N/S (n=10), and Y181C 
(n=26), K103H/N/S (n=23), K101E/P (n=23) muta-
tions for NRTI and NNRTI, respectively. Resistance to 
etravirine was found in 11 (16%) viruses. Successful 
sequencing was obtained in 40% of DBS samples with 
paired plasma viral load >1,000 copies/ml. A total of 
732 resistance-associated positions were analysed and 
718 were identical between plasma and DBS samples, 

leading to a high concordance of 98.1%. All the 14 
discrepant residues corresponded to wild-type/mutant 
mixtures, either in plasma (n=13) or in DBS (n=1).

CONCLUSIONS: This study highlighted a high rate of 
detectable viraemia in this population of HIV-infected 
children, with a high prevalence of resistance to etravir-
ine. Genotypic testing on DBS samples showed a high 
accuracy to detect resistance mutations compared with 
plasma samples.
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Evaluation of dried blood spots for HIV-1 viral 
load and drug resistance genotyping in patients 
on antiretroviral therapy 

EK Rottinghaus1, R Ugbenga2, K Diallo1, O Bassey2, 
S Vedapuri1, A Azeez3, J DeVos1, I Wurie2, 
J Aberle-Grasse1, J Nkengasong1, N Knight2, C Yang1

1CDC GAP Atlanta, GA, USA 
2CDC GAP Nigeria, Abuja, Nigeria  
3Nigerian Ministry of Health, Abuja Nigeria

BACKGROUND: HIV drug resistance (HIVDR) 
genotyping is becoming a necessary technology in 
PEPFAR-supported countries to evaluate the efficacy 
of large-scale standardized antiretroviral therapy 
(ART) programmes that have been recently imple-
mented. Plasma is currently the only specimen type 
recommended by the WHO for HIVDR genotyping 
for patients on ART. Collecting and maintaining 
plasma requires cold chain capabilities, which can be 
interrupted in resource-limited settings. We therefore 
evaluated the efficacy of dried blood spots (DBS) for 
HIVDR genotyping from patients on ART.

METHODS: Between January and August 2009, paired 
plasma and DBS specimens (75 µl whole blood) were 
collected from 170 patients on ART at two hospitals in 
Abuja (Federal Capital Territory, Nigeria). Plasma viral 
load (VL) was determined using the Roche Amplicor 
HIV-1 Monitor test version 1.5 with a lower detection 
limit of 400 copies/ml, and DBS VL was analysed using 
the NucliSENS EasyQ HIV-1 version 1.2 assay. HIVDR 
genotyping for protease and reverse transcriptase (RT) 
gene regions was performed on all paired specimens with 
a detectable VL using an in-house nested PCR assay.

RESULTS: Of the 170 specimens analysed for VL, we 
observed a detectable VL from 24 plasma and 26 DBS 
specimens, yet there were only 15 specimens with a 
detectable VL in both plasma and DBS. Viral load analy-
sis of these 15 matched specimen revealed no significant 
difference (P=0.30) between plasma and DBS VL val-
ues, and the mean difference (±sd) between plasma and 
DBS VL was 0.73 ±0.67 log10 copies/ml. Furthermore, 
the PCR amplification efficiency of the matched speci-
mens was 89.77% for DBS and 91.67% for plasma. 
We observed a mean nucleotide similarity (±sd) of 98.6 
±0.0086% between the matched specimens, and found 
L10I, M184V and Y181C to be the most frequent DR 
mutations in both plasma and DBS specimens; how-
ever, some discordance in HIVDR mutations between 
plasma and DBS was observed. 

CONCLUSIONS: DBS collected from patients on ART 
produced comparable results to plasma in both HIV-1 
VL and drug resistance genotyping analysis. Our data 
indicate that DBS can be used effectively for VL and 
HIVDR genotyping in HIV-1-infected patients on ART.
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High prevalence of transmitted drug resistance in 
HIV-1-infected antiretroviral-naive patients from 
Conakry, Guinea-Conakry

M Diakite1, C Charpentier2,3, P Bellecave4, M Cisse5, 
G Peytavin3,6, B Djoudalbaye3, L Pizzarro3, 
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Paris, France 
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Salpêtrière, Paris, France

BACKGROUND: We aimed to assess the prevalence of 
transmitted drug resistance and to study viral tropism 
in HIV-1-infected antiretroviral (ARV)-naive patients 
from Conakry (Guinea-Conakry).

METHODS: A total of 100 newly HIV-1 diagnosed 
patients, ARV-naive and followed-up in the University 
Hospital of Donka in Conakry, Guinea-Conakry, were 
included. Protease and reverse transcriptase genes were 
sequenced using the ANRS procedures. Drug resist-
ance mutations were identified according to the 2009 
update surveillance drug resistance mutations list. HIV 
tropism was assessed by gp120 sequencing and inter-
preted with the Geno2Pheno (false-positive rate 10%) 
and PSSM algorithms.

RESULTS: The median age of the patients was 39 years 
(interquartile range [IQR] 28–46); among them, 70 
were females. CD4+ T-cell count was available for 76 
patients. Median CD4+ T-cell count was 223 cells/mm3 

(IQR 107–348). Protease and reverse transcriptase 
sequencing was successful in 94 samples. Most of the 
patients (n=86, 91%) were infected with CRF02_AG 
recombinant viruses. Tropism could be assessed in 79 
samples; among them, 63 (80%) were R5 viruses, 11 
(14%) were R5X4 and 5 (6%) were X4 viruses. Overall, 
at least one drug resistance mutation was observed in 
nine samples, leading to a prevalence of primary resist-
ance of 9%. An NRTI-associated primary resistance 
mutation was found in 3 (3%) samples, and the M184V 
mutation was present in 2 cases. An NNRTI-associated 
primary resistance mutation was found in 8 (8%) sam-
ples and half of them exhibited two NNRTI- resistance 
mutations. The mutation Y181C was detected in four 

cases, K103N in four cases, K101E in two cases, K103S 
in one case and G190A in one case. The I84V major 
PI-associated mutation was detected in 1 (1%) case. Of 
note, one patient exhibited a dual-class-resistant virus 
with eight NRTI- and two NNRTI-associated resist-
ance mutations.

CONCLUSIONS: A high prevalence of 9% of 
 transmitted drug resistance was observed in this popu-
lation of 100 ARV-naive patients from Conakry, who 
were mostly infected by CRF02_AG viruses. Further 
surveillance in Conakry and in other cities of the coun-
try is warranted to determine the level and evolution of 
HIV-1 transmitted drug resistance in Guinea-Conakry.
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HIV-2 antiretroviral drug resistance and genetic 
diversity in Côte d’Ivoire: presence of key resistance 
mutations in HIV-2 naive patients from Abidjan
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BACKGROUND: HIV-2 is endemic in Côte d’Ivoire 
(RCI), West Africa. Transmission of HIV-2 drug resist-
ance mutations is not evaluated in this country. The aim 
of the study was to document the epidemiology of pri-
mary resistance mutations before antiretroviral (ARV) 
therapy in RCI and to assess the genetic polymorphism 
of HIV-2 strains circulating in the population.

METHODS: Untreated patients from Abidjan, RCI, 
were enrolled in an HIV-2 ARV-naive drug cohort 
(SIDACTION_HIV-2 Observatory) in 2009 and 2010. 
RNA was extracted and submitted for genotypic resist-
ance testing. Subtype trees were constructed using Mega 
4 software.

RESULTS: A total of 202 ARV-naive heterosexual 
patients were enrolled in the study. The median age 
was 44 years (range 22–71) and 62% were female. The 
median CD4+ T-cell count was 540 cells/mm3 (range 
40–1,641) and 35% were eligible to start an ARV ther-
apy according to French guidelines (CD4+ T-cell count 
<500 cells/mm3). The protease (PR) and reverse tran-
scriptase (RT) genes were amplified by PCR for 71 sam-
ples. The median HIV-2 RNA viral load was 2.6 log10 
copies/ml (range 2–4.5) and 20% were below the limit 
of detection 2 log10 copies/ml. Circulation of both clade 
A (n=36, 51%) and B (n=33, 47%) was confirmed by 
phylogenetic analyses. We identified one A/B recombin-
ant by bootscan analysis and one isolate was unclassi-
fied. One patient had the PR resistance mutation D30N 
and nucleoside reverse transcriptase inhibitor resistance 
mutations D67N, M184V and T215Y were observed 
in three different samples. HIV-2 natural polymorph-
isms at resistant codons in PR and RT were observed. 
Overall, the prevalence of drug resistance mutations 
was 5.6%.

CONCLUSIONS: These results provide baseline data 
in a pretherapeutic context. We confirm that subtypes 

A and B are predominant in Abidjan. One A/B was 
observed, supporting the hypothesis of the circulation 
of recombinant forms. This data revealed that there is 
circulation and transmission of HIV-2 drug resistance 
mutations and suggest the necessity to establish a longi-
tudinal survey in RCI.
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Frequency of antiretroviral resistance mutations 
among ART-naive HIV-1-infected populations in 
rural areas from Cameroon
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1Virology Laboratory IMPM/IRD, Yaoundé, Cameroon 
2UMR 145, Institut de recherche pour le Développement (IRD) 
and Université de Montpellier 1, Montpellier, France  
3Central Hospital, Yaoundé, Cameroon 
4Coopération Française, Yaoundé, Cameroon

BACKGROUND: Access to ART in Cameroon is being 
decentralized to make treatment available in rural 
areas. To date, nearly all studies evaluating the preva-
lence of drug resistance mutation (DRM) among treat-
ment-naive patients in Cameroon have been conducted 
in urban reference hospitals. Here, we evaluated this 
prevalence among patients initiating treatment in rural 
areas in Cameroon. 

METHODS: As part of the ongoing STRATALL Study 
in Cameroon involving patients from nine rural district 
hospitals, we recruited HIV-infected patients before 
first-line treatment initiation (n=125) between 2006 and 
2007. We genotyped the protease (PR; aa 1–99) and 
the reverse transcriptase (RT; aa 1–342) regions using 
the ViroSeq genotyping assay. DRMs were identified 
using the 2009 WHO mutation list for population stud-
ies and subtypes/CRFs were determined using phyloge-
netic trees and recombination analyses.

RESULTS: A total of 123 samples were successfully 
amplified and sequenced in both PR and RT regions. 
The genetic diversity was as previously reported in 
Cameroon with predominance of the recombinant 
form CRF02_AG 84/123 (68%), and the co-presence 
of additional subtypes and CRFs: 4A, 4D, 4G, 7F2, 
6CRF11, 2CRF09, 1CRF06, 1CRF22, 1CRF25, 
1CRF36, 1CRF37 and 7 unclassified. Overall, 6 (4.9%) 
patients were identified with any ARV DRM, including 
three PI mutations (M46I [n=1], F53Y [n=1] and L90M 
[n=1]), two NRTI mutations (K70E [n=1] and T215S 
[n=1]) and two NNRTI mutations (K103N [n=3] and 
P225H [n=1]). Two patients carried two-class DRMs, 
one with PI and NRTI mutations (F53Y+K70E), 
and the second with NRTI and NNRTI mutations 
(T215S+K103N+P225H). Three out of the six patients 
with DRM were from the same site where we recruited 
26 patients, and where we identified all the PI DRMs.

CONCLUSIONS: Although the overall prevalence of 
DRMs in this treatment-naive rural population was low 
(<5%) according to the WHO criteria, we identified 
few sites with high DRM prevalence (up to 11.5%). We 
also found a significant proportion of NNRTI muta-
tions, especially K103N, which correlates with previ-
ous results from urban areas and the important use of 
NNRTI regimens. The surprising finding was the high 
frequency of PI mutations in these rural areas where PIs 
are not yet available, although some mutations, such as 
M46I, can be polymorphic in non-B isolates.
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Time trends in primary resistance to HIV drugs 
in the chronically infected ARV-naive population 
in Rio de Janeiro, Brazil
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5Unidade de Genética, Departamento de Ciências Morfológicas, 
Instituto Biomédico, Universidade do Rio de Janeiro, Rio de 
Janeiro, Brazil

OBJECTIVES: To search for changes in drug resistance-
 associated mutations (DRMs) among chronically 
infected ARV-naive individuals over time, we analysed 
294 sequences collected in Rio de Janeiro State (Brazil) 
from 1996 to 2009 in seven different studies. 

