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State of the global pandemic: progress and 
challenges

M Dybul 

The Global Fund to Fight AIDS, Tuberculosis and Malaria, USA

Advances in science, epidemiologic understanding and 
the massive investment in global HIV provide the historic 
opportunity to transform HIV from a pandemic to low-
level endemicity. Achieving that breathtaking goal pro-
vides another historic opportunity: to advance the human 
spirit and to create an inclusive human family by serving 
the vulnerable and marginalized.
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Modelling the spread and evolution of HIV-1 drug 
resistance in concentrated MSM epidemics

C Fraser

MRC Centre for Outbreak Analysis and Modelling, Dept of Infectious 
Disease Epidemiology, School of Public Health, Imperial College 
London, London UK

It is perhaps surprising that despite the range of antiretro-
virals that have been used over the years, and the range of 
clinical approaches, no drug resistance mutations appear 
to have become very widespread amongst newly infected 
individuals. On the other hand, the diversity of treatment 
regimens is declining, the development of genuinely new 
regimens may be slowing, and volumes of antiviral con-
sumption may be increasing as individuals are treated 
earlier in the course of infection, and in the case of PreP, 
prior to infection.

Mathematical modelling, which integrates different 
observations at different scales, has the potential to pro-
vide explanatory power that helps make sense of obser-
vational studies. Here, I will review past mathematical 
models of the epidemic amongst MSM in Europe, and 
describe some recent extensions of these models that 
include drug resistance. As predictive models, these 
models have considerable (though diminishing) uncer-
tainty, and I will highlight some biological estimates and 
experiments that could allow us to make predictions 
with more certainty.
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Non-human primate models of drug resistance and 
efficacy of pre-exposure prophylaxis 

W Heneine, C Dobard, JG Garcia-Lerma

Centers for Disease Control and Prevention, USA  

Daily pre-exposure prophylaxis (PrEP) with oral 
emtricitabine/tenofovir disoproxil fumarate (FTC/
TDF) is an approved strategy for HIV prevention. Topi-
cal PrEP with vaginal gel containing tenofovir has been 
shown to protect women from HIV-1 in one study; a 
confirmatory trial is underway. Concerns that drug 
resistance to FTC and tenofovir compromising the 
efficacy of PrEP have been raised because both drugs 
are commonly used in first-line treatment regimens. 
Tenofovir and FTC-resistant HIV-1 are prevalent in the 
HIV-treated population and also circulate in untreated 
populations. PrEP failures due to infection with a drug-
resistant virus are difficult to document in humans 
because of the need for testing early during infection, 
which is often not feasible. We, therefore, developed 
macaque models to assess impact of drug resistance 
on PrEP efficacy. We first generated SHIV isolates 
that contain the FTC-associated M184V mutation or 
the tenofovir-associated K65R mutation and showed 
that both isolates share resistance profiles with simi-
lar HIV-1 mutants. An efficacy study with SHIVM184V 

showed that oral TDF/FTC maintained high protection 
in macaques against repeated weekly rectal challenges. 
The higher susceptibility to tenofovir conferred by 
M184V may have contributed to the observed protec-
tion. In contrast, a rectal challenge study with SHIVK65R 
showed diminished efficacy by TDF/FTC compared to 
wildtype SHIV, likely reflecting the low-level resistance 
conferred by K65R to both tenofovir and FTC. We fur-
ther assessed the efficacy of 1% tenofovir gel against 
repeated vaginal SHIVK65R challenges. We show that 
the gel maintained protection (~75%) and relate the 
protection to high concentrations of TFV-DP in vagi-
nal lymphocytes that exceed IC50 levels for SHIVK65R. 
These studies illustrate the utility of macaque models 
for assessing the impact of drug resistant viruses on 
efficacy of different PrEP modalities. They suggest that 
drug resistance does not always lead to PrEP failure 
and they help define the underlying pharmacokinetic 
and pharmacodynamic relationships.
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The resistance implications of B- versus B+

E Abrams

ICAP, Mailman School of Public Health, Columbia University, USA 

The gradual scale-up of prevention of mother-to-child 
HIV transmission (PMTCT) services globally has resulted 
in countless lives saved – more than 900,000 pregnant 
women received antiretroviral medications and an esti-
mated 200,000 pediatric infections were averted in 2012 
in low and middle income countries. However, the use of 
short-course antiretroviral regimens for MTCT prophy-
laxis has left a legacy of resistance impacting both short 
and long term treatment outcomes for mothers as well 
as perinatally-HIV-infected children. In 2013, the WHO 
revised recommendations for PMTCT, abandoning the use 
of short-course antiretroviral regimens in favor a simpli-
fied approach of initiating a once daily triple drug regimen 
(TDF+3TC/FTC+EFV) for all pregnant and breastfeeding 
women, Options B and B+. Under the Option B+ approach 
treatment is continued lifelong whereas under Option B 
women who are not otherwise ART-eligible discontinue 
treatment at the end of the MTCT risk period. As of March 
2013, more than 20 countries have endorsed Options B/
B+ and several countries have transitioned to this ‘test and 
treat’ approach. While resistance concerns of Option A are 
likely to fade as short course regimens are phased out, new 
resistance threats are emerging. 

Early reports from B+ programs suggest challenges to 
implementation, uptake, and retention along the PMTCT 
cascade but virologic and resistance outcomes have not 
yet been documented. Theoretically there are consider-
able advantages to using fully suppressive regimens for 
PMTCT but inadequate adherence during pregnancy and 
breastfeeding could result in multiclass drug resistance, 
jeopardizing both treatment and transmission outcomes. 
Under Option B, healthy women are instructed to stop 
ART upon cessation of breastfeeding. Modeling suggests 
that selection of NNRTI resistance is unlikely but how 
best to stop and whether or not an NRTI tail would be 
advantageous has not been determined. And finally, while 
B/B+ should further reduce MTCT rates in low and mid-
dle income countries, it is highly likely that infants who 
become infected will acquire multidrug resistant virus 
further restricting an already limited set of antiretrovi-
ral drug suitable for pediatric treatment. The speaker will 
explore these issues as well as other critical questions 
around drug resistance in the context of widespread ART 
use during pregnancy and breastfeeding.
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Establishment and early spread of the AIDS 
pandemic

NR Faria1,2, A Rambaut3,4, MA Suchard5,6, G Baele2, 
T Bedford7, MJ Ward3, AJ Tatem4,8, JD Sousa2, 
N Arinaminpathy1, J Pépin9, D Posada10, M Peeters11, 
OG Pybus1, P Lemey2

1Department of Zoology, University of Oxford, South Parks Road, 
Oxford OX1 3PS, UK 
2Department of Microbiology and Immunology, Rega Institute, KU 
Leuven, Minderbroedersstraat 10, 3000 Leuven, Belgium 
3Institute of Evolutionary Biology, University of Edinburgh, 
Ashworth Laboratories, Kings Buildings, West Mains Road, 
Edinburgh EH9 3JT, UK 
4Fogarty International Center, National Institutes of Health, 
Bethesda, MD 20892, USA 
5Departments of Biomathematics and Human Genetics, David 
Geffen School of Medicine at UCLA, University of California, Los 
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6Department of Biostatistics, UCLA Fielding School of Public Health, 
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7Vaccine and Infectious Disease Division, Fred Hutchinson Cancer 
Research Center, Seattle, WA 98109, USA 
8Department of Geography and Environment, University of 
Southampton, Highfield, Southampton, UK 
9Department of Microbiology and Infectious Diseases, Université de 
Sherbrooke, CHUS, 3001, 12ème Avenue Nord, Sherbrooke, Qc J1H 
5N4, Canada 
10Department of Biochemistry, Genetics and Immunology, University 
of Vigo, Vigo 36310, Spain 
11Laboratoire Retrovirus, Institut de Recherche au Développement, 
911 Avenue Agropolis, BP5045, 34032 Montpellier, France

Thirty years since the isolation of pandemic HIV-1 group 
M, the virus’ place of origin, early dissemination and its 
establishment throughout Africa still remain unclear. Using 
statistical phylodynamic approaches applied to large col-
lections of sequence data from central Africa, we show that 
Kinshasa, capital of the Democratic Republic of Congo 
(DRC), was the focus of early group M transmission and 
the source of pre-1960 pandemic viruses in Brazzaville and 
southern DRC locations. Location and dating estimates of 
group M pandemic were validated using the earliest archi-
val sample of HIV-1, also from Kinshasa. Comparison of 
the epidemic histories of group M and the non-pandemic 
group O shows similar patterns until ~1960, after which 
group M undergoes accelerated epidemic growth that 
significantly outpaces human population growth in the 
region. Our results provide a detailed reconstruction of 
the early spatial and population dynamics of HIV-1, and 

emphasize the role of social changes during the establish-
ment of blood-borne viruses in human populations.
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The purpose of HIV drug resistance surveillance

E Raizes 

Division of Global HIV/AIDS, U.S. Centers for Disease Control and 
Prevention, Atlanta GA, USA 

As of December 2012, over 30 million persons were 
infected with HIV, of whom an estimated 10.6 million 
(UNAIDS 2013) were receiving antiretroviral therapy 
(ART). With the stated global goal of 15 million on ART 
by 2015, the number of persons receiving ART world-
wide will likely continue to rise dramatically. Most of 
this expanded access will occur in low and middle-
income countries where ART programs follow a public 
health approach characterized by a few selected regimens 
and limited viral load monitoring. The dual impact of 
ART, comprised of decreased HIV-associated mortality 
and reduced HIV transmission, is dependent on HIV 
viral load suppression, for which the prevention of HIV 
drug resistance (HIVDR) is key. Therefore, surveillance 
for HIVDR is essential to the evaluation of national ART 
programs. In this session, principles and methodologies 
for HIVDR surveys to maximize public health impact 
will be discussed.

HIVDR surveillance strategies should be designed using 
the following principles: (1) key public health questions 
should be agreed upon, prioritized, and survey methods 
should reflect these questions, (2) populations surveyed 
should be representative of the national ART program, 
(3) data collected should be used for both policy and 
decision-making and, when appropriate, site-level pro-
grammatic improvement, (4) data should be collected effi-
ciently in a timely fashion, and redundant data collection 
activities should be avoided, and (5) surveys should be 
feasible to repeat at least every 2–3 years with adequate 
sample sizes to evaluate trends over time.

Important public health questions that can be addressed 
through the use of a global standardized methodology for 
HIVDR surveillance include: (a) What is the frequency and 
pattern of HIVDR among persons with recent infection 
(transmitted drug resistance)? (b) What is the frequency 
and pattern of HIVDR in persons initiating ART (pre-
treatment drug resistance)? (c) What is the frequency and 
pattern of HIVDR in persons failing ART (acquired drug 
resistance)? and (d) What is the frequency of viral sup-
pression among persons on ART (prevention of HIVDR)?

Specific examples of survey methodologies will be 
described along with a discussion of the importance of 

adjusting HIVDR surveillance strategies as national ART 
programs evolve.
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HIV drug resistance surveillance: what are the 
implications for programmes in low and middle-
income countries?

S Bertagnolio

World Health Organization, Geneva, Switzerland

Impressive progress has been made over the last 10 years 
in expansion of access to antiretroviral therapy (ART) in 
low- and middle-income countries (LMIC) and there are 
now over 9.7 million people receiving ART in these coun-
tries. While the focus of the global HIV response has his-
torically been on rapid scale-up of access to ART, millions 
of people have now been on ART for a considerable period 
of time. Therefore, it is becoming increasingly important 
to assess, in a standardized and nationally representative 
manner, the extent to which HIV drug resistance occurs 
amongst those receiving ART (before therapy initiation 
and after virological failure), and in recently infected peo-
ple (transmitted drug resistance or TDR). Results from 
surveys to assess TDR as well as pre-treatment (PDR) 
and acquired drug resistance (ADR) provide critical 
information to assess the performance of programmes in 
preventing HIV transmission, maximizing viral suppres-
sion, inform the optimal selection and management of 
second-line therapies, and provide insight on the extent to 
which patients may be switching therapies unnecessarily. 
Armed with results from TDR, PDR and ADR surveys, 
national HIV programmes can identify gaps in service 
delivery and implement appropriate policy responses to 
improve individual and population outcomes. Results 
from surveys conducted between 2004 and 2010 in LMIC 
indicate current generally low levels of TDR and PDR, 
though these seem to be increasing in some regions, such 
as eastern Africa. DR prevalence is correlated with time 
since ART roll-out and treatment coverage. Resistance is 
predominantly related to NNRTI and NRTI, as expected 
based on the components of the most widely used ART 
regimens. Given observed levels of DR, modelling suggests 
that NNRTI-based first-line regimens are still the most 
cost-effective therapeutic option, and response to standard 
(boosted PI-based) regimens following treatment failure 
with NNRTI is predicted to be high, especially if detected 
early. These data provide reassurance that current treat-
ment recommendations are appropriate but also indicate 
the need for continued surveillance. They also raise several 
questions about optimal surveillance methods, logistical 
constraints that slow or prevent survey implementation, 
genotype interpretation, and the role of surveillance in the 
context of pre-exposure prophylaxis and earlier therapy 
initiation in LMIC.
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The potential impact of point of care (POC) 
diagnostics: HIV viral load and resistance testing

MS Urdea 

Founder and Partner, Halteres Associates, Emeryville, California, USA

It is estimated that less than half of people in low and 
medium income regions of the world have access to the 
diagnostics tests necessary for health care professional 
to make informed treatment decisions. Most of the tests 
available are in relatively high infrastructure health care 
facilities (Level 3 and 4; L3-4) whereas most patients are 
seen in lower infrastructure facilities (Level 1 and 2; L1-2). 
Except for simple rapid tests and microscopy, most tests 
are performed by shipping samples from L1-2 to a L3-4 
lab far away. It is common for it to require 2–6 weeks for 
results to be received at the L1-2. As a result, patients are 
often lost to follow up. If point of care (POC) diagnostic 
tests could be provided at L1-2 in a simple, robust and 
inexpensive format, the potential exists to reach as much 
as 90% of patients. 

As part of the Gates Foundation POC Diagnostics Initiative, 
we have developed a Target Product Profile (TPP) for diag-
nostic test developers to use for their product design. Based 
upon visits and interviews in many international L1-2 health 
care facilities (Africa, South America, India, China), the TPP 
is being used to evaluate technologies for specific systems 
and tests (e.g. HIV, TB, malaria, prenatal health, etc.). 

Several manufacturers have developed HIV viral load 
(VL) tests for low and medium income markets that are 
used at L3-4 where dried blood spots are received from 
L1-2. VL load in whole blood is not equivalent to plasma 
virus quantification. We are looking at the potential to 
deliver plasma POC HIV VL tests at L1-2 comparable to 
the best laboratory tests available anywhere. 

The need for HIV resistance tests in low to medium 
income settings remains controversial. This is in part due 
to a lack of clarity concerning the relative importance 
of drug compliance versus resistance, transmitted versus 
acquired resistance, the importance of individual muta-
tions versus groups of mutations within a drug class, and 
the benefits of resistance testing versus switching to sec-
ond line therapy. Nevertheless, we have evaluated a num-
ber of technology options.
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The emerging threats from influenza and MERS 
coronaviruses

P Kellam1,2

1Wellcome Trust Sanger Institute, Cambridge, UK 
2Division of Infection & Immunity, UCL, London, UK

Over the last decade new respiratory virus infections have 
continued to emerge. These have included new influenza 
A viruses of which the pandemic H1N1/09 virus spread 
worldwide. Two new coronaviruses, SARS and MERS 
have also emerged, with SARS causing new infections in 
multiple countries whereas currently MERS is restricted 
to countries of the Middle East. How viruses adapt dur-
ing their jump from a reservoir species to infect humans, 
determining the dynamics of person-to-person transmis-
sion and understanding disease pathology are all crucial 
aspects of study around emerging virus diseases. Genetics 
of the virus and the host determine many of the properties 
and their utility will be discussed here using recent emerg-
ing viruses as examples.
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Immune dysfunction in CHB: the role of T-cell 
lymphocyte exhaustion

C Ferrari

Unità Operative di Malattie Infettive ed Epatologia, Azienda 
Ospedaliero-Universitaria di Parma, Italy

Control of infection in acute hepatitis B is characterized 
by a timely and efficient generation of multispecific and 
polyfunctional T cell responses able to target simultane-
ously different epitopes within the different HBV anti-
gens and to secrete efficiently anti-viral cytokines, such as 
IFN-g and TNF-a. In particular, CD8 cells are the main 
effectors of intracellular virus elimination by cytolytic 
and non-cytolytic mechanisms, the former mediated by 
their cytotoxic activity leading to elimination of infected 
cells, the latter mediated by the cytokines they secrete 
at the site of virus replication which can cure infection 
without the destruction of the infected cells. Self-limited 
infections are characterized by the development of long-
lasting protective memory T cell responses able to keep 
under tight control trace amounts of virus, persisting 
in the form of cccDNA despite recovery from disease. 
Instead, chronic virus persistence is associated with the 
lack of protective T cell memory and with an exhaustion 
of HBV-specific T cells ranging from functional inhibi-
tion to physical T cell deletion, depending upon quantity 
of viral antigen and duration of T cell exposure to high 
antigen loads. This functional T cell inhibition is deeper 
within the liver than in the circulation and is more severe 
in the presence of high viremia levels. Exhausted T cells 
express high levels of co-inhibitory molecules, such as 
TIM3, CTLA4, 2B4 and PD1, and can be more or less 
severely inhibited in their anti-viral function with either 
a total or a partial loss of anti-viral cytokine production, 
cytolytic activity and capacity to expand following anti-
gen encounter. The importance of these mechanisms of 
T cell inhibition is indicated by the partial restoration of 
the T cell function upon decline of antigen and prolonged 
suppression of HBV replication in nucleoside analogue 
treated patients and by the possibility to improve the 
anti-viral T cell function by in vitro blockade of co-inhib-
itory pathways using specific blocking antibodies, such 
as anti-PD-L1. In addition to exhaustion by exposure 
to high antigen doses, different mechanisms operating 
within the infected host can simultaneously contribute to 
T cell inhibition in chronic HBV infection, including high 
intrahepatic levels of arginase and indoleamine 2,3 diox-
ygenase that can metabolize amino acids that are essen-
tial for T cell function; up-regulation of the proapoptotic 
protein Bcl2-interacting mediator (Bim); hyper-activity 

of regulatory T cells and inhibitory cytokines, such as 
IL10 and TGF beta. Based on this knowledge, future 
therapeutic strategies to reduce the time of NUC admin-
istration by accelerating HBsAg clearance should com-
bine different compounds contributing to T cell restora-
tion by a synergic activity on the different mechanisms 
implicated in T cell inhibition. In this perspective, inhibi-
tion of viral replication and antigen decline should be 
induced first by last generation NUC in order to start a 
process of functional T cell improvement which could 
then be strengthen by additional strategies, targeting for 
example co-inhibitory pathways or inhibitory cytokines 
or regulatory Treg cells, before trying with specific vac-
cines or other immune stimulatory compounds to acti-
vate and expand anti-viral T cells with the ultimate goal 
of eliminating residual infected cells from the liver.
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Viral eradication in the chronically infected 
woodchuck model of HBV

M Roggendorf

Institute for Virology, University of Duisburg-Essen/Germany

It is estimated that approximately 400 million people are 
chronically infected with HBV worldwide. There are two 
types of antiviral therapies currently available for chronic 
HBV: treatment with pegylated interferon alpha (PEG-
IFNα) and nucleot(s)ide analogues. However, treatment 
with PEG-IFNα leads to a sustained antiviral response 
in only about 30% patients and is associated with side 
effects. The introduction of PEG-IFNα in combination 
with nucleoside analogues did not significantly increase 
the rate of sustained responders. Although treatment with 
nucleoside analogues improves the clinical condition of 
chronic HBV patients, it is hampered by emergence of 
drug resistance mutations, and rebounding viremia after 
cessation of antiviral therapy, due to the persistence of the 
viral cccDNA in the liver. Therefore, alternative strategies 
to treat chronic HBV infection are urgently needed.

