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TIME TITLE PRESENTING AUTHOR ABSTRACT

tuesday, June 9, 2009
19:00–21:00 WELCOME DINNER; Sanibel Harbour Resort:  
 Palms Pool Deck

Wednesday, June 10, 2009
8:30 Opening remarks Douglas Richman; VA San Diego Healthcare  
  System and University of California  
  San Diego, USA

8:45 Introduction of State of the Art Presentation  Charles Boucher; Erasmus Medical Center,  
  the Netherlands

9:00–9:30 Eradication of HIV infection: any problem, however  David Margolis; University of North 1  
 complicated, if looked in the right way, becomes  Carolina at Chapel Hill, USA 
 more complicated 

peRSiStenCe, ReSeRvOiRS AnD eLiMinAtiOn StRAtegieS

Chairs: Charles Boucher Erasmus Medical Center, the Netherlands 
 David Margolis University of North Carolina at 
  Chapel Hill, USA

9:30 Roles of NFAT, cell division and IL-7 stimulation on  Alberto Bosque; University of Utah, USA 2 
 HIV-1 reactivaion from latency in primary memory  
 T-cells

9:45 SJ23B, a jatrophane diterpene, induces HIV receptors  Jose Alcami; Instituto de Salud Carlos III, 3 
 downregulation and HIV transcription through  Spain 
 activation of Ras-MEK pathway and classical PKCs 

10:00 Longitudinal dynamics of persistent viremia in  Sarah Palmer; Swedish Institute for 4 
 elite controller patients versus patients on  Infectious Disease Control, Karolinska 
 suppressive therapy Institute, Sweden

10:15 HIV-specific CD4+ T-cells may contribute to viral  Peter Hunt; University of California,  5 
 persistence in HIV-infected elite controllers San Francisco, USA

10:30 BREAK

11:00 HIV-1 plasma virus diversity persists despite  Mary Kearney; National Cancer Institute,  6 
 suppression with antiretroviral therapy USA

11:15 The role of chitinase-3-like-1 in bacterial  Anthony Smith; University of Minnesota,  7 
 translocation during HIV-1 infection USA

11:30 Markers of cellular immune activation do not  Francesca Cossarini; National Cancer 8 
 correlate with levels of residual viremia in patients  Institute, National Institutes of Health, 
 on long-term suppressive antiretroviral therapy USA

11:45 No evolution of HIV-1 total DNA and 2-LTR circles  Constance Delaugerre; Saint Louis 9 
 after 24 weeks of raltegravir-containing regimen:  Hospital, France 
 a substudy of randomized EASIER-ANRS 138 trial
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12:00 Antiretroviral intensification does not reduce  Frank Maldarelli; NCI Drug Resistance 10 
 persistent HIV-1 viremia on therapy Program, USA

12:15 LUNCH

13:30–16:30 pOSteR vieWing

 Oral presentations from Wednesday

 Clinical Implications of Resistance

 HBV Drug Resistance

 HCV Drug Resistance

 Epidemiology

 HIV Pathogenesis, Fitness and Resistance

 Persistence, Reservoirs and Elimination Strategies

16:30–17:00 Epidemiology of drug resistance in countries with Sabine Yerly; Geneva University Hospitals,  
 long-term access to HAART Switzerland

 FREE EVENING

thursday, June 11, 2009
8:30 Introduction of State of the Art Presentation  Brendan Larder; RDI, UK

8:45–9:15 State of the Art Presentation   John Moore; Weill Cornell Medical  11 
   College, USA

 V3–dependent and -independent pathways to John Moore; Weill Cornell Medical 
 small molecule CCR5 inhibitor resistance College, USA

9:20–10:15 ReSiStAnCe tO entRy inHiBitORS (5-minute presentations)

Chairs:  Brendan Larder RDI, UK 
 John Mellors University of Pittsburgh, USA

 Different mechanisms of HIV-1 inhibition by CCR5  Eric Arts; Case Western Reserve 12 
 agonists/antagonists (maraviroc, TAK-779 and  University, USA 
 PSC-RANTES) are linked to different drug  
 resistance mechanisms

 Transitions from CCR5 to CXCR4 use in the  Wei Huang; Monogram Biosciences,  13 
 absence of antiretroviral drug pressure proceed  USA 
 incrementally and may occur through a multitude  
 of genetic pathways

 Estimating evolutionary pathways to CXCR4 usage  Alexander Thielen; Max-Planck Institute 14 
 from cross-sectional data for Informatics, Germany

 Screening for HIV tropism using population-based  Richard Harrigan; BC Centre for 15 
 V3 genotypic analysis: a retrospective virological  Excellence in HIV/AIDS, Canada 
 outcome analysis using stored plasma screening  
 samples from MOTIVATE-1

 Modification of the CCR5 binding site by mutations  John Howe; Schering–Plough Research 16 
 in gp120 influence drug susceptibility and viral  Institute, USA 
 infectivity in one subject with clinical resistance  
 to vicriviroc

9:55–10:15 Panel Discussion: Resistance to Entry Inhibitors

10:15 BREAK

10:45–12:00 ReSiStAnCe tO ReveRSe tRAnSCRiptASe inHiBitORS: pOLyMeRASe DOMAin (5-minute presentations)

 High-resolution structures of HIV-1 RT/RNA:DNA  Kalyan Das; Center for Advanced 17 
 ternary complexes with tenofovir diphosphate  Biotechnology and Medicine (CABM),  
 and dATP and Rutgers University, USA

 The HIV-1 RT mutant Q151L shows decreased  Kirsten White; Gilead Sciences, Inc.,  18 
 replication capacity, selective high-level resistance  USA 
 to GS-9148 and hypersusceptibility to tenofovir  
 and zidovudine
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 Mechanisms associated with HIV-1 resistance to  Matthias Götte; McGill University,  19 
 acyclovir by the V75I mutation in reverse transcriptase Canada

 Mechanisms of inhibition and resistance to  Bruno Marchand; University of Missouri,  20 
 translocation deficient reverse transcriptase inhibitors USA

 Recombinant viruses expressing subtype B or  Charles Dobard; Centers for Disease 21 
 subtype C reverse transcriptase reveal no difference  Control and Prevention, USA 
 in the rate of K65R resistance to tenofovir in cell  
 culture

 HIV-1 reverse transcriptase fidelity variants alter  Dwight Nissley; National Cancer Institute, 22 
 levels of mutation during replication USA

 Different evolution and patterns of genotypic  Valentina Svicher; University of Rome Tor 23 
 resistance profiles in emtricitabine plus tenofovir  Vergata, Italy 
 and lamivudine plus tenofovir containing regimen

 Lamivudine resistance mutations in HBV reverse  Carlo F Perno; University of Rome Tor 24 
 transcriptase can be selected even at extremely low  Vergata, Italy 
 levels of viral replication

11:34–11:54 Panel Discussion: Resistance to Reverse  
 Transcriptase Inhibitors: Polymerase Domain

ReSiStAnCe tO integRASe inHiBitORS

12:00 HIV integrase inhibitor dissociation rates correlate  Jay Grobler; Merck Research 25 
 with efficacy in vitro Laboratories, USA

12:10 Drug concentration, selective advantage and  Francois Clavel; Inserm U941, France 26 
 selection dynamics of raltegravir-resistant mutants

12:20 New integrase binding inhibitors acting in synergy  Laurent Thibaut; BioAlliance Pharma,  27 
 with raltegravir France

12:30 LUNCH

13:30–17:00 pOSteR vieWing

 Oral presentations from Thursday

 Mechanisms of HIV Drug Resistance

 New Resistance Technologies and Interpretations

 Resistance to New Antiretroviral Agents

19:00–21:00 WORKSHOP DINNER; Sanibel Harbour Resort:  
 Everglades Ballroom 

Friday, June 12, 2009
8:30 Introduction of Plenary Presentation Douglas Richman; VA San Diego  
  Healthcare System and University of 
  California San Diego, USA 

8:40–9:25 The structure of an entire HIV-1 RNA genome Kevin Weeks; University of North 28 
  Carolina at Chapel Hill, USA

9:30–10:30 ReSiStAnCe tO ReveRSe tRAnSCRiptASe inHiBitORS: COnneCtiOn/RnASe H DOMAinS  
 (5-minute presentations)

Chairs: Douglas Richman VA San Diego Healthcare System and 
  University of California San Diego, USA 
 Andrew Zolopa Stanford University, USA

 Subtype-specific amino acid polymorphisms in the  Krista Delviks-Frankenberry; National 29 
 HIV-1 reverse transcriptase connection subdomain  Cancer Institute, USA 
 of CRF01_AE are associated with higher 3’-azido-  
 3’-deoxythymidine resistance

 Mutational analysis of residue Asn348 in HIV-1  Jessica Radzio; University of Pittsburgh,  30 
 reverse transcriptase USA
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 A novel molecular mechanism of dual resistance  Vinay Pathak; National Cancer Institute,  31 
 to nucleoside and non-nucleoside reverse  USA 
 transcriptase inhibitors 

 Virologic failure of regimens containing two NRTI   Jessica Brehm; University of Pittsburgh,  32 
 plus efavirenz is not associated with the selection  USA 
 of mutations in the connection or RNase H  
 domains of reverse transcriptase

 Effect of mutations in the RT connection domain  Johan Vingerhoets; Tibotec BVBA,  33 
 on phenotypic susceptibility and virologic response  Belgium 
 to etravirine 

10:12–10:30 Panel Discussion; Resistance to Reverse Transcriptase  
 Inhibitors: Connection/RNAse H Domains

10:30 BREAK

pROteASe inHiBitOR ReSiStAnCe

11:00 Analysing drug resistance in terms of substrate  Keith Romano; University of 34 
 recognition in HCV NS3/4A protease Massachusetts Medical School, USA

11:10 Identification of HIV-1 matrix determinants of  Chris Parry; Health Protection Agency,  35 
 fitness compensation in a protease inhibitor  UK 
 resistant virus

gLOBAL ReSiStAnCe/epiDeMiOLOgy

11:20 Computational models developed without a  Andrew Revell; HIV Resistance 36 
 genotype for resource-poor countries predict  Response Database Initiative, UK 
 response to HIV treatment with 82% accuracy

11:30 Drug resistance patterns among HIV-infected  Gillian Hunt; National Institute for 37 
 children and adults failing Kaletra-based regimens  Communicable Diseases, South Africa 
 in South Africa

11:40 Impact of newly HIV diagnosed individuals on the  Sabine Yerly; Geneva University 38 
 transmission of drug resistance Hospitals, Switzerland

11:50 Successful identification of sources of transmitted  Viktor von Wyl; University Hospital 39 
 drug resistant HIV-1 via a cross-sectional  Zurich, Switzerland 
 phylogenetic analysis

12:00 PM LUNCH

13:30–15:30 pOSteR vieWing

 Oral presentations from Friday

 Drug Resistance in Resource-Poor Countries

15:30–16:25 MinOR vARiAntS AnD ReSiStAnCe iSSueS in pReventiOn OF MAteRnAL tO CHiLD  
 tRAnSMiSSiOn (5-minute presentations)

Chairs: Douglas Richman VA San Diego Healthcare System and 
  University of California San Diego, USA 
 Andrew Zolopa Stanford University, USA

 Addition of extended zidovudine to extended  Jessica Lidstrom; Johns Hopkins University 40 
 nevirapine prophylaxis reduces resistance in  School of Medicine, USA 
 infants who were HIV-infected in utero: the  
 PEPI-Malawi study

 Pre-existing low-levels of the K103N HIV-1 RT  Evguenia Svarovskaia; Gilead Sciences,   41 
 mutation above a threshold is associated with  Inc., USA 
 virological failure in treatment-naive patients  
 undergoing EFV-containing antiretroviral treatment

 Prevalence and clinical significance of transmitted  Max Lataillade; Bristol Myers–Squibb 42 
 drug resistant (TDR) HIV mutations by ultra-deep  and Yale University School of Medicine, 
 sequencing (UDS) in HIV-infected ARV-naive  USA 
 subjects in CASTLE study 
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 Bulk sequence-detectable resistance mutations in  Jeffrey Johnson; Centers for Disease 43 
 peripheral RNA following single-dose nevirapine  Control and Prevention, USA 
 are associated with poorer treatment responses  
 but do not adequately explain treatment failure

 Resistance mutations detected by oligonucleotide  Thor Wagner; University of Washington  44 
 ligation assay of HIV-1 DNA at time of initiation  and Seattle Children’s Hospital, USA 
 of nevirapine-containing antiretroviral therapy are  
 associated with virologic failure

16:05–16:25 Panel Discussion: Minor Variants and Resistance  
 Issues in Prevention of Maternal to Child Transmission

16:30–17:00 Myth versus reality: preventing drug resistance Neil Parkin; World Health Organization,  
 in resource-limited settings Switzerland

20:00–23:00 AWARDS DINNER; Sanibel Harbour Resort: 
 Palms Ballroom
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Page Session Title and Presenting Author Abstract

A1 ORAL pReSentAtiOnS

A3   Eradication of HIV infection: any problem, however complicated, if  1 
looked in the right way, becomes more complicated

  D Margolis

A4   Roles of NFAT, cell division and IL-7 stimulation on HIV-1 reactivation  2 
from latency in primary memory T-cells

  A Bosque

A5   SJ23B, a jatrophane diterpene, induces HIV receptors downregulation  3 
and HIV transcription through activation of Ras-MEK pathway and  
classical PKCs

  J Alcami

A6   Longitudinal dynamics of persistent viremia in elite controller patients  4 
versus patients on suppressive therapy

  S Palmer 

A7   HIV-specific CD4+ T-cells may contribute to viral persistence in  5 
HIV-infected elite controllers

  PW Hunt

A8   HIV-1 plasma virus diversity persists despite suppression with  6 
antiretroviral therapy 

  M Kearney

A9   The role of chitinase-3-like-1 in bacterial translocation during HIV-1  7 
infection

  AJ Smith

A10   Markers of cellular immune activation do not correlate with levels of  8 
residual viremia in patients on long-term suppressive antiretroviral therapy

  F Cossarini

A11   No evolution of HIV-1 total DNA and 2-LTR circles after 24 weeks of  9 
raltegravir-containing regimen: a substudy of randomized EASIER-ANRS  
138 trial

  C Delaugerre

A12   Antiretroviral intensification does not reduce persistent HIV-1 viremia  10 
on therapy

  F Maldarelli

CONTENTS
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A13   State of the Art Presentation: V3-dependent and -independent  11 
pathways to small molecule CCR5 inhibitor resistance

  JP Moore

A14   Different mechanisms of HIV-1 inhibition by CCR5 agonists/antagonists  12 
(maraviroc, TAK-779 and PSC-RANTES) are linked to different drug  
resistance mechanisms

  E Arts

A15   Transitions from CCR5 to CXCR4 use in the absence of antiretroviral  13 
drug pressure proceed incrementally and may occur through a  
multitude of genetic pathways

  W Huang

A16   Estimating evolutionary pathways to CXCR4 usage from  14 
cross-sectional data

  A Thielen

A17   Screening for HIV tropism using population-based V3 genotypic  15 
analysis: a retrospective virological outcome analysis using stored  
plasma screening samples from MOTIVATE-1 

  PR Harrigan

A18   Modification of the CCR5 binding site by mutations in gp120 influence  16 
drug susceptibility and viral infectivity in one subject with clinical  
resistance to vicriviroc

  JA Howe

A19   High-resolution structures of HIV-1 RT/RNA:DNA ternary complexes  17 
with tenofovir diphosphate and dATP

  K Das

A20   The HIV-1 RT mutant Q151L shows decreased replication capacity,  18 
selective high-level resistance to GS-9148 and hypersusceptibility to  
tenofovir and zidovudine

  KL White

A21   Mechanisms associated with HIV-1 resistance to acyclovir by the V75I  19 
mutation in reverse transcriptase 

  M Götte

A22   Mechanisms of inhibition and resistance to translocation deficient  20 
reverse transcriptase inhibitors

  B Marchand

A23   Recombinant viruses expressing subtype B or subtype C reverse  21 
transcriptase reveal no difference in the rate of K65R resistance to  
tenofovir in cell culture

  C Dobard

A24   HIV-1 reverse transcriptase fidelity variants alter levels of mutation  22 
during replication

  DV Nissley
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A25   Different evolution and patterns of genotypic resistance profiles in  23 
emtricitabine plus tenofovir and lamivudine plus tenofovir  
containing regimen

  V Svicher

A26   Lamivudine resistance mutations in HBV reverse transcriptase can be  24 
selected even at extremely low levels of viral replication 

  CF Perno

A27   HIV integrase inhibitor dissociation rates correlate with efficacy in vitro  25

  JA Grobler

A28   Drug concentration, selective advantage and selection dynamics of  26 
raltegravir-resistant mutants

  F Clavel

A29  New integrase binding inhibitors acting in synergy with raltegravir 27

  L Thibaut

A30  The structure of an entire HIV-1 RNA genome 28

  KM Weeks

A31   Subtype-specific amino acid polymorphisms in the HIV-1 reverse  29 
transcriptase connection subdomain of CRF01_AE are associated with  
higher 3′-azido-3′-deoxythymidine resistance

  KA Delviks-Frankenberry

A32  Mutational analysis of residue Asn348 in HIV-1 reverse transcriptase 30

  J Radzio

A33   A novel molecular mechanism of dual resistance to nucleoside and  31 
non-nucleoside reverse transcriptase inhibitors 

  VK Pathak

A34   Virologic failure of regimens containing two NRTIs plus efavirenz is not  32 
associated with the selection of mutations in the connection or  
RNase H domains of reverse transcriptase

  J Brehm

A35   Effect of mutations in the RT connection domain on phenotypic  33 
susceptibility and virologic response to etravirine

  J Vingerhoets

A36   Analysing drug resistance in terms of substrate recognition in HCV  34 
NS3/4A protease

  K Romano

A37   Identification of HIV-1 matrix determinants of fitness compensation  35 
in a protease inhibitor resistant virus

  CM Parry

A38   Computational models developed without a genotype for resource-poor  36 
countries predict response to HIV treatment with 82% accuracy 

  AD Revell
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A39   Drug resistance patterns among HIV-infected children and adults  37 
failing Kaletra-based regimens in South Africa

  G Hunt

A40   Impact of newly HIV diagnosed individuals on the transmission of  38 
drug resistance 

  S Yerly

A41   Successful identification of sources of transmitted drug-resistant  39 
HIV-1 via a cross-sectional phylogenetic analysis

  V von Wyl

A42   Addition of extended zidovudine to extended nevirapine prophylaxis  40 
reduces resistance in infants who were HIV-infected in utero: the  
PEPI-Malawi Study

  J Lidstrom

A43   Pre-existing low-levels of the K103N HIV-1 RT mutation above a  41 
threshold is associated with virological failure in treatment-naive  
patients undergoing EFV-containing antiretroviral treatment 

  ES Svarovskaia

A44   Prevalence and clinical significance of transmitted drug-resistant (TDR)  42 
HIV mutations by ultra-deep sequencing (UDS) in HIV-infected  
ARV-naive subjects in CASTLE Study

  M Lataillade

A45   Bulk sequence-detectable resistance mutations in peripheral RNA  43 
following single-dose nevirapine are associated with poorer treatment  
responses but do not adequately explain treatment failure

  JA Johnson

A46   Resistance mutations detected by oligonucleotide ligation assay of  44 
HIV-1 DNA at time of initiation of nevirapine-containing antiretroviral  
therapy are associated with virologic failure

  T Wagner

A47 CLiniCAL iMpLiCAtiOnS OF ReSiStAnCe

A49   Efficacy of raltegravir and factors associated with treatment failure in  45 
a routine clinical care setting: the Swiss HIV Cohort study

  AU Scherrer

A50   Week 48 results from the Phase III study A4001026 (MERIT) – ‘time to  46 
loss of virologic response’ (TLOVR) virology analysis of failures in the  
enhanced Trofile™-censored subpopulation

  C Craig

A51   Genotypic and phenotypic HIV tropism testing predicts the outcome  47 
of maraviroc regimens

  P Braun

A52   Genotypic- and phenotypic-weighted OBT susceptibility scores are  48 
similarly strong predictors of virologic response <50 copies/ml at  
week 48 in MOTIVATE 1 and 2

  JM Schapiro
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A53   Emergence of mutations and phenotypic resistance with tipranavir  49 
treatment in protease inhibitor-experienced patients

  D Hall

A54   Phenotypic protease inhibitor resistance in the clinic from 2006 to  50 
2008: available treatment options

  D Hall

A55   Emerging resistance mutations in antiretroviral-experienced HIV patients  51 
failing tipranavir or darunavir in the Spanish drug resistance database

  V Soriano 

A56   NRTI-sparing regimen (NNRTI+PI) was more likely to be associated with  52 
drug resistance compared with NNRTI+NRTI or PI+NRTI in the  
randomized ANRS 121 trial

  V Calvez

A57   Effect of RT connection domain mutations on efavirenz and nevirapine  53 
phenotypic susceptibility in NNRTI-resistant clinical HIV-1 isolates

  R Paredes

A58   Positive and negative drug selection pressures on the N348I connection  54 
domain mutation: new insights from in vivo data 

  D Dunn

A59   Phenotypic resistance and response to tipranavir, evidence  55 
for hypersusceptibility

  JD Baxter

A60   Detection of clinically relevant antiretroviral drug resistance mutations  56 
among treated patients undergoing testing at low levels of viremia 

  AM Geretti

A61   Impact of Gag genetic determinants and gag–pol frameshift stability  57 
on virological response to dual-boosted protease inhibitor combinations  
in antiretroviral-naive patients (ANRS 127 trial)  

  D Descamps

A62   Virologic outcome associated with genotype-guided therapy in patients  58 
with transmitted HIV-1 drug resistance (TDR) between 2003 and 2006

  SY Rhee 

A63 HBv DRug ReSiStAnCe

A65   Lamivudine-resistant hepatitis B virus in newly diagnosed HIV patients  59 
with chronic hepatitis B in Spain  

  A Treviño

A66  Hepatitis B virus genotypes and resistance in HIV–HBV coinfection 60

  A Garcia-Diaz

A67   Molecular epidemiology of HBV–HIV-1 coinfection in Japan: viral  61 
genotypes and drug resistance 

  S Fujisaki
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A68   Novel patterns of mutations in HBV reverse transcriptase associated  62 
with lamivudine resistance in HBV–HIV-coinfected patients 

  V Svicher

A69  Frequencies of HBsAg mutations in drug-resistant HBV isolates 63

  J Verheyen

A70   Impact of genotypic mutations of the hepatitis B virus capsid on viral  64 
load and liver enzymes in hepatitis B virus-infected patients

  L Wittkop

A71 HCv DRug ReSiStAnCe

A73   A near full-length genotyping strategy for hepatitis C virus genotypes  65 
1a and 1b 

  A-M Vandamme

A75 epiDeMiOLOgy

A77   Inter-relationships between risk behaviours, clustered HIV transmission  66 
events and the spread of drug resistance 

  BG Brenner

A78   Increasing prevalence of drug-resistance mutations among  67 
treatment-naive HIV-infected patients in Japan from 2003 to 2008

  J Hattori

A79   Integration of routine HIV-1 drug resistance testing into the  68 
San Francisco HIV/STD surveillance program

  HM Truong

A80   Comparison of the prevalence of HIV resistance mutations between US 69  
and foreign-born naive chronically infected patients New York City (NYC)

  C Salama

A81   Prevalences of mutations in patients with discordant phenotypic  70 
predictions from Monogram Biosciences database of routine clinical  
samples from 2006–2008 

  R Bethell

A82   Genetic diversity and complexity of drug resistance continue to  71 
increase in the reverse transcriptase and protease regions of HIV-1

  H van Vlijmen

A83   What impact will PrEP interventions have on incidence and  72 
transmitted drug resistance in resource-rich countries?

  S Blower

A84   Increasing prevalence of triple-class antiretroviral experienced patients  73 
is not associated with virologic failure: data from the CFAR network of  
integrated clinical systems (CNICS) cohort

  JL Aldous
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A85 Hiv pAtHOgeneSiS, FitneSS AnD ReSiStAnCe

A87   The effect of antiretroviral therapy without CCR5 antagonists on HIV-1  74 
tropism in the MOTIVATE studies of maraviroc in treatment-experienced  
patients with R5 HIV-1 

  CF Perno

A88   Detection of CXCR4-using HIV-1 variants in longitudinally obtained  75 
paired plasma and PBMC samples using 454-sequencing

  PR Harrigan

A89   Conserved HIV-1 envelope glycoprotein cytopathicity in patients  76 
receiving enfuvirtide treatment with virological failure but  
immunological success

  C Cabrera

A90   Effect of raltegravir resistance mutants in HIV-1 integrase on viral  77 
fitness and drug susceptibility

  Z Hu

A91   Characterization of mutations conferring resistance to integrase  78 
inhibitors and their impact on HIV-1 replicative fitness

  AC Vazquez

A92   Mutation T74S IN HIV-1 subtype B AND C proteases re-sensitizes them  79 
to protease inhibitors and confers fitness advantage

  MA Soares

A93   Natural presence of resistance mutation Y181C in HIV-1 group O  80 
variants is clade-dependent

  M Leoz

A94   Effect of the HIV-1 reverse transcriptase polymorphism Leu-214 on  81 
replication capacity and drug susceptibility

  MC Puertas

A95 peRSiStenCe, ReSeRvOiRS AnD eLiMinAtiOn StRAtegieS

A97   Evolution of 2-LTR episomal HIV-1 DNA in raltegravir-treated patients  82 
and in vitro-infected cells

  S Reigadas

A98   HIV-1 nucleoside analogue triphosphate levels are significantly lower  83 
in primary human macrophages than in human lymphocytes

  C Gavegnano

A99   Analysis of HIV DNA molecules in single infected cells from recently  84 
and chronically infected patients

  S Palmer

A100  A new in vitro system to model HIV-1 latency 85

  F Romerio

A101   Long-term persistence of resistance mutational pattern and evolution  86 
of HIV-tropism in blood plasma and in infected cells of patients who  
acquired a multidrug-resistant HIV-1 strain at the time of primary infection 

  J Ghosn
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A102   Rectal cell-associated HIV-1 RNA as a marker for trials targeting  87 
the reservoir 

  A Lafeuillade

A103 MeCHAniSMS OF Hiv DRug ReSiStAnCe

A105   Therapy-selected mutations at RT position 215 counteract selection of  88 
K65R in HIV-2-infected patients 

  RJ Camacho

A106   Tissue culture selection experiments confirm that the preference of  89 
subtype C viruses for the K65R mutation is template driven

  MA Wainberg

A107   Decreased nucleotide excision mediated by an accessory mutation of  90 
the Q151M complex of HIV-1 reverse transcriptase

  L Menéndez-Arias

A108   The raltegravir resistance mutations Y143C/R impact the  91 
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ABSTRACT 1
Antiviral Therapy 2009; 14 Suppl 1:A3

Eradication of HIV infection: any problem, 
however complicated, if looked in the right way, 
becomes more complicated

D Margolis

Michael Hooker Research Center, University of North Carolina at 
Chapel Hill, Chapel Hill, NC, USA

The causes of persistence of HIV infection in the face of 
current therapy appear to be multifactorial: latent but 
replication-competent provirus in resting CD4+ T-lym-
phocytes, cryptic viral expression below the limits of 
detection of clinical assays and viral sanctuary sites might 
all contribute to persistence. Clearance of HIV infection 
will almost certainly require a multimodality approach 
that includes potent suppression of HIV replication, ther-
apies that reach all compartments of residual HIV replica-
tion and depletion of any reservoirs of persistent, quies-
cent proviral infection. This overview will highlight the 
basic mechanisms for the establishment and maintenance 
of viral reservoirs and potential approaches towards their 
elimination.
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Roles of NFAT, cell division and IL-7 stimulation 
on HIV-1 reactivation from latency in primary 
memory T-cells

A Bosque and V Planelles

Department of Pathology, University of Utah, Salt Lake City, UT, USA

BACKGROUND: Molecular studies of HIV type-1 (HIV-1) 
latency have been facilitated by the recent availability of 
primary cell models. 

METHODS: We developed a system whereby naive cells 
from the periphery of healthy donors are induced to 
undergo normal development ex vivo in the presence of 
select cytokine cocktails and antigenic stimulation through 
CD3/CD28. These cells are infected while in the activated 
state and return to quiescence as memory cells. Infection 
of these ex vivo generated memory cells leads to latency 
with a high frequency (approximately 90% of infections) 
and leads to a polyclonal population of integrated species. 
Using this paradigm, we explored the signalling pathways 
that influence HIV-1 latency.

RESULTS: Our findings contradict several notions that 
were arrived through the use of transformed cell lines. 
Firstly, viral reactivation following TCR engagement 
is completely dependent on Lck and NFAT activation, 
while NFκB is not required. The lack of a requirement 
for NFκB was confirmed by the inability of PKC ago-
nists and TNF-α to activate latent proviruses. Secondly, 
general modifiers of the histone code, such as histone 
deacetylase inhibitors, had no ability to reactivate latent 
HIV-1 in primary memory cells. Proliferation of memory 
T-cells can be driven not only by antigenic stimulation 
but also by cytokines. Therefore, it is conceivable that 
the latent viral reservoir may also be perpetuated or even 
expanded through homeostatic proliferation of memory 
T-cells. We examined the influence of cell cycle entry and 
found that memory lymphocytes harboring latent provi-
ruses are perfectly capable of cell division in the absence 
of viral reactivation.

CONCLUSIONS: Although CD3/CD28 stimulation pro-
vides a potent signal to study viral reactivation ex vivo, it 
would be unlikely to have therapeutic use. In an effort to 
find alternative pathways, we screened a number cytokines 
and chemokines. We found that a combination of IL-2 and 
IL-7 is a potent inducer of latent HIV-1 independently of 
NFAT and NFκB. Therefore, reactivation via IL-2 and 
IL-7 represents an alternative pathway to T-cell receptor 
engagement and represents a novel therapeutic avenue for 
purging latent reservoirs.

ACKNOWLEDGEMENTS: This work was supported by 
NIAID grant AI49057.
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SJ23B, a jatrophane diterpene, induces HIV 
receptors downregulation and HIV transcription 
through activation of Ras-MEK pathway and 
classical PKCs

LM Bedoya1, N Márquez2, N Martínez3, 
S Gutiérrez‑Eisman3, A Álvarez1, MA Calzado2, 
JM Rojas3, G Appendino4, E Muñoz2 and J Alcami1

1Unidad de Inmunopatología del SIDA, Centro Nacional de 
Microbiología, Instituto de Salud Carlos III, Majadahonda, Spain  
2Departamento de Biología Celular, Fisiología e Inmunología, 
Facultad de Medicina, Universidad de Córdoba, Cordoba, Spain 
3Unidad de Biología Celular, Centro Nacional de Microbiología, 
Instituto de Salud Carlos III, Majadahonda, Spain  
4Dipartimento di Scienze Chimiche, Alimentari, Farmaceutiche e 
Farmacologiche, Università del Piemonte Orientale, Novara, Italy

BACKGROUND: Despite the benefits of antiretroviral 
therapy eradication of HIV infection is extremely difficult 
because it does not eliminate viral reservoirs. Moreover, 
side effects, toxicities and emergence of viral resistances 
can limit their utility. Thus, discovery of new antiretroviral 
drugs is strongly needed. We describe here the effect of 
SJ23B on HIV reactivation and viral receptor expression.

METHODS: Antiviral assays were performed with 
recombinant virus carrying Renilla reporter genes 
(X4-tropic-NL4.3-Renilla or R5-tropic-JR-Renilla) or 
with wild-type HIV (NL4.3). Culture pretreatment with 
chemical inhibitors were performed to evaluate SJ23B 
implications in biochemical pathways. Transcriptional 
activity was evaluated in resting PBMCs transfected 
with luciferase plasmids under the control of the HIV-1-
LTR or consensus sequences for Sp1 or NF-κB. Protein 
expression and induction of Ras, ERK, JNK and cRel/
NF-κB family of transcription factors were analysed by 
western blotting and/or gel-shift assays. Expression of 
PKCs–GFP were analysed by confocal microscopy. Mor-
phologically transformed foci were scored in NIH-3T3 
fibroblasts and cell cycle analysis and apoptosis induc-
tion were evaluated in preactivated or resting PBMCs by 
annexin expression and long-term cell viability.

RESULTS: SJ23B induced internalization of HIV-1 
receptors CD4, CXCR4 and CCR5 preventing R5 
and X4 viral infection in human primary T-cells at the 
nanomolar range. Moreover, SJ23B was a potent antago-
nist of HIV-1 latency in resting PBMCs, being at least 
10-fold more potent than prostratin. Studies with iso-
form-specific PKC, MEK and JNK inhibitors suggest 
a clear involvement of classical PKCs and Ras-MEK-
ERK pathway. We further demonstrated that SJ23B 

induces phosphorylation of ERK, JNK and IκBα as well 
 degradation of IκBα. As an HIV transcription activator, 
SJ23B acts through interaction with NF-κB and Sp1 sites 
in primary cells. SJ23B did not elicit transforming foci 
activity and induced a translocation pattern of PKCs dif-
ferent from that induced by PMA. Furthermore, SJ23B 
did not induce annexin expression and long-term viabil-
ity assays in PBMCs showed no toxicity.

CONCLUSIONS: SJ23B is a potent anti-HIV agent, 
sharing some mechanisms of action with prostratin, but 
structurally different from phorbol-esters. This compound 
induces two responses: HIV reactivation through transacti-
vation of HIV-LTR and downregulation of HIV receptors, 
preventing de novo infection of susceptible CD4+ T-cells.
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Longitudinal dynamics of persistent viremia 
in elite controller patients versus patients on 
suppressive therapy

S Palmer1,2, M King3, A Wiegand2, T Miura4, 
B Block4, F Pereyra4, F Maldarelli2, V Dahl1, 
J Mellors5, B Walker4 and JM Coffin6 
1Swedish Institute for Infectious Disease Control, Karolinska 
Institute, Sweden 
2HIV Drug Resistance Program, NCI, NIH, Frederick, MD, USA 
3Abbott Laboratories, Abbott Park, IL, USA 
4Partners AIDS Research Center, Massachusetts General Hospital, 
Boston, MA, USA 5University of Pittsburgh, Pittsburgh, PA, USA 
6Tufts University, Boston, MA, USA

BACKGROUND: Elite controllers are a rare subset of HIV 
type-1 (HIV-1)-infected individuals who maintain their viral 
RNA at undetectable levels (<50 copies/ml) without treat-
ment. Patients on suppressive antiretroviral therapy also 
have undetectable viral RNA levels. In the present study, we 
compared the longitudinal dynamics of HIV-1 RNA levels in 
elite controllers versus patients on suppressive therapy. 

METHODS: The viral RNA levels of 84 elite controllers 
were compared with samples from 163 patients suppressed 
on therapy to <50 copies/ml for 4–333 weeks. Viral RNA 
was measured using a real-time RT-PCR assay with single-
copy sensitivity.

RESULTS: Viremia was detected in 85% of the samples 
from elite controllers (ranging 1–614 copies/ml) and from 
patients on suppressive therapy (ranging 1–43 copies/ml). 
Cross-sectional comparison of plasma HIV-1 RNA values 
revealed similar mean values of 0.5 log10 copies (3 cop-
ies) for both groups of patients (P=0.95 based on Welch’s 
ANOVA). However, substantially greater between-patient 
variability in persistent viremia was observed among elite 
controllers compared with patients on suppressive therapy 
(P<0.0001 Levene’s test for homogeneity). A total of 441 
longitudinal data points were available from 117 patients 
on suppressive protease inhibitor-based therapy and 
24 elite controller patients. Consistent with the greater 
between-patient variability observed in the cross-sectional 
values, a wider range of HIV-1 RNA values for elite con-
trollers was observed over time. In addition, based on a 
mixed-effects linear regression analysis, the within-patient 
variability was also substantially higher for elite control-
lers (sd of 0.60 log10 copies/ml) compared with patients 
on suppressive therapy (sd of 0.38 log10 copies/ml; ratio of 
variances 2.49; P<0.0001). 

CONCLUSIONS: The majority of patients classified as 
elite controllers had detectable low-level viremia. While 
the overall mean level of viremia was similar to that of 
patients on suppressive therapy, longitudinal analysis 
revealed larger intra- and interpatient variability for elite 
controllers compared with patients on suppressive therapy. 
These substantial viral RNA fluctuations implicate a dif-
ferent source for the low-level viremia in the two groups, 
despite the similarity in levels. These findings suggest that 
elite controllers experience ongoing rounds of viral repli-
cation followed by immune response and viremic control.
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HIV-specific CD4+ T-cells may contribute to viral 
persistence in HIV-infected elite controllers

PW Hunt1, H Hatano1, E Sinclair1, EL Delwart1,2, 
TH Lee2, MP Busch12, R Hoh1, Z Grossman3, 
JN Martin1 and SG Deeks1

1University of California, San Francisco, CA, USA 
2Blood Systems Research Institute, San Francisco, CA, USA 
3National Institute of Allergy and Infectious Diseases, Bethesda, 
MD, USA

BACKGROUND: HIV-infected ‘elite’ controllers maintain 
plasma HIV RNA levels <75 copies/ml in the absence of 
antiretroviral therapy and have been proposed as mod-
els for a functional cure. However, most elite controllers 
have detectable viremia using ultrasensitive methods and 
many have evidence of viral evolution. We hypothesized 
that HIV-specific CD4+ T cells, while supporting cytotoxic 
HIV-specific CD8+ T-cells, might also serve as target cells 
contributing to viral persistence.

METHODS: We sampled HIV-infected elite controllers 
with plasma HIV RNA levels <75 copies/ml in the absence 
of antiretroviral therapy from the SCOPE cohort and meas-
ured ultrasensitive plasma and cell-associated HIV RNA 
levels with a transcription-mediated amplification assay 
(TMA; GenProbe), cell-associated HIV DNA levels and 
the %activated (CD38+HLA-DR+) and %IFN-γ+IL-2+ HIV 
Gag- and CMV pp65-specific CD4+ and CD8+ T-cells.

RESULTS: Of 38 elite controllers, most (55%) were men. 
The median CD4+ T-cell count was 746 cells/mm3. Thirty-
one elite controllers (82%) had detectable plasma HIV RNA 
levels by TMA, 16/20 (80%) had detectable cell- associated 
HIV RNA levels and 15/20 (75%) had detectable proviral 
DNA levels (median 22 copies/million PBMCs). The only 
host response that correlated with plasma HIV RNA lev-
els was the %activated CD8+ T-cells (rho 0.32; P=0.048). 
By contrast, cell-based measures of viral load (proviral 
DNA and cell-based RNA) were strongly and consistently 
correlated with the %activated CD4+ T-cells and %HIV-
specific CD4+ cells, but not with CD8+ T-cell responses 
or with CMV-specific responses. Specifically, higher HIV 
DNA levels correlated with higher %HIV-specific CD4+ 
T-cells (rho 0.53; P=0.019) and %activated CD4+ T-cells 
(rho 0.49; P=0.027), and higher cell-associated HIV RNA 
levels correlated with higher %activated CD4+ T-cells (rho 
0.56; P=0.01) and %HIV-specific CD4+ T-cells (rho 0.43; 
P=0.066). 

CONCLUSIONS: The cell-associated viral burden (DNA 
and RNA) in HIV-infected elite controllers is strongly 

associated with level of potential target cells (activated 
CD4+ T-cells and HIV-specific CD4+ T-cells), but not with 
other host responses. Plasma HIV RNA levels were only 
associated with the %activated CD8+ T-cells. Collectively, 
these data suggest that activated and/or HIV-specific 
CD4+ T-cells are major contributors to viral persistence 
in this setting.
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HIV-1 plasma virus diversity persists despite 
suppression with antiretroviral therapy 

M Kearney1, S Yu1, W Shao1, JW Mellors2, 
JM Coffin1 and F Maldarelli1

1HIV Drug Resistance Program, National Cancer Institute, 
Frederick, MD, USA 
2Department of Medicine, University of Pittsburgh, Pittsburgh, 
PA, USA

BACKGROUND: After initiation of antiretroviral therapy 
(ART), HIV-1 RNA levels in plasma decrease markedly; 
however, the effect of ART on plasma HIV-1 diversity has 
been incompletely characterized. We therefore analysed 
HIV-1 genetic variation in patients prior to and following 
initiation of suppressive ART.

METHODS: HIV-1-infected patients (n=10) were sampled 
frequently for up to 4 years after initiating therapy. A total of 
1,105 HIV-1 gag–pro–pol (p6-RT) sequences were obtained 
by single genome sequencing (SGS) immediately prior to 
ART, after initiating ART and after HIV-1 RNA decreased to 
<75 copies/ml. Diversity was measured in aligned sequences 
by average pairwise difference (APD) and evidence for 
genetic variation over time was determined by phylogenetic 
analyses and by a test for panmixia.

RESULTS: Before therapy, HIV-1 sequences had intra-
patient APD levels of 0.2–2.5% per site. After initiation 
of therapy, HIV-1 RNA levels decreased with first phase 
half-lives of approximately 1–1.5 days. ART reduced 
plasma viral RNA levels to undetectable (<75 copies/ml) 
in all patients within 5 months. Phylogenetic analyses and 
measurements of intrapatient APD revealed no change in 
diversity or population structure between pre- and post-
ART samples despite up to 4 log10 decreases in virus RNA 
levels for >1 year. After 4 years on suppressive ART, the 
appearance of a predominant plasma clone (PPC), similar 
to that described by Bailey et al. was found in one patient. 
The virus population containing the PPC after therapy 
was significantly different (P<10-10) from the pretherapy 
virus population by tests for panmixia and divergence 
(2.9% different), although the PPC variant could be at 
both times. Phylogenetic analyses did not identify new 
populations emerging during ART in any of the patients. 
Drug resistance mutations were not detected prior to or 
during therapy.

CONCLUSIONS: HIV-1 gag-pro-pol genetic diversity did 
not change significantly despite 10,000-fold reduction in 
viremia with suppressive ART. These data suggest that 
both short- and long-lived cells are infected with similar 

virus populations before therapy is initiated and that 
active cycles of HIV-1 replication are completely blocked 
by ART.
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The role of chitinase-3-like-1 in bacterial 
translocation during HIV-1 infection

AJ Smith, TW Schacker, MB Sivertson, 
MM Shepherd, MJ Henry‑Stanley, CL Wells and 
AT Haase

University of Minnesota, Minneapolis, MN, USA 

BACKGROUND: One hallmark pathological feature of 
progressive HIV-1 infection is chronic activation of the 
immune system. Recent evidence has implicated microbial 
translocation from the gastrointestinal tract as a factor driv-
ing this systemic process. However, the mechanisms under-
lying microbial translocation remain unclear. We have iden-
tified a gene known as chitinase-3-like-1 (CHI3L1) that may 
play an important role in facilitating bacterial translocation 
during HIV-1 infection. 

METHODS: In vivo expression of CHI3L1 was observed 
using CHI3L1-specific antibodies in immunohistochemi-
cal and immunofluorescent analyses of gut biopsies 
(n=24) from HIV-1-infected individuals at various stages 
of disease. The induction of CHI3L1 gene expression 
was analysed via RT-PCR of intestinal epithelial cell lines 
treated with various agents. The ability of CHI3L1 to par-
ticipate in microbial translocation was assayed in vitro by 
expressing CHI3L1 in intestinal epithelial cell lines and 
measuring levels of bacterial internalization. In vivo cor-
relation analyses were performed using Pearson’s correla-
tion coefficient (r).

RESULTS: CHI3L1 is upregulated in the gut approximately 
12-fold in acute HIV-1 infection, approximately eightfold 
in asymptomatic and AIDS stages of disease compared with 
uninfected controls. CHI3L1 is expressed as an extracel-
lular membrane protein predominantly in intestinal epi-
thelial cells and lamina propria macrophages during viral 
infection. In vitro, CHI3L1 gene expression was induced 
by recombinant HIV-1 envelope protein and substantiated 
in vivo as CHI3L1 expression was correlated with HIV-1 
replication (r=0.4433; P=0.01), whereby protein levels of 
CHI3L1 decreased in HAART patients concomitant with 
inhibition of viral replication. Expression of CHI3L1 in 
intestinal epithelial cell lines increased internalization of 
various microbes three to fivefold compared with cells 
without CHI3L1 expression. Finally, CHI3L1 expression in 
the gut was strongly associated with systemic immune acti-
vation in vivo as measured by the cell activation marker, 
Ki-67, in distal lymph nodes (r=0.8488; P<0.0001). 

CONCLUSIONS: Collectively, this data provides mecha-
nistic insight surrounding microbial translocation during 

HIV-1 infection. CHI3L1’s expression in the gut may 
facilitate bacterial translocation across an intact intestinal 
epithelial barrier as a means driving systemic immune acti-
vation. This data advocates continued research in this area 
to develop novel therapeutic targets to attenuate chronic 
immune activation in HIV-1 infection. 
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Markers of cellular immune activation do not 
correlate with levels of residual viremia in patients 
on long-term suppressive antiretroviral therapy

F Cossarini1,2, A Wiegand1, J Mican3, M Polis4, 
C Rehm4, A O’Shea3, C Poethke1, J Spindler1, 
R Dewar5, J Higgins5, M Kearney1, J Coffin1,6, 
J Mellors7 and F Maldarelli1

1HIV Drug Resistance Program, National Cancer Institute, 
National Institutes of Health, Frederick, MD, USA 
2Department of Infectious Diseases, San Raffaele Scientific 
Institute, Milan, Italy 
3National Institutes of Allergy and Infectious Diseases, National 
Institutes of Health, Bethesda, MD, USA 
4Laboratory of Immunoregulation, National Institutes of Allergy 
and Infectious Diseases, National Institutes of Health, Bethesda, 
MD, USA 
5Collaborative Clinical Research Branch, SAIC, Laboratory of 
Immunoregulation NIAID, NIH, Frederick, MD, USA 
6Department of Microbiology and Immunology, Tufts University, 
Boston, MA, USA  
7Division of Infectious Diseases, University of Pittsburgh, 
Pittsburgh, PA, USA

BACKGROUND: Markers of CD8+ T-cell activation cor-
relate with HIV type-1 (HIV-1) RNA levels before treat-
ment initiation. However, the relation between the level 
of residual viremia after long-term suppressive antiretro-
viral therapy (ART) and CD8+ T-cell activation markers is 
unknown. We therefore measured CD8+ T-cell activation 
markers and residual viremia in a cohort of patients on 
long-term suppressive ART.

METHODS: HIV-1-infected subjects (n=33) initiating 
ART and maintaining HIV-RNA<75 copies/ml for ≥3 
years without viral blips (≥2 consecutive HIV-1 RNA≥500 
copies/ml) were studied. CD8+ T-cell activation was deter-
mined as the expression of HLA-DR and CD38 on CD8+ 
cells and reported as percentages of CD8+ T-cells. HIV-1 
RNA was measured by bDNA and by single-copy assay 
(sensitivity 0.3 copies/ml). CD8+ T-cell activation markers 
were also measured in healthy, HIV-1-uninfected controls 
(n=43) matched for gender, age and race. 

RESULTS: As previously reported, pre-ART HIV-1 
RNA was positively correlated with CD8+CD38+ T-cells 
(r=0.403; P=0.03). CD8+ T-cell subsets decreased steadily 
during the first 4 years of ART with half-lives of 30.9 and 
39.6 months for CD8+HLA-DR+ and CD8+CD38+ T-cells, 
respectively, and remained stable thereafter. After 7 years 
on ART, CD8+ T-cells subsets were lower than pretherapy 
levels (P<0.0001 for CD8+HLA-DR+ and CD8+CD38+ 

T-cells). Compared with healthy uninfected controls, HIV-
1-infected subjects had higher proportions of CD8+ T-cells, 
but there were no significant differences in the proportions 
of activated CD8+CD38+ and CD8+CD38+HLA-DR+ sub-
sets (P=0.254 and P=0.325, respectively). A marginal dif-
ference in CD8+HLA-DR+ T-cells (P=0.020) was not signif-
icant after correction for multiple comparisons. Residual 
viremia was determined in 18 patients after a median of 
7.7 years (range 3.4–9.2) on ART. Median HIV-1 RNA 
was 0.95 copies/ml (range 0.3–30.0). No significant cor-
relation was found between the level of residual viremia 
and immune activation markers (r=0.106, P=0.339 for 
CD8+HLA-DR+ and r=0.119, P=0.319 for CD8+CD38+T-
cells). For CD8+CD38+ HLA-DR+ T-cells, however, a 
higher r value was detected although it was not significant 
(r=0.294; P=0.118). 

CONCLUSIONS: CD8+ T-cell activation decreases sig-
nificantly after prolonged antiretroviral therapy reaching 
levels undistinguishable from those in uninfected persons. 
Despite a potential trend in CD8+CD38+ HLA-DR+ T-cells, 
the level of residual viremia on therapy did not correlate 
with CD8+HLA-DR+ or CD8+CD38+ T-cells, suggesting 
that low-level viremia may not be sufficient to stimulate 
CD8+ T-cell activation. 
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No evolution of HIV-1 total DNA and 2-LTR 
circles after 24 weeks of raltegravir-containing 
regimen: a substudy of randomized EASIER-
ANRS 138 trial

C Delaugerre1, I Charreau2, J Braun2, ML Néré1, 
N de Castro3, P Yeni4, JM Chennebault5, 
A Lafeuillade6, J Ghosn7, F Simon1, JP Aboulker2, 
JM Molina3 and the ANRS 138 study group
1Virology Department, Paris 7 Diderot University, Saint Louis 
Hospital, AP-HP, Paris, France 
2INSERM SC 10, Villejuif, France 
3Infectious Diseases Department, Paris 7 Diderot University, Saint 
Louis Hospital, AP-HP, Paris, France 
4Infectious Diseases Department, Paris 7 Diderot University, 
Bichat-Claude Bernard Hospital, AP-HP, Paris, France 
5Infectious Diseases Department, CHU Angers, Angers, France 
6Infectious diseases and Heamatology Department, Centre 
Hospitalier Font Pré, Toulon, France 
7Internal Medicine and Infectious Diseases Department, Kremlin 
Bicêtre Hôpital, AP-HP, Kremlin Bicêtre, France

BACKGROUND: EASIER-ANRS 138 was a randomized 
non-inferiority trial that evaluated the switch from enfu-
virtide to raltegravir in highly treatment-experienced 
HIV-1-infected patients with plasma HIV-1 RNA (pVL) 
<400 copies/ml. Through week 24, virological failure, 
defined as confirmed pVL ≥400 copies/ml, was observed 
in 0/82 patients in the enfuvirtide arm and 1/82 (1.2%) in 
the raltegravir arm (per protocol analysis). Our aim was to 
analyze the effect of raltegravir on the evolution of HIV-1 
total DNA and episomal cDNA forms (2-LTR circles) in a 
subgroup of patients. 

METHODS: Among the 170 patients enrolled in the trial, 
HIV-1 DNA quantification was measured in the first 30 
patients of each arm. Viral DNA was extracted from whole 
blood at weeks 0 and 24. Episomal cDNA forms (2-LTR 
circles) were measured with primers that span the 2-LTR 
circle junction and total viral DNA forms were assayed 
using internal LTR primers.

RESULTS: Baseline characteristics for the 60 patients were: 
CDC stage C: 60%, median HAART duration: 14 years, 
median enfuvirtide duration: 2.5 years, median baseline 
and nadir CD4+ T-cell count: 400 cells/mm3 and 37 cells/
mm3 and pVL was ≥50 copies/ml in 13% (8/60). Baseline 
median total DNA was 3.61 log10/106 PBMCs. Detection 
of 2-LTR circles was observed in 6 patients with a median 
of 89 copies/106 PBMCs. At week 24, CD4+ T-cell count 
was 416 cells/mm3, pVL was <50 and between 50 and 
400 copies/ml in 88% and 12% of patients, respectively. 

At week 24, total DNA was 3.68 log10/106 PBMCs and 
2-LTR circles were detected in 3 patients (but different 
from baseline) with one under raltegravir. No significant 
change was observed between S24 and W0 in total DNA 
whatever the randomization group (0.01 [-0.27;0.30] 
and 0.02 [-0.17;0.25] log10 in enfuvirtide and raltegravir, 
respectively; P=0.71 Wilcoxon test). There was also no dif-
ference in total DNA change in patients with baseline pVL 
between 50 and 400 copies/ml.

DISCUSSION: In this randomized trial, no modification 
in total and 2-LTR DNA was observed after 24 weeks in 
either raltegravir or enfuvirtide arms, suggesting that the 
majority of viral DNA is non-dynamic in patients with 
plasma controlled <400 copies/ml.
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Antiretroviral intensification does not reduce 
persistent HIV-1 viremia on therapy

J Dinoso1, J Jones2, D McMahon2, A Wiegand3, 
M Kearney3, J Spindler3, S Palmer3,4, S McNulty2, 
J Metcalf 5, E Acosta6 , R Siliciano1, J Coffin3,7, 
J Mellors2 and F Maldarelli3 
1Johns Hopkins University, Baltimore, MD, USA 
2University of Pittsburgh, Pittsburgh, PA, USA 
3HIV Drug Resistance Program, NCI, NIH, Frederick, MD, USA 
4Present address: Department of Virology, Swedish Institute for 
Infectious Disease Control, Karolinska Institute, Solna, Sweden  
5Laboratory of Immunoregulation, NIAID, Bethesda, MD, USA 
6University of Alabama, Birmingham, AL, USA 
7Tufts University School of Medicine, Boston, MA, USA

BACKGROUND: Combination antiretroviral therapy 
suppresses plasma HIV-1 RNA to <50 copies/ml for pro-
longed periods. Therapy is not curative, however, and per-
sistent low-level viremia is detectable with sensitive assays. 
The source of residual viremia is uncertain, but production 
from long-lived, chronically infected cells or from ongoing, 
complete cycles of virus replication are likely possibilities. 
In order to investigate the source of persistent viremia, we 
conducted three drug intensification studies using NNRTI, 
PI and integrase inhibitor therapy. 

METHODS: Participants (n=18) on combination antiret-
roviral therapy with NNRTI- or PI-based regimens, 
including 2 NRTIs and with stable HIV-1 RNA<50 copies/
ml plasma for >6 months were enrolled in intensification 
studies at three sites (University of Pittsburgh, Johns Hop-
kins and NIH), and residual viremia was determined using 
a sensitive HIV-1 RNA assay (single copy assay [SCA]). 
Thirteen participants underwent 4-week intensification 
with either efavirenz (n=2), lopinavir/r (n=2) or raltegra-
vir (n=9); five participants underwent 8-week intensifica-
tion with atazanavir. Plasma for HIV-1 quantification and 
drug level determination was obtained prior to, during and 
following the intensification period. A total of 257 single-
copy determinations were performed. Data were analyzed 
using parametric statistics.

RESULTS: Enrolled patients (16 males and 2 females) had 
undergone combination antiretroviral therapy with sup-
pressed viremia for 0.7–15 years. Median viral RNA levels 
prior to intensification were 1.7–2.7 copies/ml consistent 
with previous studies of low-level viremia. During intensi-
fication, median viremia ranged from 1.6 to 5.6 copies/ml. 
No significant decreases in viremia were noted in any of 
the 18 participants undergoing PI, NNRTI or raltegravir 
intensifications. Following intensification, HIV-1 viremia 

levels were 1.1–4.8 copies/ml in the three studies. CD4+ 
T-cell counts remained stable with no significant changes 
during or following intensification. Plasma drug determi-
nation studies revealed therapeutic levels of intensification 
agent were achieved in all patients. Drug intensification 
was well tolerated with no serious adverse events.

CONCLUSIONS: Intensification with antiretrovirals tar-
geting RT, protease or integrase does not decrease the level 
of residual viremia. These results are inconsistent with the 
hypothesis that persistent viremia results from ongoing 
complete cycles of viral replication. New therapeutic 
approaches will be required to eliminate HIV-1 reservoirs.
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State of the Art Presentation: V3-dependent and 
-independent pathways to small molecule CCR5 
inhibitor resistance

JP Moore

Weill Medical College of Cornell University, New York, NY, USA

OBJECTIVES: The small molecule CCR5 inhibitor 
 vicriviroc (VVC) inhibits HIV type-1 entry. Our aim is 
to understand the mechanisms of resistance to VVC and 
similar compounds.

METHODS: Cross-resistant viruses were generated from 
the R5 primary isolate, CC1/85, in PBMC cultures under 
the selection pressures of AD101 (a VVC precursor) and 
VVC. The resistant isolates CC101.19 (AD101) and 
D1/85.16 (VVC) were cloned, sequenced and character-
ized in PBMCs and engineered cell lines (for example, 
Tzm-bl) with and without inhibitors using fully infec-
tious viruses or Env pseudotypes. 

RESULTS: Both variants retained the R5 phenotype, 
although some low-efficiency D1/85.16 X4 clones were 
present, both used the inhibitor–CCR5 complex and free 
CCR5 for entry and neither reverted to sensitivity when 
cultured without inhibitor. However, to varying extents, 
the resistant viruses used the inhibitor–CCR5 complex 
less efficiently than free CCR5. This is the basis of the 
‘plateau effect’ commonly observed in cell-line-based 
resistance assays (for example, Phenosense); plateau 
heights reflect the relative usage of the two CCR5 con-
figurations by resistant variants. CC101.19 followed a 
pathway to resistance involving four sequential changes 
in the gp120 V3 region, the most commonly observed 
site of resistance mutations in other studies. However, 
the D1/85.16 variant contained no V3 changes; the three 
key resistance mutations were not even located in gp120, 
but in the gp41 fusion peptide. The sequence changes in 
both viruses alter how their Env complexes interact with 
the CCR5 N terminus and ECL-2 domains, but in differ-
ent ways at the levels of both Env and CCR5. We also 
show that VVC resistance is manifested differently in 
PBMCs and cell lines with dose–response curves show-
ing assay-dependent complexities. To explain them, we 
created a model for resistance and generated theoretical 
inhibition curves that closely mimic experimental data. 

The model proposes that distinct CCR5 forms with vary-
ing affinities for CCR5 inhibitors are present in different 
proportions on different cell types and used selectively by 
resistant variants when inhibitor-ligated. Finally, resist-
ant variants can have increased sensitivity to neutralizing 
antibodies with implications for resistance development 
pathways in vivo.

CONCLUSIONS: Several unusual aspects of CCR5 
inhibitor resistance merit further understanding to guide 
clinical use of these new drugs.
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Different mechanisms of HIV-1 inhibition by 
CCR5 agonists/antagonists (maraviroc, TAK-779 
and PSC-RANTES) are linked to different drug 
resistance mechanisms

M Lobritz, A Ratcliff, A Marozsan, D Dudley and 
E Arts

Case Western Reserve University, Cleveland, OH, USA

BACKGROUND: TAK-779 and maraviroc bind a hydro-
phobic cavity formed between transmembrane helices 
in CCR5 near the membrane surface. By contrast, PSC-
RANTES interacts with the second extracellular loop of 
CCR5 and effectively downregulates surface CCR5 expres-
sion. However, inhibition of virus may be primarily due to 
competitive binding of PSC-RANTES to CCR5. 

METHODS: To access differential mechanisms of drug 
activity and resistance to CCR5 agonists/antagonists, we 
employed a panel of primary HIV-1 isolates and clones 
with varying susceptibility to PSC-RANTES and mara-
viroc (100-fold variations in IC50 values) in multiple 
and  single-cycle drug susceptibility assays with varying 
amounts of drug (inhibitor) and virus (substrate).

RESULTS: In multiple cycle assays, primary HIV-1 isolates 
of subtypes A, B, C and D displayed a 100-fold variation 
in susceptibility to maraviroc, but only fivefold variation 
to PSC-RANTES inhibition (as determined by IC50 values). 
We then selected two clones (varying in a single amino 
acid substitution in the V3 loop) with a 10-fold difference 
in IC50 value to PSC-RANTES in multiple-cycle infection 
assays. Differential PSC-RANTES inhibition of the HIV-1 
clones was mediated by competitive binding for CCR5. 
Increasing virus concentration could saturate the receptors 
on cell surface and overcome PSC-RANTES inhibition 
indicative of competitive inhibition. In single-cycle replica-
tion assays, the two HIV-1 clones displayed equal suscepti-
bility to PSC-RANTES due to effective CCR5 downregula-
tion even when the virus titres (substrate) were increased. 
By contrast, PSC-RANTES inhibition was evident between 
the two clones, even in a single-cycle assay, when the 
cells harbored CCR5 mutant incapable of ligand-induced 
downregulation. With maraviroc and TAK779, the same 
level of resistance was observed in both the single and 
 multiple cycle assays. 

CONCLUSIONS: In conclusion, CCR5 receptor downreg-
ulation by PSC-RANTES or RANTES provides minimal 
contribution to overall HIV-1 inhibition under physiologi-
cal conditions. However, the other CCR5 antagonists are 
non-competitive, allosteric inhibitors incapable of receptor 

downregulation. The effect of CCR5 downregulation by 
PSC-RANTES appears to be short-lived as an inhibitory 
mechanism and as compared with subsequent competi-
tive inhibition. Competitive inhibition, and not receptor 
downregulation, is the likely factor that contributed to the 
immediate selection of PSC-RANTES-resistant SHIV clone 
in vaginal microbicide model. 
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Transitions from CCR5 to CXCR4 use in the 
absence of antiretroviral drug pressure proceed 
incrementally and may occur through a multitude 
of genetic pathways

W Huang1, E Coakley1, J Toma1, E Stawiski1, 
A Frantzell1, H Schuitemaker2, CJ Petropoulos1 and 
AB van ‘t Wout2

1Monogram Biosciences, South San Francisco, CA, USA 

2Department of Experimental Immunology, Center for Infectious 
Diseases and Immunity Amsterdam (CINIMA), Academic Medical 
Center, University of Amsterdam, Amsterdam, the Netherlands

BACKGROUND: The emergence of HIV subpopulations 
that utilize the CXCR4 coreceptor is clinically impor-
tant yet poorly understood. CXCR4 use is prognostic for 
disease progression, negatively predictive for response 
to CCR5 antagonists and represents a prevalent escape 
pathway for CCR5 inhibitor treatment. To advance our 
understanding of the acquisition of CXCR4 use, we 
characterized coreceptor utilization along with envelope 
clone sequences derived from patient virus populations 
that evolved the ability to use CXCR4 in the absence of 
antiretroviral drug pressure.

METHODS: Longitudinal plasma samples were obtained 
from eight treatment-naive subjects with previously doc-
umented tropism switches (NSI to SI). Envelope clones 
were isolated from different time points for each subject. 
Coreceptor tropism was assigned by Trofile and envelope 
sequences were determined using conventional methods. 

RESULTS: Virus populations at the time of the coreceptor 
switch comprised mixtures of R5- and dual-tropic clones. 
The proportion of dual tropic clones in virus populations 
and their ability to use CCR5 and CXCR4 varied by subject. 
Dual-X clones that use CXCR4 efficiently were identified in 
all eight subjects; dual-R clones that use CXCR4 inefficiently 
appeared in six patients and presented prior to, or concur-
rently with, dual-X tropic clones. Phylogenetic analysis of 
full-length envelope sequences demonstrated that emerging 
dual-X variants exhibited limited diversity and were mark-
edly divergent from R5 and dual-R clones in some, but not 
all cases. Generally, efficient CXCR4 use required multiple 
amino acid changes in the V3 loop, but few discernable pat-
terns were shared among subjects. The presence of positively 
charged amino acids at positions 11/25 and the absence of 
potential N-linked glycosylation sites in V3 were associated 
with, but not unique to, CXCR4 use.

CONCLUSIONS: Detailed characterization of emerging 
CXCR4-using variants in the virus populations of eight 

individuals indicates that HIV uses a multitude of muta-
tional pathways to change from CCR5 to CXCR4 use. 
Furthermore, our observations indicate that CCR5 to 
CXCR4 transitions are incremental, not quantum, and are 
consistent with the ‘R5, dual-R, dual-X’ model that we 
have proposed to describe the evolution of CXCR4 use 
from R5-tropic virus populations.
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Estimating evolutionary pathways to CXCR4 
usage from cross-sectional data

A Thielen1, A Altmann1, J Bogojeska1, R Kaiser2 and 
T Lengauer1

1Max-Planck Institute for Informatics, Saarbrücken, Germany 
2University of Cologne, Cologne, Germany

BACKGROUND: Coreceptor usage of HIV-1 is mainly 
determined by the V3 loop of gp120. Mutations outside 
V3, most notably in the bridging sheet, have also been 
described to be correlated with X4 viruses. So far, how-
ever, it is not understand if these mutations prepare for the 
coreceptor-switch, or if they act as compensatory muta-
tions for fitness losses induced by 11/25 mutations (306R/
K/H and 322R/K/H). In this work, we wanted to study this 
question with the help of mutagenetic trees, which have 
previously been used to model HIV resistance pathways in 
presence of drug pressure.

METHODS: Sequence data containing the V3 loop 
(n=9,557) as well as one of the gp160 regions V2 (n=2,656), 
C4 (n=2,098) or GP41 (n=827) were downloaded from the 
Los Alamos Sequence Database. Only subtype B sequences 
and at most one sequence per patient were analyzed. Sam-
ples with experimentally determined phenotype were used 
to detect mutations associated with X4 viruses (Fisher’s 
exact test). Mixture models of mutagenetic trees contain-
ing the most significant mutations were then generated 
using the R-package Rtreemix.