METHODS: DRM rates found in each survey target-
ing chronically infected ARV-naive individuals in VCTs, 
antenatal clinics, army soldiers and AIDS clinics were 
compared using r×k Fisher analysis. The mutation pro-
file was also evaluated through reanalysis of DRMs 
identified in each survey using the updated WHO pri-
mary mutation list. 

RESULTS: WHO primary resistance mutations were 
only observed in surveys done after 2000 and were 
absent in surveys done in 1996 and 1998. The overall 
DRM rate fluctuated at approximately 8.63% rang-
ing from 10.64 (95% confidence interval 8.67–28.7) 
in the 2007/8 survey to 6.98 (95% confidence inter-
val 1.67–20.7) in the 2002 matching part. The more 
frequent DRM was the one related to NNRTI resis-
tance followed by the NRTI counterpart. PI-associated 
mutations were rarer and were only observed in sur-
veys done after 2002. M41L was the more prevalent 
DRM found in the RT gene followed by K103N, T215 
revertants and F77L. Similarly, M46I was the more 
prevalent PI DRM followed by V82A and L90M. The 
majority of mutations were against 1 ARV class, DRM 
to >2 ARV classes was rare and to 3 classes was absent 
in our dataset.

CONCLUSIONS: This work aimed to study the trend 
of primary resistance in Rio de Janeiro City, the second 
major HIV/AIDS epidemic in Brazil. It was interesting 
to note that our primary resistance rate increased in 
early 2000 and stayed constant throughout the decade. 
The nature of DRMs found largely reflect the ARV regi-
men in use in Brazil over time and the increased access 
to therapy. Although primary drug resistance was sig-
nificantly more common in patients with recent HIV 
infection than in those with presumed chronic infec-
tion, our data contrast to those in the UK because Rio 
de Janeiro primary resistance rates are not increasing 
over time. However, our overall rate of primary resis-
tance (8.67%) is in the range of estimates in chronically 
infected patients reported in the US (7%), France (6%) 
and elsewhere in Europe (10%). More longitudinal 
monitoring studies are needed to determine the conse-
quences for treatment outcome and to ensure adequate 
selection of first-line regimens.
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Monitoring of HIV-1 drug resistance and 
associated programmatic factors in patients 
initiating antiretroviral therapy at two ART sites 
in Bujumbura, Burundi.
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BACKGROUND: Between 2002 and 2009, patients 
receiving antiretroviral therapy (ART) in Burundi 
increased from 600 to 17,300. As access to ART 
expands, the emergence of HIV drug resistance 
(HIVDR) is inevitable. Burundi conducted a survey to 
monitor the emergence of HIVDR and associated pro-
gramme factors following the World Health Organiza-
tion (WHO) generic protocol.

METHODS: A total of 124 and 131 adult patients 
consecutively initiating first-line ART were enrolled 
between 2007 and 2008 at two large urban ART sites 
in Bujumbura, Burundi. Genotyping was performed for 
all patients prior to ART start and at M12 end points 
or at time of switch to second-line ART when VL 
was >1,000 copies/ml. HIVDR was determined using 
the Stanford HIVDR algorithm. HIVDR survey out-
comes were ‘HIVDR prevention’ (VL<1,000 copies/ml 
at M12), ‘HIVDR’ (VL>1,000 copies/ml and HIVDR 
mutations) and ‘possible HIVDR’ (VL>1,000 copies/ml 
with no HIVDR mutations, patients stopping ART and 
patients lost-to-follow-up [LTFU]). 

RESULTS: Among 116 baseline specimens at site A, 
1 patient had K103N and 1 patient had M184V. At 
M12, there were 7 LTFUs, 0 stops, 10 deaths, 0 switches 
to second-line and 1 transfer to a different ART site. 
The three patients with HIVDR had the following 
reverse transcriptase mutations: K103N (2), M184V 
(2), Y181C (2) and K238T (1). Among 124 baseline 
specimens at site B, only 1 patient had Y181C. At M12, 
there were 20 LTFUs, 0 stops, 3 deaths, 0 switches 
to second-line and 5 transfers to different ART sites. 

Among the 5 patients with HIVDR at end point, the 
following mutations were observed:  D67N (1), K70R 
(1), K101E (1), K103N (1), K103K/N (1), V106M (1), 
M184V (4), M184M/I (1), Y181C (1), Y188L (1) and 
G190A (1). Possible HIVDR prevalence was 17.2% 
and 17.7%, respectively, at site 1 and B. At both sites, 
90% of the HIV-1 strains were subtype C.

CONCLUSIONS: In this setting, where patients receive 
ART following a public health approach, sites met the 
WHO target (≥70% VL suppression) with relatively low 
rates of HIVDR. Importantly, approximately 17% were 
classified as having ‘possible HIVDR’ suggesting the 
need to support patient adherence to ART and to sup-
port defaulter tracking programmes to minimize LTFU.
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No major impact of the HIV-1 Env genetic 
context outside HR1-HR2 on resistance to the 
fusion inhibitor enfuvirtide and viral infectivity 
in clinical isolates
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P van Ham2, M Riedijk2,3, AIM Hoepelman3, 
D Perez Bercoff 1, JC Schmit1

1Retrovirology Laboratory, CRP-Santé, Luxembourg, Luxembourg 
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BACKGROUND: Enfuvirtide targets the first heptad 
repeat (HR1) region of gp41, impairing the HR1–HR2 
interaction required for fusion. Resistance-associated 
mutations (RAMs) emerge mainly within HR1. Com-
pensatory mutations have been described within HR2, 
but the env genetic context outside of HR1–HR2 has 
also been suggested to modulate resistance. Here, we 
studied the direct contribution of the env context on 
resistance to enfuvirtide and on viral infectivity in 
enfuvirtide- treated patients.

METHODS: Five heavily treated patients failing enfu-
virtide therapy were selected and longitudinal plasma 
samples were drawn at baseline and throughout 
enfuvirtide therapy failure. Full env sequences were 
cloned and used to generate HR1–HR2- and Env-
recombinant viruses. Fifty-two of 80 recombinant 
viral pairs were infectious. Phenotypic susceptibility 
to ENF (FCIC50= sample IC50 relative to the HXB2 
reference) and infectivity of the HR1-HR2- and Env-
recombinant viruses were compared in U87.CD4.
CXCR4 and/or U87.CD4.CCR5 cells and interpreted 
in light of genotypic data.

RESULTS: No enfuvirtide RAMs were detected at 
baseline, whereas all the clones obtained during ther-
apy failure carried at least one RAM in HR1 (G36D, 
V38A, N42D and/or N43D/S). Accordingly, enfu-
virtide resistance increased 11–2,800-fold relative to 
baseline (P<0.0001). FCIC50 were higher for X4 Env 
(FCIC50=2,254 ±326.5) and HR1–HR2 (FCIC50=1,907 
±347.5) recombinant viruses than for R5 Env-
 recombinant viruses (FCIC50=1,164 ±182.5; P<0.05). 
Resistance levels of dual tropic Env-recombinant 
viruses were similar in both cell-lines. Mean FCIC50 
was higher for full Env- (6.719 ±1.359) than for HR1–
HR2- recombinant viruses (3.351 ±0.6119) at baseline, 
but did not differ on-treatment (Env=1,718 ±197.4 
and HR1–HR2=1,907 ±347.5). Likewise, intrapatient 

HR1–HR2 and full Env-recombinant viruses showed 
similar fold increases relative to baseline.

Within each patient individually, infectivity did not 
evolve significantly. Mean infectivity of HR1–HR2-
recombinant viruses was higher than that of Env-
 recombinant viruses at baseline (0.9006 ±0.1153 
versus 0.425 ±0.1423) and during treatment failure 
(0.8266 ±0.08543 versus 0.6598 ±0.1067). Among full 
Env- recombinant viruses, R5 viruses were less infec-
tious than X4 (P<0.0001), but gained infectivity upon 
enfuvirtide treatment with respect to baseline (P<0.05), 
although no specific compensatory mutation could be 
identified.

CONCLUSIONS: Our results suggest that the env 
genetic context can modulate baseline susceptibility to 
enfuvirtide, but HR1–HR2 is the major contributor to 
resistance and infectivity. CCR5 usage was associated 
with lower enfuvirtide resistance and lower infectivity.
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Ambiguity in population-based sequencing of 
HIV-1 as a marker for the age of HIV infection 
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BACKGROUND: The time passed since the infec-
tion event of an HIV-1-infected individual (the ’age 
of infection’) is an important quantity for epidemio-
logical and clinical research, which, however, is often 
known with poor precision. In this study, we aimed to 
assess whether the fraction of ambiguous nucleotides 
obtained from routine bulk-sequencing as done for 
genotypic resistance testing (GRT) can serve as a proxy 
of this parameter. 

METHODS: We correlated the age of infection and 
the fraction of ambiguous nucleotides in partial pol-
 sequences of HIV-1 subtype B obtained before initia-
tion of antiretroviral therapy (ART). Three groups of 
Swiss HIV Cohort Study participants were analysed, for 
whom the age of infection was estimated with bayesian 
backcalculation model (n=3,307), based on seroconver-
sion within 6 months as documented by a negative and 

a positive HIV test (n=372), or based on a clinically 
confirmed diagnosis of primary HIV infection (n=130). 
In addition, we studied 196 patients with longitudinal 
GRTs while still ART-naive. 

RESULTS: We found that the fraction of ambiguous 
nucleotides increased with the age of infection with 
a rate of 0.17 percentage-points/year within the first 
8 years [95% confidence interval 0.16–0.19], but then 
with a decreasing rate. We observe that this pattern 
is qualitatively consistent with the prediction from 
population-genetic models for realistic parameters. 
Finally, we find that, in this highly representative pop-
ulation for the HIV epidemic in Switzerland, only 28 
(1.3%) out of 2,190 patients with >0.5% ambiguous 
positions had an infection duration <1 year at time of 
genotyping. This means that if the observed fraction of 
ambiguous positions is >0.5%, there is a probability of 
98.7% [95% confidence interval 98.2–99.1] that the 
genotypic test was performed >1 year post-infection 
(negative predictive value).

CONCLUSIONS: This study shows that the fraction of 
ambiguous nucleotides is a useful marker for assessing 
the age of infection. The analysis presented here is in 
principle also applicable for other chronic infections that 
develop high viral diversity over time (for example, hep-
atitis C) and thus it may more generally allow to assess 
infection dates based on a single sequence obtained rou-
tinely, for example, for drug resistance testing.
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HIV genetic distance between plasma and CSF in 
patients with neurological disorders
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BACKGROUND: Infection of the central nervous sys-
tem (CNS) with HIV-1 can lead to the development of 
HIV-1-associated dementia and in the HAART era the 
neurological disorders in HIV patients remain preva-
lent. The goal of this work was to characterize HIV-1 
compartmentalization between cerebrospinal fluid 
(CSF) and plasma for patients with neurological disor-
ders and to determine the relationship between genetic 
distance and other virological factors. 

METHODS: At the time of neurological disorders, 
blood and CSF samples were collected in order to 
explore aetiology of the disease. All CSF samples with 
a viral load >40 copies/ml were included. The RT and 
protease genes were analysed by population sequenc-
ing from plasma, cellular DNA or CSF according to the 
ANRS consensus protocol. The genetic distance was 
calculated with the MEGA4 software using two kimura 
parameters. The antiretroviral penetration was esti-
mated by CNS Penetration Effectiveness (CPE 2010). 