In recent years several mechanisms have been characterized 
which interfere with an adaptive immune response result-
ing in chronic outcome of viral infection. One of these 
mechanisms, the interaction of programmed death recep-
tor 1 (PD-1) with its receptor PD-L1 have been shown 
to be activated in chronic hepatitis B infection. Thus, it is 
important to study the role of PD-1/PD-L1 system in the 
widely used animal model for HBV infection of wood-
chucks with woodchuck hepatitis virus (WHV). By using 
woodchuck PD-L1 polyclonal antibodies, we investigated 
the effects of PD-1/PD-L1 pathway blockade on enhancing 
WHV-specific immunity in chronically WHV infected ani-
mals both in vivo. In vivo blocking PD-1/PD-L1 pathway 
in combination with antiviral treatment and therapeutic 
vaccination synergistically enhances the function of virus 
specific CD8 T cell, and improves viral control in wood-
chucks chronically infected with WHV. About 50% of the 
treated animals eliminated the virus from blood and liver 
and developed antibodies to the surface protein anti-WHs. 
These results indicate that woodchuck PD-1/PD-L1 sys-
tem plays a very important role in the regulation of virus-
specific CD8 T cell responses during the chronic WHV 
infection. Our findings may be useful for the design of 
new immunotherapeutic strategies in patients with chronic 
hepatitis B.
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Eradication strategies: can we eliminate or silence 
cccDNA and cure CHB?

M Levrero

Department of Internal Medicine, Sapienza University of Rome, Italy

The transcriptional template of the hepatitis B virus 
(HBV), the covalently closed circular DNA (cccDNA), 
plays a key role in the life cycle of the virus and permits 
the persistence of infection. This cccDNA replicative inter-
mediate is found only in the nucleus of infected cells and 
exists there as a viral minichromosome. More recently, 
novel molecular techniques have opened new possibili-
ties to investigate the organization and the activity of 
the cccDNA minichromosome (MC) in vivo, and recent 
advances have started to shed light on the complexity 
of the mechanisms controlling cccDNA generation and 
processing. Nuclear cccDNA accumulates in hepatocyte 
nuclei as a stable minichromosome organized by histone 
and non-histone viral and cellular proteins. Importantly, 
the HBcAg is a key component of the viral MC and the 
HBx protein regulates the structure and function, as well 
as level of chromatinisation of the MC. Identification 
of the molecular mechanisms regulating cccDNA sta-
bility and its transcriptional activity at the RNA, DNA 
and epigenetic levels in the course of chronic hepatitis B 
(CHB) infection has revealed new potential therapeutic 
targets for anti-HBV drugs and hence assist in the design 
of strategies aimed at silencing and eventually depleting 
the cccDNA reservoir. Recently, the role of antiviral sig-
nalling pathways via interferon alpha and lymphotoxin β 
receptor have revealed selective and specific mechanisms 
of HBV cccDNA degradation which are now driving new 
approaches to ‘curing’ HBV infection.
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HBV eradication strategies: non‐cccDNA targets and 
eradication

F Zoulim

Hepatology Department, Hospices Civils de Lyon, Viral Hepatitis 
Laboratory, Cancer Research Center of Lyon - INSERM U1052, Lyon 
University, France 

To reach the aim of a clinical cure of HBV, several 
approaches can be used to target either viral functions or 
the host innate and/or adaptive immune responses and to 
complement the current nucleos(t)ide analogues (NUCs). 
Beside cccDNA, which is addressed elsewhere, several tar-
gets are considered. 

The interaction between viral particles and the recently 
identified cellular receptor sodium taurocholate cotrans-
porting polypeptide (NTCP) represents a target for the 
inhibition of viral entry. Peptides mimicking the HBV 
preS domain that interacts with NTCP have shown 
their efficacy in the inhibition of viral entry. They may 
have potential in combination with IFN-α or NUCs, in 
a clinical setting where hepatocyte turnover might be 
needed to see their full effect. Targeting the functions of 
viral core proteins or nucleocapsids also represents an 
interesting approach. Strategies interfering with nucleo-
capsid assembly lead to inhibition of viral DNA synthe-
sis. Inhibition of the transport of viral nucleocapsids to 
the hepatocyte nucleus would inhibit nuclear transport 
of the viral genome and subsequently cccDNA forma-
tion, as well as the intracellular recycling of cccDNA. 
HBV core proteins exhibit several other functions when 
localized in the nucleus of infected cells, including the 
inhibition of interferon-stimulating gene expression and 
activation of cccDNA transcriptional activity. Each of 
these functions are being evaluated as potential targets 
for antiviral therapy. 

During chronic HBV infection, innate responses are 
impaired in most patients. Stimulation of pathogen recog-
nition receptors has been proposed as a means to overcome 
this defect in immune responses. Stimulation of toll-like 
receptor 7 (TLR7) has been shown to induce a broad range 
of cytokine expression leading to direct antiviral activity 
on infected hepatocytes and to maturation of adaptive T 
cell responses. Following animal studies, this approach is 
currently being tested in clinical trials. The discovery of 
agents specifically targeting viral mechanisms responsible 
for the repression of innate responses is also warranted.  

Another challenge is to overcome HBV-specific CD8+ 
T  cell exhaustion. It has been suggested that interfer-
ing with co-stimulatory or co-inhibitory elements, for 
instance by blockade of programmed cell death protein 1 
(PD-1), may favor T cell function restoration. Stimulation 
of adaptive T cell responses with specific therapeutic vac-
cine might also be interesting, provided that this is per-
formed at a time when T cell functions have been at least 
partially recovered by NUC therapy.
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Achieving a cure in hepatitis B

G Dusheiko

UCL Institute for Liver and Digestive Health, University College 
London Medical School and Royal Free Hospital, London, 
United Kingdom

Hepatitis B remains a globally important disease. Treatment 
and control of infection with hepatitis B virus (HBV) thus 
remains a major public health challenge of the 21st cen-
tury. In Asia, the majority of HBV was acquired vertically 
(mother to child) or during early childhood. Horizontal 
transmission is the major route of HBV infection in Afri-
can and Western countries. Perinatal infections have led 
to high rate of chronicity. HBeAg has been reported to be 
more common in young than in adult carriers of hepatitis B, 
whereas the prevalence of anti-HBe seems to increase with 
age. Ten hepatitis B virus genotypes have been defined with 
a distinct geographical distribution. HBV genotypes have 
been reported to correlate with spontaneous and interferon 
induced HBeAg seroconversion, activity of liver disease, 
and progression to cirrhosis and HCC, but further study 
is required. 

The next frontier for treatment of hepatitis B is a higher 
rate of cure than is being achieved with interferon alpha 
or nucleoside analogues. A combined strategy of silencing 
or degrading cccDNA and an adaptation or restoration 
of the immune response may be required. Whilst newer 
nucleoside analogues such as tenofovir alafenamide may 
improve efficacy and safety polymerase inhibitors and 
chain terminators alone will not result in higher rates of 
HBsAg. In general, research treatment of chronic hepa-
titis B should be targeted at patients with active disease 
and viral replication, preferably at a stage before cirrho-
sis or significant injury have occurred. There is scope for 
targeting a number of new targets including viral entry, 
cccDNA, viral transcription, RNA interference, nucle-
ocapsid assembly, T cell inhibitory receptors, virion 
secretion, viral assembly and other immunomodulatory 
strategies. The choices of therapy in research trials will 
depend on factors predictive of treatment response, clini-
cal circumstances and stage of disease, potency of differ-
ent agents, the likelihood and consequences of resistance 
and fulminant hepatitis and may be different for HBeAg-
positive and HBeAg-negative disease. 
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Pre-existence of HCV variants conferring resistance 
to DAAs: assessment, frequencies, and consequences 
for antiviral therapies?

T Kuntzen

Department of Gastroenterology and Hepatology, University 
Hospital Zurich, Switzerland

While drug resistance mutations impacting treatment 
outcome have never been described for the immuno-
modulators interferon and ribavirin, in analogy to HIV 
infection drug resistance became a concern when the 
first directly acting antiviral (DAA) drugs were devel-
oped. Rapid selection within days after treatment initia-
tion, and persistence of resistant viral quasispecies were 
observed on mono-therapy with protease inhibitors. 
The emergence of such variants was in part dependent 
on suboptimal drug concentrations, and highly resistant 
variants often negatively influenced viral replication 
demonstrated in vitro in the HCV replicon model. How-
ever, these were also found as stable major viral quasispe-
cies in up to 5% of patients never exposed to protease 
inhibitors, and were likely also transmissible between 
patients. It became therefore clear that viral eradication 
would only be achievable using potent drug combina-
tions, so that pegylated interferon and ribavirin remained 
the backbone of first-generation DAA containing triple-
therapies. More recent studies validating this concept 
demonstrated that baseline drug resistance for first 
generation protease inhibitors is likely only relevant in 
patients with poor interferon responsiveness. Although 
for the more potent second-generation protease inhibi-
tor simeprevir a significant impact of the highly preva-
lent baseline resistant variant Q80K was described even 
in combination with pegylated interferon and ribavirin, 
high rates of sustained virological response could more 
recently be achieved by combination with the highly 
potent HCV polymerase inhibitor sofosbuvir. The latest 
DAA regimens combining HCV polymerase-, replication 
complex (NS5a)- and/or protease-inhibitors now almost 
invariantly produce sustained virological response rates 
of 95–100% regardless of baseline drug resistance muta-
tions. In patients who failed to eradicate HCV upon a 
first sofosbuvir containing therapy, re-treatment with 
sofosbuvir and ledipasvir lead to almost 100% cure 
rates, demonstrating that drug resistance is no longer a 
concern for some drugs with high antiviral potency and 
barrier to resistance. Thus, it is likely that baseline drug 
resistance testing will only have a minor role – if any – in 
very few selected patients failing several DAA treatment 
attempts in the future.
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Resistance to PI-based triple therapies: do we need 
direct, clonal or deep sequencing and can we retreat 
patients with PIs?

J Schinkel

Academic Medical Center, the Netherlands 

With the arrival of direct acting antivirals (DAA) treatment 
of hepatitis C has entered a new and promising era. The 
protease inhibitors (PIs) telaprevir and boceprevir belong 
to the first generation PIs that became available in 2011. 
The addition of these drugs to the standard pegylated 
interferon ribavirin combination regimen significantly 
increased sustained response rates to ±80% in genotype 
1 infected patients. Several second generation PIs are in 
late stage of clinical development or have already been 
approved in some countries as part of a triple therapy 
regimen with pegylated interferon and ribavirin (e.g. sime-
previr, faldaprevir). These second generation PIs can be 
administered as a single dose, have less side-effects com-
pared to the first generation protease inhibitors, and tend 
to have a broader antiviral activity. Clinical failure to PIs is 
typically associated with the emergence of resistance asso-
ciated variants (RAVs). Resistance patterns depend on the 
viral subtype and PI class. However, as mutant viruses are 
less fit, once treatment is discontinued, mutant viruses are 
replaced by wild type viruses, and in general become unde-
tectable within months, although persistence of RAVs in 
patients who participated in early clinical trials for some 
years has been documented. Given the different classes of 
DAA available, even patients with persistence of RAVs can 
be successfully retreated with non-PI regimens. However, 
treating patients who failed PI-based triple therapy again 
with PIs, is less obvious and both success and failures have 
been reported. Outcome is likely to be related to the level 
of persistence of resistant variants, which can be quanti-
fied using clonal or deep sequencing. The scarce data on 
retreatment with PIs and utility of different sequence tech-
niques to predict the outcome will be discussed.
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Molecular mechanisms for mode of action and 
resistance to NS5A inhibitors

R Bartenschlager

Department of Infectious Diseases, Molecular Virology, Heidelberg 
University Clinic, Im Neuenheimer Feld 345, 69120 Heidelberg, 
Germany

Highly potent direct acting antivirals (DAAs) targeting 
nonstructural protein 5A (NS5A) of hepatitis C virus 
(HCV) have unparalleled antiviral potency. The lead 
compound, daclatasvir, is a highly promising candidate 
for therapy of chronic hepatitis C. Yet, the mode of action 
of this DAA class is unknown. It has been suggested that 
NS5A-targeting drugs reduce hyperphosphorylation of 
the protein and lead to its accumulation at sites around 
lipid droplets. Moreover, it has been proposed that this 
class of DAAs affects HCV particle production, consistent 
with the role of NS5A in assembly of infectious virions. By 
using a combination of biochemical assays, in silico dock-
ing models and high resolution imaging we found that 
NS5A inhibitors do not affect protein stability or NS5A 
dimerization. A daclatavir derivative was found to inter-
act with NS5A and this interaction was reduced in case of 
NS5A resistance mutations (e.g. Y93H), thus contributing 
to lower compound sensitivity. By using molecular dock-
ing studies we revealed a plausible model of drug binding 
to NS5A dimers. Importantly, dimer formation appears 
to be unaffected by the drug, whereas formation of higher 
order oligomeric complexes might be blocked. The pre-
dominant phenotype of highly potent NS5A-targeting 
DAAs was a profound inhibition of the formation of the 
membranous web, which is a distinct cytoplasmic struc-
ture that is induced by HCV and that serves as replica-
tion factory of the virus. This inhibition was not found in 
case of drug-resistant NS5A, demonstrating specificity of 
this phenotype. Finally, by using correlative light-electron 
microscopy we unequivocally revealed that NS5A inhibi-
tor treatment did not affect NS5A expression pattern, but 
completely prevented membranous web biogenesis. These 
results show that highly potent NS5A inhibitors block 
HCV RNA replication at the stage of membranous web 
biogenesis, which is a new paradigm in antiviral therapy.
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Clinical resistance to NS5A inhibitors: virologic 
escape and long-term persistence

F McPhee

Bristol-Myers Squibb, Wallingford, CT, USA 

The hepatitis C virus (HCV) nonstructural protein (NS) 
5A is a multifunctional viral protein that is a critical com-
ponent of the replication complex as well as viral particle 
assembly and release. Inhibitors of these functions have 
been identified that appear to act at the N-terminus of 
NS5A (first 100 amino acids). Daclatasvir (DCV) is the 
first NS5A inhibitor to be identified from a cell-based 
HCV replication screen with picomolar antiviral activ-
ity against replicons harboring NS5A sequences repre-
senting each of the major genotypes. This exquisite pan-
genotypic potency translated into antiviral activity in 
patients infected with GT-1. The antiviral response was 
rapid and robust with declines in HCV RNA of up to 
104 IU/mL within the first day of treatment. Although 
drug trough concentrations were >1,000-fold higher 
than observed EC90 values in replicon assays, resistance 
rapidly emerged when patients were treated with DCV 
in monotherapy. Nevertheless, the safety profile and 
low potential for drug–drug interactions have made this 
class of inhibitor very attractive in combination therapy 
approaches. Resistance-associated variants (RAVs) that 
confer >1,000-fold loss in DCV sensitivity pre-exist in 
<5% of patients across genotypes. It is still possible, how-
ever, that patients with these NS5A RAVs can achieve a 
positive virologic outcome, depending on the regimen 
administered. For patients who have failed a DCV-con-
taining regimen, the pathway to virologic escape and the 
combination of NS5A RAVs appears to be genotype-spe-
cific. Although the pathway to resistance may be dictated 
by NS5A sequence, the modulation of NS5A inhibitor 
susceptibility is highly dependent on the pattern of emer-
gent primary and secondary RAVs and the NS5A geno-
type backbone. A comprehensive understanding of the 
structural relationship between inhibitor and protein has 
been hampered by the lack of a reliable binding model. 
When a patient has failed a NS5A inhibitor-containing 
regimen, drug-resistant viruses have been shown to per-
sist when monitored for at least a year post treatment 
failure. The resistance pathways and persistence of NS5A 
resistance variants will be discussed in light of the rapidly 
changing combination regimen landscape.
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HCV nucleoside NS5B polymerase inhibitors: 
antiviral activities and barriers to resistance among 
different HCV genotype and subtypes

H Mo

Gilead Sciences, USA 

HCV NS5B nucleoside/nucleotide inhibitors (NIs) act as 
natural polymerase substrates leading to termination of 
viral RNA chain elongation by inhibition of the active site 
of the HCV NS5B polymerase. HCV has broad genetic 
variability with multiple genotypes and subtypes within 
genotypes defined. However, NS5B active sites are well 
conserved among viral genotypes and NIs generally have 
broad antiviral activity across all genotypes and subtypes. 
In addition, amino acid substitutions within the polymer-
ase active site may result in impaired function. Clinically, 
NIs appear to have the broadest antiviral activity and the 
highest barrier to resistance of all direct-acting classes of 
antivirals (DAAs).

To date, one NI, sofosbuvir (SOF, GS-7977), has been 
approved for combination therapy of chronic hepatitis 
C infection with HCV-genotypes 1–6, while another NI, 
mericitabine, is in Phase 2/3 clinical studies. Sofosbuvir 
demonstrated high SVR rates in Phase 3 clinical studies 
when given in combination with pegylated interferon/riba-
virin (PEG/RBV) in genotypes 1, 4, 5 and 6; with the HCV 
NS5A inhibitor ledipasvir in genotype 1; as well as with 
RBV in genotypes 2 and 3. Mericitabine/PEG/RBV triple 
combination therapy also showed antiviral efficacy in gen-
otype 1 patients. Although the NIs have broad genotype 
coverage, the duration of therapy and the additional agents 
required to achieve high SVR rates differ among different 
genotypes and subtypes. This variation may in part relate 
to intrinsic differences in viral clearance associated with 
the different genotypes of HCV. 