RESULTS: Mutations at 13 positions within V2, 23 in V3, 
2 in C4 and 15 in GP41 were significantly (P<0.05) asso-
ciated with X4 viruses. In almost all generated trees, the 
mutations 306R/K/H and 322R/K/H appeared in two dif-
ferent arms of the tree suggesting that these are two inde-
pendent pathways to evolve to X4. 306R/K/H was gener-
ally preceded by mutations at positions 306 and 316 while 
322R/K/H was selected by I424V and mutations at posi-
tion 317. Other mutations usually came afterwards. GP41 
mutations including the highly predictive insertion A/I/V 
after position 515 in GP41 were all seen as successors 
of 306R/K/H. Mutations disrupting the N-glycosylation 
motif of V3 followed this pathway too. By contrast, V2 
mutations, such as the well known X4 mutation S195H, 
commonly appeared after 322R/K/H. Another mutation 
in C4 (S440D/E) previously been described as highly cor-
related with CXCR4 usage evolved independently from 
306R/K/H and 322R/K/H. 

CONCLUSIONS: Since 11/25 mutations predominantly 
appeared as one of the first mutations in our trees, it can 

be assumed that most other mutations associated with X4 
viruses are compensatory mutations following after the 
coreceptor switch and that there is no ongoing evolution 
towards X4 viruses over time. 
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Screening for HIV tropism using population-
based V3 genotypic analysis: a retrospective 
virological outcome analysis using stored plasma 
screening samples from MOTIVATE-1 

PR Harrigan1, R McGovern1, W Dong1, A Thielen2, 
M Jensen3, T Mo1, D Chapman4, M Lewis5, I James5 
and H Valdez4

1BC Centre for Excellence in HIV/AIDS, Vancouver, Canada,  
2Max-Planck Institute for Informatics, Saarbrucken, Germany.  

3Fortinbras Research, Buford, GA, USA  
4Pfizer, Inc., New York, NY, USA 
5Pfizer Research and Development, Sandwich, UK

BACKGROUND: MOTIVATE-1 compared maraviroc+ 
optimised background versus placebo+OB in treatment-
experienced patients with R5-HIV (standard Monogram 
Trofile). A subset screened without known R5-HIV entered 
a sister trial, A4001029. This study retrospectively exam-
ined population V3 loop sequence-based screening.

METHODS: Triplicate V3 loop sequencing performed 
on stored screening plasma samples was processed with-
out human intervention using custom software (ReCall) 
blinded to clinical data. Tropism was inferred using either 
geno2pheno (g2P; 5% false-positive rate) or PSSM (-2.96 
cutoff). Primary outcomes were concordance between the 
screening Trofile and genotype and viral load changes 
after starting maraviroc. 25% of the dataset was reserved 
for validation. 

RESULTS: Preliminary genotypes and Trofile results were 
available from 1,230 samples (non-R5 n=553 by Trofile). 
Compared with Trofile, genotype had sensitivities of 63% 
and 56% and specificities of 91% and 90% for detecting 
non-R5 virus using g2P and PSSM, respectively. However, 
short-term viral load decreases were similar regardless of 
the assay used. For example, for patients screened as R5 
by Trofile, median week 8 decreases were 2.4 logs (IQR 
1.5–>3) and 2.4 logs (IQR 1.2–>3) in the MVC twice-
daily and once-daily arms, respectively, compared with 2.5 
logs (IQR 1.6–>3) and 2.4 logs (IQR 1.2–>3) for patients 
screened as R5 by g2P, and 2.5 logs (IQR 1.5–>3) and 2.4 
logs (IQR 1.1–>3) for patients screened as R5 by PSSM. 
For patients screened as non-R5 by Trofile, decreases were 
1.4 logs (IQR 0.2–>3) and 0.6 logs (IQR 0–>3) for MVC 
twice-daily and once-daily, respectively, compared with 
1.5 logs (0.2–>3) and 0.7 logs (0–>3) for patients screened 
as non-R5 by g2P, and 1.2 logs (IQR 0.2–>3) and 1.0 logs 
(IQR 0–>3) for patients screened as non-R5 by PSSM. 
R5 groups had n>100 and all non-R5 groups had n>30. 
Median placebo week 8 viral load decreases were ≤1 log. 

Additional analyses are in progress to examine outcomes at 
24 weeks and account for the activity of the OB regimen. 

CONCLUSIONS: Despite apparently poor sensitivity of 
standard genotyping for predicting non-R5 HIV relative 
to standard Trofile, early virological reductions in this 
treatment-experienced population were similar regardless 
of the assay used.
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Modification of the CCR5 binding site by 
mutations in gp120 influence drug susceptibility 
and viral infectivity in one subject with clinical 
resistance to vicriviroc

RA Ogert1, Y Hou1, L Ba1, C Buontempo1, 
N Murgolo2, P Qiu2, J Duca3, J Strizki1, R Ralston1 
and JA Howe1

1Virology, Schering–Plough Research Institute, Kenilworth, NJ, USA 
2Molecular Design and Informatics, Schering–Plough Research 
Institute, Kenilworth, NJ, USA  
33D Drug Design, Schering–Plough Research Institute, Kenilworth, 
NJ, USA

OBJECTIVES: The mechanisms by which HIV type-1 
(HIV-1) may develop resistance to vicriviroc, a small-
molecule CCR5 antagonist, are not well understood. We 
sought to characterize the viral adaptations that confer 
phenotypic resistance in a clinical isolate.

METHODS: Site-directed mutagenesis was used to intro-
duce reciprocal point mutations into resistant or baseline 
env genes. Relative viral infectivity and VCV susceptibility 
studies were performed using a single-cycle pseudoparticle 
assay with U87-CD4/CCR5 cells or 293T cells transfected 
with CD4 and wild-type or mutant CCR5. 
 
RESULTS: The HIV-1 env gene from the clade D strain 
isolated at the time of study discontinuation contained six 
amino acid changes in the V3 loop and one in the C4 region 
as compared with the baseline clone. Pseudovirus generated 
with the chimeric env were completely resistant to VCV, but 
remained exclusively R5-tropic. Back mutations E315Q, 
G321R and F317L in the tip and the stem of the V3 loop 
region from the resistant env restored complete and partial 
susceptibility to VCV, respectively; back mutation of V3 
loop residues N320D, K328E and R429G in C4 significantly 
reduced pseudovirus infectivity without altering the resistant 
phenotype. Forward mutagenesis showed that none of the 
six amino acid residues were sufficient to confer the resist-
ant phenotype to the baseline chimeric gp120. A combina-
tion of four specific mutations in V3 was required to restore 
complete resistance. Structural modeling demonstrated that 
certain mutations identified in the V3 loop map to the bind-
ing domain in gp120 for the N terminus of CCR5. Entry 
of pseudovirus generated with resistant envelopes was more 
sensitive than baseline counterparts to point mutations 
Y10A, D11A, Y14A and Y15A that eliminate important 
binding determinants in the N terminus of CCR5. 

CONCLUSIONS: The amino acid changes we charac-
terized primarily conferred VCV resistance or influenced 

envelope infectivity. A specific combination of four of 
the seven mutations was required for the complete VCV 
resistance phenotype, suggesting that CCR5 antagonists 
have a high barrier to resistance. Functionally, the combi-
nation of mutations resulted in increased dependence on 
the envelope interaction with the N terminus of CCR5 for  
viral entry.
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High-resolution structures of HIV-1 RT/RNA:DNA 
ternary complexes with tenofovir diphosphate 
and dATP

K Das1,2, R Bandwar1,2, J Bauman1,2, S Tuske1,2, 
SH Hughes3 and E Arnold1,2

1Center for Advanced Biotechnology and Medicine (CABM), 
Rutgers University, Piscataway, NJ, USA 
2Department of Chemistry and Chemical Biology, Rutgers 
University, Piscataway, NJ, USA 
3HIV Drug Resistance Program, NCI-Frederick, Frederick, MD, USA

BACKGROUND: The polymerase of HIV RT can synthe-
size DNA from either a DNA or an RNA template. How-
ever, if RT copies an RNA template, the resulting RNA/
DNA hybrid is a substrate for the second enzymatic activity 
of RT, RNase H. Structural differences between RNA:DNA 
versus DNA:DNA substrates and their interactions with 
RT are crucial for understanding the enzymatic activities 
of RT. 

METHODS: We determined the crystal structures of 
D498N mutant RT/RNA:DNA (27:21-mer) in complexes 
with the NRTI drug TFV diphosphate (TFV-DP) or with 
the normal substrate dATP. Each structure was determined 
at 2.6 Å resolution. The D498N RNase H active site muta-
tion was used to block potential RNase H cleavage.

RESULTS AND DISCUSSION: Both structures were 
obtained in a new crystal form that diffracted X-rays to 
2.6 Å resolution, the highest reported for any RT-nucleic 
acid structure. Significantly tighter packing of RT mol-
ecules in the crystal lattice enhanced the resolution. The 
high-quality electron density maps help precisely posi-
tion the nucleic acid, TFV-DP and dATP. The RT-bound 
RNA:DNA template–primer has structural differences 
from the corresponding RT-bound DNA:DNA duplex. 
The canonical base pairing of the RNA:DNA duplex is dis-
rupted in a region between the two active sites. The 2′-OH 
group of the RNA-template overhang forms a hydrogen 
bond with the main chain carbonyl of G152. The bind-
ing of TFV-DP and dATP at the polymerase active site 
in the RT/RNA:DNA is similar to their binding to RT/
DNA:DNA complexes. 
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The HIV-1 RT mutant Q151L shows decreased 
replication capacity, selective high-level 
resistance to GS-9148 and hypersusceptibility to 
tenofovir and zidovudine

R Kulkarni1, NA Margot1, F. Myrick2, J Svarovskaia2, 
J Chen1, E Lansdon1, AS Ray1, T Cihlar1, 
S Swaminathan1, MD Miller1 and KL White1 
1Gilead Sciences, Inc., Foster City, CA, USA  
2Gilead Sciences, Inc., Durham, NC, USA

BACKGROUND: The investigational nucleotide reverse 
transcriptase inhibitor (NRTI) GS-9148 maintains potent 
activity against a majority of clinically observed resistance 
mutations. GS-9148 resistance selection with HIV type-1 
(HIV-1) IIIB previously resulted in a K70E RT mutation 
and low-level resistance. Here, a Q151L RT mutation was 
selected by GS-9148 in a clonal LAI HIV-1 strain. Q151L is 
thought to be an intermediate to development of Q151M.

METHODS: In vitro GS-9148 dose escalation experiments 
using a clonal HIV-1 strain xxLAI were performed in MT2 
cells. Phenotypic profiling of site-directed mutant viruses 
containing Q151L was performed using a 5-day assay in 
MT2 cells and PhenoSense and replication capacity assays 
(Monogram Biosciences). Molecular modeling of Q151L 
bound to GS-9148 diphosphate (GS-9148-DP) was based 
on ternary crystal structures of wild-type HIV-1 RT bound 
to GS-9148-DP or dATP.

RESULTS: Viruses with Q151L were selected after 
>100 days of GS-9148 treatment. Q151L was the first 
mutation to develop and showed approximately 20-fold 
reduced susceptibility to GS-9148 and its prodrug GS-9131. 
Resistance increased as additional mutations at L74I, 
K70N/E and L187F/M developed. No viruses containing 
Q151M developed after prolonged exposure to GS-9148. 
Q151L viruses showed low-level cross-resistance to mul-
tiple NRTIs, but >threefold hypersusceptibility to zidovu-
dine (ZDV) and tenofovir (TFV). In selection experiments 
of Q151L+S68N virus with ZDV or TFV, Q151L reverted 
to wild-type, whereas Q151M developed in the absence 
of drug. Q151L had poor replication capacity (1.4% of 
wild-type) that improved with compensatory mutations or 
when converted to Q151M. The crystal structure of wild-
type RT bound to GS-9148-DP shows that the 2′ fluoro 
moiety of GS-9148-DP projects toward the Q151 residue. 
Modeling predicted steric hindrance for GS-9148-DP, but 
not dATP or other NRTIs when bound to Q151L RT. 
Virus susceptibility assays confirmed that loss of GS-9148 
potency against Q151L is due to the 2′ fluoro moiety in 
the inhibitor. 

CONCLUSIONS: Resistance selection revealed Q151L 
as a novel resistance pathway for GS-9148 in vitro. The 
Q151M complex shows lower resistance to GS-9148, 
potentially explaining the lack of its appearance during 
in vitro selection. The hypersusceptibility of Q151L to 
TFV and ZDV suggest potential utility of combination 
therapy of GS-9131 with these agents. 
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Mechanisms associated with HIV-1 resistance 
to acyclovir by the V75I mutation in reverse 
transcriptase 

EP Tchesnokov1, A Obikhod2, I Massud2, A Lisco3, 
C Vanpouille3, B Brichacek3, J Balzarini4, 
C McGuigan5, M Derudas5, L Margolis3, 
RF Schinazi2 and M Götte1

1McGill University, Montreal, QC, Canada 
2Emory University School of Medicine and Veterans Affairs 
Medical Research, Atlanta, GA, USA 
3National Institutes of Health, Bethesda, MD, USA 
4Rega Institute for Medical Research, Katholieke Universiteit, 
Leuven, Belgium 
5Welsh School of Pharmacy, Cardiff University, Cardiff, UK

BACKGROUND: It has recently been demonstrated 
that the antiherpetic drug acyclovir (ACV) also displays 
antiviral activity against the human immunodeficiency 
virus type-1 (HIV-1). The triphosphate form of ACV is 
accepted by HIV-1 reverse transcriptase (RT) and subse-
quent incorporation leads to classical chain termination. 
As demonstrated for all approved nucleoside analogue 
RT inhibitors (NRTIs), the selective pressure of ACV 
can cause the emergence of resistance. V75I, M184V and 
T69N have been identified in cell-based selection experi-
ments, and the V75I mutation in HIV-1 RT appears to be 
dominant in this regard. By itself, this mutation is usu-
ally not associated with resistance to currently approved 
NRTIs. Here, we studied the underlying biochemical 
mechanism.

METHODS: We used a variety of biochemical 
approaches, including enzyme kinetics, binding studies 
and high-resolution footprinting experiments to eluci-
date the molecular basis for ACV resistance.

RESULTS: We demonstrate that V75I is also selected 
under the selective pressure of a monophosphorylated 
prodrug that was designed to bypass the bottleneck in 
drug activation to the triphosphate form (ACV-TP). 
Pre-steady-state kinetics reveal that V75I discriminates 
against the inhibitor at the level of catalysis, while 
binding of the inhibitor remains largely unaffected. The 
selective advantage for the natural nucleotide over the 
inhibitor, observed with WT RT, is 10-fold increased 
with the V75I mutant. Moreover, the incorporated 
ACV- monophosphate (ACV-MP) is vulnerable to exci-
sion in the presence of the pyrophosphate (PPi) donor 
ATP. V75I compromises binding of the next nucleotide 
that can otherwise provide a certain degree of protection 
from excision through dead-end-complex formation. 

CONCLUSIONS: The results of this study suggest that 
ACV is vulnerable to two different resistance pathways. 
Discrimination against the inhibitor at the level of incor-
poration appears to be the dominant mechanism. Changes 
at position V75 can affect the precise positioning of 
amino acids Q151 and/or R71 that are directly involved 
in the catalytic step. Together, these findings warrant fur-
ther investigation with respect to the detailed resistance 
profile of ACV to better assess its potential clinical utility 
in combination with established antiretrovirals. 
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Mechanisms of inhibition and resistance to 
translocation deficient reverse transcriptase 
inhibitors

B Marchand1, L Michailidis1, EI Kodama2, 
E Ryan1, R Do1, M Matsuoka2, N Ashida3, E Nagy4, 
H Mitsuya5,6, MA Parniak4 and SG Sarafianos1 

1University of Missouri, Columbia, MO, USA 
2Kyoto University, Kyoto, Japan 
3Yamasa Corporation, Chiba, Japan 
4University of Pittsburgh, Pittsburgh, PA, USA 
5Kumamoto University, Kumamoto, Japan 
6NIH, Bethesda, MD, USA

BACKGROUND: 4′-Ethynyl-2-fluoro-2′-deoxyadenosine 
(EFdA) is a highly potent nucleoside analog reverse tran-
scriptase inhibitor (NRTI) of wild-type (WT) and clinically 
relevant drug resistant mutants. Unlike other NRTIs, EFdA 
has a 3′ OH group, which could facilitate activation of the 
inhibitor to the triphosphate (TP) form, improve binding 
by the reverse transcriptase (RT) and decrease resistance. 
Resistance to EFdA was selected by serial passages in cell 
culture and three mutations were found in RT: M184V, 
T165R and I142V. We studied and identified the mecha-
nism of inhibition of RT by EFdA, as well as the mecha-
nism of resistance to EFdA conferred by these mutations.

METHODS: We used biochemical tools, such as enzyme 
kinetics and gel-based characterization to study the behav-
ior of purified WT and mutant RTs in the presence of EFdA 
and other inhibitors. 

RESULTS: Incorporation of EFdA-monophosphate (MP) 
in the elongating DNA chain results in interruption of 
primer extension at the point of incorporation of the 
inhibitor. We found that the presence of EFdA-MP at the 
3′ end of a primer prevents RT translocation. The study 
of the EFdA-resistant enzymes revealed that mutations 
M184V and T165R have a decreased affinity for EFdA-TP 
compared with WT RT, resulting in discrimination. These 
two mutations also decrease the rate of excision of incor-
porated EFdA, which may explain the low level of resist-
ance observed. When mutation I142V is added, the rate of 
excision is partially rescued, improving the resistance level 
of the mutant enzyme. Notably, the presence of the resist-
ance mutations mentioned above comes at a cost to the 
replication capacity of the mutant viruses, which can be 
explained by a reduced efficiency of nucleotide incorpora-
tion by the mutant RT.

CONCLUSIONS: We found that EFdA inhibits RT by 
preventing translocation of the polymerase, introducing 

a novel mechanism of inhibition for a nucleoside analog. 
We named this type of inhibitors ‘translocation-deficient 
RT inhibitors’ (TDRTI). Mutations M184V, T165R and 
I142V confer resistance to TDRTIs by both discrimina-
tion and excision mechanisms. To our knowledge, this is 
the first example of a mutant RT (M184V/T165R/I142V) 
using these previously thought mutually exclusive mecha-
nisms to evade inhibition by an NRTI.
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Recombinant viruses expressing subtype B 
or subtype C reverse transcriptase reveal no 
difference in the rate of K65R resistance to 
tenofovir in cell culture

C Dobard, J Lipscomb, JA Johnson, JG Garcia‑Lerma 
and W Heneine

Centers for Disease Control and Prevention, Atlanta, GA, USA 

BACKGROUND: Recent studies have shown that HIV 
subtype C isolates select K65R with tenofovir (TFV) 
in vitro more rapidly than subtype B isolates. The rapid 
selection of K65R was attributed to natural polymor-
phisms in subtype C reverse transcriptase (RT) at codons 
64 and 65 that are absent in subtype B. To better under-
stand the contribution of subtype C RT to the selection 
of TFV resistance in vitro, we compared the kinetics of 
emergence of K65R using recombinant viruses express-
ing the RT from subtype B or subtype C in a subtype B 
(HXB2) virus backbone. 

METHODS: Full-length wild-type RT sequences were 
amplified from six HIV type-1 subtype B isolates and 
three subtype C isolates by RT-PCR and were used to 
generate recombinant viruses from a RT-deleted HXB2 
backbone. In vitro selection of TFV resistance was car-
ried out in MT4 cells under the same conditions using 
increasing concentrations of TFV (from 4 to 24 µM). 
Emergence of drug resistance was monitored in culture 
supernatants using conventional sequencing and a sensi-
tive real-time PCR assay specific for the K65R mutation 
(detection limit =0.4%) 

RESULTS: Sequence analysis revealed all recombinant 
subtype C viruses contained the signature polymor-
phisms (bold) at RT codons 64 (AAG→AAA) and 65 
(AAA→AAG). K65R was selected in all 6 recombinant 
subtype B viruses after a median of 45 days (range 39–51) 
or during culture with 24 µM of TFV. Similarly, all 3 recom-
binant subtype C viruses selected K65R during the same 
period of time (median 40 days and range 39–48 days) 
and TFV concentration (24 µM). The analysis of K65R by 
sensitive real-time PCR showed no significant difference 
in the rate of emergence of K65R over time. 

CONCLUSIONS: In our in vitro system, the kinetics 
of K65R selection was similar for recombinant viruses 
expressing either subtype B or subtype C RT. These find-
ings do not exclude the possibility of different selection 
conditions or viral regions other than the RT influencing 
the selection of K65R in subtype C isolates.
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HIV-1 reverse transcriptase fidelity variants alter 
levels of mutation during replication

DV Nissley1,2, O Alptürk3, Z Ambrose3, K Eaton2, 
JN Strathern2 and N Sluis‑Cremer3

1BSP, SAIC-Frederick, Inc., NCI-Fredrick, Frederick, MD, USA 
2GRCBL, NCI-Fredrick, Frederick, MD, USA 

3University of Pittsburgh School of Medicine, Pittsburgh, PA, USA 

BACKGROUND: HIV-1 generates genetic diversity 
through error prone reverse transcription at sufficient lev-
els to respond to environmental challenges while maintain-
ing efficient replication. Advantageous mutations acquired 
via replication make it possible for HIV-1 to evade host 
defense systems, avoid immune response and develop 
antiviral drug resistance. Viral diversity may be generated 
by cellular RNA polymerase during transcription of the 
provirus or by the RNA- and DNA-dependent polymer-
ase activities of HIV-1 reverse transcriptase (RT) during 
cDNA synthesis. Because HIV-1 RT lacks a conventional 
proofreading activity and has been reported to replicate 
nucleic acids with low fidelity, it has been assumed that 
most diversity is generated during reverse transcription. 

METHODS: Previously, we identified error prone HIV-1 
RT variants by mutating HIV-1 RT and screening for fidel-
ity variants in a genetic reverse transcription/fidelity assay. 
In this system, RT activity is uncoupled from viral replica-
tion and is monitored in a retro-element with a reverse 
transcription indicator gene while fidelity is measured by 
reversion of an inactive fidelity indicator gene. Fidelity var-
iants were characterized using purified enzymes and viral 
replication assays. 

RESULTS: RT variants that affect the fidelity of reverse 
transcription map to both expected and unexpected 
regions of HIV-1 RT. Fidelity variants that cluster in the 
fingers region (V60A, A62T, I63K and F77S) most likely 
alter nucleotide binding and specificity. p51 subunit β7/β8 
loop variants (T131I and I132L) may be exerting a long-
range effect on nucleotide discrimination at the active site 
as has been demonstrated previously for I132M, which 
confers hypersensitivity to nucleoside analogs. Variants 
present in the αA helix (C38S and E42K) may alter the 
interaction between RT and template nucleic acid as it 
feeds into the active site. Several of the fidelity variants 
have been shown to misincorporate nucleotides using bio-
chemical and retrotransposition assays, and some com-
promise viral replication.

CONCLUSION: We characterized HIV-1 RT variants that 
increase mutation frequency, alter the mutational spectrum 

and affect viral replication. These fidelity variants map 
to multiple regions in RT and expand the repertoire of 
enzyme:nucleic acid interactions that determine the qual-
ity of replication. These variants may be useful to compare 
the evolution of drug resistance in low fidelity RT viruses 
with that of wild-type and to determine whether fidelity 
variants play a role in generating drug resistance. 

ACKNOWLEDGEMENTS: Funded in part by NCI Con-
tract N01-CO-12400.
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Different evolution and patterns of genotypic 
resistance profiles in emtricitabine plus tenofovir 
and lamivudine plus tenofovir containing regimen

V Svicher1, C Alteri1, F Forbici2, MM Santoro1, 
D Schols3, K Van Laethem3, E Boumis2, P De Longis2, 
P Narciso2, A Antinori2, F Ceccherini‑Silberstein1, 
J Balzarini3 and CF Perno1,2
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3Rega Institute for Medical Research, Katholieke Universiteit 
Leuven, Leuven, Belgium

BACKGROUND: We recently observed a prevalence 
of M184V in patients failing emtricitabine+tenofovir 
(FTC+TDF) lower than that in patients failing lamivu-
dine (3TC) ±TDF. In vitro experiments were performed to 
investigate characteristics and developments of genotypic 
resistance profiles to FTC+TDF and 3TC+TDF in treated 
patients. 

METHODS: A total of 1,337 HIV-1 B subtype pol 
sequences from 168 FTC+TDF-treated patients, 249 
3TC+TDF-treated patients and 920 3TC-treated/TDF-
naive patients were analysed. Resistance to 3TC or FTC 
±TDF in HIV-1 B subtype was investigated using in vitro 
selection experiments on CEM cells with various con-
centrations of 3TC (from 0.025 µM to 0.25 µM) and 
FTC (from 0.025 µM to 0.25 µM), ±TDF (from 1.25 µM 
to 10 µM). A total of 249 matched genotype/phenotype 
pairs collected from the Stanford Database were used  
as controls.

RESULTS: A lower prevalence of M184V in FTC+TDF-
treated patients compared with 3TC+TDF-treated and 
3TC-treated/TDF-naive patients was observed both in 
pluri- experienced patients (38.7% versus 55.8% and 
68.0%; P<0.01) and in patients failing their first-line 
HAART (11.4% versus 25.9% versus 51.0%; P<0.01). 
Multivariate analysis shows that factors favouring 
M184V emergence were prior 3TC use (OR 2.28 [95% CI 
1.74– 2.98]; P<0.001) and thymidine analogues use (OR 
1.66 [95% CI 1.16–2.38]; P=0.004), while factors prevent-
ing M184V emergence were TDF use (OR 0.60 [95% CI 
0.42–0.88]; P=0.008) and boosted-PIs use (OR 0.50 [95% 
CI 0.33–0.75]; P=0.0009). The protective role of TDF was 
further confirmed in in vitro selection experiments. Indeed, 
M184V emergence in vitro was not observed up to 10 pas-
sages (2 months) for all the 16 dual drug combinations 
of 3TC+TDF or FTC+TDF tested. Other RT mutations, 
beyond M184V, could be specifically selected in vitro 
under the selective pressure of 3TC+TDF or FTC+TDF. 

Among them, T69I, which was absent in drug-naive 
patients and present in 0.4% 3TC+TDF-failed patients, 
emerged under in vitro selective pressure of 3TC+TDF 
(but not of FTC+TDF) and its presence (in the absence 
of M184V) was significantly associated with a 39.2-fold 
increase in 3TC fold change resistance (P=0.03). Addition-
ally, in vitro selection experiments highlighted the ability 
of 3TC+TDF and FTC+TDF to select the mutations P345S 
and R461K, localized in the connection and RNAseH RT 
domain, respectively (prevalence was 0.8% and 19% in 
treated patients, respectively). 

CONCLUSIONS: In vivo analysis, confirmed by in vitro 
experiments, showed lower rates of M184V development 
in FTC+TDF regimens versus 3TC+TDF and highlighted 
TDF as having a protective role in M184V emergence. 
RT mutational patterns, more complex than currently 
known, may contribute to resistance to NRTI, including 
FTC/3TC. 
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Lamivudine resistance mutations in HBV reverse 
transcriptase can be selected even at extremely 
low levels of viral replication 
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F Marcuccilli1, R Longo3, M Bernassola3, 
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BACKGROUND: The objective of this study was to 
investigate whether lamivudine resistance can emerge 
even at undetectable HBV viremia (<12 IU/ml [69 cop-
ies/ml]) or at the very early stages of virological rebound 
(HBV viremia 12–345 IU/ml [69–2,000 copies/ml]).

METHODS: A total of 66 HBV-monoinfected patients 
were analysed: 25 patients were receiving first-line lami-
vudine monotherapy and experiencing for the first time 
a rebound of HBV viremia ranging from 12 IU/ml to 
345 IU/ml; 25 patients received first-line lamivudine 
monotherapy with HBV viremia stably <12 IU/ml and 16 
patients received lamivudine+adefovir with HBV viremia 
stably <12 IU/ml. Phylogenetic analysis was used to avoid 
potential problems with cross-contamination and PCR-
generated errors during direct sequencing of HBV reverse 
transcriptase (RT).

RESULTS: HBV RT were successfully sequenced in 
22 (88.0%) of lamivudine-treated patients with HBV 
viremia ranging from 12 IU/ml to 345 IU/ml, and in 10 
(40.0%) and 5 (31.2%) patients receiving lamivudine 
or lamivudine+adefovir, respectively, with HBV viremia 
<12 IU/ml. Rebound of HBV viremia 12–345 IU/ml 
occurred after a median duration of lamivudine mono-
therapy of 5.1 (IQR 2.3–6.1) years. Drug resistance 
mutations were observed in 17/22 (77.2%) patients: 8 
with M204V, 7 with M204I, 1 with M204I/V and 1 with 
A181T, respectively. Such primary mutations were found 
together with 1 compensatory mutation in 8 (50.0%) 
patients and with ≥2 compensatory mutations in 7 (43.7%) 
patients, thus highlighting the existence of complex pat-
terns of lamivudine resistance mutations even at the very 

early stages of virological rebound. Lamivudine resistance 
mutations were present also in lamivudine-treated patients 
with undetectable HBV viremia (<12 IU/ml; 4/10, 40%). 
In particular, M204V and M204I were each observed in 
2 and 2 patients, respectively, after a median duration of 
lamivudine-treatment of 4.3 years (IQR 3.4–4.5). Their 
presence was predictive of subsequent rebound of HBV 
viremia and flare of transaminases. The adefovir resist-
ance mutation V84M was also observed in 1 patient 
receiving lamivudine+adefovir therapy with HBV viremia 
<12 IU/ ml.

CONCLUSION: HBV resistance mutations occur and can 
be detected even at very low/undetectable viremia, thus 
supporting their active search also at low level of viremia. 
The persistence of low levels of HBV replication, the con-
sequent appearance of drug resistance mutations and their 
predictive value of subsequent virological failure should be 
considered in setting rational therapeutic strategies, includ-
ing pro-active switches of successful antiviral therapies. 
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HIV integrase inhibitor dissociation rates 
correlate with efficacy in vitro 

JA Grobler, PM Mckenna, S Ly, KA Stillmock, 
CM Bahnck, RM Danovich, G Dornadula, 
DJ Hazuda and MD Miller

Department of Antiviral Research, Merck Research Laboratories, 
West Point, PA, USA

BACKGROUND: Resistance to the integrase strand 
transfer inhibitor (InSTI) raltegravir in the clinic and in 
cell culture studies is generally associated with integrase 
mutations at positions N155, Q148 or Y143, usually in 
combination with other mutations. The mechanisms by 
which these mutations confer resistance have not been 
fully elucidated. 

METHODS: Time of addition and washout experiments 
were conducted using HIV-1 (JRFL) engineered to express 
green fluorescent protein. HOSCD4R5 cells were synchro-
nously infected for 30 min using magnetic beads, washed 
and monitored for infection by counting the number of 
GFP-expressing cells 48 h later. Drug residence time on 
integrase/DNA complexes was measured using a scintilla-
tion proximity assay. Integrase was assembled on immobi-
lized viral DNA ends and equilibrated with radiolabeled 
drug. Dissociation rates were determined by scintillation 
counting at regular intervals following the addition of a 
large excess of unlabeled compound. 

RESULTS: In time-of-addition and washout studies, 
raltegravir effectively blocked wild-type HIV-1 replica-
tion when present during a relatively short window of 
time following the completion of reverse transcription. In 
dissociation kinetic studies, raltegravir  exhibited a long 
residence time on the integrase/DNA complexes that is 
comparable to or exceeds the half-life of the pre-integra-
tion complex in the cell. The clinically important inte-
grase mutation N155H increased the rate of raltegravir 
dissociation by 10-fold and allowed the inhibitory effects 
of the compound to be washed out in viral replication 
assays. The second-generation InSTI MK2048, which 
better inhibits raltegravir-resistant variants, exhibited 
a substantially longer residence time on integrase than 
raltegravir. While a similar increase in  dissociation rate 
was observed with MK-2048 with integrase containing 
the N155H mutation, the half-life of MK2048 on the 
mutant is nearly that of raltegravir on the wild-type 
enzyme. 
 
CONCLUSIONS: Residence times of InSTIs on integrase/
DNA complexes comparable to or exceeding the half-life 

of the pre-integration complex in the cell results in func-
tionally irreversible ‘one-shot kill’ of integration. Resist-
ance conferring mutations increase the rate of inhibitor 
dissociation from integrase providing an opportunity 
for integration to occur. Improved efficacy of second-
 generation InSTIs will likely be driven by increases in 
inhibitor residence time on integrase.
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Drug concentration, selective advantage and 
selection dynamics of raltegravir-resistant mutants

E Dam, R Quercia and F Clavel

Inserm U941, IUH, Hôpital Saint Louis, Paris, France

BACKGROUND: Emergence of HIV resistance to ralte-
gravir (RAL) in treated patients can follow two main evo-
lutionary pathways that are exclusive of each other. We 
have examined the mechanisms driving selection of RAL 
resistance using an approach that assesses the selective 
advantage of mutant viruses as a function of drug concen-
tration. Because intracellular concentration of antiretro-
viral drugs is also key to selection of resistance, we also 
examined the intracellular kinetics of inhibition of HIV 
replication by RAL in tissue culture.

METHODS: Seven NL4-3-derived HIV-1 clones carrying 
single or double integrase resistance mutations were evalu-
ated for RAL IC50 , for RC and for their selective advan-
tage profiles, as measured by the ratio of mutant to NL4-3 
infectivity as a function of RAL concentration, in a single-
cycle assay. To evaluate the intracellular kinetics of RAL 
activity, target cells were pretreated with RAL for 16 h 
and inoculated with wild-type HIV with drug still present 
in the culture or at different times following removal of 
the drug. 

RESULTS: The mean fold-changes in RAL IC50 relative 
to NL4-3 were E92Q=3.7, G140S=0.7, Q148H=78, 
N155H=31.5, E92Q+N155H=492, G140S+Q148H 
=1,436 and Q148H+N155H>30,000. Selective advantage 
curves revealed that among single mutants, N155H had 
the highest selective advantage over NL4-3 across concen-
trations of RAL ranging 1–500 nM. Despite a higher IC50, 
Q148H showed a markedly lower and narrower selective 
advantage profile, while mutants E92Q and G140S did 
not show detectable advantage. Among double mutants, 
the strongest and widest selective advantage was seen for 
G140S+Q148H. In the second part of this study, evaluat-
ing the intracellular kinetics of RAL activity in tissue cul-
ture, we observed that when removed at any time before 
viral inoculation, RAL was no longer able to inhibit HIV 
replication, suggesting a short intracellular half-life.

CONCLUSIONS: Selective advantage curves explain why 
N155H can be selected early in the course RAL resistance 
evolution in vivo, but is later replaced by genotypes that 
include Q148HKR. Intracellular half-life of RAL, as mea-
sured by its antiviral activity, is short and comparable to 
that of NNRTIs.
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New integrase binding inhibitors acting in 
synergy with raltegravir

L Thibaut1, S Rochas1, J Dourlat1, C Monneret1, 
K Carayon2, E Deprez2, JF Mouscadet3, E Soma1 and 
S Lebel‑Binay1

1BioAlliance Pharma, Paris, France 
2ENS, Cachan, France

BACKGROUND: HIV type-1 (HIV-1) integrase activity 
involves multiple steps that occur in different cell com-
partments, such as 3′ processing in the cytoplasm and 
strand transfer in the nucleus. The only marketed inte-
grase inhibitor, raltegravir (RAL), belongs to the integrase 
strand transfer inhibitor (INSTIs) family. We previously 
described a new class of integrase inhibitors, the quino-
line family acting as integrase binding inhibitors (INBIs). 
The aim of the current study was to determine whether a 
synergy could occur between the two families of integrase 
inhibitors. Our lead, QNL111, was compared with RAL 
in wild-type and resistant viruses.

METHODS: Using an anisotropy fluorescence assay, 
the in vitro inhibition of integrase activity was studied 
for QNL111 and RAL. The synergism was determined 
between QNL111 and RAL in six viruses: a wild type 
(NL4.3) and the INSTIs mutants E92Q, G140S, Q148H, 
N155H, G140S/Q148H and E92Q/N155H. Viruses 
were tested with each drug alone and in combination on 
HeLa-P4 cells. The synergism between QNL111 and RAL 
was defined using the multiple drug effect principle of 
Chou and Talalay using the Calcusyn software (Biosoft, 
UK). Synergy was defined as a combination index (CI)<1, 
additive effect as CI=1 and antagonism as CI>1.

RESULTS: The results showed that QNL111 compound 
inhibited the binding of HIV-1 integrase to its substrate, 
whereas RAL did not. Moreover, QNL111 remained 
active on viruses carrying the main resistance mutations 
selected by RAL. The QNL111 and RAL synergism was 
determined at CI=0.5 ±0.12 on wild-type virus (NL4.3). 
For the INSTIs mutants’ viruses, the synergism was deter-
mined. The synergism occurred for all the single mutants. 
For the double mutants, such as E92Q/N155H and G140S/
Q148H, the synergism was weaker.

CONCLUSIONS: QNL111 displayed a potent activity 
against integrase enzyme and HIV-1 virus replication. 
QNL111 prevented the binding of HIV-1 to its substrate, 
confirming the new mechanism of action of this new INBIs’ 
family. Furthermore, these results highlighted the huge 
potential interests of this new class of integrase inhibitors: 

firstly, QNL111 and RAL act in synergy on wild-type 
viruses and secondly, QNL111 remained active on highly 
RAL-resistant viruses.
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The structure of an entire HIV-1 RNA genome

JM Watts, KA Wilkinson, RJ Gorelick and KM Weeks

Department of Chemistry, University of North Carolina at Chapel 
Hill, Chapel Hill, NC, USA

HIV replication is regulated at many levels, including 
using essential, conserved genomic RNA structures to 
exploit and circumvent host biology. However, the vast 
majority of potential regulatory elements within the 
HIV RNA genome are uncharacterized. We used high-
throughput SHAPE (selective 2′-hydroxyl acylation ana-
lyzed by primer extension) to quantify RNA backbone 
flexibility at single-nucleotide resolution for an entire 
HIV-1 genome. From this analysis, robust structural 
information and select structure-function relationships 
can be immediately derived. We detected specific protein-
RNA interactions inside HIV virions and identifed three 
RNA binding functions for the viral nucleocapsid pro-
tein. There was a strong correlation between the overall 
level of RNA structure, as determined by SHAPE, and 
the propensity of a given genome region to have a regu-
latory function that was beyond simply coding for viral 
proteins. The HIV-1 genome, and potentially most large 
coding RNAs, is punctuated by numerous previously 
unrecognized, but conserved, RNA regulatory motifs. 
High-throughput SHAPE reveals a comprehensive view 
of HIV-1 RNA genome structure and further application 
of this technology will make possible newly informative 
analysis of any RNA in a cellular transcriptome.
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Subtype-specific amino acid polymorphisms 
in the HIV-1 reverse transcriptase connection 
subdomain of CRF01_AE are associated with 
higher 3′-azido-3′-deoxythymidine resistance

KA Delviks‑Frankenberry1, GN Nikolenko1, 
F Maldarelli2, S Hase3, Y Takebe3 and VK Pathak1

1Viral Mutation Section, Host-Virus Interaction Branch, HIV 
Drug Resistance Program, National Cancer Institute at Frederick, 
Frederick, MD, USA  
2Host-Virus Interaction Branch, HIV Drug Resistance Program, 
National Cancer Institute at Frederick, Frederick, MD, USA  
3Laboratory of Molecular Virology and Epidemiology, AIDS Research 
Center, National Institute of Infectious Diseases, Tokyo, Japan

BACKGROUND: We previously showed that muta-
tions in the connection subdomain (cn) of HIV-1 
 subtype B reverse transcriptase (RT) increase 3′-azido-
3′-deoxythymidine (AZT) resistance in the context of 
thymidine analog mutations (TAMs) by altering the bal-
ance between nucleotide excision and template RNA deg-
radation, thereby providing more time for RT to carry 
out NRTI excision. To determine whether the balance 
between polymerization and RNase H activity affects 
drug resistance in other HIV-1 subtypes, AZT resistance 
in CRF01_AE was analysed.

METHODS: Extensive RT subdomain swapping and 
mutagenesis was used to determine AZT susceptibil-
ity of wild-type and treatment-experienced CRF01_AE. 
The ability of wild-type and mutant RTs to excise AZT-
monophosphate (AZTMP) from a blocked primer was 
determined in an excision-extension assay using a 19/42-
mer RNA/DNA and DNA/DNA hybrid. Primary RNase 
H cleavages were quantified in an RNase H assay using 
an 18/18-mer RNA/DNA hybrid substrate. 

RESULTS: Interestingly, CRF01_AE-containing TAMs 
exhibited 64-fold higher AZT resistance (relative to wild-
type B) in comparison to subtype B containing the same 
TAMs (13-fold), which in turn correlated with higher 
levels of AZTMP excision on both RNA and DNA tem-
plates. The high AZT resistance exhibited by CRF01_AE 
was primarily associated with the T400 residue, which is 
present in wild-type CRF01_AE cn. A400T substitution 
in subtype B increased AZTMP excision on both DNA 
and RNA templates and reduced RNase H cleavage. Sub-
stituting the T400 in CFR01_AE with alanine restored 
AZT sensitivity and reduced AZTMP excision on both 
DNA and RNA templates, suggesting that the T400 
increases AZT resistance in CRF01_AE at least in part by 
directly increasing the efficiency of AZTMP excision. 

CONCLUSIONS: These results demonstrate that the 
amino acid composition of CRF01_AE in the background 
of TAMs exhibits higher AZT resistance than subtype B 
containing TAMs, and this resistance is associated with the 
T400 amino acid in the CRF01_AE cn. Our results show 
that mixing the RT pol, cn and rh domains from different 
subtypes, specifically the CRF01_AE pol and the subtype B 
cn and rh, can underestimate AZT resistance levels. These 
observations indicate the need to develop subtype-specific 
genotypic/phenotypic assays to provide more accurate esti-
mates of drug resistance. 
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Mutational analysis of residue Asn348 in HIV-1 
reverse transcriptase

J Radzio1, G Tachedjian2 and N Sluis‑Cremer1

1University of Pittsburgh, Division of Infectious Diseases, 
Pittsburgh, PA, USA 
2Macfarlane Burnet Institute for Medical Research and Public 
Health, Melbourne, Australia

BACKGROUND: We previously demonstrated that the 
N348I mutation in the connection domain of HIV-1 
reverse transcriptase (RT) confers both zidovudine (AZT) 
and nevirapine resistance. However, residue N348 in both 
subunits of HIV-1 RT resides distal to the DNA polymer-
ase active site, the RNase H active site, the template/
primer (T/P) binding tract and the NNRTI-binding pocket. 
Accordingly, the structural mechanism by which N348I 
confers dual AZT/nevirapine resistance is not known. 
In the current study, we carried out mutational analyses 
of residue N348 to specifically address structure-activity 
resistance relationships. 

METHODS: The N348A, N348E, N348I, N348L, 
N348Q and N348R mutations were introduced into wild-
type (WT) HIV-1 RT and the recombinant enzymes were 
purified to homogeneity. The DNA polymerase and RNase 
H activities of the enzymes, as well as their sensitivities to 
AZT and nevirapine, were determined using appropriate 
biochemical assays. Molecular modeling analyses using 
a novel model of HIV-1 RT in complex with an RNA/
DNA T/P were performed to complement the biochemical 
analyses.

RESULTS: The N348A, N348I, N348L and N348Q 
enzymes exhibited comparable DNA polymerase activi-
ties to WT HIV-1 RT. By contrast, the N348E and N348R 
enzymes exhibited significantly diminished DNA polymer-
ase activities and, accordingly, were excluded from sub-
sequent analyses. ATP-mediated excision assays demon-
strated that the efficiency of AZT-monophosphate (MP) 
was N348I RT>N348L RT>N348Q RT>WT RT≈N348A 
RT. As expected, the relative AZT-MP excision activity for 
each enzyme correlated with its RNase H activity. Mod-
eling studies suggest that the N348I, N348L and N348Q 
mutations perturb the positioning of the β12-β13 loop in 
the p51 subunit of RT, which directly contacts the RNA 
strand of an RNA/DNA T/P, thus providing a plausible 
structural mechanism for AZT resistance. However, the 
N348A, N348I, N348L and N348Q enzymes all demon-
strated similar levels of nevirapine resistance and there was 
no correlation between nevirapine resistance and RNase 
H activity.

CONCLUSIONS: These analyses further support previous 
findings that N348I confers AZT resistance via an RNase-
H-dependent mechanism. However, nevirapine resistance 
appears to be independent of the RNase H activity of the 
enzyme. Additional mechanistic studies, including subunit 
selective mutational analyses, are currently in progress.
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A novel molecular mechanism of dual resistance 
to nucleoside and non-nucleoside reverse 
transcriptase inhibitors 

GN Nikolenko, KA Delviks‑Frankenberry and 
VK Pathak

Viral Mutation Section, HIV Drug Resistance Program, Center for 
Cancer Research, National Cancer Institute-Frederick, Frederick, 
MD, USA

BACKGROUND: It was recently shown by us and others 
that specific mutations in the connection subdomain (cn) 
and RNase H domain of HIV type-1 (HIV-1) reverse tran-
scriptase (RT) exhibit dual resistance to nucleoside and 
non-nucleoside reverse transcriptase inhibitors (NRTIs 
and NNRTIs). In this study, we propose a mechanism by 
which mutations in the cn and RNase H domain of HIV-1 
RT confer dual resistance to NRTIs and NNRTIs. 

METHODS: The levels of resistance to the NNRTIs nevi-
rapine (NVP), delavirdine (DLV), efavirenz (EFV) and 
etravirine (ETR) were determined for RT mutants using 
a luciferase reporter gene-based drug susceptibility assay. 
RT template switching frequency was determined using 
a GFP reporter gene-based direct repeat deletion assay. 
RNase H activity was analysed using in vitro RNase H 
cleavage assay with virion-derived RTs.

RESULTS: Similarly to our previously described mechanism 
of NRTI resistance, we hypothesized that during NNRTI 
exposure, reduced RNase H cleavage of template allows 
more time for the NNRTI-RT-template/primer complex 
(NNRTI-RT-T/P) to remain competent for the resump-
tion of DNA synthesis after NNRTI dissociation, result-
ing in increased NNRTI resistance. D549N substitution in 
RNase H alone increased resistance to NVP and DLV, but 
not to EFV and ETR, consistent with their decrease in Kd: 
NVP>DLV>EFV. Combination of D549N with mutations 
in the NNRTI-binding pocket (NNRTI-BP) L100I, K103N, 
V106A, Y181C and V179F, which presumably decrease the 
affinity of RT to NNRTIs, increased resistance from 3- to 
30-fold to all four NNRTIs, emphasizing the role of affin-
ity of NNRTIs to RT/T-P in our NNRTI resistance model. 
The affect of NNRTI exposure on RT template switching 
frequency is dependent on the affinity of each NNRTI to 
RT-T/P and can be modulated by the NNRTI resistance 
mutations in NNRTI-BP, which reduce affinity to the drugs, 
further supporting the importance of the relationships 
between NNRTI binding affinity and RNase H cleavage. 

CONCLUSIONS: These experiments demonstrate that 
specific mutations in the cn and RNase H domain exhibit 

dual resistance to NRTIs and NNRTIs, provide insights 
into NNRTI resistance and suggest a novel mechanism 
by which mutations from treatment-experienced patients’ 
RT cn and RNase H domain can exhibit dual NRTI and 
NNRTI resistance. 
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Virologic failure of regimens containing two 
NRTIs plus efavirenz is not associated with the 
selection of mutations in the connection or RNase 
H domains of reverse transcriptase

J Brehm1, CW Sheen1, M Hughes2, C Lalama2, 
R Haubrich3, S Riddler1, N Sluis‑Cremer1 and 
J Mellors1

1University of Pittsburgh, Pittsburgh, PA, USA 
2Harvard School of Public Health, Boston, MA, USA 
3University of California San Diego, San Diego, CA, USA

BACKGROUND: Mutations in the connection and RNase 
H domains of HIV type-1 (HIV-1) reverse transcriptase 
(RT) can confer resistance to RT inhibitors (RTI), but it 
is unknown how frequently such mutations occur with 
virologic failure on currently recommended regimens. We 
therefore sequenced full-length RT in baseline and fail-
ure plasma samples from patients randomized to the two 
NRTIs plus efavirenz arm of ACTG 5142: a multicentre 
study of initial therapy for HIV-1 infection.

METHODS: Of the 60 patients with confirmed virologic 
failure, 53 with pretherapy and virologic failure (with 
HIV-1 RNA>450 copies/ml) sample pairs were studied. 
Viral RNA was extracted, converted to cDNA and RT 
was amplified by nested PCR and sequenced. Polymer-
ase domain mutations were identified using the IAS–USA 
mutation table. Sequences at failure were compared with 
paired pretherapy sequences and to subtypes B, C or A/E 
consensus. McNemar’s test was used to test the signifi-
cance of differences in mutation frequency.

RESULTS: RTI resistance mutations in the polymerase 
domain were identified in 23 of 53 (43%) failure sam-
ples. Polymerase domain mutations significantly associ-
ated with virologic failure were K103N (1.9% pretherapy 
versus 25% at failure; P=0.0015) and M184V/I (1.9% 
versus 15%; P=0.023). Mutations in connection/RNase H 
domains having higher frequency at virologic failure were 
R358K (7.5% pretherapy versus 11% at failure), A371V 
(0% versus 1.9%), A376S (1.9% versus 5.7%), T/M377L 
(13% versus 17%), V467I (17% versus 21%) and S519N 
(28% versus 32%). None of these differences were statisti-
cally significant (P>0.25 for each comparison). G333E or 
D (13%) and V365I (3.7%) were detected pretherapy, but 
were not more frequent at failure. E312Q, G335C, N348I, 
A360I/V and Q509L were never detected.

CONCLUSIONS: Virologic failure of two NRTIs plus efa-
virenz was associated with the frequent selection of muta-
tions in the polymerase domain, but not in the connection 

or RNase H domains of RT. Previously reported mutations 
in the connection and RNase H domains of RT were prob-
ably not detected because failure was identified early using 
a sensitive protocol-specified definition and the treatment 
regimen contained efavirenz and not nevirapine, which 
can select N348I.
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Effect of mutations in the RT connection domain 
on phenotypic susceptibility and virologic 
response to etravirine

J Vingerhoets1, L Tambuyzer1, R Paredes2, S Nijs1, 
B Clotet2, JM Schapiro3 and G Picchio4 
1Tibotec BVBA, Mechelen, Belgium 
2IrsiCaixa Foundation, Hospital Universitari Germans Trias I Pujol, 
Universitat Autonoma Barcelona, Catalonia, Spain 
3National Hemophilia Center, Sheba Medical Center, Israel 
4Tibotec, Inc., Yardley, PA, USA 

BACKGROUND: Connection domain mutations 
(CDMs) in HIV RT are coselected with thymidine 
analogue- associated mutations (TAMs), but also modu-
late the virologic outcome of NNRTI-based treatment. 
This study analysed the effect of CDMs on phenotype 
and virologic response to etravirine (ETR; TMC125) in 
the DUET studies.

METHODS: Seventeen CDMs (L283I, E312Q, G333D/E, 
G335C/D, N348I, A360I/T/V, V365I, T369I, A371V, 
A376S, I393L and E399D/G) were studied. Prevalence 
and effect on ETR FC were analysed using DUET base-
line resistance data. The effect on virologic response 
(<50 copies/ml at week 24) was studied in ETR-treated 
DUET patients not using de novo enfuvirtide and exclud-
ing discontinuations for reasons other than virologic fail-
ure (n=406). Reduced virologic response was defined as 
<75% of the response in patients without baseline NNRTI 
RAMs. Covariation between CDMs, ETR resistance-
 associated mutations (RAMs) and TAMs was assessed 
using phi correlation coefficients.

RESULTS: The most prevalent CDMs were A371V 
(27%), E399D (22%), A376S (16%), N348I (14%), 
A360T (14%), G333E (12%) and L283I (11%). 37% 
of samples harbored only 1 CDM. The overall distribu-
tion of samples by number of ETR RAMs was similar 
with or without CDMs. Phi correlation analysis con-
firmed the lack of association between CDMs and ETR 
RAMs. Conversely, CDMs occurred more frequently in 
samples with more TAMs. No CDM had a clear effect 
on ETR FC, except for A376S for which the proportion 
of resistant samples (FC>13) with this mutation was 
higher than without the mutation (18.4% versus 13.3%, 
respectively). Virologic responses were unaffected by 
most CDMs, except for G333D, G335D and A376S for 
which the reduction in virologic response was close to 
the predefined threshold. This effect was not evident 
in a subgroup of patients with less active ARVs (ETR 
FC>3, DRV FC>10; sufficient numbers only available 

for A376S). Multivariate analysis taking into account 
baseline VL and DRV FC demonstrated that addition of 
these CDMs to the ETR weighted genotypic score did 
not significantly improve the association with virologic 
response to ETR. 

CONCLUSIONS: This analysis showed no clear effect 
of the CDMs on phenotypic susceptibility and virologic 
response to ETR.
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Analysing drug resistance in terms of substrate 
recognition in HCV NS3/4A protease

K Romano and C Schiffer

University of Massachusetts Medical School, Worcester, MA, USA

BACKGROUND: Hepatitis C virus (HCV) infects an esti-
mated 180 million people worldwide causing over half of 
all liver cancer cases. The bifunctional NS3/4A protein is a 
prime therapeutic target as both protease and helicase func-
tions are required for viral infection and replication. The 
first series of NS3/4A protease inhibitors in clinical trials 
are the result of recent structure-based drug design efforts. 
Although several of these inhibitors show promise, such as 
SCH503034 (Schering–Plough), drug resistance is being 
reported both in replicon studies and in clinical trials. Alarm-
ingly, single site mutations at A156 and R155 have been 
shown to confer high-level multidrug resistance. A more 
detailed understanding of the molecular basis behind these 
observed resistance profiles is crucial to the development of 
future drugs that are less susceptible to drug resistance.

METHODS: In this study, we investigated the balance 
between substrate recognition by NS3/4A protease and 
the occurrence of drug resistance. Peptides corresponding 
to post-cleavage products (4A4B and 5A5B) were crys-
tallized in complex with the inactive protease domain 
of NS3/4A. Structural alignments were performed 
to compare these structures with those of full-length 
NS3/4A (1CU1) and NS3/4A protease in complex with 
SCH503034 (2OC8). A structural analysis was then car-
ried out to determine regions where the inhibitor bound 
relative to NS3/4A products.

RESULTS: Structural analysis reveals relative shifts in the 
region that contacts peptide products and SCH503034; 
however, bound ligands are shifted by the same degree in 
this area such that a common binding modality is preserved. 
When NS3/4A products are superposed, primary sites of 
drug resistance, such as A156 and R155, do not extensively 
contact substrates but are crucial to inhibitor binding.

CONCLUSIONS: These results imply that drug resistance 
is occurring in a manner that selectively weakens inhibitor 
binding, but maintains substrate recognition and cleavage. 
Therefore, future NS3/4A protease inhibitors that fit bet-
ter within the substrate binding region should be less sus-
ceptible to drug resistant mutations. As we have observed 
previously in the system of HIV-1 protease, drug design 
strategies that incorporate this constraint can lead to the 
development novel protease inhibitors less susceptible to 
resistance and more robust in HCV treatment.
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Identification of HIV-1 matrix determinants 
of fitness compensation in a protease inhibitor 
resistant virus

CM Parry1,2, P Cane1 and D Pillay1,2

1Virus Reference Department, Health Protection Agency, London, UK 
2UCL/MRC Centre for Medical Molecular Virology, UCL, London, UK

BACKGROUND: Mutations occur in the protease and gag 
genes of HIV from patients who fail therapy with protease 
inhibitors (PI). Protease mutations have been extensively 
explored while studies with gag have mainly been limited 
to cleavage sites mutations (CSM). We recently showed 
restoration of replication capacity (RC) for a patient 
plasma virus-derived (termed mutant) multidrug-resistant 
protease by full-length mutant Gag, as well as matrix and 
partial capsid. Mutant gag, as well as matrix and partial 
capsid also conferred protease inhibitor (PI) resistance 
with out mutations in protease.

METHODS: Using a single-cycle assay we compared 
the drug susceptibility of the two different regions of the 
mutant Gag: matrix and partial capsid, and partial capsid 
with the remainder of Gag. Site-directed mutagenesis iden-
tified changes in matrix and partial capsid that can restore 
RC to virus with the mutant protease (that alone has 5% 
RC of wild-type [WT]).

RESULTS: Mutant matrix and partial capsid conferred up 
to ninefold resistance to PIs (amprenavir 9.1×, atazanavir 
5× and indinavir 9.1× the IC50 of WT) without cleavage 
site mutations. The remainder of mutant Gag (partial cap-
sid to the end of Gag with CSM) conferred lower levels 
of resistance (amprenavir 3.4×, atazanavir 2.5× and indi-
navir 5.8× the IC50 of WT). The mutant matrix had 10 
amino acid changes compared with HXB2 and an inser-
tion (116TQ). Addition of the insertion to WT Gag had 
only a minor effect increasing RC of virus with the mutant 
protease from 5% to 10%. Changing three amino acids 
within the matrix from WT to those found in the mutant 
virus (R76K, Y79F and T81A) increased RC of the virus 
with mutant protease from 5% to 73% of WT. 

CONCLUSIONS: We determined that the matrix and 
part of capsid can confer more PI resistance than regions 
including the p7-p1 and p1-p6 CSM. We also identified 
that three amino acid changes in matrix can restore the RC 
of a multidrug-resistant protease from 5% of WT to over 
70%. The mechanism for both findings was unclear but it 
was independent of CSM, emphasizing that studies using 
full-length Gag are warranted. 
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Computational models developed without a 
genotype for resource-poor countries predict 
response to HIV treatment with 82% accuracy 

AD Revell1, D Wang1, R Harrigan2, J Gatell3, 
L Ruiz4, S Emery5, MJ Pérez‑Elías6, C Torti7, 
J Baxter8, F DeWolf 9, Brian Gazzard10, AM Geretti11, 
S Staszewski12, R Hamers13, AMJ Wensing14, 
J Lange15, JM Montaner2 and BA Larder1

1HIV Resistance Response Database Initiative (RDI), London, UK 
2BC Centre for Excellence in HIV/AIDS, Vancouver, BC, Canada 
3Hospital Clinic of Barcelona, Barcelona, Spain 
4Fundació irsiCaixa, Badalona, Spain 
5National Centre in HIV Epidemiology and Clinical Research, 
Sydney, Australia 
6Ramón y Cajal Hospital, Madrid, Spain 
7University of Brescia, Brescia, Italy 
8Cooper University Hospital, Camden, NJ, USA 
9Netherlands HIV Monitoring Foundation, Amsterdam, the 
Netherlands 
10Chelsea and Westminster Hospital, London, UK 
11Royal Free Hospital, London, UK 
12Hospital of the Johann Wolfgang Goethe-University, Frankfurt, 
Germany 
13PharmAccess Foundation, Academic Medical Centre, 
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14University Medical Centre, Utrecht, the Netherlands 
15Academic Medical Centre, Amsterdam, the Netherlands

BACKGROUND: Optimizing therapy following initial 
treatment failure in resource-poor countries is challenging 
due to limited treatment options and the relative unavail-
ability of resistance testing. We have demonstrated that 
computational models trained with clinical data can pre-
dict virological response from genotype, viral load, CD4+ 
T-cell count and treatment history and may be a useful 
treatment selection tool. Here, we model response without 
genotype for potential use in resource-poor countries. 

METHODS: Two random forest models were trained to 
predict the probability of the follow-up viral load being 
<50 copies/ml after a treatment change. Model 1 was 
trained with 8,214 treatment change episodes (TCEs), rep-
resentative of clinical practice in resource-poor countries 
(no previous protease inhibitors [PIs], T-20, raltegravir 
or maraviroc, with PIs allowed in the new regimen). The 
input variables were baseline viral load, CD4+ T-cell count, 
treatment history (previous AZT, 3TC or any NNRTI), the 
drugs in the new regimen and time to follow-up. Model 2 
was as Model 1 except 11 individual drug treatment his-
tory variables were used. Receiver operator characteristic 
curves were plotted for the models’ performance with an 

independent test set of 400 TCEs from different patients 
to those used for training. The models were used to iden-
tify alternative three-drug regimens available in resource-
poor countries that were predicted to reduce the viral load 
to <50 copies/ml for the 205 test cases with incomplete 
response.

RESULTS: Both models achieved an accuracy of 82% and 
an area under the curve of 0.88. Sensitivity was 77% and 
79% and specificity 86% and 85% for Models 1 and 2, 
respectively. The optimal operating points were 0.44 and 
0.47. The most important variable in the modelling was 
baseline viral load. The two models identified alternative 
regimens that were predicted to be fully suppressive for 94 
(46%) and 98 (48%) of the failures. When all currently 
licensed protease inhibitors were included, this rose to 100 
(49%) and 106 (52%).

CONCLUSIONS: Models trained with sufficiently large, 
representative datasets can predict virological response 
accurately without a genotype. The results highlight the 
value of viral load information. This approach has poten-
tial for optimizing antiretroviral therapy in resource-
poor countries.
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Drug resistance patterns among HIV-infected 
children and adults failing Kaletra-based 
regimens in South Africa

G Hunt1, J Ledwaba1, Z El‑Khatib1,2, A Coovadia3, 
L Kuhn4, D Katzenstein5 and L Morris1

1AIDS Research Unit, National Institute for Communicable 
Diseases, Johannesburg, South Africa  
2Division of Global Health (IHCAR), Karolinska Institutet, Sweden. 
3Empilweni Clinic, Coronation Women and Children Hospital, 
Enhancing Childhood HIV Outcomes (ECHO), University of the 
Witwatersrand, Johannesburg, South Africa 
4Gertrude H Sergievsky Center and Department of Epidemiology, 
Mailman School of Public Health, Columbia University, New York, 
NY, USA 
5School of Medicine, Stanford University, Stanford, CA, USA

INTRODUCTION: The South African Department of 
Health HIV treatment guidelines recommend the use of 
a Kaletra (LPV/r)-based regimen for all HIV-infected chil-
dren under 3 years of age and for adults failing NNRTI-
based first line regimens. We examined patterns of drug 
resistance mutations among children and adults failing 
Kaletra-based regimens in Johannesburg, South Africa. 

METHODS: All 44 children included in the analysis had 
been treated with LPV/r+3TC+d4T. Adults were treated 
with LPV/r+ddI+AZT (n=18, DOH recommended ther-
apy), LPV/r+3TC+d4T or AZT (n=9), LPV/r+AZT+TDF 
(n=3), LPV/r+ddI+ABC (n=1) or LPV/r+AZT+ABC (n=1). 
The reverse transcriptase and protease genes were geno-
typed using a validated in-house methodology. Genotypic 
resistance was defined using the Stanford Genotypic Resist-
ance Interpretation Algorithm and the December 2008 
International AIDS Society drug resistance mutation list.

RESULTS: Children: of 44 sequences from failing patients, 
15 (34%) had detectable PI mutations, 32 (73%) had 
NRTI mutations, 2 (5%) had NNRTI mutations and 10 
(23%) were wild-type. The predominant PI mutations 
were V82A (30%), I54V (20%) and M46I (7%), whereas 
M184V was detected in 68% of samples and K103N 
and Y181C were detected in one sample each. The mean 
viral load (VL) among these patients was 30,154 copies/
ml (1,158–>750,000) and there was no difference in VL 
between patients with or without resistance (29,023 ver-
sus 33,964 copies/ml). Adults: of 32 sequences from failing 
patients, none (0%) had detectable major PI mutations (2 
had minor PI mutations Q58E and T74P), 10 (31%) had 
NRTI mutations, 18 (53%) had NNRTI mutations and 
11 (34%) were wild-type. M184V/I was detected in 28% 
of samples. The predominant NNRTI mutations detected 

were K103N (44%), P225H (16%) and V106M (6%). 
The mean VL among adult patients was 33,474 copies/
ml (1480–>750,000) and no difference between patients 
with or without mutations (25,102 versus 57,992 copies/
ml) was noted. 

CONCLUSIONS: Children failing Kaletra-based regimens 
had more frequently detectable PI and M184I/V muta-
tions, whereas adults had high levels of NNRTI-associated 
mutations and no detectable PI mutations. The NNRTI 
mutations were likely selected and archived during first-
line therapy, but their persistence on a PI-based therapy 
and the absence of PI resistance mutations is unexpected.
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Impact of newly HIV diagnosed individuals on the 
transmission of drug resistance 

S Yerly1, T Junier2, A Gayet‑Ageron3, 
E Boffi El Amari3, V von Wyl4, HF Günthard4, 
B Hirschel3, T Klimkait5, E Zdobnov2, L Kaiser1 and 
the Swiss HIV Cohort Study
1Laboratory of Virology, Geneva University Hospitals, Geneva, 
Switzerland 
2Department of Genetic Medicine and Development, University of 
Geneva Medical School, Geneva, Switzerland 
3Division of Infectious Diseases, Geneva University Hospitals, 
Geneva, Switzerland 
4Division of Infectious Diseases and Hospital Epidemiology, Zurich 
University Hospital, Zurich, Switzerland 
5Basel University Hospital, Basel, Switzerland

BACKGROUND: The prevalence of transmitted drug 
resistance (TDR) in HIV type-1 (HIV-1) newly diagnosed 
individuals has significantly increased in the Geneva 
area, reaching 15% in 2008. Previous phylogenetic anal-
yses have revealed high clustering (30%) between newly 
diagnosed individuals. In this study, we evaluated the 
respective impact of newly diagnosed or drug-exposed 
chronically infected individuals on TDR. 