RESULTS: Among the 71 patients studied with neuro-
logical disorders, 39 patients were diagnosed with HIV 
encephalitis. The median of CSF:plasma ratio viral load 
was 11.1 for patients with HIV encephalitis in com-
parison with 0.7 for patients without HIV encephali-
tis (P=0.0006). In patients with HIV encephalitis, the 
genetic distance between HIV in blood and CSF was 
statistically lower in patients with plasma viral load 
>40 copies/ml than in patients with plasma viral load 
<40 copies/ml (median 0.006 and 0.011, respectively; 
P=0.038). The CPE 2010 taking into account the geno-
typic susceptibility score of the current treatment was 
associated with the genetic distance, with a higher score 
when the genetic distance was low (P=0.007). 

CONCLUSIONS: A high ratio of CSF:plasma viral 
load was related to HIV encephalitis, and seems to be 
more instructive than the CSF viral load alone. For 
patients with HIV encephalitis, a low HIV genetic dis-
tance between blood and CSF suggest that viruses of 
both compartments were similar and that CSF viruses 
probably derived from plasma. The factors associated 
with the low genetic distance argue in favour of this 
hypothesis. The high viral loads in plasma might favour 
virus diffusion across the blood brain barrier and high 
balanced CPE 2010 could prevent the viral replication 
in the CNS compartment. 
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Acquisition of enfuvirtide resistance attenuates 
HIV-1 virulence 
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BACKGROUND: The acquisition of antiretroviral 
resistance is believed to confer a fitness disadvantage to 
HIV-1, based largely on two classes of circumstantial 
evidence: (1) resistant strains often exhibit decreased 
replication capacity in vitro and (2) virus typically 
reverts to wild-type following treatment cessation. 
However, to date there are no direct measurements of 
the effects of resistance evolution on contemporane-
ous HIV-1 virulence or fitness in vivo. To examine the 
relationship between drug resistance and HIV-1 viru-
lence, we conducted a clinical trial aimed at transiently 
expanding a pre-existing less-fit variant. We hypoth-
esized that the frequency of the less-fit variant would 
predict CD4+ T-cell outcomes independent of the level 
of viraemia.

METHODS: Twenty-five treatment-experienced 
patients with a history of enfuvirtide treatment failure 
who are no longer taking enfuvirtide were enrolled 
in a study in which enfuvirtide was added to a stable 
regimen for 4 weeks. 454-Based pyrosequencing of 
the HIV-1 gp41 HR1 region was performed weekly on 
plasma virus during and after the enfuvirtide ‘pulse’ in 
18 subjects. The relationships between genetic, viro-
logical and immunological variables were investigated 
using a mixed effects model with a random intercept. 
Correlations over time were modelled using an unstruc-
tured covariance matrix.

RESULTS: The frequency of enfuvirtide resistance 
at baseline was 0.024 ±0.053. Intermittent treatment 
expanded the resistant population to a maximum fre-
quency of 0.77 ±0.29 and frequencies typically subsided 
to background levels following enfuvirtide cessation. 
CD4+ counts were highly correlated with frequency 
of enfuvirtide resistance (P<0.0002). On average, for 
every 0.10 increase in resistance frequency, CD4+ counts 
increased by 22 cells. Individuals harbouring resistant 
virus had on average 15 more CD4+ cells than those 
with exclusively wild-type virus, controlling for time, 
nadir CD4 and viral load.

CONCLUSIONS: Our data support the hypothesis 
that resistance mutations attenuate HIV-1 pathogenic-
ity and cytopathicity in vivo. These observations are 
consistent with a robust literature suggesting that drugs 
which markedly alter viral ‘fitness’ in vivo have viral 
load-independent effects on immunological and clini-
cal outcomes. The mechanism whereby the presence of 
a less-fit virus maintains higher CD4+ cell counts inde-
pendent of the level of viraemia remains to be defined.
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Stratification by HIV-1 subtype does not 
eliminate systematic geographical variation 
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BACKGROUND: Stratification by HIV-1 subtype is 
the standard approach to controlling for systematic 
genomic variation in HIV-1, important for examination 
of global HIV diversity, selection of homogeneous sub-
populations and identification of subtype-specific treat-
ment-associated resistance mutations. We examine evi-
dence for systematic, geographical-dependent genomic 
variation not controlled by subtyping.

METHODS: A large globally diverse HIV pol sequence 
dataset was grouped into ten WHO geographical 
regions – East Africa, Western Europe, Caribbean, 
East Asia, Latin America, North America, South and 
South-East Asia, North Africa and Middle East, South 
Africa and Eastern Europe and Central Asia. Subtyping 
was executed with a bootscanning algorithm. Analy-
sis was performed for subtypes with sequences from 
more than one WHO region. For each amino acid 
(AA) position and subtype, we constructed contingency 
tables describing the distribution of observed AAs for 
each geographical region. Using a likelihood ratio test 
adjusted for multiple comparisons (Benjamini–Hoch-
berg false discovery rate; cutoff <0.05), we determined 
sequence positions with geographical-dependent AA 
distributions. We also examined whether geographi-
cal dependence is correlated with sequence variation or 
conservation by computing Shannon entropy (H) of the 
AA distribution at each position.

RESULTS: A total of 5,306 sequences from untreated 
patients were analysed, 3,355 reverse transcriptase (RT; 
230 subtype A, 2,520 B, 361 C, 154 D and 90 F) and 
1,951 protease (PR; 1,689 B, 189 C, and 73 F) sequences. 
In RT, 42 positions exhibit geographical-dependent AA 
distributions: 14 subtype A, 17 B, 10 C, 2 D and 12 F. In 
PR, 28 positions exhibit geographical-dependent AA dis-
tributions: 21 subtype B, 4 C and 8 F. Sequence positions 
exhibiting geographical variation occur in both resistance 
(PR: 8/21 subtype B, 2/4 C; RT: 1/17 subtype B, 1/10 C 
and 2/12 F) and non-resistance (remaining positions) posi-
tions. Seventeen positions had low (H<0.25; for example, 
RT position 46) and 53 positions had high (H>0.25; for 
example, PR position 62) sequence diversity. 

CONCLUSIONS: Geographical origin of HIV-1 
sequences provides additional information describing 

systematic genomic variation that is not captured by 
HIV-1 subtyping. These considerations are particularly 
important in studies which use sequence datasets pooled 
from multiple cohorts and likely reflect a combination 
of founder mutation effects, transmitted resistance and 
differences in host responses.
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X4 tropic multidrug-resistant quasispecies acquired 
at the time of primary HIV-1 infection (PHI) 
remain exclusive or at least dominant far from PHI
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OBJECTIVE: To analyse the evolution of resistance 
mutations and viral tropism of multidrug-resistant 
(MDR) strains acquired at primary HIV-1 infection 
(PHI).

METHODS: MDR was defined as the presence of 
resistance mutations to at least one antiretroviral drug 
of the three classes. Genotypic resistance tests and gen-
otypic tropism determination were performed on base-
line plasma HIV-RNA and PBMC-HIV-DNA samples, 
then every 12 months. Clonal analysis was performed 
at baseline for env, RT and protease genes, and for HIV-
DNA env gene on the last sample available.

RESULTS: Five patients harbouring MDR-HIV-strains 
with a median of 78 months of follow-up were eligible. 
At baseline, resistance pattern and tropism were identi-
cal between HIV-RNA and PBMC-HIV-DNA for each 
patient; tropism was X4 in three (A,C,D) and R5 in two 
patients (B,E). RT, protease and env clones from HIV 
RNA and PBMC-HIV-DNA were highly homogenous 
for each patient. Patient A was successfully treated 
at M30, all resistance mutations persisted in PBMC-
HIV-DNA up to M78 except for mutation 103N that 
reverted to wild type, clonal analysis on M78 HIV-
DNA evidenced X4 (16/21) and R5 (5/21) quasispe-
cies. Mutational pattern was unchanged in patient B 
up to M24, resistance test could not be performed after 
M24; clonal analysis on M96 HIV DNA evidenced X4 
(12/14) and R5 (2/14) quasispecies. Mutational pattern 
was unchanged in patient C up to M72; HIV RNA and 
HIV DNA remained X4-tropic up to M72, clonal anal-
ysis on M72 HIV DNA showed exclusively X4 (23/23) 
quasispecies. Patient D was rapidly treated, both HIV 
RNA and HIV DNA fell to undetectable levels as soon 
as M12. Mutational pattern was unchanged in patient 
E in HIV RNA and HIV DNA up to M36 except for 
mutation 184V that reverted to wild-type in HIV RNA, 
but persisted in HIV DNA throughout the 36-month 

follow-up; clonal analysis at M36 showed exclusively 
R5 quasispecies (19/19).

CONCLUSION: MDR HIV-strains acquired at PHI 
persisted throughout a median 78-month follow-up. 
In all patients, the initial viral population was highly 
homogenous at baseline in the three genes studied sup-
porting the early expansion of a monoclonal popula-
tion. X4-tropic quasispecies present at baseline were still 
exclusive (C) or dominant (A) at the end of follow-up.
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Faster HIV-1 disease progression among Brazilian 
recently infected individual harbouring CXCR4-
using strains
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INTRODUCTION: The influence of HIV-1 genetic 
diversity in viral evolution and disease progression has 
been recognized. Although primary infection usually 
occurs by CCR5-using viruses, there is an association 
between emerging CXR4-using viruses (which nor-
mally occurs late during the course of infection) and 
faster disease progression. It has been demonstrated 
that the specificity of predicting HIV-1 CXCR4 use 
by genotype is usually high. It has been suggested that 
Brazilian individuals infected by HIV-1 harbouring the 
GWGR motif at the tip of V3 loop will present slower 
disease progression. 

OBJECTIVE: We characterized HIV-1 from a cohort of 
recently infected individuals in Brazil and predicted the 
coreceptor use based on the env genotype and attempted 
to correlate virus profile with disease progression. 

METHODS: Seventy-two recently infected HIV indi-
viduals were recruited based on the Serological Testing 
Algorithm for Recent HIV Seroconversion (STARHS). 
Individuals were followed every 3–4 months up to 
78 weeks. HIV-1 V3 region was characterized by 
sequencing at baseline. Coreceptor use prediction was 
performed using Geno2pheno (false positive rate of 
10%). Disease progression was characterized by the 
decrease of CD4+ T-cell counts to levels consistently 
below 350 cells/mm3. 

RESULTS: Twelve out of 72 individuals (17%) were 
 predicted to harbour CXCR4-using strains, and baseline 
CD4+ T-cell <350 was more frequent among these individ-
uals (P=0.03). Forty individuals predicted to have CCR5-
using viruses and seven individuals having CXCR4-using 
strains presented baseline CD4>350 and, after 78 weeks, 
33 versus 1 individual presented CD4>350 in both 
groups, respectively (P=0.001). There was no association 
between CD4 decay and demographic characteristics, 
HIV-1 subtype or the presence of GWGR motif at the tip 
of the V3 loop. Phylogenetic analyses demonstrated no 
evidence of clustering between V3 sequences. 

CONCLUSIONS: Our finding confirms the presence of 
strains with more alleged in vitro pathogenicity during 
early phases of HIV infection, and suggests that even 
among recently infected HIV individual, rapid pro-
gression may be a consequence of early detection of 
CXCR4-using strains. Characterizing V3 region of HIV 
by sequencing may be of use on predicting HIV-1 dis-
ease progression, and therefore decision for antiretro-
viral initiation. 
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Fitness contributions of the RT mutation H208Y 
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BACKGROUND: Database analyses have shown that 
H208Y occurs rarely in drug-naive patients, emerges 
during NRTI exposure and clusters with thymidine 
analogue mutations (TAMs), suggesting an accessory 
role in drug resistance. We previously have shown that 
H208Y contributes to tenofovir resistance in vitro, both 
in the presence and in the absence of TAMs. Here, we 
investigated the influence of H208Y on viral fitness in 
growth competition assays. 