The overall efficacy of antiviral drug therapy is likely driv-
en by the combined potency of the drugs in the regimen 
and the immunologic response. The potency of a drug it-
self is further influenced by the intrinsic viral susceptibility, 
the drug exposure, and the barrier to resistance. The abil-
ity of a resistance-associated variant (RAV) to persist is re-
lated to its fitness and may have an impact on re-treatment 
options. In this presentation, the in vitro susceptibility and 
characterization of resistance profiles of NIs in vitro and 
in vivo across HCV genotypes will be presented. In addi-
tion, the genetic barrier to resistance and the persistence 
of NI RAVs as well as the re-treatment outcome for the 
few subjects who developed NI RAVs in clinical studies 
will be reviewed.
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Global access to new therapies

M Vitoria

World Health Organization, Switzerland 

The evolution of antiretroviral therapy has been a story 
of progressive treatment optimization, with drug regi-
mens becoming more potent, less toxic and simpler to 
use over time, opening the perspective for a long term 
control or eventually functional cure of the disease in the 
future. However, despite a number of signals of scientific 
progress and development of more convenient  formula-
tions,  there are still many challenges  to fully satisfy the 
ideal product profile needed for use in resource-limited 
settings. More recently, dose optimization of some cur-
rently available antiretrovirals and the emergence of new 
drugs classes and innovative strategies brought the per-
spective to improve tolerability, increase patient retention 
and further reduce treatment costs. For a large and sus-
tained access to optimally affordable, effective HIV treat-
ments, several outstanding research questions remain, 
and  funding support for dose optimization studies and 
complementary efficacy trials focused on priority popu-
lations in resource-limited settings are urgently needed. 
Finally, to ensure the availability of new optimized 1st and 
2nd line regimens, particularly in low- and middle-income 
countries, the engagement of generic manufacturers will 
be essential.
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Optimal regimens to limit resistance in resource-
limited settings 

JM Schapiro

National Hemophilia Center, Israel

Understanding HIV drug resistance has played a key role 
in the success of antiretroviral therapy. This understand-
ing allows both for the prediction of resistance evolution 
when a specific drug or combination of drugs is admin-
istered, as well interpretation of resistance once it devel-
ops in an individual patient. Both of these have greatly 
improved the results obtained in individual patients 
in resource rich settings. Drug regimen initiation and 
sequencing is prioritized to minimize the risk of predicted 
resistance evolution, and resistance assays are performed 
on individual patients before starting therapy and in the 
event of failure. In settings where resources are limited, 
the latter is often too expensive, and emphasis must be 
placed on optimizing the former. Even as more resources 
become available, individualized resistance testing would 
detract from expanding the population receiving drugs, 
and priorities must be considered. Thus maximizing use 
of our extensive understanding of resistance evolution to 
design optimal regimens to limit resistance in resource 
limited settings is a top priority. Pre-clinical evaluation, 
clinical trials and post-approval observational data have 
all informed our understating of resistance when differ-
ent drug classes and individual drugs are combined and 
sequenced. With excellent data emerging now not only 
from resource rich, but also resource limited settings, we 
have improved this understanding to include also the 
timelines of predicted resistance, such as the rate of accu-
mulations of TAMs. Based on this knowledge we can plan 
the sequencing of drug regimens to minimize the detri-
mental impact of previous regimens on subsequent com-
binations. This is implemented on an ongoing basis and 
has impacted important policies and guidelines. In addi-
tion, these data have informed systems which can to some 
degree supplement or replace resistance testing where 
resources are limited. Unfortunately the clinical impact 
of all this is limited by the unavailability of newer drug 
classes in many countries. There is just so much one can 
squeeze out of a limited number of drug classes with all 
this extensive knowledge and understanding, and even if 
resistance testing were available. Expanding the antiretro-
viral armamentarium in all settings will be required.
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Resistance complexities: the emerging profile of 
cross-resistance among NNRTIs

N Sluis-Cremer

University of Pittsburgh, Pittsburgh, USA

Non-nucleoside reverse transcriptase (RT) inhibitors 
(NNRTIs) are widely used to treat HIV-1-infected indi-
viduals. Indeed, most first-line antiretroviral therapies 
(ART) include 1 NNRTI (typically nevirapine (NVP), efa-
virenz or rilpivirine (RPV)) in combination with 2 nucle-
oside analogs. The NNRTI etravirine (ETR) has been 
approved for the treatment of HIV-infected ART-expe-
rienced individuals, including those with prior NNRTI 
exposure. NNRTIs are also increasingly being included 
in strategies to prevent HIV-1 infection. For example: (i) 
NVP is used to prevent mother-to-child transmission; (ii) 
the ASPIRE (MTN 020) study will test whether a vagi-
nal ring containing the diarylpyrimidine analog dapiv-
irine (TMC120) can prevent HIV-1 infection in women; 
(iii) a microbicide gel formulation containing the urea-
PETT derivative MIV-150 is in a Phase I study to evaluate 
safety, PK, PD and acceptability; and (iv) a long acting 
RPV formulation is under-development for pre-exposure 
prophylaxis. Given their widespread use (particularly in 
resource-limited settings), as well as their low genetic 
barriers to resistance, there are concerns about overlap-
ping resistance between the different NNRTIs. Of note, 
all of the NNRTIs bind to the same hydrophobic pocket 
in HIV-1 RT, and all NNRTI-associated resistance muta-
tions are located within, or adjacent to, this pocket. There 
is also evidence of high-level cross-resistance among the 
NNRTI class. Consequently, a better understanding of the 
resistance and cross-resistance profiles among the NNRTI 
class is important for predicting response to treatment, 
and surveillance of transmitted drug-resistance, particu-
larly in resource-limited settings. 
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Global spread of HIV-1 resistance: impact on 
response to ART

RL Hamers

Amsterdam Institute for Global Health and Development and 
Academic Medical Center of the University of Amsterdam, 
Amsterdam, the Netherlands

Tremendous progress has been made with scaling up 
access to antiretroviral therapy (ART) for HIV-1 under 
the WHO public health model. The long-term success of 
national ART programs depends on appropriate strategies 
to deal with potential threats, one of which is the emer-
gence and spread of HIV drug resistance. Expanding and 
maturing ART programs in many resource-limited coun-
tries are often challenged by deficiencies in service delivery 
that may exacerbate resistance development, including 
interrupted drug supply, lack of adherence support, lack 
of routine viral load monitoring, limited drug options and 
high rates of patient attrition. Accumulation of drug resist-
ance mutations because of undetected treatment failure 
will restrict next line drug options for individual patients. 
Recent reports indicate an increasing prevalence of trans-
mitted drug resistance, mostly NNRTI-associated, in east 
and southern Africa, which increases the risk of virologial 
failure of NNRTI-based regimens by 2–3-fold. Despite 
the presence of extensive NRTI-resistance after first-line 
failure, virological response to empirically prescribed 
second-line of bPI+2 NRTI (but not bPI monotherapy) is 
favourable for the far majority of patients. This suggests 
important residual activity of the NRTI backbone. How-
ever, in the context of the public health approach, little 
is known on long-term outcomes and patterns of emerg-
ing PI mutations, knowledge that is essential to inform 
rational drug sequencing and optimal drug choices for 
second and third line. Improved knowledge of resistance 
patterns under specific drug regimens, monitoring strate-
gies and viral subtypes is essential to define appropriate 
public health strategies, aimed at preserving ART effec-
tiveness for as long as possible for as many as possible. 
Whilst public health surveillance is currently the mainstay 
of the WHO approach to HIV drug resistance, there is 
likely to be increasing demand for access to resistance 
testing as programs mature, patients fail treatment and 
HIV clinical management becomes increasingly complex. 
This presentation will provide updates on the most recent 
epidemiological and clinical data as well as challenges 
for clinical management in low-resource environments. 
Potential implications of novel ART strategies for HIV 
treatment and prevention with respect to drug resistance 
development will be discussed.
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HIV-HBV co-infection in developing countries: 
epidemiology, resistance and optimal regimens

K Lacombe

Hôpital Saint-Antoine, France

ARV scaling up strategies are inaugurating a new era of 
HIV-related comorbidities in resource-limited countries, 
where the prevalence of opportunistic infections is pro-
gressively decreasing and non-AIDS-related pathologies 
are becoming predominant. One shall expect greater liver 
disease morbidity in conjunction with the high prevalence 
of chronic hepatitis B and the limited access to treatments 
with potent dual anti HBV and HIV activity. Lamivudine 
is indeed largely prescribed as part of antiretroviral first 
line therapy and although its suboptimal potency usually 
lead to the emergence of polymerase and preS-S mutations 
(also called vaccine-escape mutations), no virological 
monitoring can be performed because of cost constraints. 
This talk will first review the prevalence and incidence of 
P and preS/S mutations in HIV-HBV coinfected patients 
living in sub-Saharan Africa and treated with lamivudine 
or tenofovir. Public health challenges as a result of subop-
timal management of coinfection will then be reviewed 
and suggestions for better treatment guidelines will be 
discussed.

Plenaries.indd   26 09/05/2014   12:09:53



Oral abstracts

Orals.indd   27 21/08/2014   12:14:36



Orals.indd   28 21/08/2014   12:14:36



Berlin, Germany, 3–7 June 2014

International Workshop on Antiviral Drug Resistance: Meeting the Global Challenge A29

AbstrAct 1
Antiviral Therapy 2014; 19 suppl 1:A29

Increasing transmitted antiretroviral drug 
resistance in Kenya between 2006 and 2013

MH Chung1, N Yatich1, S Bii2, IA Beck2, J Njoroge1, 
C Kiptiness1, SR Sakr3, JN Kiarie4, LM Frenkel1,2

1University of Washington, Seattle, USA 
2Seattle Children’s Research Institute, Seattle, USA 
3Coptic Hospital, Nairobi, Kenya 
4University of Nairobi, Nairobi, Kenya 

Background: kenya has significantly increased 
treatment for HIV-infected kenyans with antiretroviral 
therapy (arT) since 2004. Improved arT coverage over 
time may have increased the number of individuals with 
virologic failure and the likelihood of transmission of 
drug-resistant HIV (Tdr). To determine whether Tdr 
is increasing in kenya, cohorts of arT-naive individu-
als entering clinical trials in 2006, 2010, and 2013 were 
evaluated.

MeTHods: The coptic Hope center for Infectious 
diseases is an HIV treatment clinic in nairobi, kenya 
that provides free arT based on kenyan guidelines. 
study cohorts of arT-naive adults were enrolled at 
this site at three separate time points (2006, 2010, and 
2013) and tested for Tdr prior to arT initiation with 
a point mutation oligonucleotide ligation assay (oLa) 
sensitive to 2% mutant concentration. oLa quantified 
the concentration of resistance in each subject’s HIV 
population to tenofovir, lamivudine and non-nucleoside 
reverse transcriptase inhibitors (nnrTI) at codons 
k65r, k103n, Y181c, g190a and M184V. Prevalence 
of individuals with Tdr at ≥1+ codon was calculated at 
each time point and compared using logistic regression.

resuLTs: In 2006, 10 of 324 arT-naive adults (3.09%) 
had Tdr [95% confidence Interval (cI), 1.20–4.98%]; 
n=5, k103n; n=1, Y181c; n=1, k103n, g190a; n=1, 
Y181c, g190a; n=2, k103n, Y181c, M184V. In 2010, 
5 of 100 (5.00%) had Tdr (95% cI, 0.70–9.30%); n=2, 
k103n; n=1, g190a; n=1, k103n, Y181c; n=1, k103n, 
M184V, g190a. In 2013, 41 of 354 (11.58%) had Tdr 
(95% cI, 8.24–14.93%); n=19, k103n; n=5, Y181c; 
n=3, g190a; n=1, M184V; n=3, k103n, M184V; n=3, 
k103n, g190a; n=1, k103n, Y181c; n=1, Y181c, 
k65r; n=1, M184V, g190a; n=2, k103n, Y181c, 
M184V; n=2, Y181c, M184V, k65r. arT-naive adults 
initiating arT in 2013 were 4 times more likely to have 
Tdr than those initiating arT in 2006 [odds ratio 
(or), 4.11; P<0.001). While k65r mutations were not 
found in 2006 and 2010, 3 individuals (0.85%) had a 
k65r mutation in 2013.

concLusIon: Tdr significantly increased from 
3.09% to 11.58% in 7 years from 2006 to 2013 in nai-
robi, kenya, and new mutations to tenofovir were found 
in 2013. These findings may impact the selection of first-
line arT regimens in the country.
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Enhanced surveillance of HIV-1 transmitted drug 
resistance and transmission clusters in recently 
infected UK MSM

ES Cunningham1, D Bibby1, K Lythgow1, A Aghaizu2, 
G Murphy1, J Tosswill1, V Delpech2, PA Cane1, 
ON Gill2, JL Mbisa1

1Virus Reference Department, Microbiology Services 
2HIV and STI Department, Health Protection Services, Public Health 
England, UK

Background: The prevalence of HIV-1 transmitted 
drug resistance (Tdr) among men-who-have-sex-with-
men (MsM) in the uk peaked in 2000 at ~14%. It then 
declined to a nadir of 9% in 2007 and has since remained 
relatively stable. This was estimated using sequences from 
treatment-naive patients. Here, we describe a method 
for enhanced surveillance of Tdr using samples from 
recently infected MsM.

MeTHods: The recent infection testing algorithm 
(rITa) is currently applied to 52% of all newly diag-
nosed HIV infections in the national reference laboratory 
for england. We amplified the HIV-1 pol gene from 96 
MsM sampled between July 2011 and september 2012, 
ascertained by rITa as incident infections (avidity index 
<70 and cd4 count >400). These were sequenced by 
sanger and Illumina next-generation sequencing (ngs). 
The 2009 WHo surveillance drug resistance Muta-
tions list was used to identify Tdr mutations at ≥20% 
frequency (sanger and ngs), and ≥2% (ngs only; fre-
quency above assay error rate). a Maximum-likelihood 
tree was generated under the gTr model of nucleotide 
substitution and 1,000 iterations and transmission clus-
ters defined using a genetic distance ≤1.5% and boot-
strap support ≥90%.

resuLTs: The majority of patients were infected with 
HIV-1 subtype B (n=79; 82%) with the remainder being 
subtype F (n=6), c (n=4), crF02_ag (n=3), a, crF01_
ae and complex recombinants (n=2). eleven sequences 
contained Tdr mutations at ≥20% frequency, a preva-
lence of 11.5%. The Tdr mutations identified were PI: 
L90M (n=3), V82L; nrTI: T215rev (n=2), M41L, k70r, 
M184V, k219n; nnrTI: k103n (n=2), V106a, Y188L. 
nine additional sequences were identified by ngs to 
contain Tdr mutations at ≥2% frequency, a prevalence 
of 20.8%. The additional mutations were mostly against 
PIs: M46IL (n=3), d30n, V32I, I47V, V82a, n83d, 
n88d; and the remainder against nrTI: d67g, M184V. 
Phylogenetic analysis revealed that 28 sequences (29%) 
formed 11 transmission clusters, each containing 2–4 

sequences. Three clusters contained the Tdr mutations 
L90M, n88d and M184V, respectively.

concLusIons: The clinical significance of low frequency 
Tdr mutations identified by ngs requires further investi-
gation as they affect susceptibility to first-line PIs used in 
the uk. The data also reveal an appreciable current trans-
mission of drug resistant HIV among recently infected uk 
MsM. 
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Transmission and persistence of antiretroviral 
resistance amongst drug naive HIV positive 
individuals in the United Kingdom 

R Mourad1, F Chevennet1, DT Dunn2, E Fearnhill2, 
D Asboe3, O Gascuel1, S Hué4

1LIRMM-CNRS, Montpellier, France 
2Medical Research Council Clinical Trial Unit, London, UK 
3Chelsea & Westminster Hospital, London, UK 
4University College London, London, UK

Background: drug resistant strains of HIV emerge 
through the selective pressure of antiretrovirals in treated 
individuals. It is assumed that transmitted drug resist-
ance mutations (TdrM) result from direct infection from 
drug-experienced to drug-naive individuals. However, 
we demonstrated that drug resistant variants are trans-
mitted from drug-naive to drug-naive patients, resulting 
in sustainable reservoirs of resistance among new HIV 
infections. 

aIM: We phylogenetically quantified the persistence of 
treatment-independent, drug-resistant HIV lineages in the 
united kingdom (uk) and monitored the spread of these 
lineages since 1997.

MeTHods: The phylogeny of HIV-1 subtype B partial 
pol gene sequences sampled from drug-naive (n=18,354) 
and -experienced individuals (n=6,196) between 1997 
and 2011 in the uk were reconstructed by maximum 
likelihood inference. The ancestral state of 67 codon 
positions associated with resistance to protease inhibitors 
(PI), nucleoside analogues reverse transcriptase inhibi-
tors (nrTI) and non-nucleoside analogues reverse tran-
scriptase inhibitors (nnrTI) was reconstructed along the 
tree. using parsimony, strongly supported monophyletic 
groups of closely related sequences (≤4% mean genetic 
distance) sharing at least one drug resistance mutation, 
named phylotypes, were identified. The characteristics 
of those phylotypes involving ≥3 drug-naive patients 
were analysed. Persistence of TdrM in the untreated 
HIV diagnosed population was estimated using Bayesian 
molecular clock inference.

resuLTs: 1,585/18,354 drug-naive patients harbored 
a virus with at least one drM. 45 resistant phylotypes 
involving 274 untreated individuals were identified, sug-
gesting that at least 17.3% (274/1,585) of TdrM were 
inherited from treatment-naive sources. The TdrM most 
frequently found in treatment-naive transmission net-
works were L90M (46.4/704; 6.6) in protease, k103n 
(95/1,551; 6.1%) and k219Q (52/509; 10.2%) in reverse 

transcriptase. despite being one of the most prevalent 
TdrM in the uk, T215F was not found in resistant 
phylotypes, reflecting the rapid reversion rate of this 
mutation. The identified resistant strains persisted in the 
untreated HIV diagnosed population for an average of 
7.6 years (range 3.17–11.61).

concLusIons: a sixth of the TdrM come from a 
treatment-naive source in the uk. Their long-term per-
sistence through onward transmission in a drug-free envi-
ronment has the potential to impact on HIV treatment at 
the population level. This study emphasizes the impor-
tance of early HIV diagnosis and genotyping.
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Pan degenerate amplification and adaptation for 
rapid, highly sensitive detection of ARV drug 
resistance

IJ MacLeod1,2, CF Rowley1,2,3, M Essex1,2

1Dept. of Immunology and Infectious Diseases, Harvard School of 
Public Health, Boston, MA, USA  
2Botswana-Harvard AIDS Institute, Gaborone, Botswana 
3Division of Infectious Diseases, Beth Israel Deaconess Medical 
Center, Boston, MA, USA

Background: current genotyping assays are unable 
to rapidly and sensitively detect drug resistance polymor-
phisms at clinically relevant low levels. Molecular probes 
for real-time Pcr (qPcr) - such as TaqMan - can rapidly 
discriminate single nucleotide polymorphisms (snPs) of 
interest. Yet the caveat is that probes are sensitive to sec-
ondary polymorphisms (i.e. non-drug resistance) in the 
probe-binding region. The highly polymorphic nature of 
HIV results in the accumulation of secondary polymor-
phisms that abrogate probe hybridization during stand-
ard qPcr resulting in a failure to detect drug resistance.

MeTHods: Pan degenerate amplification and adap-
tation (Pandaa) allows the simultaneous qPcr detec-
tion of multiple drug resistance mutations by adapting 
the probe-binding site in the target HIV genome thereby 
compensating for secondary polymorphisms that would 
otherwise abrogate probe hybridization. Probes to dif-
ferentiate k65r, k103n, V106M, Y181c, M184V, 
and g190a/s wild-type and drug resistance snPs were 
designed to match the majority consensus from >5,000 
HIV-1 group M sequences, with nucleotide frequencies 
weighted by global subtype prevalence. synthetic con-
structs of the most prevalent and most divergent probe-
binding regions for k65r, k103n, V106M, Y181c, 
M184V, and g190a/s were used to determine assay sen-
sitivity. Pandaa was compared to in-house population 
genotyping of 30 HIV-1 subtype c-infected patients from 
Botswana with detectable viral load 6 months after ini-
tiating tenofovir/emtricitabine/efavirenz, and 120 arV-
naive patients from Tanzania infected with subtype a, c, 
d, or a crF.

resuLTs: Pandaa was sensitive to 10 copies/reaction 
using templates containing multiple secondary poly-
morphisms, and was able to successfully differentiate 
between wild-type and drug resistance polymorphisms in 
genetically mixed populations. drug resistance could be 
detected in 1% of a mixed virus population at 1,000 cop-
ies total viral rna, with increasing sensitivity at higher 
viral loads. Pandaa quantitatively confirmed patient 

genotyping results obtained using population sequencing, 
with results obtained approximately two hours after viral 
rna purification. 

concLusIons: We have developed a fast, highly sen-
sitive, and inexpensive method that is easily adapted to 
quantify numerous drug resistance polymorphisms, even 
at very low levels. By removing secondary polymor-
phisms, Pandaa is able to detect drug resistance muta-
tions with a high degree specificity and sensitivity despite 
significant interpatient HIV sequence variation.
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Primer ID deep sequencing of HIV-1 env region to 
reveal the genetic structure of viral populations 
with X4 variants

S Zhou1, M Bednar1, C Sturdevant1, S Spudich2, 
R Price3, R Swanstrom1

1University of North Carolina at Chapel Hill, Chapel Hill, USA 
2Yale University, New Haven, USA 
3University of California at San Francisco, San Francisco, USA

Background: The HIV env gene consists of several 
highly variable regions and is a major determinant of 
pathogenesis, disease progression, and entry phenotype. 
By using a stretch of randomized bases (Primer Id) in the 
primer at the cdna synthesis primer step we reduce Pcr 
and next generation sequencing (ngs) errors and provide 
accurate frequencies of minority variants in the viral pop-
ulation. We have developed an approach to sequence the 
V1-V3 region of the env gene to detect X4 variants and 
define the genetic structure of viral populations within 
subjects. 