METHODS: A total of 637 individuals resident in Geneva 
with a new HIV-1 infection diagnosed between 2000 and 
2008 (mandatory declarations) were analysed. Resistance 
mutations were reported according to the 2007 Shafer list. 
Sequences from 1,058 individuals with chronic infection 
(resistance testing database) were included. Phylogenetic 
analyses were performed on pol sequences using maxi-
mum likelihood method (PhyML). Phenotypic resistance 
and replicative capacity (RC) were assessed using the rep-
licative system PhenoTecT (InPheno). 

RESULTS: Mutations associated with resistance to at least 
one drug were detected in 8.5% individuals (NRTI 6.3%, 
NNRTI 3.5%, PI 1.9% and >1 drug class 2.4%). The phy-
logenetic analyses revealed that 35% of newly infected 
individuals (53% of those with infection <1 year) could 
be linked to a chain of transmission, whereas only 10% of 
chronically infected individuals were included in transmis-
sion clusters. Compared with newly diagnosed individuals 
infected with sensitive strains, those infected with resistant 
strains were more frequently found in clusters (32.6% ver-
sus 59.3%, respectively; P<0.0001) and were often part of 
transmission clusters composed only of newly diagnosed 
individuals. We also identified two clusters of TDR evolv-
ing over >2 years in recently infected individuals. The first 
was characterized by RT 69 insertion and Pr 90M, and the 

second by 103N and Pr 35 insertion. Within each cluster, 
very high homologies of pol sequences (98.7–100%) and 
of C2V3 sequences (96.7–100%) were found. In vitro RC 
(Pr/RT) was reduced to 32%/42% for the first strain and 
to 17%/29% for the second strain.

CONCLUSIONS: Reconstruction of the HIV transmission 
networks shows that newly diagnosed HIV infections are a 
significant source of onward transmission, particularly of 
resistant strains, thus suggesting an important self-fuelling 
mechanism for TDR. This has to be taken into account 
in the context of universal HIV testing and immediate 
antiretroviral therapy strategy to reduce transmission.
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Successful identification of sources of 
transmitted drug-resistant HIV-1 via a cross-
sectional phylogenetic analysis

V von Wyl1, S Yerly2, J Böni3, C Shah3, 
P Bürgisser4, T Klimkait5, P Taffé4, R Kouyos6, 
B Ledergerber1, HF Günthard1 and the Swiss HIV 
Cohort Study (SHCS)
1University Hospital Zurich, Zurich, Switzerland  
2Geneva University Hospitals, Geneva, Switzerland 
3University of Zurich, Zurich, Switzerland 
4University Hospital Lausanne, Lausanne, Switzerland 
5University of Basel, Basel, Switzerland 
6ETH Zurich, Zurich, Switzerland

BACKGROUND: Phylogenetic analyses can provide valu-
able information on transmitted drug resistance (TDR), 
but they often suffer from insufficient information on the 
population of potential transmitters. We aimed to com-
bine sequences from a highly representative study with 
imputed infection dates to infer frequency of and corre-
lates with TDR.

METHODS: Subtype B HIV pol sequences from 339 
ART-naive homo/bisexual patients (MSM) from German-
 speaking Switzerland with estimated infection dates 
between 2001 and 2004 were selected (tracking data), 
representing 60% of officially reported new diagnoses 
with homosexual risk exposure within that period and 
region. Of those, 104 (30%) were diagnosed within 
1 year of documented seroconversion (recent infections). 
TDR was identified with the 2009 WHO Surveillance 
list. Sequences were pooled with all remaining tests from 
MSM patients (n=1,691) and analyzed with phylogenetic 
methods (TN93+I+Gamma; neighbor-joining trees) after 
removal of drug-resistance-related amino acid positions. 
Transmission clusters were defined via bootstrap values 
≥980/1,000. Logistic regression models were used to iden-
tify associations with the recapturing of tracked patients 
within clusters of ≥2 sequences or with the presence of 
TDR mutations.

RESULTS: Of 339 tracked patients, 150 (44%, of which 
41 recently infected) were included within 83 clusters with 
a median size (min, max) of 3 (2, 12). TDR was observed 
in 28/339 (8%) sequences, of which 20 were distributed 
over 14/83 (17%) clusters and 8 were isolated. Possible 
ART-exposed sources were included in 3/14 clusters (21%) 
together with 3 tracked TDR sequences. Circulation of 
TDR strains among ≥2 ART-naive patients was found in 
6/14 (43%) clusters, involving 10 tracked sequences. Four-
teen (17%) transmission chains extended beyond 2004. In 

adjusted regressions for age, study center, time from esti-
mated infection to diagnosis and ethnicity, the presence of 
TDR was the only predictive factor for inclusion within 
clusters (OR 3.1 [95% CI 1.2–8.1]); no factors explaining 
TDR were discovered.

CONCLUSIONS: This cross-sectional analysis suggests 
that at least 11% of all sequences with TDR mutations 
or one-fifth of all TDR clusters have originated from an 
ART-exposed chronically infected patient. Moreover, 36% 
of observed TDR and 43% of TDR clusters may be attrib-
uted to onward transmission of recently infected patients.
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Addition of extended zidovudine to extended 
nevirapine prophylaxis reduces resistance in 
infants who were HIV-infected in utero: the PEPI-
Malawi Study

J Lidstrom1, N Kumwenda2, DR Hoover3, 
G Kafulafula4, Q Li2, LM Mofenson5, MG Fowler1,6, 
MC Thigpen6, TE Taha2 and SH Eshleman1
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2Johns Hopkins University Bloomberg School of Public Health, 
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3Rutgers University, Piscataway, NJ, USA 
4University of Malawi, Blantyre, Malawi 
5National Institutes of Health, Rockville, MD, USA 

6Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA

INTRODUCTION: Extended nevirapine (NVP) prophy-
laxis reduces the risk of post-natal HIV transmission, but 
may induce resistance among infants who are HIV-infected 
in utero. An infant’s HIV infection status is often not known 
when prophylaxis is initiated at birth. We compared NVP 
resistance in infants who were subsequently found to have 
been HIV-infected in utero, but who were exposed before 
HIV diagnosis to either extended NVP prophylaxis or 
extended NVP plus zidovudine (ZDV) prophylaxis in the 
PEPI-Malawi Study. In the PEPI-Malawi Study, there was 
no difference in efficacy of extended NVP+ZDV versus 
extended NVP for prevention of post-natal HIV infection.

METHODS: In PEPI-Malawi, most HIV-infected women 
received single-dose NVP (sdNVP) prior to delivery. Infants 
were randomized at birth to receive: sdNVP plus 1 week 
of ZDV (control), control plus extended NVP prophy-
laxis (daily to age 14 weeks) or control plus extended 
NVP+ZDV prophylaxis (daily to age 14 weeks). Proph-
ylaxis was stopped when infant HIV infection was con-
firmed. Plasma collected at 14 weeks was available from 
105 of 161 infants in the extended study arms who were 
HIV-infected in utero (positive HIV DNA test at birth). 
HIV genotyping was performed using the ViroSeq HIV 
Genotyping System. 

RESULTS: Genotyping results were obtained for 88 
(83.8%) of 105 14-week samples. Among the 88 infants 
with genotyping results, prophylaxis was stopped at a 
median of 6 weeks of age in both study arms (range 1–14 
weeks). At 14 weeks of age, the proportion of infants with 
NVP resistance was lower in the extended NVP+ZDV arm 
than the extended NVP arm (28/45 [62.2%] versus 37/43 
[86.0%]; P=0.015); none of the infants had ZDV resist-
ance. Addition of extended ZDV to extended NVP reduced 
the risk of NVP resistance in infants whose prophylaxis 

was stopped by 6 weeks (19/35 [54.3%] versus 30/35 
[85.7%]; P=0.008), but not in infants whose prophylaxis 
was continued beyond 6 weeks (9/10 [90.0%] versus 7/8 
[87.5%]; P=0.71). 

CONCLUSIONS: Addition of extended ZDV to extended 
NVP prophylaxis significantly reduced the risk of NVP 
resistance at 14 weeks in infants with in utero HIV infec-
tion, provided that HIV infection was diagnosed and the 
prophylaxis was stopped by 6 weeks of age.
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Pre-existing low-levels of the K103N HIV-1 RT 
mutation above a threshold is associated with 
virological failure in treatment-naive patients 
undergoing EFV-containing antiretroviral 
treatment 

DD Goodman1, NA Margo2, DJ McColl2, MD Miller2, 
K Borroto‑Esoda1 and ES Svarovskaia1

 

1Gilead Sciences, Inc., Durham, NC, USA 
2Gilead Sciences, Inc., Foster City, CA, USA

BACKGROUND: Study GS-01-934 was a randomized 
open-label Phase III study comparing FTC+TDF+EFV 
to 3TC+ZDV+EFV in treatment-naive HIV-1-infected 
patients. Patients with NNRTI resistance at baseline by 
standard population sequencing (22/509 [4.3%]) were 
excluded from the primary efficacy analysis. Through 
144 weeks, 50/487 patients (FTC+TDF+EFV [n=19] and 
3TC+ZDV+EFV [n=31]) experienced virological failure 
(VF). Here, we analysed all patients using allele-specific 
PCR (AS-PCR) to assess low levels of K103N at baseline 
and VF.

METHODS: A real-time PCR platform (EraGen Bio-
sciences, Madison, WI, USA) that utilizes allele-specific 
PCR primers for K103K (AAA and AAG codons) and 
K103N (AAC and AAT codons) was developed. All 
available baseline plasma samples (n=485) were RT-PCR 
amplified and tested for K103N; assay cutoff was 0.5% 
for mutant detection. 

RESULTS: AS-PCR results were obtained for 476/485 
samples. Overall, 16/476 (3.4%) had detectable K103N 
by AS-PCR but not by population sequencing, increasing 
the percentage of treatment-naive patients with NNRTI 
resistance to 7.5% (38/509). Six of 16 patients (37.5%) 
with low-level K103N showed VF (n=5 in the 3TC+ZDV 
group and n=1 in FTC+TDF group) and statistical anal-
ysis showed a strong correlation between pre-existing 
low-level K103N and VF within the 3TC+ZDV group 
(P=0.005). The size of the K103N subpopulation at base-
line correlated with VF. Within the VF group, the K103N 
percentage detected by AS-PCR ranged from 0.8% to 15% 
(1,254–16,071 copies/ml of K103N in plasma), whereas 
in the non-VF group the K103N percentage ranged from 
0.6% to 3.2% (51–5,535 copies/ml of K103N). The pres-
ence of K103N above 2,000 copies/ml strongly correlated 
with VF (5/6 with VF versus 1/10 without VF; P=0.008). 
For the one FTC+TDF patient with low-level K103N and 
VF, only 0.8% K103N (1,254 copies/ml) was detected; 
however, this patient had only 20 CD4+ T-cells/ml at base-
line, which may also have contributed to VF.

CONCLUSIONS: Utilization of AS-PCR resulted in 
an overall increase in detection of K103N in treatment-
 naive patients as compared with detection by population 
sequencing only. The presence of low-levels of K103N was 
associated with risk of VF within the 3TC+ZDV group. 
The results suggest a threshold quantity of K103N at base-
line that is predictive of VF. 
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Prevalence and clinical significance of 
transmitted drug-resistant (TDR) HIV mutations 
by ultra-deep sequencing (UDS) in HIV-infected 
ARV-naive subjects in CASTLE Study

M Lataillade1,2, J Chiarella2, R Yang1, S Schnittman1, 
V Wirtz1, M Mancini1, J Uy1, D Seekins1, M Krystal1, 
D McGrath1, B Simen3, M Egholm3 and M Kozal2

1Bristol–Myers Squibb Resistance Working Group, Research and 
Development, Wallingford, CT, USA  

2Yale University School of Medicine and Veterans Affairs Health 
Care Systems, New Haven, CT, USA  
3454 Life Sciences-Roche Company, Branford, CT, USA

BACKGROUND: CASTLE compared the efficacy of ata-
zanavir/ritonavir with lopinavir/ritonavir, each in combi-
nation with tenofovir-emtricitabine in ARV-naive subjects 
from five continents. Little is known about the prevalence 
of low and high abundance TDR variants that exist in 
diverse ARV-naive populations and the clinical significance 
of low abundance resistant variants on boosted PI-based 
HAART. We aimed to determine the baseline prevalence 
and clinical significance of TDR mutations using UDS in 
ARV-naive subjects in CASTLE.

METHODS: A case control study was performed on 
baseline samples for all 53 week 48 virological failures 
(VF) and 95 virological successes (VS) randomly selected 
and matched by baseline CD4+ T-cell count and viral 
load. TDR mutations were defined using 2009 WHO 
criteria. The limit of detection for TDRs by UDS was 
restricted to ≥1% of the viral population. UDS was per-
formed using 454 Life Sciences/Roche technology.

RESULTS: Of 148 samples, 141 had successful UDS (86 
subtype B and 55 non-B subtypes). Overall, 30.5% of 
subjects had a TDR mutation at baseline; 15.6% only 
had TDR(s) at <20% of the viral population. There was 
no difference in the prevalence of TDRs by B (30%) or 
non-B subtypes (31%). Eighteen subjects (12.8%) had 
multiclass TDRs. Sixteen (11.3%) subjects had NNRTI 
TDRs (15 with at least 1 K103N, Y181C/I or 190A/E). 
Of 35 (24.8%) subjects with NRTI TDRs, 26 had TAMs, 
9 had M184V/I and 2 had K65R. Overall, VS and VF had 
similar rates of any TDRs (33% versus 25%), NNRTI 
TDRs (11% versus 12%) and NRTI TDRs (24% versus 
25%). Of 9 (6.4%) subjects with M184V/I (7 at <20% 
levels), 6 experienced virological failure (4 had TAMs 
and 1 had K65R+TAMs). Sixteen (11.3%) subjects had 
multiple TAMs, 7 experienced virological failure. Three 
(2.1%) subjects had both multiple TAMs+M184V, all 
experienced virological failure. Of 14 (9.9%) subjects 

with PI TDRs (11 at <20% levels), 13 did not experience 
virological failure; 10 only had a solitary PI TDR (for 
example, 24I, 32I, 46I or 58E); 4 (2.8%) had multiple PI 
TDRs. One subject had multiple PI and NRTI TDRs at 
>20% levels and experienced virological failure. 

CONCLUSION: Among a representative sample of ARV-
naive subjects in CASTLE, TDR mutations were common 
(30.5%); B and non-B subtypes had similar rates of TDRs. 
Subjects with multiple PI TDRs were infrequent. Overall, 
TDRs did not affect virological response for subjects on a 
boosted PI by week 48; however, a small subset of subjects 
with extensive NRTI backbone TDR patterns experienced 
virological failure.
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Bulk sequence-detectable resistance mutations in 
peripheral RNA following single-dose nevirapine 
are associated with poorer treatment responses 
but do not adequately explain treatment failure
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J Stringer4, V Shanmugam2, A McNulty2, 
E Lehotzky2,5, O Bolu2, P Peters1, S Pathak1, 
W Heneine1 and P Weidle1

1Division of HIV/AIDS Prevention, CDC, Atlanta, GA, USA 
2Global AIDS Program, CDC, Atlanta, GA, USA 
3Global AIDS Program, CDC, Lusaka, Zambia 
4UAB Center for Infectious Disease Research, Lusaka, Zambia 
5Emerging Infectious Diseases Fellow, CDC/APHL, Atlanta, GA, USA

BACKGROUND: Sensitive drug resistance testing has 
revealed that drug resistance emerges in the majority of 
women exposed to single-dose nevirapine (sdNVP), rais-
ing concern for future treatment responses. We examined 
sdNVP-associated mutations by bulk sequencing and sen-
sitive real-time PCR to determine variant levels and pat-
terns associated with poor treatment response.

METHODS: Viral RNA from 162 sdNVP-exposed and 
265 sdNVP-unexposed Zambian women were baseline-
tested for nevirapine-associated mutations prior to begin-
ning nevirapine/efavirenz-based antiretroviral therapy. 
Bulk sequencing evaluated reverse transcriptase codons 
1–251 and real-time PCR screened only sdNVP-exposed 
women for K103N, V106M, Y181C and G190A. Presence 
of baseline majority and/or minority mutations and time 
since sdNVP exposure were assessed against treatment 
failure (VL>400 copies/ml) at 24 or 48 weeks. 

RESULTS: Bulk sequencing detected 15 mutations in 13 
(5%) sdNVP-unexposed women, including four A98G, 
four V179D, two K101E, two K103N, and one each 
of V106M, V108I and G190A. Twenty-eight (17.5%) 
sdNVP-exposed women had sequence- detectable 
mutations: 20 at <6 months, one between 7 and 12 
months, and seven >12 months after exposure (χ2 trend 
P<0.0001). Sensitive testing detected variants of the four 
mutations assayed in 53/162 (33%) sdNVP-exposed 
women. SdNVP-exposed women with no detectable or 
only minority baseline mutations responded similarly 
to therapy (27% versus 18% failure; P=0.3). Among 
women with a sequence-detectable mutation at baseline, 
only 1/13 (0.8%) sdNVP-unexposed women experienced 
failure compared with 13/24 (54%) exposed women 
(P=0.01). For this latter group, the association with fail-
ure was strengthened by the subsets who also had minor-
ity mutations (8/13 failed) and those with A98G (3/4 

failed). The four sdNVP-unexposed women with A98G 
did not experience failure. SdNVP-exposed women 
without detectable mutations were 1.8× more likely to 
fail than sdNVP-unexposed women (27% versus 15%; 
P=0.01). Regardless of detectable resistance, virological 
failure was greater (40%) when treatment was initiated 
<6 months after sdNVP (27% 7–12 months and 22% 
>12 months; χ2 trend P=0.03).

CONCLUSIONS: Although minority mutations when 
present with sequence-detectable mutations strengthened the 
association with failure, they alone did not predict failure. 
Even in the absence of detectable resistance, sdNVP-exposed 
women, when compared with unexposed, experienced sig-
nificant virological failure close to the time of sdNVP expo-
sure possibly suggesting transient resistance sanctuaries not 
readily detectable in peripheral viruses.
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Resistance mutations detected by oligonucleotide 
ligation assay of HIV-1 DNA at time of initiation 
of nevirapine-containing antiretroviral therapy 
are associated with virologic failure

T Wagner1, G Jourdain2,3, N Ngo‑Giang‑Huong2,3, 
W Sirungsi4, V Klinbuayaem5, F Fregonese6, 
I Nantasen2, G Halue7, M Techpornroong8, 
A Nilmanat9, P Wittayapraparat10, 
V Chalermpolprapa11, P Pathipvanich12, 
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BACKGROUND: Single-dose nevirapine (sdNVP) to 
prevent mother-to-child transmission (MTCT) of HIV-1 
increases the mothers’ risk of failing subsequent NVP-
based antiretroviral therapy (ART). Consensus genotypic 
resistance testing of plasma HIV-1 RNA 10 days following 
sdNVP detects NVP resistance in a substantial proportion 
of women, but previously was not independently associ-
ated with subsequent treatment failure. This study sought 
to determine whether NVP resistance detected using a 
sensitive assay applied to HIV-1 DNA at the time ART 
is initiated would be associated with virological failure of 
NVP ART.

METHODS: Women who participated in a randomized 
controlled trial of sdNVP or placebo added to zidovudine 
to prevent MTCT and subsequently started NVP ART, 
had blood from immediately prior to the initiation of NVP 
ART tested for NVP resistance. Using a sensitive oligonu-
cleotide ligation assay (OLA), 100 copies of HIV-1 DNA 
were assayed to detect point-mutations (K103N, Y181C, 

and G190A) present at >5%. The endpoint was the risk of 
virological failure between 6 and18 months of NVP ART, 
defined by confirmed plasma HIV-1 RNA >50 copies/ml.

RESULTS: OLA identified resistance mutations in 26% 
of 148 women given sdNVP (K103N 13%, Y181C 5% 
and G190A 19%; 10% had ≥2 mutations) and none of 
the 33 given placebo. The cumulative rate of virological 
failure was 0.62 (CI 0.46–0.77) in women given NVP with 
≥1 resistance mutation detected by OLA at NVP ART ini-
tiation compared with 0.25 (CI 0.17–0.45) in those with 
no resistance mutations (P<0.0001), which was not sta-
tistically greater than in those who received placebo 0.13 
(CI 0.05–0.32). Other risk factors independently asso-
ciated with an increased risk of failure were an interval 
of <6 months between delivery and NVP ART initiation 
(P=0.001) and a viral load above the median (4.77 log

10 
copies/ml) at initiation of NVP ART (P=0.007).

DISCUSSION: NVP resistance detected in HIV-1 DNA by 
a sensitive method (OLA) immediately prior to the initia-
tion of ART was strongly associated with virological fail-
ure in women previously exposed to sdNVP to prevent 
MTCT. Access to simple and inexpensive assays to detect 
low concentrations of NVP-resistant HIV-1 prior to the 
initiation of ART may improve ART selection and the 
associated outcomes of antiretroviral therapy.
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Efficacy of raltegravir and factors associated 
with treatment failure in a routine clinical care 
setting: the Swiss HIV Cohort study

AU Scherrer1, V von Wyl1, CA Fux2, M Opravil1, 
HC Bucher3, A Fayet4, LA Decosterd4, B Hirschel5, 
HJ Furrer2, D Mertz4, S Yerly5, T Klimkait3, 
B Ledergerber1 and HF Günthard1

1University Hospital Zürich and University of Zürich, Zürich, 
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5Geneva University Hospital, Geneva, Switzerland

OBJECTIVES: Raltegravir (RAL) is the first substance of 
an entirely new drug class, the integrase inhibitors. Ran-
domized clinical trials (BENCHMARK-1 and 2) showed 
remarkable viral suppression rates in patients on salvage 
therapy, but efficacy of RAL (400 mg twice daily) com-
bined with an optimized background treatment (OBT) was 
not systematically studied in a routine clinical setting.

METHODS: We performed an intent-to-treat analysis for 
week 24 response (HIV RNA<50 copies/ml) using last 
observation carried forward imputation. Included were all 
patients receiving RAL within the SHCS. The following 
factors, potentially associated with treatment failure, were 
analysed: genotypic sensitivity score (GSS) of the OBT, 
RAL plasma concentration, HIV RNA at baseline, CD4 
nadir and self-reported adherence. The GSS was calculated 
with Stanford algorithm. Drug levels were considered too 
low when falling below the 90% confidence interval (CI).

RESULTS: The study included 108 patients of whom 106 
were still on RGV at week 24. At baseline, 71 (65.7%) had 
detectable (salvage patients) and 37 (34.3%) had undetect-
able (switch patients) viral loads (HIV RNA<50 copies/
ml). The predominant reason to switch was a regimen 
containing T20 (OR: 25.2 [95% CI: 9.0–70.3]). Median 
baseline log HIV RNA was 3.9 (IQR: 3.0–4.7) in salvage 
patients. Median baseline CD4 cell counts were 195 cells/
µl and 342 cells/µl in salvage and switch patients, respec-
tively. The overall response rate was 87.0% (95% CI: 
79.2–92.7). The stratified response rates were 81.7% (95% 
CI: 70.7–89.9) and 97.3% (95% CI: 85.8–99.9), respec-
tively. CD4 cell counts increased significantly by 75 cells/µl 
(t-test: P<0.001) and 49 cells/µl (t-test: P=0.006). Potential 
reasons for failure (n=14: 13 salvage and 1 switch) were 
a GSS<1 of the OBT (n=2), low RAL plasma concentra-
tions (n=3), poor adherence (n=2), no follow-up HIV RNA 
(n=5) or unknown (n=2). Two patients had a genotypic 

resistance test performed while failing on RAL: one patient 
had the Q148R mutation and the other had no known 
RAL resistance-associated mutation.

CONCLUSIONS: Multiple factors were associated with 
RAL failures, such as low GSS of the OBT, low drug levels 
and poor adherence. Efficacy data from this routine clini-
cal setting were comparable to previous published rand-
omized controlled trials. Response rate in switch patients 
was very high. However, contrary to the SWITCHMRK-
trials, 62% of our patients were kept on a boosted PI.
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Week 48 results from the Phase III study 
A4001026 (MERIT) – ‘time to loss of virologic 
response’ (TLOVR) virology analysis of failures in 
the enhanced Trofile-censored subpopulation

C Craig1, M Lewis1, P Simpson1, C Delogne1, 
E van der Ryst1, J Heera2, J Goodrich2, M Perros1 
and M Westby1

1Pfizer Global R&D, Sandwich, UK 
2Pfizer Global R&D, New London, CT, USA 

OBJECTIVES: Post-hoc analysis of study A4001026 
(MERIT) using an enhanced sensitivity tropism assay 
(Trofile™-ES) demonstrated similar week 48 virologic 
responses in treatment-naive subjects with CCR5-tropic 
(R5) HIV-1 receiving maraviroc (MVC) 300 mg twice daily 
+ Combivir® (CBV) compared with efavirenz (EFV) 600 mg 
once daily + CBV (n=311 and 303, respectively). Geno-
typic and phenotypic changes during 48 weeks of therapy 
were investigated in the TLOVR failure subpopulation.

METHODS: Subjects were identified who experienced 
virologic failure (VF) or discontinued therapy for other 
reasons after ≥28 days with viral load (VL) >50 copies/ml 
at week 48 or the last time point with VL data on study 
drug. For subjects with VL >500 copies/ml at the time of 
failure (week 48, time of virologic rebound or time of dis-
continuation), plasma HIV-1 RNA was assessed for RT 
genotype (PhenoSense GT) and MVC phenotype (Phe-
noSense Entry); post-screening tropism was determined 
using the original Trofile assay. Only subjects with com-
plete datasets were included in the analysis.

RESULTS: At week 48, 30 and 17 subjects in the MVC 
and EFV treatment arms, respectively, met the criteria 
described above.  Resistance-associated mutations (RAMs) 
were absent at failure in 15/30 (50%) MVC-treated and 
7/17 (41%) EFV-treated subjects.  For the remaining sub-
jects, the predominant resistance markers were M184V for 
MVC (15/30, 50%) and NNRTI RAMs for EFV (9/17, 
53%). With MVC, CXCR4-using virus was detected at 
failure in 8/30 (27%) subjects and MVC-resistant R5 
virus was detected in 4/30 (13%) subjects; in all instances, 
M184V was also present. Thymidine analogue mutations 
(TAMs) were present at failure in 4/30 (13%) MVC-
treated subjects.  For EFV-treated subjects, 4/17 (24%) 
had NNRTI RAMs with M184V or a TAM; 1/17 (6%) 
had M184V alone.

CONCLUSIONS: The presence of an M184V mutation 
was most commonly associated with virologic failure in 
MVC-treated subjects (50%), whereas EFV failure was 

most commonly associated with NNRTI RAMs (53%).  
As with treatment-experienced MVC-treated subjects, 
emergence of CXCR4-using virus (27%) or reduced sus-
ceptibility of R5 virus (13%) was observed. Resistance 
was not observed in approximately half of MVC-treated 
(50%) and EFV-treated subjects analysed (41%).

2_Clinical implications of resistance.indd   50 20/5/09   10:52:42



Fort Myers, FL, USA, 9–13 June 2009

XVIII International HIV Drug Resistance Workshop: Basic Principles & Clinical Implications A51

ABSTRACT 47
Antiviral Therapy 2009; 14 Suppl 1:A51 

Genotypic and phenotypic HIV tropism testing 
predicts the outcome of maraviroc regimens

P Braun1, E Wolf2, M Hower3, S Scholten4, 
W Köthemann5, A Neuwith5, F Wiesmann1, C Höhn1, 
A Balogh2, R Ehret1, A Trein6, S Christensen7, 
H Jäger2 and H Knechten1

1PZB, Aachen, Germany 
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7Medical Practice, Münster, Germany

OBJECTIVES: Determining HIV-1 coreceptor tropism 
is crucial before initiating therapies with maraviroc 
(MVC). To date, the practicability of HIV pheno- and 
genotypic tropism testing and consequently therapeutical 
success of MVC regimens in clinical routine has not suffi-
ciently been studied and was the subject of this work. We 
observed long-term efficacy of MVC-containing regimens 
and the effect on HIV-1 coreceptor tropism in a 48 week 
follow-up analysis.

METHODS: HIV-1 coreceptor tropism was determined 
in 337 patients by conventional sequencing of the HIV-1 
V3-loop region and interpretation with the geno2pheno 
online tool. False-positive X4-rates (FPR) with a cutoff 
of 20% were used for tropism prediction. Phenotypic 
tropism testing was performed by using Monograms Tro-
file™ assay (25.5% with TrofileES). A total of 186 patients 
(55.2%) were CCR5-positive. Of the 186 CCR5-positive, 
therapy-experienced patients, 51 (86% infected with HIV-1 
subtype B) received a MVC-containing regimen (paired 
phenotypic and genotypic results were available for 36 
patients). A median active drug score (including MVC) of 
3 (range 1–5) was calculated with HIV-Grade algorithm 
(ver. 07/2008). Therapy success (viral load ≤50 copies/ml) 
and possible changes in viral tropism were observed at 
weeks 12, 24 and 48.

RESULTS: A total of 25 patients reached week 24 so 
far. Seventeen patients (68%) had a drop in HIV-RNA 
<50 copies/ml. Five patients had a decrease of at least 1 
log (20%) and another three patients had no reduction or 
an increase in viral load. The positive predictive value for 
the Trofile™ assay was 74% and 67% for geno2pheno 
(FPR 12.5%). Discordant viral tropism results between 
genotype and phenotype occurred in five patients. Despite 
these results, three of them showed viral loads below the 
detection limit after week 24.

CONCLUSIONS: Combining MVC with further active 
drugs is an effective option in clinical practice for heavily 
pretreated patients. Good treatment response was observed 
in 68% of patients, which is also due to combinations of 
new drugs. A major issue before starting MVC-containing 
regimens remains the correct interpretation of discordant 
virus tropism results. Although both methods show similar 
positive predictive values, an important advantage of geno-
type-based tropism prediction remains the capability to ana-
lyse even samples with low or no detectable viral loads.
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Genotypic- and phenotypic-weighted OBT 
susceptibility scores are similarly strong 
predictors of virologic response <50 copies/ml at 
week 48 in MOTIVATE 1 and 2

C Boucher1, JM Schapiro2, D Kuritzkes3, JM Llibre4, 
M Lewis5, P Simpson5, C Delogne5, V Sharma6, 
A Parliyan6, D Chapman6, M Perros5, H Valdez6 and 
M Westby5

1Utrecht University, Utrecht, the Netherlands 
2National Hemophilia Center, Tel Hashomer, Israel 
3Brigham and Women’s Hospital, Boston, MA, USA 
4Hospital Germans Trias i Pujol, Badalona, Spain 
5Pfizer Global R&D, Sandwich, UK 
6Pfizer, Inc, New York, NY, USA

OBJECTIVES: Separate analyses from the treatment-expe-
rienced MOTIVATE studies showed similar baseline pre-
dictors of virologic response to maraviroc plus optimized 
background therapy (OBT) in models using a weighted 
OBT sensitivity score (wOBTSS) based on phenotypic 
(p-wOBTSS) or genotypic (g-wOBTSS) resistance data. A 
comparison of phenotypic versus genotypic OBT scoring 
and MOTIVATE virologic response in a single population 
has been undertaken. 

METHODS: Non-virologic failures, patients with OBT 
changes or non-simultaneous initiation of all agents, and 
those with missing resistance data were excluded from the 
MOTIVATE 1 and 2 full analysis set of 1,049 patients. 
P-wOBTSS was calculated from PhenoSense™ (Monogram 
Biosciences) results and g-wOBTSS from the ANRS algo-
rithm. Drugs continued from pre-randomization scored 0; 
newly initiated fully active NRTIs, 0.5; other fully active 
agents, 1.0; partially active PIs, 0.5 (g-wOBTSS only); 
and other partially active or inactive agents, 0. Virologic 
success was defined as <50 copies/ml at week 48. Suc-
cess rates by treatment arm and p- and g-wOBTSS results 
were compared by χ2 and/or Fisher’s exact tests and logis-
tic regression performed. Active drug combinations were 
investigated.

RESULTS: The analysis population was 598. Success 
rates in each treatment arm were very similar by p- 
and g-wOBTSS analyses. Patients with a wOBTSS ≥2 
receiving OBT with placebo, once-daily maraviroc or 
twice-daily maraviroc had success rates of 52%, 70% 
and 73%, respectively, by p-wOBTSS and 57%, 72% 
and 71%, respectively, by g-wOBTSS (P=0.72, P=0.74, 
P=0.79). Similarly, for those with wOBTSS ≥2 and 
baseline CD4 count ≥50 cells/mm3, success rates were 
55%, 80% and 81% (p-wOBTSS) and 62%, 79% and 

77% (g-wOBTSS). Virologic failure with CXCR4-using 
virus was more common on maraviroc than placebo at 
wOBTSS <2, but similar to placebo at p- or g-wOBTSS 
≥2. Tipranavir + enfuvirtide was the most common active 
drug combination (11%) in the g-wOBTSS ≥2 subset.

CONCLUSIONS: Weighted phenotypic and genotypic 
estimates of OBT activity are similarly predictive of unde-
tectable viremia in MOTIVATE when applied to a defined 
population without on-treatment OBT changes. Approxi-
mately 80% of such patients with baseline CD4 ≥50 cells/
mm3 initiating maraviroc with the equivalent of two fully 
active agents by either p-wOBTSS or g-wOBTSS had 
<50 RNA copies/ml at week 48.
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Emergence of mutations and phenotypic 
resistance with tipranavir treatment in protease 
inhibitor-experienced patients
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1Boehringer Ingelheim, CT, USA 
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OBJECTIVES: Virologic failure associated with the emer-
gence of resistance to tipranavir (TPV) in patients receiv-
ing TPV-based therapy has been evaluated and reported 
in a small number of early failures. An investigation of 
all virologic failures in the RESIST trials provides a criti-
cal mass of new data for characterizing the effects of TPV 
selection for mutations in vivo.

METHODS: TPV-treated patients who failed virologically 
in RESIST were identified. Baseline specimens, initial fail-
ure specimens and later specimens when patients continued 
to take TPV were submitted for genotypic and phenotypic 
testing at Monogram Biosciences. Baseline and first failure 
results were compared to evaluate the selected mutation pat-
terns and the patterns of protease inhibitor (PI) resistance.

RESULTS: Initial failure on TPV was associated with a 
3.8-fold increase in IC50 FC from baseline, and contin-
ued treatment was associated with an additional 2.7-fold 
increase from initial to last failure observation. By con-
trast IC50 FC for DRV, FPV, LPV and SQV at initial TPV 
failure decreased by 10%, 20%, 30% and 10%, respec-
tively.  At last failure FC for DRV had returned to above 
baseline, whereas the others were unchanged. The most 
common emergent mutations at first failure were V82T, 
which emerged primarily in patients with the PI mutation 
V82A at baseline (n=45), I84V, which emerged in patients 
with virus without a substitution at codon 84 at baseline 
(n=28), and L24L or M, which emerged in patients with 
the PI mutation L24I at baseline (n=23).   

CONCLUSIONS: Virologic failure while on a tipranavir-
based regimen does not lead to a change in phenotypic sus-
ceptibility to DRV, FPV, LPV or SQV, even in patients who 
continued on the failing regimen. The most commonly 
selected mutations in patients who failed on a TPV-based 
regimen were A82T, I84V and I24L/M. L24M has not 
been reported previously as selected by PI-based therapy.  

ACKNOWLEDGEMENTS: Supported by Boehringer 
Ingelheim.
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Phenotypic protease inhibitor resistance in the 
clinic from 2006 to 2008: available treatment 
options

D Hall1, J Scherer2, M Witvrouw3, A Paquet4, 
E Coakley4 and R Bethell3

1Boehringer Ingelheim, CT, USA 
2Boehringer Ingelheim, Ingelheim, Germany 
3Boehringer Ingelheim (Canada) Ltd., Laval, Québec, Canada 
4Monogram Biosciences, CA, USA

OBJECTIVES: Current guidelines recommend that 
resistance testing should be performed when consid-
ering a change to the treatment regimens of protease-
 experienced patients. To explore their available options, 
the database of matched genotypic and phenotypic test 
results from HIV clinical isolates at Monogram Biosci-
ences was queried for the years 2006 –2008. Phenotypic 
results were analysed to see how many patients could 
consider the second-generation protease inhibitors (PIs), 
darunavir (DRV) and tipranavir (TPV), based on pheno-
typic results. 
 
METHODS: The analysis set included 7,775 results for 
the Monogram Biosciences PhenoSense GT. Results were 
categorized according to their upper and lower clinical 
cutoffs as resistant (R), partially susceptible (PS) or sus-
ceptible (S) to ritonavir-boosted DRV, lopinavir, saquina-
vir, atazanavir and fosamprenavir. Selection criteria were 
specimens collected 2006–2008 and at least one of these 
five PIs not S. For TPV, the susceptible range was further 
divided to consider hypersusceptibility, defined as those 
with an IC50 fold change (FC) <0.5.

RESULTS: There were 4.9% (378) of results that were R 
for all six PIs and 31.0% (2,407) that were not R to any 
of the PIs. TPV was an available option for 98% of those 
with no R for the other PIs, 92.5% of those R to one PI, 
85.3% R to two PIs, 74.0% to three PIs, 49.6% to four 
PIs and 32.5% to all five PIs. When considering those R 
to the other four PIs, the percentage R for DRV increased 
from 21.2% in 2006, to 33.0% in 2007 and to 41.9% 
in 2008. R for TPV was constant, range 53.9–57.3%.  
Among the 40.9% of results that were S for at least 3 of 
the other PIs, 9.5% had TPV FC <0.5.
        
CONCLUSIONS: Based on phenotypic testing 95% of 
patients had at least one PI option available. The second 
generation profile for TPV is supported by susceptibil-
ity observed in 32.5% of those resistant to all four first-
 generation PIs and DRV. When multiple PIs are available, 
differences in position in the PS range will be important.

ACKNOWLEDGEMENTS: Supported by Boehringer 
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Emerging resistance mutations in antiretroviral-
experienced HIV patients failing tipranavir or 
darunavir in the Spanish drug resistance database
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F García4, JL Gómez-Sirvent5, JA Iribarren6, 
V Soriano1 and C de Mendoza1 on behalf of the 
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OBJECTIVES: Tipranavir (TPV) and darunavir (DRV) dis-
play the highest genetic barrier for resistance within this 
class. Limited data are available about resistance muta-
tions emerging in patients failing TPV/r and DRV/r outside 
clinical trials.

METHODS: Protease genotypes from HIV patients 
attended at 12 clinics in Spain who failed TPV/r- or DRV/r-
based regimens were identified in the Drug Resistance 
Database of the Spanish AIDS Research Network (ResRis), 
a national database that currently includes 4,823 HIV gen-
otypes along with clinical and demographic information. 
TPV resistance associated mutations (RAMs) were inter-
preted using the latest (2009) TPV-weighted score (TWS) 
(version 2.1), and DRV RAMs were interpreted using the 
latest IAS-USA list (December 2008).

RESULTS: A total of 105 HIV genotypes from patients 
failing TPV (n=81; 77.1%) or DRV (n=24; 22.9%) were 
identified. In TPV failures, the prevalence of TPV RAMs 
was as follows: 10V (35.4%), 33F (60.4%), 36I (64.6%), 
43I (43.8%), 46I (45.8%), 46L (29.2%), 46V (2.1%), 
47V (18.8%), 54A (20.8%), 58E (22.9%), 82A (20.8%), 
82F (2.1%), 82S (8.3%), 82L (6.3%), 82T (45.8%) 
and 84V (50%). Changes 74P, 82M and 83D were not 
found. The median number of TPV RAMs was 4 (IQR: 
2–6). The most frequent patterns were 33F+36I (37.5%), 
36I+43T (35.4%), 82T+36I (29.2%), 82T+43T (20.8%) 
and 82T+84V (20.8%). In DRV failures, the prevalence 
of DRV RAMs was as follows: 11I (25%), 32I (58.3%), 
33F (83.3%), 47V (33.3%), 54L (50%), 54M (16.7%), 
84V (33.3%) and 89V (8.3%). Changes 50V, 74P and 
76V were not found. The median number of DRV 
RAMs was 3 [IQR 1–4]. Half of genotypes from DRV 
failures belonged to patients who had previously fail to 
fosamprenavir/r, although I50V was not present in any of 
them. The most frequent patterns were 32I+33F (58.3%), 

32I+54L (50%), 33F+46I (50%) and 32I+33F+43T 
(50%). Among mutations conferring TPV hypersuscepti-
bility (24I, 50L, 50V, 54L or 76V), only 54L was recog-
nised in patients failing DRV. This mutation has the high-
est negative score (-6) in the new TWS. Cross-resistance 
between TPV and DRV failures that could preclude their 
sequential use was recognised in 50% of patients.  

CONCLUSIONS: Resistance mutations emerging in 
patients failing TPV and DRV differ significantly, but half 
of patients may display cross-resistance. Thus, resistance 
testing is mandatory to ensure the benefit of sequential use 
of these drugs. Of note, mutation 54L is selected in half of 
DRV failures, which may enhance TPV response.
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NRTI-sparing regimen (NNRTI+PI) was more 
likely to be associated with drug resistance 
compared with NNRTI+NRTI or PI+NRTI in the 
randomized ANRS 121 trial

AG Marcelin1, C Soulié1, L Assoumou1, 
J Ghosn2, C Duvivier3, G Peytavin4, JM Molina5, 
D Costagliola1, C Katlama1 and V Calvez1

1Université Pierre et Marie Curie-Paris 6, INSERM U943, Paris, France 
2Hôpital Kremlin-Bicêtre, Service de médecine interne et maladies 
infectieuses, Kremlin-Bicêtre, France 
3Hôpital Necker, Service de médecine interne, Paris, France 
4Groupe hospitalier Bichat-Claude Bernard, Laboratoire de 
toxicologie et pharmacologie clinique, Paris, France 
5Groupe hospitalier Saint Louis, Service de maladies infectieuses 
et tropicales, Paris

OBJECTIVES: The Hippocampe-ANRS 121 was a rand-
omized three-arm study comparing first-line NRTI-sparing 
and NRTI-containing regimens. The NNRTI+PI combi-
nation was less successful than NRTI-containing regimen 
(NRTI+PI or NRTI+NNRTI), defined by HIV-1 RNA 
>50 copies/ml at week 48 or change in treatment strategy. 
The aim of this study was to investigate the factors associ-
ated with antiretroviral resistance in this trial.

METHODS:  Virological failure (VF) was defined by HIV-1 
RNA >50 copies/ml at week 48 or change in treatment strat-
egy. Genotypic resistance testing in reverse transcriptase, 
protease and gag genes was performed at baseline; VF for 
all patients and NNRTI and PI through levels were analy-
sed at time of failure. 

RESULTS: Out of the 117 patients enrolled in the trial, 
24 harboured VF (28.3% in the NRTI-sparing group 
versus 12.2% in the NRTI-containing groups). No muta-
tions involved in NRTI resistance were detected at failure 
in any group. The selection of PI mutations was detected 
at failure in the samples of three patients, all in the 
NRTI-sparing group. Among patients harbouring viruses 
with NNRTI resistance mutations at failure, all but one 
received the NNRTI+PI regimen. The selection of NNRTI 
mutations was more frequent in patients with HIV-1 RNA 
>100,000 copies/ml at baseline and with a low EFV level 
at failure (<1,100 ng/ml in all cases). No difference was 
found in the gag region at baseline between patients in suc-
cess or in VF under therapy containing two antiretroviral 
classes (NNRTI+PI or NRTI+PI).

CONCLUSION: In this trial, the use of NRTI+PI regimen 
for the treatment of antiretroviral-naive patients was less 
successful than classical NRTI-based regimen and was 

associated with more resistance for PIs and NNRTIs. The 
selection of NNRTI resistance was particularly observed in 
patients with high viral load and low EFV through levels. 
The NNRTI+PI strategy should not be recommended as 
antiretroviral first-line regimen, particularly in patients with 
high viral load and susceptible to have adherence problems. 
Contrary to the results observed in most of the trials evalu-
ating mono or double PIs strategies, gag gene mutations 
were not involved in the low efficacy of this strategy.
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Effect of RT connection domain mutations on 
efavirenz and nevirapine phenotypic susceptibility 
in NNRTI-resistant clinical HIV-1 isolates

R Paredes1,2, L Tambuyzer3, C Pou,1 MC Puertas1, 
J Martinez-Picado1,4, J Vingerhoets3, G Picchio5 and 
B Clotet1,2

1IrsiCaixa, Badalona, Catalonia, Spain 
2Lluita contra la SIDA Fndn, Badalona, Catalonia, Spain 
3Tibotec BVBA, Mechelen, Belgium 
4ICREA, Barcelona, Spain 
5Tibotec Inc., Yardley, PA, USA 

OBJECTIVES: Several mutations and polymorphisms 
(that is, N348I, T369I, A376S and E399D), in the HIV-1 
RT connection domain (CDMs) modulate NNRTI resis-
tance in vitro. The phenotypic effect of such mutations in 
clinical samples and their impact on virological outcomes 
of NNRTI antiretroviral therapy (ART) remains unclear. 
Therefore, it is uncertain if CDMs should be incorporated 
into routine genotypic resistance testing to guide NNRTI 
therapy. This study sought to evaluate whether pheno-
typic resistance to nevirapine (NVP) or efavirenz (EFV) 
in NNRTI-resistant isolates differed in the presence or 
absence of CDMs. 

METHODS: Eleven CDMs (G335C/D, N348I, A360I/V, 
V365I, T369I, A371V, A376S and E399D/G) were studied. 
Effect of the presence or absence of these CDMs on EFV 
and NVP fold change in EC50 (FC) was analysed on a data-
set containing matched genotypes and phenotypes from a 
panel of NNRTI-resistant HIV-1 clinical isolates derived 
from patient samples submitted for routine resistance test-
ing. NNRTI resistance was defined as loss of susceptibility 
(FC >biological cutoff as defined by the Antivirogram) to 
at least one of the first-generation NNRTIs (EFV, NVP or 
DLV). The BCOs used were 3.4 for EFV, 5.5 for NVP and 
10.5 for DLV. 

RESULTS: Overall, 4,248 genotype–phenotype pairs were 
assessed. No major differences in NVP or EFV FC were 
observed in the presence or absence of each G335C/D, 
N348I, A360I/V, V365I, T369I, A371V, A376S and 
E399D/G overall (n=4,248), in subjects with 0 (n=221), 
1 (n=871), 2 (n=1,267) and ≥3 NNRTI RAMs (n=1,881); 
in subjects without the Y181C (n=2,888) or without 
the K103N (n=2,177) mutations; and in subjects with 
0 (n=1,072), at least 1 (n=3,176), 1 (n=314), 2 (n=438) 
and ≥3 TAMs (n=2,424). Likewise, FC to NVP and EFV 
were similar in the presence or absence of the aforemen-
tioned CDMs in subjects without NNRTI RAMS and 
TAMs (n=167), and in subjects without NNRTI RAMS, 

TAMs and M184V (n=138); however, the low numbers 
did not allow for certain comparisons in these two last 
subgroups. 

CONCLUSIONS: None of the CDMs tested seemed to 
have a major impact on phenotypic susceptibility to EFV 
or NVP in already NNRTI-resistant clinical isolates. 
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Positive and negative drug selection pressures 
on the N348I connection domain mutation: new 
insights from in vivo data 

H Price1, D Dunn2, D Asboe1, A Pozniak1, B Gazzard1, 
D Pillay3 on behalf of the UK HIV Drug Resistance 
Database and the UK Collaborative HIV Cohort 
(CHIC) Study
1Chelsea & Westminster Hospital, London, UK 
2MRC Clinical Trials Unit, London, UK 
3University College London, London, UK

OBJECTIVES: There is conflicting evidence on the specific 
NRTIs and NNRTIs to which the N348I mutation in the 
connection domain of HIV-1 reverse transcriptase confers 
resistance. In this study, we examine associations between 
the emergence of N348I and antiretroviral treatment history 
in a large clinical database.

METHODS: We analysed a total of 5,123 resistance 
tests (which sequenced beyond codon 348) among 2,137 
antiretroviral-experienced patients from the joint UK HIV 
Drug Resistance Database/UK CHIC database. Associa-
tions between N348I and individual antiretroviral drug 
exposure were estimated using a matched case-control 
approach. Cases were defined as the first resistance test 
where N348I was detected; for each case, the 10 closest 
(in calendar time) N348N tests were selected as controls. 
Odds ratios, adjusted for effects of all other drugs, were 
estimated by conditional logistic regression.

RESULTS: N348I was detected in a total of 198 (9.3%) 
patients (cases). Mean number of RTIs received was slightly 
higher (P=0.11) among cases (4.5 sd 1.4) than among con-
trols (4.3 sd 1.8). Drugs significantly positively associated 
with N348I were efavirenz (OR 1.68 [95% CI 1.17–2.42]; 
P=0.005), nevirapine (2.02 [1.45–2.81]; P<0.001). Teno-
fovir was significantly negatively associated (0.34 [0.19–
0.59]; P=0.005) with N348I. Consistent with this find-
ing was the very rare co-occurrence of K65R and N348I 
(1.5% of cases versus 7.7% of controls; P=0.003). Similar 
findings were observed when the analysis was repeated to 
include only drug exposure within 2 years of the resistance 
test. The effects of zidovudine and stavudine were not indi-
vidually significant, but a composite variable of exposure 
to either drug was strongly associated (3.49 [1.46–8.37); 
P=0.005). This implies an association between both these 
thymidine analogues and N348I resistance. 
 
CONCLUSIONS: This is the first clinical evidence to sug-
gest (a) that efavirenz may select for N348I, in addition 
to nevirapine; (b) that stavudine may select for N348I, in 

addition to zidovudine; and (c) that tenofovir may pro-
tect against the mutation. The latter could either be due 
to a direct effect whereby N348I hypersensitizes HIV-1 to 
tenofovir or an indirect effect whereby other mutations 
selected by tenofovir (most likely K65R) inhibit the emer-
gence of N348I. 
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Phenotypic resistance and response to tipranavir, 
evidence for hypersusceptibility

JD Baxter1, J Schapiro2, CAB Boucher3, J Scherer4, 
R Bethell5, M Witvrouw5, C Tilke4 and DB Hall6

1Cooper University Hospital/UMDNJ-Robert Wood Johnson 
Medical School, NJ, USA 
2National Hemophilia Center, Tel-Hashomer, Israel 
3Erasmus Medical Center, Rotterdam, the Netherlands 
4Boehringer Ingelheim, Ingelheim, Germany 
5Boehringer Ingelheim (Canada) Ltd., Laval, Québec, Canada 
6Boehringer Ingelheim, CT, USA

OBJECTIVES:  Prospective genotypic testing was under-
taken to select patients for participation in the RESIST 
Phase III trials of tipranavir (TPV) for extensively antiret-
roviral-experienced patients.  In the analysis of the rela-
tionship between baseline genotype and clinical response 
that yielded the TPV-weighted score (TWS), several muta-
tions predicted better response, suggesting the possibility 
of hypersusceptibility.  Phenotypic testing was undertaken 
to explore this possibility.
   
METHODS:  Baseline specimens from 930 patients were 
assayed with the VIRCO Antivirogram or the Monogram 
Biosciences PhenoSense HIV.  Results were categorized 
with respect to the TPV IC50 fold change (FC) as <0.5, 
0.5–1.0, 1.0–2.0 and >2.0.  Relationships were explored 
with respect to initial and sustained response stratified 
by Background Activity Score (BAS) of the background 
regimen, number of ‘hypersusceptibility mutations’ (24I, 
50L/V, 54L or 76V) and overall TWS. 

RESULTS:  Baseline IC50 FC was distributed with 8.6% 
<0.5, 17.1% 0.5 –1.0, 29.2% 1.0–2.0 and 45.1% >2.0.  
Without background support (BAS<0.5), early response 
and sustained response were associated with phenotypic 
TPV FC: median week 8 declines of 1.52 log10 copies/
ml <0.5, 1.01 log10 copies/ml 0.5–1.0, 0.84 log10 copies/
ml 1.0–2.0 and 0.22 log10 copies/ml >2.0, and response 
<400 copies/ml at week 48 of 37.5% <0.5, 31.3% 0.5–1.0, 
19.1% 1.0–2.0, and 5.3% >2.0.  With background sup-
port (BAS≥0.5), early response did not show a consistent 
trend while sustained response was significantly better for 
FC<0.5 (P<0.001): median week 8 declines of 2.10 log10 
copies/ml <0.5, 1.98 log10 copies/ml 0.5–1.0, 2.23 log10 
copies/ml 1.0–2.0 and 1.73 log10 copies/ml >2.0, and 
response <400 copies/ml at week 48 of 64.0% <0.5, 39.6% 
0.5–1.0, 37.9% 1.0–2.0, and 25.7% >2.0.  The presence 
of single TWS hypersusceptibility mutations was not asso-
ciated with phenotypic hypersusceptibility.  However, two 
or more TWS hypersusceptibility mutations predicted an 

FC <1.0, with 68% of such specimens <1.0 compared with 
24% of specimens with <2 hypersusceptibility mutations.
         
CONCLUSIONS:  Phenotypic testing identifies patients 
who respond well to TPV, adding to genotypic screening 
results.  These findings suggest that phenotypic hypersus-
ceptibility to TPV is associated with improved virologic 
response and is worthy of further investigation.

ACKNOWLEDGEMENTS:  Supported by Boehringer 
Ingelheim Pharmaceuticals. 
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Detection of clinically relevant antiretroviral 
drug resistance mutations among treated patients 
undergoing testing at low levels of viremia 

AM Geretti1, AN Phillips1, S Kaye2, C Booth1 
and NE Mackie2 on behalf of the UK HIV Drug 
Resistance Database and the UK Collaborative HIV 
Cohort Study
1Royal Free Hampstead NHS Trust & UCL Medical School, 
London, UK 
2Imperial College Healthcare NHS Trust, London, UK

OBJECTIVES: We previously reported that among patients 
undergoing routine genotypic resistance testing, the detec-
tion of ≥1 drug resistance mutation (RAM), both overall 
and drug class-specific, was most frequent at 300–10,000 
and declined >10,000 HIV-1 RNA copies/ml. Here we 
compared the number and patterns of RAMs in patients 
undergoing testing at viral load (VL) above or below 
1,000 copies/ml, the recommended threshold for resistance 
testing in routine practice. 
 
METHODS: Genotypic resistance results with linked 
clinical data were obtained from the UK HIV Drug Resis-
tance Database and CHIC Study, including 1,001/7,861 
(12.7%) performed at VL <1,000 copies/ml. Treatment 
regimens comprised ≥2 NRTIs with either an NNRTI 
(29.8%), a ritonavir-boosted PI (PI/r; 29.1%), a third 
NRTI (18.1%) or a non-boosted PI (15.1%), or other 
combinations (7.9%).

RESULTS: Overall 5,088/7,861 (65%) resistance tests 
showed ≥1 RAM. Independent predictors of the detec-
tion of resistance included earlier calendar year of testing, 
use of NNRTI-containing regimens, increasing numbers 
of previously failed drugs, and never having achieved a 
VL <50 copies/ml (P<0.0001). In patients with ≥1 RAM, 
the median (IQR) number of mutations was 3 (1–5), 3 
(2–6), 3 (2–5), 3 (2–6), 4 (2–6), 3 (2–6) and 3 (1–6) for 
the VL strata <300, 300–999, 1,000–-2,999, 3,000–9,999, 
10,000– 29,999, 30,000–99,999 and ≥100,000 copies/
ml, respectively (P=0.015). Among 6,136 patients experi-
encing NRTI failure, the most common RAMs were the 
TAMs M41L, D67N, K70R, L210W, T215Y/F, K219Q/E, 
M184V, K65R and L74V; only M41L, L210W, T215Y, and 
L74V were significantly less prevalent at VL <1,000 copies/
ml than at higher levels. Among 1,864 patients experienc-
ing NNRTI failure, the most common RAMs were K103N, 
Y181C, G190A and V108I, with no significant difference 
in prevalence according to VL. Among 2,759 patients 
experiencing PI failure (66% on a PI/r), the most common 
mutations were L90M, V82A, M46I, I84V and D30N; 

only I84V and L90M were significantly less prevalent at 
VL <1,000 copies/ml than at higher levels. 

CONCLUSIONS: Several clinically relevant mutations 
can be detected at high frequency at low levels of viremia. 
Genotypic resistance testing at low VL is informative and 
can guide a timely and optimized therapeutic change in 
patients failing antiretroviral therapy.
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Impact of Gag genetic determinants and gag–pol 
frameshift stability on virological response to 
dual-boosted protease inhibitor combinations in 
antiretroviral-naive patients (ANRS 127 trial)  

L Larrouy1, C Chazallon2, R Landman1, C Capitant2, 
G Collin1, A Storto1, G Peytavin1, G Pialoux3, 
C Katlama4, PM Girard5, P Yeni1, JP Aboulker2, 
F Brun-Vezinet1 and D Descamps1 on behalf of the 
ANRS 127 study group
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2INSERM SC10, Villejuif, France 
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4Pitie-Salpetriere Hospital, Paris, France 
5Saint-Antoine Hospital, Paris, France 

OBJECTIVES: ANRS 127 trial enrolled naive patients 
receiving dual-boosted protease inhibitor (PI) combi-
nations: fosamprenavir + atazanavir/r or saquinavir + 
atazanavir/r. Virological response (VR), defined as viral 
load (VL)<50 c/ml at W16, occurred in 41% of patients. 
Low baseline plasma VL was the only predictor of VR. 
We investigated impact on VR of pre-therapy mutations in 
cleavage sites of gag, gag–pol and frameshift gag–pol. 

METHODS: Gag and protease (PR) genes were sequenced 
at baseline in 48 patients still on allocated treatment at 
W16 and at W16 in 26 failing patients. Differences in fre-
quency of amino acid sequences compared with HXB2 for 
cleavage sites (CS) in the gag-reading frame, transframe 
protein (TFP), TFP/p6pol and p6pol/PR in the gag–pol read-
ing frame, were studied according to VR and tested for 
statistical significance with χ2 or fisher exact tests. Muta-
tions yielding a P-value <5% in the univariate analysis 
were analysed in a logistic regression model. Baseline RNA 
folding and stability were calculated using Turner’s rules 
(Combfold, RNA soft) and compared by VR and subtype 
using Wilcoxon rank-sum test.

RESULTS: PI mutations were detected neither at baseline 
nor in the failing patients at W16. In univariate analysis, 
whatever the PI combination, baseline CS substitutions in 
the gag-reading frame at positions 128 (p17/p24; P=0.04) 
and 449 (p1/p6gag; P=0.01) were significantly more fre-
quent in failing patients. Conversely, CS mutation at posi-
tion 437 (TFP/p6pol) was associated with VR (P=0.04). In 
multivariate analysis adjusted for baseline VL, these sub-
stitutions remained independently associated with VR. 
HIV-1 subtypes (B, n=29; non-B, n=19) had no significant 
impact on VR. Baseline median minimum free energy of 
the frameshift hairpin was not statistically different in 
failing and non-failing patients (-24.2 kcal/mol versus 

-22.6 kcal/mol; P=0.61). However, a significant difference 
was evidenced between B and non-B subtypes (-25.6 kcal/
mol versus -22.5 kcal/mol; P=0.0005) suggesting higher 
slippage with possible increase in protease production in 
B subtypes.

CONCLUSION: Polymorphisms in the p17/p24 in the p1/
p6gag gag CS were associated with a lower VR rate at week 
16 in naive patients initiating therapy with dual-boosted 
PI combinations. Impact of frameshift RNA folding and 
stability on VR might be explored in larger databases.
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Virologic outcome associated with genotype-
guided therapy in patients with transmitted HIV-1 
drug resistance (TDR) between 2003 and 2006

SY Rhee1, WJ Fessel2, TF Liu1, l Hurley2, D Klein2, 
S Follansbee2, J Flamm2, M Horberg2 and RW Shafer1 
1Stanford University, Stanford, CA, USA 
2Kaiser-Permanente Medical Care Program Northern California 
(KPNC), CA, USA

OBJECTIVES: TDR has been associated with poorer 
virologic outcomes in early US studies. We revisited the 
virologic response to TDR in a more recent era charac-
terized by baseline genotypic resistance testing and the 
availability of highly effective and convenient fixed-dosed 
antiretroviral (ARV) formulations.
 
METHODS: ARV-naive patients from 16 KPNC clinics 
undergoing baseline genotypic resistance testing at Stan-
ford University were assessed. TDR was defined as one 
or more surveillance drug resistance mutations. Virologic 
failure was defined as failure to attain an HIV-1 RNA 
<75 copies/ml or as virologic rebound (two consecutive 
detectable RNA levels or a single detectable RNA level not 
followed by resuppression without a therapy change). 

RESULTS: Between January 2003 and December 2006, 
127 (12.5%) of 1,013 ARV-naive patients had ≥1 TDR 
mutation (mean 1.6; range 1–10). Out of 127, 89  initi-
ated genotype-guided ARV therapy. Median CD4 count 
was  223 cells/µl. Median RNA level was 4.9 log copies/
ml. Median follow-up was 117 weeks. NRTI, NNRTI, PI 
and multiclass resistance were present in 46, 24, 11 and 
8 patients, respectively. The three most common patterns of 
TDR mutations included T215 revertants with or without 
M41L in 27, K103N alone in 17 and ≥1 thymidine mutation 
in 15 patients. Patients with NNRTI resistance were treated 
with a boosted PI-containing regimen in all but two cases. 
Patients with NRTI and PI resistance were treated primarily 
with standard first-line regimens most commonly TDF+FTC 
in combination with ATV/r, LPV/r, FPV/r or EFV. Patients 
with multiclass resistance generally received a four-drug 
regimen containing a boosted PI plus three NRTIs or plus 
two NRTIs and an NNRTI. The overall risk of virologic 
failure was 19% (17/89) and did not differ among patients 
with NRTI (11/46), NNRTI (5/24), PI (1/11) or multiclass 
resistance (1/8). Other than the inappropriate use of EFV in 
one patient with Y188L and of two non-standard regimens, 
we did not identify specific risks of virologic failure. 

CONCLUSION:  First-line therapy for TDR had a success 
rate >80%. Patients with NNRTI TDR responded to two 

NRTIs plus a boosted PI. Patients with other forms of one-
class resistance generally responded to standard first-line 
therapies. Multiclass resistance was treated successfully in 
all but one case. 
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Lamivudine-resistant hepatitis B virus in newly 
diagnosed HIV patients with chronic hepatitis B 
in Spain  

A Treviño1, V Soriano1, C Rodríguez2, A Madejon1, 
C Barros3,  P Parra1, P Tuma1, J del Romero2 and 
C de Mendoza1

1Hospital Carlos III, Madrid, Spain 
2Centro Sanitario Sandoval, Madrid, Spain 
3Hospital de Mostoles, Madrid, Spain

BACKGROUND: The wide use of LAM as treatment for 
chronic hepatitis B has favored the selection of hepatitis 
B virus (HBV)-resistant strains worldwide. Reports of 
transmission of LAM-resistant HBV have begun to appear 
in individuals with recently acquired chronic hepatitis B. 
Information about the rate of primary HBV resistance in 
HIV patients with chronic hepatitis B is scarce; however, 
this population might be particularly prone to select and 
transmit HBV-resistant strains given high risk behaviours 
and potentially high LAM exposure.

METHODS: All individuals newly diagnosed with HIV 
type 1 (HIV-1) seen at several hospitals located in the 
Madrid urban area between January 2000 and December 
2008 were tested for HIV drug resistance before begin-
ning any antiretroviral therapy. The subset carrying posi-
tive serum HBsAg was selected for further analyses. HBV 
genotype and resistance mutations were analyzed using 
InnoLipa (InnoGenetics, Ghent, Belgium). 

RESULTS: A total of 1,519 newly diagnosed HIV-1 indi-
viduals were screened during the 9-year study period. The 
rate of HBsAg+ was 65 (4.3%). Of HIV–HBV-coinfected 
patients, 85% were male and 67% were MSM. Most 
(n=27 [48%]) were native Spaniards, 11 (20%) were 
from sub-Saharan Africa, 12 (21%) from Latin Amer-
ica, 4 (7%) from other European countries, 1 from the 
Philippines and 1 from Maghreb. Serum HBV DNA was 
detectable in 55 samples (85%). Two patients (3.6%) car-
ried the rtM204V mutation in HBV, which confers LAM 
resistance. This change also results in emtricitabine and 
telbivudine resistance and compromises entecavir activity 
to some extent. Both patients with primary LAM-resistant 
HBV were MSM, one coming from the Dominican Repub-
lic and another from Morocco but living in Spain for the 
past 20 years. The year of testing was 2003 and 2007, 
respectively. None of these two individuals carried drug 
resistance mutations in HIV.

CONCLUSIONS: The recognition of primary LAM-
 resistant HBV in antiretroviral-naive HIV–HBV-coinfected 

individuals might have important implications in the selec-
tion of first-line antiretroviral therapy. HIV–HBV dually 
infected patients might benefit from both HIV and HBV 
drug resistance testing to optimize selection of anti-HBV 
active antiretroviral therapy.
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Hepatitis B virus genotypes and resistance in 
HIV–HBV coinfection

A Garcia-Diaz1, J Ainsworth2, J Anderson3, Y Gillece4, 
S Johnston5, N Mackie6, M Wansbrough-Jones7 and 
AM Geretti1 on behalf of the SURF study group 
1Royal Free Hampstead NHS Trust & UCL Medical school, 
London, UK 
2North Middlesex University Hospital Trust, London, UK 
3Homerton University Hospital, London, UK 
4Royal Sussex County Hospital, Brigthon, UK 
5North Bristol NHS Trust, Bristol, UK 
6St Mary’s Hospital, London, UK 
7St George’s Health care NHS Trust, London, UK

BACKGROUND: The hepatitis B virus (HBV) genotype 
distribution and resistance profiles in HIV-coinfected indi-
viduals in the UK are unknown. This study characterised 
coinfected patients in routine care at seven centres in UK. 