METHODS: RT codons 1–560 were amplified by PCR 
using plasma RNA from one subtype B drug-naive 
patient harbouring H208Y in the absence of major 
resistance mutations (wild-type RT) and one subtype 
B drug-experienced patient harbouring H208Y with 
TAMs (M41L, D67N, L210W, T215Y and K219N). 
Recombinant viruses were produced by transfection of 
the patient-derived RT (with H208Y or site-directed 
reversion to H208 wild-type) with an RT-deleted full-
length HIV molecular clone (pHIV∆RTBstEII). For the 
growth competition assays, mixtures of two competing 
viruses were used to infect MT4 cells at input ratios 
of 50:50, 25:75 and 75:25 in MT4 cells with a total 
of four passages over 24 days. Competing viruses were 
distinguished using quantitative allele-specific real-time 
PCR. For each competition, 1–3 replicates were done. 

RESULTS: In the context of wild-type RT, H208Y was 
consistently outcompeted by H208 wild-type at all 
ratios. At the 50:50 ratio, H208 wild-type represented 
>95% of the viral population by day 12. In the context 
of TAM-containing RT, at all input ratios, the viruses 
with and without H208Y maintained stable propor-
tions throughout culture. 

CONCLUSIONS: In the presence of pathway 1 TAMs, 
H208Y does not significantly influence viral fitness. 
However, in the absence of major RT resistance muta-
tions, H208Y is detrimental to viral fitness, perhaps 
explaining its rare detection in drug-naive patients. 
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Assessing drug resistance emergence in a macaque 
model of antiretroviral pre-exposure prophylaxis 
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BACKGROUND: Antiretroviral (ARV) drugs are 
actively being evaluated for oral and topical pre-
 exposure prophylaxis (PrEP) to prevent HIV acquisi-
tion; however, when PrEP fails to prevent transmission, 
the continued use of the antiretroviral drugs may poten-
tially result in the selection of drug-resistant viruses. 
We evaluated in a macaque PrEP model, drug resist-
ance emergence and viral load dynamics in animals that 
failed oral or topical PrEP regimens. 

METHODS: Thirteen male rhesus macaques that failed 
daily (n=6) or intermittent (n=7) oral PrEP with human 
equivalent doses of FTC or FTC/TDF (Truvada) and 
two female pigtailed macaques that failed topical PrEP 
with once-weekly dosing of 1% TFV gel, continued to 
receive drug treatment for a median of 13 weeks post-
infection. Plasma viral load was measured by real-time 
PCR. Emergence of drug resistance was monitored 
using bulk sequencing of SIV RT and sensitive allele-
specific PCR for the K65R and/or M184V mutations. 

RESULTS: All breakthrough infections were with wild-
type SHIV162p3 challenge virus. The mean peak virae-
mia in daily oral PrEP failures (4.9 ±0.5 log10 RNA 
copies/ml) and intermittent oral PrEP failures (5.6 ±0.4 
log10 RNA copies/ml) was significantly lower than that 
seen in untreated controls (6.9 ±0.3 log10 and 7.1 ±0.3 
log10 RNA copies/ml; P=0.007 and P=0.009, respec-
tively). M184V/I emerged in one of four animals and 
one of two animals who failed daily FTC or Truvada, 
respectively. By contrast, none of the seven animals 
who received intermittent Truvada had detectable drug 
resistance. Likewise, K65R was not detected in two 
animals that failed once-weekly tenofovir gel. Topical 
PrEP had no effect on viral loads.

CONCLUSIONS: In a monkey PrEP model with 
human equivalent drug dosing, we show that drug 
resistance can emerge following PrEP failure of daily 
FTC or Truvada. Interestingly, we found that inter-
mittent Truvada did not increase risks of drug resist-
ance despite long intracellular drug persistence. 
The blunted acute viraemias observed in the break-
through infections of oral PrEP likely reflect the higher 

antiviral activity and systemic drug exposure of these 
regimens compared with those from the topical gel. 
These blunted viraemias may confer a clinical benefit 
and lower transmissibility.
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Residual plasma viraemia <40 copies/ml under 
NNRTI-based regimen

S Haïm-Boukobza1, L Morand-Joubert2, P Flandre3, 
S Fourati1, S Sayon1, M Lavignon4, A Simon5, 
N Valin6, C Katlama7, AG Marcelin1, V Calvez1

1Department of Virology, Pitié-Salpêtrière Hospital, Paris, France  
2Department of Virology, Saint Antoine Hospital, Paris, France  
3INSERM U943, Paris, France 
4Boehringer Ingelheim, Paris, France 
5Internal Medicine, Pitié-Salpêtrière Hospital, Paris, France 
6Infectious Diseases, Saint Antoine Hospital, Paris, France 
7Infectious Diseases, Pitié-Salpêtrière Hospital, Paris, France

BACKGROUND: HIV-1 RNA quantification assay 
with single-copy sensitivity in plasma allows a more 
precise exploration of residual viraemia and therefore 
a more accurate comparison of antiretroviral therapy 
efficacy in patients with HIV-1 viral load (VL)<40 cop-
ies/ml. The aim of this study was to compare the level 
of residual viraemia <40 copies/ml in patients receiving 
a nevirapine- or efavirenz-containing regimen.

METHODS: HIV-1-infected patients treated with 
tenofovir/emtricitabine plus nevirapine or efavirenz 
harbouring virological suppression (VL<40 copies/ml) 
for at least 6 months under this regimen were stud-
ied. Residual plasma viraemia was measured using an 
ultrasensitive assay with a limit of quantification of 
1 copy/ml. Logistic regression was used to search for 
factors associated with a VL<1 copy/ml: age, gender, 
HBV or HCV coinfection, current CD4+ T-cell count, 
CD4+ T-cell count nadir, time under current NNRTI 
treatment or any antiretroviral treatment, time of viral 
suppression under current NNRTI treatment or any 
antiretroviral treatment, HIV infection duration and 
number of therapeutic lines.

RESULTS: A total of 165 patients (nevirapine n=75 and 
efavirenz n=90) were included in the study: 61 (81.3%) 
patients had a VL<1 copy/ml in the nevirapine group 
and 51 (56.7%) in the efavirenz group (P<0.001). In 
the multivariate analysis, only nevirapine versus efa-
virenz (P=0.009; OR=2.68 [1.3–5.6]) and time of viral 
suppression under antiretroviral treatment (P=0.008; 
OR=1.96 [1.2–3.2]) were independently associated 
with a plasma VL<1 copy/ml. The median time under 
this NNRTI-containing regimen was longer in the 
nevirapine group compared with the efavirenz group 
(45.8 versus 37.8 months; P=0.053). Adjustment for 
this latter variable did not change the results: nevirap-
ine versus efavirenz (P=0.008; OR=2.74 [1.3–5.8]) and 

time of viral suppression under antiretroviral treatment 
(P=0.005; OR=2.25 [1.3–4.0]).

CONCLUSIONS: In this study, the use of nevirapine 
was more frequently associated with a residual virae-
mia <1 copy/ml than efavirenz. This result could be 
related, in part, to different penetration of drugs in ana-
tomic compartments and argues in favour of residual 
viral replication as an origin of persistent viraemia <40 
copies/ml under treatment.
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Partial CD4 T-cell recovery in virologically 
suppressed immunological non-responder 
HIV-infected subjects by treatment intensification 
with raltegravir

E Negredo1, M Massanella2, J Puig1, N Pérez-Álvarez1, 
MJ Buzón2, MC Puertas2, J Martínez-Picado2, 
B Clotet2, J Blanco2

1Fundació Lluita contra la SIDA, Hospital Germans Trias i Pujol, 
Badalona, Spain 
2Fundació irsiCaixa, Hospital Germans Trias i Pujol, Badalona, Spain

BACKGROUND: Immunological non-responder 
(discordant) HIV-infected subjects show proper viral 
suppression during HAART but fail to recover CD4 
T-cells. This clinically relevant phenomenon has been 
associated with high levels of CD4 T-cell death and 
hyperactivation in both CD4 and CD8 T-cell subsets. 

METHODS: This is a pilot randomized controlled 
study in discordant subjects (persistent CD4 T-cell 
count <300 cells/µl despite a plasma viral load <50 cop-
ies/ml for >2 years) to assess whether intensification 
with raltegravir improved CD4 T-cell recovery. Second-
ary objectives were the assessment of activation and 
death parameters as markers of potential ongoing viral 
replication. A total of 41 subjects were analysed after 
randomization (2:1) to intensify their current HAART 
with raltegravir, 400 mg/12 h, (RAL arm, n=28) or con-
tinue with the same therapy (control arm, n=13). 

RESULTS: Gender, age, nadir CD4 T-cells, percentage 
and absolute CD4 and CD8 T-cell counts, time with 
undetectable viral load, CD8 T-cell activation (% of 
HLA-DR+CD38+ cells), CD4 thymic output (% of 
CD45RA+CD31+ cells), ex vivo CD4 and CD8 T-cell 
death and ultrasensitive plasma viral load were simi-
lar in both groups at baseline. Median (25–75 percen-
tiles) absolute CD4 T-cell counts (cells/μl) increased 
from 261 (213–301) at baseline to 303 (240–364) 
and 305 (243–367) at weeks 12 and 24, respec-
tively, in RAL arm (P=0.02 for both time points) but 
remained stable in control arm, from 237 (198–297) 
to 235 (193–321) and 250 (196–345) at weeks 12 
(P=0.327) and 24 (P=0.097), respectively. No sig-
nificant differences were observed between groups at 
week 24. An increase of >100 CD4 cells at week 24 
was exclusively observed in some subjects from RAL 
arm (18%). Early (week 12) increases of CD4 T-cells 
in RAL arm were associated with a combination of 
high CD8 T-cell death and low CD4 T-cell death at 
baseline, but were not independently predicted by 

baseline thymic output, T-cell activation or CD4 or 
CD8 ex vivo T-cell death. 

CONCLUSIONS: Discordant subjects can partially 
recover CD4 T-cell counts by intensification with 
raltegravir of their current HAART regimens. Immu-
nological markers that predict satisfactory response 
to intensification should be identified to optimize the 
usefulness of this strategy.
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Genetic analyses suggest functional differences in 
the nature of persistent viraemia between HIV-1 
elite controllers and therapy exposed controllers

H Mens1,2,3, M Kearney3, A Wiegand3, K Schønning4, 
J Gerstoft5, N Obel5, F Maldarelli3, JW Mellors6, 
T Benfield1,2, JM Coffin3,7

1Department of Infectious Diseases, Copenhagen University 
Hospital, Hvidovre, Denmark  
2Clinical Research Centre, Copenhagen University Hospital, 
Hvidovre, Denmark 
3HIV Drug Resistance Program, National Cancer Institute, 
National Institutes of Health, Frederick, MD, USA 
4Department of Clinical Microbiology, Copenhagen University 
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5Department of Infectious Diseases, Rigshospitalet, 
Copenhagen, Denmark 
6Division of Infectious Diseases, University of Pittsburgh, 
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7Tufts University, Boston, MA, USA

BACKGROUND: A minority of HIV-1-infected indi-
viduals spontaneously suppress HIV infection in the 
absence of therapy (elite controllers) and some patients 
maintain long-term control after discontinuation of 
combination antiretroviral therapy (cART; therapy 
exposed controllers). The nature of HIV replication 
in elite controllers and therapy exposed controllers is 
poorly characterized.  Therefore, we investigated HIV 
genetic diversity and variation in elite controllers and 
therapy exposed controllers for prolonged periods fol-
lowing cART discontinuation.  

METHODS: Serial plasma samples were obtained from 
elite controllers (n=21) and therapy exposed controllers 
(n=3). Single genome sequences of the pro-rt gene were 
obtained from plasma pre-cART, during cART and 
post-cART in therapy exposed controllers. Sequences 
were aligned with Clustal X and individual neighbour-
joining phylogenetic trees were constructed. Genetic 
diversity (average pairwise distance) was estimated 
using MEGA.