MeTHods: Viral rna was extracted from plasma from 
30 late-stage and 6 early-stage infected subjects. Prim-
ers with Primer Id were used for cdna synthesis. We 
used Miseq 250 base pair-end sequencing to sequence an 
amplicon covering most of the V1/V2 region, all of the V3 
region, and part of the c2 region. entry tropism was pre-
dicted for V3 sequences using the gene2Pheno[coreceptor] 
(False Positive rate, FPr) algorithm. We also used sin-
gle genome amplification (sga) to obtain env sequences 
from the same samples, and in vitro entry phenotype was 
examined using cloned env gene. 

resuLTs: X4 viruses were detected in 24 out of 30 late-
stage subjects and none in of the early-stage subjects. 
Phylogenetic analysis of c2/V3 sequences revealed that 
the most stringently called X4 viruses (geno2Pheno, FPr 
<=2%) formed distinct lineages. entry phenotype analy-
sis suggests that X4 lineages were those with FPr <=2%. 
analysis of both V1/V2 and c2/V3 regions showed evi-
dence of very little recombination between the X4 and r5 
lineages, while some of the multiple r5 lineages and mul-
tiple X4 lineages themselves had extensive recombination 
between these regions.

concLusIons: Primer Id combined with ngs provides 
a novel approach to deep sequencing highly variable regions 
of HIV-1. clustering of sequences with low FPr of X4 is an 
additional type of information to predict X4 calls based on 
sequence analysis. restricted recombination of X4 and r5 
viruses suggests these variants are genetically isolated, either 

producing nonviable recombinants or replicating in distinct 
cell types.
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Deep sequencing reveals emergence of drug 
resistance mutations in the influenza quasispecies 
population

KB Zeldovich1, DN Bolon1, DR Caffrey1, N Renzette1, 
P Liu1, TF Kowalik1, CA Schiffer1, RW Finberg1, 
JP Wang1 
1University of Massachusetts Medical School, Worcester, MA, USA

Background: Influenza a virus (IaV), is continually 
evolving in response to all sorts of selective pressures. 
resistance has occurred to the currently available neu-
raminidase inhibitors, requiring novel drugs such as favi-
piravir to be developed. Favipiravir is a nucleoside analog 
that interferes with the replication of IaV, presumably 
by targeting the rna-dependent rna polymerase, and 
is currently being investigated in clinical trials. no drug 
resistance mutations have previously been reported to 
favipiravir.

MeTHods: our research uses a multidisciplinary 
approach to rigorously probe the evolution of influenza 
viruses and the impact of a variety of selective pres-
sures from both drugs and environment. To ascertain the 
impact of this evolution and how it leads to drug resist-
ance we use an integrated approach of a combination of 
viral passaging, novel deep sequencing methods, compu-
tational and biophysical analysis. using an in vitro evolu-
tion platform and whole-genome population sequencing, 
we investigated the population genomics of IaV during 
the reassortment of two strains or under selective pres-
sure of either oseltamivir or favipiravir. IaV was grown in 
Mdck cells under escalating concentrations of drug over 
serial passages. samples were prepared using rna puri-
fication, reverse transcription, whole genome Pcr, fol-
lowed by dna barcoding and library preparation prior 
to sequencing on an Illumina Hiseq2000 platform.

resuLTs: selective pressure resulted in a variety of out-
comes: when the two viruses were simultaneously infect-
ing viral culture, reassortment and specific adaptation 
was observed. Following treatment with oseltamivir, the 
known neuraminidase drug resistant H274Y mutation 
fixed reproducibly within the population without altera-
tions of viral population diversity and persisted after 
withdrawal of the drug. In contrast, sequence diversity 
markedly increased over time with favipiravir with fixa-
tion of discrete mutants throughout the viral population. 
sequence analysis revealed a mutation profile in the IaV 
genome that included a significant number of transition 
mutations. Finally, high concentrations of favipiravir 
resulted in lethal mutagenesis of IaV.

concLusIon: Whole genome population sequencing is 
a powerful method for identifying viral genome responses 
to drugs, including identification of potential resistance 
mutations. such methods can be extended to viruses 
beyond influenza and with selective pressures such as reas-
sortment, antibody, and host adaptation.
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Immunosuppression-driven HBV reactivation is 
characterized by HBsAg mutants with enhanced 
capability to escape immune response

V Svicher1, R Salpini1, C Alteri1, MC Bellocchi1, 
L Colagrossi1, D Armenia1, M Aragri1, F Di Santo1, 
L Carioti1, F Continenza1, A Bertoli1, Y Louzoun2, 
M Pollicita1, A Ricciardi3, C Mastroianni4, M Paoloni5, 
A Marrone6, L Sarmati3, C Sarrecchia3, M Andreoni3, 
M Angelico7, CF Perno1

1Tor Vergata University, Department of Experimental Medicine and 
Surgery, Rome, Italy 
2Department of Mathematics and Gonda Brain Research Center, 
Bar-Ilan University, Ramat Gan 52900, Israel 
3Tor Vergata University Hospital, Infectious Diseases Unit, Rome, 
Italy 
4”Sapienza” University, Rome, Italy 
5S.S. Filippo e Nicola” Hospital, Infectious Disease Unit, Avezzano, 
Italy 
6Second University of Naples, Internal Medicine and Hepatology 
Unit, Naples, Italy 
7Tor Vergata University Hospital, Hepatology Unit, Rome, Italy

Background: To investigate the extent of HBsag 
genetic diversity underlying immunosuppression-driven 
HBV-reactivation.

MeTHods: This study included 93 genotype-d HBsag-
sequences from 29 patients with immunosuppression-
driven HBV-reactivation (defined according to Hwang, 
2013), and 64 chronically HBV-infected drug-naive 
patients as control. HBsag ultra-deep sequencing (udPs) 
was also performed for 21 HBV-reactivating patients and 
21 control patients.

resuLTs: Before immunosuppression-driven HBV-
reactivation, 51.7% were anti-HBc positive alone, 6.9% 
were anti-HBs positive alone, 6.9% were anti-HBc and 
anti-HBs positive, and 31.0% were inactive-carriers.  
55.2% of HBV-reactivating patients were treated with 
rituximab for hematologic-malignancies, 24.1% with 
corticosteroids for auto-immune/inflammatory/neoplas-
tic diseases, and 20.7% with other immunosuppressant-
agents. In 48.3% of patients, HBV-reactivation occurred 
after completing immunosuppressive-therapy (range: 
1–14 months). 9 patients experienced HBV-reactiva-
tion during lamivudine-prophylaxis, and 5/9 developed 
lamivudine-resistance.

72.4% of HBV-reactivating patients (compared with 3.1% 
of controls, P<0.001) carried HBsag-mutations localized 
in HBsag-regions relevant for HBV immune-control. 

Multivariable logistic regression analysis confirmed that 
the presence of at least 1 of these HBsag-mutations inde-
pendently correlates with immunosuppression-driven 
HBV-reactivation (P<0.001). of the 13 HBsag-mutations 
found in these patients, 8/13 (M103I-L109I-T118k-
P120a-Y134H-s143L-d144e- s171F) reside in major 
hydrophilic-loop (target of neutralizing-antibodies), and 
some of them are already known to hamper HBsag-rec-
ognition by humoral-response. The remaining 5 muta-
tions (c48g-V96a-L175s-g185e-V190a) are localized 
in class-I-restricted T-cell epitopes, playing a potential 
role in HBV-escape from cytotoxic-response. By udPs-
analysis, these mutations occurred in HBV-reactivating 
patients, with an intra-patient prevalence ranging from 
81.6% to 100%, supporting their capability to confer a 
selective-advantage to the virus. In those only 2 control 
patients carrying such mutations, they never exceeded the 
intra-patient prevalence of 50%.

Finally, additional n-linked glycosylation-sites within the 
major hydrophilic-loop were found in 24.1% of HBV-
reactivating patients, compared with 0% of controls 
(P<0.001); 5/7 patients carrying additional n-glycosyla-
tion-sites remained HBsag-negative despite HBV-reac-
tivation with very high HBV-dna. n-linked glycosyla-
tion can thus mask immunogenic-epitopes, abrogating 
HBsag-recognition by neutralizing-antibodies. 

concLusIons: HBV-reactivation occurs in a wide 
variety of clinical settings requiring immune-suppressive 
therapy, and correlates with the presence of HBsag-
mutations endowed with enhanced-capability to evade 
immune-response. This highlights the need of a careful 
patient monitoring in all immunosuppressive-settings 
at reactivation risk, and of establishing a prompt and 
potent therapy in order to prevent HBV-related clinical 
complications.
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Severe virologic expression of hepatitis B virus 
(HBV) co-infection in HIV-positive adults starting 
antiretroviral therapy (ART) in Malawi

AM Geretti1, S Aoudjane2, M Chaponda1, 
A González del Castillo2,3, J O’Connor2, M Noguera4, 
A Beloukas1, M Hopkins1, S Khoo1, J van Oosterhout5,6

1University of Liverpool, Liverpool, UK 
2University College London, London, UK 
3Fundación Investigación y Educación en SIDA, Madrid, Spain  
4IrsiCaixa AIDS Reseach Institute, Badalona, Universitat de Vic, 
Catalonia, Spain 
5College of Medicine University of Malawi, Blantyre, Malawi 
6Dignitas International, Zomba, Malawi

Background: It has been proposed that HBV geno-
type a1 infection has mild outcomes and a low risk of 
drug resistance (crude incidence rate 3–11.5 per 100 
person-year) among HIV-positive patients receiving 
lamivudine-containing arT without tenofovir in africa. 
The study aim was to determine the virologic expression 
of HBV genotype a1 co-infection in adults starting first-
line lamivudine-containing arT in Malawi, using next 
generation sequencing for the sensitive characterization 
of drug resistance.

MeTHods: HBsag positive subjects starting fixed-dose 
stavudine/lamivudine/nevirapine were sampled at base-
line and after 6 and 12 months, and tested for HIV-1 
rna, HBeag, and HBV dna. HBV drug resistance was 
determined by combining sanger, deep (Illumina, 1% sen-
sitivity), clonal, and single full-genome sequencing. 

resuLTs: among 1,117 adults starting arT, 133 
(11.9%; 95% cI 10–13.8%) were HBsag-positive, com-
prising 50% (67/133) women and showing median cd4 
counts of 109 (IQr 53, 192) cells/mm3. retention rates 
were 72% (96/133) at 6 months and 41% (54/133) at 
12 months. reasons for non-attendance comprised vol-
untary withdrawal (35%), transfer of care (23%), death 
(23%), treatment interruption (16%), and hospitaliza-
tion (3%). censoring data at last follow-up, 96% (92/96) 
subjects achieved HIV-1 rna suppression <40 copies/ml. 
In HBeag-positive (67/133, 50.4%) vs. HBeag-negative 
subjects, HBV dna levels were >2,000 Iu/ml in 96% 
(64/67) vs. 53% (35/66) at baseline, and remained >14 
Iu/ml in 89% (42/47) vs. 31% (15/49) at 6 months, and 
73% (19/26) vs. 4% (1/28) at 12 months (P<0.0001). 
no subject showed resistance mutations at baseline. By 
6 months, sanger and deep sequencing detected M204I 
in 20% (8/40) and 94% (16/17) of viremic patients, 
respectively. none of the deep sequences showed evidence 

of aPoBec-driven hypermutation. The deep sequenc-
ing data were confirmed in three subjects by clonal and 
single full-genome sequencing. By 12 months, all viremic 
patients (19/19) had multiple resistance and compensa-
tory mutations coexisting on the same HBV genomes. The 
crude incidence rate of HBV drug resistance was 34.2 per 
100 person-years. 

concLusIons: HBV genotype a1 co-infection showed 
a severe virologic expression in HIV-positive adults in 
Malawi. The findings strengthen the case for improved 
ascertainment and management of chronic hepatitis B in 
the region.
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HIV and hepatitis B virus (HBV) outcomes after 
switching stavudine or zidovudine to tenofovir in 
subjects receiving first-line antiretroviral therapy 
(ART) in Ghana

AM Geretti1, A Stockdale1, L Appiah2, A Beloukas1, 
D Adinku2, D Chadwick3, S Bhagani4, SF Sarfo2, 
RO Phillips2,5, the HEPIK Study Group
1University of Liverpool, Liverpool, UK 
2Komfo Anokye Teaching Hospital University, Kumasi, Ghana 
3James Cook University Hospital, Middlesbrough, UK 
4Royal Free Hampstead NHS Trust, London, UK 
5Kwame Nkrumah University of Science and Technology, Kumasi, 
Ghana

Background: HBV co-infection rates exceed 16% 
among HIV-positive adults in ghana. arT has tradi-
tionally been “HBV-blind” and comprised zidovudine or 
stavudine with lamivudine plus nevirapine or efavirenz, 
without virological monitoring. In 2011 HBsag screening 
was introduced in the kumasi HIV cohort and HBsag-
positive subjects gradually replaced zidovudine or stavu-
dine with tenofovir (TdF). The study aim was to investi-
gate outcomes of TdF introduction. 

MeTHods: HePIk is a prospective observational study 
characterizing the virological and clinical expression of 
HBV co-infection in the kumasi HIV cohort; 82 HIV/
HBV co-infected subjects have completed median 6.1 
months of follow-up after TdF introduction. 

resuLTs: at study entry, 82 subjects (60% women; 
median age 40 years) had received median 46.8 months 
(IQr 27.6–64.6) of lamivudine-containing arT and had 
median 527 cd4 cells/mm3 (305–748). HIV-1 rna was 
<40 copies/ml in 75% subjects and >1,000 copies/ml in 
17%; 10 of 16 subjects with HIV-1 rna >400 copies/
ml harboured HIV drug-resistance (nrTI+nnrTI=6; 
nnrTI=2; nrTI+nnrTI+PI=2). overall 68% subjects 
were HBeag negative. aLT levels were median 29 u/l 
(18–41). HBV dna levels were median 1.2 log10 Iu/ml 
(1.1–5.0) and <2,000 Iu/ml in 65% subjects; 21 of 31 
subjects with HBV dna >100 Iu/ml harboured HBV 
drug-resistance, comprising M204I/V (n=19), a181T 
(n=1), or M204I+a181s (n=1) usually with ≥1 com-
pensatory mutation (L80I, V173L, L180M); all carried 
HBV genotype e. Median 5.6 months (0.9–7.7) after 
study entry, 82 subjects replaced one nrTI with TdF, 
95% continued lamivudine, 88% continued nevirapine 
or efavirenz, and 12% received lopinavir/r. after 6.1 
months (5.4–8.7), HBV dna levels were median 1.1 
log10 Iu/ml (1.1–1.9) (P<0.0001) and <2,000 Iu/ml in 

88% subjects (P<0.0001). among subjects with HBV 
resistance, median HBV dna levels declined from 6.7 
(6.0–7.8) to 2.3 (1.2–2.9) log10 Iu/ml (P<0.001). other 
parameters showed modest changes with median aLT 
levels of 23 u/l (18–33) (P=0.092) and cd4 counts of 
478 cells/mm3 (263–700) (P=0.472). HIV-1 rna was 
<40 copies/ml in 66% subjects (P=0.515). 

concLusIons: Introducing TdF improved control 
of HBV replication in heavily lamivudine-experienced 
patients. among subjects with HBV resistance HBV dna 
levels declined by 4.4 log10 Iu/ml after 6 months. There 
remains scope for improved control of HIV replication. 
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The prevalence of HCV NS5A, nucleoside and 
protease inhibitor resistance associated variants 
and the effects on treatment with ledipasvir 
sofosbuvir ± RBV in the Phase 3 ION studies

H Dvory-Sobol1, B Doehle1, E Svarovskaia1, 
JF McCarville1, P Pang1, N Afdhal2, KV Kowdley3, 
J McHutchison1, M Miller1, H Mo1

1Gilead Sciences, Inc., Foster City, CA, USA 
2Beth Israel Deaconess Medical Center, Boston, MA, USA 

3Digestive Disease Institute, Virginia Mason Medical Center, Seattle, 
USA

Background: The impact of HcV baseline resistance-
associated-variants (raVs) on treatment outcome may 
depend on the susceptibility/fitness of the raVs, the patient 
population and the specific regimen. In this study, the 
baseline prevalence and effects of ns5a inhibitor, nucleo-
side inhibitor (nI) and protease inhibitor (PI) raVs on 
virologic response to ledipasvir/sofosbuvir ± rBV (LdV/
soF ± rBV) in three Phase 3 studies were investigated.

MeTHods: HcV ns3, ns5a and ns5B coding regions 
from baseline plasma samples were analyzed by popula-
tion or deep sequencing to detect the presence of ns5a, 
nI and PI raVs with an assay cutoff of 1%. consensus 
sequences were generated from deep sequences using a 
10% cut-off.

resuLTs: overall, 256/1,618 (16%) subjects were 
identified as having baseline ns5a raVs. 235/256 
(92%) subjects achieved sVr12 compared to overall 
sVr12 of 96%. among gT1a subjects, primary ns5a 
raVs k24r, M28T/a, Q30H/r/L, L31M, Y93H/n/c 
were detected in 16% of subjects at baseline. among 
gT1b, ns5a raVs at L31 and Y93 was detected in 
16% of subjects at baseline. The prevalence of ns5a 
raVs between the us and eu was similar. after adjust-
ing for multiple comparisons, no individual substitution 
(ns5a raVs, ns5B raVs or ns3 raVs) showed a sta-
tistically significant association with virologic outcome. 
However, among treatment-experienced subjects, when 
subjects were grouped together according by levels of 
phenotypic resistance associated with baseline ns5a 
raVs, a lower sVr12 rate was observed in subjects 
with baseline raVs conferring high levels (>100-fold) 
of resistance to LdV. similar results were observed 
with population/consensus sequences. nevertheless, 
the predictive power for relapse given the presence of 
such ns5a raVs was <50%. There was no correlation 
of baseline ns5a mutant viral load (% mutant x viral 
load) and failure to achieve sVr12. all 24 subjects with 

nI raVs achieved sVr12 and subjects with the baseline 
ns3 raVs achieved sVr12 rates ranging from 94% 
to 100%.

concLusIons: Pre-existing ns5a raVs were detected 
in 16% of HcV genotype 1 patients. High sVr12 rates 
were achieved in HcV genotype 1infected subjects with 
ns5a, nI, ns3 PI raVs at baseline treated with LdV/
soF regimens.
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Comparison of three quantitative HCV RNA assays 
in samples from genotype 1- or genotype 4-infected 
patients treated with a protease inhibitor-based 
therapy

B Fevery1, S Susser2, O Lenz1, G Cloherty3, D Perner2, 

L Gilles1, P De Locht1, G Picchio4, S De Meyer1, 
C Sarrazin2

1Janssen Infectious Diseases BVBA, Beerse, Belgium 
2JW Goethe University, Medizinische Klinik 1, Frankfurt, Germany 
3Abbott Molecular, Des Plaines, IL, USA  
4Tibotec Inc., Titusville, NJ, USA

oBJecTIVes/aIM: different assays to quantify HcV 
rna levels are used in clinical practice. The concordance 
of three assays was assessed in genotype 1- and genotype 
4-infected patients.