METHODS: HIV–HBV-positive patients were identified 
from the clinics’ databases and tested for HBV DNA by 
real-time PCR (LLQ 100 copies/ml). Samples with HBV 
DNA>500 copies/ml underwent population sequencing of 
HBV polymerase. 

RESULTS: Two hundred and fifty-four patients were 
recruited. Median age was 41 years (19–66), CD4+ T-cell 
count was 371 cells/µl (4–1,240), 76% were males, 49% 
Black-African, 43% White, 52% heterosexual, 43% MSM, 
86% on HAART (47% with HIV RNA <50 copies/ml) and 
78% on anti-HBV drugs. Overall, 106/254 (42%) patients 
harboured detectable HBV DNA at a median of 220,572 
copies/ml (100–640 million), including 42/106 (40%) on 
TDF/3TC (n=16) or TDF/FTC (n=26; median HBV DNA 
1,602 copies/ml and 16/42 HIV RNA<50 copies/ml), 3TC 
(n=14; median HBV DNA 93,936 copies/ml and median 
HIV RNA 105 copies/ml), TDF (n=1; HBV DNA 616 cop-
ies/ml and HIV RNA 547 copies/ml) and ADF (n=1; HBV 
DNA 369,926 copies/ml and HIV RNA 20,528 copies/
ml). 3TC resistance mutations (L80I, V173L, L180M and 
M204I/V) occurred in 8/106 (7.5%) patients comprising 5 
on 3TC, 1 on TDF/3TC, 1 recently diagnosed drug-naive 
patient and 1 MSM who acquired acute HBV infection 
while on 3TC as part of HAART. ADF resistance (N236T) 
was found in 1 (0.9%) patient on TDF/3TC. Six patients on 
3TC (HBV genotype D) showed the polymorphisms P237T 
and N238H/D previously associated with decreased ADF 
activity. None of the patients on TDF showed the recog-
nised TDF resistance mutations A194T and V214A/Q215S. 
Genotype distribution was 69% A, 10% E, 9% D, 3% C, 
2% F, 2% G, 1% B and 4% mixed (AG, AB and AE). 

CONCLUSIONS: We found evidence of HBV resistance to 
3TC in 3TC-experienced and naive patients, but no recog-
nised TDF resistance mutations. Diverse HBV genotypes 
circulate in UK. 
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Molecular epidemiology of HBV–HIV-1 coinfection 
in Japan: viral genotypes and drug resistance 

S Fujisaki1, Y Yokomaku1, J Hattori1, S Ibe1, 
M Utsumi1, M Hamaguchi1, Y Iwatani1 and 
W Sugiura1,2

1Clinical Research Center, National Nagoya Medical Center, 
Nagoya, Japan 
2AIDS Research Center, National Institute of Infectious Diseases, 
Tokyo, Japan

OBJECTIVE: The major route of hepatitis B virus 
(HBV) infection in Japan has been blood transfusion and 
mother- to-child transmission (MTCT); however, sexual 
transmission of HBV has recently been found in HIV-
infected cases. To understand the molecular epidemiol-
ogy of HBV in HBV–HIV-coinfected cases, we analysed 
genotype (subtype) and drug-resistant mutations for both 
HBV and HIV.

METHODS: HBV–HIV-coinfected cases at Nagoya Medi-
cal Center from 2003 to 2007 were enrolled in the study. 
Full-length HBV genome (3.2 kbps) was amplified from 
patient plasma and sequenced. HBV genotype was deter-
mined by phylogenetic tree analysis and anti-HBV-resistant 
mutations were searched. HIV type-1 (HIV-1) subtype and 
drug-resistant mutations were determined by gag p17 (396 
bps), pol (1,117 bps) and env C2V3 (222 bps) sequences.

RESULTS: Of 394 HIV-positive cases, 31 (7.9%) were 
HBsAg-positive. All 31 cases were Japanese men hav-
ing sex with men (MSM). HBV sequence analyses were 
successful in 26 cases with 21 (80.7%) and 5 (19.3%) 
cases determined as genotypes A and C, respectively. The 
lamivudine-resistant mutation rtM204V was observed in 
one case (3.8%). Phylogenetic tree analyses revealed nar-
row genetic diversity of genotype A compared with that of 
C. Interestingly, the phylogenetic tree pattern of HIV did 
not match that of HBV sequences.

DISCUSSION: Our finding that genotype A was predomi-
nant in HBV–HIV-coinfected cases has a striking effect on 
the HBV epidemic in Japan as the majority of HBV cases 
transmitted by blood transfusion or MTCT has been geno-
type C. We are concerned about an alternative outbreak of 
genotype A HBV in the HIV-1-infected MSM population 
and shifting of HBV genotype from C to A in Japan. The 
narrow genetic diversity in genotype A cases suggests that 
A was recently introduced into the MSM population and 
sexual contacts within MSM were more active than specu-
lated from HIV-1 tree analyses. In addition, we found a 
lamivudine-resistant mutation in one case, suggesting risk 

of drug-resistant HBV transmission. As genotype A infec-
tion has a higher risk than other genotypes for individuals 
to become HBV carriers, prevention programs are urgently 
needed for the target population.
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Novel patterns of mutations in HBV reverse 
transcriptase associated with lamivudine 
resistance in HBV–HIV-coinfected patients 

V Svicher1, C Alteri1, V Cento1, C Gori2, R Salpini1, 
F Marcuccilli1, A Bertoli1, M Arlotti3, M Puoti4, 
N Ladisa5, G Rizzardini6, F Ceccherini-Silberstein1, 
A D’Arminio Monforte7, CF Perno1 and the ICONA 
study group
1University of Tor Vergata, Rome, Italy  
2INMI L Spallanzani, Rome, Italy  
3University of Bologna, Bologna, Italy  
4Ospedali Civili, Brescia, Italy  
5Hospital of Bari, Bari, Italy  
6L Sacco Hospital, Milan, Italy  
7University of Milan, Milan, Italy

BACKGROUND: To define lamivudine resistance profiles 
in hepatitis B virus (HBV) reverse transcriptase (RT) and 
factors affecting lamivudine-driven anti-HBV virological 
response in HBV–HIV-coinfected patients. 

METHODS: Eighty-nine full-length HBV RT sequences 
from 63 HBV–HIV-coinfected patients receiving 
lamivudine- including regimens were analyzed at baseline 
and at different time points (≤6 years) after starting lami-
vudine therapy. All patients had detectable HBV DNA at 
starting lamivudine and were not treated with other drugs 
effective against HBV. Virological rebound is defined by 
a rebound of HBV viremia >1 log IU/ml from the nadir 
value. The association of mutations with lamivudine 
treatment and with virological response at week-48 of 
lamivudine treatment was assessed by Fisher’s exact test 
and logistic regression analysis. 

RESULTS: Among 63 patients, 31 (49.2%) and 28 (44.4%) 
were infected with HBV D and A genotypes, respectively, 
whereas the remaining 4 (6.4%) were infected with HBV G 
genotype. HBV failure was observed in 65.1% of patients 
after a median time of 2.0 years (interquartile range [IQR] 
0.8–3.6] with a median HBV viremia of 6.0 log IU/ml 
(IQR 4.6–7.2). The proportion of patients with lamivu-
dine resistance mutations progressively increased over 
lamivudine treatment (from 27.8% at 1 year to 70.0 at 
2–3 years and to 78.6 at >4 years; P=0.009). Novel HBV 
RT mutations were significantly associated with lamivu-
dine treatment. Among them, W243G, localized in the 
dNTP-binding domain (near the active site of HBV RT), 
was completely absent at baseline, increased by ≥12.8% 
in lamivudine-failed patients and correlated with the pres-
ence of M204I/V at failure (P<0.05). The copresence of 
M204I/V+W243G also correlated with increased HBV 

viremia at failure compared with M204I/V alone (6.9 log 
IU/ml versus 4.5 log IU/ml). Finally, the presence of specific 
polymorphisms at baseline could modulate the virological 
response to lamivudine at week 48. In particular, the base-
line presence of Q149K correlated with an increased risk 
of virological failure at week 48 (odds ratio [OR] 10.5, 
IQR 1.0–121.9; P=0.04), whereas the baseline presence 
of Q130P correlated with a decreased risk of virological 
failure at week 48 of lamivudine treatment (OR 0.09, IQR 
0.008–1.1; P=0.04).

CONCLUSIONS: Our study shows that HBV resistance 
profiles to lamivudine can be more complex than those 
observed in HIV and highlights the existence of HBV RT 
polymorphisms able to modulate lamivudine virological 
response. Their knowledge is crucial for a correct set up 
of antiviral therapy in both HBV-monoinfected and HBV–
HIV-coinfected patients.
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Frequencies of HBsAg mutations in drug-resistant 
HBV isolates

J Verheyen1, M Fraune1, N Sichtig1, FC Wilhelm1, 
M Obermeier2, T Berg2, T Lengauer3, D Glebe4 and 
R Kaiser1

1Institut of Virology, University of Virology, Germany 
2Medizinisches Labor Berg, Berlin, Germany 
3Max Planck Institut for Informatics, Saarbrücken, Germany 
4Institut of Medical Virology, Justus Liebig University of Gieβen,  
Gieβen, Germany

BACKGROUND: Chronic hepatitis B virus (HBV) infec-
tion is an important risk factor for developing of liver cir-
rhosis or hepatocellular carcinoma, therefore an  increasing 
number of HBV-infected patients are treated using a grow-
ing number of drugs. A major obstacle for achieving sus-
tained suppression of viral replication is the evolution of 
drug resistance. Because of overlapping reading frames, 
treatment-associated mutations also influence HBV sur-
face antigens (HBsAg). Little is known about the coevolu-
tion of both viral proteins in drug-resistant HBV. 

METHODS: We analysed HBV isolates (n=85) in the 
polymerase and the s-antigen reading frame either har-
bouring treatment-associated mutations or failing antivi-
ral therapy. Additionally, in 15 patients, the initial geno-
type could be compared with further genotypes. HBsAg 
mutants were expressed in hepatocytes and tested in dif-
ferent routine HBsAg diagnostic assays.

RESULTS: HBV isolates harbouring treatment-associated 
polymerase mutations had in 14% (10/73) at least one 
stop codon in the s-antigen reading frame at different 
positions (sW172 n=5, sW182 n=4, sW196 n=1, sW199 
n=2 and sL216 n=2). Moreover, in four of these patients, 
two stop codons were detected. Of note, mutation 204I 
resulted only once in 196*, whereas 23 HBV isolates 
harboured 196L. HBsAg mutations conferring immune-
escape were found in 30% (22/73) of these HBV isolates 
with treatment-associated mutations. Eleven HBV isolates 
had mutations in two epitopes (aa 120–125/aa 137–145) 
of the a-determinant potentially conferring detection-
escape in commercial tests. These mutations significantly 
decreased detection of in vitro expressed HBsAg with 
commercial test assays, which was most prominent for 
the test assay using monoclonal antibodies for the capture 
and detection phase and partially hampered the detection 
at all. In one patient, the HBsAg immune-escape muta-
tion (sP120T) developed, whereas pre-existing resistance-
 associated mutations (rtL180M and rtM204I/V) main-
tained. Interestingly, in another patient HBV resistance 

profiles changed from sP120T, rtL180M and rtM204V 
after lamivudine failure to sQ101R, sP120S, sW172*, 
sT189I, rtV173F, rtQ181V and rtL215S after failure of a 
subsequent  adefovir therapy. 

CONCLUSIONS: In HBV-failing antiviral therapy, 
treatment-associated polymerase and HBsAg mutations 
were often found together. HBsAg mutations can confer 
immune-escape and detection-escape in commercial tests 
or even result in truncated proteins, which might enhance 
the pathogenicity. More functional analyses of HBsAg 
mutations in treatment failures are needed to understand 
the mechanism of selection. 
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Impact of genotypic mutations of the hepatitis B 
virus capsid on viral load and liver enzymes in 
hepatitis B virus-infected patients

L Wittkop1, A Cassany2, M Delaleau2, P Trimoulet3, 
J Foucher4, R Thiébaut1, H Fleury3 and M Kann2

1Inserm U897, ISPED Bordeaux School of Public Health, University 
of Bordeaux 2, Bordeaux, France 
2UMR-CNRS 5234 Microbiologie Cellulaire et Moléculaire et 
Pathogenicité, University of Bordeaux 2, Bordeaux, France 
3Department of Virology and EA 2968, Bordeaux University 
Hospital, University of Bordeaux 2, Bordeaux, France 
4Gastroenterology and Hepatology Unit, Haut-Lévêque Hospital, 
Pessac, France

BACKGROUND: The hepatitis B virus (HBV) capsid is a 
key protein in the viral life cycle that was recently targeted 
by assembly inhibitors. We evaluated the prevalence and 
the effect of genotypic mutations of the capsid on viral 
load (VL) and liver enzymes in HBV-infected patients.

METHODS: Forty-five HBV-infected patients of the Bor-
deaux University Hospital were selected between 2007 and 
2008. Blood samples were obtained to sequence the capsid 
and to measure the patients’ VL and liver enzymes (ASAT/
ALAT). Association between prior HBV treatment (yes/no) 
and each mutation was evaluated using a Fisher’s exact 
test. Association between mutations and both VL and liver 
enzymes were tested using the Wilcoxon–Mann–Whitney 
test. Mutations with a P-value <0.05 in univariable analy-
sis were tested in treatment (yes/no) adjusted analysis in a 
multivariable linear model. We studied the correlation of 
mutations having a P-value <0.25 in univariable analysis 
using principal component analysis. 

RESULTS: Median age was 32 years (24–49) and 22 
(63%) were men. Median VL was 4.7 log10 copies/ml 
(3.9–8.0). The most prevalent genotypes were genotype D 
(24%), genotype E (20%), genotype A (16%) and geno-
type C (16%). Among 89 mutations, the most prevalent 
was mutation N87S (68%) followed by mutations I97F 
(46%), T12S (38%), L116I (38%) and T12S (33%). No 
mutations were observed in known essential domains. 
None of the mutations were associated with prior treat-
ment or liver enzymes. Mutations V27I and T91V (r=0.8; 
P<10-4) were highly correlated as were N74S and D83E 
(r=0.9; P<10-4); N74S and D83E formed a cluster with 
V27I and T91V. Patients presenting the mutation V27I at 
the beginning of helix 2a had a mean 2.2 log10 copies/ml 
(P=0.007) higher VL than patients without this mutation 
adjusted for treatment. The presence of mutation T91V, 
the alpha-disrupting amino acid separating helices 4a/b, 

resulted in a mean 1.7 log10 copies/ml (P=0.02) higher VL 
compared with patients not having T91V in treatment-
adjusted analysis. 

CONCLUSIONS: V27I and T91V significantly increased 
HBV VL. Further studies with larger datasets and confir-
mation by mutant expression in hepatoma cells have to be 
performed to evaluate the molecular mechanisms.
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A near full-length genotyping strategy for 
hepatitis C virus genotypes 1a and 1b 

J Snoeck1,2, l Kerremans1, G Vuagniaux3, JS Liz3, 
R Crabbé3, J Verbeeck1, M Van Ranst1, R Camacho4, 
S Vandooren5 and A-M Vandamme1

1Rega Institute for Medical Research, KULeuven, Leuven, Belgium 
2Institute de Microbiologie, CHUV, Lausanne, Switzerland 
3DEBIOPHARM SA, Lausanne, Switzerland 
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5UZ Brussel, Brussel, Belgium

BACKGROUND: Hepatitis C virus (HCV) is one of the 
main causative agents of liver disease. Treatment of patients 
infected with this virus proves very difficult. Current stan-
dard therapy, consisting of ribavirin and pegylated inter-
feron, is only effective for about half of the patients. There 
is an urgent need for novel antiviral agents, acting on dif-
ferent steps of the viral infection cycle. In order to unravel 
the mechanism of action and to detect possible resistance 
in all regions of the genome, we have developed a near full-
length genotyping test for genotypes 1a and 1b. 

METHODS: We developed three partial PCRs for geno-
type 1a and 1b that are overlapping in order to cover the 
whole genome, one fragment spans the 5′UTR-NS2 region, 
a second the NS2-NS5A region and a third fragment the 
NS4B-3′UTR region. For each fragment, a set of sequenc-
ing primers were designed in order to reliably sequence the 
PCR products in both directions.

RESULTS: We have evaluated this strategy on a set of clinical 
HCV 1a and 1b samples. The genotyping test proves very 
sensitive for all three regions amplified. For HCV genotype 
1a the sensitivity for 5′UTR-NS2, NS2-NS5A and NS4B-
3′UTR was 935, 1,700 and 1,700 c/ml, respectively. In con-
trast, the sensitivity for the HCV genotype 1b test was a little 
less, 1,700, 1,700 and 17,000 c/ml for the three regions, 
respectively. The sequencing primers were also tested on a 
set of clinical samples. We succeeded in obtaining a near full-
length sequence for each sample, missing only the 5′UTR and 
3′UTR. The beginning of NS2 and the end of NS4B, which 
mark the boundaries of the partial PCR products, were only 
covered in one direction. 

CONCLUSION: We developed a sensitive near full-length 
genotyping assay for HCV genotypes 1a and 1b. This assay 
can be used to study resistance in several viral target pro-
teins, to study the effect in other viral proteins that interact 
with the target protein and to help to unravel mechanisms 
of action of orphan antiviral drugs. 
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Inter-relationships between risk behaviours, 
clustered HIV transmission events and the spread 
of drug resistance 

BG Brenner1, J-P Routy2, M Roger3, D Stephens, D 
Moisi, F Ohnona, MA Wainberg1 and the Montreal 
PHI Cohort
1McGill AIDS Centre, Montreal, Quebec, Canada 
2McGill University, Montreal, Quebec, Canada 
3Centre Hospitalier Université de Montréal, Montreal, Quebec, 
Canada

BACKGROUND: Our studies showed that acute/recent 
infection is a critical period for onward spread of HIV. 
At this stage, virus is highly transmissible and patients 
often unaware of their HIV status may engage in high-
risk behaviours. This study ascertained the relationship 
between risk behaviour, transmission-clustering events and 
the spread of drug resistance. 

MeTHODs: sequence data of all genotyped subtype B 
primary HIV infections (PHI; <6 months post-seroconver-
sions) were collected from the provincial genotyping pro-
gram and the Montreal PHI cohort (1997–2008, n=960). 
Phylogenetic and maximum likelihood analysis ascertained 
clustered transmission events, based on high bootstrap val-
ues (>98%).  Behavioural data from the PHI cohort ascer-
tained risk determinants of clustered transmission events. 
Transmitted resistance to nucleoside and non-nucleoside 
RT inhibitors (NRTIs and NNRTIs), and protease inhibi-
tors (PIs) was also determined.

ResUlTs:  Primary infections (<6 months) co-clustered 
with 61.3%, 12.1% and 5.8% primary, chronic-naive/
recent and chronic-treated stage infections, respectively. 
Overall, there were 325 unique primary infections, 104 
small clusters (2–4 PHI/cluster, n=234) and 43 large clus-
ters (≥5 PHI/cluster, n=333) representing 33%, 27% and 
40% of transmission events, respectively. large clusters 
disproportionately contributed the growth of the Mon-
treal epidemic from 2005 to 2008; 27 and 43 clusters 
averaging 10.3 ±5.8 and 9.8 ±6.3 PHI accounted for 27% 
and 40% of all transmissions, respectively. Clustering 
had a significant influence on transmitted drug resistance 
in which 17.3% of newly diagnosed and treatment-naive 
persons in large clusters (n=64) harboured viruses with 
major mutations conferring NNRTI resistance. Cohort 
data showed that 70%, 20% and 8% of PHI represented 
male–sex–male (MsM), intravenous drug use (IDU) and 
heterosexual (Hs) transmissions, respectively. High-risk 
sexual behaviour (>10 contacts in the 3 months prior to 
diagnosis) was reported by 39% of MsM within large 

clusters compared with 13% of MsM within small clus-
ters (odds ratio 4.57, CI 1.11–11.29; P=0.0009). signifi-
cant declines in sexual risk behaviours following diagnosis 
were observed at 6 and 12 months in all three clustering 
groups. Upward trends in at risk behaviour arose at 18 
and 24 months.

CONClUsIONs: A novel prevention strategy (Project 
sPOT) promoting HIV testing and motivational counsel-
ling has been initiated to address high rates of onward HIV 
spread in non-diagnosed and newly infected populations 
in Montreal. 
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Increasing prevalence of drug-resistance 
mutations among treatment-naive HIV-infected 
patients in Japan from 2003 to 2008

J Hattori1, S Yoshida2, T Ito3 , H Gatanaga4, 
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1National Nagoya Medical Center, Nagoya, Japan 
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5Kanagawa Prefectural Institute of Public Health, Chigasaki, Japan 
6Tokyo Metropolitan Institute of Public Health, Tokyo, Japan 
7Keio University, Tokyo, Japan 
8Niigata University, Niigata, Japan 
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10National Osaka Medical Center, Osaka, Japan 
11Osaka Prefectural Institute of Public Health, Osaka, Japan 
12National Kyushu Medical Center, Fukuoka, Japan 
13National Institute of Infectious Diseases, Tokyo, Japan

BACKGROUND: The transmission of drug-resistant HIV 
has become a critical epidemic in the world today. surveil-
lance reports from developed countries have shown that 
10–20% of newly diagnosed HIV/AIDs patients harbor 
drug-resistant strains. In Japan, the prevalence of drug-
resistant HIV was 4.9% in 2003. Using data from our sur-
veillance program, we assessed the changes in prevalence 
and patterns of drug-resistant HIV in treatment-naive 
patients in the past 6 years.

MeTHODs: Plasma samples and demographic informa-
tion were collected from patients newly diagnosed with 
HIV/AIDs between January 2003 and December 2008. 
The sequences of HIV protease (PR) positions 1–99 and 
reverse transcriptase (RT) positions 1–240 were analysed 
and drug-resistant mutations were defined according to the 
mutation list proposed by shafer et al. subtypes for each 
case were determined from the PR–RT sequences. samples 
from 2007 and 2008 were also assayed by BeD assay to 
estimate the time of HIV infections.

ResUlTs: Among 2,304 samples collected during the study 
period, 2,283 PR and 2,279 RT sequences were success-
fully analysed. The study population was predominantly 
male (93.0%), homosexual (68.6%) and carried subtype 
B (86.7%). Prevalence of drug-resistant cases in each year 
from 2003 through 2008 were 4.9%, 5.5%, 6.4%, 6.6%, 
9.1% and 4.7%, respectively. In each year, nucleoside RT 
inhibitor-resistant mutations predominated (2.4–5.5%), 

with T215 revertant mutations the most prevalent, fol-
lowed by M41l and M184V. Few protease inhibitor-re-
sistant cases (0.7–3.0%) were observed, with M46I the 
most common mutation. The lowest prevalence of muta-
tions during the study period was always non-nucleoside 
RT inhibitors-resistant cases (0.3–1.0%). Few multiclass 
resistant cases were observed (0.2–0.3%). Of 471 samples 
on which BeD assay was performed, 158 (33.5%) were 
determined to be infected ‘recently’. Among ‘recent’ and 
‘not recent’ cases, prevalence of drug resistance was 8.0% 
and 7.0%, respectively. Thus, no difference was observed 
between the two populations.

CONClUsION: The prevalence of transmitted drug-
 resistant HIV cases in Japan increased until 2007, but 
began to decrease in 2008. This finding emphasizes the 
importance of continuous surveillance to understand the 
epidemiological status and to consider strategies to prevent 
transmission of drug-resistant HIV.

5_Epidemiology.indd   78 20/5/09   12:33:16



Fort Myers, FL, USA, 9–13 June 2009

XVIII International HIV Drug Resistance Workshop: Basic Principles & Clinical Implications A79

ABSTRACT 68
Antiviral Therapy 2009; 14 Suppl 1:A79

Integration of routine HIV-1 drug resistance 
testing into the San Francisco HIV/STD 
surveillance program

HM Truong1,2, T Kellogg3, W McFarland1,3, 
J Klausner1,3, B Louie3 and RM Grant1,2

1University of California, San Francisco, CA, USA 
2Gladstone Institute of Virology and Immunology, San Francisco, 
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3Department of Public Health, San Francisco, CA, USA

BACKGROUND:  HIV-1 primary drug resistance is a sig-
nificant clinical and public health concern, as the transmis-
sion of drug-resistant strains has been documented. Rec-
ognizing the need to address this key aspect of HIV care 
and prevention, the san Francisco Department of Public 
Health integrated routine HIV-1 drug resistance testing 
into its HIV/sTD surveillance program.

MeTHODs:  A consecutive sample of all persons present-
ing for confidential HIV voluntary counseling and testing 
(VCT) at the municipal sTD clinic from January 2004 to 
December 2006 (n=9,692) were evaluated for HIV infec-
tion by standard enzyme-linked immunoassays (eIA). 
HIV RNA pooled testing was performed on eIA-nega-
tive specimens to identify acute infections. HIV- positive 
specimens were evaluated for HIV-1 drug resistance by 
sequence analysis. Temporal trends were assessed using 
the Cochrane–Armitage test. Multivariate logistic regres-
sion was performed to evaluate associations.

ResUlTs:  HIV-1 primary drug resistance prevalence was 
11.9% in 2004, 15.9% in 2005 and 13.0% in 2006. Resist-
ance prevalence remained at a stable level across the 3 years 
(P=0.75). There were 377 newly-identified HIV cases, 
including 29 acute infections and 50 drug-resistant cases. 
One acute infection case had evidence of primary drug 
resistance. Nineteen drug-resistant cases reported having a 
sTD within the past 2 years (AOR=1.92; P=0.06). Resist-
ance to non-nucleoside reverse transcriptase inhibitors 
(NNRTI) was the most common pattern detected, present 
in 28 cases (56%). There were 23 cases (46%) of resist-
ance to nucleoside reverse transcriptase inhibitors (NRTI) 
and 11 cases (22%) of resistance to protease inhibitors 
(PI). Dual-class resistance to NRTI/NNRTI was identified 
in four cases and there was one case each of resistance to 
NRTI/PI and NNRTI/PI. Three cases of multiclass resist-
ance were detected.

CONClUsIONs:  HIV-1 primary drug resistance preva-
lence among newly-identified HIV cases remained sta-
ble from 2004 to 2006. The high proportion of NNRTI 

mutations detected suggests they may be more common 
in source partners or more fit for transmission than muta-
tions in other drug classes. Monitoring primary HIV-1 
drug resistance at sTD clinics may assist clinicians in 
selecting treatment and post-exposure prophylaxis regi-
mens that are active against viruses being transmitted in 
the community, as well as provide health departments with 
surveillance data in a sentinel population.
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Comparison of the prevalence of HIV resistance 
mutations between US and foreign-born naive 
chronically infected patients New York City (NYC)

C Salama and A Ashraf 

Elmhurst Hospital Center/Mount Sinai School of Medicine, New 
York, USA

BACKGROUND: little is known about resistance rates 
in naive chronically infected immigrant HIV patients in 
the UsA. Our goal was to compare the rates of genotypic 
resistance mutations between Us and foreign-born naive 
patients attending elmhurst Hospital Center, a hospital 
that serves a largely immigrant population in Queens, 
New York. 

MeTHODs: We searched our resistance database for all 
ARV-naive patients that underwent genotypic resistance 
testing (GT). significant resistance mutations, demo-
graphic information, risk factors for HIV and HIV sub-
types were collected. significance of resistance mutations 
was determined with the help of the stanford HIV Resist-
ance Database.

ResUlTs: A total of 325 ARV-naive patients (255 male 
and 70 female) underwent GT between May 2001 and 
February 2009; 71% were foreign-born, representing 
48 countries. Non-B subtype virus was detected in 24 
(7.4%) patients. Risk factors for HIV acquisition were 
heterosexual (149 patients), MsM (147 patients), IDU 
(19 patients), MsM/IDU (1 patient) and undetermined 
(7 patients). significant resistance mutations were found 
in 20 patients (6.2%), including 15 (4.6%) with NRTI, 7 
(2.1%) with NNRTI, and 5 (1.5%) with protease resist-
ance mutations. The most commonly found mutations 
were the T215rev mutants (11 cases), K103N (3 cases), 
Y188l (3 cases), l90M (3 cases) and M46I (3 cases). Two 
patients had the 69 insertion, seen in only 3 other patients 
in the entire database (2,487 genotypes). Five (1.5%) 
patients had resistance in two drug classes and one (0.3%) 
had resistance in all three drug classes. There was no statis-
tical difference in the rates of resistance mutations between 
patients infected via heterosexual contact (4.7%), MsM 
(6.8%) or IDU (10.5%), nor between Us-born (6.4%) 
and foreign born (6.0%) patients, nor between male 
(5.9%) and female (2.8%) patients, nor between B and 
non-B subtype patients (6.4% versus 4.2%). Resistance 
rates decreased between 2007–2009 (4.4%), after peaking 
between 2004–2006 (8.7%). 

CONClUsION: We saw a lower rate of resistance mutations 
among naive chronically infected patients, relative to other 

studies performed in NYC. However, this was not clearly 
related to the large numbers of immigrants in our popula-
tion, as Us-born and foreign-born patients had a similarly 
low relative rate of resistance.
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Prevalences of mutations in patients with 
discordant phenotypic predictions from 
Monogram Biosciences database of routine clinical 
samples from 2006–2008 

R Bethell1, J Scherer2, M Witvrouw1, A Paquet3, 
E Coakley3 and D Hall4

1Boehringer Ingelheim (Canada) Ltd., Québec, Canada 
2Boehringer Ingelheim, Ingelheim, Germany 
3Monogram Biosciences, CA, USA 
4Boehringer Ingelheim, CT, USA

BACKGROUND: Current guidelines recommend that 
resistance testing should be performed when considering a 
change to the treatment regimens of protease-experienced 
patients. To explore their available options, the database of 
clinical isolates at Monogram Biosciences with Phenosense 
GT results, both genotypic and phenotypic test results, 
was queried for the years 2006–2008. Phenotypic results 
were analysed to see how many patients could consider 
the second generation protease inhibitors (PIs), darunavir 
(DRV) and tipranavir (TPV) treatment, based on pheno-
typic results. Identifying key mutations that predict discor-
dant response between the two drugs could prove helpful 
in deciding which to prescribe.

MeTHODs: specimens collected 2006–2008 and assayed 
with Monogram Biosciences Phenosense GT were que-
ried. Results were categorized according to their upper 
and lower clinical cutoffs as resistant (R), partially suscep-
tible (Ps) or susceptible (s) to ritonavir-boosted TPV, DRV, 
lopinavir (lPV), saquinavir (sQV), atazanavir (ATV) and 
fosamprenavir (fAPV). Patients with a discordancy in phe-
notypic resistance to DRV/r and TPV/r were investigated 
to observe which mutations were more prevalent in each 
set of patients.

ResUlTs: There were 513 (6.6%) isolates that were s to 
DRV and R to TPV (DRV-s/TPV-R) and 97 (1.2%) that 
were s to TPV and R to DRV (DRV-R/TPV-s). Amino acid 
substitutions that showed higher prevalence in patients 
with DRV-s/TPV-R virus were 82l/T (44.4% versus 0% of 
patients with DRV-s/TPV-R versus DRV-R/TPV-s had the 
mutation) and 83D (5.8% versus 0%). In contrast, sub-
stitutions that showed higher prevalence in patients with 
DRV-R/TPV-s virus were 50V (0.0% versus 28.9%), 54l 
(1.0% versus 36.1%) and 76V (0.4% versus 15.5%). 

CONClUsIONs: Common DRV-associated resistance 
mutations 50V, 54l and 76V that are associated with an 
improved clinical response to TPV/r were more preva-
lent in patients with phenotypic resistance to DRV and 

susceptibility to TPV. In contrast, 82l/T and 83D, muta-
tions associated with resistance to TPV but not to DRV, 
were more prevalent in patients with resistance to TPV 
and susceptibility to DRV. 
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Genetic diversity and complexity of drug 
resistance continue to increase in the reverse 
transcriptase and protease regions of HIV-1

H van Vlijmen1, M Van Houtte2, K Van der Borght2, 
P Lecocq2, L Bacheler3 and P Sista3

1Tibotec-Virco, Mechelen, Belgium 
2Virco BVBA, Mechelen, Belgium 
3VircoLab Inc., Chapel Hill, NC, USA

BACKGROUND: The genotypic diversity of HIV pro-
tease (PR) and reverse transcriptase (RT) in treated 
patients has increased over time due to increasing 
choices in drug therapies. lists of resistance-associated 
mutations (RAMs) are updated routinely, but the geno-
typic diversity (trends in mutational patterns) has been 
less fully characterized. 

MeTHODs: The Virco correlative genotype/phenotype 
(G/P, n≥55,000), genotype (GeNO, n≥350,000) and rou-
tine clinical samples (RCs, n≥260,000) databases (DB) of 
PR and RT sequences were analysed for the following sta-
tistics as a function of time: subtype prevalence, diversity 
of PR & RT mutations (as defined by ANRs, stanford, 
IAs-UsA) and RAM combinations. Furthermore, a non-
redundant set of PR–RT sequence clusters was generated 
at 88% amino acid sequence similarity using the CD-HIT 
program. For each cluster, resistance to PR and RT inhibi-
tors was calculated (VircoTYPe version 4.3.01) and cor-
related with RAMs.

ResUlTs: Analyses of the G/P DB showed that between 
2000 and 2008, (1) the prevalence of non-B subtypes 
increased from 3.9% to 11.5%; (2) the number of  
observed distinct amino acid  mutations increased  from 
766 to 1,167 for RT and from 363 to 515 for PR (aver-
age increase per position from 2.9 to 3.9 and 3.7 to 5.2, 
respectively); (3) the number of drug-specific RAM combi-
nations increased, for example, lamivudine/emtricitabine 
2.3-fold, for other NRTIs and NNRTIs 2.7-fold and PIs 
4.1-fold. The full GeNO set of PR–RT sequences was clus-
tered to a representative set of 453 clusters. We observed 
a wide variety of calculated clinical resistance across the 
clusters that fell into 20 distinct resistance profiles. Among 
them were a fully sensitive profile (n=141,284), a lamivu-
dine/emtricitabine/efavirenz/nevirapine-resistant profile 
(n=41,070) and several profiles exhibiting resistance to 
some drugs while retaining susceptibility to other drugs 
within the same class, for example, one cluster (n=44) 
exhibited partial susceptibility to etravirine, amprenavir, 
lopinavir and susceptibility to tenofovir, saquinavir ata-
zanavir, tipranavir and darunavir.

CONClUsIONs: Although patients have been treated 
with drugs from the three main antiretroviral classes for 
over 10 years now, the genetic diversity in HIV-1 continues 
to increase. The large genetic diversity of HIV-1 sequences 
has led to 20 distinct resistance profiles revealing alterna-
tive options for choosing treatment regimens.
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What impact will PrEP interventions have on 
incidence and transmitted drug resistance in 
resource-rich countries?

V Supervie1, JG García-Lerma2, W Heneine2 and 
S Blower1

1Semel Institute for Neuroscience and Human Behavior, David 
Geffen School of Medicine at UCLA, Los Angeles, CA, USA 
2Centers for Disease Control and Prevention, Atlanta, GA, USA

BACKGROUND: Administration of antiretrovirals 
(ARVs) prior to HIV exposure (PreP) has gained consid-
erable attention as a potential biomedical intervention 
to protect against infection. There is concern that resist-
ance could develop in individuals who fail PreP or if it 
is used by HIV-infected individuals. Prevalence of trans-
mitted drug resistance (TDR) in high-risk communities in 
resource-rich countries is already fairly high due to long-
term widespread ARV treatment.

MeTHODs: We constructed a biologically complex math-
ematical model and predicted the effects of PreP on trans-
mission and TDR in high-risk communities, with high lev-
els of TDR, in resource-rich countries. We measured TDR 
as (i) proportion of new infections due to resistant strains 
and (ii) number of new resistant infections. We parameter-
ized our model with clinical, behavioural and epidemio-
logical data from san Francisco and also used virologic 
data. We analysed our predictions using response hyper-
surface modeling. 

ResUlTs: PreP interventions in san Francisco could 
reduce transmission by 20% (assuming efficacy is 30% 
and coverage 45%) to 80% (assuming efficacy is 90% and 
coverage 95%) over 10 years. We predict interventions 
will increase the proportion of new resistant infections rel-
ative to wild type, the more effective the PreP regimen the 
greater the increase. However, it is unlikely (P=0.3) PreP 
will increase the number of new resistant infections and 
very unlikely (P=0.08) to increase it by more than 20%. 
surprisingly, there is a high probability (P=0.7) that PreP 
will slightly reduce (~13%) the number of new resistant 
infections. Our predictions can be understood as the out-
come of highly effective regimens reducing overall trans-
mission and preferentially reducing wild-type infections. 

CONClUsIONs: PreP interventions could substantially 
reduce transmission in san Francisco. They are more likely 
to decrease, than increase, number of resistant infections. 
However interventions will appear to increase TDR because 
it is monitored as a proportion of new infections. Our 
results imply it is essential to develop better interpretation 

strategies for tracking TDR. Over time, as the proportion 
of new infections due to resistant strains increases, new 
PreP regimens with high efficacy against resistant strains 
will be needed. Our findings apply to other resource-rich 
countries with long-term widespread ARV treatment. 
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Increasing prevalence of triple-class antiretroviral 
experienced patients is not associated with 
virologic failure: data from the CFAR network of 
integrated clinical systems (CNICS) cohort
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M Kitahata2, J Kahn3, M Saag4, B Rodriguez5, 
S Boswell6, SD Frost1, RH Haubrich1 and the CNICS 
002 Study Team
1University of California San Diego, San Diego, CA, USA 
2University of Washington, Seattle, WA, USA 
3University of California San Francisco, San Francisco, CA, USA 
4University of Alabama Birmingham, Birmingham, AL, USA 
5Case Western Reserve University, Cleveland, OH, USA 
6Fenway Community Health/Harvard Medical School, Boston, 
MA, USA

BACKGROUND: The relationship between multiclass 
antiretroviral (ARV) exposure and the risk of treatment 
failure is not clear. Understanding of this relationship is 
important for predicting future needs in HIV care and 
ARV development. 
 
MeTHODs: six CNICs sites with point-of-care electronic 
medical record systems contributed records. The cohort 
was evaluated at five time points: 31 December 2000, 31 
December 2002, 31 December 2004, 31 December 2006 
and 31 July 2008. Patients were considered in the cohort 
if they had at least one visit ±180 days of the time point 
studied. ARV exposure analysis was done for patients 
currently on ARVs. Three-class exposure was defined as 
treatment with ≥2 NRTI, ≥1 NNRTI and ≥2 PIs. Four-
class exposure was defined as three-class exposure plus a 
fusion inhibitor, integrase inhibitor or CCR5 antagonist. 
Virologic failure was defined as HIV RNA >200 copies/
ml after >24 weeks on therapy. Prevalence and 95% con-
fidence intervals were calculated by site. Univariate cross-
tabulations and logistic regression models were used for 
the virologic failure analysis.

ResUlTs: At the five time points, the cohort included 
2,012, 2,668, 3,582, 4,219 and 3,832 patients on ARVs. 
The prevalence of triple-class exposure increased consist-
ently from 2000–2008. At the five time points, the preva-
lence (95% CI) was 23% (21–25), 27% (25–28%), 31% 
(29–32%), 33% (31–34%) and 35% (34–37%). The 
prevalence of four-class exposure was 0.3% (0.1–0.5%), 
0.6% (0.3–0.9%), 1.7% (1.3–2.2%), 2.3% (1.9–2.8%) 
and 5.3% (4.6–6.0%). Movement into and out of the 
cohort did not account for these increases. Virologic fail-
ure prevalence for patients with/without triple-class expo-
sure was: 45% versus 26% (P<0.001), 36% versus 21% 

(P<0.001), 25% versus 13% (P<0.001), 18% versus 11% 
(P<0.001) and 13% versus 10% (P=0.4). Factors consist-
ently associated with risk of virologic failure were lower 
CD4 (P<0.001 in 2000–2008), age <40 (P<0.05 in 2000, 
2006 and 2008), and African-American race (P=0.05–
0.001, except for 2002 P=0.1).

CONClUsION: Among patients on ARVs, the prevalence 
of triple-class exposure has steadily increased from 23% 
in 2000 to 35% in 2008. However, virologic failure has 
decreased over the same period, dropping from 30% in 
2000 to 11% in 2008. Moreover, failure associated with 
triple-class exposure has decreased, such that by 2008 
those with triple-class exposure were no longer at signifi-
cantly increased risk of treatment failure.  
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The effect of antiretroviral therapy without CCR5 
antagonists on HIV-1 tropism in the MOTIVATE 
studies of maraviroc in treatment-experienced 
patients with R5 HIV-1 

CF Perno1, M Nelson2, L Waters2, B Clotet3, 
R Paredes3, J Heera4, H Mayer4, N Dang5, H Valdez6 

and E Van Der Ryst7

1University of Rome Tor Vergata, Rome, Italy 
2Chelsea and Westminster Hospital, London, UK 
3Fundació irsiCaixa, Hospital Universitari Germans Trias i Pujol, 
Badalona, Catalonia, Spain 
4Pfizer Global R&D, New London, CT, USA 
5Pfizer Inc, Paris, France 
6Pfizer Inc, New York, NY, USA 
7Pfizer Global R&D, Sandwich, UK

OBJECTIVES: It is known that the prevalence of 
CXCR4-using HIV-1 (dual/mixed-tropic [DM] or 
CXCR4-tropic [X4]) increases with advancing HIV dis-
ease. However, there is limited data on the evolution 
of tropism over time in patients receiving antiretrovi-
ral therapy. Much of the existing data on the effect of 
non-CCR5-antagonist regimens on viral tropism are 
conflicting and have relied on older methods of tro-
pism assessment. In order to address this issue with a 
validated assay, tropism changes between baseline and 
virologic failure were assessed over 48 weeks in patients 
from the placebo (PBO) arms of MOTIVATE 1 and 2, 
who received an optimized background therapy (OBT) 
without the CCR5 antagonist maraviroc.
  
METHODS: Baseline and treatment-failure samples  
from patients receiving OBT+PBO in the pooled MOTI-
VATE 1 and 2 studies were assessed for HIV-1 tropism 
using the original Trofile™ assay (Monogram Bio-
sciences, South San Francisco, CA, USA). Patients with-
out paired baseline and on-study samples were excluded 
from this analysis.  

RESULTS: Inclusion criteria for this study were met by 
111 patients; 101 of these patients had an R5 tropism 
result at baseline and 7 patients had a DM tropism result. 
No patients had only X4 HIV at baseline, and three 
patients had non-reportable tropism results. Ninety-five 
of the 101 patients with baseline R5 virus had a valid 
tropism result at treatment failure; 89 (93.7%) of these 
patients retained R5 virus at treatment failure, while 6 
(6.3%) displayed DM virus. Of the seven patients who 
had DM virus at baseline, five (71.4%) had R5 HIV-1 at 
treatment failure, one (14.3%) retained DM virus and 
one (14.3%) had X4 virus at treatment failure.

CONCLUSIONS: Antiretroviral treatment regimens that 
do not include CCR5 antagonists appear to have a mini-
mal effect on HIV-1 tropism in patients who initiate treat-
ment with R5 virus. Almost all patients with R5 virus at 
baseline and who received optimized background therapy 
plus placebo in the MOTIVATE 1 and 2 studies still gave 
an R5 tropism result at time of failure. 
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Detection of CXCR4-using HIV-1 variants in 
longitudinally obtained paired plasma and PBMC 
samples using 454-sequencing

AB van ‘t Wout1, L Swenson2, MRA Welkers1, 
W Dong2, H Schuitemaker1 and PR Harrigan2

1Department of Experimental Immunology, Center for 
Infectious Diseases and Immunity Amsterdam (CINIMA), 
Academic Medical Center at the University of Amsterdam, 
Amsterdam, the Netherlands 
2BC Centre for Excellence in HIV/AIDS, Vancouver, British 
Columbia, Canada

BACKGROUND: The recent availability of CCR5 antago-
nists as anti-HIV therapeutics has highlighted the need to 
identify CXCR4-using variants in patient samples. Since 
CXCR4-using variants have signature changes in the third 
variable (V3) loop of the viral envelope gene, genotypic 
methods for detecting CXCR4 use employing V3 loop 
sequencing have been developed, but are limited in sensi-
tivity. Therefore, we are evaluating whether massive paral-
lel pyrosequencing will allow more sensitive detection of 
CXCR4-using variants.

METHODS: PBMC and plasma samples were derived 
from 10 participants of the Amsterdam Cohort Studies 
on HIV/AIDS who underwent consecutive tropism testing 
by the MT-2 assay at approximately 3 monthly intervals. 
We evaluated multiple time points per patient starting 
12 months prior to the first detection of CXCR4-using 
variants by the MT-2 assay (time 0). Viral RNA or DNA 
from patient plasma or PBMC, respectively, was extracted 
and amplified for V3 sequencing. Coreceptor use for indi-
vidual V3 sequences was determined using the position 
specific scoring matrix (PSSM) developed for prediction of 
HIV-1 coreceptor use.

RESULTS: Samples in which >5% of V3 sequences were 
predicted to use CXCR4 were scored positive. Using this 
cutoff, in one patient none of the plasma or PBMC sam-
ples were positive and in another patient only the samples 
at and after time 0 (phenotypic coreceptor switch) were 
positive. In three patients PBMC and/or plasma sam-
ples were positive 3 months prior to time 0 and in three 
patients single PBMC or plasma samples were positive at 
6, 9 or 12 months prior to time 0. Finally, in two patients 
the majority of samples were consistently positive, with 
>80% predicted CXCR4 use. As none of the MT-2 cul-
tures prior to time 0 for these latter two patients detected 
CXCR4-using variants and the patients carried unusual 
V3 loops, it is likely that PSSM prediction was not correct 
in these cases.

CONCLUSIONS: In the majority of patients, CXCR4-
using variants were detected above the 5% level by 454-
sequencing in samples that were obtained prior to the 
first detection of CXCR4-using variants in the phenotypic 
MT-2 assay. Further in-depth analysis will provide insight 
into the evolutionary pathways that lead to CXCR4 use.
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Conserved HIV-1 envelope glycoprotein 
cytopathicity in patients receiving enfuvirtide 
treatment with virological failure but 
immunological success

C Cabrera, S Marfil, M Curriu, F Cunyat, B Clotet 
and J Blanco

Fundació irsiCaixa, Institut de Recerca en Ciències de la Salut 
Germans Trias I Pujol (IGTP), Hospital Germans Trias, Universitat 
Autònoma de Barcelona, Badalona 08916 Barcelona, Catalonia, 
Spain

OBJECTIVES: HIV-1 depletes infected and uninfected 
CD4 T-cells in vivo by mechanisms involving gp41-induced 
apoptosis. Resistance to enfuvirtide (ENF) is associated 
with mutations in gp41 and, in vivo, the cluster of muta-
tions V38A+N140I correlated with an increase in CD4 cell 
counts that could be due to a decrease in Env fusogenic-
ity and cell death induction. The aim of this study was to 
evaluate the impact of this cluster of mutations on HIV-1 
gp41-induced pathogenicity.

METHODS: Three patients failing an ENF-based treat-
ment who developed the V38A mutation with either I, 
N or T at position 140 were selected. Gp41 was cloned 
into a pcDNA.3 containing the NL4-3 gp120 sequence 
(21 clones), expressed in 293T cells, which were cocul-
tured either with primary CD4 cells or with the TZM-BL. 
 Replication-competent viruses containing the same chi-
meric envelopes were used to infect PBMCs.

RESULTS: When expressed in 293T cells, clones containing 
the V38A with the 140I substitution induced the loss of 56 
±17% of CD4 cells, similar to wild-type (without changes 
at positions 36–45) or G36V clones, which induced 58 ±21 
and 59 ±15% CD4 cells loss, respectively. Clones contain-
ing the 140N change, wt or V38A, induced comparable 
loss of CD4 cells (81 ±4 and 74 ±7, respectively), while 
clones containing the 140T showed lower cytopaticity (12 
±1 and 21 ±12%, respectively). All the clones with the 
N140I change showed a similar fusogenicity irrespective of 
the sequence at positions 36–45 (100 ±43% in compari-
son with NL4-3). The 140N-containing clones were more 
fusogenic (89 ±17%) than the 140T (22 ±13%). Overall, 
a correlation between fusogenicity and cell death induction 
was observed (r=0.72, P<0.0001). Furthermore, during 
active HIV replication, recombinant viruses containing 
the N140I with or without the 38A induced similar loss of 
living CD4 cells (58 ±19% and 56 ±20%, respectively).

CONCLUSION: The presence of a V38A mutation in 
different gp41 backgrounds did not result in a loss of 

fusion or apoptogenic potential of HIV-1 Env, which were 
highly related and variable among patients. The immu-
nological success associated with the cluster of mutations 
V38A+N140I appears to be unrelated to an impairment 
of Env cytopathicity; therefore, alternative mechanisms 
should be explored to explain this phenomenon.
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Effect of raltegravir resistance mutants in HIV-1 
integrase on viral fitness and drug susceptibility

Z Hu and DR Kuritzkes

Brigham and Women’s Hospital, Harvard Medical School, Boston, 
MA, USA

BACKGROUND: Data from clinical trials show that 
raltegravir (RAL) resistance involves mutations at inte-
grase (IN) codons 143, 148 or 155 together with associ-
ated secondary mutations. The 155H mutants emerge first, 
and are eventually replaced by 148H mutants, usually in 
combination with 140S. These mutations have different 
effects on susceptibility and replication capacity, but data 
on the relative fitness of raltegravir-resistant viruses are 
limited. Previous studies show that the impact of the dif-
ferent raltegravir resistance pathways on viral fitness in 
absence of drug. In this study, we determined the relative 
fitness of different RAL resistance mutations using growth 
competition assays in the presence of drug.

METHODS: Mutations at IN codons 74, 92, 138, 140, 
148, 155 and/or 163 were introduced by site-directed 
mutagenesis of cloned wild-type NL4-3 IN. Infectious 
recombinant viruses carrying the relevant IN mutations 
and sequence tags in nef were generated by cotransfection 
in 293T cells. Infectivity titers were measured by a single-
cycle HIV-1 infectivity assay. Replication capacity of the 
resulting viruses was tested by measuring p24 antigen pro-
duction in U87-X4 and MT-2 cells in the presence of drug. 
Relative fitness was assessed by growth competition assay 
using the recombinant marker virus assay. Susceptibility to 
RAL was characterized by TZM-Black cell assay.

RESULTS: In presence of RAL, HIV-1 recombinants car-
rying RAL resistance mutations replicated faster than WT, 
the rank order of replication was 140S/148H>138K/148H 
>148R=148K=148H>WT. For mutants involving the 155 
pathway, the rank order of replication was 92Q/155H 
>155H/163R>74M/155H>155H>WT. Pairwise growth 
competition assays gave similar results: WT was less fit (<) 
than 148H, 148H<138K/148H, and 138K/148H < than 
140S/148H. Similarly, WT was less fit than 155H, 155H 
<74M/155H and 155H/163R<155H/92Q. The 155H 
mutant was fitter than 148H, but 140S/148H was fitter 
than 92Q/155H. Relative fitness generally correlated with 
the degree of RAL resistance conferred by the mutations. 

CONCLUSIONS: Although single primary RAL resistance 
mutations Q148H/K/R and N155H reduced viral replica-
tion capacity in the absence of drug, relative fitness in the 
presence of RAL was greater than WT. The greater fitness 

of 155H versus 148H and of 140S/148H versus 92Q/155H 
corresponds well with the clinical trials data and helps 
explain the temporal pattern of RAL resistance evolution. 
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Characterization of mutations conferring 
resistance to integrase inhibitors and their impact 
on HIV-1 replicative fitness

AM Rhea1, J Weber1, AC Vazquez1, JD Rose1, 
D Winner1, N Margot2, PD Olivo1, D McColl2, 
M Miller2 and ME Quiñones-Mateu1

1Diagnostic HYBRIDS, Athens, OH, USA 
2Gilead Sciences, CA, USA

OBJECTIVES: Several studies have described potential 
cross-resistance between the integrase inhibitors (INIs) 
raltegravir (RAL) and elvitegravir (EVG); however, the 
effect of INI resistance mutations on viral replicative fit-
ness has yet to be fully described. Here, we describe the 
phenotypic characterization of the susceptibility to EVG 
and RAL of a series of INI-resistant viruses and the impact 
of these mutations on HIV-1 replicative fitness.

METHODS: Fourteen site-directed mutant viruses har-
boring amino acid substitutions associated with resist-
ance to INIs were created in a HIV-1HXB2 backbone. These 
constructions were then used to generate 3′Gag(p2/p1/
p7/p6)PR/RT/INI-recombinant viruses using a novel 
yeast-based cloning technology. Drug susceptibility was 
assayed by (i) cell viability of single infections in MT2 
cells and (ii) quantification of renilla luciferase expression 
in dual infections (query virus + HIV-1NL4-3) of MT4 or 
U87.CD4.CXCR4 cells. HIV-1 replicative fitness was esti-
mated using viral growth kinetics and growth competition 
experiments in MT4 cells, in the presence and absence of 
RAL and EVG.  

RESULTS: Overall, similar drug susceptibility data was 
obtained using both systems (cell viability in MT2 cells 
and renilla expression in MT4 or U87.CD4.CXCR4 
cells). A few mutations conferred resistance to EVG, 
but retained susceptibility to RAL (for example, T66I, 
G140S, and S147G), while other mutations reduced 
susceptibility to both INIs (that is, E92Q, Q148H/K/R, 
and N155H). Replicative fitness values ranged from 1% 
to 98.5% (relative to HIV-1NL4-3) in the absence of drug 
pressure; however, their replication capacity increased 
in the presence of INIs (21–106% and 6–104% for 
EVG and RAL, respectively). Interestingly, viruses car-
rying mutations at position Q148 were highly impaired 
(1–36%) when compared with viruses harboring muta-
tions at positions T66, N155 and E92 (68–99%). Addi-
tional mutations, such as E138K+S147G, G140S and 
E92Q, contributed to the increase in replicative fitness 
of viruses with the Q148R, Q148H and N155H muta-
tions, respectively.

CONCLUSION: The clinical impact of reduced viral fit-
ness associated with INI mutations is not completely 
understood. Here we have shown that most amino acid 
substitutions, although associated with resistance to INIs, 
have a major effect in HIV-1 replicative fitness. This is par-
ticularly relevant to mutations associated with the Q148 
pathway. As in the case of recently developed antiretrovi-
ral drugs, further studies will lead to a better understand-
ing of the effects of integrase inhibitor resistance on HIV-1 
replicative fitness. 
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Mutation T74S In HIV-1 subtype B AnD C 
proteases re-sensitizes them to protease inhibitors 
and confers fitness advantage

EA Soares1,3, AF Santos1, LM Gonzalez1, 
MS Lalonde2, DM Tebit2, A Tanuri1, EJ Arts2 and 
MA Soares1,3

1Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil 
2Case Western Reserve University, Cleveland, USA 
3Instituto Nacional de Câncer, Rio de Janeiro, Brazil

BACKGROUND: Several drug resistance and secondary 
mutations have been described in HIV-1 viruses from 
patients undergoing antiretroviral therapy. In this study, 
we assessed the impact of the protease substitution T74S 
on the phenotype and on the replicative fitnesss in HIV-1 
subtypes B and C.

METHODS: HIV-1 molecular clones carrying subtype B 
or C proteases had these genes subjected to site-directed 
mutagenesis to include T74S alone or in combination with 
four known PI primary drug resistance mutations. All 
clones were used in a phenotypic assay to evaluate their 
susceptibility to most commercially available PIs. The 
impact of T74S in virus fitness was also assessed for all 
viruses through head-to-head competitions and further oli-
gonucleotide ligation assays to measure the proportion of 
each virus in culture.

RESULTS: Viruses of both subtypes carrying T74S did not 
have their susceptibility altered to any tested PI. Viruses 
with the four resistance mutations showed strong resist-
ance to most PIs with fold changes ranging from 5 to 300 
times compared with their wild-type counterparts. Sur-
prisingly, the addition of T74S to the multiresistant clones 
restored their susceptibility to some PI close to those of 
wild-type viruses. Most 74S-containing viruses were more 
fit than their 74T counterparts.

CONCLUSIONS: T74S is not a major drug-resistant 
 mutation, but it re-sensitizes multiresistant viruses to cer-
tain PIs. T74S is a bonafide accessory mutation, restoring 
fitness of multidrug-resistant viruses in both subtypes B and 
C. T74S should be further studied in clinical settings and 
considered in drug resistance interpretation algorithms.
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natural presence of resistance mutation Y181C in 
HIV-1 group O variants is clade-dependent

A Depatureaux1, M Leoz1, A Vessière2, D Rousset2, 
F Damond3, F Simon4 and JC Plantier1

1CHU ROUEN, Rouen, France 
2Centre Pasteur du Cameroun, Yaoundé, Cameroon 
3CHU BICHAT, Paris, France 
4CHU SAINT-LOUIS, Paris, France

OBJECTIVES: HIV-1 group O (HIV-O) is endemic in 
Cameroon and present in countries strictly connected to 
this region. HIV-O is characterized by a high genetic diver-
sity with a natural resistance for most of these strains to 
the NNRTI due to the presence of resistance-associated 
mutation Y181C. In this work, we show that this natural 
presence of Y181C appears clade-dependent.

METHODS: Sequencing of the RT region was performed 
on 122 isolates from NNRTI-naive patients, collected in 
France (n=70) and in Cameroon (n=52). Sequences were 
used for phylogenetic analyses using MEGA version 4. 

RESULTS: Phylogenetic analyses show a wide range of 
genetic diversity with a ‘comet-like’ topology distinct from 
tree topologies classically found for group M variants; 91 
isolates belong to the clade A (74.6%) and 31 (25.4 %) 
to ‘clade non-A’: 9 to clade B (7%), 6 to C clade (5%), 
and 16 (13%) are indeterminate and represent divergent 
strains. Sixty-eight isolates (55.7%) present the residue 
Y181C: 66 (97%) belong to clade A and 2 (3%) to clade 
non-A (1 C and 1 divergent), with statistically significant 
difference (P<0.0001). Fifty-three isolates (43.5%) pres-
ent the wild-type residue Y18Y: 24 (45%) belong to clade 
A and 29 (55%) to clade non-A with no statistically sig-
nificant difference (P=0.6536). However, among these 24 
clade A isolates, 16 belong to a specific subcluster named 
A3 phylogenetically distant of clade A. Therefore, differ-
ence becomes statistically significant if we consider it as  
clade ‘non-A’  (P=0.0002) or if we exclude it of analyse 
(P=0.0112). For one patient (0.8%), a mixture on position 
181 was naturally found on sequential samples.

CONCLUSION: Y181C is a resistance-associated muta-
tion naturally present in 55.7% of HIV-O isolates and can 
be considered as a signature mutation of clade A. Natu-
ral presence of the wild-type residue 181Y in 43% of the 
strains highlights the need of phenotypic analyses to con-
clude to a possible sensitivity to NNRTI and its use in 
therapeutic management.   
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Effect of the HIV-1 reverse transcriptase 
polymorphism Leu-214 on replication capacity 
and drug susceptibility

MC Puertas1, MJ Buzón1, A Artese2, S Alcaro2, 
L Menéndez-Arias3, CF Perno4, B Clotet1, 
F Ceccherini-Silberstein4 and J Martinez-Picado1,5

1irsiCaixa Fndn, Badalona, Spain 
2University of Catanzaro Magna Græcia, Catanzaro, Italy 
3Consejo Superior de Investigaciones Científicas and Universidad 
Autónoma de Madrid, Madrid, Spain 
4University of Rome Tor Vergata, Rome, Italy 
5ICREA, Barcelona, Spain

BACKGROUND: Leu-214 is a natural polymorphism in 
the RT-coding region present in approximately 17% of 
HIV-1-infected patients. A negative association between 
Leu-214 and the thymidine analogue mutation 1 (TAM1) 
pattern and a positive association with a favorable viro-
logical response to thymidine analogue-containing anti-
retroviral therapy (ART) have been described. These data 
suggest that Leu-214 may regulate divergent resistance 
pathways by affecting viral fitness and/or drug suscepti-
bility. The aim of this study was to compare the in vitro 
growth rate and relative viral fitness of HIV-1 recombinant 
mutants containing the Leu-214 polymorphism in RT con-
taining TAM1 or TAM2 patterns, in both the absence and 
the presence of zidovudine (ZDV).

METHODS: Viruses containing either Leu-214 or Phe-214 
in combination with the TAMs Trp-210, Phe-215 and 
Tyr-215 were generated by site-directed mutagenesis on 
pNL4-3. Viral replication kinetics were determined in vitro 
by quantification of p24Gag antigen production in PBMCs. 
Growth competition assays were performed after mixing 
viral variants and infect MT-4 cells. The relative amounts 
of the two competing variants were determined over time. 
Molecular models of the Phe-214/Tyr-215 and Leu-214/
Tyr-215 RT variants in complex with a template-primer 
containing ZDV- or dTMP-terminated primers were used 
to evaluate the interaction energy.

RESULTS: Leu-214 confers a significant decrease in the 
growth rate of the Tyr-215 mutant, but only a slight decrease 
in the replication of the Trp-210 variant and no effect on the 
Phe-215 mutant. Moreover, when grown in the presence of 
0.2 µM and 1 µM of ZDV, Tyr-215/Phe-214 replicated bet-
ter than Tyr-215/Leu-214. In comparison with the Leu-214/
Tyr-215 variant, the calculated energetic profile of the Phe-
214/Tyr-215 RT variant was favorable when bound to the 
dTMP-terminated primer, but disadvantageous when bind-
ing to the ZDVMP-terminated primer-template.

CONCLUSIONS: The impact of the Leu-214 polymor-
phism on viral replication when associated with Tyr-215 
may explain the strong negative association observed in 
NRTI-failing patients between that TAMs1 and Leu-214. 
Leu-214 also plays a direct role in drug susceptibility; the 
molecular-modeling studies and in vitro assays suggest 
that viruses containing Tyr-215 were more susceptible to 
ZDV in the presence of Leu-214 than in the presence of 
Phe-214.
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Evolution of 2-LTR episomal HIV-1 DNA in 
raltegravir-treated patients and in vitro-infected 
cells

S Reigadas1, ML Andreola2, L Wittkop3, O Cosnefroy2, 
G Anies1, P Recordon-Pinson1, R Thiébaut3, 
B Masquelier1 and H Fleury1

1Laboratoire de virologie, EA2968, Université de Bordeaux 2, 
Bordeaux, France 
2UMR5234, CNRS, Université de Bordeaux 2, IFR66 Pathologies 
Infectieuses et Cancer, Bordeaux, France 
3INSERM U897, Université de Bordeaux 2, Bordeaux, France 

BACKGROUND: Raltegravir (RAL), an HIV-1 integrase 
inhibitor, has shown potent antiretroviral activity in HIV-
1-infected patients. As previously shown, 2-LTR circle 
formations and the frequency of circle junction deletions 
increase in diketo acid derivate-treated cells. We aimed at 
analysing the evolution of 2-LTR episomal HIV-1 DNA 
in vitro and ex vivo in the presence of RAL. In addition, 
we investigated the effect of RAL on the structure of the 
2-LTR circle junctions.

METHODS: 2-LTR HIV-1 episomal DNA was quantified 
using a real-time PCR assay amplifying viral sequences across 
the junction of the 2-LTRs. A total of 25 antiretroviral-
 experienced patients receiving a RAL-containing regimen 
were included. The total HIV-1 DNA and 2-LTR DNA were 
quantified in peripheral blood mononuclear cells (PBMCs) 
from these patients before starting RAL (M0) and in fol-
low-up samples up to month 12 (M12). We further evalu-
ated the effect of RAL in HeLa-P4 cells and analysed its 
effect on the 2-LTR circle formation. 

RESULTS: The mean total HIV-1 DNA decrease was -0.21 
±0.46 log10 copies/106 PBMCs at M6 and -0.35 ±0.26 log10 
copies/106 PBMCs at M12. The mean 2-LTR DNA increase 
was +0.14 ±1.07 log10 copies/106 PBMC at M6 and +0.95 
±1.37 log10 copies/106 PBMC at M12. The 2-LTR DNA 
became detectable during the follow-up in 8/25 patients. 
The 2-LTR DNA increased in Hela-P4 cells in the pres-
ence of RAL with a peak at 3 days post-infection. DNA 
sequencing analysis of 2-LTR DNA showed a high preva-
lence of deletions ex vivo (66%) and in vitro (50%) in the 
presence of RAL. 

CONCLUSIONS: Both in vitro and ex vivo data sug-
gest an increase of 2-LTR HIV-1 DNA in the presence of 
RAL, whereas the evolution of total HIV-1 DNA showed 
a decrease over time in RAL-treated patients. The high fre-
quency of deletions on RAL could be related to an increased 
accessibility of host’s cell nuclease to the LTR junctions.
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HIV-1 nucleoside analogue triphosphate levels 
are significantly lower in primary human 
macrophages than in human lymphocytes

C Gavegnano, E Fromentin and RF Schinazi

Center for AIDS Research, Laboratory of Biochemical 
Pharmacology, Department of Pediatrics, Emory University 
School of Medicine, Atlanta, GA, USA, and Veterans Affairs 
Medical Center, Atlanta, GA, USA

BACKGROUND: Macrophages represent a significant viral 
reservoir, and cellular pharmacology of antiretroviral ther-
apy in macrophages directly impacts viral loads, resistance, 
eradication of HIV-1 and long-term survival. We sought to 
determine the intracellular metabolism of a select group of 
nucleoside reverse transcriptase inhibitors in primary human 
macrophages and lymphocytes. 