RESULTS: Therapy exposed controllers were diag-
nosed with acute HIV infection and cART was initi-
ated within 2.5 months of diagnosis. All had pre-cART 
HIV-1 RNA>200,000 copies/ml and persistent sup-
pression of viraemia on therapy. cART was termi-
nated after 2–4 years of treatment, serial samples were 
obtained after cART for 6–12 years. Following discon-
tinuation, two patients never had detectable plasma 
viraemia and one had persistent low level viraemia 

of c. 300 copies/ml. All elite controllers had longitu-
dinal plasma HIV-1 RNA<50 copies/ml (median of 
11 years). Both elite controllers and therapy exposed 
controllers had very low viral diversities (median 0.4% 
and 0.14%; P=0.05). Interestingly, none of the therapy 
exposed controllers accumulated new mutations during 
the post-cART period, suggesting little or no ongoing 
replication. By contrast, analysis of samples from elite 
controllers revealed clear evidence of ongoing HIV rep-
lication with increasing divergence (0.17%/year) and 
strong purifying selection over time.

CONCLUSIONS: Therapy exposed controllers have 
little evidence of ongoing HIV replication. By contrast, 
HIV replication is apparent in individuals with spon-
taneous control of HIV infection. These data suggest 
functional differences in the nature of persistent virae-
mia in individuals with persistent HIV suppression fol-
lowing discontinuation of cART.
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Selective killing of HIV-infected cells by non-
nucleoside reverse transcriptase inhibitor induced 
activation of HIV protease

D Jochmans1, M Anders2, I Keuleers1, L Smeulders1, 
HG Kräusslich2, G Kraus1, B Müller2

1Tibotec-Virco BVBA, Mechelen, Belgium 
2University of Heidelberg, Heidelberg, Germany

Current antiretroviral drugs used for therapy of HIV 
infection target various steps in the viral replication 
cycle. Although antiretroviral therapy is effective in 
preventing viral spread and lowering plasma viral load, 
it cannot eradicate the proviral DNA from already 
infected cells. Cells in sanctuaries not underlying effi-
cient immunological control, as well as cells that pro-
duce low levels of virus, apparently contribute to the 
reservoir that maintains HIV persistence for prolonged 
periods of time in the presence of highly active anti-
retroviral therapy. Complementary to the direct inhi-
bition of viral replication, an accelerated elimination 
of cells releasing low levels of HIV could represent an 
additional strategy to control HIV infection. HIV pro-
tease (PR) is one of several viral gene products impli-
cated in the killing of host cells in the course of infec-
tion. Its cytotoxic effect is believed to be mediated by 
the off-target cleavage of host cell proteins and is thus 
restricted to HIV infected cells.

Here, we sought to exploit PR mediated cytotoxic-
ity in order to develop a strategy for targeted drug 
induced killing of HIV producing cells. It has previ-
ously been shown that high concentrations of non-nu-
cleoside reverse transcriptase inhibitors (NNRTIs) can 
stimulate intracellular HIV PR activity, presumably 
by enhancing Gag.Pol dimerization. Using a newly 
developed cell-based assay, we compared the degree 
of PR activation mediated by various NNRTIs. Lev-
els of efficacy varied from no effect to up to 2.5-fold 
enhancement of intracellular Gag processing for the 
compounds tested and correlated with their ability to 
enhance RT dimerization. Two of the most potent com-
pounds, VRX-480773 and GW-678248, were analysed 
for their potential to mediate specific killing of chroni-
cally infected MT-4 cells as well as of primary T-cells 
in vitro. Both compounds exerted a specific cytotoxic 
effect on HIV- infected cells, which could be reverted by 
the addition of PR inhibitors. The data presented here 
provide a proof of concept for a targeted drug induced 
elimination of HIV producing cells and might serve as 
a basis for the development of more potent compounds 
exploiting this mechanism of action.
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Quantification of persistent viraemia in 
cerebrospinal fluid and plasma: initial experience 
in a raltegravir intensification study

V Dahl1, S Spudich2, E Lee2, E Ho2, R Price2, 
S Palmer1

1Swedish Institute for Infectious Disease Control and Karolinska 
Institutet, Solna, Sweden  
2University of California and San Francisco General Hospital, San 
Francisco, CA, USA

BACKGROUND: One site of virion production during 
suppressive therapy could be the central nervous sys-
tem (CNS) where barriers to drug penetration attenuate 
antiviral effects. To evaluate virion production in the 
CNS, we used the single copy assay (SCA) to analyse 
the levels of HIV RNA in cerebrospinal fluid (CSF) in 
treated patients.

METHODS: HIV-infected patients on antiretroviral 
therapy for >2 years with plasma suppression <50 cop-
ies/ml for >1 year were enrolled in a randomized, open-
label study of a 12-week course of raltegravir intensi-
fication. Patients not randomized to receive raltegravir 
in the first study course could volunteer to crossover to 
receive raltegravir for the following 12 weeks. Paired 
plasma and CSF samples were collected at screening 
and/or baseline, and at 4, 12, 16 and 24 weeks. SCA 
was used to measure plasma and CSF HIV RNA from 
five patients: two receiving raltegravir for 12 weeks, 
two receiving no raltegravir at first and then crossing 
over to the intensification course and one receiving no 
raltegravir. Background regimens contained 3–5 drugs 
and CSF penetration effectiveness scores ranged from 
1 to 3.5.

RESULTS: Screening and baseline CSF HIV RNA in all 
five patients was below the assay limit (<0.3 copies/ml), 
whereas persistent viraemia was detected in the plasma 
of all five patients (median 1.7, range 0.3–9.5 copies/
ml). In the four patients who received raltegravir for the 
first 12 weeks or who crossed over to receive raltegravir 
in the subsequent 12 weeks, CSF HIV RNA was below 
the assay limit in all but 1 of 11 samples collected after 
baseline. For the same four patients, 9 of 11 plasma 
samples had detectable virus (median 2.2, range 0.6–
4.4 copies/ml). In the patient who chose not to receive 
raltegravir intensification, the HIV RNA was below the 
assay limit in all samples after baseline. 

CONCLUSIONS: This initial study demonstrates the 
feasibility of using SCA to measure low concentrations 

of HIV RNA in CSF. In this preliminary study, CSF HIV 
RNA levels are controlled during suppressive therapy, 
whereas low-level viraemia persists in plasma, suggest-
ing that persistent viraemia arises from sources other 
than the CNS compartment.
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HIV testing programmes as sentinel populations 
for HIV-1 drug resistance surveillance

HM Truong1,2, T Kellogg3, JD Klausner1,3, J Dilley1, 
RM Grant1,2
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BACKGROUND: Knowledge of drug resistance levels 
can help inform HIV care and prevention strategies. 
Testing facilities provide access to high-risk populations 
who are not already known to be HIV-infected. HIV-1 
drug resistance prevalence was evaluated at two large 
testing programmes in San Francisco (CA, USA).

METHODS: Individuals presenting for HIV testing at 
the municipal STD clinic (n=4,960) and AIDS Health 
Project (AHP; n=622) from September 2005 to June 
2007 were screened for HIV infection. Genotyping was 
conducted on available blood specimens of HIV- positive 
cases (n=337) to evaluate for drug resistance. Associa-
tions were assessed using χ2 and Fisher’s exact tests.

RESULTS: Prevalence of HIV-1 drug resistance was 
13.2% at the STD clinic compared with 15.6% at 
AHP (P=0.52). NNRTI resistance was most common, 
present in 56% of cases at the STD clinic and 83% at 
AHP. The K103N mutation accounted for two-thirds of 
NNRTI-resistant cases. NRTI resistance was present in 
33% of cases and PI resistance in 21% of cases. Multi-
class resistance was present in 10% of cases. MSM test-
ers comprised 73% of the drug-resistant cases detected. 
The proportion of MSM testers was comparable at the 
STD clinic and AHP (71% versus 69%; P=0.31). There 
were also similar proportions of White (50% versus 
51%; P=0.46), African-American (13% versus 14%; 
P=0.63) and Asian testers (12% versus 10%; P=0.07). 
The STD clinic had a higher proportion of testers who 
were heterosexual (23% versus 15%; P<0.001), Latino 
(21% versus 12%; P<0.001) and under 25 years old 
(26% versus 8%; P<0.001) than testers at AHP. Trans-
gendered testers were more likely to have drug-resistant 
mutations compared with male (P=0.02) and female 
(P=0.05) testers.

CONCLUSIONS: HIV-1 drug resistance prevalence 
did not differ substantially between the two large test-
ing programmes. Prevalence was comparable although 
there were some differences in the racial and age char-
acteristics of the testing population. The fact that 

AHP offers anonymous testing while  services offered 
at the STD clinic are confidential did not appear to 
affect resistance prevalence estimates. Both testing 
programmes have clients who are at high risk for 
acquiring and transmitting infections. Large HIV test-
ing programmes can serve as sentinel populations for 
HIV-1 drug resistance surveillance.
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Prevalence and patterns of primary resistance to 
antiretroviral drugs among untreated individuals 
infected with HIV type-1 from Croatia 

S Zidovec Lepej1, I Grgic1, I Baca Vrakela1, A Vince2, 
J Begovac2

1University Hospital for Infectious Diseases, Zagreb, Croatia 
2University of Zagreb School of Medicine, Zagreb, Croatia

BACKGROUND: Our aim was to determine the 
prevalence of resistance to nucleoside reverse tran-
scriptase inhibitors (NRTIs), non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) and protease 
inhibitors (PIs) and patterns of resistance mutations 
in treatment-naive HIV-infected patients from Croa-
tia. Croatia has a centralized system of clinical care 
at the University Hospital for Infectious Diseases 
(UHID) in Zagreb. 

METHODS: The study enrolled treatment-naive adult 
HIV-infected patients that entered clinical care at 
UHID between 2006 and 2008 with plasma viraemia 
>1,000 HIV-1 RNA copies/ml and sufficient volume of 
stored plasma for resistance testing. The protease gene 
and a part of reverse transcriptase gene of HIV were 
sequenced using the Trugene HIV-1 Genotyping Sys-
tem. The prevalence of transmitted drug resistance was 
analysed using the surveillance drug resistance muta-
tions (SDRMs) list recommended by the World Health 
Organization in 2009. Clinical significance of resis-
tance mutations was interpreted as recommended by 
the International AIDS Society–USA Drug Resistance 
Mutations Group update 2009. 

RESULTS: A total of 179 treatment-naive HIV-infected 
patients entered clinical care at the Croatian Refer-
ence Center for HIV/AIDS in the period 2006–2008. 
We report that 116 out of 159 eligible patients (73% 
coverage) SDRM associated with primary resistance to 
NRTIs were detected in 19 of 116 patients (16.4%). 
The most frequently found NRTI SDRM was 215S (12 
of 116 patients, 10.3%). NNRTI SDRM was detected 
in one patient (101E) and one patient had a combina-
tion of SDRM associated with resistance to NRTIs and 
NNRTIs (215S and 103N). IAS–USA drug resistance 
mutations to NRTIs (210W and 77L) were found in 5 of 
116 patients (4.3%) and to NNRTIs (101E and 103N) 
in 2 of 116 patients (1.7%). Primary resistance to PIs 
was not detected in Croatian patients. The majority of 
analysed patients (103/116, 88.8%) were infected with 
genotype B, whereas non-B genotypes were detected in 
13 patients only: genotype C (n=4), genotype A (n=4), 

CRF_01_AE(PR)/A(RT) (n=1), C(PR)/A(RT) (n=1), 
C(PR)/CRF_01_AE(RT) (n=1) and CRF02_AG (n=2). 
SDRMs were detected in patients infected with geno-
type B only. 

CONCLUSIONS: This study has shown that ART-
 resistant HIV is transmitted among Croatian patients. 
The most frequently found SDRMs were T215 rever-
tants. Prevalence of resistance to NNRTI was low. 
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Update on transmission of HIV resistance to drug-
naive patients in Argentina 
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BACKGROUND: Transmission of antiretroviral drug-
resistant (TDR) HIV-1 variants to naive patients is of 
great concern in clinical settings and deserves continu-
ous surveillance in developing countries. This is an 
update of a survey multicentre study conducted from 
June 2004 to December 2009 in Argentina.