MeTHods: 875 plasma samples (Week 2, 4 and 12) 
from 456 gT1-infected treatment-naive patients and 509 
samples (Baseline to Week 12) from 106 gT4-infected 
treatment-naive and -experienced patients, receiving 
once-daily simeprevir (TMc435; an oral HcV ns3/4a 
protease inhibitor) plus peginterferon/ribavirin, were 
analysed using the roche High-Pure-system/coBas® 
TaqMan® v2.0 assay (HPs; LLoQ = 25 Iu/mL) in Phase 
III studies c208, c216 and HPc3011, respectively, and 
were reanalysed using the abbott realTime HcV assay 
(arT; LLoQ = 12 Iu/mL). gT1 samples were also rean-
alysed using the roche ampliPrep/coBas® TaqMan® 
HcV assay v2 (caP; LLoQ = 15 Iu/mL).

resuLTs: In gT1, 356/440 (80.9%) samples were 
undetectable (rVr) by HPs at week 4, 334/440 
(75.9%) by caP and 195/440 (44.3%) by arT. In 
gT4, rVr rates were 67.0% (69/103) by HPs and 
24.3% (25/103) by arT. HcV rna was <25 Iu/mL at 
Week 4 in 420/440 (95.5%) and 403/440 (91.6%) gT1 
samples and in 89/103 (86.4%) and 74/103 (71.8%) 
gT4 samples by HPs and arT, respectively. overall 
concordance between HPs and arT increased from 
57.5% (253/440) to 94.8% (417/440) in gT1 and 
from 57.3% (59/103) to 87.4% (90/103) in gT4 when 
a cut-off of 25 Iu/mL was used instead of undetect-
ability. at week 12, assay concordance for undetect-
ability was high in gT1 and gT4 (94.5% and 93.5%, 
respectively).

320/356 (89.9%) gT1 patients with undetectable HcV 
rna by HPs at Week 4 achieved sVr12 compared with 
92.8% (181/195) by arT and 90.7% (303/334) by caP. 
sVr12 rates for patients with HcV rna <25 Iu/mL at 

Week 4 were 366/420 (87.1%) by HPs, 366/423 (86.5%) 
by caP and 348/403 (86.4%) by arT.

concLusIons: different commercially broadly used 
HcV rna assays lead to substantially different rates of 
HcV rna undetectability early during treatment while 
a better concordance was observed with a cut-off of 25 
Iu/mL. For prediction of sustained virologic response and 
treatment decisions at week 4 the cut-off of 25 Iu/mL 
seems to be best suited. 
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Investigation of NS3 protease resistance mutations 
for the prediction of treatment response to HCV 
triple therapy

J Dietz1, D Rupp2, D Perner1, C Füller1, M Räder1, 
S Susser1, S Zeuzem1, R Bartenschlager2, C Sarrazin1

1Medizinische Klinik 1, Klinikum der J.W. Goethe-Universität, 
Frankfurt/Main, Germany 
2Molekulare Virologie, Universität Heidelberg, Heidelberg, Germany

Background: Triple therapies with ns3 protease 
inhibitors (PI) telaprevir (TVr) and boceprevir (Boc) 
were widely used in HcV (hepatitis c virus) genotype 
(gT) 1 infected patients in the past 3 years and are still the 
standard treatment in many countries. Virologic response 
to TVr/Boc triple therapy depends on viral and host 
parameters such as pre-existing resistance, viral load and 
subtype, stage of fibrosis and IL28B genotype. 

MeTHods: Thorough clinical characterization of 
patients undergoing triple therapy in a prospective mul-
ticenter study and collection of blood for investigation 
of baseline resistance (PIrB) and resistance after treat-
ment failure (PIsa). The ns3 protease was amplified 
from patient sera and resistance mutations at positions 
V36, F43, V55, Q80, r117, r155, d168 and V179 were 
analyzed by population-based sequencing. Full patient 
ns3 protease quasispecies were incorporated in replicon-
based libraries for phenotypic resistance testing at base-
line and treatment failure.

resuLTs: until now, 211 patients were enrolled in the 
PIrB and 85 individuals in the PIsa studies. Further 
analyses were performed in a subgroup of 114 patients 
at baseline and 71 individuals after treatment failure with 
completed documentation. The mean baseline HcV viral 
load was 2.700.000 Iu/mL and most study participants 
were treated with TVr (71% versus 29% Boc). at base-
line, Q80k/L/r and r117c/H variants dominated and 
were detected in 33/114 (30%) individuals. especially, 
Q80k was found in 18/58 (31%) gT1a-infected and 
r117H in 10/56 (18%) gT1b-infected study partici-
pants. after triple therapy failure, 41/71 (58%) patients 
carried resistance mutations. We mainly observed double 
and triple mutations (24/41 samples, 59%) mostly in con-
junction with r155k and sporadically single mutations 
(a.o. Q80k in 3/36 gT1a patients, 8%). Phenotypic ns3 
protease tests showed different levels of susceptibility 
towards Boc/TVr depending on the type and number 
of resistance mutations. data sets on correlation of phe-
notypic resistance analysis together with host predictors 
and with virologic treatment response will be completed.

concLusIons: at baseline, Q80k and r117H variants 
were most common. after failure of triple therapy double 
resistance mutations in combination with r155k domi-
nated. Phenotypic resistance analysis showed variable 
susceptibilities of HcV quasispecies independent of the 
presence of viral resistance by population-based sequence 
analysis. 
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The role of macrocyclization in hepatitis C virus 
protease inhibitor MK-5172 drug resistance profile

D Soumana1, A Ali1, KL Prachanronarong1, C Aydin1, 
CA Schiffer1

1University of Massachusetts Medical School, USA

Background: structure guided drug design has 
been a powerful tool for the discovery and develop-
ment of inhibitors to the viral HcV ns3/4a protease. 
The ns3/4a protease inhibitors (PIs) have benefited 
from extensive optimizations in the common P4 capping, 
P3-P1′ peptidomimetic scaffold and various macrocycli-
zation states. However, neither structural nor thermo-
dynamic information have been presented evaluating 
the benefits of different protease inhibitor moieties in 
the context of resistance. Mk-5172 is extremely potent 
against the wildtype (WT) enzyme, while subverting 
resistance to r155k and d168a due to packing against 
the protease catalytic triad, this inhibitor is susceptible to 
a156T due to a strong steric clash. 

MeTHods: standard protein crystallographic, kinetic 
and thermodynamics methods were applied to the pro-
tease domain of HcV ns3/4a. detailed structural 
analysis, including fit within the substrate envelope, was 
applied to a series of Mk-5172 macrocyclic analogs, this 
data was compared with the thermodynamics of inhibitor 
binding. 

resuLTs: a crystallographic, biochemical and thermo-
dynamic characterization of the role of macrocyclization 
in drug resistance will be presented for the HcV ns3/4a 
PI Mk-5172 and a series of analogs. Through a series of 
crystal structures in complex with WT and a156T HcV 
protease variants compared with thermodynamic data we 
provide atomic level insight into the inhibitor’s unique 
binding mode and how the macrocyclization impacts 
susceptibility to drug resistance. structurally, Mk-5172’s 
macrocyclic status does no alter P2 quinoxaline – while 
the absence of this macrocycle in the linear analogue does 
not restitute potency against a156T, the P1-P3 macrocy-
cle displays higher potency against a156T than Mk-5172 
and 5172-linear, which in turn translates to a higher 
resistance barrier

concLusIons: Through leveraging evolutionarily 
restricted regions in the HcV protease robust inhibi-
tors can be designed to increase the barrier to resistance. 
Mk-5172 achieves robustness by interacting with the 
catalytic residues. 
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High viral load in patients failing first line ART is 
associated with multidrug resistance in resource 
limited countries

A Aghokeng1,2, E Guichet1,2, L Serrano1, G Bado3, 
C Toure Kane4, A Sawadogo4, C Tidiane Ndour5, 
S Koulla-Shiro6, S Eymard-Duvernay1, E Delaporte1, 
L Ciaffi1, M Peeters1, the 2LADY-study group
1UMI233-TransVIHMI, Institut de Recherche pour le Développement, 
Université Montpellier, Montpellier, France  
2IMPM/CREMER, Yaoundé, Cameroun  
3Hopital de jour de Bobo-Dioulasso, Bobo-Dioulasso, Burkina Faso  
4Laboratoire de Bactériologie-Virologie, CHU Le Dantec, Dakar, 
Sénégal  
5UCAD, Dakar, Sénégal 
6Université Yaoundé 1, Yaoundé, Cameroun 

Background: as access to arT expands, emergence 
of HIV drug resistance is inevitable, especially in resource 
limited countries where biological monitoring is limited. 
The objective of this study was to describe drug resistance 
mutations in patients that where eligible for a second line 
treatment in the 2LadY-anrs12269/edcTP trial con-
ducted in africa. 

MeTHods: genotypic drug resistance testing in protease 
and reverse transcriptase was performed on 454 patients 
with virological failure (i.e. two subsequent VL>1,000 cop-
ies/ml after adherence intervention) on first line regimens 
(3Tc+aZT/d4T+eFV/nVP) in cameroon (n=304), Bur-
kina Faso (n=91) and senegal (n=59). HIVdr was deter-
mined using the anrs (v23.2013) HIVdr algorithm. 

resuLTs: The median duration on arT was 49 months 
(IQr 33–69), median cd4 count was 183 cells/mm3 
(IQr 87–290) and the median plasma HIV-1 VL was 4.5 
log10 (IQr 4–5.1). genotyping was succesful for 446/454 
patients and 440 (98.7%) were resistant to at least one 
drug: 420 (98.7%) to nrTI and nnrTIs, 6 (1.4%) to 
nnrTI only and 8 (1.6%) to nrTI only. The M184IV 
mutation was present in 433 (98.6%) and and in 245 
(55.7%) mutations associated with drug resistance to 
aZT/d4T were also identified. a subset of patients accu-
mulated mutations leading to cross-resistance to aBc 
(85/440 (19.3%)), ddI (32/440 (7.3%)), TdF (5/440 
(1.1%)) or eTr (56/440 (12.7%)). Importantly, multi-
resistant strains were observed in patients with high viral 
loads: 95/122 (77.9%), 125/219 (57.6%) and 24/106 
(22.6%) of patients with VL>5 log10, 4–5 log10, and 3–4 
log10, respectively, were resistant to the 3 drugs of their 
first line regimen. Median VL in the 244 multi-resistant 
patients was 4.7 log10 (IQr 4.3–5.2) versus 4.1 log10 (IQr 

3.7–4.6) in the other 196 resistant strains. Moreover, 
49/85 strains with cross-resistance to aBc had VL>5log10. 

concLusIons: This study highlights the importance of 
early detection of treatment failure. The extensive accu-
mulation of HIVdr may compromise second-line regi-
mens. High viral loads in multi-resistant patients increase 
the probability of transmission of these strains. These data 
stress the need of biological monitoring and advocate for 
more robust first-line regimens and continuous surveil-
lance of HIV drug resistance in resource limited countries. 
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An analysis of minor variants in HIV-1 integrase 
(IN) for subjects with only historic evidence of 
integrase inhibitor (INI) resistance enrolled in study 
ING112574 (VIKING-3)

R Paredes1,2,3, M Noguera-Julian1,2, C Pou1, J Horton4, 
K Remlinger4, C Vavro4

1IrsiCaixa AIDS Research Institute, Universitat Autònoma de 
Barcelona, Badalona, Catalonia, Spain 
2Universitat de Vic-Central de Catalunya, Vic, Catalonia, Spain 
3HIV Unit, Hospital Universitari Germans Trias I Pujol, Badalona, 
Catalonia, Spain 
4GlaxoSmithKline, Research Triangle Park, NC, USA

Background: VIkIng-3, investigating dolutegravir 
50 mg BId given with oBr, allowed enrolment of adults 
with current or historic evidence of InI resistance. This 
analysis was conducted to identify minority variants with 
InI resistance-associated mutations in individuals with 
historic (but not current) evidence of InI resistance at 
enrolment. 

MeTHods: 1 mL of plasma at enrolment (baseline) was 
tested with 454 sequencing for 60 adults with no evidence 
of InI primary mutations. The detection threshold for 
MV detection was 0.5%. signature InI mutations for this 
analysis were T66a/I/k, e92Q/V, Y143c/H/r, Q148H/
k/r and n155H as defined by the VIkIng-3 protocol. 

resuLTs: results from minority variant testing were 
obtained for 52/60 samples. For these 52, the median 
HIV-1 rna was 4.46 log10 c/mL. The average number 
of years on and off prior InI treatment to the baseline 
testing were 1.9 and 1.4 years, respectively. Twelve indi-
viduals with minor variant results at baseline experienced 
virologic failure (VF) on study and had population geno-
typing at VF. Five/52 (9.6%) baseline samples had signa-
ture InI resistance-associated mutations; all detected at 
a frequency of <11%. signature or secondary InI muta-
tions were detected in 25/52 baseline samples; in 8/12 
(66.7%) subjects with VF vs. 17/40 (42.5%) without VF 
(rr for VF=2.16, 95 cI: 0.7–6.3, P=0.193). In these 25 
samples, the average time on prior InI treatment was 2.7 
years and average time off prior InI treatment was <1 
year. Treatment-emergent InI mutations were detected at 
VF with population sequencing for 6/12 subjects. In 5/6 
cases, the virus at VF had emergent Q148H, which was 
present in the historic In resistance genotype.

concLusIon: Prolonged withdrawal of InI selective 
pressure is associated with lack of detection of InI resist-
ance in more than half of subjects, even by ultrasensitive 

methods such as 454 sequencing. Most treatment-emer-
gent mutations detected at VF can be predicted from 
historic genotypes. Future studies should clarify whether 
ultrasensitive genotyping at baseline provides added clini-
cal benefit over historical and/or current sanger-based 
genotyping. 
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IFN-alpha/RBV resistance mechanisms in 
persistently infected HCV cell culture

S Dash1, PK Chandra1, N Shores2, T Wu1, LA Balart2 
1Pathology and Laboratory Medicine 
2Gastroenterology and Hepatology, Tulane University School of 
Medicine, New Orleans, LA, USA

Background: combination therapy utilizing inter-
feron-alpha (IFn-a), ribavirin (rBV), and a protease or 
polymerase inhibitor is the current standard of care for 
HcV genotype 1 infection. although, this triple combi-
nation therapy has significantly improved the sustained 
virological response (sVr) of chronic HcV 1a infec-
tion, the treatment response has not improved signifi-
cantly among prior non-responders to peginterferon and 
ribavirin. The poor sVr with triple therapy in patients 
who were non-responders to IFn-a and rBV is a major 
unsolved problem in treating chronic hepatitis c. The 
mechanism of HcV resistance under these conditions is 
not well understood. Therefore a better understanding of 
the HcV clearance mechanisms by IFn-a and rBV may 
lead to improvements in treatment.

MeTHods: a stable and persistent HcV replication cell 
culture model was developed in Huh 7.5 cells to examine 
the clearance of viral replication during long-term treat-
ment using IFn-a, interferon-l (IFn-l), and rBV. 

resuLTs: Persistently infected HcV cell culture shows 
an impaired antiviral response to IFn-a plus rBV com-
bination treatment, whereas IFn-l treatment produced a 
strong and sustained antiviral response that cleared HcV 
replication. We show that HcV replication in persistently 
infected cells induced chronic endoplasmic reticulum (er) 
stress and an autophagy response that selectively down-
regulated the functional IFn-a receptor-1 chain (IFnar1) 
of the type I, but not the type II (IFn-g), or type III (IFn-
l) IFn receptors. down-regulation of IFnar1 resulted in 
defective Jak-stat signaling, impaired stat-phosphoryla-
tion, and nuclear translocation of stat. Furthermore, HcV 
replication impaired rBV uptake due to reduced expres-
sion of the nucleoside transporters enT1 and cnT1. our 
study shows that silencing er stress and the autophagy 
response using chemical inhibitors or sirna additively 
inhibited HcV replication and induced viral clearance by 
IFn-a plus rBV combination treatment. 

concLusIons: These results suggest that HcV 
induced er-stress and the autophagy response selectively 
impair type I, but not type III IFn signaling, which is 
why IFn-l showed a sustained antiviral response against 

HcV. Inhibiting er stress and the autophagy response 
overcomes IFn-a plus rBV resistance mechanisms asso-
ciated with HcV infection.
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Persistence of resistance-associated variants in 
hepatitis C virus (HCV) genotype 1-4 infected 
subjects following 3-day samatasvir monotherapy 

B Heinrich1, B Vince2, JM Hill3, EJ Lawitz4, 
W O’Riordan5, LR Webster6, DM Gruener7, RS Mofsen8, 
A Murillo9, JF McCarville1, K Pietropaolo1, JP Bilello1, 
L Sweeney1, M Seifer1, D Mayers1

1Idenix Pharmaceuticals, Inc., Cambridge, MA, USA 
2Vince and Associates Clinical Research, Overland Park, KS, USA 
3Avail Clinical Research, DeLand, FL, USA 
4Alamo Medical Research, San Antonio, TX, USA 
5eStudySite, San Diego, CA, USA 
6CRI Lifetree Clinical Research, Salt Lake City, UT, USA 
7CRI Worldwide, Philadelphia, PA, USA 
8St. Louis Clinical Trials, St. Louis, MO, USA 
9AMPM Research Clinic, Miami, FL, USA

Background: samatasvir is a potent HcV ns5a 
replication complex inhibitor with 50% effective con-
centration values ranging from 2 to 24 pM against 
genotypes (gTs) 1–5 in vitro. This direct-acting antiviral 
(daa) was evaluated in a 3-day proof-of-concept clini-
cal trial in treatment-naive subjects infected with HcV 
gTs 1–4. as expected with daa monotherapy, sequenc-
ing analysis revealed treatment-emergent resistance-
associated variants (raVs) within the first 100 amino 
acids of ns5a. To better understand the long-term 
kinetics of these variants, subjects were enrolled in a 
3-year follow-up study and their plasma samples ana-
lyzed every 3 months.

MeTHods: seventeen of 64 subjects who had completed 
samatasvir monotherapy elected to enroll in the follow-
up study. The ns5a region of samples with ≥1,000 copies 
of HcV rna were examined by population sequencing 
at 3-month intervals, and the results were compared to 
resistance data obtained at baseline (day 1 pre-dose) and 
immediately after treatment (days 4 and 10). raVs were 
monitored until they became undetectable by population 
sequencing in two consecutive samples.

resuLTs: genotypic analysis of samples collected 
post-treatment had identified raVs in ns5a at posi-
tions 28, 30, 31 and 93. Y93H was the most frequently 
observed substitution in gTs 1, 3 and 4 after treatment. 
This change was unstable over a 1-year time period by 
which it had reverted to the wild-type sequence in all gTs 
except for gT 1b. similarly, other changes also showed 
gT-specific persistence. For example, the L31M substitu-
tion was commonly observed in gTs 1 and 2, but was 
more stable over time in gT 2 than gT 1. Meanwhile, gT 

1a samples with emergent M28M/T or Q30Q/e mixtures 
had reverted to their respective consensus sequences by 
the first follow-up visit (by 6–7 months).   

concLusIons: our study reveals that some raVs that 
emerge in response to treatment with samatasvir can per-
sist for an extended period of time (>6 months). Moreo-
ver, our results suggest that differences exist in the per-
sistence of certain variants, depending on the genotypic 
background in which they arise. These are important 
insights that may guide decisions regarding the retreat-
ment of subjects who have experienced viral rebound 
after treatment with samatasvir.
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Resistance profile of MK-5172 in interferon-
containing- and interferon-free regimens

AYM Howe, S Black, I Pak, R Chase, P Ingravallo, 
S Ludmerer, P Hwang, C Gilbert, S Bhanja, 
M Shaughnessy, NN Gendrano, BA Haber, 
M Robertson, N Mobashery

Merck & Co., Inc., Whitehouse Station, New Jersey, USA

Background: Mk-5172 is a potent, broadly acting 
inhibitor of HcV ns3/4a protease. In treatment-naive, 
non-cirrhotic patients with HcV gT1 infection; (a) 12 
weeks of Mk-5172 100 mg + Mk-8742 (ns5aI) ± riba-
virin resulted in 95% sVr12; (b) 12 weeks of Mk-5172 
100–800 mg + peginterferon/ribavirin (Pr) followed 
by Pr for 12/36 weeks resulted in 90% sVr24; (c) 12 
weeks of Mk-5172 25, 50 or 100 mg Mk-5172 resulted 
in 54%, 84%, and 85% sVr24, respectively; (d) 12 or 
24 weeks of Mk-5172 100 mg + rBV resulted in 70% 
sVr12.  In this study, we evaluate viral resistance among 
patients who had VF in these regimens.