METHODS: Human macrophages and PBMCs were iso-
lated using a Histopaque technique from buffy coats derived 
from healthy donors. Macrophages were stained with 
CD11b-APC (purity >99% [determined with FACS]). Cells 
were exposed to 10 µM zidovudine, abacavir, emtricitabine, 
tenofovir disoproxil fumarate, (-)-β-d-dioxolane-guanine, 
(-)-β-d-2,6-diaminopurine-dioxolane or (-)-β-d-dioxolane-
guanine plus zidovudine. Drugs and their phosphorylated 
derivatives were extracted from cells and quantified with 
LC-MS/MS. 

RESULTS: Carbovir-TP (active form of abacavir) was 
quantified at 471.9 ±175.5 nM in PBMCs and 10.9 
±2.9 nM in macrophages. Tenofovir-DP (active form of 
tenofovir disoproxil fumarate) levels in PBMCs were 394.6 
±79.9 nM in PBMCs versus 129.4 ±67.8 nM in macro-
phages. Emtricitabine -TP was detected at 40.6 ±6.5 nM in 
PBMCs and 0.71 ±0.09 nM in macrophages. Zidovudine-TP 
was below the limit of detection, but zidovudine-MP was 
detected at 85.6 ±38.3 nM in PBMCs versus 12.3 ±2.5 nM 
in macrophages. For (-)-β-d-dioxolane-guanine-treated cells, 
β-d-dioxolane-guanine levels were 24-fold higher in PBMCs 
versus macrophages (5.3 nM in macrophages versus 130 nM 
in PBMCs). For (-)-β-d-2,6-diaminopurine-dioxolane-treated 
cells, (-)-β-d-dioxolane guanine (active form of (-)-β-d-2,6-
diaminopurine-dioxolane) levels were 11-fold higher in 
PBMCs versus macrophages (3.5 nM in macrophages versus 
40 nM in PBM cells). For cells treated with (-)-β-d-dioxolane-
guanine plus zidovudine, (-)-β-d-dioxolane-guanine levels 
were 17-fold higher in PBMCs versus macrophages, with 4.7  
nM and 80.0 nM in macrophages and PBMCs, respectively. 

CONCLUSIONS: Emtricitabine-TP, carbovir-TP, tenofovir-
 DP, (-)-β-d-dioxolane-guanine-TP and zidovudine-MP 

were significantly lower in macrophages than human 
PBMCs (P<0.05; t-test), suggesting that these nucleosides 
may undergo decreased conversion to their active triphos-
phate forms in macrophages. Coincubation of zidovudine, 
(-)-β-d-dioxolane-guanine did not markedly alter (-)-β-d-
dioxolane-guanine-TP levels in macrophages. These data 
provide the foundation for better understanding the 
dynamics between HAART and viral reservoirs, with a 
goal of eradication HIV from these sanctuaries.
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Analysis of HIV DNA molecules in single 
infected cells from recently and chronically 
infected patients

S Palmer1,2, L Josefsson1, J Brännström1, 
F Maldarelli2, M Kearney2, W Shao2, D Rock3, 
J Mellors4, J Albert1 and J Coffin5

1Department of Virology, Swedish Institute for Infectious Disease 
Control, Karolinska Institute, Solna, Sweden 
2HIV Drug Resistance Program, NCI, NIH, Frederick, MD 
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BACKGROUND: The number of HIV-1 proviruses 
within individual infected cells in HIV-infected patients 
has not been well defined. Furthermore, the genetic relat-
edness of proviruses within infected cells and plasma is 
unknown. To address these issues, we developed tech-
niques to quantify and genetically characterize viral 
DNA from single infected cells.

METHODS: CD4+ T-cells and monocytes were sorted 
into PCR plates such that each well contained, on aver-
age, 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. 
The number of viral DNA molecules per infected cell 
was estimated from the number of positive wells in each 
row and the relatedness of viral DNA sequences to one 
another, to DNA in other cells and to contemporaneous 
plasma virus RNA was determined.

RESULTS: Analysis of sorted CD4+ T-cells and mono-
cytes from two chronically (1–5 years) and five recently 
infected patients (<6 months) with plasma viral RNA 
levels from 510 to 1,400,000 copies/ml, revealed one 
HIV DNA copy per 400–2,100 CD4+ T-cells. The fre-
quency of infection correlated with HIV RNA levels 
for six of the patients (r=0.83), but not with the CD4+ 
T-cell count. The majority (80–90%) of infected CD4+ 
T-cells contained a single viral DNA molecule, and the 
number of wells yielding more than one copy of viral 
DNA was similar to that predicted by the Poisson dis-
tribution. For all patients, the intracellular viral DNA 
sequences from CD4+ T-cells were indistinguishable phy-
logenetically from sequences derived from contempora-
neous plasma RNA, and the average genetic diversity of 
the HIV populations from CD4+ T-cells and plasma was 
0.4% and 0.2%, respectively. Analysis of 2,000–28,000 
CD14+ and 39,000–200,000 CD16+ monocytes revealed 
no HIV-infected cells. 

CONCLUSIONS: These results suggest that most infected 
CD4+ T-cells in blood contain only one copy of HIV DNA, 
implying a limited potential for recombination in virus 
produced by these cells. The infection rate of CD4+ T-cells 
is much greater than monocytes. The genetic similarity 
between HIV populations in CD4+ T-cells and plasma 
implies ongoing exchange between these compartments.
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A new in vitro system to model HIV-1 latency

A Marini1 and F Romerio2
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2Institute of Human Virology, University of Maryland, Baltimore, 
MD, USA 

BACKGROUND: Despite the positive impact on the mor-
bidity and mortality rates of human immunodeficiency 
virus type-1 (HIV-1) infection, the use of antiretroviral 
therapy in the clinical practice of HIV-1 disease presents 
limitations in several respects. This – along with the lack 
of an effective vaccine candidate – emphasizes the need for 
therapeutic strategies that aim at the eradication of HIV-1. 
However, the existence of poorly characterized cell pools 
harboring latent HIV-1 provirus represents a major obsta-
cle to virus eradication. HIV-1 establishes latency prima-
rily by infecting activated CD4+ T-cells that later return 
to quiescence as memory cells. Latency allows HIV-1 to 
evade immune responses and to persist during antiretro-
viral therapy. The lack of a valid cellular model to study 
HIV-1 latency has hindered advances in the understanding 
of its biology.
 
METHODS: Here we describe a new in vitro culture sys-
tem suitable to investigate the induction, maintenance and 
reactivation of HIV-1 latency. Our cellular system recapit-
ulates the events of primary and secondary antigen-driven 
immune response in which CD4+ T-cells are activated with 
dendritic cells and antigen, infected in vitro with HIV-1 
and then brought back to quiescence through a resting 
phase in the presence of interleukin-7.

RESULTS: During the resting phase, the latently infected 
cells generated in vitro with our system lack expression 
of activation markers, do not undergo cellular prolifera-
tion and do not sustain viral replication. All these activities 
resume promptly following secondary antigen stimulation 
or by culture on immobilized anti-CD3/CD28 antibodies. 
In addition, higher cell death rates were observed in HIV-
1-infected than uninfected cultures during secondary, but 
not primary, stimulation.
 
CONCLUSIONS: This system is suitable to study the biology 
of HIV-1 latency, including whole-genome transcriptional 
analyses at different stages of HIV-1 latency. Moreover, our 
in vitro model is amenable to investigate the mechanisms of 
CD4+ T-cell death following HIV-1 reactivation. 
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Long-term persistence of resistance mutational 
pattern and evolution of HIV-tropism in blood 
plasma and in infected cells of patients who 
acquired a multidrug-resistant HIV-1 strain at the 
time of primary infection 

J Ghosn1,2, J Galimand1, L Meyer3, C Goujard2, 
C Deveau3, C Rouzioux1 and ML Chaix1 for the 
PRIMO Cohort Study Group (ANRS CO 06)
1Université Paris Descartes, EA 36 20, Laboratoire de Virologie, 
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3INSERM U569, CHU de Bicêtre, Le Kremlin-Bicêtre, France

OBJECTIVES: Few studies have addressed the temporal 
evolution of resistance mutations and of viral tropism of 
intracellular multidrug-resistant (MDR) strains acquired 
at the time of primary HIV-1 infection (PHI). Our objec-
tive was to analyse the temporal evolution of resistance 
mutations and viral tropism of MDR strains acquired at 
PHI in plasma virions and intracellular HIV DNA.

METHODS: MDR was defined as the presence of resist-
ance mutations to at least one antiretroviral drug of the 
three classes (nucleoside and non-nucleoside reverse tran-
scriptase inhibitors, and protease inhibitors). Genotypic 
resistance tests and genotypic determination of HIV tro-
pism were performed on baseline plasma HIV RNA and 
HIV DNA extracted from peripheral blood mononuclear 
cell (PBMC) samples, then at month 12 (M12), M18 and 
every 12 months.

RESULTS: Between 1996 and 2006, five patients har-
bouring MDR HIV strains with a minimum follow-up 
of 18 months were eligible. At baseline, genotypic muta-
tional pattern and HIV tropism were identical between 
HIV RNA and PBMC HIV DNA for each patient (A:41
L/103N/118I/210W/215Y/63P/90M, X4-tropic; B:67N/
69N70R/103N/108I/116Y/151M/184V/215V/219Q/10
F/36I/46I/82A, R5-tropic; C:67N/69N/70R/118I/181C/
215F/219Q/10I/20R/36I/54V/82A/90M, X4-tropic; D:4
1L/67N/69D/74V/115F/118I/179I/184V/188L/210W/21
5Y/10V/20R/32I/33F/36L/46I/47A/62I/63P/71V/82A/90
M, X4-tropic; E:67N/69D/70R/103N/184V/219Q/225H
/10I/36I/46L/53L/54V/63P/71V/82A, R5-tropic). Median 
follow-up was 78 months (range 18–96). Patient A was 
successfully treated at M30, and all resistance mutations 
persisted in PBMC HIV DNA up to M78 except for muta-
tion 103N that reverted to wild-type K103 at M60; HIV 
DNA remained X4-tropic at M78. Mutational pattern 
was unchanged in patient B up to M24, then the patient 

was successfully treated and genotypic resistance test 
could not be performed; HIV DNA remained R5-tropic 
at M96. Mutational pattern was unchanged in patient C 
up to M72; HIV RNA and HIV DNA remained X4-tropic 
up to M72 and M84, respectively. Patient D was rapidly 
treated and both HIV RNA and HIV DNA fell to unde-
tectable 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 
M184 in plasma HIV RNA sampled at M12; however, this 
mutation persisted in HIV DNA throughout the 36-month 
follow-up; both HIV RNA and HIV DNA remained 
R5-tropic up to M36.

CONCLUSION: MDR HIV strains acquired at PHI per-
sisted throughout a median 78-month follow-up. Tropism 
(three X4-tropic) was unchanged during follow-up in both 
HIV RNA and HIV DNA, supporting the early expansion 
of a monoclonal population.
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Rectal cell-associated HIV-1 RNA as a marker for 
trials targeting the reservoir 

A Lafeuillade, A Cheret, G Hittinger, D Bernardini, 
C Cuquemelle, E Jullian and C Poggi

General Hospital, Toulon, France 

BACKGROUND: Gut-associated lymphoid tissue is a huge 
reservoir for HIV-1. Developing new strategies to target 
persistent HIV-1 brings the need for a precise evaluation at 
this level. Previously published studies used ‘home-made’ 
procedures, which were difficult to apply in practice. We 
extended these data with a standardized procedure and 
found that rectal cell-associated HIV-1 RNA was a sensitive 
marker with differences according to treatment status.

METHODS: A total of 23 HIV-1-infected patients (16 
on HAART and 7 naive) underwent on the same day a 
blood test (plasma and PBMC) and a fibre-optic rectosig-
moidoscopy. A total of six rectal biopsies were performed 
per patient and lymphoid cells were teased out for Ficoll–
Hypaque centrifugation (20 min at 1,300 cycles/min). 
Cells were washed with RPMI, centrifuged again (15 min 
at 1,500 cycles/min) and separated into three aliquots. 
One was submitted to flow cytometry using commercially 
available monoclonal antibodies against CD45, CD3, 
CD4 and CD8. The second was used to measure intrac-
ellular HIV-1 RNA levels (extraction with Qiamp Blood 
RNA [Qiagen], DNAse RNAse Free treatment, then Cobas 
Ampliprep/Cobas Taqman HIV1 [Roche]), and the last for 
proviral HIV-1 DNA following Qiamp Blood DNA (Qia-
gen) extraction (Light Cycler: Fast Start DNA, Control Kit 
DNA [Roche]; 8E5 cell line).

RESULTS: Lymphoid tissue was obtained in each patient at 
a mean distance of 20 ±2 cm from the anal margin. Plasma 
viremia was undetectable in 14 patients and detectable in 
9. Mean HAART duration was 85 ±11 months. PBMC-
associated HIV-1 RNA tended to be more frequently 
detected in patients with detectable than undetectable 
viremia (88.8% versus 50%; P=0.05), with higher levels in 
viremic than aviremic patients (3.62 ±0.25 log versus 2.70 
±0.16 log; P=0.02). Rectal cells-associated HIV-1 RNA 
was more frequently detected in viremic patients (100% 
versus 28.5%; P<0.001), but mean levels were not differ-
ent than in aviremic patients (5.24 ±0.22 versus 5.28 ±0.16; 
P=0.84). HIV-1 proviral DNA was detected in a majority 
of patients in each compartment, with no significant differ-
ences in titers between viremic and aviremic patients. 

CONCLUSION: Evaluating gut-associated viral load can 
be standardized using commercially available tests. These 

preliminary results show that rectal cell-associated HIV-1 
RNA could be a new marker of ‘deep’ viral activity in 
future trials.

7_Persistence reservoirs.indd   102 20/5/09   10:54:01



SeSSion 7
Mechanisms of HIV drug resistance

8_Mechanisms in HIV.indd   103 20/5/09   10:54:27



8_Mechanisms in HIV.indd   104 20/5/09   10:54:27



Fort Myers, FL, USA, 9–13 June 2009

XVIII International HIV Drug Resistance Workshop: Basic Principles & Clinical Implications A105

ABSTRACT 88
Antiviral Therapy 2009; 14 Suppl 1:A105

Therapy-selected mutations at RT position 215 
counteract selection of K65R in HIV-2-infected 
patients 

JC Silva1, AC Miranda1, MF Gonçalves1, E Valadas4, 
K Mansinho1, K Van Laethem5, A-M Vandamme5, 
P Gomes1,2,3 and RJ Camacho1,2 on behalf of the 
Portuguese HIV-2 Study Group 
1Centro Hospitalar de Lisboa Ocidental, Lisboa, Portugal 
2Instituto de Higiene e Medicina Tropical, Lisboa, Portugal 
3Instituto Superior de Ciências da Saúde Egas Moniz, Almada 
4Hospital de Santa Maria, Lisboa, Portugal 
5Rega Institute for Medical Research, Katholieke Universiteit 
Leuven, Belgium

OBJECTIVES: In HIV-1 infection, mutations selected by 
thymidine analogues (TAMs) have an antagonistic effect 
on the selection of K65R. In HIV-2, the preferential path-
way to NRTI resistance involves mutations Q151M and/
or K65R, selected by most drugs in this class. K65R is 
present in our patient population with a prevalence of 
20.1%; however, in a subset of patients, K65R was never 
selected, even after failure of several regimens including 
different combinations of NRTIs. The aim of this study 
is to investigate amino acid changes in the HIV-2 reverse 
transcriptase (RT) at HIV-1 TAM positions, which could 
be related to such absence of K65R.

METHODS: This dataset includes 124 sequences from 
HIV-2 subtype A-treated patients. Starting from plasma 
samples, an in-house method was used to sequence a 
1,280 bp HIV-2 pol gene fragment including part of the 
RT. Sequences were analysed with SeqScape® Version 2.5 
using ROD HIV-2 strain as reference. Mutations at posi-
tions known to be associated with HIV-2 resistance in RT 
were considered.

RESULTS: Twenty sequences from patients under NRTI 
therapy had mutations at HIV-1 TAM positions: 3 carried 
viruses displaying the K70R mutation, 14 had 6 different 
amino acids at position 215 (A/C/F/L/P/Y) and 3 displayed 
mutations at both positions. Of 20 patients, 8 (40%) 
were failing a first-line therapy with lamivudine (3TC) 
plus zidovudine (AZT; 7) or stavudine (1), with a median 
time of NRTI exposure of 35 months (range:1–74). The 
remaining 12 patients experienced several combinations 
of NRTIs, including didanosine, stavudine, tenofovir and 
abacavir, with a median time of exposure of 91.5 months 
(range: 51–196) and a median number of 4.5 NRTIs 
(range: 3–8). None of the patients with viruses carrying 
mutations at position 215 displayed K65R; inversely, none 
of the sequences with K65R showed mutations at position 

215. All three patients with K70R in the absence of S215 
(A/C/F/L/P/Y) presented K65R.

CONCLUSIONS: As observed in HIV-1, mutations selected 
by therapy at HIV-2 RT position 215 apparently counter-
act the selection of K65R. The mutation K70R does not 
seem to have the same effect. The factors driving resistance 
to thymidine analogues in HIV-2 along the Q151M+K65R 
or S215 (A/C/F/L/P/Y) pathways remain unknown. Further 
studies are needed to investigate this mechanism.
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Tissue culture selection experiments confirm that 
the preference of subtype C viruses for the K65R 
mutation is template driven

MA Wainberg, CF Invernizzi, M Oliveira, 
D Coutsinos, D Moisi and BG Brenner 

McGill University AIDS Centre, Montréal, Québec, Canada

OBJECTIVES: Clinical studies in each of Botswana, 
Malawi and South Africa have now documented that 
the K65R resistance mutation is common in countries in 
which subtype C viruses predominate and in which stavu-
dine (d4T) use was widespread. We recently showed that 
only minor differences exist between the RT enzymes of 
subtype B versus C and that subtype C template sequences 
are responsible for high rates of pausing at the K65 site. 
The current study was conducted to evaluate the propen-
sity of subtype C viruses to acquire K65R in cell culture 
under nucleoside selection pressure.

METHODS: We introduced silent polymorprhisms at 
sites 64 and/or 65 of the subtype C nucleotide consen-
sus sequence into wild-type subtype B NL4-3 virus and 
performed cell culture drug selections in MT2 cells and 
peripheral blood mononuclear cells using a variety of 
N(t)RTIs single or in combination.

RESULTS: Each of d4T, TFV, ABC, and ddI, and combi-
nations of any of these with either 3TC or FTC selected 
for K65R faster and more frequently in the recombinant 
engineered subtype B viruses that contained subtype C 
polymorphisms at positions 64/65 than in a wild-type sub-
type B virus. Both polymorphisms needed to be simulta-
neously present for this result to be obtained. Subtype B 
viruses that contained subtype C RT were not more prone 
to acquire K65R than wild-type subtype B.

CONCLUSION: Nucleotide sequences at and around pos-
ition 65 in the HIV subtype C template play a key role 
in the enhanced selection of K65R, which is independent 
of the subtype origin of the RT enzyme. These findings 
demonstrate the significance of polymorphisms at pos-
itions 64/65 in the RT template in the development of drug 
resistance. In view of the fact that K65R can confer broad 
cross-resistance against multiple members of the NRTI 
family, this result may have clinical significance for choices 
of drug regimens and possibly for prevention strategies in 
subtype C endemic countries. The use of d4T should be 
discouraged for multiple reasons including its ability to 
efficiently select for the K65R substitution in subtype C. 
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Decreased nucleotide excision mediated by an 
accessory mutation of the Q151M complex of 
HIV-1 reverse transcriptase

T Matamoros and L Menéndez-Arias

Centro de Biología Molecular “Severo Ochoa”, Consejo Superior 
de Investigaciones Científicas – Universidad Autónoma de 
Madrid, Madrid, Spain

OBJECTIVES: Structural analysis of HIV-1 reverse tran-
scriptase (RT) shows that Val75 plays a role in position-
ing the template nucleotide +1, once the ternary complex is 
formed. Val75 interacts with Phe77 to maintain the struc-
ture of the fingers subdomain. Mutations such as V75M, 
V75T and V75A occur in about 1% of patients receiving 
nucleoside RT inhibitors (NRTIs), particularly stavudine 
(d4T). In vitro, V75T confers low-level resistance to sta-
vudine and other NRTIs. V75I is an accessory mutation 
of the Q151M multidrug resistance complex of HIV-1 RT 
and contributes to increase fitness of drug-resistant viruses. 
Here we show that V75I reduces ATP- and pyrophosphate 
(PPi)-mediated excision of thymidine analogues in different 
sequence contexts.

METHODS: Recombinant wild-type HIV-1 (subtype B, 
BH10) RT and mutant derivatives containing the substi-
tutions V75A, V75I, V75M, A62V/V75I/F77L/F116Y/
Q151M, A62V/F77L/F116Y/Q151M, M41L/A62V/
T69SSS/K70R/T215Y and M41L/A62V/T69SSS/K70R/
V75I/T215Y were expressed and purified by ionic exchange 
followed by affinity chromatography. RTs were charac-
terized by pre-steady-state kinetics and chain terminator 
excision assays. ATP- and PPi-dependent phosphorolytic 
activities of the recombinant enzymes were tested on prim-
ers terminated with zidovudine (AZT)-monophosphate 
and d4T-monophosphate.

RESULTS: In a wild-type RT sequence context, V75A and 
V75M had a minor effect on the PPi-mediated excision 
activity on primers terminated with d4T. However, the V75I 
mutant showed twofold reduced unblocking efficiency on 
primers terminated with AZT or d4T. Moreover, in the 
presence of PPi, d4T excision proceeded at a higher rate 
with A62V/F77L/F116Y/Q151M than with A62V/V75I/
F77L/F116Y/Q151M RT. The ATP-dependent phospho-
rolytic activity of all of those mutants was either very low 
or negligible. In the sequence context of an excision-pro-
ficient RT (that is, M41L/A62V/T69SSS/K70R/T215Y), 
the introduction of V75I led to a significant decrease of 
its ATP-dependent excision activity on AZT- and d4T-
terminated primers. Using pre-steady-state kinetics, we 
determined that the excision rate of d4T-monophosphate in 

the presence of ATP 3.2 mM was 0.0887 min-1 for mutant 
M41L/A62V/T69SSS/K70R/T215Y and 0.0167 min-1 for 
M41L/A62V/T69SSS/K70R/V75I/T215Y RT.

CONCLUSIONS: In vitro, V75I decreases excision of 
AZT and d4T in the presence of a PPi donor. Our results 
suggest that V75I could delay the acquisition of resistance 
to thymidine analogues by interfering with the nucleotide-
excision mechanism. 
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The raltegravir resistance mutations Y143C/R 
impact the strand-transfer activity and to a 
lesser extent the 3′-processing activity of the 
HIV-1 integrase

B Masquelier1, G Anies1, V Parissi2, C Calmels2, 
S Reigadas1, H Fleury1 and ML Andréola2

1CHU de Bordeaux and EA 2968, Université Victor Segalen, 
Bordeaux, France 
2UMR5234, CNRS, Université Victor Segalen, Bordeaux, France

OBJECTIVES: The integrase mutations Y143C/R represent 
a genotypic pathway for HIV-1 resistance to raltegravir 
(RAL). We previously described in a clonal analysis the selec-
tion of the mutations Y143C and Y143R, which replaced 
in vivo the N155H pattern in patients failing on RAL. Here, 
we aimed at characterizing the impact of Y143R/C on the 
enzymatic function of the integrase enzyme in the presence 
and in the absence of RAL.

METHODS: The mutations Y143C and Y143R were 
introduced by site-directed mutagenesis in a pNL4-3 
background. Recombinant integrases either wild type 
(wt) or carrying the mutations Y143C or Y143R were 
overexpressed and purified, and their enzymatic activities 
were compared in 3′-end processing and strand-transfer 
assays in the absence of RAL or with increasing RAL 
concentrations.

RESULTS: Y143C and Y143R integrases were severely 
affected in strand-transfer activity, with only 10% and 
6% of conserved activity compared with wt. Both mutants 
were also impaired in 3′-processing activity with 47% 
of conserved activity for Y143C and 57% for Y143R. 
The 3′-processing assay in the presence of RAL showed 
increased fold changes (FC) in IC50 versus wt: 1.6 FC for 
Y143C and 1.9 FC for Y143R. No increase in FC could be 
evidenced for both mutants with the strand-transfer assay 
in the presence of RAL.

CONCLUSION: The mutations Y143C and Y143R 
strongly affected the strand-transfer activity of integrase 
in vitro and, to a lesser extent, the 3′-end processing was 
also impaired. A slight increase in FC was only observed 
with the 3′-end processing assay in the presence of RAL, 
suggesting that the in vivo or ex vivo resistance to RAL 
conferred by these two mutations could be driven by the 
3′-processing step rather than the strand-transfer activity. 
Further experiments including secondary mutations will be 
needed to explain compensatory changes and/or increased 
in vitro resistance.
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Impaired replication capacity segregates genetic 
pathways to raltegravir resistance

S Fransen, S Gupta, A Frantznell, C Petropoulos 
and W Huang

Monogram Biosciences, South San Francisco, CA, USA

OBJECTIVES: The integrase (IN) primary mutations 
Q148R(H/K), N155H and Y143R/C define distinct 
genetic pathways to raltegravir resistance. Studies have 
demonstrated that mutations at position 155 and 148 
are mutually exclusive. Here we analysed the susceptibil-
ity and replication capacity (RC) of site-directed mutants 
(SDMs) containing combinations of primary mutations, 
and further define the genetic linkage of these mutations 
in subjects failing raltegravir.

METHODS: A series of SDMs containing IN mutations 
at positions 143, 148 and 155 alone or in combination, 
were constructed and evaluated. Molecular clones were 
isolated from subjects failing raltegravir with virus pop-
ulations containing more than one primary mutation. 
Raltegravir susceptibility and RC were determined using 
the PhenoSense Integrase assay. 

RESULTS: All possible combinations of primary 
 raltegravir-resistant mutations conferred large reduc-
tions in raltegravir susceptibility (IC50 fold change [FC] 
>150). The double mutant Q148H+N155H exhibited 
the lowest RC (5%) followed by Q148R+N155H (16%), 
Y143R+Q148R (19%) and Y143R+Q148H (25%), while 
the Y143R+N155H mutant had higher RC (59%). The RC 
of all double mutants, except Y143R+N155H, was nota-
bly lower than each of the single mutants (Y143R=94%, 
Q148H=43%, Q148R=59% and N155H=69%). Assess-
ing virus replication in the presence of drug illustrated the 
advantage of the double mutant Y143R+N155H over all 
other combinations of primary resistance mutations. We 
have previously reported the mutual exclusivity of inte-
grase mutations Q148R(H/K) and 155 in patients. Here 
we further demonstrated that in patient virus popula-
tions with mutations at position 155 and 143 (n=3), the 
majority of clones contained mutations at either 155 or 
143. However, in one subject, a small proportion (8%) 
of clones bearing the Y143R and N155H mutations was 
observed. The virus clones containing Y143R+N155H 
exhibited large reductions in susceptibility (FC>150) 
accompanied by diminished RC (18%), which was sub-
stantially lower than other resistant clones from the 
same virus population (N155H=34%, Y143R=73% and 
Y143R+T97A=54%). 
 

CONCLUSION: Our observations indicate that, with the 
exception of Y143R+N155H, combinations of primary 
raltegravir resistance mutations within the same viral 
genome are restricted by severely diminished RC. This pro-
vides a likely explanation for the non-overlapping nature 
of the multiple genetic pathways to raltegravir resistance.
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Mutations in gp41 of HIV-1 envelope gene impact 
on resistance of CCR5 inhibitors

Y Wei, A Chamberland, F Vaisheva, 
G Bélange-Jasmin, O Asin Milan, M Sylla and 
CL Tremblay

Centre de Recherche du Centre Hospitalier de l’Université de 
Montréal, Montréal, Canada and Department of Microbiology 
and Immunology, School of Medicine, University of Montréal, 
Montréal, Canada

OBJECTIVES: Understanding the mechanism of resistance 
to CCR5 antagonists is important to clarify their role in clin-
ical practice. In our previous study, we performed genotypic 
analysis of full-length HIV-1 gp160 of patients with virologi-
cal breakthrough during vicriviroc treatment. No signature 
patterns of mutations and glycosylation changes were asso-
ciated with either treatment doses of vicriviroc, phenotypic 
susceptibility or viral tropism. Many mutated positions and 
glycosylation changes were observed in gp41 suggesting that 
selective pressure may also apply to conserved region of HIV 
envelope, which may alter fusion kinetics. We sought to eval-
uate the impact of gp41 mutations on phenotypic resistance 
to CCR5 inhibitors.

METHODS: We performed site-directed mutagenesis in 
various gp41 domains corresponding to N-linked glyco-
sylation sites and constructed new N-linked glycosylation 
sites. These mutants were tested for viral tropism. We 
cotransfected these mutants with pN.L4.3Luc.R-E- into 
293T cells to produce pseudoviruses. These pseudoviruses 
were used to infect U87.CD4.CCR5 cells and then IC50s to 
CCR5 inhibitors were tested using luciferase assay.

RESULTS: All mutants except one expressed functional 
HIV envelope glycoproteins as shown by western blot. All 
mutants generated remained R5-tropic. Mutations occur-
ring in region between HR1 and HR2 showed higher fold 
change (FC) IC50 to vicriviroc: N611Q (4.31 FC), N611K 
(2.94 FC), N616Q (3.84 FC) and N625Q (3.73 FC). In CT 
domain, double mutant (D750N and F752S), which con-
structs a new N-linked glycosylation site, showed the low-
est FC: 1.26. For the same mutation site, different amino 
acid substitution had different IC50 FC: N611Q versus 
N611K (4.31 FC versus 2.94 FC), N816Q versus N816K 
(4.31 FC versus 3.21 FC). When we combined mutation 
S674N (2.74 FC) and mutation N816Q (4.31 FC), we got 
a paradoxical result. At high CCR5 inhibitor concentra-
tion (1 nM), the infectivity was reduced by 60%. However, 
at lower CCR5 inhibitor concentrations 0.5 nM, 0.25 nM 
and 0.125 nM, the infectivity increased 2.21, 3.15 and 
3.48-fold, respectively.

CONCLUSION: Although gp120, especially V3 loop, 
plays an important role in the resistance of CCR5 inhib-
itors, our data suggest that changes in gp41 may have 
impact on the resistance to CCR5 inhibitors. Combined 
mutations show paradoxical results according to the drug 
concentration used suggesting that these mutants could use 
a drug-bound receptor at low concentrations of the drug.
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Structural and biochemical insights into altered 
drug resistance pathways in non-clade B HIV-1 
proteases

RM Bandaranayake1, E Nalivaika1, M Kolli1, 
J Kakizawa2, A Heroux3, NM King1, W Sugiura2 and 
CA Schiffer1

1University of Massachusetts Medical School, Massachusetts, USA 
2National Institute of Infectious Diseases, Tokyo, Japan 
3Brookhaven National Laboratory, New York, USA

OBJECTIVES: The majority of human immunodeficiency 
virus-1 (HIV-1) infections across the world result from 
non-B clade of HIV-1. CRF01_AE is predominantly seen 
in Southeast Asia, and the CRF01_AE protease differs 
by ~10% in amino acid sequence when compared with 
the clade B protease. CRF01_AE protease carries several 
naturally occurring polymorphisms that are associated 
with drug resistance in clade B and has been observed to 
develop the unique N88S mutation in response to nelfi-
navir (NFV) therapy, whereas clade B protease develops 
D30N, N88D. We present here, structural and biochemi-
cal data to explain how sequence polymorphisms within 
CRF01_AE protease might affect its activity as well as to 
explain the altered NFV resistance pathway observed in 
CRF01_AE.

METHODS: The crystal structures of CRF01_AE wild-
type and N88S protease in complex with darunavir 
(DRV) were determined and compared with the clade B 
wild-type and D30N, N88D protease variants in com-
plex with DRV. Binding thermodynamic parameters were 
determined by isothermal titration calorimetry (ITC). 
Kinetic parameters of protease variants were determined 
by a fluorometric assay.

RESULTS: The CRF01_AE structures show significant 
changes in the flap hinge region of the protease when com-
pared with the clade B structures. The Ser88 side chain 
in CRF01_AE forms a unique interaction with the Asp30 
side chain. This likely disrupts a critical hydrogen bond 
required for NFV binding. ITC data indicate that wild-type 
CRF01_AE protease has eightfold and twofold weaker to 
NFV and DRV, respectively, when compared with clade B 
protease. The emergence of N88S in CRF01_AE reduces 
the affinity for NFV by 45-fold. Kinetics data combined 
together with ITC data indicate the CRF01_AE has a 
selective advantage against NFV binding over clade B.

CONCLUSIONS: Sequence polymorphisms in HIV-1 
CRF01_AE cause significant structural changes within 
the protease when compared with clade B protease. The 

inherent baseline resistance within CRF01_AE enables 
the protease to gain a high level of NFV resistance via 
the single non-active site mutation N88S, whereas the 
clade B protease requires a combination of an active site 
(D30N) and non-active site (N88D) mutation in order 
to gain NFV resistance, the mechanism of which can be 
understood structurally.
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Determination of the substrate envelope for the 
multidrug-resistant HIV-1 protease

LC Kovari1, Z Liu1, RS Yedidi1, JS Brunzelle2 and 
IA Kovari1

1Department of Biochemistry and Molecular Biology, School of 
Medicine, Wayne State University, Detroit, MI, USA 
2Life Sciences Collaborative Access Team, Northwestern 
University, Argonne, IL, USA

OBJECTIVES: We are using crystallographic approaches 
to study conformational changes in the multidrug-
 resistant (MDR) HIV-1 protease and to study the binding 
modes of the nine major cleavage sites to the MDR HIV-1 
protease.

METHODS: We selected a representative MDR HIV-1 
protease that contains mutations at positions 10, 36, 46, 
54, 62, 63, 71, 82 and 90 that confer resistance to pro-
tease inhibitors. The HIV-1 mutation D25N helps in trap-
ping the nine substrate peptides (MA/CA, CA/p2, p2/NC, 
NC/p1, p1/p6, TF/PR, PR/RT, RT/RH and RH/IN) in the 
active site cavity of the enzyme. The nine crystal structures 
of MDR HIV-1 protease substrate complexes were solved 
and refined to 1.6–2.0 Å resolution.

RESULTS: Analysis of the crystal structures helped define 
the substrate envelope of MDR HIV-1 protease. The sub-
strate envelope represents the volume occupied by the nine 
peptides bound to the active site cavity of the enzyme. 
Although the overall surface of the MDR HIV-1 protease 
substrate envelope is only moderately increased compared 
with that of wild-type HIV-1 protease, the P1 and P1′ sites 
are expanded by 12% relative to the wild type, which 
leads to reduced interactions between protease inhibitors 
and HIV-1 protease dimer at these positions. Furthermore, 
some hydrogen bonds conserved in the wild-type HIV-1 
protease–substrate interaction are missing in the MDR 
HIV-1 protease–substrate complexes. 

CONCLUSIONS: Ligand binding energy calculations 
are consistent with our crystallographic studies, showing 
reduced binding energy caused by diminished protease–
substrate interactions in MDR HIV-1 protease–substrate 
complexes. Knowledge of the MDR HIV-1 protease sub-
strate envelope contributes to the design of inhibitors 
targeting specifically the MDR form of the virus.
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Mechanism of darunavir resistance acquisition in 
multi-protease inhibitor resistant HIV-1

M Fujino2, H Miura2, J Hattori1, S Ibe1, S Fujisaki1, 
M Matsuda2, M Nishizawa2, Y Iwatani1 and 
W Sugiura1,2

1Clinical Research Center, National Nagoya Medical Center, 
Nagoya, Japan 
2AIDS Research Center, National Nagoya Medical Center,  
Tokyo, Japan

OBJECTIVES: To explore the mechanism of darunavir 
resistance, we conducted two studies. First, we evaluated 
the spectrum of darunavir resistance against HIV clini-
cal isolates with resistance to multiple protease inhibitors 
(PI), for example, lopinavir, atazanavir, and amprenavir. 
Second, we analysed the pathway by which darunavir 
acquires resistance in multi-PI-resistant cases.

METHODS: Multiple PI-resistant samples, determined 
from their genotype, were selected from patient samples 
sent to the AIDS Research Center, National Institute of 
Infectious Diseases, Japan from January 2005 to Decem-
ber 2007. Patient viruses were isolated by coculturing 
patient peripheral blood mononuclear cells with healthy 
donor phytohemagglutinin-stimulated blast cells for 
2 weeks. Susceptibilities of isolated viruses to lopinavir, 
amprenavir, atazanavir and darunavir were evaluated by 
in-house phenotypic assays using our indicator cell line 
R5MaRBLE. In vitro darunavir resistance inductions 
were executed for one PI-resistant isolate and JR-CSF as 
wild-type control. R5MaRBLE cells were infected with 
PI-resistant isolate or JR-CSF, and resistant strains were 
selected starting from the darunavir IC50 for each virus. 
Cultures were maintained by changing half the medium 
every 3–5 days and by stepwise increases in darunavir 
concentration.

RESULTS: Of 21 multi-PI-resistant cases selected, viral 
isolations were successful in 17 cases. These 17 isolates 
had a mean darunavir resistance level of 1.9-fold (range: 
0.2–7.3) compared with that of the wild-type control. This 
darunavir resistance level was significantly lower than 
that of atazanavir, lopinavir and amprenavir, which had 
mean resistance levels of 44.7-fold (1.6–132), 42.7-fold 
(0.2–187) and 15-fold (0.2–105), respectively. Five cases 
had high resistance to all three PIs (atazanavir, lopinavir 
and amprenavir), with a mean darunavir resistance level of 
4.2-fold (2–7.3). Darunavir resistance was induced in vitro 
with an isolate having 7.3-fold resistance to darunavir 
(ID: DR5929) and wild-type JR-CSF. After 178 passages, 
the darunavir resistance level of DR5929 increased from 

7.3-fold to over 100-fold, whereas darunavir resistance 
was not successfully induced in the wild-type virus. 

CONCLUSION: The high antiretroviral potential of daru-
navir against multi-PI-resistant viruses was confirmed. 
However, genetic barriers in the acquisition of daruna-
vir resistance appeared to be lower in multi-PI-resistant 
viruses than in wild-type virus.
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Factors associated with the L76V protease mutation 
in HIV-1-infected patients with virological failure 
of lopinavir/ritonavir

A Baras1, K Champenois2, P Choisy3, 
Y Yazdanpanah2,3,4 and L Bocket1

1Laboratoire de Virologie, CHRU de Lille, Lille, France 
2LEM-CNRS UMR 8179, Lille, France  
3Service Universitaire des Maladies Infectieuses et du Voyageur, 
CH Tourcoing, Tourcoing, France 
4EA 2694, Faculté de Médecine de Lille, Lille, France

OBJECTIVES: Recently, the L76V mutation in HIV-1 
protease gene has been described as a major mutation 
conferring a high resistance level to lopinavir/ritonavir 
(LPV/RTV) as well as compromising darunavir success. In 
order to improve our knowledge of the genetic pathway 
leading to the L76V mutation, we characterized factors 
associated with the presence of this mutation. 

METHODS: Characteristics of patients infected by a 
viral strain carrying the L76V protease mutation (L76V+ 
patients) were compared with those of patients not carry-
ing the L76V (L76V- patients), all had a virological failure 
(VF) of LPV/RTV-containing antiretroviral therapy regi-
men and were resistant to LPV/RTV (ANRS algorithm). 
Associations between the presence of the L76V mutation 
and clinical, therapeutic, immunological and virological 
factors were assessed with a multivariate logistic regres-
sion model (L76V+ versus L76V- patients).

RESULTS: In our laboratory database, in 2000–2008, 
15 patients infected by an HIV strain with the L76V (prev-
alence =0.90%) were identified, and data was available for 
12 of them. Sixteen patients carrying a L76V-free, LPV/
RTV-resistant virus were randomized. Among the L76V+ 
patients, 33% were infected by an HIV-1 non-B subtype 
(versus 19% for L76V- patients; P=0.40) and 92% were 
protease inhibitor experienced (versus 100% for L76V- 

patients; P=0.43). In the univariate analysis, the L76V 
mutation presence was associated with a higher viral load 
at LPV/RTV-containing antiretroviral therapy regimen 
initiation (5.12 log10 copies/ml for L76V+ patients versus 
3.61 log10 copies/ml for L76V- patients; P=0.04, OR=2.57 
[1.12–5.88], P=0.03). The simultaneous use of LPV/
RTV and didanosine (OR=0.09 [0.01–0.88]; P=0.04) or 
stavudine (OR=0.09 [0.01–0.88]; P=0.04), the prior use 
of saquinavir (OR=0.17 [0.03–0.87]; P=0.03) and the 
presence of the I54V or the L90M protease mutation 
(respectively, OR=0.05 [0.01–0.49]: P=0.01 and OR=0.05 
[0.01–0.34]: P=0.003) were protective factors against 
the presence of the L76V mutation. In the multivariate 

analysis, the number of LPV/RTV resistance mutations 
was the only variable independently associated with the 
L76V mutation presence: a higher number of LPV/RTV 
resistance mutations decreased the risk of the L76V muta-
tion occurrence (OR=0.12 [0.02–0.62]; P=0.01).

CONCLUSION: In this study, L76V mutation presence 
was not related to viral subtype. However, the number of 
LPV/RTV resistance mutations was the only variable inde-
pendently associated with L76V mutation occurrence.
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Insights into the mechanism of resistance – 
coevolution of the nelfinavir-resistant HIV-1 
Protease and the p1–p6 cleavage site 

M Kolli and CA Schiffer

Department of Biochemistry and Molecular Pharmacology, 
University of Massachusetts Medical School, Worcester, MA, USA

OBJECTIVES: Drug resistance is the major cause of 
antiretroviral therapy failure in HIV-infected patients. 
Selective pressure of the competitive protease inhibitors 
(PIs) has resulted in extensive mutations within the HIV-1 
protease causing drug resistance. Coevolution of Gag and 
Gag–Pol substrate cleavage sites has been shown to occur 
as a compensatory mechanism to any alterations in pro-
tease activity. In earlier studies, we showed that muta-
tions within the p1–p6 cleavage site coevolve with the 
D30N/N88D nelfinavir (NFV)-resistant HIV-1 protease. 
Gag L449F or Gag S451N mutations within p1-p6 cleav-
age site were most common and frequently co-occurred 
with the NFV- resistant protease mutations. Viruses with 
D30N/N88D in combination with mutations at L449 
showed altered susceptibility to a number of HIV-1 
PIs –  amprenavir,  atazanavir, lopinavir, nelfinavir and 
saquinavir. 

METHODS: In this study, we determined crystal struc-
tures of WT and NFV-resistant protease complexed with 
p1–p6 substrate variants and their contribution to resist-
ance. Proteolytic processing of Gag, with and without 
mutations within the p1–p6 cleavage site, by the protease 
variants was used to examine alterations in the relative 
rates of cleavage. 

RESULTS: Preliminary modelling studies show that Gag 
L449F or S451N mutations improve van der Waal con-
tacts, which likely improve binding to the D30N/N88D 
mutant protease. Asp 30 makes interactions with Arg at 
Gag 452 that are essential for p1–p6 binding. However, 
S451N in the context of the WT protease disrupts these 
interactions between Asp 30 and Gag R452. Initial stud-
ies showed that Gag processing by the NFV-resistant 
protease was significantly slower than the WT protease. 
Conformational changes in the protease and alterations in 
Gag processing due to various combinations of mutations 
within the p1–p6 cleavage site will be discussed in detail.
 
CONCLUSIONS: Mutations within the p1–p6 cleavage 
site frequently co-occur with the NFV-resistant D30N/
N88D protease and have been shown to reduce pheno-
typic susceptibility to a number of PIs. Increased resistance 
due to this co-evolution is the result of structural changes 

within the protease and/or alterations in Gag processing, 
thus maintaining the balance between loss of inhibitor 
binding and efficient proteolytic activity.
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Differences in the frameshift-regulating p1-site in 
treatment-naive and PI-resistant HIV isolates

E Knops1, G Théberge-Julien2, R Kaiser1, 
D Hoffman3, L Brakier-Gingras2 and J Verheyen1

1Institute of Virology, University of Cologne, Germany 
2Department of Biochemistry, University of Montreal, Canada 
3Centre for Medical Biotechnology, University of Duisburg-Essen, 
Germany

OBJECTIVES: In HIV, viral enzymes are cleaved out of 
gag–pol precursor proteins, which result from a pro-
grammed ribosomal frameshift event in p1. Two gag 
cleavage sites (CS; p7/p1,p1/p6-gag) and two pol CS 
(p7/TFP,TFP/p6-pol) are encoded by the frameshift-reg-
ulating site and might contribute to differences in the 
frameshift efficiency and thereby the relative amounts of 
viral enzymes. 

METHODS: We analysed the p1 nucleotide sequence of 968 
HIV isolates from patients infected with HIV subtype-B, of 
whom 644 were treatment-naive and 324 were treatment-
experienced failing PI therapies. RNA structure of the p1 
hairpin was predicted with m-fold. The frameshift effi-
ciency was determined with a dual luciferase assay.

RESULTS: Only 21 of 52 nucleotide positions (nc2085–
2136) were never subject of sequence variability compared 
with HxB2. Also, insertions and deletions were observed. 
Mutations at five nucleotide positions (ncG2093A, 
ncA2098G, ncC2108T, ncA2111C and ncC2134T/G) 
significantly accumulated in PI-resistant HIV. Mainly 
HIV Gag CS mutations (G435E and L449F/V), but also 
non-CS mutations (S440F; H441P) were associated with 
these mutations. Only mutation ncA2098G resulted in 
CS mutations in the gag (I437V) and pol (05G/05S) read-
ing frames. Interestingly, I437V was correlated with PR 
mutations (48V, 50V, 54A/V and 82A), whereas 05G 
only with PR mutation (82A) and 05S with PR muta-
tions (48V, 50V, 54A/V and 82T) in PI-resistant HIV. The 
analysis of sequences (n=66) harbouring insertions, dele-
tions, non-CS mutations (ncC2108T/ncA2111C) and CS 
mutations (G435E, 436G/R, I437M and L449P/I/H/V) 
revealed no significant difference in frameshift efficiency, 
although the predicted free energy of the hairpin varied 
between -18.5 and -30.8 kcal/mol. However, 449F lead 
to a significant increase in frameshift efficiency (HxB2: 
6.7% versus L449F: 9.6%) due to a second slippery site 
and 437V in combination with additional polymorphism 
(I437V+polymorphisms: 10.6%). Both effects could be 
reversed by natural polymorphisms either dissolving the 
second slippery site or the interaction of the proposed 

lower hairpin. In PI-resistant HIV only 25 of 81 isolates 
harbouring 449F or 437V had evidence of a moderate 
increased frameshift efficiency. 

CONCLUSIONS: An increase in frameshift efficiency is 
not a general mechanism of HIV drug resistance, and the 
predicted free energy of hairpin does not correlate with 
measured frameshift efficiencies. In PI-resistant HIV treat-
ment-associated mutations occur at both C-terminal gag 
cleavage sites, and there is evidence that also specific selec-
tion occurs at pol CS TFP/p6-pol. 
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Effect of partial inhibition of HIV-1 polyprotein 
processing and maturation on viral infectivity 

B Müller, M Anders, H-M Tervo, OT Keppler and 
H-G Kräusslich

Department of Virology, Universitätsklinikum Heidelberg, Germany 

OBJECTIVES: Protease inhibitors (PI) block HIV repli-
cation by interfering with Gag and Gag–Pol polyprotein 
processing and consequently with viral maturation. We 
and others have observed that there is no simple corre-
lation between the effect of PI treatment on processing 
compared with that on infectivity. Furthermore, specific 
mutations in certain cleavage sites are associated with PI 
resistance, both in presence or absence of further muta-
tions in PR.

METHODS: HIV-1 particles or HIV-1-based vector parti-
cles were generated in the presence of limiting concentra-
tions of PI or by cotransfection of wild-type proviral plas-
mids with constructs carrying mutations in one or more 
cleavage sites. Cells and particles were analysed regarding 
polyprotein processing, ultrastructure and infectivity.

RESULTS: Low concentrations of PI caused subtle changes 
in Gag processing associated with a pronounced reduction 
of particle infectivity. Dissection of individual stages of 
viral entry indicated a block in accumulation of RT prod-
ucts, while virus entry and RT enzyme activity was not 
affected. Coexpression of low amounts of various partially 
processed forms of Gag together with wild-type HIV dif-
ferently affected particle infectivity. The most pronounced 
trans-dominant effect was observed for a construct carrying 
mutations at both cleavage sites flanking the CA domain 
(MA-CA-SP1-NC), while constructs mutated at cleav-
age sites either downstream or upstream of CA (MA-CA, 
CA-SP1-NC and CA-SP1) displayed intermediate effects. 
A construct expressing NC-SP2-p6 also affected infectiv-
ity in a trans-dominant manner, while a mutation at the 
NC-SP2 cleavage site did not interfere with particle infec-
tivity. Interestingly, coexpression of low amounts of Gag 
mutated at the CA-SP1 cleavage site also affected process-
ing activity at this site in the wild-type virus. 
 
CONCLUSION: The results indicate that very low amounts 
(~5%) of Gag processing intermediates display a trans-
dominant effect on HIV particle maturation with the matu-
ration cleavage between CA and SP1 being of particular 
importance. This leads to a subsequent inhibition of early 
post-entry steps in viral replication. Further analyses aim at 
the role of resistance-associated cleavage site mutations on 
viral replication.
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HIV-1 Gag modulates Protease activity by a 
cleavage site-independent pathway

SK Ho1, RM Coman1, BM Dunn1, JW Sleasman2 and 
MM Goodenow1

1University of Florida, Gainesville, FL, USA 
2University of South Florida, St. Petersburg, FL, USA

OBJECTIVES: HIV-1 subtype B Gag–Protease (PR) 
regions have functional interactions that modulate PR 
enzymatic activity. While mutations in Gag cleavage sites 
develop in response to protease inhibitors (PI), cleavage 
site-independent mutations in p2, p7NC and p6 also accu-
mulate. Studies were designed to identify the impact on 
PR by cleavage site-independent polymorphisms in Gag 
from non-B subtypes in the absence of therapy and in 
highly PI-resistant subtype B viruses.

METHODS: Enzyme kinetics for subtypes A, B and 
C PR were determined with the p24CA/p7NC cleavage 
site peptide modified to assay by an absorbance shift. 
Order and extent of subtypes A, B, and C Gag poly-
protein processing by wild-type PR from each subtype 
was evaluated using an in vitro transcription/transla-
tion assay. Evolution of genotypes within subtype B 
gag and protease quasispecies in plasma and peripheral 
blood mononuclear cells at baseline and after 24 weeks 
of PI combination antiretroviral therapy was evaluated 
within HIV-1-infected individuals who achieved immune 
reconstitution, but only transient suppression of virus. 
Mutual information for all possible pairwise combina-
tions of variable positions in p7NC-p6-PR was calculated 
to measure covariation.

RESULTS: Order of subtype A or C Gag processing 
by subtype A or C PR, respectively, occurs first at p2/
p7NC, followed by p17MA/p24CA and p24CA/p2, similar 
to B Gag processing by B PR. Appearance of p24 was 
‘rapid’ in subtype C, but delayed/incomplete in subtype 
A. Although subtype A PR had Kcat/Km values compara-
ble to C or B, A Gag had a dominant suppressive effect 
on A PR activity. PR-resistant genotypes with as many 
as 10 therapy-specific mutations developed in vivo with 
incomplete PI suppression of virus, while all cleavage 
sites between p17MA and PR, with the exception of the 
p2/p7NC site, were essentially identical before and after 
therapy. p2/p7NC cleavage sites were highly polymorphic 
before therapy, but accumulated no new mutations fol-
lowing therapy. In contrast, new mutations accumulated 
in both p7NC and p6 Gag and covaried with amino acids 
changes in PR prior to and following therapy.

CONCLUSION: Dominant determinants in Gag, inde-
pendent of the cleavage sites, modulate protease activity in 
wild-type and PI-resistant viruses.
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The potential role of minority mutation assays in 
surveillance of transmitted drug resistance 

AJ Buckton1, D Prabhu1, G Murphy1, JV Parry1, 
JA Johnson2, D Pillay1,3 and PA Cane1

1Centre for Infections, Health Protection Agency, London, UK 
2Division of HIV/AIDS Prevention, Center for Disease Control and 
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3Department of Infection and Immunity, University College 
London, London, UK

OBJECTIVES: Primary HIV-1 infection with a drug-
resistant strain decreases the efficacy of subsequent ART 
interventions, even when those quasispecies diminish to 
low levels. This study aims to determine the impact on 
estimated prevalence of transmitted drug-resistant (TDR) 
viruses of testing with allele-specific sensitive assays, com-
pared with population sequencing in an undiagnosed HIV-
infected UK population. This will determine the utility of 
such assays for surveillance of TDR.

METHODS:  Serum samples from 166 previously undi-
agnosed HIV-1-infected MSM enrolled into an ongoing 
unlinked anonymous surveillance programme between 
2003 and 2006 were tested. The infections were desig-
nated as recent or long standing by serological incidence 
testing and all were of subtype B.  Standard population 
sequencing of pol and minority (CO: >1%) allele-specific 
PCR (AS-PCR) assays for reverse transcriptase mutations 
K103N, Y181C and M184V, were performed. 

RESULTS: By population genotyping, we found K103N 
in 10/166 (6.0%, 95% CI: 3.3–10%) viruses, Y181C in 
0/166 and M184V in 1/166 (0.6%, 95% CI: 0.0–2.8%). 
Using the more sensitive AS-PCR minority species assays, 
we found K103N in 13/166 (7.8%, 95% CI: 4.7–12%), 
Y181C in 0/166 and M184V in 13/166 (7.8%, 95% 
CI: 4–13%). We demonstrated that the more sensitive 
AS-PCR method increases the rate of detection of TDR 
mutation K103N by 30% (P=0.25; 95% CI: 1.2–67%) 
and of M184V by 13-fold (P=0.0005, 95% CI: 2–85-fold 
increase), in our undiagnosed population. No significant 
differences in these parameters were identified when indi-
viduals were stratified by recent or chronic infection.

CONCLUSIONS: Detection of transmitted drug resistance 
can be improved using minority species assays compared 
with standard genotyping methods. However, the appli-
cability of these new technologies to national surveillance 
structures remains unclear. Our data suggest that, at least 
of the M184V mutation assay, application to large scale 
surveillance will better estimate rates of TDR. This is also 

compatible with the hypothesis that the M184V mutation 
has a high rate of reversion following transmission, requir-
ing more sensitive assays to detect it. 
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Reappearance and persistence of minority 
quasispecies of K103N-harboring HIV-1 present 
prior to ART in patients with primary HIV-1 
infection after treatment interruption

KJ Metzner1, V von Wyl1, C Leemann1, B Preiswerk1, 
C Grube1, H Kuster1, J Böni2, R Weber1 and 
HF Günthard1

1University of Zurich, University Hospital Zurich, Switzerland 
2University of Zurich, Swiss National Center for Retroviruses, 
Zurich, Switzerland 

OBJECTIVES: In the Zurich primary HIV infection study 
(ZPHI), 15/93 patients (16.1%) carry minority quasispe-
cies of K103N and/or M184V-harboring HIV-1 prior to 
ART measured by allele-specific real-time PCR (AS-PCR). 
Here, we investigated the reappearance of K103N and 
M184V variants in patients who started ART during pri-
mary HIV-1 infection (PHI) and interrupted therapy after 
8–27 months according to the study protocol.

METHODS: The ZPHI study is a prospective longitudinal 
study enrolling patients with documented PHI and offer-
ing early ART. Six patients harboring and five patients not 
harboring drug-resistant viruses at low frequencies prior to 
ART were included in this analysis. Minority quasispecies 
of K103N and M184V variants were quantified in longi-
tudinal plasma samples after treatment interruption (TI) 
by AS-PCR with an approximate discriminative power of 
0.01% and 0.2%, respectively,

RESULTS: All 11 patients were infected with HIV-1 sub-
type B between April 2003 and September 2005, and 
received LPV/r+AZT+3TC during PHI. The viral load was 
at least 6 months below 40 HIV-1 RNA copies/ml plasma 
before ART was interrupted. No significant differences 
exist with regard to viral loads of tested time points after 
TI (4.5 ±0.6 versus 4.3 ±0.6 log10 HIV-1 RNA copies/ml 
plasma in patients harboring and not harboring K103N or 
M184V variants at low frequencies, respectively), number 
of included plasma samples, time of first sample tested 
after TI and duration of follow-up during TI. Minority 
quasispecies of K103N-harboring viruses reappeared in 
2/4 patients harboring this variant prior to ART. In one of 
those patients, K103N-harboring viruses were detected in 
1/4 plasma samples after TI. In the other patients, K103N 
variants were present in 5/9 plasma samples at frequen-
cies similar to the frequency observed prior to ART (<1%). 
The K103N mutation was not detected during TI in the 
two patients harboring M184V viruses or in the other 
patients without evidence for the presence of K103N and/
or M184V-harboring HIV-1 prior to ART. The M184V 

mutation did not reappear in patients with pre-existing 
M184V variants.

CONCLUSIONS: Minority quasispecies of K103N-
 harboring viruses, present in acutely HIV-1 infected 
patients prior to ART, can reappear and persist after inter-
ruption of suppressive antiretroviral therapy.
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Characterization of HIV-1 sequence artifacts 
introduced by bulk PCR and detected by 454 
sequencing

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

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

OBJECTIVES: Ultradeep (454) pyrosequencing of PCR 
amplification products from HIV-1 RNA is a promising 
approach for identification and quantification of low-
frequency drug resistance mutations and their linkage 
to one another. However, before this new technology 
is applied, it is essential to determine its sensitivity and 
accuracy, as well as the rate of recombination introduced 
during PCR amplification. 

METHODS: To this end we constructed two molecular 
clones of DNA encoding a portion of HIV-1 RT. Clone 
A was wild type at all drug resistance sites and clone B 
contained 14 linked drug resistance mutations. Mixtures 
of the clones were amplified by standard PCR using prim-
ers containing 454 ligation multiplex Identifiers (MIDs) 
to differentiate among mixtures. In all, 12 mixtures were 
sequenced together, each identifiable by MIDs. Two sepa-
rate 454 sequencing runs were performed.

RESULTS: A total of 680,104 quality sequences were 
obtained. Point errors averaged 0.17 ±0.14% (<0.01–
0.71%) per base. Transition errors (two run average: 
0.07%) were more frequent than transversion errors 
(2 run average: 0.01%). At drug resistance sites, point 
errors converting a wild type to a resistant mutation 
base were infrequent (<0.002–0.1%). Indel errors ranged 
from 0.02% to nearly 50% (the latter at two runs of 6 
A residues). Additional analyses revealed a remarkably 
high frequency of recombinants, exceeding 40% of the 
minority (mutant) sequences in the longer fragment. Both 
single and multiple crossover patterns were observed. 
These recombinants can be attributed to crossover dur-
ing PCR amplification. Direct 454 sequencing of a cloned 
DNA fragment yielded a much lower error rate (0.02% 
overall), implying that a large proportion of the error was 
incurred during the PCR step. 

CONCLUSION: Our results imply that 454 sequencing 
can reliably detect HIV-1 resistance mutations at frequen-
cies down to about 1%, about 10-fold less sensitive than 
allele-specific PCR. However, much greater levels of sen-
sitivity can be achieved for specific mutations at certain 
sites, and, potentially, by modification of the PCR step. 
The high rate of recombination introduced by standard 
PCR amplification needs to be overcome for accurate link-
age analysis of drug resistance mutations and haplotype 
determination.
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Next generation sequencing as an efficient and 
cost-effective method of HIV drug resistance 
surveillance

H Ji1, N Massé1, S Tyler2, B Liang3, Y Li1, H Merks1, 
M Graham3, P Sandstrom1 and J Brooks1 
1 National HIV & Retrovirology Laboratories, National 
Microbiology Laboratory, Public Health Agency of Canada, 
Ottawa, Canada  
2 DNA Core Facility, National Microbiology Laboratory, Public 
Health Agency of Canada, Winnipeg, Canada 
3Department of Medical Microbiology, University of Manitoba, 
Winnipeg, Canada  

OBJECTIVES: Analysis of transmitted HIV drug resist-
ance (TDR) forms an important component of HIV sur-
veillance. Statistical tools for determining rate of TDR are 
based upon systematic Sanger sequencing of specimens. 
Pyrosequencing provides massive parallel sequencing 
with cost reductions if specimens are tested simultane-
ously. Instead of using pyrosequencing to oversample a 
population of viruses within an individual, we used the 
techniques to evaluate the prevalence of TDR mutations 
within a population of individuals.

METHODS: We determined the prevalence of protease 
TDR mutations from a cohort of 96 specimens collected 
from recently diagnosed, ART-naive subjects using stand-
ard techniques. Subsequently, the 462 bp amplicons con-
taining the protease sequence from each specimen were 
pooled, in equimolar amounts, and sequenced using the GS 
FLX Titanium system. Pyrosequencing reads were aligned 
to HXB-2 and all differences present at frequencies >0.2% 
were identified using custom PERL scripts. The prevalence 
of TDR mutations from the two methods was compared 
using a published surveillance drug resistance mutation 
(SDRM) list.

RESULTS: Among the 96 specimens, 316 nucleotide and 
144 amino acid (AA) differences from HXB2 reference 
were identified with Sanger sequencing compared with 
719 nucleotide and 385 AA changes using pyrosequenc-
ing. The concordance between frequencies of nucleotide 
changes was 97.3% for those differences present at a level 
of 5% or more. Both methods detected 72% of polymor-
phisms present at frequencies of 1–5%. Using conventional 
sequencing, a total of three TDR mutations were found, 
each at a frequency of 1.04%. These same mutations were 
accurately detected by pyrosequencing at frequencies of 
0.35%, 0.29% and 0.34%, respectively. Review of the 
conventional sequencing electropherograms revealed all 
of the identified TDR sites to be mixtures. Multiple other 

DRM sites, which are of clinical but not TDR significance, 
were concordantly identified using both methods. 

CONCLUSIONS: Pooled specimen pyrosequencing is a 
promising approach to rapidly and inexpensively deter-
mine TDR prevalence. This approach accurately identified 
the TDR mutations present as components of mixtures. 
The enhanced ability to detect minor frequency variants 
on a population scale may prove to be important in herald-
ing the emergence of TDR.
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Selection and coevolution of mutational 
patterns in the HIV-1 integrase characterized by 
pyrosequencing analysis

F Ceccherini-Silberstein1, D Armenia1, R D’Arrigo2, 
I Vandenbroucke3, H Van Marck3, L Fabeni1, 
V Cento1, K Van Baelen3, G Rizzardini4, 
S Lo Caputo5, V Tozzi2, P Narciso2, A Antinori2, 
L Stuyver3 and CF Perno1,2 

1University of Rome Tor Vergata, Rome, Italy 
2INMI “L. Spallanzani”, Rome, Italy 
3Virco BVBA, Mechelen, Belgium 
4Hospital Sacco, Milan, Italy 
5Ospedale SM Annunziata, Florence, Italy 

OBJECTIVES: Signature resistance mutations (N155H-
Q148RHK-Y143RC) together with other mutations 
(E92Q-T97A-E138K-G140AS-G163KR) have been associ-
ated with resistance to raltegravir. Objective was to analyse 
the prevalence and the evolution of low-frequency muta-
tions in HIV-1 integrase among HIV-infected raltegravir-
treated patients by population and deep sequencing, and 
by phenotyping assays. 

METHODS: A total of 88 multiexperienced patients 
receiving raltegravir plus optimized-background therapy 
were analysed. Integrase genotyping (Sanger-sequencing 
and 454 pyrosequencing) was performed on plasma HIV 
RNA. Integrase haplotypes were generated by analysing 
all 454 sequences covering the Integrase region from aa90 
up to aa163. Maximum-likelihood phylogenetic analyses 
(PAUP*4.0b10) were performed on haplotypes to evaluate 
the intrapatients genetic evolution during raltegravir treat-
ment. Integrase phenotyping was performed by homolo-
gous recombination (Virco, Belgium).