METHODS: A total of 166 recently infected drug- naive 
Argentinian individuals (135 men and 31 women) from 
Buenos Aires City and outskirts (81%), and other 
areas of Argentina (19%) were included. Recent infec-
tions were established from previous negative serol-
ogy (43%), indeterminate western blot (33%) or the 
occurrence of acute retroviral syndrome after high-risk 
exposure (24%). Possible transmission routes were 
50% homosexual (MSM), 41% heterosexual, 7% 
bisexual and 2% others. Median time from probable 
infection date to genotyping was 2.7 months (range 1 
day–8.7 months). Viral RNA from plasma was retro-
transcribed and a fragment of the pol gene (protease 
and the first 335 codons of reverse transcriptase [RT]) 
was sequenced. Phylogenetic analysis was implemented 
with ClustalX. Recombination analysis was performed 
by bootscanning with Simplot.

RESULTS: Phylogenetic analysis resulted in 76 (46%) 
sequences from subtype B, 85 (51%) B/F recom-
binants and 5 (3%) minor variants (2 B/D; F, C and 
D/F, one variant each). Resistance-related mutations 
(SDRMs list, WHO update 2009) were observed in 
14/166 (8.4%) patients (95% CI 4.7–13.7): 1/166 
(0.6%) to protease inhibitors, 2/166 (1.2%) to nucle-
oside RT inhibitors, 8/166 (4.8%) to non-nucleoside 
RT inhibitors (NNRTIs), 1/166 (0.6%) to protease 
inhibitors+NNRTIs and 2/166 (1.2%) to these three 
drug classes. The most frequent resistance-related 
mutations were K103N/S (9/14), L90M and M41L 
(3/14), and I54V, D67N, K70R, T215Y/E, K219E/Q 
and K101P (2/14). Non-significant changes in TDR 
rate were observed along the 67-month period of study. 

Resistance-related mutations were more common in 
subtype B (10/76, 13%) than in non-B subtypes (4/90, 
4%) viruses (P=0.053), but resistant variants occurred 
in similar proportions among homosexuals and hetero-
sexuals (10% and 9%, respectively).

CONCLUSIONS: TDR rate (8.4%) did not show 
significant changes from 2004 to 2009. Resistance to 
NNRTIs, alone or combined with resistance to other 
drugs (6.6% of total patients and 79% of resistant vari-
ants) was higher than to PIs or NRTIs (2.4% and 29%, 
respectively, for both categories).
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Transmission of HIV-1 drug-resistant mutations 
among treatment-naive infected patients in 
Tel-Aviv, Israel: emergence of a cluster harbouring 
the major protease L90M mutation
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S Ahsanov1, H Tellio1, M Katzir1, I Yust1, 
Z Bentwitch1, S Shalom1, V Hadas-Golan1, 
D Hassin1, M Dekel1, Y Paran1, R Cohen1, B Avidor1
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BACKGROUND: The rate of drug resistance-associated 
mutations (DRMs) – mainly to non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) – among HIV-1 
treatment- naive patients has increased in recent years. 
We examined the DRMs to protease inhibitors (PIs), 
nucleoside reverse transcriptase inhibitors (NRTIs) 
and NNRTIs in HIV-1 treatment-naive patients at 
Tel-Aviv (TA) Medical Center (Israel) during the years 
2001–2009.

METHODS: Analysis was performed retrospectively 
on sequences obtained from patients at the time of HIV 
diagnosis. Genotyping was carried out using the TRUE-
GENE HIV-1 kit. Because of a relatively low number of 
sequences, the years 2001–2005 were grouped. Trans-
mitted DRM were defined according to the criteria sug-
gested by DE Bennett et al. (2009). Phylogenetic inter-
relationships among viral sequences were estimated 
using the neighbour-joining and maximum likelihood 
methods, using the PHYLIP software package and the 
combination of the MAFT version 6 and the ATGC 
phyML programmes, respectively. A bootstrap of 100 
replicas was applied for both methods.

RESULTS: A total of 264 sequences were analysed. 
Thirty-seven (14%) patients had viruses harbour-
ing DRMs, 17 (6.8%) of which were to NNRTIs, 14 
(5.3%) to PIs and 3 (1.1%) to NRTIs. One patient 
harboured DRMs to two classes and another patient 
to all three classes. The majority of viruses with DRM 
were of subtype B, except for two that were subtype A. 
All patients were MSM. The rates of resistance were 
0%, 15.3%, 9.5%, 11.4% and 21.4% for the years 
2001– 2005, 2006, 2007, 2008 and 2009, respectively. 
Surprisingly, in 2009, half of the resistant viruses har-
boured DRMs to PIs. 

Phylogenetic analysis identified, with a bootstrap value 
of 100%, a cluster of 13 viruses harbouring the L90M 
major PI DRM. The low evolutionary distance of these 
sequences and their segregation suggest a possible 

single source of infection. The K103N NNRTI DRM 
was found in 18 viruses. Their sequences segregated in 
a pattern suggestive of multiple sources of infection. 

CONCLUSIONS: The transmission rate of DRMs 
among HIV-positive MSM in Tel-Aviv is increasing. The 
unexpected cluster of viruses with a major PI mutation 
in addition to other NRTI and NNRTI mutations may, 
in the future, limit therapeutic options in MSM. 
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Characteristics of drug-resistant HIV-1 
transmission: analysis of drug resistance in 
recently and non-recently infected treatment-naive 
patients in Japan

J Hattori1, H Gatanaga2, M Kondo3, K Sadamasu4, 
S Kato5, H Mori6, R Minami7, W Sugiura1,8, the 
Japanese Drug Resistance HIV-1 Surveillance Network
1Nagoya Medical Center, Nagoya, Japan  
2National Center for Global Health and Medicine, Tokyo, Japan 
3Kanagawa Prefectural Institute of Public Health, Chigasaki, Japan 
4Tokyo Metropolitan Institute of Public Health, Tokyo, Japan 
5Keio University, Tokyo, Japan 
6Osaka Prefectural Institute of Public Health, Osaka, Japan 
7Kyushu Medical Center, Fukuoka, Japan 
8National Institute of Infectious Diseases, Tokyo, Japan

OBJECTIVES: Although the introduction of recent 
potent antiretroviral regimens has led to less virologi-
cal failure cases, 10–15% of newly diagnosed HIV/
AIDS cases are still reported to harbour drug- resistant 
strains. In this epidemiological study, we analysed 
plasma samples of recent and non-recent seroconvert-
ers for differences in demographics and prevalence of 
drug-resistant HIV-1.

METHODS: Samples from 998 patients newly 
 diagnosed in 2007–2009 underwent BED assays for 
time of HIV-1 seroconversion. The same samples were 
analysed for sequences of HIV-1 protease and reverse 
transcriptase (RT) genes and drug-resistant mutations 
were identified. Subtypes for each case were determined 
from the PR–RT sequences. 

RESULTS: The study population comprised Japanese 
men (87.3%), MSM (73.9%) and carrying subtype B 
HIV-1 (89.6%). Among 998 cases, 354 (35.5%) were 
determined as recent and 644 (64.5%) as non-recent 
seroconverters. Among the recent and non-recent sero-
converters, 38.0% and 50.1%, respectively, had CD4+ 
T-cell counts <200 (P=0.01). The recent and non-recent 
groups did not differ significantly in prevalence of 
drug-resistant HIV-1 (7.5% versus 9.1%, respectively). 
Furthermore, the prevalence of mutations that confer 
resistance to protease inhibitors (PI), nucleoside reverse 
transcriptase inhibitors (NRTI) and non-nucleoside 
reverse transcriptase inhibitors (NNRTI) did not dif-
fer significantly between recent and non-recent groups 
(3.7% and 4.7% PI resistance, 3.5% and 3.4% NRTI 
resistance, and 0.3% and 1.1% NNRTI resistance, 
respectively). However, the groups differed in types of 
mutation, that is, the only PI-resistant mutation detected 

in the recent group was M46I/L, although additional 
mutations were detected in the non-recent group. As 
for NRTI- and NNRTI resistance mutations, T215 
revertant, D67N/E, K219Q and K103N mutations 
were detected in both groups, whereas other mutations 
were detected in either group.

CONCLUSIONS: Recent and non-recent seroconvert-
ers had similar prevalence of drug-resistant HIV-1, sug-
gesting that drug resistance can be transmitted at any 
time. Interestingly, the mutations determined in both 
groups, such as M46I/L, T215 revertants and K103N, 
are not known to significantly affect replication capac-
ity and cases with these mutations formed clear clus-
ters in phylogenetic analysis. We are concerned that 
these mutations have stabilized in the population and 
have become circulating strains. Developing preventive 
measures for drug resistance transmission requires con-
tinuous survey of newly diagnosed HIV/AIDS cases.
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Transmission of drug resistance in HIV-2-
infected patients

JC Silva1, MF Gonçalves2, K Van Laethem3, 
AM Vandamme3, P Gomes1,2,4, J Machado5, 
R Abreu6, N Janeiro7, C Cunha1, RJ Camacho1,2 on 
behalf of the HIV-2 Resistance Study Group
1Centro de Malária e Doenças Tropicais, Instituto de Higiene e 
Medicina Tropical, Universidade Nova de Lisboa, Lisbon, Portugal 
2Centro Hospitalar de Lisboa Ocidental, Lisbon, Portugal 
3Rega Institute for Medical Research, Katholieke Universiteit 
Leuven, Leuven, Belgium 
4Instituto Superior de Ciências da Saúde Egas Moniz, Almada, 
Portugal 
5Hospital Curry Cabral, Lisbon, Portugal 
6Unidade Local de Saúde de Matosinhos, Matosinhos, Portugal 
7Centro Hospitalar de Lisboa Norte, Lisbon, Portugal

BACKGROUND: Individuals with transmitted HIV 
drug resistance are at a higher risk of virological failure 
and have less antiretroviral treatment options. Trans-
mission of HIV drug resistance has been frequently doc-
umented in HIV-1, but very rarely in HIV-2. The current 
study reports the occurrence of transmitted drug resis-
tance mutations (TDRM) in HIV-2-infected patients.

METHODS: A total of 119 HIV-2 group A infected 
patients not previously exposed to antiretroviral ther-
apy was screened. Plasma samples were collected and 
protease (PR) and part of the reverse transcriptase (RT) 
coding regions were sequenced with an in-house method. 
Sequences were analysed with SeqScape software using 
ROD HIV-2 strain as reference. Mutations known to be 
associated with HIV-2 drug resistance, according to the 
Rega version 8.0.1 algorithm for the interpretation of 
genotypic HIV-2 resistance data, were reported.

RESULTS: Major drug resistance mutations were 
observed in this HIV-2 drug-naive population. PR 
mutations I54M, associated with resistance to indina-
vir (IDV), nelfinavir (NFV) and lopinavir (LPV), and 
I64V, associated with resistance to lopinavir (LPV) and 
darunavir (DRV), were observed in one patient each. 
The RT mutation M184I, associated with lamivudine 
(3TC) and emtricitabine (FTC) resistance, was also 
observed in two patients. These four patients consti-
tuted 3.3% (4/119) of the naive population and are 
suggestive of transmission of resistant strains. S215T 
was also observed in one naive and one treated patient, 
and although further studies are necessary to confirm 
its status as a therapy selected mutation, it might consti-
tute a fifth episode of resistance transmission.