MeTHods: samples (viral load >1,000 Iu/mL) from 
patients who met criteria for VF were evaluated by popu-
lation sequencing of ns3/4a, with selected samples fur-
ther analyzed by clonal sequencing (≥40 clones).

resuLTs: Virologic failure (6/266, 2.3%) was infrequent 
in patients treated with 100–800 mg Mk-5172/Pr [Pn003, 
n=266]. In contrast, higher relapse (rL) rates (20/87, 23%) 
were observed among patients treated with lower doses 
of Mk-5172/Pr for 12 weeks without Pr maintenance 
[Pn038, n=87]. Patients who failed Mk-5172-based inter-
feron-containing regimens typically had single substitutions 
at either d168 or a156 positions and were rapidly replaced 
by wild-type virus during the follow-up visits.  

among patients who received Mk-5172/r [n=26], viral 
BT and rL were seen in 3 and 5 patients, respectively. 
While complex patterns of multiple linked mutations con-
ferring great potency losses to Mk-5172 were detected in 
patients with BT, simple resistance patterns containing 1 
or 2 unlinked raVs were detected in patients with rL.

The combination of Mk-5172/Mk-8742 ± r demon-
strated high sVr with only 1 patient experiencing viral 
rL [Pn035a, n= 65]. This patient, whose viremia was 
suppressed during dosing, was infected with a 100% 
ns5a Y93n virus prior to treatment and had low levels 
of plasma drug concentrations for both drugs. raVs con-
taining ns3 Y56H_ d168a in addition to ns5a Y93n 
were detected at failure.

concLusIon: VF rates and resistance were distinct in 
patients treated with different Mk-5172 regimens. raVs 
with simple resistance patterns were detected in patients 
with viral rL, particularly among those who received 
interferon-based regimens.
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The D168N mutation in HCV protease restores 
replication capacity to R155T protease inhibitor 
resistant variants

A Newton, A Frantzell, J Toma, J Cook, O Solberg, 
CJ Petropoulos, W Huang

Monogram Biosciences, South San Francisco, CA, USA

Background: substitutions at position 168 of HcV 
protease are selected by, and confer resistance to macro-
cyclic protease inhibitors, but do not reduce susceptibil-
ity to linear protease inhibitors such as boceprevir (Boc) 
and telaprevir (TVr). However, d168n substitutions 
have been identified in Boc/TVr treatment failures in 
previous studies. To investigate the potential contribution 
of d168n substitutions to linear protease inhibitor resist-
ance, we evaluated replication capacity (rc) and drug 
susceptibility of replicons carrying patient-derived ns3 
sequences and ns3 site-directed mutants (sdM).

MeTHods: ns3 sequences containing d168n substitu-
tions identified in 12 HcV samples submitted for rou-
tine Boc/TVr resistance testing were incorporated into 
a genotype 1b (con1) luciferase-report replicon. repli-
cons containing mutations at positions 36, 155 and 168, 
either alone or in combination, were constructed by site-
directed mutagenesis. rc and drug susceptibility (fold 
change in Ic50 (Fc)) were evaluated relative to the refer-
ence replicon.
 
resuLTs: among the 12 patient viruses containing 
d168n mutations, three had d168n in combination 
with r155T; eight had d168d/n mixtures in combina-
tion with r155k/T, with or without V36V/M; and one 
had d168d/n mixture in combination with V36V/M, 
plus r155k. clonal analysis of the patient virus popu-
lations revealed preferential associations between V36M 
and r155k, or d168n and r155T. all 12 patient virus 
populations exhibited reduced susceptibility to Boc/
TVr (Fc= 2 to 10), and simeprevir (sMV, Fc>60). Based 
on the analysis of sdMs, single r155k and r155T muta-
tions reduced replication (rc=65%, 20%), and protease 
inhibitor susceptibility (Boc Fc=3, 8; TVr Fc=4, 17; 
sMV Fc>60, =27). In contrast, a single d168n mutation 
increased replication (rc=217%) and decreased suscep-
tibility to sMV (Fc=6), but not Boc (Fc=0.6) or TVr 
(Fc=0.5). The addition of d168n restored replication to 
the r155T mutant (rc=140%), but did not confer fur-
ther reductions in Boc/TVr susceptibility compared to 
r155T alone. In contrast, the addition V36M to r155k 
conferred further reductions in replication and Boc/TVr 
susceptibility relative to r155k alone. 

concLusIons: This study demonstrates that d168n 
substitutions serve as compensatory mutations for r155T 
protease inhibitor resistance mutations by improving 
HcV replication capacity. Thus, the combination of 
r155T plus d168n provides an alternative, albeit less 
frequent, escape pathway from HcV protease inhibitor 
pressure. 
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Detection of hepatitis C (HCV) NS5A and NS3 
drug resistance associated mutations (RAMs) and 
polymorphisms by deep sequencing in subjects from 
BMS AI452008 Part A (the D-LITE Study)

MJ Kozal1, J Chiarella1, CC Lee2, C Parikh2, E Teefe2, 
T Kyriakides1, TT Harkins2 
1Yale University School of Medicine and Veterans Affairs Healthcare 
System, New Haven, CT, USA 
2Thermo Fisher Scientific, South San Francisco, CA, USA  

Background: aI452008 was a Phase 2B, randomized 
study to evaluate the safety and efficacy of pegylated 
interferon lambda (L) with ribavirin (r) plus a single 
direct antiviral agent (daa) daclatasvir (L/r/dcV) or 
asunaprevir (L/r/asV) versus Pegasys+r in HcV geno-
type-1 treatment-naive subjects. 

oBJecTIVe: To determine the baseline prevalence of 
HcV ns5a and ns3 raMs by deep sequencing in sub-
jects that did or did not achieve a sustained virologic 
response (sVr) on L/r/dcV and L/r/asV. 

MeTHods: Baseline specimens from subjects receiving 
L/r/dcV and L/r/asV and all virologic failure speci-
mens from the L/r/dcV were deep sequenced (ds) to 
detect raMs using Ion Torrent semiconductor sequenc-
ing. estimated mutational load (ML)=(variant frequency)
x(viral load).

resuLTs: of 49 subjects randomized to L/r/dcV, 47 
baseline samples were ds (2 not available were sVr). 
ns5a raMs at ≥0.5% level were identified in 38.3% 
(18/47) of subjects: k24r/Q, M28V/T/P, Q30r, L31M/
V/I, & Y93H. of the 47 L/r/dcV subjects, 40% (4/10) 
with virologic failure/relapse had baseline ns5a raMs 
at ≥0.5% levels vs. 38% (14/37) of virologic responders 
(P=ns). 44 subjects randomized to L/r/asV were ds. 
ns3 raMs were identified in 45% (20/44): V36a/L, 
T54s/a, Q80k/r, r155k, d168e, V170T. of the 44 L/r/
asV subjects, 67% (6/9) with virologic failure/relapse 
had baseline ns3 raMs ≥0.5% levels vs. 40% (14/35) 
of virologic responders (P=ns). a L/r/asV subject with 
r155k at 2.5% (ML-39,391 c/mL) and Q80k (99.7%; 
ML-1,570,944 c/mL) at baseline experienced virologic 
failure.

ds to 0.2% level: 4/4 L/r/dcV subjects with virologic 
failure had multiple ns5a raMs at baseline (e.g. M28T, 
Q30r, & Y93c/H); ML range 6,958 to 73,769 c/mL. at 
virologic failure 4/4 L/r/dcV specimens contained mul-
tiple dcV raMs (e.g. M28T, Q30r/H, H58d, L31M & 

Y93c/H); 3 with resistant variants levels >75%. 6/6 L/r/
dcV relapse specimens contained multiple dcV raMs 
which showed variant level enhancement from baseline 
(e.g. Q30r 0.24% to 46.1%) and 5/6 developed new 
raMs. 

concLusIon: ns5a and ns3 raMs were detected 
frequently by deep sequencing in HcV treatment-naive 
genotype 1 infected subjects. Baseline raMs (at ≥0.5% 
levels), grouped without factoring individual raM daa 
susceptibility effect or variant amount, were not associ-
ated with virologic failure/relapse in subjects receiving 
L/r/dcV or L/r/asV. However, specific ns5a and ns3 
mutation patterns and ML could identify subjects that 
may fail regimens containing a single daa (dcV or asV).
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HIV-1 attachment inhibitor prodrug BMS-663068 
in antiretroviral-experienced subjects: primary 
week 24 analysis of emergent drug resistance 

M Lataillade1, N Zhou1, S Joshi1, S Lee1, D Stock1, 
GJ Hanna2, M Krystal1

1Bristol-Myers Squibb, Wallingford, CT, USA 

2Bristol-Myers Squibb, Lawrenceville, NJ, USA

Background: BMs-663068 is a prodrug of the 
HIV-1 attachment inhibitor BMs-626529. aI438011 is 
an ongoing, Phase IIb, randomized, active-controlled trial 
investigating the safety, efficacy and dose–response of 
BMs-663068 (400 or 800 mg, twice-daily; 600 or 1,200 
mg, once-daily) versus atazanavir/ritonavir (aTV/r) in 
treatment-experienced, HIV-1-positive subjects. at Week 
24, BMs-663068 arms were generally well tolerated and 
response rates were consistent with aTV/r. 

MeTHods: 251 antiretroviral treatment-experienced 
subjects (exposure to ≥1 antiretroviral for ≥1 week) with 
baseline susceptibility to raltegravir (raL), tenofovir 
disoproxil fumarate (TdF), aTV and BMs-626529 (Ic50 
<100 nM; determined by Phenosense® entry assay) were 
treated with BMs-663068 or aTV/r on a backbone of 
TdF+raL. subjects with virologic failure (VF) through 
Week 24 meeting resistance-testing criteria were analyzed 
for emergent drug resistance. 

resuLTs: across all arms, approximately 50% of treated 
subjects had ≥1 major baseline nrTI (M184V/I 29%, 
thymidine-analog mutations 13%), nnrTI (k103n 
29%) or PI (2%) mutation. response rates (HIV-1 rna 
<50 c/mL) were similar across BMs-663068 and aTV/r 
arms, regardless of baseline viral load, nrTI/nnrTI/
PI mutations or BMs-626529 Ic50. Through Week 24, 
23/200 subjects in the BMs-663068 arms and 8/51 sub-
jects in the aTV/r arm met on-study criteria for resist-
ance testing. of these, 21/23 and 8/8 were successfully 
tested, respectively. 8/21 BMs-663068-treated subjects 
exhibited a >3-fold increase in BMs-626529 Ic50 com-
pared with baseline, with 4/8 also developing raL resist-
ance. Population sequencing of gp120 was successful in 
7/8 subjects. of these, 6/7 developed emergent mutations 
at positions known to be associated with decreased sus-
ceptibility to BMs-626529 (s375, M426 or M434), with 
two subjects also possessing a change at one of these 
positions (M426 or M434) at both baseline and VF. an 
additional subject had no emergent mutation identified, 
but possessed s375M at baseline and VF. no subjects 
developed TdF resistance. no subjects developed resist-
ance in the aTV arm. 

concLusIons: In aI438011, response rates for BMs-
663068 combined with TdF+raL were consistent with 
aTV/r in treatment-experienced subjects, regardless of 
baseline resistance, BMs-626529 Ic50 or baseline viral 
load. emergent mutations in gp120 from BMs-663068 
treatment failures occurred in 6/200 subjects at positions 
known to be associated with decreased susceptibility to 
BMs-626529.
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The effects of the novel nucleotide-competing 
reverse transcriptase inhibitor-resistant mutation 
W153L in HIV reverse transcriptase on viral 
replication and antiretroviral resistance 

HT Xu1, SP Colby-Germinario1, M Oliveira1, D Rajotte4, 
R Bethell4, MA Wainberg1,2,3

1McGill University AIDS Centre, Lady Davis Institute for Medical 
Research, Jewish General Hospital, Montreal, Quebec, Canada 
2Department of Medicine, McGill University, Montreal, Quebec, 
Canada 
3Department of Microbiology and Immunology, McGill University, 
Montreal, Quebec, Canada 
4Department of Biological Sciences, Boehringer Ingelheim (Canada) 
Ltd., Laval, Quebec, Canada

Background: The nucleotide-competing reverse 
transcriptase inhibitors (ncrTI) are a new class of rT 
inhibitors with a mechanism of action distinct from 
those of the classical nucleoside- or non-nucleoside rTIs 
(nrTIs or nnrTIs). ncrTIs do not possess a ribose 
sugar or a nucleobase moiety; however, ncrTIs compete 
with the incoming dnTP for binding to rT and act as 
competitive rTIs with respect to the dnTP substrate. 
unlike nrTIs, ncrTIs do not act as chain terminators 
and do not require intracellular phosphorylation for 
activity. a unique resistance profile was recently reported 
for a novel ncrTI termed compound a that is a mem-
ber of the benzo[4,5]furo[3,2,d]pyrimidin-2-one ncrTI 
family. a signature W153L mutation in HIV-1 rT was 
identified in association with compound a selection. The 
aim of this study was to investigate the impact of W153L 
alone or in combination with clinically prevalent rTI-
resistance mutations k65r, M184I, k101e, k103n, 
e138k and Y181c on HIV-1 phentotypic susceptibility 
and both viral replication and enzyme functions.

MeTHods: We generated recombinant HIV-1 rT 
enzymes and HIV-1 viruses containing each of the rel-
evant mutations or various combinations thereof; we per-
formed both biochemical and cell-based assays. 

resuLTs: We found that W153L-containing viruses were 
impaired in viral replicative capacity and were hyper-
susceptible to tenofovir (TFV) while retaining susceptibil-
ity to most non-nucleoside rT inhibitors. The nucleoside 
lamivudine (3Tc) retained potency against W153L-con-
taining viruses but not when the M184I mutation was 
also present. W153L was also able to reverse the effects 
of the k65r mutation on resistance to TFV, and k65r 
conferred hyper-susceptibility to compound a. Bio-
chemical assays demonstrated that W153L alone or in 

combination with k65r, M184I, k101e, k103n, e138k 
and Y181c impaired enzyme processivity and polymeri-
zation efficiency but did not diminish rnase H activity, 
helping to explain the low replicative fitness associated 
with these mutations. 

concLusIons: We conclude that the combined 
impacts of W153L in regard to viral replication and phe-
notypic hypersusceptibility support the notion that com-
pound a and/or derivatives thereof have the potential to 
be important antiretroviral agents that may be combined 
with TFV to achieve synergistic results.
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Elucidating biochemical mechanisms of resistance 
to herpesvirus polymerase inhibitors using a 
phage-based ortholog 

N Bennett, L Bennett, S McCormick, A Auger, 
E Tchesnokov, M Götte

McGill University, Quebec, Canada

Background: The selection of resistance to com-
pounds that target the dna polymerase of various 
members of the herpesviridae family can compromise 
therapy. However, due to the lack of relevant crystal 
structures, the underlying biochemical mechanisms 
remain elusive. To address this problem, we have 
recently engineered a chimeric polymerase enzyme com-
posed of an orthologous bacteriophage (rB69) back-
bone that facilitates its purification, and an active site 
derived from the human cytomegalovirus (HcMV) pol-
ymerase that is sensitive to antiviral drugs. We success-
fully crystallized a complex with nucleic acid substrate 
and the broad spectrum antiviral phosphonoformic 
acid (PFa). The structure serves as model for the study 
of mechanisms associated with active site inhibition and 
drug resistance.

MeTHods: Here, we utilized the chimera in the context 
of an infectious phage and selected for antiviral drug resist-
ance in bacteria (E. coli). Viable phage-virus chimeras were 
generated and isolated via homologous recombination 
between wild-type and mutated polymerase genes. Modi-
fied plaque assays facilitated the selection of resistant vari-
ants in the presence of high concentrations of PFa. These 
variants were characterized both biochemically and in cell-
based drug susceptibility assays.

resuLTs: We have identified mutations at various posi-
tions of the polymerase, including a580V/T, a473T, and 
W475r against a backbone of bacteriophage T4 and 
F282s, a569T, and d346V against a backbone of rB69. 
some of these mutations could directly affect the precise 
position of amino acids that are involved in nucleotide 
or PFa binding. However, most mutations seem to affect 
either the open or the closed structures of the fingers 
subdomain, which points to changes in conformational 
dynamics that involve binding of substrate or inhibi-
tor. Most importantly, frequently selected mutations are 
found at positions that are also associated with clinically 
relevant resistance-conferring mutations. The structural 
equivalent of T4 a580 is a834 in uL54, i.e. the HcMV 
polymerase, and the uL54 a834P substitution decreases 
susceptibility to PFa and nucleotide analog inhibitors. 

concLusIon: The data validate the phage-virus chi-
mera as a surrogate system for the study of mechanisms 
associated with resistance to anti-herpetic, active site pol-
ymerase inhibitors.
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Differentially expressed drug-resistant HIV 
subpopulations identified by surface marker 
immunocapture

S Malik1, L Morris2, C Yang3, C Zeh1, J Kiarie4, 
JSA Stringer5,6, PJ Weidle1, JA Johnson1

1Div HIV/AIDS Prevention, CDC, Atlanta, GA, USA 
2National Inst Communicable Dis, Johannesburg, South Africa 
3Div Global HIV/AIDS, CDC, USA 
4Kenyatta National Hospital, Nairobi, Kenya 
5CIDR, Lusaka, Zambia 
6U North Carolina, Chapel Hill, NC, USA

Background: Persisting, including hidden, drug-
resistant HIV can decrease the effectiveness of antiret-
roviral therapy (arT) and pose a risk for transmitted 
resistance. Host cell surface proteins incorporated in the 
envelope of HIV virions can reveal their cellular origin. 
We developed an immunomagnetic capture assay to iden-
tify cellular sources of expressed drug-resistant virions.