RESULTS: Baseline Sanger sequences showed only sec-
ondary raltegravir resistance mutations. At week 24, 
73.2% of patients achieved HIV RNA<50 copies/ml. 
Patients failing with HIV RNA>1,000 copies/ml devel-
oped geno + phenotypic resistance involving differ-
ent mutational patterns (N155H, Q148H/R+G140S, 
Y143R+T97A, G163R+T97A), with an average >30-fold 
increase of resistance from baseline. IN deep pyrose-
quencing was performed at baseline and at follow-up on 
6 patients, 4 failing and 2 achieving virological success, 
with a generation of 169,779 integrase sequences. At 
baseline, all raltegravir-failing patients showed more than 
one drug resistance-associated mutations (E92G-T97A-
E138K-G140A/S-Q148R) at frequencies often close to 
the assay reliability limit. Primary resistance mutations, 
such as Y143R, Q148H/K, N155H, were not detected in 

any baseline sample. In a multiexperienced patient show-
ing Q148R primary mutation at low frequency (0.08%) 
at baseline, the prevalence of Q148R increased over 
time. Viruses harbouring G140S+Q148R emerged after 
3 months. One patient carrying baseline T97A as major 
quasispecies (99%) developed after 1 month Y143R 
(95%), N155H (0.5%) and E92Q (1.9%) mutations, all 
not detected at baseline among 3,274 sequences analysed. 
Using phylogenetic analysis, we observed that the two 
major baseline haplotypes (53.4% and 23.7%, respec-
tively) evolved in 1 month in several haplotypes har-
bouring T97A+N155H, T97A+E92Q and T97A+Y143R 
mutations, with a final selection of one haplotype 
T97A+Y143R at 3 months (94.1%). 

CONCLUSION: Ultradeep sequencing allows detection 
and quantification of pre-existing raltegravir-resistant 
viruses that are not detected by standard genotype/phe-
notype analysis. The impact of resistance mutations was 
confirmed by phenotyping. Mechanisms of selection and 
coevolution of integrase minor variants and their clinical 
relevance warrants further investigation.
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A high MOI infection method using wild-type and 
InSTI-resistant viruses quantitatively differentiates 
among candidate second generation InSTIs

PM McKenna, JA Grobler, DJ Hazuda and MD Miller

Department of Antiviral Research, Merck Research Laboratories, 
West Point, PA, USA

OBJECTIVES: A critical goal in choosing second genera-
tion integrase strand transfer inhibitors (InSTIs) for clini-
cal development is to identify compounds that have an 
improved barrier to the development of resistance com-
pared with current InSTIs. Resistance profiling (that is, 
testing compounds in antiviral assays against HIV mutants 
resistant to existing InSTIs) is a surrogate for assessing 
resistance barrier, but as compounds have achieved pro-
gressively better resistance profiles it has become difficult 
to differentiate them using this method. To overcome this 
limitation, we adapted a published method in which high-
titer HIV stocks are used to infect 50–100% of cells in a 
culture (high multiplicity of infection [MOI]) with a high 
fixed inhibitor concentration; under these conditions the 
replication of wild-type viruses is largely suppressed, but 
rare pre-existing resistant variants can continue replicat-
ing. Using high MOI selections with a GFP-expressing 
reporter cell line allows simple quantification of infected 
cells over time. 

METHODS: MT4 cells were infected with wild-type or 
G140S/Q148H virus in the presence of 10× the IC95 of 
different InSTIs. Clarified culture supernatants harvested 
after 1 week were passed onto MT4 gagGFP reporter cells. 
Cultures were split twice weekly and monitored for GFP 
signal in a fluorescent plate reader. Virus isolated from 
supernatants at peak GFP expression was used to assess 
genotypic and phenotypic resistance (fold change IC50 in a 
single-cycle infectivity assay).

RESULTS: Under high MOI infection conditions, a proto-
typical second generation InSTI was able to suppress repli-
cation of both wild-type and Q148H/G140S viruses for a 
longer time than a representative first generation InSTI. In 
experiments with Q148H/G140S virus, breakthrough virus 
did not contain additional resistance mutations. Thus, the 
observed difference between first and second generation 
InSTIs reflects intrinsic differences in ability to persistently 
suppress virus replication rather than differences in their 
resistance barriers per se. 

Conclusions: These studies show that second generation 
InSTIs better control replication of both wild-type virus 
and a virus (Q148H/G140S) that is highly resistant to 

current InSTIs, such as raltegravir and elvitegravir. The 
combination of high-MOI selection methods with viruses 
containing clinically relevant resistant mutants provides a 
quantitative method to differentiate among potent second 
generation InSTIs.
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Resistance analysis to maturation, protease, 
reverse transcriptase and integrase inhibitors 
based on 3′Gag(p2/p7/p1/p6)/PR/RT/INT-
recombinant viruses: a useful tool in the 
multitarget era of antiretroviral drugs 

J Weber1, JD Rose1, AM Rhea1, AC Vazquez1, 
D Winner1, K Henry2, R Gibson2, PD Olivo1, EJ Arts2 
and ME Quiñones-Mateu1

1Diagnostic HYBRIDS, Athens, OH, USA 
2 Case Western Reserve University, Cleveland, OH, USA 

OBJECTIVES: Twenty-four antiretroviral (ARV) drugs, 
targeting five different steps (four genes) in the life cycle 
of HIV-1, have been approved by the FDA. Accordingly, 
currently used HIV-1 phenotypic assays require the con-
struction of at least four different recombinant viruses to 
monitor resistance to all these ARV. Here we describe a 
novel system to generate 3′Gag(p2/p7/p1/p6)/PR/RT/INT-
recombinant viruses that allows the use of one assay to 
assess resistance against drugs targeting all three viral 
enzymes and virus particle maturation. 

METHODS: A proprietary vector was constructed contain-
ing a near-full length HIV-1 genome with the yeast uracil 
biosynthesis gene (URA3) replacing a 3,428 nt HIV-1 cod-
ing sequence encompassing Gag/p2 to the integrase gene 
(p2-INT). Patient-derived HIV-1 PCR products (that is, 
the p2-INT single 3,428 nt or two overlapping fragments, 
a p2-half RT 1,657 nt + half RT-INT 1,986 nt) were intro-
duced by two or three fragment homologous recombina-
tion, respectively, using an innovative yeast-based cloning 
strategy. P2-INT-recombinant viruses were then employed 
in drug susceptibility assays to test the activity of MI, PI, 
NRTI, NNRTI and INI in dual infections (query and inter-
nal wild-type control viruses) where viral replication was 
quantified using renilla and firefly luciferase expression.

RESULTS: We were able to RT-PCR amplify one large 
fragment (94%) and two overlapping (96%) fragments 
from plasma samples with ≥1,000 copies/ml of HIV-1 
RNA of both B and non-B subtypes, from ARV-naive and 
ARV-experienced individuals. Similar IC50 values were 
obtained with (i) viruses constructed using one (p2-INT) 
or two (p2-RT/RT-INT) fragments and (ii) when drug sus-
ceptibility was determined using single or dual infections. 
Finally, technical and biological cutoffs were calculated for 
all major ARV drugs, and replicative fitness values were 
estimated based on growth competition experiments.

CONCLUSIONS: Despite the success of HAART, HIV-1 
has demonstrated a remarkable ability to mutate and 

develop resistance to all ARV drugs. Our novel tech-
nology permits the use of a single phenotypic assay 
(VIRALARTS™ HIV) to monitor drug resistance based 
on recombinant viruses carrying a linked HIV-1 genomic 
segment, which contains the target enzymes for PIs, RTIs 
and INIs as well as the CA-p2, p2-p7, p7-p1 and p1-p6 
cleavage sites in Gag (MIs). 
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Genotypic, phenotypic and virtual phenotypic 
resistance patterns for darunavir and tipranavir: 
an independent analysis of a Quebec HIV-1 cohort 
highly resistant to all other protease inhibitors

A Talbot1,2, P Grant2, J Taylor2,JG Baril1, H Charest3, 
TF Liu2, B Brenner4, M Roger1, R Shafer2, R Cantin3 
and A Zolopa2  
1CHUM: centre hospitalier de l’université de Montréal, Montréal, 
Canada 
2Stanford University, Palo Alto, CA, USA 
3LSPQ: Institut national de santé publique du Québec/Laboratoire 
de santé publique du Québec, St-Anne-de-Bellevue, Canada 
4CUSM: centre universitaire de santé MgGill, Montréal, Canada.

OBJECTIVES: Darunavir and tipranavir remain active 
against HIV isolates resistant to earlier generation pro-
tease inhibitors (PIs). Genotypic interpretation systems 
(GIS) are available to predict susceptibility to darunavir 
and tipranavir, but few independent datasets have been 
used to test their performance. We selected a set of highly 
resistant clinical isolates to test performance of various 
GIS and develop models to predict relative susceptibility 
to darunavir and tipranavir.

METHODS: Since 2005, Vircotype virtual phenotype has 
been used for interpretation of all genotypic resistance 
tests in Quebec. A phenotype was performed on isolates 
predicted to be resistant to all PIs except darunavir and 
tipranavir. We constructed linear regression models to 
predict relative phenotypic susceptibility to darunavir or 
tipranavir, confirmed by bootstrap analyses. We compared 
the performance of ANRS, the Stanford HIV database, 
Vircotype, and darunavir and tipranavir manufacturers’ 
scores in predicting phenotype.
  
RESULTS: Phenotypic testing was performed on 100 
isolates. A total of 89 isolates were susceptible to daru-
navir. Of these, 67 were susceptible, 16 intermediate and 
6 resistant to tipranavir. Two and three isolates were inter-
mediate and resistant to darunavir, respectively, with full 
susceptibility to tipranavir. Four isolates were resistant to 
darunavir with intermediate resistance to tipranavir. Only 
two isolates were resistant to both darunavir and tiprana-
vir. In bootstrap analyses, presence of 84V, 82T and 35D, 
and lack of 10F were the strongest predictors of relative 
susceptibility to darunavir compared with tipranavir.  
Presence of 54L, 32I and 47V predicted isolates relatively 
susceptible to tipranavir compared with darunavir. All 
GIS performed well in predicting the darunavir phenotype 
(R2=0.61–0.69). However, for tipranavir, the GIS were 
not as predictive of the phenotype with R2 of 0.03–0.31. 

Vircotype was unique in its ability to predict tipranavir 
susceptibility (R2=0.80).

CONCLUSION: In this independent clinical cohort with 
highly PI-resistant HIV, phenotypic resistance to darunavir 
and tipranavir was rare. GIS, other than the virtual pheno-
type, do not perform well in predicting tipranavir suscepti-
bility, while all GIS perform reasonably well in predicting 
darunavir phenotypic susceptibility. The mutations 54L, 
32I and/or 47V in protease predict isolates that may be 
more susceptible to tipranavir than darunavir.
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Development of a novel universal protocol for 
screening and sequencing of  HIV-1 pol across 
clades for subtype identification and analysis of 
drug resistance

T Nie, M Detorio and RF Schinazi

Center for AIDS research, Department of Pediatrics, Laboratory of 
Biochemical Pharmacology, Emory University/VA Medical Center, 
Atlanta, GA, USA

OBJECTIVES: Increased access of anti-HIV-1 treatments 
to developing countries primarily infected by non-subtype 
B clades necessitates development of novel tools to assess 
susceptibility and resistance. HIV-1 genomes are highly 
polymorphic and present challenges in development of a 
universal protocol for simultaneous screening across sub-
types. Viral genotyping was previously reported using a 
series of primers designed to amplify HIV-1 gag, which is 
primarily useful for viral quantification, but is not appli-
cable for mutation detection in highly polymorphic RT 
regions. Thus, a novel and universal protocol was devel-
oped which was applicable across all HIV-1 clades and 
subtypes for effective identity confirmation and simultane-
ous generation of sequence profiles of pol genes, allowing 
for mutation detection.

METHODS: Primer sets specifically targeting highly con-
served regions in HIV-1 pol were designed. Using the uni-
versal primers, one-step reverse transcription PCR was 
performed on supernatants from 23 HIV-1 clades origi-
nally obtained from NIH AIDS Research and Reference 
Reagent Program, including A(3), B(3), C(3), D(3), E(3), 
F(1), G(3) of group M, group O(3) and N(1). One DNA 
fragment was universally amplified with a unique size of 
1.7 kb. Using another set of primers, the PCR products 
were sequenced and the results were analysed with Vector 
NTI to generate cDNA sequence. Last, a blast of the cDNA 
sequences in the Stanford HIV database for clade/subtype 
classification and mutation detection was performed. 

RESULTS: The novel universal primers were used to 
amplify one unique band in all the tested clades/subtypes. 
The sequencing of this PCR product confirmed the identity 
of each HIV-1 isolate and covered pol regions, including 
RT, RNaseH and IN, which provided sufficient data for 
clade profiling.

CONCLUSIONS: A universal protocol was developed 
using specific and novel primers by one-step RT-PCR and 
sequencing. This protocol represents an effective tool for 
evaluation and identification of HIV-1 genotypes. Its capac-
ity for rapid profiling of HIV-1 sequences may be useful for 

analysis of drug resistance across HIV-1 populations. This 
protocol provides a foundation for understanding and pre-
diction of the effects of experimental or approved drugs on 
various HIV-1 clades/subtypes.
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Evaluation of the genotypic prediction of HIV-1 
tropism versus a phenotypic assay and correlation 
with the virological response to maraviroc: the 
GenoTropism study.

P Recordon-Pinson1, C Soulié2, D Descamps3, 
M Lazrek4, C Charpentier5, B Montes6, MA Trabaud7, 
J Cottalorda8, C Amiel9, L Morand-Joubert10, 
C Tamalet11, D Desbois12, M Macé13, V Ferré14, 
A Vabret15, A Ruffault16, J Izopet17, H Fleury1, 
F Brun-Vézinet3, AG Marcelin2, J Reynes6, 
P Flandre18, V Calvez2 and B Masquelier1 and the 
ANRS AC11 Resistance Study Group
1CHU de Bordeaux and EA 2968, Université Victor Segalen, 
Bordeaux, France 
2CHU Pitié-Salpêtrière, Paris, France 
3CHU Bichat-Claude Bernard, Paris, France 
4CHU Lille. France 
5CHU HEGP, Paris, France 
6CHU Montpellier, France 
7CHU Lyon, France 
8CHU Nice, France 
9CHU Tenon, Paris, France 
10CHU St Antoine, Paris, France 
11CHU Marseille, France 
12CHU Paul Brousse, Paris, France 
13CHU Orléans, France 
14CHU Nantes, France 
15CHU Caen, France 
16CHU Rennes, France 
17CHU Toulouse, France 
18INSERM U943, Paris, France 

OBJECTIVES: Genotypic algorithms for prediction of 
HIV-1 coreceptor usage need to be evaluated in a clini-
cal setting. We aimed at studying i) the correlation of 
genotypic prediction of tropism in comparison with a 
phenotypic assay, and ii) the relation between genotypic 
prediction of tropism at baseline and the virological 
response (VR) to a maraviroc (MVC)-including therapy.

METHODS: Antiretroviral-experienced patients were 
included in the MVC-expanded access program if they 
had a R5 screening result with Trofile (Monogram Bio-
sciences). V3 loop sequences were determined at screen-
ing, and tropism was predicted using nine genotypic 
algorithms. Genotypic CXCR4 predictions were com-
pared with Trofile; dual/mixed (D/M) variants were 
considered as X4 variants. The relationships between 
genotypic tropism, V3 variability and VR were tested; 
the VR was defined as plasma viral load (PVL) <50 c/ml at 
month 6 (M6). The genotypic evolution was determined 

in patients with suboptimal response to MVC (PVL 
>50 c/ ml).

RESULTS: Both genotypic and phenotypic results were 
obtained for 189 patients at screening, with 54 isolates 
scored X4 and 135 R5 with Trofile. The concordance with 
Trofile® ranged between 74% and 81% for the different 
algorithms, with Geno2pheno10% and PSSMsinsi having 
the highest sensitivities (59% and 54%) for X4 detection. 
In patients receiving MVC, at baseline, the median PVL 
was 4.1 log10 c/ml (IQR 3.4–4.9) and the median CD4 cell 
count was 268 cells/µl (130–393). The VR at M6 was com-
pleted in 68% of patients. The median CD4 increase was 
83 cells/µl at M6. The lowest P-value, although not signifi-
cant, between VR and genotypic prediction of tropism was 
for geno2pheno10% combined with PSSMr5x4 (P=0.07), 
with 71% of VR for R5. No association was found between 
baseline V3 loop mutations and VR. Genotypic follow-up 
was determined for 13 patients of whom 3 were failing with 
an X4 genotype, and 10 with a R5 genotype with changes in 
V3 loop sequences in 4/10.

CONCLUSION: Genotypic prediction of tropism could 
be associated with VR even in patients screened by a 
phenotypic assay. The ongoing replication on MVC with 
or without genotypic evolution of the V3 loop deserves 
further investigation.
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Comparison of population and 454 genotyping 
and Trofile phenotyping for tropism determination 
in patients selected for maraviroc initiation 

L Vandekerckhove1, C Verhofstede1, I Vandenbroucke2, 
C Booth3, H Van Marck2, AM Geretti3 and L Stuyver2 
on behalf of the Tropism Study Group 
1Ghent University Hospital, Ghent, Belgium 
2Virco, Mechelen, Belgium 
3Royal Free Hampstead NHS Trust & UCL Medical School, 
London, UK

OBJECTIVES: In order to establish alternative strategies 
to guide initiation of maraviroc, genotypic tropism predic-
tion obtained by population Sanger sequencing was com-
pared with the results of 454 sequencing. We used plasma 
samples from HAART-failing patients for which popula-
tion phenotyping analysis by the standard Trofile™ assay 
(Monogram Biosciences) had been requested.

METHODS: Plasma samples were retrieved from HIV-
infected individuals who underwent standard Trofile test-
ing in routine clinical care. Clinical outcomes data were 
collected. V3-loop sequences were obtained by Sanger and 
454 sequencing. Tropism prediction from V3 sequences 
was obtained using the WebPSSM algorithm and the SVM 
of Geno2Pheno. 

RESULTS: The study comprised 50 patients, including 
45% infected with non-B subtypes. Using Sanger sequenc-
ing, an interpretable result was obtained in 48/50 (96%) 
samples: R5=36 and X4=12. With the same samples, 
454 sequencing produced a mean of 10,406 reads (range 
1,170–19,436) per sample. The predicted X4 virus was 
quantified. Of the 36 samples predicted as R5 by Sanger 
sequencing, 34 had <10% of predicted X4 by 454. Of the 
12 samples predicted as X4, 11 had >10% X4. Based on 
the Trofile result, 24 patients were started on maraviroc. 
Of these, 21 were in the group of predicted to have a 
prevalence of X4 virus <10%, all of whom had an initially 
response. Follow-up of these patients is ongoing. 

CONCLUSIONS: In comparison with 454 sequencing, 
Sanger sequencing showed 100% specificity and approxi-
mately 10% sensitivity for X4 detection. As the clinically 
relevant sensitivity threshold for tropism prediction has 
not been established, population sequencing may pro-
vide a rapid assessment tool on its own or be integrated 
with more sensitive methodologies. In one possible test-
ing algorithm, population V3 sequencing could be applied 
to first-line screening, allowing the rapid identification 
of samples with a high content of X4 sequences, thereby 

reducing the number of samples for more extensive analy-
ses as 454. This approach needs further clinical validation 
and will demand a thorough standardization of the Sanger 
sequencing and interpretation methodology. Additionally, 
determination of relevant clinical cutoffs for X4 minorities 
remains challenging. 

ACKNOWLEDGEMENTS: Tropism Study group: E 
Demecheleer (Ghent University Hospital, Ghent, Belgium), 
A Strang (Royal Free Hampstead NHS Trust & UCL Med-
ical School, London, UK), W Mostmans (Virco, Mechelen, 
Belgium), V Van Eygen (Virco, Mechelen, Belgium), S De 
Wit (Centre Hospitalier Universitaire Saint-Pierre, Brus-
sels, Belgium), K Kabeya (Centre Hospitalier Universitaire 
Saint-Pierre, Brussels, Belgium), E Florence (Institute of 
Tropical Medicine, Antwerp, Belgium), K Fransen (Insti-
tute of Tropical Medicine, Antwerp, Belgium), Annelies 
Van Den Heuvel (Institute of Tropical Medicine, Ant-
werp, Belgium), M Moutschen (CHU Sart Tilman, Liège, 
Belgium), D Vaira (CHU Sart Tilman, Liège, Belgium), D 
Vogelaers (Ghent University Hospital, Ghent, Belgium), 
J Plum (Ghent University Hospital, Ghent, Belgium), N 
Makie (Imperial College Healthcare NHS Trust, London, 
UK), M Johnson (Royal Free Hampstead NHS Trust & 
UCL Medical School, London, UK) N Perry (Brighton & 
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M Fisher (Brighton & Sussex University Hospitals NHS 
Trust, Brighton, UK) 

9_New resistance tech.indd   131 20/5/09   10:54:51



Fort Myers, FL, USA, 9–13 June 2009

Programme & AbstractsA132

ABSTRACT 113
Antiviral Therapy 2009; 14 Suppl 1:A132

Performance of an HIV-1 coreceptor tropism 
assay utilizing replicate V3 loop sequencing 
and heteroduplex analysis with capillary 
electrophoresis

R Baumann1, H Hamdan1, D Schwab1, T Robins2, 
J Vichayanonda1 and RM Kagan1

1Quest Diagnostics Nichols Institute, San Juan Capistrano, CA, USA 
2Quest Diagnostics Clinical Trials, Malibu, CA USA

OBJECTIVES: CCR5 (R5) antagonist therapy may be 
ineffective in patients with pre-existing CXCR4-tropic 
(X4) or dual/mixed virus. Genotypic tropism tests afford 
a more rapid and less complex means of screening for 
X4-tropic virus than phenotypic assays. In HIV sam-
ples from treatment-naive patients, the SensiTrop™ II 
genotypic assay demonstrated 79% concordance with the 
standard Trofile™ phenotypic assay. We developed a geno-
typic tropism assay that couples replicate V3 loop sequenc-
ing with heteroduplex analysis by capillary electrophoresis 
(CE-HDA). Here we assess concordance of the CE-HDA 
method with the Trofile and SensiTrop II assays in samples 
from treatment-experienced patients.

METHODS: Coreceptor tropism was assayed for 40 de-
identified HIV-1 subtype B patient samples with genotypi-
cally predicted resistance to ≥4 reverse transcriptase or 
protease inhibitors by the Trofile (Monogram Biosciences), 
SensiTrop II (Pathway Diagnostics) and CE-HDA assays. A 
141 bp HIV-1 envelope V3 loop amplicon was sequenced 
in duplicate, and tropism was predicted by bioinformatic 
analysis of amino acid sequences. For heteroduplex analy-
sis, four FAM-labelled V3 loop R5 probes were annealed 
to the V3 amplicons and heteroduplexes were resolved on 
an ABI 3130xl CE analyser.
 
RESULTS: X4-utilizing virus was identified in 48% of 
samples by Trofile, 50% by SensiTrop II and 56% by 
CE-HDA, but these differences were not statistically sig-
nificant (McNemar test). CE-HDA was 72% concordant 
with Trofile (k=0.44). Sensitivity and specificity for X4 were 
79% and 65%, respectively. CE-HDA was 74% concord-
ant with SensiTrop II (k=0.49) and SensiTrop II was 73% 
concordant with Trofile (k=0.45). Seven Trofile R5’s were 
typed as X4 by CE-HDA, four of which were also typed as 
X4 by SensiTrop II. Four Trofile X4’s were typed as R5 by 
CE-HDA, two of which were also R5 by SensiTrop II.

CONCLUSIONS: In samples from treatment-experienced 
patients, concordance between two independently devel-
oped genotypic tropism assays was comparable to the 
concordance of each assay with a phenotypic method. 

The proportion of X4 viruses detected did not vary sig-
nificantly by assay type. Further comparisons of CE-HDA 
to the Trofile-enhanced sensitivity (ES) phenotypic assay 
are warranted. Clinical outcome studies are needed to 
assess the predictive values of different tropism assays for 
patients treated with CCR5 antagonists.
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Amino acid changes in GP41 of HIV-1 associated 
with coreceptor tropism

E Stawiski, W Huang, J Whitcomb, L Napolitano, 
C Petropoulos and E Coakley

Monogram Biosciences, South San Francisco CA, USA

OBJECTIVES: Much work has focused on amino acid 
changes within the V3 region of the HIV-1 envelope gene 
that influence coreceptor tropism (CRT) usage in the entry 
process. Changes outside of V3 are also known to affect 
CRT including at least one mutation within the GP41 
region. Here we describe additional mutations in gp41 
associated with CRT. 

METHODS: We evaluated available gp41 sequence data 
from commercial samples submitted for CRT testing by 
Trofile™ a CLIA-validated cell-based recombinant virus 
assay. These gp41 sequences being determined for qual-
ity control purposes. We selected subtype B samples (as 
determined by the Hyphy package) that contained a min-
imal spanning sequence starting at the beginning of the 
HR1 region and ending in the intercytoplasmic region of 
GP41. By the standard Trofile™ assay, these samples had 
CRT determined to be R5 (n=3,696), DM (n=2,474) or X4 
(n=283). Samples that contained a mixture at a position 
of interest were excluded. Fisher’s Exact Test was used to 
define amino acid changes (relative to HXB2) which were 
associated with CRT, and P-values were corrected for mul-
tiple testing using the Benjamini–Hochberg method. 

RESULTS: Forty-eight mutations were found to be sig-
nificantly associated with CRT (P-value <0.05). Twenty-
two mutations were associated with CCR5-use (R5) and 
26 were found to be associated with CXCR4-use (DM/
X4). The mutations were found throughout GP41, with 
the majority being on the extracelluar region. Two of these 
mutations, N42D and V38A, are known enfuvirtide resist-
ance mutations and one, A30T, is associated with enhanced 
enfuvirtide sensitivity. The two mutations most strongly 
associated with CXCR4 use were A30T and L34M (odds 
ratios of 11.2 and 5.4, respectively). 

CONCLUSIONS: These findings support previous obser-
vations that that determinants of tropism may lie outside 
of V3. Further studies will be needed to confirm the degree 
to which these GP41 mutations contribute directly to CRT 
determination. 
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Population and clonal tropism phenotyping 
of clinical isolates and comparison with next 
generation sequencing and prediction tools 

K Van Baelen1, E Rondelez1, L Van Wesenbeeck1, 
W Mostmans1, H Van Marck1, V Van Eygen1, 
C Verhofstede2, L Vandekerckhove2, I Vandenbroucke1, 

L Stuyver1 and the Tropism Work Group
1Virco, Mechelen, Belgium 
2Aids Reference Laboratory, Ghent University Hospital, Belgium 

OBJECTIVES: The use of CCR5 antagonists is currently 
limited to patients with R5-tropic HIV only. Several assays 
to measure tropism of clinical samples and algorithms to 
predict tropism have been developed.

METHODS: Plasma from 44 treatment-experienced 
patients with standard Trofile (Monogram) assay results 
was available for viral RNA extraction and gp120 NH2-V4 
amplification. All samples were tested in the Virco pheno-
typic tropism assay, using population and clonal (24 clones/
sample) approaches. The V3-loop was amplified using 
barcoded primers, amplicons were equimolar pooled and 
sequenced on the 454 GS-FLX instrument. Tropism was 
predicted using the WebPSSM algorithm.

RESULTS: Population phenotype results were obtained 
for 56.8% (n=25) and 84.1% (n=37) of samples in the 
Trofile and Virco tropism pheno assay, respectively. Using 
Trofile as a reference, Virco tropism assay showed spe-
cificity 100%, sensitivity 88.9%, PPV 100% and NPV 
60%. Clonal phenotyping was successful on 39 samples, 
resulting in 936 plasmids of which 692 (73.9%) yielded 
infectious virus with the following distribution: R5=627, 
D=58 and X4=7 clones. 454 V3-loop sequencing gener-
ated an average of 13,475 reads/sample. The percentage 
of predicted X4 virus was calculated and compared with 
phenotyping results: (i) 0% predicted X4 (n=18) showed 
up as R5 in population- and clonal-based phenotyping; 
(ii) 0.07–10% predicted X4 (n=10) showed up as R5 in 
population, but an occasional D in clonal phenotyping; 
(iii) >10% predicted X4 (n=14) showed up as R5/D/X4 in 
clonal phenotyping, increasing propensity for D/M in pop-
ulation phenotyping; and (iv) >99% predicted X4 (n=6) 
showed up as phenotypically R5 (n=3) or D/M (n=3). 

CONCLUSION: D/M virus could not be detected using 
the most sensitive methods in 18 plasma samples from 
patients failing HAART. Phenotypic approaches detected 
X4 virus present at 10% or more of the virus population. A 
total of 692 cases of mainly concordant and some discord-
ant datasets (clonal phenotype versus V3 prediction tool) 

became available, which in turn can be used to improve 
the prediction algorithms. Most of the samples failing 
phenotyping approaches could be characterized by deep 
sequencing and V3-loop prediction. Our data indicate that 
454 sequencing combined with improved prediction tools 
could provide a sensitive alternative to phenotyping.
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Evolution of resistance to the HIV integrase 
inhibitor (INI) elvitegravir can involve genotypic 
switching among primary INI resistance patterns

J Waters1, N Margot2, R Hluhanich2, J Svarovskaia1, 
J Harris1, K Borroto-Esoda1, MD Miller2 and 
DJ McColl2

1Gilead Sciences, Inc, Durham, NC, USA 
2Gilead Sciences, Inc, Foster City, CA, USA

BACKGROUND: Elvitegravir (EVG) is a once-daily HIV 
integrase strand transfer inhibitor (INI). The longitudinal 
evolution of INI resistance (INI-R) among virologic fail-
ures (VF) on EVG 125 mg boosted with 100 mg ritonavir 
(EVG/r 125/100) in Study 0105 is described.

METHODS: IN genotyping using population-based 
sequencing techniques was performed at multiple time 
points on the plasma HIV-1 from subjects with VF on 
EVG/r 125/100 (n=38). INI phenotypes (both EVG and 
raltegravir [RAL]) and IN replication capacity (RC) data 
on baseline and post-baseline plasma samples were also 
generated (PhenoSense IN Assay, Monogram Biosciences, 
Inc, South San Francisco, CA, USA). 

RESULTS: All subjects were fully susceptible to EVG and 
RAL at baseline and mean IN RC was 92%. Initial INI-R 
usually involved 1–2 INI-R mutations of which E92Q 
alone was the most common pattern (12/38) and was 
associated with ~40-fold and sixfold reduced susceptibil-
ity to EVG and RAL, respectively. Other initial INI-R pat-
terns included T66I/A, E138K, G140C/S, P145S, S147G, 
Q148R/K and N155H IN mutations. Following the 
appearance of INI-R, viruses evolved along several path-
ways including genotypic switching from one INI-R pat-
tern to another (15/38), addition of other INI-R mutations 
(8/38) or maintenance of the initial INI-R pattern (15/38). 
By confirmed VF, the mean reduction in susceptibility to 
EVG and RAL was >159-fold and >27-fold, respectively; 
mean IN RC had declined to 52%. The most common gen-
otypic switch (8/38) involved initial selection of the E92Q 
IN mutation with a switch to the Q148R/H pathway. 
Evolution towards Q148 mutations was associated with 
emergence of higher levels of resistance (mean fold change 
to EVG and RAL >217-fold and >50-fold, respectively). 
Other genotypic switches included E92Q/G to N155H, 
T66A/I to N155H, Q148R to N155H and from one Q148 
mutation to another.  

CONCLUSIONS: The initial appearance of EVG resist-
ance involved simple INI-R mutation patterns followed 
by further evolution via a variety of pathways including 

genotypic switching, as was also described among VFs on 
RAL. Genotypic switching, such as from E92Q to Q148 
mutations, was associated with the emergence of higher 
levels of phenotypic resistance to both EVG and RAL.
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Assessment of prevalence of minority Q148R 
variants in antiretroviral (ARV)-experienced 
patients and in ARV-naive patients

C Charpentier1,2, C Piketty3, P Tisserand1, 
D Laureillard3, M Karmochkine3, A Si-Mohamed1 

and L Weiss2,3

1Laboratoire de Virologie, Hôpital Européen Georges Pompidou, 
Paris, France 
2Faculté de Médecine Paris Descartes, Paris, France 
3Service d’Immunologie Clinique, Hôpital Européen Georges 
Pompidou, Paris, France

OBJECTIVES: Integrase positions 148, 155 and 143 repre-
sent main determinants in resistance to integrase inhibitors 
(INI), including raltegravir (RAL). Recent data reported 
on the pre-existence of low-abundance INI-resistant vari-
ants in patients initiating a RAL-containing regimen. Here, 
we assessed the prevalence of minority Q148R variants in 
HIV-infected patients with different stages of HIV infection: 
antiretroviral (ARV)-naive and ARV-experienced patients.

METHODS: Two groups of patients were studied: (i) 
40 heavily ARV-experienced patients but naive of RAL 
and (ii) 51 ARV-naive patients. Integrase sequences were 
assessed using a Q148R allele-specific real-time PCR (AS-
PCR) assay. We previously developed and validated this 
assay, able to detect as low as 0.10% of Q148R-mutated 
variants in plasma viral population.

RESULTS: Among the 91 patients included in the study, the 
Q148R AS-PCR assay was successful in 74 samples (82%). 
Most of the samples which failed to be amplified were HIV 
non-B subtypes, exhibiting primers and/or probe nucle-
otides mismatches. In ARV-experienced patients, minority 
Q148R variants were frequently detected, found in 26/32 
samples (81%), at low-level frequency, representing in 
median 0.40% of total sequences (range: 0.15–0.92%). Of 
note, 24 (92%) out of the 26 patients exhibiting Q148R 
minority variants at baseline, were virological respond-
ers to RAL-based treatment, reaching undetectable HIV-1 
RNA loads. The two remaining patients displayed viro-
logical failure under RAL-based treatment, beginning RAL 
resistance development with the Q148R pathway. In ARV-
naive patients, Q148R minority variants were detected in 
36/42 samples (86%) at low-level frequency of 0.46% in 
median (range: 0.13–1.98%). Interestingly, using K103N 
AS-PCR assay, we found in the same population of ARV-
naive patients a prevalence of minority K103N variants of 
26% (12/47 patients) with a median low-level frequency 
of 0.21% (range: 0.11–1.10%) and of 0.18% (range: 
0.11–0.27%) for AAC and AAT changes, respectively.

CONCLUSIONS: Our findings showed that the high 
prevalence of minority Q148R variants found in ARV-
experienced patients is not the consequence from a history 
of long-term reverse transcriptase inhibitors-containing 
therapies, since similar data were found in ARV-naive 
patients. Overall, although the presence of these minor-
ity variants was frequent, it was not consistently associ-
ated with viral rebound; their impact on long-term viral 
suppression needs to be further investigated.
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Effect of mutations at codon 69 of HIV-1 reverse 
transcriptase on susceptibility to apricitabine and 
other nucleoside reverse transcriptase inhibitors

J Southby1, K Limoli2, J Goss2 and S Cox1

1Avexa Ltd, Melbourne, Victoria, Australia 
2Monogram Biosciences, South San Francisco, CA, USA

BACKGROUND: Apricitabine (ATC) is a novel deoxy-
cytidine analogue nucleoside reverse transcriptase inhib-
itor (NRTI) with activity in the presence of HIV-1 reverse 
transcriptase (RT) mutations that confer resistance to other 
NRTIs, including M184V, thymidine analogue mutations 
and nucleoside-associated mutations such as L74V. This 
study evaluated the effect of a variety of mutations at codon 
69 of the HIV RT, also associated with resistance to the 
NRTI class, on susceptibility to ATC and other NRTIs.

METHODS: The Monogram Biosciences PhenoSense 
assay was used to assess the effect of ATC, abacavir, dida-
nosine, emtricitabine, lamivudine, tenofovir and zidovu-
dine on 26 HIV isolates with RT mutations at codon 69.

RESULTS: HIV isolates with the single substitutions T69D, 
T69N or T69S showed only low fold changes in IC50 for 
ATC, in the range 0.79–1.63. In contrast, the rare T69K 
substitution greatly reduced susceptibility to ATC (>53.64 
fold change in IC50) and to all other NRTIs tested. Low 
fold changes in IC50 were observed for ATC for HIV iso-
lates with the insertions T69TN, T69TT or T69SN (1.22–
3.82) and for the two isolates with a deletion at codon 
69 (1.65, 3.15). HIV isolates with the triplets T69SVG, 
T69SSG, T69SSA, T69SVT, T69AEG or T69ASA showed 
higher fold changes in susceptibility to ATC (≥4.35), 
while isolates containing T69SST or T69SSS also showed 
reduced susceptibility to ATC, but to a lesser degree (2.26 
and 3.00, respectively). The fold changes in susceptibility 
to ATC for the various mutations at position 69 were gen-
erally lower than those for abacavir, emtricitabine, lamivu-
dine and zidovudine. Most of the isolates with mutations 
at position 69 resulted in fold changes above the clinical 
cutoff for the marketed drugs tested.

CONCLUSIONS: Mutations at position 69 of the HIV 
RT affected susceptibility to ATC to varying degrees, with 
single substitutions, doublets and deletions at position 69 
generally resulting in low fold changes in susceptibility to 
ATC, while isolates with triplets at position 69 generally 
showed greater reductions in ATC susceptibility. With the 
exception of tenofovir and didanosine, the fold changes in 
susceptibility to ATC of the mutations at position 69 were 
generally lower than for the other NRTIs tested.
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C-terminal reverse transcriptase mutations N348I 
and T369I reduce etravirine susceptibility, but only 
in the presence of additional NNRTI mutations

S Gupta, S Fransen, A Frantzell, E Coakley, 
E Stawiski, CJ Petropoulos, W Huang

Monogram Biosciences, South San Francisco, CA USA

BACKGROUND: Mutations N348I and T369I in the 
C-terminus of RT reduce susceptibility to efavirenz, nevar-
ipine and delavirdine in the presence of NNRTI mutations. 
However, the effects of mutations in this region of RT on 
second generation NNRTIs, such as etravirine (ETR), are 
not well established. 

METHODS: RH/IN resistance test vectors (RTVs) con-
taining the C-terminus of RT (beginning at codon 317 and 
including the RNaseH domain) and Integrase from 136 
patient viruses were evaluated for ETR susceptibility. Site-
directed mutants (SDMs) were constructed to confirm the 
effects of 3′ RT mutations on ETR susceptibility.

RESULTS: ETR susceptibility in 135 of 136 RH/IN RTVs 
were similar to the NL4-3 reference RTV (IC50 fold-change 
[FC] <2.9). In a subset of 69 patients with matching PR/RT 
data, 39 patients contained viruses with well-recognized 
NNRTI resistance mutations. Twelve of the 69 patient 
viruses also contained C-terminal RT mutations at position 
348 or 369. One RH/IN RTV from a treatment-experienced 
patient, containing N348I, demonstrated reduced ETR sus-
ceptibility (FC=3.4). Together, these data suggest that the 
C-terminal region of RT has little impact on ETR suscep-
tibility. Additionally, single site directed mutants N348I, 
T369I and the double mutant N348I/T369I did not affect 
ETR susceptibility in the absence of NNRTI mutations 
(FC 1.5, 1.4 and 1.7, respectively). Separately, N348I or 
T369I, in combination with K103N, G190A or G190S also 
did not reduce ETR susceptibility, whereas double mutant 
N348I/T369I reduced ETR susceptibility when present in 
combination with K103N or L100I (FC=3.5 and 10.9, 
respectively) but not with G190A or G190S (FC=1.9 and 
2.5, respectively). While the combination of T369I plus 
L100I did not reduce ETR susceptibility (FC=1.8), N348I 
plus L100I produced a subtle reduction (FC=2.9). Lastly, 
the addition of N348I, T369I or N348I/T369I to Y181C 
further reduced ETR susceptibility (FC=8, 12 and 50, 
respectively) compared with Y181C alone (FC=5).

CONCLUSIONS: In conclusion, C-terminal RT muta-
tions N348I and T369I reduced ETR susceptibility only in 
combination with well-characterized NNRTI mutations, 
such as K103N, L100I and Y181C. Thus, C-terminal RT 

mutations likely act as enhancing mutations for ETR, but 
have minimal impact when present in isolation. 
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In vitro resistance profile of TMC278, a next-
generation NNRTI; evidence of a higher genetic 
barrier and a more robust resistance profile than 
first generation NNRTIs 

LT Rimsky1, H Azijn1, I Tirry1, J Vingerhoets1, 
R Mersch1, G Kraus1, M-P de Béthune1 and G Picchio2 

1Tibotec, BVBA, Mechelen, Belgium 
2Tibotec, Inc. Yardley, PA, USA

BACKGROUND: TMC278 (rilpivirine), is a next-
 generation NNRTI currently in Phase III clinical develop-
ment. TMC278 is active, in vitro, against wild-type and 
NNRTI-resistant HIV-1 isolates. The in vitro resistance 
profile of TMC278 was investigated and compared to that 
of efavirenz, etravirine and nevirapine.

METHODS: Resistant viruses were selected through 
in vitro passage in MT4 cells infected with wild-type HIV-1 
or strains harboring mutations associated with resistance 
to HIV-1 reverse transcriptase inhibitors. Emerging viruses 
were phenotyped and genotyped. HIV-1 site-directed 
mutants (SDMs) and recombinant clinical isolates were gen-
erated. Phenotypic susceptibility was determined using the 
current Antivirogram-specific biological cutoffs of 3.3 for 
efavirenz, 3.2 for etravirine and 6.0 for nevirapine. A pre-
liminary biological cutoff of 3.7 was used for TMC278. 

RESULTS: No viral breakthrough was observed in the 
presence of TMC278 at concentrations where, in com-
parable experimental settings, efavirenz and nevirapine 
could not suppress viral replication. NNRTI resistance-
associated mutations emerging through in vitro passage 
included L100I, K101E, V106I, Y181I, Y181C and/or 
M230I. Furthermore, 22 single, 15 double and 10 tri-
ple HIV-1 SDMs containing the most common NNRTI 
 resistance-associated-mutations were studied. From these, 
80% (12/15) of the single, 40% (6/15) of the double and 
0% of the triple HIV-1 SDMs resistant to efavirenz or 
nevirapine retained sensitivity to TMC278. All the HIV-1 
SDMs, sensitive to efavirenz or nevirapine, were also sen-
sitive to TMC278 and etravirine. Those with the K101P, 
Y181I or Y181V mutation had decreased sensitivity to 
both TMC278 and etravirine (fold change in EC

50 value 
[FC] of 46.5, 14.3 and 12.6 for TMC278 and of 5.6, 11.5 
and 17.4 for etravirine, respectively). The HIV-1 SDMs car-
rying one of the two most prevalent NNRTI resistance-asso-
ciated mutations, that is,  K103N and Y181C, retained full 
sensitivity to TMC278 (FC of 0.8 and 2.6, respectively). 
No differences in TMC278 antiviral activity or in the rate 
of selection of TMC278-resistant strains were observed 
among HIV-1 group M subtypes.

CONCLUSIONS: These in vitro results suggest that 
TMC278 is a potent next-generation NNRTI, with a 
higher in vitro genetic barrier and a more robust resistance 
profile than first-generation NNRTIs.
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Novel NNRTIs more active on K103N+Y181C 
mutants than on wild-type HIV-1

D Jochmans1, E Arnoult2, C Mordant2, R Lépine2, 
M Van Ginderen1, B Van Schoubroeck1, C Masungi1, 
S Hallenberger1, K Hertogs1 and J Guillemont2 
1Tibotec BVBA, Mechelen, Belgium 
2Janssen-Cilag - Tibotec France, Val de Reuil, France

BACKGROUND: First generation NNRTIs are used 
extensively in the clinic, selection of resistance and cross-
resistance within the class being their major drawback. 
The most common mutations associated with decreased 
NNRTI susceptibility are K103N and Y181C. We dis-
covered two novel NNRTIs with a unique profile, show-
ing significantly increased activity on viruses carrying 
K103N and/or Y181C as compared with wild-type 
HIV-1 IIIB.

METHODS: Methods include standard reverse tran-
scriptase (RT) assay, time-of-addition (TOA) studies, 
antiviral testing, genotyping, construction of site-directed-
mutant (SDM) strains and in vitro resistant virus selection 
(IVS).

RESULTS: PIRIMID-1 was discovered by screening chemi-
cal libraries for activity against wild-type HIV-1. The anti-
viral activity (EC50=2 µM, SI=40) and mechanism of action 
studies (TOA, RT assay) indicated inhibition of the RT 
step of the replication cycle. To our surprise, the suscepti-
bility for PIRIMID-1 increased >10× on viruses containing 
mutations K103N, Y181C or the combination of both. 
IVS starting from wild-type and mutated HIV-1 (Y181C 
or K103N+Y181C) showed the selection of mutations at 
other positions previously associated with NNRTI resist-
ance (106, 227 and 188). Further studies using SDM and 
recombinant clinical isolates confirmed that mutations 
at these positions significantly decreased susceptibility of 
PIRIMID-1.

AROPY-1 was synthesized during lead-optimization in 
the DAPY series and has structural similarity with the 
left-wing of rilpivirine. It lacked any activity on wild-type 
HIV-1 and K103N+Y181C mutants (EC50>10 µM), but it 
showed strong inhibition of a multidrug-resistant HIV-1 
strain containing mutations L100I, K103N, E138G, 
V179I and Y181C (EC50=0.013 µM, SI=1,900). A TOA 
study with this strain demonstrated inhibition of the RT 
step. IVS revealed the reversion of the Y181C and E138G 
mutations to wild type. Additional susceptibility studies 
indicated similarly that L100I or E138G were essential for 
AROPY-1 antiviral activity.

CONCLUSIONS: Our continued effort to find new 
NNRTIs revealed two unique molecules. Although their 
activity on wild-type HIV-1 is limited and precludes clini-
cal usefulness, both show a significantly increased activity 
on viruses containing K103N and/or Y181C. This changes 
the paradigm that K103N and Y181C are always asso-
ciated with NNRTI resistance. Further structural studies 
may reveal novel insights to improve the NNRTI class of 
HIV inhibitors.
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Minority drug resistance mutations associated 
with the NNRTI mutation K103N in ARV-naive 
and NNRTI-treated HIV-1-infected patients

V Varghese1, R Shahriar1, S-Y Rhee1, BB Simen2, 
M Egholm2, B Gharizadeh3, F Babrzadeh3, 
WJ Fessel4 and RW Shafer1

1Division of Infectious Diseases, Department of Medicine, 
Stanford University, Stanford, CA, USA 
2454 Life Sciences, a Roche Company, Branford, CT, USA 
3Stanford Genome Technology Center, Stanford University, 
Stanford, CA, USA 
4Kaiser-Permanente Medical Care Program-Northern California, 
San Francisco, CA, USA

BACKGROUND: K103N is one of the most common 
NNRTI resistance mutations detected by standard geno-
typic resistance testing (SGRT) in treatment-naive patients 
with transmitted NNRTI resistance and in treated patients 
failing an NNRTI. Because the new NNRTI etravirine is 
fully active against viruses with K103N, it is important 
to know how often NNRTI resistance mutations other 
than K103N occur as minority variants in samples from 
patients for which SGRT contains K103N alone. 

METHODS: We examined the standard genotypes and 
treatment histories of HIV-1 patients undergoing SGRT 
at Stanford Hospital between 1998 and 2007. Among 
previously untreated patients, we identified 13 plasma 
samples for which SGRT contained K103N but no other 
drug resistance mutations and a plasma HIV-1 RNA level 
>4.5 log copies/ml. Among patients developing virologi-
cal failure while receiving nevirapine and efavirenz, we 
identified 24 samples for which SGRT contained K103N, 
but no other NNRTI-resistance mutations and a plasma 
HIV-1 RNA level >4.5 log copies/ml. We performed ultra-
deep pyrosequencing (UDPS; 454 Life Sciences a Roche 
Company, FLX technology) of these 37 plasma samples 
using amplicons encompassing protease and the first 240 
RT residues. The presence of ≥100 cDNA templates was 
confirmed by limiting dilution analysis for all samples 

RESULTS: Among the 13 previously untreated patients 
in whom SGRT revealed K103N, 6 had ≥1 RTI mutation 
including 1 with the polymorphic ETR mutation V90I 
(1.4%). Among the 24 NNRTI-treated patients, 15 had 
≥1 RTI mutation including 7 with non-polymorphic ETR 
mutations at the following percentages: Y181C (7), Y181C 
(3.5) + G190A (3.2), L100I (13.9), L100I (31.6) + 190A 
(5.4), K101E (3.8) + G190A (4.9), K101E (4.0) + G190S 
(4.8) and G190S (3.1). The polymorphic mutation V90I 
was found in three samples (1.9%, 8.2% and 10.2%).

CONCLUSION: Among patients failing an NNRTI in 
whom K103N alone is detectable by SGRT, UDPS is likely 
to detect multiple additional ETR resistance mutations 
suggesting that ETR is not likely to be highly active in this 
population. In contrast, among patients with transmitted 
NNRTI resistance in whom K103N alone is detectable by 
SGRT, ETR is likely to be effective. 
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Structure–activity–resistance relationships of 
6-modified 3′-azido-2′,3′-dideoxyguanosine 
nucleotides as inhibitors of HIV-1 reverse 
transcriptase

BD Herman1, A Obikhod2, M Detorio2, H-W Zhang2, 
J Nettles2, SJ Coats3, RF Schinazi2, JW Mellors1 and 
N Sluis-Cremer1

1University of Pittsburgh, Division of Infectious Diseases, 
Pittsburgh, PA, USA 
2Emory University, VAMC, Atlanta, GA, USA 
3RFS Pharma, LLC, Tucker, GA, USA

BACKGROUND: Recently, we demonstrated that β-d-3′-
azido-dideoxyguanosine (AZG) is a potent and selective 
inhibitor of HIV-1 with a superior resistance profile to 
AZT. This discovery led to the synthesis of a series of novel 
6-modified AZG analogs to identify more potent inhibi-
tors. Five analogs were identified with potent anti-HIV-1 
activity in primary human lymphocytes. In the current 
study, we define the structure–activity–resistance relation-
ships of the 5′-triphosphate forms of these analogs against 
recombinant purified HIV-1 reverse transcriptase (RT). 

METHODS: 6-Cl- (RS-6415-TP), 6-amino- (RS-667-TP), 
6-N-(3-propyl-1-ene)- (RS-527-TP), 6-dimethylamine- 
(RS-513-TP), and 6-methoxy- (RS-506-TP) 3′-azido-2′,3′-
dideoxypurine nucleotides were synthesized using stand-
ard approaches. Their activity against wild-type (WT), 
K65R, L74V, M184V, A62V/V75I/F77L/F116Y/Q151M 
(Q151M), D67N/K70R/T215F/K219Q (AZT67) and 
M41L/L210W/T215Y (AZT41) HIV-1 RT was assessed 
in appropriate biochemical assays. Molecular modeling 
was also performed using a published crystal ternary com-
plex of HIV-RT (1RTD) and a novel model of the catalytic 
complex to gain insight into the biochemical findings.

RESULTS: Surprisingly, all of the 6-modified AZG tri-
phosphate analogs were recognized by WT and mutant 
HIV-1 RT as adenosine nucleotide analogs and were 
incorporated opposite thymine in the DNA template. In 
comparison with β-d-3′-azido-dideoxyadenosine triphos-
phate (IC50=0.16 µM), RS-667-TP (IC50=0.73 µM) and 
RS-6415-TP (IC50=2.91 µM) were the most potent nucle-
otides in the series. The activity of the 6-modified AZG 
analogs varied considerably against RTs containing the 
K65R, L74V or Q151M mutations. Notably, RS-667-TP 
was the most active of the analogs against each of these 
enzymes, with fold-resistance values of 1.6, 2.1 and 3.0, 
respectively. Compared with AZT, the 6-modified AZG 
analogs were not efficiently excised by TAM41 or TAM67 
HIV-1 RT. 

CONCLUSIONS: 6-Modified-AZG nucleotides are 
recognized and incorporated by HIV-1 RT as adenosine 
analogs. Some of these novel analogs, in particular the 
6-amino derivative (RS-667-TP), exhibit potent activity 
against WT and NRTI-resistant RT. These findings further 
support the key role of base structure in activity-resistance 
profiles of nucleotide analogs. 
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Tenothiovir and adethiovir: acyclic 
thiophosphonates overcoming HIV drug resistance

S Priet1, K Barral1, N Payrot1, C Weck1, A Frangeul1, 
J Neyts2, J Balzarini2, J-L Romette1, B Canard1, and 
K Alvarez1

1Laboratory AFMB, Team : Viral Replicases (Structure, 
Mechanism and Drug-Design), University of Marseille-Luminy,  
MARSEILLE, France 
2Rega Institute for Medical Research, Katholieke Universiteit 
Leuven, Belgium

The human immunodeficiency virus (type 1 and 2) and 
the hepatitis B virus (HBV) infect more than 40 million 
and 350 million people in the world, respectively. The 
reverse transcriptase (RT) of these viruses is essential for 
replication and thus remains a target of choice in current 
antiviral therapies. Nucleosidic RT inhibitors (NRTIs) 
exhibit a potent clinical efficacy and are a key component 
of therapeutic regimens. Among NRTIs, the acyclic phos-
phonate analogs Adefovir (PMEA) and Tenofovir (PMPA) 
are currently delivered to patients under a prodrug form 
(HEPSERA and VIREAD, Gilead) against HBV and 
HIV, respectively. Unfortunately, tenofovir resistance 
occurs through either the selection of its own character-
istic mutation (K65R) or when AZT-resistance mutations 
are already present. These two sets of mutations promote 
resistance by two distinct mechanisms, the discrimination 
of the analog relative to the natural nucleotide, and the 
excision of the analog once incorporated, respectively. 
Thus, there is an urgent need of novel antivirals active 
against resistant strains. In an effort to reach this goal, we 
have recently designed and synthesized using an original 
method thiophosphonate analogs of adefovir and teno-
fovir, referred here as adethiovir and tenothiovir (patent 
PCT/IB2007/004233). Our compounds are non-cytotoxic 
and display antiviral properties against wild-type HIV-1, 
HIV-2 and HBV in cells as good as adefovir and tenofo-
vir. The corresponding diphosphates (adethiovir-DP and 
tenothiovir-DP), presumably the active form against the 
RT, have also been synthesized and are shown to inhibit 
efficiently WT RT in in vitro assays. Interestingly, the 
K65R mutation has no effect on the incorporation into 
DNA of Tenothiovir-DP by HIV, indicating that the thio-
phosphonate modification suppresses the mechanism of 
resistance by discrimination conferred by the K65R muta-
tion. A great impact of the thiophosphonate modification 
on excision was also observed using AZT-resistant RT in 
enzymatic assays. Adethiovir and Tenothiovir lead up to 
a 30-fold decrease of the initial rate of analog excision by 
several AZT-resistant RTs, indicating that the modification 
is also able to severely impair excision-mediated resistance. 

In addition, the decreased rate of excision of our analog 
was not affected by the next correct nucleotide, suggesting 
that the dead end complex formation was not influenced 
by thiophosphonates. The effect of thiophosphonates on 
AZT-resistant viruses in infected cell cultures is currently 
under investigation.
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The resistance pathway of a novel protease inhibitor 
in subtype B and CRF01_AE. An in vitro study

EL Asahchop1, B Brenner1, J Martinez-Cajas1, 
M Oliveira1, T Toni1, M Ntemgwa1, D Moisi1, 
B Spira1, C Tremblay2 and 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: The lysine sulfonamide PL-100 is a 
novel protease inhibitor (PI) developed based on structural 
data from clade B protease. This compound seems to have 
a high genetic barrier to resistance in subtype B. The aim 
of this study was to explore the resistance profiles in HIV-1 
subtype B and a non-B (CRF01_AE) isolates under drug-
selective pressure.

METHODS: Three CRF01_AE and two subtype B clini-
cal isolates were serially passaged with increasing selective 
drug pressure of PL-100 and amprenavir (APV) in MT-2 
cells. Genotypic analysis was performed at baseline and 
at passage 16 –66. Phenotypic resistance was tested for 
PL-100, APV, nelfinavir (NFV), lopinavir (LPV) and ata-
zanavir (ATV) in the CRF01_AE that selected for novel 
mutations. To confirm the significance of these novel muta-
tions, our HIV-1 database was queried for the prevalence 
of K55R and I85V in PI-experienced (n=934) and PI-naive 
(n=735) patients. A χ2 test was used to compare frequencies 
and to determine significant differences.

RESULTS: There was no significant difference in the pat-
tern of mutations selected in both subtypes. We identified 
two pathways through which PL-100 selects for resistance 
mutations: the M46I/L and the L10I pathways. PL-100 
preferentially selected for the L10I, N37S/D, K45I/K, 
M46L, I54M, L76F, I62V, V82A and L90M mutations. By 
contrast, APV selected for L10F, M46L, I62V and V82A. 
However, in one CRF01_AE isolate, the mutations L10I, 
K55R, I85V and Q92H were observed at passage 17. This 
isolate displayed a fold change of 8.5, 6.82 and 3.34 for 
ATV, APV and PL-100, respectively, and was susceptible 
to LPV and NFV. To further confirm its clinical relevance, 
the prevalence of I85V in PI-treated and PI-naive patients 
was 7.82% and 1.22% (χ2=15.82; P<0.0001), while the 
coexpression of I85V and K55R was 1.8% and 0.00% 
(χ2 =5.59; P=0.018), respectively.

CONCLUSION: PL-100 selects both minor and major PI 
resistance mutations in subtype B and CRF01_AE. The 
CRF01_AE isolate with the K55R and I85V mutations 

showed significant decrease susceptibility to PIs. PL-100 
seems to have the potential for cross resistance with other 
PIs. Further studies are required to confirm these pathways.
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Confirmation of the negative impact of protease 
mutations I47V, I54M, T74P and I84V and the 
positive impact of protease mutation V82A on 
virological response to darunavir/ritonavir 

S De Meyer1, D Descamps2, B Van Baelen1, 
E Lathouwers1, A Cheret3, A-G Marcelin4, V Calvez4 
and G Picchio5

1Tibotec BVBA, Mechelen, Belgium 
2Groupe hospitalier Bichat-Claude Bernard and Université Denis 
Diderot-Paris 7, Paris, France 
3Tibotec, une Division de Janssen-Cilag, Issy les Moulineaux, France 
4Groupe hospitalier Pitié-Salpêtrière and UPMC Univ 06 UMR_S 
943, Paris, France 
5Tibotec Inc, Yardley, PA, USA

BACKGROUND: Analyses in treatment-experienced 
patients receiving the protease inhibitor darunavir plus 
low-dose ritonavir (DRV/r) in the POWER 1, 2 and 3 
and DUET 1 and 2 (n=1,060) studies showed a dimin-
ished response when ≥3 of 11 DRV resistance-associated 
mutations (RAMs; V11I, V32I, L33F, I47V, I50V, I54L/M, 
T74P, L76V, I84V and L89V) were present at baseline. 
Using a different dataset (n=153), Descamps et al. iden-
tified eight mutations (K14R, K20I, E34Q, I47V, I54M, 
K55R, T74P and I84V) and two mutations (E35D and 
V82A) having a negative and positive impact on virologi-
cal response, respectively. In the present analysis, the com-
bined POWER/DUET dataset was used to evaluate the 
significance of these DRV/r resistance mutations identified 
by Descamps et al.

METHODS: The effect of the presence or absence of pro-
tease mutations on DRV FC and on virological response 
was studied using the POWER/DUET dataset. Genotypes 
and phenotypes (Antivirogram) were determined by Virco. 
Virological response was assessed as change in viral load 
(non-completer = failure analysis) from baseline and pro-
portion of patients achieving viral load <50 copies/ml 
(time-to-loss-of-virologic-response analysis), censoring dis-
continuations for reasons other than virological failure.

RESULTS: Four of the mutations identified by Descamps 
et al. (I47V, I54M, T74P and I84V) were already described 
as DRV RAMs using the POWER/DUET dataset. The sig-
nificance of the other six mutations (K14R, K20I, E34Q, 
K55R, E35D and V82A) was studied in an ANOVA model 
on change in viral load including the 11 individual DRV 
RAMs. V82A was significantly and positively associated 
with virological response to DRV/r, but K14R, K20I, 
E34Q, K55R and E35D were not associated with viro-
logical response to DRV/r. V82A was present in 39.1% 

(414/1,060) baseline isolates. In patients who did not use/
reuse enfuvirtide, the virological response (<50 copies/ml) 
at week 24 was 46.4% (141/304) versus 33.2% (142/428), 
respectively, for patients with or without V82A at base-
line (P<0.001). The median DRV FC was 3.7 versus 6.2, 
respectively, for patients with or without V82A. 

CONCLUSION: The negative impact of protease mutations 
I47V, I54M, T74P and I84V, and the positive impact of 
protease mutation V82A on virological response to DRV/r 
was confirmed in two independent datasets.
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High prevalence of bevirimat resistance mutations 
in non-B subtypes and in PI-resistant HIV isolates 

J Verheyen1, C Verhofstede2, E Knops1, 
L Vandekerckhove2, A Fun3, D Brunen3, K Dauwe2, 
A Wensing3, H Pfister1, R Kaiser1 and M Nijhuis3  
1Institute of Virology, University of Cologne, Cologne, Germany 
2Aids Reference Laboratory, Ghent University, Ghent, Belgium 
3Department of Medical Microbiology, University Medical Center 
Utrecht, Utrecht, the Netherlands

BACKGROUND: Bevirimat is the first drug in the new 
class of maturation inhibitors that hampers the process-
ing of gag CA/p2 precursor protein. Mutations in the bev-
irimat target region conferring phenotypic resistance have 
been identified after in vitro selection experiments (aa 
358/363/364/366). Furthermore, mutations in the QVT-
motif (aa 369–371), associated with reduced bevirimat 
activity, have been observed as baseline polymorphism in 
several clinical isolates. The objective of this study was to 
assess the prevalence of bevirimat resistance mutations in 
isolates from treatment-naive and PI-experienced patients. 

METHODS: Of 644 HIV isolates collected at three different 
sites in Europe, the bevirimat target region comprising gag 
aa 357–382 was sequenced. Isolates from treatment-naive 
(B: n=270; non-B: n=167) and PI-experienced patients 
harbouring resistance mutations in the viral protease (B: 
n=166; non-B: n=41), were selected.

RESULTS: In the 208 non-B isolates, no association 
between the prevalence of bevirimat resistance mutations 
and PI treatment-experience was observed. Still 60% har-
boured at least one mutation associated with bevirimat 
resistance. This was largely explained by the presence of 
V370A, which is a consensus amino acid on this codon in 
many non-B subtypes. Of the 270 treatment-naive patients 
infected with HIV-1 subtype B, approximately 30% har-
boured HIV with at least one mutation associated with 
a reduced susceptibility to bevirimat (H358Y, L363M, 
Q369H, V370A/M/del and T371del). In the 166 isolates 
with genotypic PI-resistance from pre-treated individuals, 
bevirimat associated mutations were significantly more 
prevalent (45%). Accumulation of mutations at four spe-
cific positions, S368C, Q369H, V370A and S373P, were 
observed. Furthermore, a significant association between 
the number of resistance mutations in the viral protease 
and the presence of bevirimat mutations was observed. 

CONCLUSIONS: Mutations conferring resistance to 
bevirimat were observed in approximately one third of 
treatment-naive subtype-B HIV isolates and in 60% of 

treatment-naive non-B isolates. Interestingly, an accumu-
lation of bevirimat resistance mutations was observed in 
subtype B isolates with resistance mutations in the viral 
protease. These data emphasize the importance of screen-
ing for gag mutations before administration of bevirimat. 
Reduced activity of the drug may be expected in patients 
infected with non-B isolates and in patients who have been 
exposed to protease inhibitors. 
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Resistance mutations in the viral protease alter 
bevirimat resistance patterns in vitro

A Fun, NM van Maarseveen, REM Maas and 
M Nijhuis

Department of Medical Microbiology, University Medical Center 
Utrecht, Utrecht, The Netherlands

BACKGROUND: Bevirimat is the first maturation inhibi-
tor in clinical trials. It inhibits HIV-1 replication by block-
ing viral protease-mediated cleavage of capsid/p2 (CA/
p2). In vitro bevirimat resistance mutations were selected 
in the CA/p2 CS (aa 358, 363, 364 and 366). In vivo 
studies revealed that naturally occurring polymorphisms 
in the QVT-motif (aa 369–371) just downstream of the 
CA/p2 CS, also impair bevirimat activity. Because of the 
functional interaction between the viral protease and the 
bevirimat target region, we investigated the impact of pro-
tease inhibitor (PI) resistance mutations on the selection of 
bevirimat resistance.

METHODS: We selected a panel of eight recombinant 
viruses containing PI resistance mutations in the viral 
protease and/or gag CS and displaying a broad range of 
replicative capacities (RC). Multiple in vitro selections 
were performed in which viruses were cultured in SupT1 
cells in the presence of increasing bevirimat concentra-
tions. After five passages, complete gag and protease 
were sequenced.

RESULTS: The rate of bevirimat resistance development 
appeared not to be affected by either the presence of PI 
resistance mutations or differences in viral RC. However, 
a difference was observed in the mutations selected when 
comparing wild-type (HXB2) and gag CS variants with 
viruses harbouring PI-resistant proteases. Whereas both 
wild-type and gag CS variants almost exclusively selected 
for resistance mutations in the CA/p2 CS (A364V), the 
mutational pattern in viruses with PI-resistant proteases 
was far more diverse. Particularly, mutations in the QVT-
motif were significantly more selected in viruses with pro-
tease mutations. Until now, these mutations have only 
been described as naturally occurring polymorphisms. 
This study clearly demonstrates that QVT substitutions 
can also become selected under bevirimat pressure, espe-
cially in the presence of PI-resistant proteases. 

CONCLUSIONS: This study shows that the rate of selec-
tion of bevirimat resistance is unaffected by PI resistance 
mutations. However, PI mutations in the viral protease 
shift the bevirimat resistance pathway towards selection of 
mutations in the QVT-motif. These data suggest a strong 

interaction between HIV protease and the gag QVT-motif, 
affecting bevirimat susceptibility.