CONCLUSIONS: These results suggest that resistant 
strains can be transmitted in HIV-2 infection prior to 
antiretroviral therapy exposure. For HIV-1, pre-existing 
resistance predicts early virological failure with an asso-
ciated loss of future treatment options. Consequently, 
routine baseline resistance testing should be considered 
for HIV-2-infected patients because treatment options 
for HIV-2 are already limited.
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Combined phylogenetic and epidemiological 
analyses predict factors fuelling the male-sex-male 
epidemic in Quebec

BG Brenner1, M Roger2, J-P Routy3, D Moisi1, 
R Turgel1, J Weinberg3, D Stephens3, J Otis4, 
J Koopman5 MA Wainberg1, the Montreal PHI Cohort 
Study Group 
1McGill University AIDS Centre, Lady Davis Institute, Jewish 
General Hospital, Montreal, QC, Canada  

2Université de Montréal, Montreal, QC, Canada 
3McGill University, Montreal, QC, Canada 
4Université de Québec, Montreal, QC, Canada 
5University of Michigan, Ann Arbor, MI, USA

OBJECTIVE: Our past findings estimated acute/recent 
infection to be a crucial period for onward spread 
of the male-sex-male (MSM) epidemic in Quebec. 
This study combined phylogenetic and epidemiologi-
cal approaches to model the structure of the MSM 
epidemic.

METHODS: Date-stamped sequences of recent 
 infections (<6 months post-PHI) collected from the 
Quebec genotyping programme (2002–2009; n=993 
MSM, 205 HS/IDU and 660 non-B subtype infections) 
were analysed using Mega-2 and BEAST software. 
Transmitted resistance and risk behaviours of MSM 
participants were ascertained at five time points (0, 6, 
12, 18 and 24 months) following diagnosis. Psychoso-
cial questionnaires at a Gay Village testing site revealed 
HIV-testing habits and risk behaviours in newly tested 
(n=156) individuals. 
 
RESULTS: Phylogenetic analyses revealed three 
 patterns of spread of the MSM epidemic: 321 unique 
dead-end transmissions, 84 small clustered events 
averaging 2.4 ±0.8 PHI/cluster over 10.9 ±0.1 month 
intervals (n=203) and large transmission cascades 
averaging 9.9 ±1.2 PHI/cluster over 18.8 ±1.3 month 
episodic intervals (n=398). Large cluster participants 
had higher risk contacts (>10 partners, 3 months 
prior to diagnosis) than the other groups (39% ver-
sus 13%, OR=4.67; P<0.001). Small cluster partici-
pants reported higher frequencies of unprotected anal 
sex than the other two groups (54% versus 16%, 
OR=9.3; P<0.01). Clustering was also related to viral 
fitness with a bottleneck of NRTI transmission and 
an increased NNRTI transmission in large clusters 
as compared with the other two groups (3% versus 
8% and 8%, χ2=10.2, P<0.001 and 18% versus 10% 
and 4%, χ2=37.1, P<0.001, respectively). Clustering 

was rarely observed in heterosexual transmissions. 
Intravenous drug users formed distinctive clustering 
patterns. 

CONCLUSIONS: In the post-HAART era, acute/early 
stage infection, viral fitness and risk behaviour contrib-
ute to an onward spread of the MSM epidemic. 
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Predictors for the emergence of 69 insertion and 
Q151M mutation in the Swiss HIV Cohort Study 

AU Scherrer1, V von Wyl1, B Joos1, J Böni1, 
P Bürgisser2 S Yerly3, T Klimkait4, B Ledergerber1, 
HF Günthard1, the Swiss HIV Cohort Study
1University Hospital Zürich and University of Zürich, Zürich, 
Switzerland 
2University Hospital Lausanne, Lausanne, Switzerland 
3Geneva University Hospital, Geneva, Switzerland  
4University of Basel, Basel, Switzerland

BACKGROUND: Q151M and 69 insertion are rare 
mutational patterns causing high-level resistance against 
nucleoside reverse transcriptase inhibitors (NRTIs), but 
little is known about risk factors.

METHODS: We screened the Swiss HIV Cohort Study 
(SHCS) drug resistance database (13,261 sequences of 
9,315 patients) and performed two case-control stud-
ies including mono/dual NRTI-experienced patients 
infected with subtype B. Cases were individuals with 
69 insertion or Q151M detected and controls com-
prised patients with ≥3 thymidine analogue mutations 
(TAMs). We matched (1:2) for the first antiretroviral 
treatment (ART) and time between ART start and 
detection of 69 insertion, Q151M or ≥3TAMs. As 
risk factors, we analysed, in multivariable conditional 
logistic regressions, sex, age, ethnicity, risk group, time 
on specific NRTIs and co-occurrence of mutations in 
reverse transcriptase.

RESULTS: Overall, 90.9% (20/22) and 85.7% (30/35) 
of samples with 69 insertion or Q151M were sub-
type B. 69 Insertion and Q151M were in 3/3,540 and 
1/3,540 treatment-naive individuals. Strong evidence 
of forward transmission of the 69 insertion from one 
index to two patients was found by phylogenetic boot-
strap analysis (1,000/1,000 replicates) and maximum 
likelihood phylogeny inference. Q151M/69 insertion 
were never observed in patients exclusively treated 
with highly active ART. Prevalence of 69 insertion and 
Q151M among mono/dual NRTI-experienced patients 
was 0.7% (14/2,097) and 1.3% (27/2,097), respectively. 
We were able to match 25 controls and 14 cases for 
the 69 insertion study, and 44 controls and 27 cases in 
the Q151M analysis. Time on didanosine was strongly 
associated with 69 insertion (odds ratio 5.1 per year 
exposure; P=0.019). It often co-occurred with TAM1 
(92.9%) and rarely with TAM2 (14.3%). Prevalence 
of D67E and A98S (each 21.4% and 0.0%; P=0.034) 
was higher in the 69 insertion group. Prevalence of 

F214L (32.0% and 2.3%; P-exact=0.001), Y115F 
(24.0% and 2.3%; P-exact=0.008), S68G (28.0% and 
2.3%; P-exact=0.003) and K65R (16.0% and 0%; 
P-exact=0.015) were higher in the Q151M group. 
TAM1 rarely clustered with Q151M (12.0%). 

CONCLUSIONS: In contrast to resource-limited 
countries, emergence of multinucleosid resistance 
remains rare in Switzerland. This discrepancy may be 
due to differences in subtype or virological monitor-
ing. Strong evidence was found that 69 insertion and 
also Q151M can be transmitted. Unlike the 69 inser-
tion, no specific drug was associated with Q151M. 
The presence of F214L (negatively associated with 
TAM1) may direct viral evolution into the Q151M 
instead of TAM pathways.
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Prevalence of HIV-1 drug resistance in treated 
patients with viral load >50 copies/ml in 2009: 
a French nationwide study

L Assoumou1,2, D Descamps3, S Yerly4, 
G Dos Santos5, AG Marcelin1,6 C Delaugerre7, 
A Ruffault8, J Izopet9, J-C Plantier10, 
S Pakianather1,2, B Montes11, ML Chaix12, V Calvez1,6, 
D Costagliola1,2,13, B Masquelier14, the ANRS AC11 
Resistance Study Group
1INSERM, U943, Paris, France 
2UPMC University Paris 06, UMR S943, Paris, France 
3AP-HP, Bichat-Claude Bernard Hospital, Virology Laboratory, 
Paris, France 
4Laboratoire de Virologie, Hôpitaux Universitaires de Genève, 
Geneva, Switzerland 
5Laboratoire de Virologie, CHU Fort De France, France 
6AP-HP, Pitié-Salpêtrière Hospital, Virology Laboratory, Paris, France 
7AP-HP, Saint-Louis Hospital, Virology Laboratory, Paris, France 
8Laboratoire de Virologie, CHU de Rennes, Rennes, France 
9Laboratoire de Virologie, CHU de Toulouse, Toulouse, France 
10Laboratoire de Virologie, CHU de Rouen, Rouen, France 
11Laboratoire de Virologie, CHU de Montpellier, Montpellier, France 
12AP-HP, Necker Hospital, Virology Laboratory, Paris, France 
13AP-HP Pitié-Salpêtrière Hospital, Infectious and Tropical 
Diseases Department, Paris, France 
14Laboratoire de Virologie, CHU de Bordeaux, EA 2968, Université 
Victor Segalen, Bordeaux, France

BACKGROUND: Surveillance of resistance in treated 
patients with detectable viral load is important both 
because of the risk of spreading resistant viruses and 
to evaluate the proportion of patients for which new 
drugs with minimal cross-resistance are needed.

METHODS: The protease and reverse transcriptase 
(RT) genes of plasma virions were systematically per-
formed in samples from 753 consecutive treated HIV-
infected patients with viral load (VL)>50 copies/ml seen 
in 32 specialized centres between April and September 
2009. The genotype results were interpreted for each 
drug using the ANRS algorithm version 18. Weighted 
analyses were used to derive representative estimates 
of the percentage of patients based on the number of 
patients followed in each centre.

RESULTS: The protease and RT sequences were obtained 
from 547 patients. The proportion of amplified sequences 
were 55%, 80% and 98% in samples with VL of 51–500, 
501–1,000 and >1,000 copies/ml, respectively. The per-
centage of patients with VL of 51–500, 501–1,000, and 
>1,000 copies/ml was 42%, 11% and 48%, respectively, 

and the CD4+ T-cell count was 375 cells/mm3 (inter-
quartile range 217–566). Patients had been exposed to a 
median of 8 (5–10) ARVs including medians of 5 (3–6) 
NRTIs, 2 (1–3) PIs and 1 (0–1) NNRTI. Resistance or 
possible resistance to at least one ARV was observed in 
100% of viruses, to at least one NRTI in 100%, one PI in 
54% and one NNRTI in 20%. The number of drugs to 
which the viruses were not sensitive was 2 (2–3) NRTIs, 1 
(0–1) PI and 0 (0–0) NNRTI. The percentage of patients 
with viruses with no sensitive drugs in the NRTI, PI and 
NNRTI family was 6%, 4% and 3%, respectively. Over-
all, 3% of patients had viruses with no sensitive drugs in 
at least two families of drugs.

CONCLUSIONS: In France, 88.0% of patients 
 followed in hospital were receiving ARV in 2009 and 
only 16.0% had viral load >50 copies/ml; therefore, in 
the treated patients, only 16.0% could contribute to the 
transmission of resistant viruses and, among them, only 
0.5% of patients had viruses with complete resistance 
to at least two families of drugs.

correction

The authors would like to report some errors in the 
prevalence data reported this abstract. The Results and 
Conclusions should read as below. The authors apolo-
gize for these errors. 

RESULTS: The protease and RT sequences were obtained 
from 523 patients. The proportion of amplified sequences 
was 48%, 81%, and 98% in samples with VL of 51–500, 
501–1,000 and >1,000 copies/ml, respectively. The per-
centage of patients with VL of 51–500, 501–1,000 and 
>1,000 copies/ml was 35.4%, 12.4%, and 52.2%, respec-
tively, and the CD4 cell count was 357 cells/mm3 (inter-
quartile range 201–537). Patients had been exposed in 
median to 8 ARVs (5–10) including medians of 5 NRTIs 
(3–6), 2 PIs (1–3) and 1 NNRTI (0–1). Resistance or pos-
sible resistance to at least 1 ARV was observed in 58% 
of viruses, to at least 1 NRTI in 48%, 1 PI in 29% and 1 
NNRTI in 21%. The percentage of patients with viruses 
with no sensitive drugs in the NRTI, PI and NNRTI 
family was 4.3%, 4.4% and 3.2%, respectively. Overall 
3.4% of patients had viruses with no sensitive drugs in at 
least 2 families of drugs.

CONCLUSIONS: In France, 88.0% of patients fol-
lowed in hospital were receiving ARV in 2009 and only 
16.0% had viral load >50 copies/ml. Therefore, in the 
treated patients, only 9.3% could contribute to the 
transmission of resistant viruses and among them, only 
0.3% of patients had viruses with complete resistance 
to at least 2 families of drugs.
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Drug resistance mutations HIV-2 – results from the 
HIV-2 Spanish Study Group over the past 20 years

A Treviño1, V Soriano1, E Caballero2, C Rodríguez3, 
P Parra1, R Benito4, T Cabezas5, L Roc6, 
A Aguilera7, C de Mendoza1 on behalf of the HIV-2 
Spanish Study Group
1Hospital Carlos III, Madrid, Spain 
2Hospital Vall d´Hebron, Barcelona, Spain 
3Centro Sanitario Sandoval, Madrid, Spain 
4Hospital Clínico Universitario Lozano Blesa, Zaragoza, Spain 

5Hospital de Poniente, Almería, Spain 
6Hospital Miguel Servet, Zaragoza, Spain 
7Hospital Conxo-CHUS, Santiago, Spain

BACKGROUND: HIV-2 is intrinsically resistant to 
some antiretrovirals active against HIV-1, such as 
NNRTIs and enfuvirtide. Furthermore, resistance pat-
terns in HIV-2 might differ from those seen in HIV-1. 
Herein, we describe genotypic changes in HIV-2 
patients failing PIs, NRTIs and INIs in the Spanish 
HIV-2 database updated to February 2010.