MeTHods: Plasma from pre- and post-single-dose 
nevirapine (sdnVP)-exposed HIV-infected women (n=10 
pairs) were applied to a virion magnetic immunocapture 
that sequentially targeted embedded cellular markers in 
the following order: cd16, cd14, cd45ra, cd45ro, 
HLa-dr, cd27, cd31, cd3, cd2, cd21 and cd15, 
with the column flow-through from each capture applied 
to subsequent antibody incubations. The selected capture 
order minimized sequence ambiguity for assessing cellu-
lar origin of drug-resistant virions. Plasma with cd16+ 
virion resistance underwent a recapture series initially tar-
geting cd10 and cd3 to segregate from nk/thymocytes/
granulocytes. Western blots of immunocaptures were per-
formed to verify the targeted surface markers were of the 
expected sizes. nine of the 10 women initiated arT ≤6 
months after nVP and 8 experienced virologic failure. 
HIV rT sequences at virologic failure were compared to 
pre-arT capture genotypes.

resuLTs: The immunocaptures produced distinct virus 
genotypes, with sequences from cd16-/cd14-/cd3-/
cd2-/cd21+ follicular dendritic cells (Fdc) or large 
splenic dc precursors (Lc) and cd16-/cd14-/cd31-/
ra-/ro+ effector memory cells exhibiting greater diver-
gence from consensus HIV. Post-sdnVP mutations, 
k103n, V106M, Y181c, Y188c and g190a, were 
differentially expressed from various cell types. geno-
types at virologic failure showed the greatest similar-
ity to HIV sequences with resistance originating from 
cd14+/cd16-/cd10-/cd3- (classical monocytes (Mc)/
macrophages), cd16+/cd10-/cd3- (homing Mc), Fdc/

Lc, and/or cd16-/cd14-/cd31-/ra-/ro-/HLa-dr+ 
(activated cells). additionally, we identified mutations at 
virologic failure, such as Y188c and g190a, which were 
minority at baseline originating primarily from homing 
Mc and classical Mc/macrophages. one woman with 
k103n who virologically suppressed was the only par-
ticipant to initiate arT <1 month after sdnVP.

concLusIons: The HIV immunomagnetic capture 
algorithm identified distinct drug-resistant variants 
expressed from diverse cellular reservoirs, with most 
expressed mutations undetected by bulk sequencing 
originating from virion with markers for classical Mc/
macrophages and homing Mc. Further examination of 
these subpopulations may improve our understanding of 
resistant variant persistence, transmission, and responses 
to arT.
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Incomplete Apobec3G suppression by defective Vif 
promotes evolution from CCR5 to CXCR4 tropism 

C Alteri1, M Surdo1, MC Bellocchi1, P Saccomandi1, 
F Continenza2, D Armenia1, L Carioti1, 
F Di Santo1, R Salpini1, M Pollicita1, E Balestra1, 
G Costa3, L Parrotta3, S Alcaro3, A Artese3, 
F Ceccherini-Silberstein1, CF Perno1,2, V Svicher1

1Tor Vergata University, Department of Experimental Medicine and 
Surgery, Rome, Italy 
2INMI “L Spallanzani”, Rome, Italy 
3Università Magna Graecia di Catanzaro, Dipartimento di Scienze 
della Salute, Campus Universitario, Viale Europa, 88100 Catanzaro, 
Italy

Background: To determine if apobec3g, in presence 
of Vif-defective HIV-1 virus, can induce critical g-to-a 
mutations at V3 positions affecting cXcr4-usage.

MeTHods: PBMc and monocyte-derived-macrophages 
(MdM) from 2 HIV-1 negative donors were infected by 
ccr5-using p81a-Vifwt, and p81a-Vifk22e-mutant (with 
incomplete apobec3g-inhibition). Frequency of g-to-a 
in V3 HIV-1 dna was analyzed by ultradeep-pyrose-
quencing (udPs) at 7, 14, 21 days post-infection (dpi) 
for PBMc, and at 14, 21, 30 dpi for MdM. Mutations 
detected in both forward and reverse primers in >4 reads 
were considered. To assess in vivo correlation between Vif 
variability and cXcr4-usage, 84 paired HIV-1 B-subtype 
Vif and V3 dna sequences from HIV-1 infected patients 
were analyzed. geno2pheno False Positive rate [FPr] 
was used to infer HIV-tropism. 

resuLTs: In p81a-Vifwt infected PBMc from donor 1, 
no g-to-a mutations are detected in HIV-1 dna at each 
time-point analyzed. conversely, a substantial enrichment 
of g-to-a(s) is detected in p81a-Vifk22e infected PBMc 
(prevalence: 2.2% at 7 dpi, 2.0% at 14 dpi, 3.0% at 21 
dpi). g-to-a(s) occur at 6 V3 positions, all resulting in 
non-synonymous mutations (r9k, g15r, g24e, e25k, 
g28e/r, d29n). Interestingly, g24e (prevalence, 0.05%) 
and e25k (prevalence, 1.27%) in V3 strongly decreases 
the FPr (from 24.7 for WT to 6.8 for g24e and 5.0 
for e25k), indicating cXcr4-usage acquisition, and 
strongly increase cXcr4 n-terminus binding affinity 
for V3 (-40.1 kcal/mol for WT versus -510 kcal/mol for 
g24e and -522 kcal/mol for e25k). similarly, in MdM, 
g-to-a(s) are detected only in p81a-Vifk22e-infected cells 
at 14 and 30 dpi (prevalence, 0.07% and 0.88%). They 
result in the non-synonymous mutations g15r, g24r, 
and g28r, that, again, strongly increase the cXcr4 
n-terminus binding affinity for V3 (-40.1 kcal/mol for 

WT versus -542 kcal/mol for g28r). results for donor2 
are superimposable with donor1.

Finally, by analysing paired V3 and Vif dna sequences 
from 84 HIV-1 infected patients, we found that 
cXcr4-using viruses were characterized by variability 
at position 22 in VIF higher than ccr5-using viruses 
(HIV-1dnaV3ccr5/Vif22mut=32.0% vs HIV-1dnaV3cXcr4/Vif-

22mut=41.2%, P=0.04).

concLusIons: apobec3g incomplete neutralization 
by single Vif mutations seeds cXcr4-using viruses in 
proviral reservoir. This can have implications for the suc-
cess of ccr5 antagonist-based therapy, as well as for the 
risk of progression of the disease. 
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Higher proportion of defective proviral viruses in 
HIV-2 compared with HIV-1

M Bertine1,2,3, C Charpentier1,2,3, B Visseaux1,2,3, 
A Storto1,2,3, G Collin1,2,3, C Fagard4, A Ozanne4, 
L Larrouy1,2,3, F Damond1,2,3, S Matheron1,2,5, 
F Brun-Vézinet3, D Descamps1,2,3, the ANRS CO5 
HIV-2 Cohort
1INSERM, IAME, UMR 1137, F-75018 Paris, France 
2Univ Paris Diderot, IAME, UMR 1137, F-75018 Paris, France 
3AP-HP, Hôpital Bichat-Claude Bernard, Laboratoire de Virologie, 
F-75018 Paris, France 
4INSERM & Univ. Bordeaux, ISPED, Centre INSERM U897-
Epidemiologie-Biostatistique, Bordeaux, France 
5AP-HP, Hôpital Bichat-Claude Bernard, Service de Maladies 
Infectieuses et Tropicales, F-75018 Paris, France

Background: In HIV-1, it has been described that 
hypermutation, introduced by aPoBec3F/3g cytidine 
deaminase activity, could lead to defective viruses. In 
vivo, impact of aPoBec3F/3g editing in HIV-2 remains 
unknown. The objective of this study was to assess the 
proportion of HIV-2-infected patients harboring defective 
viruses in the cellular reservoir.

MeTHods: direct sequencing of protease, reverse 
transcriptase, and vif regions was performed on HIV-2 
proviral dna of antiretroviral-naive patients from 
the anrs co5 HIV-2 cohort. Hypermutated viruses 
were identified using Hypermut2.0 program. HIV-2 vif 
sequences were compared with genbank HIV-1 sub-
type B proviral vif sequences from antiretroviral-naive 
patients. comparisons were performed using Mann-
Whitney or Fisher exact tests. HIV-2 total dna quanti-
fication was assessed using real-time Pcr.

resuLTs: Vif proviral sequences were studied in 82 
antiretroviral-naive HIV-2-infected patients. among those 
issued from the 52 patients infected with HIV-2 group a, 
15 (28.8%) displayed defective viruses, including 5 hyper-
mutated and 10 with stop codons. The median number of 
aPoBec-context g-to-a mutations was 7 (IQr=6–9). 
out of the 30 patients infected with HIV-2 group B, 
five (16.7%) vif sequences displayed defective viruses, 
including 2 hypermutated and 3 with stop codons. The 
median number of g-to-a mutations was 9 (IQr=8–12). 
among the pol sequences, 4/30 (13.3%) were defective (1 
hypermutated and 3 stop codons) in group a and none in 
group B. The median number of g-to-a mutations was 
17 (IQr=14–19) and 21 (IQr=20–23) in groups a and B, 
respectively. compared with HIV-1 sequences (n=295), a 
higher number of defective viruses was observed in HIV-2 

group a (4.1% vs. 28.8%, P=0.00001) and in HIV-2 
group B (4.1% vs. 16.7%, P=0.013). Moreover, a higher 
number of g-to-a mutations was observed in HIV-2 than 
in HIV-1 (7, 9, and 5, in HIV-2 group a, HIV-2 group 
B, and HIV-1; P=0.00001). no difference could be evi-
denced in these series between patients harboring defec-
tive and non-defective viruses regarding plasma rna 
level, total dna level, and cd4 cell count.

concLusIon: We showed a significant higher level of 
aPoBec3F/3g footprint in HIV-2 than in HIV-1, with 
higher proportion of HIV-2-infected patients harboring 
defective viruses in the cellular reservoir.
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CCR3 and CCR5 dual tropic HIV-1 is a possible 
major escape mechanism from maraviroc-
containing antiretroviral therapy

Y Yokomaku1, Y Kito1, K Matsuoka1, H Ode1, 
M Matsuda1, N Shimizu2, Y Iwatani1, W Sugiura1

1National Hospital Organization Nagoya Medical Center, Aichi, 
Japan 
2Aichi Prefectural University, Nagoya, Japan

Background: HIV-1 may escape from maraviroc 
(MVc) treatment by competitive and non-competi-
tive inhibition or a tropism switch from ccr5(r5) to 
cXcr4(X4) by acquiring mutations in the env region. 
Besides r5 and X4, other g protein-coupled receptors 
including ccr3(r3) are known to work as co-receptors. 
However, their effects in MVc escape mechanisms, espe-
cially in clinical settings, are not well understood. We 
analyzed MVc-escape mechanisms using recombinant 
HIV-1 harboring the whole env region from two patients 
who had received MVc-containing antiretroviral therapy 
(arT) that resulted in virological treatment failure.

MeTHods: Plasma samples were obtained from five 
treatment-naive patients before and after they received 
arT containing two nucleoside/nucleotide reverse tran-
scriptase inhibitors with MVc as the key drug. samples 
were subjected to genotypic drug-resistance assay. The 
plasma-derived env region was amplified and cloned into 
the HXB2Denv construct to obtain recombinant HIV-1 
carrying the Renilla luciferase gene in nef. six clones were 
established from each sample, and their infectivity and 
susceptibility against MVc were analyzed by their ability 
to infect nP2 cell lines stably expressing HIV co-receptors 
(X4, r5, r3, cXcr1, cXcr2, cXcr5_BLr1, ccr1, 
ccr6, ccr8, and duffy). The whole env sequence was 
determined and phylogenetic tree was reconstructed with 
Mega 4. Population analyses before and after arT 
of the two failure cases were done by next-generation 
sequencing (ngs) with Illumina Miseq.

resuLTs: Phenotypic analysis of 24 available clones (9 
of 18 from three successful cases before arT and 15 of 
24 from two failure cases before and after arT) revealed 
r5-tropic clones fully susceptible to MVc (average ±sd 
Ic50=3.63 2.49 nM) compared with the r±5 tropic 
molecular clone JrFL (Ic50=4.67 ±1.59 nM). only in 
the two failure cases, we detected r3 and r5 dual-tropic 
clones (r3r5) and an emtricitabine resistance-related 
mutation (M184V/I) in reverse transcriptase. Phyloge-
netic tree and ngs analyses suggested that the r3r5 
population was dominant in the two failure cases after 

MVc-containing arT and existed as a minor clone 
before treatment. 

concLusIon: The presence of r3r5 suggests a major 
escape mechanism from MVc inhibition. The appropri-
ate use of MVc in arT requires basic studies to analyze 
r3r5 pathogenesis and to determine r3 usage in env.
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Transmitted drug resistance in MSM is five times 
more frequent with ultradeep sequencing than with 
classical sequencing

E Todesco1,2,3, M Wirden1,2,3, C Charpentier4, 
S Lambert-Niclot1,2,3, P Flandre1,2, C Soulié1,2,3, 
C Katlama1,5, D Descamps4, AG Marcelin1,2,3, 
V Calvez1,2,3

1Universités, UPMC Univ Paris 06, UMR S 1136, Institut Pierre Louis 
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2INSERM, UMR S 1136, Institut Pierre Louis d’Epidémiologie et de 
Santé Publique, F-75013, Paris, France 
3Department of Virology, Hôpital Pitié-Salpêtrière, APHP, Paris, 
France 
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APHP, Paris, France and EA 4409 Université Paris-Diderot, Paris 7, 
PRES Sorbonne Paris Cité, Paris, France 
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BACKGROUND: The surveillance of HIV-1 transmitted 
drug resistance (TDR) is recommended to know its poten-
tial impact on first-line treatment. It has been recently 
shown that TDR was more common among men having 
sex with men (MSM) in the 2010/2011 French antiretro-
viral-naive chronically HIV-1 infected population, partic-
ularly when infected by viral subtype B. We studied here 
the presence of resistance mutations (>20% of viral pop-
ulation and minority resistant variants (MRV)) in naive 
MSM recently diagnosed for HIV-1.

METHODS: The study population consisted of 53 
treatment-naive MSM screened positive for HIV-1 
from beginning of the year 2012 at Pitié-Salpêtrière 
Hospital. We performed standard Sanger Sequencing 
and UltraDeep Sequencing (UDS, Roche 454® Life Sci-
ences) in plasma. Protease (PR) and reverse transcrip-
tase (RT) mutations were identified from the consensus 
statement of the list for genotypic surveillance of trans-
mitted HIV-1 drug resistance. For UDS, mutations >1% 
were considered.

RESULTS: Among the 53 patients, median VL was 
57,952 copies/mL and median CD4 cells count was 516 
cells/mL. Non-B subtype strains were observed in 43.4% 
of patients. Prevalence of virus with PR or RT drug-
resistance mutations was 24.5% (95% CI 12.9–36.1%) 
with UDS versus 5.7% (95% CI -0.5–11.9%) with 
Sanger Sequencing. Prevalence of at least one resistance 
mutation to protease inhibitors, nucleoside reverse tran-
scriptase inhibitors (NRTIs) and non-nucleoside reverse 
transcriptase inhibitors (NNRTIs) was 11.3%, 9.4% and 

9.4% respectively with UDS versus 0%, 1.9% and 3.8% 
respectively with Sanger Sequencing. Presence of resis-
tance mutations to different classes of ARV was observed 
in 1 case with UDS (1.9%, one NRTI-resistance mutation 
and one NNRTI-resistance mutation). There was a little 
trend for a higher frequency of drug resistance in patients 
infected with B subtype compared to non-B (33.3% ver-
sus 13% with UDS (P=0.11)).

CONCLUSIONS: TDR associated mutations were five 
times more frequent in antiretroviral-naive chronically 
HIV-1 infected MSM when UDS is used to search for 
minority variants compared to classical genome sequenc-
ing. We retrieved a little trend for a higher prevalence of 
resistance mutations in patients infected with viral sub-
type B versus non-B, however this should be further stud-
ied on a larger number of patients.

ACKNOWLEDGEMENTS: This work has received the 
financial support of the Agence Nationale de Recherches 
sur le SIDA (ANRS), the European Community’s Seventh 
Framework Programme (FP7/2007-2013) under the proj-
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Mutation, viral load, and demographic associations 
among persons with minority-level transmitted 
drug resistance

J-F Li, L Linley, R Kline, W Heneine, JA Johnson

CDC, Atlanta, GA, USA

BACKGROUND: We previously described evidence of 
minority-level transmitted drug resistance (TDR) in newly 
diagnosed cases. Here we reassessed prevalence in a larger 
and more contemporary population of transmitted HIV 
infections and expand on associations between minority 
variants and clinical and demographic characteristics.

METHODS: We used validated AS-PCR assays to 
screen 1,070 de-identified plasma specimens collected 
in 2009–2011 within 3 months of HIV diagnosis from 
persons in the US with no evidence of antiretroviral 
drug use. The population was 71% MSM, 54% Black, 
and 47% were <30 years of age. We focused on five 
mutations as sentinel markers of transmitted drug 
resistance; M41L, K103N, Y181C, and M184V are 
historically frequently transmitted, and K65R, a rare 
but also clinically important mutation. PCR reactions 
in the positive range were directly sequenced to verify 
intact variants and to examine resistance mutation 
linkage.

RESULTS: Sensitive testing for the 5 sentinel mutations 
identified 70% more TDR cases than what was detected 
by conventional sequencing (13.6% vs 7.9%) (P<0.0001). 
The increase was greatest for the high fitness-cost muta-
tions K65R (>340%) and M184V (500%). The overall 
prevalence of transmitted DRM was 9.8% for recent 
and 8.7% for established infections. However, minority-
level resistance was identified more in established (79%) 
than in recent (21%) infections (P=0.05), with the great-
est prevalence of minority-level resistance in those aged 
50–59 years and intravenous drug users. One-third of the 
K65R mutations and 58% of M184V were in cases also 
with ≥1 of the other four mutations screened. For persons 
with both K65R and K103N the mutations were more 
often linked on the same genome. K65R was overrepre-
sented in those aged 40–59 years and detected in only one 
participant <30 years. Viral load did not vary with age; 
however, persons with minority-level K65R had signifi-
cantly higher viral loads (mean 5.0 log10) than those with 
minority-level M184V (mean 3.6 log10) (P=0.007). 

CONCLUSIONS: Bulk sequencing substantially under-
estimates transmitted drug resistance, particularly for 
K65R and M184V, and these high fitness-cost mutations 

are persisting in established infections. The implications 
of higher minority-level K65R mutational loads with 
regard to transmission frequency, treatment response and 
PrEP effectiveness require further study.
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Use of cohort data to estimate national prevalence 
of HIV transmitted drug resistance in Spain 
(2007–2012)
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OBJECTIVES: National monitoring of transmitted drug 
resistance (TDR) provides an invaluable input for public 
health policy development and programme planning and 
evaluation. The objective was to estimate prevalence of 
TDR to antiretroviral drugs in Spain (2007–2012) using 
CoRIS data, adjusting its territorial distribution and 
transmission route to the Spanish HIV epidemic.

METHODS: CoRIS is an open, multicentre, prospective 
cohort of HIV-positive, antiretroviral-naive subjects aged 
>13. Patients diagnosed between 2007–2012 with a naive 
FASTA sequence within 6 months were selected. To define 
TDR, WHO surveillance drug resistance mutation list 
updated in 2009 by Bennet et al. was used. Weighted preva-
lence of TDR was estimated using the inverse probability 
of selection in the sample according to autonomous com-
munity (AC) and transmission group, using as reference 
population the Spanish Information System on New HIV-
diagnoses (SINIVIH) in the same time period.

RESULTS: Ten AC provided sequences from 2,702 
patients. Calculated weights ranged from 0.43 in men 
who have sex with men from Andalusia to 10.7 for inject-
ing drug users from the Canary Islands, depending on the 
infra or over-representation of the corresponding group in 
CoRIS compared to the SINIVIH. Characteristics of the 
weighted sample were similar to those in the SINIVIH, 
except for a higher proportion of Spaniards in CoRIS 
(73.0% vs 60.4% in SINIVIH, P<0.01). Weighted preva-
lence of TDR was at 8.12% (CI 95%: 6.44–9.80), higher 
for nucleoside (3.62; 2.52–4.74) and non-nucleoside 

reverse (3.37; 2.28–4.46) transcriptase inhibitors, and 
lower for protease inhibitors (2.17; 1.23–3.11). These 
were not significantly different from unweighted preva-
lences (Total: 7.85; 6.83–8.86. NRTI: 3.52; 2.82–4.21. 
NNRTI: 3.37; 2.69–4.05. PI: 1.81; 1.31–2.32. P-values 
for difference between weighted and unweighted: 0.76, 
0.88. 0.94 and 0.38, respectively).