10_Resistance to new ARVs.indd   149 20/5/09   10:55:10



Fort Myers, FL, USA, 9–13 June 2009

Programme & AbstractsA150

ABSTRACT 129
Antiviral Therapy 2009; 14 Suppl 1:A150

Evolution of coreceptor tropism and V3 loop 
resistance mutations in the blood cellular 
reservoir after introduction of maraviroc

L Morand-Joubert1, P Flandre2, C Soulié3, 
C Charpentier4, D Desbois5, A Ruffault6, 
AG Marcelin3, B Masquelier7, V Calvez3 and the 
ANRS AC11 Resistance Study Group
1CHU St Antoine, Paris, France  
2INSERM U720, Paris, France  
3CHU Pitié-Salpêtrière, Paris, France 
4CHU HEGP Paris, France  
5CHU Paul Brousse, Paris, France  
6CHU Rennes, France  
7CHU de Bordeaux and EA 2968, Université Victor Segalen, 
Bordeaux, France 

OBJECTIVES: HIV-1 coreceptor usage plays a critical 
role for therapeutic use of inhibitors of CCR5 corecep-
tors. Characterization of coreceptor usage by phenotype 
or V3 genotype is usually performed on plasma samples. 
Before the initiation of maraviroc, we have shown a higher 
sensitivity for recognizing X4 viruses by genotypic assay 
performed in PBMC. However, little is known about the 
evolution of coreceptor nature and of V3 loop resist-
ance mutations in the blood cellular compartment under 
treatment pressure of maraviroc.

METHODS: In this study, total peripheral blood mono-
nuclear cells (PBMC) samples from treatment-experienced 
patients were obtained at baseline and after the initiation 
of the maraviroc in expanded access programme. V3 env 
sequences were amplified from HIV-1 DNA of PBMC. The 
V3 sequences generated were interpreted according to two 
different genotypic predictors (PSSMsinsi and Geno2pheno 
with specificity of 5% and 10%) and analysed for pres-
ence of primary resistance to anti-CCR5 inhibitors. The 
virological response (VR) was defined as plasma viral load 
<50 c/ml at M6

RESULTS: PBMC results were available for 25 patients at 
baseline and at 6 months (M6). At baseline, the prevalence 
of X4 viruses was 8–16% according to genotypic tools. At 
M6, tropism switches were observed in 4–12% according 
to genotypic tools (1 from X4 to R5 [PSSM], 2 from X4 to 
R5 [geno2pheno 5%], 2 from X4 to R5 and 1 from R5 to 
X4 [geno2pheno 10%]). VR was obtained in all patients 
(3/3) with X4 viruses and in 80% (16/20) with R5 viruses 
detected from PBMC samples. At baseline, the presence 
of G11S+I26V was observed in 7% of patients. The oth-
ers combinations of mutations associated with resist-
ance to anti-CCR5 inhibitors (S18G+A22T; A19S+I26V; 

I20F+A25D+I26V; I20F+Y21I or Y21T+G28V) were not 
detected. No change of V3 loop resistance mutations was 
observed after 6 months of maraviroc.

CONCLUSION: In this limited dataset, the evolution of 
coreceptor nature and of V3 loop resistance mutations 
in the blood cellular compartment under treatment pres-
sure of maraviroc was uncommon. The presence of X4 
viruses in PBMC does not seem to influence the virological 
response to maraviroc.
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Dynamics of accumulation of drug resistance 
mutations in the absence of virological 
monitoring in HIV-1-infected Zambian children 
using adult Triomune (fixed-dose combination 
d4T, 3TC and NVP)

RK Gupta1, D Ford2, D Kabamba3, V Mulenga3, 
M Kalumbi3, C Kalengo3, R Chileshe3, P Grant4, 
S Kirk4, J Mbasa5, M Thomason2, A Ferrier2, 
C Chintu3, DM Gibb2, D Pillay5 and AS Walker2

1University College London, London, UK 
2Medical Research Council Clinical Trials Unit, London, UK 
3University Teaching Hospital, Lusaka, Zambia 
4University College Hospital, London, UK 
5Health Protection Agency, London, UK

Background: There are few medium-term virologi-
cal response or resistance data in children from resource-
limited settings taking adult fixed-dose combination arT 
viral in the absence of load monitoring. 

MeThods: chaP2 is a prospective cohort of Zambian 
children using d4T/3Tc/nVP adult Triomune30. Viral 
load (VL) was measured retrospectively. sequential retro-
spective genotypic testing was undertaken for samples with 
VL>1,000 copies/ml and extensive resistance (>2 major 
Ias–usa nrTI mutations plus ≥1 nnrTI mutation at 
the most recent time point). This was continued until a 
sample was reached with predictable single/double muta-
tions. The rate of accumulation of TaMs in this group was 
calculated. correlates of resistance in virologically failing 
patients (n=26) were examined by assigning genotypic sus-
ceptibility scores based on resistance profiles at 24 months. 
Mean change in cd4+ T-cell counts to 24 months was then 
compared by gss (on-treatment) groups.

resuLTs: In total, 103 children started Triomune30 with 
follow-up >6 months. Median age at arT initiation was 
8 years (IQr 6–12) and cd4+ T-cell 8% (IQr 4–13). at 
24 months cd4% had increased by 15%. of 74 children 
with VL measured or inferred (later VL<50 copies/ml or 
prior VL>1,000 copies/ml), 51(69%) had VL<50 copies/
ml and 22 (30%) had VL>1,000 copies/ml. of 26 chil-
dren with resistance data, 24 (92%) failures had nnrTI 
resistance by 24 months; 20 (77%) had M184V, 2 (8%) 
had Q151M and 1 (4%) each had k65r or L74V. eight 
(31%) had ≥1 TaM, but only one had ≥3. six switched to 
ddI/aBc/LPVr (all >24 months). In a subset of six patients 
with extensive resistance up to 3 years, the rate of accu-
mulation of TaMs was estimated at 1.33 per year (95% 
cI 0.64– 2.45). Virological failures with a gss of 0 had 
significantly lower increases in mean cd4%>24 months 

(+0.8%) than those failing with gss of >0 (+5.8%; 
P=0.02). The former also had lower cd4% at initiation of 
haarT (3% versus 9%; P<0.05). 

concLusIons: The 24 month virological suppression 
rates were encouraging. resistance to nnrTI/lamivudine 
was high in virological failures as compared with adult 
studies, with a higher rate of TaM accumulation than 
reported in Western cohorts. complete lack of drug activ-
ity in the failing regimen at 24 months was associated with 
failure to increase cd4% over baseline, suggesting no 
residual benefit of existing therapy. 
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Virological response to first-line HAART in 
HIV-1-infected children in Mali: rate of failure 
and resistance after 6 months of antiretroviral 
treatment

D Germanaud1, A Derache2, M Traore3, Y Madec4, 
S Toure3, F Dicko3, H Coulibaly3, M Sylla3, V Calvez2 
and AG Marcelin2

1SOLTHIS, Bamako, Mali 
2Université Pierre et Marie Curie-Paris 6, INSERM U943, Paris, France 
3Hôpital Gabriel Toure, Bamako, Mali 
4Institut Pasteur, Paris, France

Background: In resource-limited settings, where 
access to virological measurements remains scarce, it is 
essential for treatment management to have epidemiologi-
cal data about early virological failure (VF) and resistance 
mutations. There is little data on the subject, especially 
for children. This study aimed to evaluate the virological 
response and to describe the resistance profiles in case of 
VF at 6 months in african hIV-1-infected children receiv-
ing first-line haarT.

MeThods: In total, 97 naive hIV-1-infected children 
who initiated a combination of two nrTIs and one nnrTI 
between september 2006 and october 2007 in a paediatric 
university hospital were prospectively studied. The main 
therapeutic combination used was aZT/3Tc/nVP (versus 
4% d4T/3Tc/nVP). VF was defined as hIV-1 rna>400 
copies/ml at 6 months. When hIV-1 rna was >50 copies/
ml, resistance genotypic test and pharmacological meas-
urement were performed.

resuLTs: among the 97 children, 20 were lost sight and 
9 died within the 6 months, thus, 68 children had a viral 
load 6 months after antiretroviral initiation. among the 
97 children, the median age at initiation was 31 months 
and the majority was in Who clinical (77.3%) and 
immunological (70,1%) stage III or IV. at month 6, 31% 
of children had hIV-1 rna>400 copies/ml. among the 
37 children with hIV-1 rna>50 copies/ml, viruses were 
not amplifiable in 7 cases. The 30 remaining children har-
bored viruses with no mutations in 8 cases and resistance 
mutations in 22 cases: 81% M184V, 95% nnrTI muta-
tions (mainly k103n) and only 3 thymidine analogue 
mutations (TaM; k70r, d67n and L210W in 3 distinct 
viruses). at failure, 6/8 children with wild-type viruses had 
hIV-1 rna<1,000 copies/ml, whereas 21/22 with resis-
tant viruses had hIV-1 rna>1,000 copies/ml. 

concLusIons: These results suggest that, under 
nnrTI-based regimen, early detection of VF could 

allow to reinforce adherence in children with hIV-1 
rna<1,000 copies/ml or to change for a PI-based regi-
men if hIV-1 rna>1,000 copies/ml. Moreover, the low 
frequency of TaM suggests that most nrTIs can be used 
in a second-line regimen after early failure to aZT or 
d4T/3Tc/nVP.
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Mutations associated with etravirine resistance 
among patients infected with HIV-1 subtype 
CRF01_AE and failing first-line nevirapine- and 
efavirenz-based regimens 

W Manosuthi1,2, DM Butler3, W Chantratita2, 
C Sukasem2, DD Richman3,4 and DM Smith3,4

1Bamrasnaradura Infectious Diseases Institute, Ministry of Public 
Health, Nonthaburi, Thailand 
2Faculty of Medicine Ramathibodi Hospital, Mahidol University, 
Bangkok, Thailand 

3University of California San Diego, La Jolla, CA, USA 
4Veterans Affairs San Diego Healthcare System, San Diego, CA, USA

Background: resistance to etravirine, a new non-
 nucleoside reverse transcriptase inhibitor (nnrTI), devel-
ops through the accumulation of multiple nnrTI resistance 
associated mutations (raMs). associated factors and fre-
quency of etravirine cross-resistance among patients infected 
with non-subtype B hIV-1 failing efavirenz- and nevirapine-
based regimens requires examination.

MeThods: all crF01_ae pol sequences (Trugene) from 
patients experiencing first virological failure with an ini-
tial nevirapine- or efavirenz-based regimen while attending 
Bamrasnaradura Infectious diseases Institute, Thailand, 
between 2005–2008 were aligned and analysed (geneious 
Pro 4.5.4). genotypic nnrTI susceptibility was deter-
mined, and etravirine raM weighted scores were com-
puted. raM codons were compared across subtypes. 
Fisher’s exact test and Pearson’s correlations were used to 
analyse clinical and demographic factors.

resuLTs: In total, 134 pol sequences were obtained 
from patients with first virologic failure (median viral 
load 4.1 log10 copies/ml) who received nevirapine-based 
(82%) or efavirenz-based (18%) regimens. at time of 
failure, median cd4+ T-cell count was 142 cells/µl, and 
median treatment duration was 2.1 years. Viral loads were 
measured a median of 6.1 months prior to the recogni-
tion of virological failure. Frequency of etravirine raMs 
were Y181c/I/V (50%), g190s/a (32%), k101e/h/P 
(18%), a98g (10%), V106I (8%), V90I (6%), M230L 
(5%), V179d/T (5%), L100I (1%) and e138a (0%). 
By weighting, 59 (44%), 58 (43%) and 17 (13%) had 
scores of 0–2, 2.5–3.5 and >3.5, respectively. an etravir-
ine-weighted score >2.0 was associated with nevirapine-
based regimens (P<0.001), viral load ≥4.5 log10 copies/ml 
(P<0.02) and Y181c mutations (P<0.001). an etravirine-
weighted score >3.5 was associated (P≤0.02) with muta-
tions Y181c, V106I and g190a. higher weighted scores 
trended towards association (r=0.16; P=0.06) with higher 

viral loads. comparing the wild type of subtype B to that 
of other subtypes, the percent similarity of nucleotide 
codons influencing etravirine raMs were 100% ae, 98% 
d, 94% h, 90% c, 90% g, 88% a and 88% F.

concLusIons: The prevalence of high-level etravirine 
resistance in clinical practice is substantial after virologi-
cal failure of first-line nnrTI-based regimens, particularly 
nevirapine, among patients infected with crF01_ae in 
Thailand. as etravirine raM codons are conserved across 
subtypes, the prevalence of resistance is likely to be high 
in other resource-limited settings where failing nevirapine-
based regimens are continued because of limited virologic 
monitoring. Thus, etravirine resistance rates will likely 
increase, even in populations not using etravirine. 
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Dynamics of emergence and linkage of HIV 
reverse transcriptase Q151M MDR complex in 
children within first-line antiretroviral rollout 
uncovered by single-genome sequencing 

JL Mbisa1, RK Gupta2, PA Cane1, D Kabamba3, 
V Mulenga3, M Kalumbi3, C Chintu3, DM Gibb4, 
AS Walker4 and D Pillay1,2

1Health Protection Agency, London, UK 
2University College London Medical School, London, UK 
3University Teaching Hospital, Lusaka, Zambia 
4MRC Clinical Trials Unit, London, UK

Background: The rollout of therapy in africa with 
limited virological monitoring might result in extensive 
and unpredictable drug resistance pathways. We examined 
the emergence and genetic linkage of drug resistance muta-
tions in non-B subtypes from a resource-poor setting.

MeThods: chaP2 is a prospective cohort study of 
Zambian children starting stavudine/lamivudine/nevi-
rapine, and switching to didanosine/abacavir/kaletra 
following clinical failure. Viral load and population 
sequencing were undertaken retrospectively on stored 
samples from seven children. single-genome sequenc-
ing (sgs) of full-length Pr and rT was undertaken on 
selected samples, with ≥30 independent sequences gener-
ated per time point.

resuLTs: Population sequencing revealed extensive 
multi-nrTI and nnrTI resistance mutations. Two of 
the patients, infected with subtype a and c, developed 
resistance through the Q151M complex of mutations. 
sgs analyses on ≥3 sequential samples from each patient, 
representing nearly 200 sequences in total, uncovered 
three phenomena. Firstly, the dynamics of emergence 
of Q151M varied. Thus, the subtype a virus developed 
Q151M linked to d69g, T69d, V75M and F77L fol-
lowed by a62V, whereas the subtype c virus sequentially 
acquired a62V, V75I, T69n and finally Q151M on the 
same genome. secondly, different pathways of nrTI 
resistance were noted within the same patient. Thus, an 
M41L-containing mutant represented a minority viral 
population (undetected by population sequencing) within 
the majority Q151M-containing virus in one patient. of 
interest, the M41L virus emerged as a major species dur-
ing subsequent failure of second-line therapy. Thirdly, 
Q151M-linked c-terminal mutations differed between 
the subtypes, with subtype a virus developing P313s and 
k431Q, whereas subtype c virus contained T386I, e399d 
and L517I. Finally, there was no evidence of emergence of 
PI mutations on failure of second-line therapy.

concLusIons: The evolution and genetic linkage of 
drug resistance mutations in non-B subtypes is different 
from subtype B, and is associated with unique c-terminal 
mutations. The study suggests that the development of drug 
resistance in a resource-poor setting is extensive and likely 
to compromise second-line therapies to a greater extent 
than previously thought. Therefore, further experiments 
are needed to evaluate the emergence of drug resistance in 
non-B subtypes and its effects on long-term management 
of hIV-1 therapy.
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Phenotypic data to guide selection of reverse 
transcriptase inhibitors in second-line therapy 
following extended virological failure in Uganda

N Ndembi1, A McCormick2, P Kaleebu1, D Pillay2,3, 
L Bacheler4, T Pattery5, R Goodall6, D Dunn6, 
P Katundu7, M Chirara8, C Gilks9, D Yirrell10, 
P Munderi1 and C Kityo7  
1MRC/UVRI Uganda Research Unit on AIDS, Entebbe, Uganda 
2University College London, London, UK 
3Centre for Infections, Health Protection Agency, UK 
4Vircolab, Inc, Chapel Hill, NC, USA 
5Virco BVBA, Mechelen, Belgium 
6MRC Clinical Trials Unit, London, UK 
7Joint Clinical Research Centre, Kampala, Uganda 
8University of Zimbabwe, Harare, Zimbabwe 
9Imperial College, London, UK 
10Ninewells Hospital and Medical School, Dundee, UK

Background: Viral load and resistance testing to 
guide individual patient management is rarely available in 
resource-limited settings, where switch to second-line ther-
apies are often triggered by clinical failure alone. Who 
guidelines recommend a change in the entire regimen to 
one with minimal (expected) cross-resistance with first-line 
drugs. however, data for cross resistance patterns emerg-
ing in those treated without viral load monitoring is still 
accumulating, and phenotypic data are scarce. 

MeThods: nora, a substudy of darT, randomised 
600 antiretroviral-naive hIV-infected ugandan adults to 
zidovudine/lamivudine (combivir™) plus abacavir or nev-
irapine in the absence of virological monitoring. Plasma 
samples taken at weeks 0, 48 and 96 were retrospectively 
assayed for hIV-1 rna and phenotypic resistance testing 
(antivirogram ver2.5.01, Virco BVBa) if hIV-1 rna was 
>1,000 copies/ml. samples at week 96 were classified as 
phenotypically sensitive/resistant (using biological cutoffs) 
for candidate second-line rTI drugs proposed in Who 
2006 guidelines. etravarine, a second-generation nnrTI, 
was additionally assessed. The analysis included patients 
remaining on first-line therapy at week 96, excluding those 
with baseline resistance.

resuLTs: results were available for 55 (17 nevirapine 
and 38 abacavir) patients at week 96, the majority of 
whom (13 nevirapine and 20 abacavir) had VL>1,000 at 
week 48. Median (IQr) viral load at week 96 was 41,000 
(8,000–77,000) and 33,000 (9,000–98,000) for nevirap-
ine and abacavir groups, respectively. of those randomised 
to combivir™/nevirapine, 11 (65%) were phenotypically 
sensitive to abacavir*, 16 (94%) to didanosine*, 16 (94%) 

to tenofovir*, 1 (6%) to nevirapine, 4 (24%) to efavirenz 
and 8 (47%) to etravirine. similarly, for combivir™/
abacavir, 17 (45%) were sensitive to abacavir, 33 (87%) to 
didanosine*, 33 (87%) to tenofovir, 31 (82%) to nevirap-
ine*, 36 (95%) to efavirenz* and 37 (97%) to etravirine. 
(*Who recommended candidate second-line drugs for 
this first-line regimen).

concLusIons: Isolates from the majority of patients 
with prolonged viraemia up to 96 weeks on either of 
these two first-line nora regimens maintain susceptibil-
ity to didanosine and tenofovir. abacavir resistance was 
present in 55% of patients who failed on combivir™/
abacavir. etravirine is predicted to have significant activity 
in approximately one-half of the nora participants fol-
lowing prolonged failure on combivir™/nevirapine. These 
findings should help inform selection of second-line regi-
mens in resource-limited settings.
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Antiretroviral treatment of HIV-infected women 
can induce multiclass drug resistance in their 
breastfeeding infants

J Lidstrom1, N Kumwenda2, G Kafulafula3, 
DR Hoover4, J Kumwenda3, LM Mofenson5, 
MG Fowler1,6, MC Thigpen6, TE Taha2 and 
SH Eshleman1

1Johns Hopkins University School of Medicine, Baltimore, MD, USA 
2Johns Hopkins University Bloomberg School of Public Health, 
Baltimore, MD, USA 
3College of Medicine, University of Malawi, Blantyre, Malawi 
4Rutgers University, Piscataway, NJ, USA 
5National Institutes of Health, Rockville, MD, USA 

6Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA

InTroducTIon: In resource-poor settings, some hIV-
infected women begin antiretroviral (arV) treatment 
while they are still breastfeeding. Breastfeeding infants 
with known or undiagnosed hIV infection might be at 
risk of developing resistance to drugs in their mother’s 
treatment regimen. We analysed arV drug resistance in 
breastfeeding infants with in utero hIV infection whose 
mothers were started on nevirapine (nVP), stavudine and 
lamivudine post-partum. 

MeThods: We analysed samples from infants in the 
PePI-Malawi study. In PePI-Malawi, some women 
received single-dose nVP (sdnVP) prior to delivery. 
Infants were randomized at birth to receive either sdnVP 
plus 1 week of daily ZdV (control), control plus daily 
nVP up to 14 weeks, or control plus daily nVP+ZdV 
up to 14 weeks of age. Prophylaxis was stopped when 
infant hIV infection was confirmed. In the extended nVP 
and extended nVP+ZdV study arms, five infants with 
in utero infection had mothers who initiated arV treat-
ment by 14 weeks post-partum. The 14-week plasma sam-
ples from those infants were analysed using the Viroseq 
hIV genotyping system. 

resuLTs: hIV genotyping results were obtained for four 
infants. Two received extended nVP prior to hIV diagnosis 
(to 16 or 19 days of age), and two received extended nVP/
ZdV prior to hIV diagnosis (to 38 or 57 days). The moth-
ers started arV treatment at 32, 37, 56 and 57 days post-
partum. at 14 weeks of age (day 99–105), all four infants 
had nVP resistance and three of the four infants had nrTI 
resistance (one had k65r and two had k65r+M184I/V). 
We also analysed resistance at 14 weeks in 84 infants with 
in utero infection in the same study arms whose mothers 
did not start arV treatment; many of those infants had 
nVP resistance, but none had nrTI resistance. 

concLusIons: Breastfeeding infants with hIV infection 
can acquire resistance to arV drugs in their mother’s treat-
ment regimen. nrTI resistance could have been acquired 
in these infants by super-infection with nrTI-resistant 
hIV from the mother, or by exposure to non-suppressive 
levels of nrTIs in breast milk. Further studies are needed 
to assess the risks and benefits of initiating arV treatment 
in breastfeeding women whose infants are hIV-infected.
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Association between mutations affects drug 
resistance selection by single-dose nevirapine in 
HIV-1 subtype C

R Kantor1, A DeLong1, J Ledwaba2, A Kamau3, 
C Seebregts4, T de Oliveira5, J Hogan1, 
N Martinson6,7, J McIntyre6, L Morris2 and 
D Katzenstein8 for the South African Treatment and 
Resistance Network (SATuRN)
1Brown University, Providence, RI, USA 
2National Institute for Communicable Diseases, Johannesburg, 
South Africa 
3University of the Western Cape, Cape-Town, South Africa 
4Medical Research Council, Cape-Town, South Africa 
5Africa Centre for Health and Population Studies, Durban, 
South Africa 
6Chris Hani Baragwanath Hospital, Soweto, South Africa 
7Johns Hopkins University, Baltimore, MD, USA 
8Stanford University, Stanford, CA, USA

Background: single-dose nevirapine (sdnVP) for 
hIV-1 mother-to-child-transmission prevention selects 
drug resistance. Varying resistance rates, higher in subtype 
c, and diverse resistance mutation patterns are reported, 
with no clear etiology.

MeThods: We analysed rT sequences before and after 
sdnVP for nucleic acid (na) and amino acid (aa) muta-
tion selection and co-occurrence. Mutation was defined 
as change from pre-nVP sequence. nevirapine resist-
ance mutations (nrM) were defined per Ias–usa 2008 
list. odds ratios (ors) and Fisher’s exact tests with false 
discovery rate multiple comparisons correction were cal-
culated to test mutation co-occurrence. corrected P<0.05 
was considered significant, and uncorrected P<0.05 with 
or>5 were considered a trend.

resuLTs: analysis included paired rT sequences (posi-
tions 1–897) from 278 south african women before and 
7 weeks (median) after sdnVP. at delivery, median cd4+ 
T-cell count was 326 and median viral load (VL) was 
41,500. one or more mutations were identified at 530/897 
(59%) na positions (median 10 mutations/sequence-pair), 
resulting in 182/299 (61%) aa positions (median 4 muta-
tions/sequence-pair). a total of 36 na and 19 aa positions 
had mutations in ≥5% of sequences, including 5 nrM 
(103, 106, 181, 188 and 190) and 14 non-nrM positions 
(35, 36, 123, 135, 162, 166, 173, 174, 178, 207, 211, 245, 
277 and 286). Pre-nVP sequences had 12 nrM in 8/278 
(3%) and post-nVP sequences had 303 nrM in 185/278 
(67%) of women. Most common were k103n (51%), 
Y181c (21%), Y188c (15%), V106M (10%) and g190a 

(7%). among 22 nrM patterns, the most common were 
k103n (26%), k103n+Y181c (8%), k103n+Y188c 
(6%), k103n+V106M (4%) and Y181c (4%). compared 
with sequences without nrM, a significant association was 
observed between k103n+Y188c and aa 293 (or>5; 
P=0.0005). Positive trends were between k103n and aa 
25, 76, 93, 162 and 254; k103n+Y181c and aa 20, 70, 
123, 165 and 170; k103n+Y188c and aa 25, 166, 207, 
250, 269, 275 and 293. Low cd4+ T-cell (P=0.04) and 
high VL (P=0.003) were associated with presence of resist-
ance mutations. genetic distances between pre- and post-
nVP sequence-pairs were higher in sequences with resist-
ance mutations (P=0.02). statistical significance was not 
observed after resistance positions removal.

dIscussIon: diverse resistance patterns of common 
nrM and 16 associated mutations were selected by sdnVP 
in 67% women. nrM selection was associated with high 
VL and low cd4+ T-cell. associations between rT muta-
tions affects drug resistance selection in hIV-1 subtype c 
and might increase drug resistance and/or fitness of hIV-1 
subtype c.
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Minority resistance detection in stored dried 
blood spots indicates high specimen integrity and 
provides an expansive record of archived resistance 

X Wei1, AS Youngpairoj1, C Garrido2, N Zahonero2, 
A Corral2, C de Mendoza2, W Heneine1, 
JG Garcia‑Lerma1 and JA Johnson1

1Division of HIV/AIDS Prevention, CDC, Atlanta, GA, USA 
2Hospital Carlos III, Madrid, Spain

Background: dried blood spots (dBs) are considered 
an attractive alternative to plasma for hIV drug resistance 
testing in resource-limited settings. The frequent amplifica-
tion of dna from dBs has raised interest in using dBs to 
detect archived resistance mutations at minority levels in 
proviral dna. here we explored the detection of minor-
ity resistance mutations in dBs and their correlation with 
treatment history. 

MeThods: We evaluated minority M41L, k65r, k70r, 
k103n, Y181c, M184V and T215Y/F mutations in dBs 
specimens collected from antiretroviral-experienced subtype 
B-infected patients. Median cd4+ T-cell count was 398 cells/
µl (range 48–1,320) and median plasma virus load was 
32,575 rna copies/ml (range 518–214,330). dBs were 
prepared on Whatman 903 paper by pipetting 50 µl blood 
and dried overnight, then stored with desiccant at -20ºc 
for 3.5 years. nucleic acids were extracted manually from 
one spot using the nuclisens Boom method. real-time Pcr 
detected minority resistance mutations in 23 matched dBs 
and peripheral blood mononuclear cell (PBMc) specimens, 
and in 17 available matched plasma were compared with 
bulk sequences obtained 3 years earlier (Viroseq hIV-1 gen-
otyping) from the same dBs cards and plasma specimens.

resuLTs: Virus template (~1 kb) was successfully ampli-
fied from all 23 dBs. compared with bulk genotyping of 
dBs and plasma, sensitive testing found 13 additional drug 
resistance mutations (M41L:1; k65r:3; k70r:3; k103n:2; 
Y181c:1, M184V:1; T215F:1 and T215Y:1) in 11 of the 
patients. Four minority mutations detected in plasma were 
also found in the matched dBs, with two additional muta-
tions detected only in dBs. all but one minority mutation 
(Y181c) from dBs were also detected in the matched PBMc 
by sensitive testing; altogether suggesting that proviral dna 
contributes to the minority resistance genotypes. all minor-
ity mutations reflected present or past drug regimens as far 
as 6 years prior to blood collection; in two patients k65r 
was detected 1 year after discontinuation of tenofovir.

concLusIons: our ability to identify minority resist-
ance demonstrates that, if stored properly, dBs is a high-

integrity specimen type for drug resistance testing. We 
detected mutations from current and past treatment not 
detected by bulk genotyping, including k65r. our data 
further support the global utility of dBs for drug resist-
ance surveillance and clinical monitoring.
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Feasibility of the World Health Organization’s HIV 
drug resistance assessment strategy for resource-
limited countries scaling up ART

DE Bennett1, S Bertagnolio1, N Parkin1 and M Jordan2

1World Health Organization, Geneva, Switzerland 
2Tufts University School of Medicine, Boston, MA, USA

Background: In resource-limited countries scaling 
up antiretroviral treatment (arT), hIV drug resistance 
(hIVdr) assessment is crucial. The World health organi-
zation (Who) recommends a national hIVdr strategy, 
including forming a national hIVdr group, assessing 
hIVdr early warning indicators (eWI) in arT sites, 
monitoring hIVdr emerging in sentinel arT sites, and 
transmitted resistance surveys in areas where arT has 
been available for ≥3 years. Minimum resource methods, 
including genotyping residual diagnostic and clinical speci-
mens and using routinely collected data, support incorpo-
ration into routine public health practice.

MeThods: eWIs are monitored using medical record 
data on prescribing practices, drug supply continuity, 
on-time arV pick-ups, losses to follow-up and retention 
on first-line arT. sentinel monitoring uses residual clini-
cal specimens for baseline and endpoint genotyping and 
endpoint viral loads for cohorts of 130 patients starting 
arT in representative adult and paediatric arT sites, 
and assesses associations of emerging hIVdr with clini-
cal factors/adherence. Transmitted hIVdr surveillance 
uses binomial sequential sampling to classify transmit-
ted hIVdr based on residual diagnostic specimens from 
47 persons consecutively diagnosed with hIV in antenatal 
clinics or testing centres. age <22, cd4+ T-cell count >500, 
and other eligibility restrictions minimize the risk of hIV 
infection ≥3 years previously and previous arV exposure.

resuLTs: More than 30 asian, african, east european 
and caribbean countries have formed national hIVdr 
working groups, written protocols, and begun implemen-
tation. In total, 18 countries are implementing eWI; arT 
interruptions associated with <90% of patients picking 
up arVs on time are widely reported. sentinel monitor-
ing is impossible where no sites treat ≥100 new patients 
annually, but genotyping residual clinical specimens and 
abstracting data from representative arT sites is feasible 
in other countries. In small or low-prevalence countries, it 
is difficult to achieve a sample size of 47 for transmission 
surveys. Transmission surveys were implemented success-
fully using residual specimens in 12 countries; transmitted 
hIVdr was classified as <5% to all relevant arV classes 
in all surveys. 

concLusIons: The Who strategy is generally feasi-
ble in resource-limited countries and is producing useful 
data to support public health action to limit hIVdr. new 
strategies are proposed to address sample size limitations 
in smaller countries.

11_Drug resistance resource poor.indd   161 20/5/09   10:55:30



Fort Myers, FL, USA, 9–13 June 2009

Programme & AbstractsA162

ABSTRACT 139
Antiviral Therapy 2009; 14 Suppl 1:A162

HIV drug resistance genotyping external quality 
assurance (EQA) for laboratories in the World 
Health Organization (WHO) ResNet during 
2007–2009

NT Parkin1, J Fitzgibbon2, J Bremer3 and 
S Bertagnolio1

1WHO, Geneva, Switzerland 
2NIAID, NIH, Bethesda, MD, USA 
3VQA, Rush University, Chicago, IL, USA

Background: The Who has developed a global labo-
ratory network to support hIV drug resistance genotyp-
ing in resource-limited countries. a Qa program is being 
implemented to ensure the reliability of genotyping data 
generated by the various laboratories. Proficiency panels 
were developed in collaboration with nIh and sent to 
58 network member laboratories in europe, north amer-
ica, asia, africa and the caribbean during 2007–2009. 
appropriate and widely accepted evaluation criteria have 
not been described previously.

MeThods: each of 3 panels was composed of 5 sam-
ples (including subtypes a, B, c, d, F, crF01_ae and 
crF02_ag) with viral load between 3,500–57,000 cop-
ies/ml, and was distributed to 21–26 labs each year. con-
sensus sequences (Pr codons 10–99 and rT 38–240) for 
each sample were generated based on >80% concordance 
across participating labs; individual test results were com-
pared to that sample’s consensus sequence. an overall 
sequence identity score, as well as concordance at drug 
resistance-associated mutation (drM) codons, were used 
to assess lab performance. 

resuLTs: overall, 41 of 58 submissions from 2007–2008 
passed using the 99% criteria. specific reasons for failure 
included editing errors leading to frameshifts, missing 
sequence, amplification failure and a low concordance 
rate in codons with mixed bases in the consensus. ampli-
fication failure was often related to primer-target sequence 
differences related to viral subtype. samples with naturally 
occurring mixtures at drM sites were more challenging 
than others. For example, no lab obtained >99% concord-
ance for sample 4 in panel 1 used in 2007 (median 98.6%); 
for sample 4 in panel 2 used in 2008, (subtype B, drMs 
for all three drug classes) only 18 of 33 labs reported 
sequences with >99% concordance, compared with 26–30 
labs for the other 4 samples. results from 2009 panel 3 
will also be reported.

concLusIons: The use of a single and stringent crite-
ria (such as 99%) for evaluation of sequence-based assays 

might be unrealistic when using clinical samples contain-
ing mixed bases at several positions. acceptance criteria 
might need to be relaxed for such samples (for example, 
98% identity) or be flexible and based on the number of 
mixed positions in each sample.
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Monitoring of HIV-1 drug resistance mutation 
development from patients under antiretroviral 
therapy from Shandong province, China

J Zhang1, D Kang2, J Fu2, X Sun2, B Lin2, 
J Nkengasong1 and C Yang1

1Division of Global AIDS, NCHHSTP, 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: shandong province has been providing 
free antiretroviral therapy (arT) to eligible aIds patients 
since early 2003 using first-line regimens recommended by 
the World health organization. To assess the efficacy of the 
first-line regimens and monitor the development of drug-
resistant mutations, we conducted the current studies.

MeThods: Between 2006 and 2007, remnant plasma 
specimens collected from arT patients with detectable 
viral load (VL; >50 copies/ml of plasma) were used to 
make dried plasma spots (dPs). These dPs without patient 
identifiers were sent to a cdc genotyping laboratory using 
express mail. rna was extracted from the dPs and partial 
pol gene encompassing protease and rT gene region was 
amplified by rT-Pcr using a broadly-sensitive in-house 
assay and sequenced. drug-resistance-related mutations 
were identified using the genotypic resistance Interpreta-
tion algorithm (stanford hIV drug resistance database).

resuLTs: among the 153 specimens (48 in 2006 and 105 
in 2007) collected from arT patients, 20 (41.7%) from 
2006 and 30 (28.6%) from 2007 had a detectable VL 
and were genotyped. of the 50 genotyped specimens, we 
had nine patients with specimens collected in both years. 
genotyping results revealed that 50% (10/20) in 2006 and 
60% (18/30) in 2007 had ≥1 major drug-resistant muta-
tions. In 2006, the predominant mutation was M184V for 
nucleoside reverse transcriptase inhibitors (nrTIs) and 
Y181c for non-nucleoside reverse transcriptase inhibitors 
(nnrTIs). More mutations were detected in 2007 includ-
ing T215Y/a/s/F and L210W/s for nrTI and V106I/V/
a/M for nnrTI. among those nine patients with con-
secutive samples from 2006 and 2007, three developed 
additional mutations in 2007 and two had Q151M muta-
tion complex.

concLusIons: our data indicates that among the 
patients with detectable VL, about half developed resist-
ance mutations to the first-line regimens, and the muta-
tion patterns became more complex as arT continued 
in these patients. our very limited patient monitoring on 

first-line arT in resource-limited settings indicates that 
in order to maintain the effectiveness of the first-line regi-
mens, strategic drug resistance monitoring in arV-treated 
patients is critical in addition to educating the importance 
of  adherence to patients. 

acknoWLedgeMenTs: JZ is a recipient of the 
2008–2009 International emerging Infectious diseases 
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aPhL and cdc.
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HIV-1 primary drug resistance and recent 
infection in a prospective cohort of men attending 
public STI clinics in Mumbai

HM Truong1,2, C Lindan1, T Kellogg3, M Mathur4, 
S Mungekar4, H Jerajani4 and RM Grant1,2

1University of California, San Francisco, CA, USA 
2Gladstone Institute of Virology and Immunology, San Francisco, 
CA, USA 
3Department of Public Health, San Francisco, CA, USA 
4Lokmanya Tilak Municipal Medical College and General Hospital, 
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Background: In India, a country with >2.5 million 
persons living with hIV, sexual transmission is the princi-
pal route of infection and subtype c viruses the predomi-
nant circulating strains. although natural polymorphisms, 
which differ between viral subtypes, might impact hIV-1 
drug resistance interpretations, most algorithms have been 
developed from analyses of subtype B isolates. We evalu-
ated hIV-1 recent infection and primary drug resistance 
among high-risk men attending public sTI clinics.

MeThods: a prospective cohort of men presenting at 
two public sTI clinics in Mumbai from 2002 to 2004 were 
enrolled (n=3,403). serum specimens of hIV-positive, 
treatment-naive patients were evaluated for hIV-1 recent 
infection by Bed-ceIa (n=303) and drug resistance by 
sequence analyses (n=62).

resuLTs: hIV-1 prevalence was 10.1%, seroincidence 
was 6.81% and primary drug resistance prevalence was 
5.7%. recently infected men were more likely to report 
visiting female sex workers (FsW; or=5.13; P=0.011), 
>50 lifetime visits to FsW (or=2.22; P<0.001) and his-
tory of sTI (or=6.56; P<0.001). Major resistance muta-
tions detected were M184V and k101e. The mutation 
combination of k20r, M36I and h69k was present in 
six cases, triggering an interpretation by Trugene and 
Ias–usa guidelines of possible resistance to tipranavir, 
a protease inhibitor not available in India at the time of 
this study.

concLusIons: hIV-1 seroincidence was high among 
men attending sTI clinics. Primary hIV-1 drug resistance 
prevalence was low among recently-infected patients. 
high numbers of lifetime visits to FsW was associated 
with both recent infection and primary hIV-1 drug resist-
ance. Patients with no prior tipranavir experience had ≥3 
of the mutations that the manufacturer associates with 
decreased virological response. current algorithms regard 
mutations at positions 20, 36 and 69 to be associated 

with resistance, although these polymorphisms are wild 
type for subtype c viruses. our findings suggest that 
polymorphisms in a subtype c background can adversely 
impact hIV-1 drug resistance interpretations. The effect 
of these polymorphisms on clinical response to tipranavir 
in patients with subtype c viruses is unknown at this time. 
consideration of the genetic background and prevalent 
wild types is important when applying current algorithms 
to non-B viral sequences in order to ensure appropriate 
resistance interpretations.
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Resistance patterns in subtype A/AE-infected 
patients under HAART in Israel
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Background: extending our current understanding of 
drug resistance to non-B viruses is increasingly relevant in 
a global approach to hIV treatment. Major epicenters of 
hIV pandemic today are the Far east and former soviet 
union, where the most prominent virus is the recombinant 
form crF01_ae. Long-term data on resistance to haarT 
in patients infected with subtypes a and ae is limited. In 
Israel these subtypes are prevalent and patients are treated 
with haarT. We have characterized frequencies of drug 
resistance of a/ae viruses.

MeThods: genotyping of rT and protease genes was 
performed on samples from hIV-infected patients to guide 
treatment management. clinical and epidemiological data 
were submitted by clinicians along with the samples. sub-
typing was based on the stanford database. a χ2 test and 
Fisher’s two-tailed exact test were applied (sPss) to com-
pare clinical data and mutation frequencies.

resuLTs: a total of 161 samples from 154 patients 
(88a/ae, 30ae and 40a; 65% males) were analysed. 
Most were infected in Fsu and the most prevalent trans-
mission route was IVdu. Median clinical parameters 
included age at diagnosis (31.5 ±2 years), follow-up 
period (57.8 ±6.3 months), treatment duration (40 
±5.0 months), VL (243,833 ±128,582 copies/ml) and 
cd4+ T-cell (346 ±47 cells/µl). Most naive patients were 
diagnosed a few weeks prior to genotyping. all treated 
patients failed haarT. haarT included ZdV+3Tc in 
>50% of the patients and eFV (>25%) or LPV/r (>25%). 
Failing treatment, the prevalence of the following pro-
tease and rT mutations increased significantly: pro-
tease, I15V (24%), e35g (5%), M46I (10%) and L63T 

(11%); rT, d67n (7%), T69n (5%), k103n (25%), 
V106I (5%), Y181c (5%), M184V (36%) and g190s/a 
(18%); P=0.03–>0.0001. The majority of naive subtype 
a/ae viruses also showed differences from subtype-B 
consensus sequence at protease sites I13V (53%) e35d 
(82%), M36I (100%), r41k (93%), h69k (100%), 
L89M (98%) and I93L (48%).

concLusIons: The frequency of certain mutations in 
naive a/ae patients was found to be significantly different 
from subtype B virus. distinct polymorphisms between the 
subtypes might account for different pathways of resist-
ance development that could impact the utility of treating 
with specific regimens. Further studies on larger cohorts are 
needed before clinically relevant conclusions can be drawn. 
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Silent mutations at HIV-1 reverse transcriptase 
impact differentially the level of resistance to 
TAM in subtype B, C and F strains found in Brazil 

AFNPC Pires, CM Abreu, AN Martins, MB Arruda, 
RM Brindeiro, AR Calazans and A Tanuri

Federal University of Rio de Janeiro, Rio de Janeiro, Brazil

Background: studies done with hIV-1 reverse 
transcriptase (rT) showed that k66k silent mutation 
introduced into synthetic rna template alleviated the 
pause caused by rT carrying d67n and k70r. as pre-
viously demonstrated, we found a very strong corre-
lation (P<0.000002) for the association of thymidine 
analogue mutations (TaM) with k66k, and with k65k 
(P=0.00037), using a drug-naive (dn) set as control. 
Likewise, the same association between k65k and k66k 
was found when subtype F was analysed (P<0.0084 and 
P<0.03, respectively). By contrast with B and F, Brazil-
ian subtype c carries a high frequency of both k65k and 
k66k in individuals carrying TaM (98.51% and 87.31%, 
respectively) and dn (97.74% and 88.72%, respectively), 
with P<0.967. To explore the impact of k65k and k66k 
in the level of resistance to thymidine analogues, we used a 
reverse genetics approach. 

MeThods: We cloned three rT genes representing sub-
types B, c and F carrying a full set of TaM, as well as 
k65k and k66k silent mutations. using in vitro muta-
genesis we removed, in total or partially, the silent muta-
tions. recombinant viruses were regenerated in MT-4 
cells after cotransfection with the phXB2rT∆clone. The 
phenotypic resistance for aZT and d4T was evaluated in 
TZM-bl cells and the replicative capacity was measured 
by a quantitative p24 ag assay. 

resuLTs: all evaluated parental clones showed significant 
differences in drugs susceptibility when compared with 
their generated mutants. The total presence or absence of 
k65k and k66k mutation increased the aZT resistance 
in subtype B. however, in subtype F the single presence of 
k65 decreased the resistance level for d4T. In general, all 
the viruses tested were less resistant to d4T than to aZT. 
The replicative capacity analyses indicated no significant 
differences between the viruses studied. 
 
concLusIons: synonymous substitutions at positions 
k65 and k66 in rT gene altered the hIV-1 subtypes B, 
c and F susceptibility to thymidine analogues even in the 
presence of TaM. We were able to observe that this impact 
on phenotypic resistance was subtype dependent. 
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HIV drug resistance after HAART 
discontinuation among treatment-naive women 
who initiate antiretroviral therapy for the 
prevention of mother-to-child transmission in 
Rio de Janeiro, Brazil

JH Pilotto1,2, B Grinsztejn1, V Veloso1, 
JC Couto‑Fernandez1, A Rodrigues‑Pedro1, 
CA Velasco‑de‑Castro1, J Eurico Ribeiro2, R Khalili, 
S Muri1, R Ismerio1, R Hoffman3, J Currier3 and 
MG Morgado1

1Fundação Oswaldo Cruz 
2Hospital Geral de Nova Iguaçu (HGNI) 
3David Geffen School of Medicine, UCLA, Los Angeles, CA, USA

Background: Brazilian guidelines for hIV recom-
mend that pregnant women with cd4+ T-cell counts 
>350 cells/ µl initiate highly active antiretroviral ther-
apy (haarT) during pregnancy for the prevention of 
 mother-to-child transmission (MTcT). The risk of devel-
oping antiretroviral (arV) resistance among women tak-
ing haarT for prevention of MTcT is not well defined. 
The objective of this study was to characterize the 
prevalence of baseline resistance in arV-naive pregnant 
women and to evaluate the emergence of resistance after 
post-partum haarT discontinuation.

MeThods: a cohort of 130 hIV-infected treatment-
 naive pregnant women were enrolled starting in May 
2005. genotyping (Viroseq) was performed at baseline, 
6–8 weeks after haarT initiation, at delivery and at 2, 4 
and 24 weeks post-partum.

resuLTs: The median age of women was 25.3 years, the 
median cd4+ T-cell count at baseline was 518 cells/µl and 
the median hIV-1 rna was 7,800 copies/ml. nnrTI- 
and PI-based regimens were prescribed in 22.3% and 
77.7%, respectively, with a median duration of haarT of 
84 days. Viral suppression to <400 copies/ml was achieved 
in 76% at delivery. The prevalence of baseline resistance 
was 11.3% (8.1% nrTI and 3.2% nnrTI). among 
women with baseline wild-type virus, 11.9% developed 
mutations after haarT discontinuation; among those 
with baseline resistance, 28.5% developed additional 
mutations. The most common post-partum mutations 
were nnrTI-associated (19%), followed by nrTI (7.3%) 
and PI (2.8%). The majority of mutations were observed 
within 14 days of delivery. using Poisson regression, preg-
nant women with detectable hIV-1 rna at delivery had 
an increased risk of post-partum resistance (rr 3.5, cI 
1.20–10.65). Longer duration of haarT was associated 
with the emergence of post-partum resistance (rr 1.01, cI 

1.00–1.02; P=0.005). There was a trend towards baseline 
resistance predicting accumulation of additional muta-
tions after post-partum haarT discontinuation (rr 3.1, 
cI 0.93–10.35; P=0.10). 

concLusIons: This cohort of arV-naive pregnant 
women who initiated haarT for the prevention of 
MTcT had a high prevalence of baseline resistance, as 
well as a high incidence of new mutations after post-
partum haarT discontinuation. These findings support 
resistance testing prior to haarT initiation for MTcT 
in Brazil and highlight the need for studies to address the 
impact of post-partum haarT discontinuation on future 
treatment outcomes.
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Low prevalence of drug resistance mutations 
for salvage therapy in HIV-1 patients failing 
antiretroviral therapy in Rio de Janeiro, Brazil 

JC Couto‑Fernandez1, AA Pereira2, ML Guimarães1, 
LA Inocêncio2, MC Rachid3, VG Veloso4 and 
MG Morgado1

1Laboratory of AIDS and Molecular Immunology, Oswaldo Cruz 
Institute-IOC/FIOCRUZ, Rio de Janeiro, Brazil 
2National Program of STD and AIDS, Brazilian Ministry of Health-
PN de DST e AIDS/MS, Brasília, Brazil 
3Rio de Janeiro State Health Secretariat, Rio de Janeiro, Brazil 
4Evandro Chagas Clinical Research Institute-IPEC/FIOCRUZ, Rio de 
Janeiro, Brazil

Background: since 1992, the Brazilian Ministry of 
health established the free universal access to antiretro-
viral therapy (arT) through the Public health system. at 
present, approximately 200,000 hIV-1-infected patients 
are under treatment in Brazil. however, due mainly to 
the viral diversity and low patient adherence, multidrug-
resistant (Mdr) virus detection has been increasing over 
the years. Thus, the objective of this study was to estimate 
to which extent the new protease inhibitors (PI; darunavir-
TMc 114 and tipranavir), the non-nucleoside reverse tran-
scriptase inhibitor (nnrTI) etravirine (TMc 125) and the 
entry inhibitor (eI) enfuvirtide (T20), might be effective in 
therapeutic rescue strategies for patients failing to respond 
to previous regimens.

MeThods: clinical specimens from hIV-1 patients fail-
ing first- and second-line antiretroviral regimens, were 
referred for drug resistance genotyping in the FIocruZ, 
laboratory member of The Brazilian network for hIV-1 
genotyping-renageno in rio de Janeiro, Brazil. 

resuLTs: From 2002 to 2007 a total of 2,163 hIV-1 
samples were genotyped for drug resistance, 89% were 
classified as subtype B, followed by subtype F and BF 
recombinants (5% each). hIV-1 subtype c was identi-
fied in 10 samples, subtype d and the crF02_ag in four 
patients and the crF01_ae infected one patient. overall, 
the prevalence for PI-associated resistance mutations was 
low, with 99% of genotyped patients showing suscepti-
bility to darunavir and 98% to tipranavir. To etravirine, 
3.6% of patients displayed a complete drug resistance pro-
file and 31.8% a partial response to this nnrTI. no resis-
tance mutations were observed to enfuvirtide in all Mdr 
patients analysed.

concLusIons: Low prevalence of resistance muta-
tions to the new generation of PI, nnrTI and eI were 

observed in our large database of the hIV-1 genotyping 
test. The impact of resistance mutations due to darunavir 
seems lower in comparison to tipranavir in patients failing 
other PI-based regimens. although prior failure to other 
PI or nnrTI might produce cross-resistance, the results 
show that all of these antiretroviral drugs could be a good 
option for patients who have failed other arT regimens.

acknoWLedgeMenTs: national Program of sTd/
aIds-Brazilian Ministry of health (Pn-dsT e aIds/Ms) 
and oswaldo cruz Foundation-FIocruZ.
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Brazilian Network for HIV Drug Resistance 
Surveillance (HIV-BResNet): a new survey of HIV 
recent diagnosed individuals collected in 2007/8

LA Inocencio1, AA Pereira1, MCA Sucupira2, 
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BResNet Working Group
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InTroducTIon: Brazil is a country with widespread use 
of antiretrovirals, where >200,000 individuals are under 
treatment. although general prevalence of primary anti-
retroviral resistance in Brazil is low, systematic sampling in 
large metropolitan areas have not being performed.

MeThods: The hIV Threshold survey methodology 
(hIV-Ths, Who) was utilized, targeting the four major 
Brazilian regions, selecting the 6 more populated state cap-
itals, sao Paulo, rio de Janeiro, salvador, Porto alegre, 
Brasilia and Belem.

resuLTs: We were able to sequence samples from 210 
individuals with recent hIV diagnosis, 17 (8.1%) of them 
carrying hIV isolates with primary antiretroviral resistance 
mutations. Five, nine and four isolates showed mutations 
related to resistance to nrTIs, nnrTIs and PIs, respec-
tively. using hIV-Ths we could find an intermediate level 
of resistance (5–15%) in Belem/Brasilia, sao Paulo and 
rio de Janeiro, whereas a lower level of resistance (<5%) 
was observed in the other areas.

dIscussIon: despite the extensive antiretroviral expo-
sure and high rates of virological antiretroviral failure in 
Brazil, the general prevalence of primary resistance is still 
low. however, intermediate level of primary resistance was 
found in the four major Brazilian cities as well a substan-
tial increase of nnrTI resistance, confirming the critical 
need to start larger sampling surveys to better define the 
risk factors associated with transmission of resistant hIV.
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HIV-1 antiretroviral resistance mutations in 
subtypes B, C and F: results of the Brazilian 
Genotype Laboratory Network (RENAGENO)
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JCC Fernandez4, D Sousa1, LA Inocencio1, M Simão1, 
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2University of Sao Paulo 
3Federal University of Sao Paulo 
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Background: In Brazil, where three distinct hIV-1 
subtypes (B, F and c) co-circulate, a significant portion 
of the hIV-infected population has been exposed to anti-
retroviral drugs. a centralized network of laboratories 
and data management performed genotypes from patients 
failing antiretrovirals in the Brazilian public system. This 
study analysed the antiretroviral resistance profiles of 
hIV-1-infected individuals failing antiretroviral therapy 
from data generated in this network.

MeThods: sequencing was performed using the geno-
typic resistance profiles of 14,609 patients (2001–2007) 
presenting virological failure to antiretroviral therapy 
according to different Brazilian regions (north/central 
West, northeast, southeast and south) were analysed. 
all samples were sequenced using Viroseq v2.0 (celera 
diagnostics, alameda, ca, usa).

resuLTs: general prevalence of resistance was higher 
in the south and southeast regions, which are the more 
economically developed Brazilian regions. There was 
an overall increase of resistance to nnrTIs (52–59%), 
a decrease of resistance to PIs (65–48%) and a decrease 
in resistance to three classes over time (31–24%). clade 
c viruses presented less 3 classes resistance than clade B 
and clade F (18% versus 26% versus 22%). resistance 
mutations to protease inhibitors and nucleoside reverse 
transcriptase inhibitors were less common in subtype c 
viruses (41% and 80%) as compared with subtype B (53% 
and 88%) and F (52% and 85%), whereas non-nucleoside 
reverse transcriptase inhibitor resistance mutations were 
less common in subtype F (52%) and c (54%) viruses as 
compared with B (59%). TaM1 and TaM2 were equally 
prevalent in subtypes B and F, but TaM2 was more preva-
lent in subtype c viruses (P<0.01). 

concLusIons: special attention should be given to 
resistance profiles in non-B subtype viruses. The accumu-
lation of knowledge regarding such profiles in the devel-
oping world is desirable.
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The association between primary antiretroviral 
resistance and HAART virological failure in a 
developing set
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D Sá‑Filho2, C Sucupira1 and RS Diaz1
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Background: antiretroviral treatment is widely avail-
able in Brazil, but overall prevalence of primary resistance 
is generally low. We retrospectively evaluated predictors 
of virological failure in the city of santos, a Brazilian city 
with an unusually high incidence of hIV infection, high 
levels of antiretroviral virological failure, high prevalence 
of primary antiretroviral resistance and high prevalence of 
hIV-1 subtype BF recombinants. 

MeThods: We compared demographic and hIV profiles 
between previously naive individuals with virological suc-
cess versus virological failure after 48 weeks of haarT 
initiation (2001–2002). In total, 43 individuals who never 
achieved viral loads below detection (group_1) were 
compared with 37 individuals in whom viral loads were 
<400 copies/ml (group_2) during 48 weeks of treatment. 
Individuals considered adherent were chosen according 
to the frequency they obtained antiretrovirals from a cen-
tralized pharmacy and according to physicians’ impres-
sion. hIV-1 pol region was sequenced from stored plasma 
samples collected immediately before treatment initiation. 
Mutations were evaluated according to guidelines which 
excludes common polymorphisms.

resuLTs: In total, 21 out of 43 patients in group_1 and 4 
out of 37 in group_2 presented resistance mutations related 
to their prescribed antiretrovirals (P<0.005). nine patients 
from group_1 and seven from group_2 were infected by F 
or BF hIV-1, and remaining viruses were clade B. overall, 
11 individuals presented mutations to nrTI, 8 to nnrTI 
and 3 to PI, and 5 individuals presented mutations to nrTI 
and nnrTI, but there was no difference in the mutation 
profile between groups. no significant differences were 
observed in baseline viral load, cd4+ T-cell levels, clade 
assignment, arVs used or demographics between groups 
or between patients harboring resistant versus wild-type 
viruses.

dIscussIon: although some individuals with pri-
mary resistance achieved viral suppression under empiric 
haarT, the higher prevalence of primary resistance in 
the virological failure group might suggest that primary 

resistance greatly impairs antiretroviral activity. although 
Brazilian guidelines do not recommend resistance tests 
before treatment initiation, a special individualization 
should be given to this geographic region.
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Primary antiretroviral resistance among 
individuals with recent HIV infection in the city 
of São Paulo, Brazil: use of full-length genome 
sequencing to evaluate six antiretroviral classes
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InTroducTIon: são Paulo is the larger metropolitan 
(20 million inhabitants), harboring >20% of aIds cases 
in Brazil, a country with widespread use of antiretrovirals. 
as new classes of antiretrovirals are developed, new issues 
emerge, such as the presence of natural polymorphisms, 
and natural resistance needs to be evaluate.

MeThods: From 2002 to 2007, samples from the five 
larger hIV counseling and testing sites have been analy-
sed by the serologic testing algorithm for recent hIV-
infection. Baseline samples from 174 have been sub-
jected to full-length genome sequencing from PBMcs. 
We inspected regions and codons related to decreased 
susceptibility to rTIs (including rnase h domains), PIs 
(including gag cleavage sites), integrase inhibitors, enfu-
virtide, ccr5 antagonists and the maturation inhibitor, 
bevirimat. reverse transcriptase and protease regions 
were also sequenced from plasma samples to confirm 
resistance profiles present in PBMcs. Mutations related 
to resistance to nrTI, nnrTI and PI were evaluated 
according to published guidelines, which exclude com-
mon polymorphisms.

resuLTs: The prevalence of resistance mutations (rM) 
to nrTI was 4%, to nnrTI was 11% and to PI was 
4%. More prevalent mutations were k103n (7%) and 
M184V/I (3%). In relation to these three antiretroviral 
classes, resistance to one class was 15%, resistance to 
two classes was 2% and no resistance to three classes 
was detected. a total of 13% of strains used cxcr4 
coreceptor, as predicted by the genotypic profile. Muta-
tions at the hr1 region of gp41 and integrase were not 
detected, and 23% of samples were predicted as resis-
tant to Bevirimat. We detected 15% of mutations at the 
rnase domain, which relates to resistance to nrTI. 
average cd4+ T-cell counts were 557, average viral 
load was 4.8 log10 and average viral load among indi-
viduals with PIs mutations was 3.8, to nrTI was 4.2 
and to nnrTI was 4.8. resistance profiles (pol region) 
from plasma sequences were the same as sequences from 
PBMcs in all but one sample.

dIscussIon: We present a comprehensive analysis of 
resistance to antiretrovirals from individuals with recent 
hIV infection in são Paulo, Brazil using sampling sche-
matics that are truly representative of this region in Brazil. 
Primary resistance to nnrTI was higher than resistance 
to nrTI or PI, which might reflect the higher replica-
tive capacity and transmission fitness of nnrTI-resistant 
viruses, as suggested by the higher viral load median in this 
group of patients. 
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Prevalence of HIV-1 transmitted resistance in a 
surveillance study in central Mexico, according to 
calibrated population resistance 

RA Rodriguez‑Diaz, LL Fuentes‑Romero, 
M Viveros‑Rogel, M Hernandez‑Flores and 
LE Soto‑Ramirez

Instituto Nacional de Ciencias Medicas y Nutricion, Mexico City, 
Mexico

Background: The transmission of hIV drug resistant 
strains is an ongoing problem, especially in developed 
countries and not completely evaluated in developing 
countries. although several surveillance resistance criteria 
have been developed in order to estimate the prevalence 
of transmitted resistance, many studies still use second-
ary resistance algorithms or list of mutations that do not 
provide comparable results. The main goal of our work 
was to determine the prevalence of transmitted resistance 
in patients with recent diagnosis in Mexico according to 
a calibrated Population resistance specially designed to 
evaluate resistance transmitted mutations.

MeThods: We analysed 558 samples from January 2004 
to May 2005 of patients with a recent diagnosis of hIV-1 
from a Who supported surveillance program in 9 states 
of central Mexico. all samples were sequenced by Viroseq 
hIV-1 genotyping system Version 2.0 celera diagnos-
tics and interpreted by calibrated Population resistance 
(cPr) version 4.1 beta stanford database 2008. The inclu-
sion criteria were no history of antiretroviral therapy; resi-
dence in the country ≥5 years, clinically asymptomatic and 
>14 years old. 

resuLTs: From 558 samples, we were able to obtain 
397 complete sequences (rT and Pr). overall, 42 of the 397 
sequences had evidence of transmitted resistance accord-
ing to cPr (10.57%). There were 12 (2.97%) sequences 
that showed resistance to PIs, 9 (2.2%) sequences that had 
resistance to nnrTIs and 27 (6.7%) sequences that had 
resistance to nTrIs. We found a prevalence of 9.8% of 
resistance for one class of arVs and only 0.5% for 2 or 3 
drug classes. The most prevalent sdrMs found were Pr: 
Q58e (0.017); F53L and L90M (0.005); and L23I, L24I, 
M46I, I54M/V, V82a/F, I85V and n88d (0.002); rT: 
k70r, F77L, k103n, T215s/e/d (0.01); L210W (0.009); 
d67n, L100I, M184V, k219e (0.007); and V106a, 
F116Y, Q151M, T215F/Y, k219Q (0.005). Five of nine 
states had >10% of transmitted resistance, two showed 
transmitted resistance in 9.45% and 6.2% and the other 
two did not show any kind of transmitted resistance. The 
states with the highest level of resistance were Jalisco and 

the state of Mexico, both with 15.38% of transmitted 
resistance, followed by Mexico city with 13.04%, Puebla 
with 12.19% and Tlaxcala with 11.1%, all of them sur-
rounding the capital city.

concLusIons: There was a higher prevalence in trans-
mitted resistance to all groups of drugs when we compared 
cPr-sdrM program with the criteria originally consid-
ered that used mutations for secondary resistance, sup-
porting the use of specific surveillance criteria to determine 
more adequately transmitted resistance. use of surveil-
lance criteria allowed a better comparison between other 
studies. according to this data, Mexico should be doing 
resistance testing before treatment.
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HIV drug resistance in the Andean Region: a 
look after the universal access to HAART in the 
Andean Region

J Guanira1,2, JR Lama1,2, O Montoya3, P Segura1,2, 
Eric Ramos1,2, Carmela Ganoza1,2, S Montano4, 
T Kochel4, R Grant5 and J Sanchez1,2 for the Peruvian 
HIV Sentinel Surveillance Working Group
1Investigaciones Medicas en Salud, Lima, Peru 
2Asociación Civil Impacta Salud y Educación, Lima, Peru 
3Fundación Ecuatoriana Equidad, Guayaquil, Ecuador 
4US Naval Medical Research Center Detachment, Lima, Peru 
5Gladstone Institute of Virology and Immunology, University of 
California San Francisco, San Francisco, CA, USA

Background: The first characterization of the anti-
retroviral drug resistance patterns in the andean region 
was conducted at Peru in 2002, showing a low prevalence 
(3.3%) of hIV primary resistance, mainly to nucleoside 
reverse transcriptase inhibitors (nrTIs). In 2004, the Peru 
and ecuador scaled up haarT programs, and by 2006, 
approximately 8,000 persons in both countries, were 
receiving haarT. In 2006, a proposed third generation 
sentinel surveillance survey was conducted in the andean 
region among high risk MsM to estimate the hIV inci-
dence, drug resistance patterns and behavioral correlates. 

MeThods: MsM who reported not knowing their hIV 
serostatus or not having an hIV test during the previous 
12 months were invited to participate through outreach 
work and referral by peer educators at four cities in Peru 
(Lima, arequipa, Ica and sullana) and guayaquil, ecua-
dor. genotyping drug resistance testing (Viroseq hIV-1 
genotyping) was conducted for participants with evidence 
of hIV infection and who had >2,000 copies/ml (standard 
roche amplicor hIV-1 Monitor).

resuLTs: a total of 2,608 persons participated in the 
2006 sentinel surveillance. of the 289 meeting the study 
criteria, only 204 samples were successfully amplified. The 
sequencing was successful on 117 samples, 60 samples 
were not possible to amplify and 27 are pending sequenc-
ing. only 5 (4.3%) samples presented mutations that pro-
vided evidence of hIV drug resistance. one sample from 
Lima showed resistance to protease inhibitors (PIs), one 
from Ica to nnrTIs, and three samples from guaya-
quil each to one the antiretroviral drug classes. globally 
the resistance to nrTIs and PIs was 0.9% each, and to 
nnrTIs was 2.6%. 

concLusIons: In the andean region, the prevalence 
of primary antiretroviral drug resistance continues to be 

low in 2006, even after public-funding-based haarT 
programs were scaled up. The andean region has made 
a transition from nrTI predominant primary resistance 
to nnrTI predominant primary resistance, an expected 
pattern as mono- and bi-therapy are no longer used in 
these countries and nnrTI-based regimens are the most 
commonly used for naive patients. sentinel surveillance 
systems monitoring primary antiretroviral drug resistance 
must continue in the region to guide the recommenda-
tions for haarT.
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Primary resistance in newly diagnosed HIV-1-
infected drug-naive individuals from Buenos 
Aires, Argentina: a two-period comparison

AE Rubio, MA Pando, DA Dilernia, J Trinchero, 
NI Rovner and H Salomon

National Reference Center for AIDS, School of Medicine, 
University of Buenos Aires, Buenos Aires, Argentina

Background: Transmission of drug-resistant variants, 
as well as its relationship to first antiretroviral treatment 
failure, have been well documented; hence, the need to 
establish the prevalence of primary resistance mutations 
(PrM) in the newly diagnosed hIV-1-infected drug-naive 
(nddn) population. here we compared PrM prevalence 
in nddn individuals during two periods of time (2003–
2005 and 2006–2008) in samples obtained at different 
voluntary counseling and testing centers (VcTs) from the 
city of Buenos aires.