METHODS: Sequences of the protease, RT and IN genes 
were examined in plasma collected from HIV-2 patients. 
The pol gene was amplified using an in-house nested-
PCR protocol. Sequences were analysed using SeqScape 
version 2.5 using ROD HIV-2 as a reference strain.

RESULTS: Since year 1989, a total of 216 HIV-2 
patients have been recorded. Protease sequences could 
be obtained from 45 individuals and RT sequences 
from 33. Low plasma viraemia accounted for the lack 
of results in most of the remaining cases. HIV-2 group 
distribution was 50 A and 7 B. 

Sequences from 17 HIV-2 PI-naive patients displayed 
natural polymorphisms at 10 positions that influence 
PI susceptibility (L10V, V32I, M36I, M46I, I47V, 
Q58E, A71I/V, G73A, V82I and L89I/V). A total of 
28 PI-experienced individuals had failed on lopinavir 
(10), darunavir (6), atazanavir (3), fosamprenavir (2), 
indinavir (1), tipranavir (1) and unreported (5). PI resi-
stance mutations V47A (4, 14.3%)+(7R [1], 10I [1], 
33I [1], 62A [2] and 71I [3]), I54M (4, 14.3%)+(7R [3], 
10I [2], 56V [2] and 71I [4]), I82F (3, 10.7%)+(7R [2], 
10I [2], 56V [2] and 71I [2]), L90M (6, 21.4%)+(7R 
[2], 10 I [2], 33I [3], 62A [2] and 71I [6]), and 99F (7, 
25%)+(7R [3], 33I [1] and 71I [3]). 

No RT resistance mutations were found in 14 NRTI-
 naive HIV-2 patients. By contrast, in 19 NRTI-

experienced patients, mutations K65R (2, 10%), 
Q151M (5, 26%) and M184V (10, 52%) were found. 
Of note, 2 (10%) carried K65R+M184V, whereas 
TAMs were uncommon: D67N (2) and K70R (1). 
Three patients who failed raltegravir showed mutations 
N155H (n=2), E92Q (n=1), T97A (n=1) and S163D 
(n=2).

CONCLUSIONS: Drug resistance mutations in HIV-2 
RT, protease and integrase are selected at the same posi-
tions as in HIV-1, although at different rates. Protease 
substitutions K7R, V10I, V33I, T56V, V62A, V71I and 
L99F are exclusively selected in HIV-2. Multi-NRTI 
resistance patterns are seen in >25% of HIV-2 patients 
failing NRTI-based regimens.
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Incidence of drug resistance in patients 
initiating combination antiretroviral therapy 
with lopinavir or efavirenz – results from a 
data-driven simulation

V von Wyl1, S Yerly2, J Böni3, C Shah3, P Bürgisser 4, 
T Klimkait5, B Ledergerber1, HF Günthard1, the 
Swiss HIV Cohort Study 
1University Hospital and University of Zurich, Zurich, Switzerland 
2Geneva University Hospital, Geneva, Switzerland 
3University of Zurich, Zurich, Switzerland 
4Lausanne University Hospital, Lausanne, Switzerland 
5University of Basel, Basel, Switzerland

BACKGROUND: In the Swiss HIV Cohort Study 
(SHCS), 40% of patients on combination antiretroviral 
therapy (cART) have never had a genotypic resistance 
test (GRT). If GRTs are unavailable, treatment history 
and HIV RNA measurements can be informative for 
assessing the risk for drug resistance. 

METHODS: Individuals who initiated cART between 
January 1999 and December 2008 with lopinavir (LPV) 
or efavirenz (EFV) plus two NRTIs (AZT+3TC or 
TDF+FTC/3TC) were included. We classified each per-
son into one of three risk states for emergence of drug 
resistance: always on virologically suppressive therapy 
(low risk), ever had >1 consecutive detectable virae-
mia <500 copies/ml (intermediate risk) or ever failed 
treatment with >500 copies/ml (high risk). Risk states 
were updated with each HIV RNA measurement. State-
specific probabilities for resistance, stratified further by 
treatment received, were estimated from strictly defined 
subpopulations with GRTs available and extrapolated 
to individuals without GRTs but similar characteristics. 
For the simulation, patients were randomly assigned a 
resistance status (yes/no), taking into account individ-
ual risk profiles for resistance. Standard time-to-event 
analyses were performed. These steps were repeated 
1,000× to explore the variability of incidence and haz-
ard ratio estimates. 

RESULTS: After 6 years of follow-up, proportions of 
individuals in low, intermediate and high risk strata 
were 77%, 15% and 8% (EFV+AZT+3TC; n=503); 
88%, 10% and 2% (EFV+TDF+FTC/3TC; n=417); 
80%, 16% and 4% (LPV+AZT+3TC; n=516); and 
81%, 17% and 2% (LPV+TDF+FTC/3TC; n=228). 
The prevalence of resistance mutations by strata 
was low risk 10%, intermediate risk 48% and high 
risk 73%. Of all simulated mutations, 45% were 
observed among individuals with low risks (n=154), 

followed by intermediate (36%, n=126) and high 
risk strata (19%, n=65). Six-year cumulative inci-
dence for acquiring resistance mutations (median 
[2.5–97.5th percentiles] over all simulations) was 
15.3% (12.9–17.8) for EFV+AZT+3TC, 13.1% 
(6.9–19.2) for EFV+TDF+FTC/3TC, 9.8% (7.2–
12.8) for LPV+AZT+3TC) and 8.8% (4.9–12.9) for 
LPV+TDF+FTC/3TC. Relative to EFV+AZT+3TC, 
hazard ratios for emergence of resistance from Cox 
regression adjusted for age, sex, ethnicity, risk group, 
baseline CD4 and HIV RNA were 0.64 (0.48– 0.87) 
for EFV+TDF+FTC/3TC, 0.61 (0.44– 0.83) 
for LPV+AZT+3TC and 0.62 (0.37–0.91) for 
LPV+TDF+FTC/3TC. 

CONCLUSIONS: LPV- and/or tenofovir-based regimens 
seem less prone for the emergence of drug resistance 
compared with EFV+AZT+3TC. Intermediate risk events 
contribute appreciably to incidence of resistance. 
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Epidemiological and genotypic clustering of HIV 
infection within North America during 2007
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BACKGROUND: Sequence data from antiviral-naive 
patients seeking treatment for their HIV infection can 
provide a framework for a better understanding of 
transmission networks, which could span large geo-
graphical regions. Transmission clusters of patients 
infected with highly related HIV were identified in 709 
North American patients seeking ART treatment dur-
ing 2007. Differences between these clusters and the 
overall population were examined. 

METHODS: HIV reverse transcriptase (RT) and protease 
sequences were obtained from antiviral-naive patients 
from 69 centres in mainland USA, Canada and Puerto 
Rico seeking HIV treatment through clinical study enrol-
ment. Phylogenetic relationships were evaluated using 
neighbour-joining with maximum likelihood distances 
and 1,000 replicates of bootstrap analysis.

RESULTS: A total of 43 clusters containing 2–5 patients 
were identified (101/709 patients). Patients within trans-
mission clusters, compared with the overall population, 
were more likely to be male (93% versus 84%, respec-
tively), White (73% versus 60%) and were less likely 
to have major RT or protease resistance mutations 
(IAS–USA-defined) than the overall population (10% 
[10/101] versus 13% [95/709]), or to be HBV-coin-
fected (0% versus 2%) or HCV-coinfected 5% versus 
8%). Although 15% (109/709) of the overall popula-
tion was from Canada, 30% of the transmission clus-
ters were from Canadian sites. 12/43 clusters contained 
>2 patients. 5/43 clusters contained women (1/43 clus-
ters women-only). 36/43 clusters had ≥1 patient with 
MSM risk factors; 6/43 clusters had only heterosexual 
risk factors noted. 8/43 clusters had patients with non-
synonymous self-identified risk factors (for example, 
MSM versus heterosexual). 30/43 (70%) clusters had 

≥2 cluster members seeking treatment in same city and 
33/43 (77%) ≥2 cluster members in same state/terri-
tory. 515/709 patients initiated antiviral therapy with 
two NRTIs and a boosted PI. Of those, 29 experienced 
virological failure through 120 weeks on therapy; 27/29 
were not in transmission clusters. 

CONCLUSIONS: Data from this study are consistent 
with models that suggest that early chronic infection can 
contribute to HIV spread by HIV-infected patients who 
may be unaware of their infection status. Resistance muta-
tions were less prevalent in transmission clusters than the 
overall population (10% versus 13%). For patients who 
initiated therapy, those not in transmission clusters were 
more likely to experience virological failure. 
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Increase in frequency of HIV-1 non-B subtypes in 
patients enrolled at the time of primary infection 
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OBJECTIVES: We aimed to describe the diversity of 
HIV-1 in patients enrolled at the time of primary infec-
tion (PHI) and to analyse the evolution of the subtypes 
according to gender, risk group of transmission and 
patients’ origin.

METHODS: Genotypic resistance tests were performed 
systematically on plasma HIV-1 RNA using the tech-
nique of the AC11-ANRS Resistance Group. Phyloge-
netic analyses of reverse transcriptase sequences were 
used to determine the subtype/CRF. 

RESULTS: Between 1996 and March 2009, 986 
patients were enrolled in the French ANRS PRIMO 
Cohort. Subtype B was the most prevalent subtype, 
evident in 745 out of 986 patients (75.6%). 24.4% 
(241/986) patients harboured non-B subtypes/CRFs. 
Among them, we identified 131 CRF02_AG (54.4%), 
18 A (7.5%), 12 C (4.9%), 9 G (3.7%), 7 CRF06 
(2.9%), 7 D (2.9%), 6 CRF01_AE (2.5%), 6 F (2.5%), 
3 CRF12 (1.2%), 2 CRF09 (0.8%), 2 CRF27 (0.8%), 
1J (0.4%), 1CRF11, 1CRF14, 1CRF18 and 1CRF42. 
HIV-1 subtype was undetermined for 27 (11.2%) 
strains. The frequency of patients harbouring a non-B 
subtype increased from 15.8% before 2000 to 25.6% 
between January 2000 and December 2004, and to 
26.9% after January 2005 (P=0.001). Of the 827 men, 
701 were born in France and 16.3% were infected with 
non-B subtypes. Among the 35 men born in sub-Sa-
haran Africa, 17% harboured a B virus. A significant 
increase in the proportion of homo/bisexual French 
patients infected with non-B viruses was evident (7% 

before 2000, 12% between 2000 and 2004 and 19% 
after 2004). Of the 151 women infected through het-
erosexual contact, 30 were from African origin, all 
but one were infected with a non-B virus. Among the 
101 French women, 42% harboured non-B viruses, 
with no calendar difference since 1996 as it was 35% 
before 2000, 48% between 2000 and 2004 and 39% 
after 2004. When looking at the frequency of resist-
ant viruses according to the subtype, we found sig-
nificantly more resistant strains in patients harbouring 
a B subtype compared with those with non-B viruses 
(13.7% versus 8.0%; P=0.02). 

CONCLUSIONS: The diversity of HIV-1 is large among 
patients diagnosed at the time of PHI in France. We fur-
ther show that the calendar prevalence of non-B viruses 
is different between men and women.
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