MeThods: Blood samples were collected for routine hIV 
testing at VcTs involving patients from the general popu-
lation, as well as patients with different risk factors, that 
is, men who have sex with men (MsM), drug use (du) and 
sex workers (sW). Full protease and retrotranscriptase, 
codons 1–400, sequences were obtained from hIV-1-pos-
itive individuals (2003–2005, n=284; 2006–2008, n=200) 
and analysed for the presence of PrM. 

resuLTs: In the overall study population, PrM preva-
lence in nddn individuals increased from 3.2% to 8% 
(2003–2005 versus 2006–2008; P=0.02). Most patients 
had PrM associated with one group of drugs only (78%, 
2003–2005; 50%, 2006–2008). In 2006–2008 associated 
mainly to non-nucleoside reverse transcriptase inhibi-
tors (nnrTIs; 50%) and, to a lesser extent, to nucleo-
side reverse transcriptase inhibitors (nrTIs; 30%) and 
protease inhibitors (PIs; 20%) as opposed to 2003–2005, 
when nrTIs and PIs shared the highest prevalence (44.5% 
each). The most prevalent PrM was k103n (33% ver-
sus 43.8%, 2003–2005 versus 2006–2008), followed by 
nrTI-associated mutations M184V (11% versus 31.3%) 
and M41L (33% versus 25%) in 2003–2005 versus 2006–
2008. When analysed by risk group, the PrM prevalence 
was similar in both nddn-MsM populations (6.25% 
versus 5.6%, 2003–2005 versus 2006–2008). 

concLusIons: The increment in PrM prevalence 
observed in the overall nddn population between 
2003– 2005 and 2006–2008 in Buenos aires, argentina 
leaves an open controversial debate of whether drug-naive 
patients should be tested prior to starting antiretroviral 

treatment. however, the similar prevalence observed in the 
MsM population highlights the need to carry out careful 
analyses in order to accurately establish PrM in different 
at-risk nddM populations.
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High frequency of primary mutations associated 
with antiretroviral drug resistance in recently 
diagnosed HIV-infected children in Buenos 
Aires, Argentina

M Vignoles1, G Barboni2, MR Agosti3, M García3, 
S González Ayala3 and H Salomón1

1National Reference Center for AIDS, Buenos Aires, Argentina 
2“Dr Pedro de Elizalde” Children Hospital, Buenos Aires, Argentina 
3”Sor María Ludovica” Children Hospital, La Plata, Argentina 

oBJecTIVes: The aim of our study was to estimate the 
prevalence of primary hIV drug resistance in a popula-
tion of children born to hIV-infected mothers in Buenos 
aires, argentina. 

MeThods: newly diagnosed hIV-1- infected children 
(born to an hIV-1-infected mother), aged ≤14, treated at 
two public paediatric hospitals, were studied. antiretro-
viral therapy (arT) data were collected in mother-child 
pairs. hIV-1 subtyping and arT resistance mutations 
were assayed in children by sequencing a region of hIV 
pol gene. sequences were analysed with the stanford uni-
versity calibrated population resistance tool, using the 
2009 surveillance drug resistance mutations list.

resuLTs: From december 2004 to March 2009, a total 
of 113 children were enrolled: 34 were <12 months of age, 
30 were between 1 and 5 years and 49 were between 6 and 
14 years. In total, 9 (8.0%) children had viral strains with 
≥1 primary mutation associated with resistance to reverse 
transcriptase (rT) and/or protease (Pr) inhibitors. a sig-
nificantly (P=0.005) higher frequency of resistance (14.1%, 
n=9/64) was found among children aged <5 years com-
pared with those between 6 and 14 years. The mutations 
found were M41L, L74V, M184V, T215Y, T215I, T215s, 
k103n, Y181c and g190a in rT, and M46L, F53Y and 
L90M in Pr. regarding antiretroviral drug history, only 13 
(11.5%) children had received prophylactic therapy after 
birth and 88.5% (100/113) of the mothers had not received 
arT during pregnancy, or ever before. In only two cases, 
arT history was associated with the mutations found. In 
total, 25 (22.1%) children had subtype B hIV-1 strains and 
88 (77.9%) had intersubtype B/F recombinant variants. 

concLusIons: our results showed a high frequency of 
antiretroviral drug resistance mutations in recently diag-
nosed infants aged <5 years. Therefore, drug resistance 
testing before haarT initiation in paediatric popula-
tions should be implemented as a standard of care, even in 
developing countries such as argentina, for a rational and 
cost-effective use of drugs.
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Evaluation of minority populations of HIV-1 with 
K103N and M184V resistance mutations among 
HIV-1-infected children in Buenos Aires, Argentina

M Vignoles1, G Barboni2, MR Agosti3, M García3, 
S González Ayala3 and H Salomón1 
1National Reference Center for AIDS, Buenos Aires, Argentina  
2“Dr Pedro de Elizalde” Children Hospital, Buenos Aires, Argentina  
3”Sor María Ludovica” Children Hospital, La Plata, Argentina 

oBJecTIVes: The aim of this study was to describe the 
frequency of minority populations of viruses carrying 
mutations k103n and M184V in drug-naive hIV-infected 
children, and to further evaluate their impact on selection 
of drug-resistant viruses within highly active antiretroviral 
therapy (haarT). 

MeThods: newly diagnosed vertically hIV-1-infected 
children were evaluated. hIV-1 pol gene was sequenced 
for subtyping and antiretroviral drug resistance analysis. 
standard genotypic sequencing and sequence-selective 
real-time Pcr (sPcr) to quantify minority viral popula-
tions were assayed. 

resuLTs: From december 2004 to July 2006, we 
included 35 children who were studied at baseline and 
during their first haarT regimen (follow-up median time 
29.4 months). of them, 82.9% were infected with inter-
subtype B/F recombinant variants. at baseline, all of them 
had a drug-susceptible viral population by bulk sequenc-
ing. sPcr showed that 4 children had between 2–10% of 
M184V, 11 had it in <0.7%, 18 had no detectable mutation 
and 2 could not be amplified. no k103n minority popu-
lations were found. once under haarT (which always 
included lamivudine plus two other drugs), those children 
who had 2–10% of M184V at baseline further selected it 
in percentages >20% in less time than those with <0.7% 
or without minority populations (P=0.001). 

concLusIons: It was shown that having 2–10% of 
M184V at baseline enhanced its selection in high per-
centages in a short time after haarT initiation. Further 
research regarding the presence of minority quasispecies 
before initiation of haarT in large paediatric popula-
tions should be undertaken to evaluate their clinical impact 
 during haarT.
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Prevalence of drug-resistant HIV-1 variants at 
initiation of standard first-line HAART in Africa 

RL Hamers1, AM Wensing2, M Siwale3, 
M Botes4, F Conradie5, S Abdallah6, CL Wallis5, 
W Stevens5, M van Vugt1, DA van de Vijver7, 
R Schuurman2 and TF Rinke de Wit1 on behalf 
of the PharmAccess African Studies to Evaluate 
Resistance (PASER) program
1PharmAccess Foundation, Academic Medical Center, Amsterdam, 
the Netherlands 
2University Medical Center Utrecht, the Netherlands 
3Lusaka Trust Hospital, Lusaka, Zambia 
4Muelmed Hospital, Pretoria, South Africa 

5University of the Witwatersrand, Johannesburg, South Africa 
6International Center for Reproductive Health, Mombasa, Kenya 
7Erasmus Medical Center, Rotterdam, the Netherlands

Background: This study aimed to assess the preva-
lence of baseline drug-resistant hIV-1 variants in adults 
initiating standard first-line haarT at seven treatment 
clinics in Zambia, south africa and kenya, in the context 
of the rapid haarT scale-up. 

MeThods: hIV-1 pol gene was sequenced in 900 chroni-
cally hIV-1-infected adults enrolled in the multicenter 
Paser Monitoring cohort during 2007–2008. Partici-
pants were categorized as ‘antiretroviral (arV)-naive’ 
(never exposed) or ‘arV-experienced’ (history of arV for 
prophylaxis and/or treatment >1 month before initiating 
haarT). resistance-associated mutations were identified 
using the 2009 surveillance drug resistance Mutation list. 
subtypes were assessed using the rega subtyping tool.

resuLTs: In arV-naive individuals (n=843), 5.5% 
 carried any resistance mutation: 0.8%, 3.8% and 1.2% 
to nrTIs, nnrTIs and PIs, respectively. across sites, the 
overall prevalence was 1.5% (Pretoria), 4.3% (Johannes-
burg), 5.4% (Lusaka1), 5.5% (Lusaka2), 6.0% (Mom-
basa), 6.2% (Lusaka3) and 10.2% (White river-Wr). at 
all sites, nnrTI-resistance was most prevalent. among 
10 Wr individuals with resistant hIV-1, 2 had M46I 
in protease and 5 females had ≥1 nnrTI-mutations. 
among arV-experienced individuals (n=57), 40% had 
previously used haarT, 5% mono/dual therapy, 11% 
single-dose nevirapine for PMTcT, 14% combination 
therapy for PMTcT and 30% other therapy. of these, 
26.3% carried any mutation: 8.8%, 19.3% and 0% to 
nrTIs, nnrTIs and PIs, respectively. dual-class resis-
tance was found in four participants, three of whom were 
arV-naive. Most frequently observed mutations were 
k103n, Y181c, g190a, k103s, L90M, k101e and 

M184V. subtype c was predominant (90%), followed by 
a, d, g, crF_ag and B. Baseline characteristics such as 
sex, age, disease stage, cd4+ T-cells, hIV rna and sub-
types did not differ between participants with or without 
resistance mutations. 

concLusIons: among individuals in the cohort with 
earlier arV exposure, 26% harbored resistance at ini-
tiation of standard first-line haarT. among arV-naive 
individuals >5% carried resistance. nnrTI-resistance 
was most prevalent, by contrast to countries with a long 
treatment history where baseline resistance is dominated 
by nrTI-mutations. We cannot exclude that undisclosed 
PMTcT might have contributed to the high rates observed. 
Longitudinal monitoring studies are needed to determine 
the consequences for treatment outcome and to ensure 
adequate selection of first-line regimens.
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HIV resistance to antiretroviral drugs in treated 
and treatment-naive patients in clinics using 
national guidelines for ART in the Democratic 
Republic of Congo 

J Muwonga1,2, S Edidi1, C Butel3, M Monleau3, 
A Okenge4, J Lambert Mandjo4, H Mukumbi5, 
JJ Muyembe2, F Mbayo2, DK Nzongola2, E Delaporte3, 
F Boillot6,7 and M Peeters3

1LNRS, General Hospital of Kinshasa, Democratic Republic of Congo 
2University of Kinshasa, Department of Medical Biology, 
Democratic Republic of Congo  
3UMR 145/IRD/Univ Montpellier 1, Montpellier, France 
4AIDS National Control Program/Democratic Republic of Congo 
(PNLS/RDC)  
5AMOCongo (NGO: Avenir Meilleur pour les Orphelins en RD Congo) 
6Alter – Santé Internationale & Développement, Montpellier, France 
7International Union against Tuberculosis and Lung Diseases, 
Paris, France

Background: We studied the virological outcome in 
arT-treated patients in health care centres in the demo-
cratic republic of congo (drc) using the Who public 
health approach, and tested for the presence of drug resis-
tance mutations in recently diagnosed patients. 

MeThods: In total, 320 patients, receiving arT for 
≥12 months in kinshasa (n=247) and Matadi/Bas congo 
(n=73), and 70 arT-naive patients (kinshasa n=41 and 
Matadi n=29) were consecutively enrolled between sep-
tember and october 2008. genotypic drug resistance test-
ing was performed with in-house assay for all patients with 
viral load (VL)>1,000 copies/ml. amino acid sequences 
were analysed with the anrs algorithm (July 2008 ver-
sion) for the treated patients and with the 2009 Who list 
for arT-naive patients. subtype/crFs were identified by 
phylogenetic tree and recombination analysis.
 
resuLTs: More than 97% of the patients received 
3Tc+d4T/aZT+nVP/eFV as first-line regimen, median 
age was 45 years (IQr 39–51) and 78% were women. 
Median arT duration was 24 months (IQr19–31) and 
26 months (IQr 20–31) in kinshasa and Matadi, respec-
tively. a total of 43 patients had VL>1,000 copies/ml 
(28/247 [11.3%] in kinshasa and 15/73 [20.6%] in Mat-
adi) and 30 harbored resistant viruses (19/247 [7.7%] in 
kinshasa and 11/73 [15.1%] in Matadi). overall, 2, 20 
and 8 patients were resistant to 1, 2 and 3 of the drugs 
in their actual regimen, respectively. among the 29 nrTI-
resistant patients, 26 harbored the M184V mutation 
with 8 also TaMs, 1 had only TaMs and 2 had only the 
k65r mutation. among the 29 nnrTI-resistant patients, 

k103n and/or Y181c mutations predominated. Phylo-
genetic analysis showed a high hIV diversity with many 
unique recombinants. among the 70 arT-naive patients, 5 
(7.2%) harbored mutations: L90L/M (n=1), V82a (n=1), 
F77F/l (n=1) and k103k/n (n=1), and 1 women had mul-
tiple nrTI and nnrTI mutations. 

concLusIons: overall, rates of genotypic drug resis-
tance were low but an important difference between the 
two cities was observed. The majority of patients with VL 
failure were resistant to ≥2 of the 3 drugs from their actual 
regimen. Importantly, two patients (non-subtype c) had 
the k65r mutation compromising the efficacy of second-
line regimens for which TdF is recommended.
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High prevalence of genotypic resistance mutations 
in DNA and genetic variability in long-term 
ART-experienced patients infected with HIV-2 in 
Abidjan, Côte d’Ivoire

TA Toni1,2, M Mbamy2, E Asahchop1, M Ntemgwa1, 
H Chenal2 and MA Wainberg1

1McGill University AIDS Centre, Jewish General Hospital, Montreal, 
QC, Canada 
2Centre Intégré de Recherches Biocliniques d’Abidjan-Programme 
PAC-CI, Abidjan, Côte d’Ivoire

Background: In resource-limited settings, monitoring 
viral load and genetic resistance of hIV-2-infected individ-
uals is not available. Therefore, the susceptibility of hIV-2 
to protease inhibitors (PI) and nucleoside reverse tran-
scriptase inhibitor (nrTI)-based regimens in long-term 
arV-treated patients in these countries is unknown. The 
aim of this study was to assess the prevalence of geno-
typic drug resistance mutations of hIV-2 patients and to 
describe the hIV-2 genetic variability.

MeThods: Patients were enrolled from a prospective 
national cohort of hIV-2-infected patients in côte d’Ivoire 
(rcI). according to Ivoirian’s government antiretroviral 
therapy (arT) program guidelines, hIV-infected individ-
uals with clinical aIds, cd4+ T-cell counts <200, or <350 
with clinical symptoms, were treated with arT. The total 
blood of treated hIV-2-infected individuals was sampled 
on dried blood spot. dna was extracted and submitted 
for genotypic resistance testing. subtype trees were con-
structed using Mega 4 software. k65r allele specific (as) 
Pcr was performed to detect minority resistant variants.

resuLTs: In total, 35 arT-experienced patients were 
enrolled in the study. The median time on arT was 
3.6 years (range 1–4.6), the median cd4+ T-cell count 
was 240 cells/mm3 (range 121–792), the median age was 
46 years and 65% were male. overall, 23 samples could 
be amplified by Pcr. These patients were treated with 
indinavir or lopinavir/ritonavir and zidovudine or sta-
vudine, plus lamivudine, abacavir or didanosine. eight 
(35%) patients exhibited nrTI-resistance mutations 
M184V and two (9%) Q151M. In protease (Pr), three 
(13%) patients and two (9%) patients had L90M and 
I50V mutations respectively. overall, eight (35%) patients 
were resistant to ≥1 drug and two (9%) were resistant to 
all nrTIs, excepted tenofovir. hIV-2 natural polymorph-
isms at resistant codons in Pr and rT were observed. no 
k65r minority resistant-strains were detected by as-Pcr. 
circulation of both clade a (n=12, 52%) and B (n=11, 
48%) was confirmed by phylogenetics analysis.

concLusIons: arT-experienced hIV-2 individuals 
in rcI showed high prevalence of genotypic resistance 
mutations associated with arT. Monitoring of hIV-2 
viral load and drug resistance mutations will considerably 
improve effectiveness of long-term treatment. More data 
are required to update arT guidelines for hIV-2.
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Varied patterns of HIV-1 drug resistance among 
patients on failing first-line antiretroviral therapy 
in the South African national roll-out programme

CL Wallis1, JW Mellors2, WDF Venter1, I Sanne1 and 
W Stevens1,3

1University of the Witwatersrand, Johannesburg, South Africa 
2University of Pittsburgh, Pittsburgh, PA, USA 
3National Health Laboratory Services, Johannesburg, South Africa

Background: The south african national roll-out 
programme is now entering its fifth year since inception, 
with >570,000 adults accessing treatment. nevertheless, 
there is limited data on drug resistance from the roll-out 
programme. This study sought to determine the frequency 
and types of drug resistance mutations following first-line 
regimen failure in the south african programme.

MeThods: a total of 226 patients failing first-line 
regimens (n=147: d4T, 3Tc, eFV; n=22: d4T, 3Tc, 
nVP; n=54: aZT, 3Tc, eFV and n=3: aZT, 3Tc, nVP) 
were studied to determine resistance patterns. Pro-
tease and rT sequences were analysed for drug resist-
ance mutations using the Ias–usa mutation list and the  
Viroscore database. 
 
resuLTs: The most common mutation was the 184V/I 
(74%; n=168), but 10% of patients (n=22) had only 
nnrTI mutations and 16% (n=36) had no known 
drug resistance mutations. The 65r mutation (4.5%) 
was observed without TaMs and sometimes in combi-
nation with the 151M complex. only 11% of patients 
had >3 TaMs, with the 67n pathway predominating. 
The frequency of TaMs was significantly higher with 
aZT-containing (33 of 57) than d4T-containing (41 of 
168) regimens (P<0.001). The most common TaM was 
67n, occurring in 33% (19 of 57) of patients on aZT, 
but in only 11% (19 of 169) of patients on d4T regi-
men (P<0.001). The nnrTI mutation profiles differed 
for patients on eFV versus nVP-containing regimens. 
The 181c mutation was more frequent with failure of 
nVP (n=28%) than eFV-containing (n=3%) therapy 
(P<0.001). By contrast, the 106M mutation was more 
frequent (P=0.002) with eFV (n=66; 31%) compared 
with nVP (n=1; 3%). Furthermore, eFV appeared to 
select for a wider range of mutations in the rT compared 
with nVP.

concLusIons: overall, the varied drug resistance pat-
terns observed after failure of first-line therapy indicates 
that resistance testing would be useful in identifying the 
most appropriate second-line therapy. Blind regimen 

‘switches’ are not likely to provide optimal second-line 
treatment responses in all patients, although the overall 
cost-effectiveness of resistance testing is uncertain. sentinel 
surveillance for drug resistance should be part of national 
treatment programs to identify effective and low-cost 
treatment regimens.

11_Drug resistance resource poor.indd   181 20/5/09   10:55:32



Fort Myers, FL, USA, 9–13 June 2009

Programme & AbstractsA182

ABSTRACT 159
Antiviral Therapy 2009; 14 Suppl 1:A182

HIV-1 transmitted drug resistance surveillance in 
three provinces in South Africa during 2002–2007

J Ledwaba1, G Hunt1, M Rakgotho1, Z El‑Khatib1,2, 
B Singh1, L Makubalo3, A Puren1 and L Morris1

1National Institute for Communicable Diseases, Johannesburg, 
South Africa 
2Division of Global Health (IHCAR), Karolinska Institutet, Sweden 

3Department of Health, South Africa

oBJecTIVes: Transmitted hIV-1 drug resistant (Tdr) 
can jeopardize first-line therapy options in limited-resource 
settings where pretreatment initiation drug resistance test-
ing is not available. We therefore conducted surveillance 
for Tdr from antenatal clinic participants in south africa 
from 2002–2007, as part of the yearly hIV sero- prevalence 
survey conducted by the department of health.

MeThods: serum samples were obtained from women 
of median age 20 years (range 18–25) in their first preg-
nancy attending antenatal clinics in three provinces: kwa-
Zulu natal (kZn; 2005–2007), gauteng (gP; 2002, 
2004–2007) and Western cape (Wc; 2006). kZn and gP 
have high hIV prevalences and Wc has a longer history of 
using antiretrovirals. genotyping was done on viral rna 
by sequencing protease and reverse transcriptase genes. 
Minority variants of k103n mutation were assessed by 
allele-specific Pcr assay (as-Pcr). Mutations were inter-
preted using the Who Tdr surveillance list for 2009.

resuLTs: of the 486/1,038 (46.8%) samples ampli-
fied in the nine surveys, 5/486 (1%) patients had resist-
ance mutations. There was no significant difference in the 
demographic characteristics of women whose samples 
were analysed compared with those whose samples failed 
to amplify. In all provinces the median age of their partners 
was 25 years. In the 2002 gP survey, two (3.3%) women 
had T69d or k70r, and in 2007, one (1%) woman had 
M184I. In kZn in 2005 one (2.5%) woman had k101e 
and Y181c, and in 2006, one (1.4 %) woman was found 
to have Y181c. all other sequences were wild type. as-
Pcr was done on six of the nine surveys with two reveal-
ing low frequency k103n mutants; 2.2% (n=1) in 2004 
and 2.8% (n=3) in 2005, both from gP. Phylogenetic anal-
ysis showed similarities in strains circulating in gauteng 
province over 5 years and sequences from three provinces 
were interspersed with each other.

concLusIons: Tdr rate was below the Who thresh-
old (<5%) in three provinces. The low amplification rates 
are most likely a result of the use of samples collected for 
serology. Low frequencies of k103n minority variants 

suggest that incorporating as-Pcr in Tdr surveys might 
be useful, as minority variants have been shown to have 
clinical implications in treatment.
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Protease inhibitor resistance is uncommon in 
patients on failing second-line lopinavir/r-
containing regimen in South Africa

CL Wallis1, JW Mellors2, WDF Venter1, I Sanne1 and 
W Stevens1,3

1University of the Witwatersrand, Johannesburg, South Africa 
2University of Pittsburgh, Pittsburgh, PA, USA 
3National Health Laboratory Services, Johannesburg, South Africa

Background: as the south african roll-out programme 
enters its fifth year, an increase in second-line protease-based 
regimen failures is being observed. currently, little data are 
available on protease (Pr) resistance in hIV-1 subtype c. 
This study determined drug-resistance mutations following 
second-line regimen virological failure in the south african 
programme and explored third-line treatment options.

MeThods: In total, 45 hIV-1 subtype c-infected adults 
with virological failure on a second-line PI-containing regi-
men (aZT, ddI, lopinavir/r) were studied. Pr and reverse 
transcriptase (rT) sequences were analysed for drug resist-
ance mutations using the Ias–usa mutation list and the 
Viroscore database. subtype c Pr naturally occurring 
poly morphisms were compared between 226 PI-naive and 
the 45 failure sequences. 

resuLTs: only one patient had the L76V major lopina-
vir resistance mutation, which also contributes to reduced 
susceptibility to darunavir. a total of 27 (60%) patients 
had between 1 and 4 of the 13 secondary lopinavir resist-
ance mutations, but no additional darunavir mutations 
were observed. The L63P (n=21; 47%) mutation was the 
most prevalent secondary mutation, followed by k20r 
(n=8; 18%). no statistically significant increase in L63P 
(P=0.075) or k20r (0.7492) was observed between PI- 
naive and failure sequences. of the 28 patients with sec-
ondary lopinavir mutations, 44% (n=20) had no mutations 
that confer resistance to nucleoside reverse transcriptase 
inhibitors (nrTI). of the eight patients with nrTI resist-
ance mutations, four had M184V and four had TaMs 
(ranging from 1 to 3). of the 17 (38%) patients without 
lopinavir resistance mutations, 35% had nrTI mutations 
(n=4: M184V and TaMs; n=2: TaMs). The remaining 
11 (25%) patients had neither nrTI nor lopinavir resist-
ance mutations. In total, 13 of the 45 (29%) patients had 
nnrTI mutations that reduce susceptibility to etravirine, 
but only 2 of 13 of had a weighting score of 3, predictive 
of a poor response to etravirine.

concLusIons: Major lopinavir resistance mutations 
were rare (2%) among patients failing second-line therapy 

with aZT, ddI and lopinavir/r in the south african roll-
out programme. Many nucleoside options remain after 
failure. In addition, darunavir and etravirine appear to be 
good options for third-line therapy based on the resistance  
profiles observed. 
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HIV drug resistant mutations in HIV-1 subtype 
C children failing antiretroviral therapy in 
South Africa

CL Wallis1, S Varughese2, K Technau3 and 
W Stevens1,4

1Department of Molecular Medicine and Haematology University 
of the Witwatersrand, Johannesburg, South Africa 
2Department of Medicine, University of the Witwatersrand, 
Johannesburg, South Africa 
3Rahima Moosa Mother & Child Hospital, Johannesburg,  
South Africa 
4National Health Laboratory Services, Johannesburg, South Africa

Background: despite the fact that nearly 50,000 
children are accessing antiretroviral therapy (arT) care 
in south africa, there is still limited data available on 
drug resistant patterns emerging upon virological fail-
ure. The objective of this study was to determine the 
drug resistance mutation profiles arising in children fail-
ing an nrTI plus an nnrTI or boosted protease (Pr)-
based regimen.

MeThods: The Pr and reverse transcriptase (rT) 
sequences of 109 children on a failing regimen were ana-
lysed for drug resistance mutations using the Ias–usa 
(2009) mutation list. sequences obtained from 54 arV-
naive subtype c children were used to compare the fre-
quency of the Pr naturally occurring polymorphisms in 
the two groups.

resuLTs: a total of 64 of the children were accessing 
a failing nrTI plus nnrTI regimen and 45 an nrTI 
plus lopinavir/r-based regimen. of the 109 children, 77 
(71%) contained the M184V mutation and 47% (n=51) 
had mutations resulting in decrease susceptibility to 
nnrTIs. The most frequently observed nnrTI muta-
tions were k103n (n=34; 31%), followed by V106M 
(n=18; 17%). Three patients harboured the k65r muta-
tion and an additional three the Q151M mutation. over-
all, 24% of patients had ≥1 TaM. The TaM pathway 
II predominated (n=13; 12%). In total, 8% of patients 
had no rT mutations. of the 45 patients on a failing 
lopinavir containing regimen, 15 (33%) harboured the 
V82a mutation, whereas the remaining 30 had no major 
PI mutations. a comparison of the Pr sequences in arV-
naive and arV-exposed patients revealed that the L63P 
naturally occurring polymorphism in subtype c was 
similar (P=0.9694). Interestingly, there was a statistically 
significant increase in Pr polymorphisms at codons 35, 
36 and 60, which have previously not been associated 
with reduced susceptibility to lopinavir.

concLusIons: similar mutation profiles are observed 
in children and adults failing arVs on the national pro-
gram in south africa. as expected, the majority of patients 
failing the nnrTI-based first-line regimen harbour a com-
bination of M184V and nnrTI mutations. The V82a 
mutation attributes to 33% of PI-regimen-based failures. 
reasons for failure in the absence of major Pr mutations 
requires further investigation.
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Itemset mining: an approach to identify co-
occurrence of drug resistance mutations among 
HIV-1-infected patients failing therapy

A Kamau1, CJ Seebregts2, D Katzenstein3, R Kantor4, 
S Cassol5, J Ledwaba6, L Morris6, C Hoffman7 and 
T de Oliveira1,8 for the South African Treatment and 
Resistance Network (SATuRN)
1South African National Bioinformatics Institute, University of the 
Western Cape, South Africa 
2Biomedical Informatics Research, eHealth Research and Innovation 
Platform Medical Research Council, Cape Town, South Africa 
3Department of Medicine, Division of Infectious Diseases, 
Stanford University Medical Center, Stanford, CA, USA 
4Department of Internal Medicine, The Warren Alpert Medical 
School of Brown, University and Rhode Island Hospital, 
Providence, USA 
5HIV-1 Mucosal Pathogenesis and Treatment Program, 
Department of Immunology, University of Pretoria, South Africa 
6AIDS Virus Research Unit, National Institute for Communicable 
Diseases, Johannesburg, South Africa 
7Division of Infectious Diseases, Johns Hopkins School of 
Medicine, Baltimore, MD, USA 
8Africa Centre for Health and Population Studies, Nelson R Mandela 
School of Medicine, University of KwaZulu-Natal, South Africa

Background: data for analysing drug resistance 
mutations (drM) is often embedded within high dimen-
sional datasets containing multiple fields or attributes 
(cd4, viral load, treatment and clinical history, coinfec-
tions) but few observations. Most datamining tools per-
form poorly on these datasets, a phenomenon known as 
the curse of dimensionality. Bioinformatics tools that mine 
defined information (itemsets) containing categorical data 
fields are needed to identify and correlate differences in 
patterns and determinants of drM. 
 
MeThods: a total of 113 sequences from 74 patients 
were analysed. all patients had evidence of virological 
failure. genotyping was performed a median of 331 days 
after initiation of aZT/3Tc/eFV. data was managed using 
regadB. drM were analysed using regadB and cPr 
(version 4.1), and a bioinformatics tool that (i) mines for 
closed itemsets of co-occurring mutations; (ii) determines 
whether these itemsets are correlated with each other using 
Bayes theorem P(a^B) compared with P(a)*P(B); (iii) 
groups co-occurring mutation itemsets based on similar-
ity distances in a one-dimensional regression plot; and (iv) 
displays the information graphically. 

resuLTs: overall, 82/113 (72.6%) sequences had >1 rT 
mutation; >5% had drM at positions 184, 106, 108, 

225, 188 and 215. drM co-occurrence was identified 
as: M184VI/k103n (48/113); P225h/k103n (15/113); 
P225h/M184V/k103n (12/113); V106M/M184V 
(10/113); V106M/k103n (8/113); V108I/M184V/
k103n (7/113); and T215Y/M184V/k103n (6/113). 
co- occurrence of P225h and k103n was more common 
among patients with multiple (9/39, 23%) versus single 
(7/74, 4.9%) time points (P<0.01). co-occurrence of 
M184V/k103n and V106M/k103n/V108I/k103n muta-
tions was associated with 3–4 log

10 copies/ml of hIV-1 
rna and 200–300 cd4+ T-cells/µl.

concLusIons: The datamining algorithm identified co-
occurrence of drM with a high level of accuracy (100%) 
and sequence data might be readily correlated with clinical 
information. application to treatment of hIV-1 in south 
africa suggested that P225/k103 co-occurrence increases 
with continued eFV among subtype c hIV-1. The P225 
mutation did not occur in isolation and some combina-
tions were more common in patients with lower viral loads 
and cd4+ T-cell counts. This tool is highly scalable and 
can accommodate analysis of thousands of sequences and 
associated information. It can also be extended to include 
additional categorical data and information related to 
patient history.
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Risk of broad-spectrum resistant virus in HIV-1-
infected children after first-line treatment failure 
in a large access program in Maputo, Mozambique

ML Chaix1, I Jani2, E Macassa2, D Bila2, A Vubil2, 
S Andersson3, N Briand4, C Rouzioux1, P Vaz2 and 
S Blanche1

1EA 3620 Université Paris Descartes, CHU Necker, Paris, France 
2Hospital Central de Maputo, Instituto Nacional de Saude, 
Mozambique 
3Karolinska Institute Stockholm, Stockholm, Sweden 
4Institut National de La Santé et de la Recherche Médicale 
(Inserm), U822, Le Kremlin-Bicêtre, France

Background: resistance outcome for treated children 
in low-resource countries is scarce. We aimed to describe 
the frequency and the profile of resistant virus in children 
treated for ≥6 months according to Who guidelines in a 
large access program in Mozambique.

MeThods: Between december 2003 and december 2007, 
512 children (median age 59.8 months) were treated with a 
combination of d4T or ZdV+3Tc+nevirapine. hIV-1 rna 
was transversally performed once using the roche amplicor 
v1.5 test. available samples with hIV-1 rna≥50 copies/ml 
were tested for genotypic drug resistance. 

resuLTs: Viral load was available for 495 out of the 
512 children treated for ≥6 months. among them, 135 
(27%) had a viral load ≥50 copies/ml and genotypic resis-
tance test could be performed for 84/135 children. Wild-type 
viruses were found in seven cases. resistance to nnrTIs 
was found in 92% and/or to 3Tc in 88%. Thymidine ana-
logue mutations (TaMs) conferring resistance to ZdV or 
d4T were observed in 15%. Because of cross-resistance 
between nrTIs, resistance to tenofovir, abacavir and ddI 
were described in 6%, 5% and 3.5%, respectively. The 
multidrug resistance complex (Q151M) was found in three 
cases. Twenty children (24%) harbored a broad-spectrum 
resistant virus defined as resistance to the three drugs of the 
combination received by the child and/or ≥1 resistance to a 
drug to which the child had never been exposed (abacavir 
5%, tenofovir 6%, didanosine 3.5% and etravirine 6%). 
The only factor identified by multivariate analysis as being 
associated with this broad-spectrum resistance was the dura-
tion of treatment (aor 6.67 [95% cI 1.24–35.93], P<0.05 
for treatment >24 months). The level of viral replication at 
the time of genotyping was not predictive. Most of the chil-
dren (96.4%) were infected with a subtype c virus. 

concLusIons: This exhaustive study in a large group 
of children treated according to Who guidelines in 

Mozambique revealed a high rate of virological success 
(73%). residual viral replication in children receiving d4T/
ZdV+3Tc+nevirapine treatment is associated with a time 
dependent risk of broad-spectrum resistance, including resis-
tance to drugs currently used for second-line treatment. 
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Association between medication possession ratio 
and virological M6 and M12 outcomes in HIV-
1-infected adults on antiretroviral treatment in 
Abidjan, Côte d’Ivoire 

ML Chaix1, E Messou2, D Gabillard3, A Minga2, 
E Losina4, T N’Dri‑Yoman2, K Freedberg4, 
C Rouzioux1, C Danel2 and X Anglaret3

1EA 3620 Université Paris Descartes, CHU Necker, Paris 
2INSERM U897, Centre de Recherche Epidémiologie et 
Biostatistique, Bordeaux, France 
3Programme PACCI, Abidjan, Côte d`Ivoire 
4Massachusetts General Hospital, Boston, MA, USA

Background: The relationship among medication 
adherence, virologic suppression and resistance has not 
been studied in resource-poor settings. We report on such 
relationships at 6 and 12 months (M6 and M12, respec-
tively) in adults followed in two large programmes in côte 
d’Ivoire receiving first-line arT regimen consisting of two 
nrTIs and one nnrTI.

MeThods: Patients who started arT between February 
2006 and May 2007 and presented for their M6 follow-up 
were eligible for the study. They had been followed with a 
free of charge hIV rna test at M6 and M12. Viral load 
(VL) was quantified by the anrs technique. samples with 
VL≥300 copies/ml were tested for genotypic drug resist-
ance at M12 and retrospectively at M6 if resistant at M12. 
The medication-possession ratio (MPr) was calculated as 
the number of days of arT given to the patient divided by 
the follow-up time between arT initiation and M12.

resuLTs: In total, 1,545 patients receiving d4T or 
ZdV+3Tc+nVP or eFV were enrolled, of whom 996 
and 941 were still alive and followed-up at M6 and M12, 
respectively. VL was undetectable in 80.2% and 75% of 
patients at M6 and M12. resistance tests were performed in 
207 patients with detectable VL at M12. among them, 51% 
(106/207) had a resistance to ≥1 drug (including to nnrTIs 
91.5%, to 3Tc 69% and to ZdV or d4T 9.4%). at M6, 
60% of these patients (64/106) had a wild-type virus, 40% 
a resistance to ≥1 arV (including resistance to nnrTIs in 
95%, 3Tc in 67% and ZdV or d4T in <1%). The M12 
percentage of patients with undetectable VL, detectable VL 
with wild-type virus and detectable VL with resistance were 
92%, 5% and 4% in patients with MPr≥95%; 83%, 10% 
and 7% in patients with MPr 80–94%; and 38%, 32% 
and 30% in patients with MPr<80% (P<0.0001)

concLusIons: In this large observational study, 49% 
of patients with detectable VL at M12 had no resistance. 

In these patients, switching to second-line arT on the 
basis of a detectable VL would have been inappropriate. 
The strong association between MPr and M12 virological 
status highlights the critical importance of adherence and 
suggests MPr as a good marker.
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Resistance patterns among HIV-treated patients 
with virological failure, Busia District, Kenya

E Alonso1, M Arnedo2, N Eisenberg1, A Jaén3, 
C Ferreyra1, L Ibáñez3, L Flevaud1, A Khamadi4, 
P Roddy1, J Mashala1, A Alvarez1, E Velilla1 and 
D Dalmau3 on behalf of Busia OR Study Group
1Médecins Sans Frontieres-OCBA 
2Hospital Clinic de Barcelona, IDIBAPS, Spain 
3Hospital Universitari Mutua de Terrassa, Terrassa, Spain 
4Kenya Medical Research Institute (KEMRI), Kenya

Background: Little data are available on the conse-
quences of lack of viral monitoring in predicting the effects 
of development of hIV drug resistance mutations during 
antiretroviral therapy (haarT) in resource-limited set-
tings in sub-saharan africa. Médecins sans Frontieres 
spain (MsF-s) has been providing arV treatment since 
July 2003 in Busia district hospital (kenya). This study 
aimed to assess virological failure as well as resistance 
mutation patterns by means of dried blood spot (dBs) fil-
ter paper among hIV patients receiving first-line haarT.
 
MeThods: Patients receiving haarT treatment for 
≥12 months were eligible for study inclusion. antiretrovi-
ral therapy consisted of d4T or aZT, 3Tc and either nVP 
or eFV. non-naive patients and patients on any other arV 
were excluded from the study. Viral load was performed 
for each patient. Those with hIV rna≥5,000 copies/ml 
underwent genotypic study. Total hIV-1 rna from dBs 
was extracted using the nuclisens method. a 1,100 bp of 
pol gene was amplified using in-house rT-Pcr method 
previously described in the literature. genotyping was 
validated using the Viroscore suite (aBL, Luxembourg, 
v3.9.2). clinical, epidemiological and adherence data were 
also collected. 

resuLTs: In total, 926 patients were included (mean treat-
ment duration 38.8 months, mean age 42.1 years, male 
67.3%). among 274 (29.6%) treatment-failing patients, 
55 (5.9%) had viral load >5,000 copies/ml (37.9 years 
[range 18.7–72.5]), 61.8% were male and 10 (18.2%) had 
clinical failure. Median cd4+ T-cell count was 306 cells/
mm3 (interquartile range [IQr] 164–469). Median hIV 
rna was 32,000 copies/ml (IQr 11,000–68,000). In total 
17/55 (31%) samples could be sequenced on Pr and rT 
genes, but only 15/17 (88%) showed rT resistance associ-
ated mutations (raMs). among them, 11/15 (73%) har-
boured raMs associated to thymidine analogues (TaMs) 
(M41L, d67n, k70r, V75I, L210W and T215Y) and 
14/15 (93%) showed M184V raM to lamivudine. all 
patients (17/17) carried nnrTIs raMs (k101e, k103n, 

g190a, V108I, Y181c and Y188L). We did not find pri-
mary raMs to protease gene. 

concLusIons: Virological failure rates in resource-
limited settings are similar to those observed in developed 
countries. Moreover, genotypic results available were con-
cordant with antiretroviral treatment received by failing 
patients, reinforcing the importance of treatment adher-
ence in the context of lack of regular access to VL monitor-
ing and genotype. Thus, our data contribute to the debate 
of whether genotyping is essential and feasible to do in 
resource-poor countries 
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HIV diversity and drug resistance in western 
Kenya from plasma and non-plasma genotyping

R Kantor1, L Diero2, A DeLong1, M Balamane3, 
RM Lloyd4, W Injera2, L Kamle2, F Mambo2, 
S Muyonga2, L Watetu2, EJ Carter1, D Katzenstein3, 
J Hogan1 and N Buziba2

1Brown University, Providence, RI, USA 
2USAID-AMPATH Partnership, Moi University School of Medicine, 
Eldoret, Kenya 
3Stanford University, Stanford, CA, USA 
4Research Think Tank, Atlanta, GA, USA

Background: hIV diversity and drug resistance are 
unknown in western kenya, where >50,000 patients 
receive antiretroviral therapy. With increasing antiretrovi-
ral global access, resistance monitoring in diverse subtypes 
is essential, yet limited by infrastructure and finances. We 
examined hIV diversity and drug resistance in western 
kenya using plasma and non-plasma analytes as simple, 
lower-cost monitoring methods.

MeThods: adult patients in eldoret, kenya, naive or 
failing treatment (Who immunological criteria), had 
cd4+ T-cell and viral load testing and rT sequencing of 
plasma and non-plasma analytes. dried analytes were 
stored on-site and shipped at room temperature. sequence 
interpretation was done with hivdb.stanford.edu tools.

resuLTs: We analysed 131 sequences from 77 patients, 
48 naive (60% women, median age 34 years, median 
cd4+ T-cells 409 and median viral load 56,529); and 29 
treated (69% women, median age 38 years, median cd4+ 
T-cells 170 and median viral load 23,605). In total, 72% 
of treated patients received 3Tc, d4T and nVP, 24% 3Tc, 
d4T and eFV, and 3% aZT, 3Tc and nVP; median treat-
ment duration was 27 months. a total of 72 sequences 
were plasma and 59 non-plasma analytes (30 dried blood 
spots, 15 dried plasma spots, 10 sampleTanker-plasma and 
4 sampleTanker-blood). Median room temperature time 
for dry analytes was 2 months. Median time to sequenc-
ing was 12 months. duplicate sequences were available for 
35 patients: 18 with 2 and 17 with 3 analytes. all intra-
patient sequences clustered well and no hypermutation 
was identified. subtype distribution was 64% a, 6% c, 
17% d and 8% recombinants. among naives, 2/48 (4%) 
demonstrated resistance (d67n, L210W). among treated, 
28/29 (97%) had resistance (median 4 mutations/patient); 
nrTIs 79%, nnrTI 97%, 14% only nnrTIs and 86% 
nrTIs+nnrTIs. common nrTI mutations were M184V 
82%, T215Y/F 39%, d67n 32% and M41L 21%. com-
mon nnrTI mutations were k103n/s 50%, g190a/e/s 

43% and Y181c 18%. concordance of identification of 
mutations at resistance positions was 88%; discordance 
was distributed evenly among plasma and non-plasma 
analytes. among 10 treated patients with >4 mutations, 
most patterns were uncommon and two were absent from 
the stanford database. Intermediate to high predicted lev-
els of resistance were seen for abacavir in 41%, etravirine 
38%, ddI 34% and tenofovir 14%.

concLusIons: Within diverse hIV subtypes and recom-
binants identified in western kenya, low-cost, concordant 
non-plasma sequencing is feasible, even in difficult condi-
tions. high rates of drug resistance and unique resistance 
patterns were identified and have potential detrimental 
effects on second-line therapy in resource-limited settings.
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HIV-1 primary drug resistance in protease and 
reverse transcriptase polymerase and RNase H 
domains from viruses infecting Cameroonian 
subjects

EA Soares1, MF Makamche2, JD Siqueira1, 
E Lungwena2, J Mbuagbaw2, L Kaptue2, T Asonganyi2, 
HN Seuánez1,3, G Alemnji3 and MA Soares1,3

1Instituto Nacional de Câncer, Rio de Janeiro, Brazil 
2Faculty of Medicine and Biomedical Sciences, University of 
Yaoundé, Cameroon 
3Universidade Federal do Rio de Janeiro, Rio de Janeiro, Brazil

Background: an expanding number of hIV-infected 
individuals from african countries are being placed under 
antiretroviral (arV) treatment because of international ini-
tiatives for arV rollout. as a consequence, the emergence 
and circulation of hIV strains with primary drug resistance 
among drug-naive subjects is an issue of increasing concern, 
and efforts are being made to monitor resistance prevalence 
in resource-poor countries. In this study, we have assessed 
primary drug resistance in viruses infecting drug-naive sub-
jects from Yaoundé, cameroon with advanced disease.

MeThods: sixty patients with late-stage disease (cd4+ 
T-cell counts <200/µl) and no history of arV exposure had 
their plasma collected for hIV subtyping and drug resis-
tance determination. Viral rna was isolated and subjected 
to rT-Pcr to amplify the genomic regions of protease (Pr), 
reverse transcriptase (rT) and rnase h (rnh). Fragments 
were sequenced, and sequences were subjected to phyloge-
netic analyses for hIV subtype determination. sequences 
were also analysed for drug resistance according the Ias–
usa latest consensus. additionally, rnh sequences were 
screened for recently characterized mutations associated 
with arV exposure, particularly to nrTIs. 

resuLTs: a high hIV genetic diversity was found among 
sequenced samples, as expected for cameroon: 57% 
(34/60) of crF02_ag, 10% (6) of crF11_cpx, 7% 
(4) of crF22_01a1, 5% (3) of each a1 and urF, 3% 
(2) of each d, c and crF09_cpx, and 2% (1) of each 
crF13_cpx, h, F2 and group o. of 50 Pr successfully 
sequenced, 2 (4%) harbored drug resistance mutations 
(d30n and M46I). Likewise, 1 of 49 (2%) rT sequences 
carried a k219Q mutation. of interest, several recently 
described mutations in rnh associated with nrTI expo-
sure (T470e, Q509L, k527n, Q547k and k558r) were 
found among studied viruses.

concLusIons: Primary drug resistance is still low in 
cameroon, despite increasing access to arV treatment. 

Mutations found appear to last without drug pressure for 
an extended time, as patients had been likely infected for 
years. rnh mutations with documented impact on virus 
resistance were found, but their impact on subsequent arV 
therapy response, as well the role of hIV genetic diversity 
on their natural occurrence and persistence are yet to be 
fully understood.
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Prevalence of HIV-1 drug resistance in HIV-1-
infected patients treated in Douala, Cameroon

C Charpentier1,2, F Talla3, A Joko4, A Si‑Mohamed1 
and L Bélec1,2

1Laboratoire de Virologie, Hôpital Européen Georges Pompidou, 
Paris, France 
2Faculté de Médecine Paris Descartes, Paris, France 
3LABM LITTO-LABO, Douala, Cameroon 
4Hôpital Général de Douala, Douala, Cameroon

Background: The aim of the study was to assess anti-
retroviral (arV) drug resistance in hIV-infected patients 
treated and followed-up in douala, cameroon region with 
a high level of hIV genetic diversity.

MeThods: hIV viral load, cd4+ T-cell count and geno-
typic resistance test were performed for 75 patients fol-
lowed-up in douala, cameroon. The main arV combi-
nation was zidovudine/lamivudine/efavirenz received by 
32% of patients. reverse transcriptase and protease hIV 
genes were sequenced with the commercial assay Viroseq 

(celera diagnostics, ca, usa). arV-drug resistance 
mutations were identified and interpreted according to the 
anrs algorithm.

resuLTs: at time of genotypic resistance test, the median 
hIV viral load was 4.61 log10 copies/ml (interquartile range 
[IQr] 4.05–5.18 copies/ml) and median cd4+ T-cell count 
was 147 cells/mm3 (IQr 57–298 cells/mm3). a large vari-
ety of hIV subtypes was observed; the predominant sub-
type was crF02_ag, found in 52% of patients. among 
the 67 samples with hIV viral load >400 copies/ml, geno-
typic resistance test was successful in 59 (88%) samples. In 
total, 80% of patients exhibited resistant virus to >1 arV 
drug. resistance prevalence correlated with the differential 
use of arV drug classes: nrTI 80%, nnrTI 76% and 
PI 19%. high-level resistance was shown, with 30% of 
patients exhibiting virus resistant to all three drugs of their 
current arV-based therapy. Furthermore, a high propor-
tion of the major PI resistance mutation L76V was found, 
detected in 5/57 patients (8.8%), and associated with the 
M46I mutation in all cases. among these five patients, 
four received a suboptimal indinavir-containing regimen 
for a long term with a sustained high level of viral replica-
tion under drug pressure, the remaining patient received a 
lopinavir-containing regimen. The selection of the L76V 
mutation was not found to be associated with a specific 
hIV subtype.

concLusIons: our study highlighted the urgent need 
in improving viral load assessment in resource-limited 

settings to optimize arV therapy management and pre-
serve second-line regimen drugs and in increasing data on 
hIV non-B subtype resistance profiles.
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ART scaling up in Cameroon: increase over time 
of ARV drug resistance mutations in patients 
seeking ART care

A Aghokeng1,2, C Kouanfack3, C Montavon2, 
A Ayouba2, C Laurent2, A Kenfack3, A Bourgeois4, 
S Koulla‑Shiro3, E Mpoudi‑Ngole1, E Delaporte2,4 and 
M Peeters2

1Virology Laboratory CRESAR/IMPM/IRD, Yaoundé, Cameroon 
3UMR145, IRD (Institut de recherche pour le Développement) and 
Université de Montpellier 1, Montpellier, France  

2Central Hospital, Yaoundé, Cameroon 
4ESTHER Project, Centre Hospitalier Universitaire, Montpellier, France

Background: In resource-limited countries where 
hIV treatment is being scaled-up, only a limited number 
of studies have been done on treatment-naive patients. We 
here examined the frequency and the trend of arV drug 
resistance mutations in arV-naive patients seeking arT 
care in cameroon before generalized access to arT (2000) 
and 2007.

MeThods: a total of 180 recently diagnosed hIV-M-
infected patients attending major hospitals in Yaoundé, 
the capital city, were studied at three different time peri-
ods: 1997–1999 (n=49), 2002 (n=50) and in 2007 (n=81). 
genotypic drug resistance testing was performed with an 
in-house assay for all patients. amino acid sequences were 
analysed for the presence of arV drug resistance muta-
tions with the 2009 Who list for population studies. 
subtypes/crFs were identified by phylogenetic trees and 
recombination analyses.

resuLTs: drug resistance mutations were observed 
in samples collected after 2000, and the prevalence of 
hIVdr mutations increased significantly over time (Fish-
er’s exact test P=0.007). In 2002, two patients carried 
major resistance mutations, M184V (n=1) and k103n 
(n=1). Interestingly, in the samples collected in 2007, a 
significant increase of drug resistance mutations among 
untreated patients was seen, with 10/81 (12.3%) harbor-
ing a resistance mutation: in two patients we found 2 resis-
tance mutations, M46L(PI) and Y115F (nrTI), and the 
second with 2 major mutations associated with nnrTI 
resistance, k103n and P225h. For eight other patients we 
observed the presence of a single nrTI mutation: M41L 
(n=1), d67dn (n=5) and Y115FY (n=2). Many subtypes 
and crFs cocirculated, but crF02-ag predominated 
(>60%).

concLusIons: overall, we found a significant increase 
in drug resistance mutations among treatment-naive 

patients over time, especially for the widely used nrTIs. 
The proportion of resistant strains in this group does not 
reflect recently transmitted resistance, but is representative 
for new patients likely to be evaluated for treatment by a 
clinician. The results are also in line with the intermediate 
resistance prevalences observed for nnrTI and nrTIs in 
Yaoundé and douala in 2007, using the Who hIVdr 
threshold survey antenatal clinic attendees (<25 years and 
first pregnancy). The presence of Y115FY is intriguing and 
needs to be further elucidated.
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Evaluation of primary resistance in human 
immunodeficiency virus type-1 (HIV-1) circulating 
in Angola and Mozambique based on an HIV Drug 
Resistance Threshold Survey (HIVDR-TS)

RFC Ferreira da Silva1, CM Abreu2, EC Branco1, 
E Bule3, S Stakteas3, RS Aguiar2, PA Brindeiro2, 
AN Martins2, MB Arruda2, R de Moraes Brindeiro2, 
FG da Silva1, D Serrano4, LJ Costa5 and A Tanuri2

1Instituto Nacional de Saúde Publica de Angola, Ministério da 
Saúde, Luanda, Angola  
2Laboratório de Virologia Molecular Animal, IB, Universidade 
Federal do Rio de Janeiro, RJ, Brazil 
3Departamento Nacional de Saúde, Ministério da Saúde (MISAU), 
Maputo, Mozambique 
4Instituto Nacional de Luta Contra SIDA, Ministério da Saúde, 
Luanda, Angola 
5Laboratório Genética e Imunologia das Infecções Virais, IMPPG, 
Universidade Federal do Rio de Janeiro, RJ, Brazil

Background: Transmission of drug-resistant hIV-1 
is a major concern in countries where antiretoviral ther-
apy (arV) is available. Mozambique and angola are two 
Portuguese speaking countries that engaged in large arV 
programs and, limited data regarding primary resistance 
is limited. 

MeThods: In resource-poor countries, extensive geno-
typic characterization studies can be difficult to implement. 
hIV drug resistance Threshold survey (hIVdr-Ts) pro-
tocol proposed by Who, where up to 47 eligible samples 
are consecutively collected, and the pol region of the hIV-1 
genome is molecularly characterized. The national serum 
survey conducted in the angola national Territory in 2004 
and in Mozambique in 2002 was used to evaluate primary 
resistance data. 

resuLTs: From the 44 samples analysed in angola, 3 
(6.8%) presented mutations related to low to high levels 
of resistance to ≥1 of the following nrTIs: 3Tc, aZT and 
d4T. From the three sequences, one presented the M184V, 
and the other two sequences had the M41L mutation. Two 
out of 44 (4.5%) samples presented mutations related to 
low level of resistance to all nnrTIs (e138a, e138a and 
V179d). In addition, two samples had nnrTI related 
mutations (V106I and V90I/Y181h). In the Pr region, 
one sample (2.2%) had the primary mutation I54M. In 
terms of subtype, we found that 25% of the samples were 
classified as subtype c, 15% as subtype a1, 15% as inter-
subtype recombinants, 12% were classified as crF02_ag, 
8% as subtype g, 8% as subtype d and 4% as subtype h, 
based on pol region. By contrast, we found that in the three 

regions of Mozambican, the majority of samples analysed 
clustered with subtype c. In the northern region, multiples 
variants were found (subtype a ~18%, subtype d, ~11% 
and mosaic a/c/d and c/d), whereas only one isolate of 
subtype d (5%) was found in the southern region. all 47 
isolates from the central region grouped within clade c 
and no primary resistance mutations.

concLusIons: This work demonstrates a great genetic 
diversity in the hIV population circulating in angola. 
More importantly, although the rates of primary resist-
ance to both nnrTIs and PIs in angola are considered 
low, there is already an intermediate level of transmitted 
resistance (5–15%) related to nrTIs. In Mozambique 
we found a high prevalence of hIV-1 subtype c. how-
ever, subtypes a and d were also detected together with 
mosaics in northern region. contrasting with angola, no 
primary resistance mutations to PI, nnrTI and nrTI 
were found. There is a need to repeat these hIVdr-Ts 
studies in angola and Mozambique more regularly and 
expand these surveys to other country regions to confirm 
the rates found. 
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Impact of human immunodeficiency virus type-1 
protease polymorphisms on resistance to protease 
inhibitors in a Nigerian population

B Chaplin1, G Eisen1, S Meloni1, J Idoko2, 
D Onwujekwe3, D Olaleye4, W Gashau5, R Nkado6, 
C Okany7, E Ekong8, R Murphy9 and P Kanki1

1Harvard School of Public Health, Boston, MA, USA 
2Jos University Teaching Hospital, Jos, Nigeria 
3Nigerian Institute of Medical Research, Lagos, Nigeria 
4University College Hospital, Ibadan, Nigeria 
5University of Maiduguri Teaching Hospital, Maiduguri, Nigeria 
6National Army Reference Hospital, Lagos, Nigeria 
7Lagos University Teaching Hospital, Lagos, Nigeria 
8AIDS Prevention Initiative Nigeria, Lagos, Nigeria 
9Northwestern University, Feinberg School of Medicine, Chicago, 
IL, USA

Background: The harvard PePFar/aPIn Plus Pro-
gram provides care and treatment for hIV-infected adults 
and children living in nigeria. currently, 58,042 patients 
are receiving hIV care and 41,349 are on treatment. since 
2005, hIV-1 resistance testing has been available for a 
limited number of patients failing first-line antiretroviral 
therapy (arT), as part of clinical care. We report here 
on the natural variation found in protease of protease-
inhibitor (PI)-naive patients by hIV-1 subtype from four 
nigerian states.

MeThods: We examined genotypes from 338 nige-
rian patients in virological failure after ≥6 months on 
stavudine/ zidovudine/tenofovir + emtricitabine/lamivudine 
+ nevirapine/efavirenz. hIV-1 polymerase was amplified 
from plasma, sequenced using the Viroseq assay (abbott), 
and the results compared with hXB2. neighbor-joining 
trees were used to determine subtype. sequences were 
also submitted to the stanford university drug resistance 
database hIValg program (version 5.1.2) to determine the 
effect of protease mutations on susceptibility to PIs. The 
frequency of mutations at major and minor drug resist-
ance sites were compared with those in PI-naive subtype B 
patients by a difference of proportions test.

resuLTs: In total, 94 (27.8%) patients were infected 
with subtype g′, 34 (10.1%) subtype g, 152 (45.0%) 
crF02_ag, 15 (4.4%) crF06_cpx, 12 (3.6%) subtype a 
and 31 (9.2%) with recombinant or other subtypes. Muta-
tions that were most common, occurring at a frequency of 
≥25% of patients within that subtype, and that were sig-
nificantly greater than the frequency in subtype B PI-naive 
patients, are listed here: I13V, M36I and h69k in the five 
non-B subtypes assessed, L10I and k20r in a, g16e in 

crF02_ag, crF06_cpx and a, k20I in g′, g, crF02_
ag and crF06_cpx, I64M in crF06_cpx and V82I in 
g′ and g. Based on the assessment by the stanford hIV 
database, five patients had intermediate resistance to ≥1 
PI, and one of those patients was also strongly resistant to 
≥1 PI because of the presence of L90M. 

concLusIons: In a nigerian population of treated 
patients failing first-line arT, an array of hIV-1 subtypes 
were present, and minor protease mutations were found 
to occur at levels higher than those in PI-naive subtype B 
patients in a subtype-specific manner. 
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Analysis of HIV diversity and drug-resistance-
associated changes among drug-naive and 
-exposed patients in Burkina Faso

K Sathiandee1, DM Tebit2, L Sangaré3, F Tiba1, 
T Ouedraogo4, Y Saydou2, A Makamtse2, 
H Somlare2, G Bado2, BG Kouldiaty2, B Coulibaly4, 
I Zabsonre3, Sl Yameogo3, S Traoré4, JY Drabo3 and 
H‑G Kräusslich1

1Universitätsklinikum Heidelberg, Germany 
2Case Western Reserve University, Cleveland, OH, USA 
3Centre Hospitalier Universitaire Yalgado Ouedraogo, Burkina Faso 
4CRSN, Nouna, Burkina Faso

We performed a cross sectional study among drug-naive 
and haarT-exposed hIV patients at the university hos-
pital in ouagadougou shortly before and after large scale 
arT introduction in Burkina Faso. Baseline clinical and 
virological data as well as protease (Pr) and 5′ reverse 
transcriptase (rT) sequences from 104 drug-naive and 75 
treatment-exposed hIV-infected patients failing therapy 
were analysed. genotypic classification revealed crF06_
cpx and crF02_ag as dominant subtypes with roughly 
equal distribution, and few cases of subtype acrF09_cpx 
and unclassified sequences. Bootstrap analysis of crF02_
ag and crF06_cpx viruses showed that >80% had a 
structure similar to their respective prototypes. The preva-
lence of primary drug resistance mutations among report-
edly drug-naive patients was 12.5%, all in rT in accord-
ance with the dominance of this drug class in Burkina Faso. 
nrTI mutations were observed in 10.6% and nnrTI 
mutations in 6.1% of cases, they occurred at similar fre-
quencies (12.8% and 10.8%, respectively) among crF02_
ag- and crF06_cpx-infected patients. The prevalence of 
resistance mutations among patients failing therapy was 
PI 40%, nnrTI 76% and nrTI 85%. To determine a 
possible influence of the genetic background on resistance, 
a subset of sequences was analysed in a newly developed 
phenotypic assay based on a crF02-ag hIV-1 proviral 
plasmid. Finally, genetic diversity and minority population 
resistance mutations were analysed in plasma and breast 
milk samples from women receiving perinatal prophylaxis 
with nevirapine at the time of delivery.
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Emerging HIV-1 reverse transcriptase mutation 
patterns amongst antiretroviral therapy (ART)-
naive patients in Abuja, federal capital of Nigeria 
– potential impact on treatment efficacy 

RE Ugbena1, I Wurie1, C Yang2, C Mattson2, 
K Diallo1, O Bassey1, J Aberle‑Grasse2, 
V Shanmugam2, A Azeez3, T Jelpe1 and M Mukhtar1

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

Background: given the genetic diversity of hIV-1, 
the scale-up of care and treatment programs should take 
cognizance of potential subtype mutations in an environ-
ment with inherent challenges, such as regimen standard-
ization and possible poor adherence/compliance. There-
fore, surveillance to characterize the baseline molecular 
pattern and subtype variation is vital to observe the pos-
sible impact on treatment regimen plan. Baseline results 
of this study identify mutation patterns as well as resist-
ance to the standard first-line drugs before initiation  
of therapy.

MeThods: Plasma samples were collected at two clin-
ics from 284 consecutive arT-naive patients eligible for 
treatment based on the national treatment guideline. 
nascent cd4+ T-cell count was performed using Partec 
cyflow sL3, viral load was measured with roche ampli-
cor MonitorTM hIV-1 test v1.5, and genotyping was 
performed with a broadly sensitive in-house genotyping 
assay. drug resistance mutations (drM) were analysed 
using stanford dr database and phylogenetic analysis 
was conducted with rega hIV-1 genotyping Tool. 

resuLTs: The median cd4+ T-cell count at enrol-
ment was 149 cells/ml. For the 266 patients with base-
line viral load (VL) measurement, the median VL was 
91,117 copies/ml of plasma, ranging from <400 to 
1,439,963. genotyping analysis indicated that 21.4% 
of the baseline patients exhibited drM against reverse 
transcriptase (rT). among the 58 patients with rT muta-
tions, 2 patients harbored primary mutations, M41L to 
nucleoside rT inhibitors (nrTI) and 4 patients to non-
nrTI (k101e [2], k103n and a190g [2]) including one 
patient with both k101e and a190g mutations. The 
predominant subtype was subtype g (49.4%), followed 
by crF02_ag (33.2%), crF06_cpx (4.4%), crF02/g 
(4.1%) and other subtypes and recombinants (9%). of 
the major viral strains, crF06_cpx exhibited the highest 
baseline drM (50%) to rT, more than twice that of the 
major subtypes of g and crF02_ag (P=0.11). 

concLusIons: With the high proportion of drM 
detected in patients infected with crF06_cpx and six 
patients harbouring primary rT mutations, the baseline 
genotyping results should alert us to pay close attention to 
the treatment outcomes of these patients. We might also 
need to consider the impact of viral diversity on the effi-
cacy of arT programs.
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Evaluation of SampleTanker® for collection, 
storage and transport of dried plasma from a 
resource-limited setting (R-LS) to a resource-rich 
setting (R-RS) for HIV-1 genotypic analysis

C Loveday1, E MaCrae1, M Holodniy2, R Mathis3, 
D Burns3, J Cooper3, Z Grossman4 and RM Lloyd, Jr3

1ICVC Charitable Trust, Buckinghamshire, UK 
2Veterans Affairs Medical Center, Palo Alto, CA, USA 
3Technology Think Tank, LLC, Buford, GA, USA 
4National HIV Reference Lab, Central Virology, MOH, Sheba 
Medical Center, Ramat-Gan, Israel

Background: storage and transport of plasma for 
hIV-1 genotypic resistance and VL to support clinical care 
in r-Ls is prohibitively expensive. This has resulted in dif-
ferent strategies for ‘virological support’ of those on arT 
in r-Ls. To simulate an r-Ls environment, we established 
a temporary low-technology ‘laboratory tent’ for evalua-
tion of the sampleTanker® (sT) biomatrix for collection, 
storage and transport of dried plasma to an r-rs for 
hIV-1 genotypic analysis.

MeThods: a ‘laboratory tent’ containing a bench, seat, 
portable refrigerator, plastic box, waste bins and pipettes 
was established in our laboratory. Temperature and humid-
ity were monitored. consecutive whole blood samples were 
allowed to sediment for >4 h and 1 ml of plasma was loaded 
onto the sT, air-dried overnight using a modified 9v com-
puter fan in a plastic box and shipped ambient to atlanta, 
usa using first class mail. sT specimens were reconstituted 
and genotypic analysis performed using Trugene hIV-1 
genotyping and results compared with paired frozen 
plasma from the same site. subtype analysis was performed 
using four analytical web tools for a consensus result.

resuLTs: In total, 108/135 (80%) sT extracts analysed 
were successfully genotyped. of the 27 negative extracts, 
17 were found to have VL<1,000 copies/ml giving an 
adjusted yield of 108/118 (91.5%). a comparison between 
frozen plasma and sT sequencing showed mean similarity 
scores of >99% and >98% concordance at nucleic acid 
and amino acid level. The subtype B:nB ratio was 1:2 with 
representation of all subtypes a-g (c:37%, B:33% and 
a:6%), and recombinant forms ag (10%), ae (6%), Bc, 
ad and Bd (<5% frequency). The laboratory temperature 
ranged from -5–35°c and humidity ranged from 21–89%. 
relative transport costs for 25 samples were $86 for sT 
tubes and $426 for frozen plasma.

concLusIons: sT provided a highly flexible means 
of storing and transporting samples from our site, with 

91.5% rates of genotyping, and >98% similarity with 
paired frozen plasma. Further, we demonstrated its utility 
in a low-technology laboratory setting with an 80% reduc-
tion in transport costs. sT provides a tool to examine an 
‘alternative pathway’ to deliver patient-specific virological 
care to those in r-Ls.
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