CONCLUSIONS: Our analysis illustrates how proportional 
weighting can be used to maximize representativeness of 
cohort-based data, and the value of this data to monitor 
TDR prevalence in a country. In our study weighting did 
not significantly change TDR prevalence globally or to any 
of the ARV classes. As TDR surveillance is used for clini-
cal or laboratory guidelines recommendations at national 
and international levels, there is a strong need to establish 
appropriate surveillance programmes to support national 
recommendations.
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Surveillance of acquired HIV drug resistance in 
adult and paediatric patients in KwaZulu-Natal, 
South Africa
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5Centers for Disease Control and Prevention – South Africa

BACKGROUND: South Africa has >1.8 million patients 
receiving antiretroviral therapy (ART). KwaZulu-Natal 
(KZN) Province has the highest HIV disease burden, with 
an estimated population prevalence of 24.7%. Ongoing 
surveillance has indicated an increase in transmitted drug 
resistance levels with moderate levels noted since 2008. 
A pilot sentinel surveillance project was undertaken to 
classify the proportion of adult and paediatric patients 
failing 1st-line ART and to describe the patterns of drug 
resistance mutations (DRMs) in patients with detectable 
viral load. 

METHODOLOGY: Cross-sectional surveillance of 
acquired HIV drug resistance (HIVDR) was conducted 
using a probabilistic algorithm in 15 sentinel ART clin-
ics to ensure representation of ART programs. Three 
populations were surveyed at each site using consecutive 
sampling: adults (≥18 years of age) on ART for 12–15 
months (Surv1) and for 24–36 months (Surv2), and 
paediatric patients on ART for 12–36 months (Surv3). 
Whole blood specimens (EDTA) were collected from 
August – November 2013 and plasma was used for viral 
load and drug resistance testing. Specimens with VL 
≥1,000 copies/ml were defined as virologic failure (VF) 
and genotyped for DRMs.

RESULTS: Specimens were collected from 754 adults 
in Surv1, 1,170 adults in Surv2, and 161 children in 
Surv3. VF prevalence was 8.2% (95%CI, 6.3–10.2%) in 
Surv1, 11.5% (95%CI, 9.7–13.4%) in Surv2, and 33.5% 
(95%CI, 26.2–40.8%) in Surv3. Of those genotyped, 
DRMs were detected in 85% (Surv1), 89% (Surv2), and 
97% (Surv3). The most prevalent mutations in the 3 sur-
veys (Surv1, Surv2, Surv3) were M184V/I (58%, 59%, 
69%), K65R (46%, 46%, 6%), K103N/S (35%, 48%, 
60%), V106A/M/I (42%, 28%, 47%), and Y181C (38%, 
24%, 9%).

CONCLUSIONS: Viral suppression rates in the adult 
population receiving ART in KZN were high up to three 
years post-therapy initiation. However, this rate of sup-
pression was not seen in the paediatric population, where 
a third of participants were viraemic. Among both adult 
and paediatric failures, DRMs were high. While there was 
no difference in the overall number of NNRTI DRMs, the 
mutation patterns differed between adults and paediatrics, 
reflecting different regimen use. K65R was high among 
adults, consistent with a high level of tenofovir in 1st-line 
regimens in South Africa. This pilot study highlights the 
importance of ongoing HIVDR cross-sectional surveys, 
and the high rate of VF among paediatric populations.
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National survey for drug-resistant variants in 
newly diagnosed antiretroviral drug-naive patients 
with HIV/AIDS in South Korea: 1999–2005 vs. 
2006–2012
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SS Kim

Division of AIDS, Department of Immunology and Pathology, 
National Institute of Health, Korea Centers for Disease Control and 
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BACKGROUND: The use of antiretroviral drugs has 
reduced the mortality and morbidity of patients with 
HIV/AIDS. More than 20 kinds of antiretroviral drugs 
are being used in antiretroviral drug-naive and HAART-
experienced patients infected with HIV since zidovudine 
has been used in 1991 in South Korea. To assess the 
prevalence of drug-resistant variants and the pattern of 
mutation sites by classified regular periods, 1999–2005 
vs. 2006–2012, we analyzed the genetic variation of the 
HIV-1 protease and reverse transcriptase in the plasma 
of 1,018 antiretroviral drug-naive patients from 1999 to 
2012 in South Korea.

METHODS: Specimens from 1,018 antiretroviral drug-
naive patients were collected from 1999 to 2012. The 
protease and RT gene mutations were identified from the 
Stanford DB and the International AIDS Society resist-
ance testing-USA panel (IAS-USA). Interpretation of drug 
resistant mutations was identified by the consensus state-
ment from the Stanford sequence database (DB) for HIV 
PR (codons 1–99) and RT (codons 1–300). The intensity 
of drug resistance was classified as ‘SIR’ interpretation 
based on the Stanford DB. 

RESULTS: Out of 1,018 antiretroviral drug-naive patients, 
54 (5.3%) isolates shows ‘intermediate’ or ‘resistant’ by 
drug resistance interpretation. The predicted genotypic 
drug resistance to NRTIs was 2.7%, to NNRTIs was 
1.3%, and to PIs was 0.3% from 1999 to 2005; that to 
NRTIs was 2.1%, to NNRTIs was 3.5%, and to PIs was 
0.7% from 2006 to 2012. The phylogenetic analysis from 
pol gene revealed that more than 90% belongs to subtype 
B. And, 41 (5.7%) isolates showed at least 1 drug class-
related drug resistance in 2006 to 2012 while 13 (4.3%) 
isolates showed in 1999 to 2005. 

CONCLUSIONS: There has been no significant increase 
in the prevalence of drug resistance among antiretrovi-
ral drug-naive patients infected with HIV-1 for the last 
13 years except 2012 in South Korea. But, the prevalence 
of antiretroviral drug resistance shows a few increased in 

antiretroviral drug-naive patients reported 2006 to 2012. 
And, it will be continued to monitor the emergence of 
drug-resistant variants as a national survey. 
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Transmitted HIV-1 drug resistance in Poland in 
subtype B and non-B clades - multicentre study
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A Szymczak8, W Rymer8, B Szetela8, J Gąsiorowski8, 
B Knysz8, M Bociąga-Jasik9, P Skwara9, A Garlicki9, 
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OBJECTIVES: NORTTH (Northern-Poland Resistance 
Transmission Tracking for HIV-1) surveillance project 
started in 2010 aims to investigate patterns of transmit-
ted-DRM (t-DRM) transmission in Poland. Currently 9 
of 17 HIV-treatment centers from entire country partici-
pate in the project.

METHODS: 836 partial pol sequences were obtained 
from QCMD-controlled drug resistance testing. 
T-DRMs were assigned based on WHO 2009 surveil-
lance list. Initial subtyping was performed with REGA 
tool and confirmed by GTR-g based phylogeny with 
maximum likelihood (phyML) and Bayesian (Beast) 
models. Clusters were identified based on aLRT values 
>90% with mean pair-wise distances <0.03 and con-
firmed with Bayesian posterior probability of 1. 

RESULTS: Majority of patients were infected with subtype 
B (n=721, 86.24%), 4.8% (n=40) with A1, 4.2% (n=35) 
with D, 1.9% (n=16) with C, F1 and G two cases (0.2%) 
each. Recombinant forms were noted in 2.5% of sequences 
with CRF01_AE and CRF02_AG in 6 cases (0.7% each) 
and single infections with CRF06_BG, CRF07_BC, 

CRF11_cpx, CRF13_cpx, CRF24_BG, CRF28_BF, 
CRF37_cpx. T-DRMs were observed in 8.73% of cases 
(n=48-5.74% for NRTI, n=12-1.44% for NNRTI, n=18-
2.15% for PI). In subtype B cases T-DRM frequency was 
6.8% (4.02%-NRTI, 1.39%-NNRTI, 2.36%-PI) being 
notably lower than in non-B clades [overall 20.69%, 
16.38%-NRTI, 1.72%-NNRTI, 0.86%-PI; OR:0.28 
(95% CI: 0.16–0.49, P<0.0001)]. T-DRMs associated 
with MSM transmission in subtype B compared to non-B 
clades where heterosexual spread of t-DRMs was more 
common [OR:0.02 (95% CI: 0.0–0.13), P<0.001]. Sev-
enty-six transmission pairs and twenty-two clusters were 
identified. Among subtype B twelve clusters of 3 patients 
[8 (66%) MSM transmissions including ones with L90M 
and T215S DRMs, two (16%) MSM/heterosexual, one 
(8.3%) each MSM/IDU and IDU], five of 4 patients (all 
MSM), and two of 5 patients (MSM and IDU/HET) were 
found. Among non-B sequences large (18 cases) and small 
(3 cases) clusters of heterosexually transmitted subtype D 
all with NRTI DRMs (M41L+T215DCS), and 5 sequence 
cluster of A1 infected MSMs were observed.

CONCLUSIONS: Patterns of drug resistance transmissions 
differed notably between B and non-B clades: in subtype B 
associated with MSM transmissions and clustering while 
in non-B clades T-DRM is more common and associates 
with heterosexual infections. Frequency of non-B variants 
was higher than previously observed in Poland.
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Transmission modes of HIV and risk of infection of 
antiretroviral resistance among treatment-naive 
HIV-infected people: a global systematic review and 
meta-analysis
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L Zhang1
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2Pasteur Institute, Ho Chi Minh City, Vietnam

BACKGROUND: Levels of transmitted HIV drug 
resistance (TDR) are stabilising among antiretroviral-
naive population in high-income countries (HIC) but 
are rapidly increasingly in low/middle-income coun-
tries (LMIC). This study comprehensively reviews TDR 
disease burdens in men who have sex with men (MSM), 
people who inject drugs (PWID), and heterosexual peo-
ple (HTS).

METHODS: We conducted an exhaustive systematic 
review of peer-reviewed English literature on TDR based 
on available English literature databases. We estimated 
pooled TDR prevalence through a meta-analysis approach. 
We assessed correlations of TDR prevalence in at-risk 
groups by non-parametric tests and compared the risks of 
TDR infections across at-risk groups. 

RESULTS: Of the 17,866 publications resulting from 
our searches, 212 studies covering 37,380 MSM, 6,531 
PWID, and 29,941 HTS were selected for this review. 
Areas with greatest TDR prevalence were North America 
(MSM: 13.7%; PWID: 9.1%; HTS: 10.5%), followed by 
Western Europe (11.0%, 5.7%, 6.9%), and South Amer-
ica (8.3%, 13.5%, 7.5%). Our data suggested dispro-
portionate TDR burdens in MSM in Oceania (15.5%), 
East Europe/Central Asia (EECA, 10.2%), and East Asia 
(7.8%), while the prevalence in PWID and HTS remained 
low in EECA, Africa, East Asia, and South/Southeast Asia. 
TDR epidemics have been established and stabilised in 
HIC, with a higher prevalence (range: 10.9–12.6%) in 
MSM than in PWID (5.2–8.3%) and HTS (6.4–9.0%) 
over time (1999–2003: P=0.352; 2004–2008: P=0.002; 
2009–2013: P<0.001). In LMIC, TDR prevalence in 
at-risk groups in 2009–2013 almost doubled that in 
2004–2008 (MSM: 7.8% vs. 4.2%, P=0.011; HTS: 4.1% 
vs. 2.6%, P<0.001; PWID: 4.8% vs. 2.4%, P=0.265, 
respectively). Moderate positive correlations were shown 
between TDR prevalence in MSM and HTS (LMIC: 
r=0.095, P=0.049; HIC: r=0.470, P<0.001). The risk of 
TDR infection was significantly higher in MSM than HTS 
(LMIC: odds ratio=1.42, 95% confidence interval: 1.11–
1.82; HIC: 1.28, 1.14–1.42), but not between PWID and 

HTS. We observed increasing trends of resistance to non-
nucleoside reverse transcriptase and protease inhibitors 
in MSM. 

CONCLUSIONS: Disease burden of TDR is substantially 
higher in HIC than LMIC. The levels are stabilising in 
HIC but increasing in LMIC. MSM is the most TDR-
affected population worldwide. Our finding supports the 
targeting of implementation strategies related to treat-
ment and prevention to this population.
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Molecular epidemiology of recent seroconverters 
and drug-resistant HIV-1 transmission networks in 
Japan 

J Hattori1, T Shiino2, W Sugiura1,2,3, Japanese Drug 
Resistance HIV-1 Surveillance Network
1Nagoya Medical Center, Nagoya, Japan 
2National Institute of Infectious Diseases, Tokyo, Japan 
3Nagoya University Graduate School of Medicine, Nagoya, Japan

OBJECTIVE: The introduction of recent potent antiret-
roviral regimens has reduced the number of virological 
failure cases, but 10 to 15% of newly diagnosed HIV/
AIDS cases still harbor drug-resistant strains. In this epi-
demiological study, we aimed to precisely determine the 
trend of the prevalence of drug-resistant HIV in Japan 
among recently infected patients.

METHODS: Plasma samples as well as demographic 
and clinical information were collected from 3,809 HIV-
infected patients newly diagnosed in 2007–2012. To 
identify drug-resistant mutations, protease-reverse tran-
scriptase regions were sequenced. Obtained sequences 
were aligned with 160 references using Clustal-W. Phylo-
genetic trees were constructed using the neighbor-joining 
method wtih MEGA 5. Furthermore, the time of HIV-1 
seroconversion was estimated as recent (<155 days) or 
not recent using the BED assay.

RESULTS: Among the 3,809 newly diagnosed patient 
samples collected in 2007–2012, 94.4% were male, 
91.5% Japanese, and 73.5% men who have sex with men 
(MSM). The overall prevalence of drug-resistant HIV-1 
was 9.0% (6.8–12.0%). Samples with non-B, -AE, and 
-D subtypes, <50 CD4+ T cells, a viral load <1,000 cop-
ies/mL, or insufficient clinical information were excluded 
for accurate BED assay results. Of the remaining 1,390 
samples used for further analysis, 467 (33.6%) were 
BED positive, indicating recent infection. Significantly 
higher prevalence of recent seroconversion were observed 
among males, Japanese, and MSM with 34.1%, 34.5%, 
and 35.9%, respectively, compared to females (15.8%, 
P=0.02), non-Japanese (22.2%, P=0.02), and risk factors 
other than MSM (24.2%, P=0.0003). The recent and not-
recent seroconversion groups did not differ significantly 
in the prevalence of drug-resistant HIV-1 (8.6% vs. 9.1%, 
respectively, P=0.74). In addition, both groups commonly 
had M46I/L and T215 revertant mutations and formed 
significant clusters, suggesting HIV-1 transmission net-
works. In contrast, the not-recent group showed a wider 
variety of mutations. 

CONCLUSION: The higher prevalence of recent cases in 
MSM populations indicates that they are more aware of 
their HIV-infection risk. Our finding that samples with 
M46I/L and T215 revertants formed significant clusters 
in phylogeny suggests that these mutations can be used to 
trace HIV-1 transmission networks and to identify popu-
lations to target for HIV-1-transmission prevention. 
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Prevalence of transmitted HIV-1 drug resistance in 
Tel-Aviv, Israel, from 2010–2013

D Turner1, T Finn1, N Matos1, I Zeldis1, H Tellio1, 
S Chalom1, I Parti1, E Katchman1, D Alon1, I Yust1, 
D Hassin1, B Avidor1

1Crusaid Kobler AIDS Center Tel-Aviv Sourasky Medical Center, 
Tel-Aviv University, Tel-Aviv, Israel

BACKGROUND: The prevalence of transmitted drug 
resistance mutations (TDR) was assessed in treatment-
naive patients in Tel-Aviv. All HIV patients from our clinic 
were considered as potential transmitters (PT). Antiretro-
viral (ARV) use and treatment failure (TF) was evaluated. 

METHODS: All blood samples obtained from treatment-
naive patients between 2010 and 2013 were analyzed for 
RT and PR resistance associated mutations. TDR were 
defined according to the 2009 criteria of Bennett et al. 
27 samples from 2013 were assessed for integrase inhibi-
tor (InI) resistance mutations. A phylogeny was inferred 
using pol sequences. The number of patients treated with 
ARVs was tallied. Viral load >200 copies/ml defined TF. 
The c2 test for trend was applied to compare the different 
parameters between each year.

RESULTS: Sequences from 472 patients were tested. The 
resistance rate was 13.3%, 13.7%, 7% and 5.8% in 2010, 
2011, 2012 and 2013, respectively (P<0.05). No InI TDR 
was found in 27 tested samples. Phylogenetic analysis 
among drug naive patients showed transmission clusters. 
The rate of ARV treated patients were 66.1% (n=1,025), 
68.1% (n=1,067), 72.4% (n=1,219) and 75.2% 
(n=1,340) between 2010, 2011, 2012 and 2013, respec-
tively (P<0.05). The rate of patients treated by protease 
inhibitors among the ARV-treated patients decreased 
from 53.1% in 2010 to 46% in 2013 (P<0.05). The rate 
of patients treated by non-nucleoside reverse transcriptase 
inhibitors decreased from 40.5% to 30.8%, and the rate 
of patients treated by InI increased from 12.2% to 28.2% 
in 2010 and 2013, respectively (P<0.05). Among the PT 
the rate of TF was 35.6%, 32.3% 22.3% and 13.2% in 
2010, 2011, 2012 and 2013, respectively (P<0.05). 

CONCLUSIONS: There was a drop in TDR between 
2011 and 2013 among patients followed in Tel-Aviv. 
Although the number of samples tested for InI was small, 
the rate of TDR for these drugs is reportedly low. The 
lowering of TDR could correspond to a change in antiret-
roviral strategy and lower TF rates among PT treated 
patients. Long-term follow-up is needed to assess the rate 
of TDR in the era of new strategies and ARV.
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Analysis of HIV transmission in the Russian 
Federation
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BACKGROUND: The HIV epidemic in the Russian Fed-
eration is substantial, with over 700,000 individuals cur-
rently infected. Rapid epidemic spread, in the late 1990s 
was followed by a relative stabilization in numbers of 
infections; in 2012, there was a 12% increase in new 
infections, indicating rapid and unpredictable changes 
in rates of spread can still occur, even in established epi-
demics. New methods to track epidemics are essential. To 
characterize recent spread of HIV in Russian Federation 
we analyzed HIV sequences using phylogenetic, Bayesian 
and bioinformatic approaches. 

METHODS: Patients were enrolled in clinical studies 
of HIV infection and had population based genotypes 
performed as part of routine clinical care; demographic 
information was unlinked from personal identifiers, and 
population based HIV sequences determined. Sequences 
were aligned in MEGA; maximum likelihood and Bayes-
ian analysis (BEAST) were carried out to identify relation-
ships among samples. Infection duration was estimated 
by analyzing frequency of ambiguous nucleotides. 

RESULTS: A total of 355 sequences were obtained from 
patients in 40 locations in 7 federal districts. Analysis of 
the first 155 sequences revealed  the majority were A1, 
(77%), and B (14.8%), with the remainder comprised 
of C, D,  02_AG, and F1 subtypes. Phylogenetic analysis 
revealed sequences within subtypes were highly diverse.
Bayesian analysis of subtype A1 sequences revealed 
evidence of transmission groups (probability of com-
mon ancestor >0.95); 18/120 A1 sequences were pre-
sent in transmission groups, with relatively small (2–4 
sequences) per group, Some groups were geographically 
homogenous, but several examples of viruses with com-
mon ancestors were identified in samples obtained from 
locations >250 miles (400 km) apart, demonstrating geo-
graphic spread of specific variants. Analysis of ambigu-
ous nt in population based sequences suggested c. 30% 
of all A1 patients were infected within a year of sample 
collection. 

CONCLUSION: HIV epidemic in Russia is diverse, and 
continues to expand. Application of phylogenetic, Bayes-
ian and other bioinformatic techniques identifies discern-
ible population structure and useful information to track 
HIV transmission. 
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transmission chains in Italy
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BACKGROUND: Treatment as prevention according to 
recent guidelines and pre-exposure prophylaxis in high 
risk individuals are regarded as effective methods to con-
trol HIV epidemic and prevent new infections. These 
strategies can be guided by phylogenetic approaches. 
We previously identified 157 epidemiological clusters 
among 3,786 Italian patients (25.8%) carrying B subtype 
through the PhyloPart software. A further characteriza-
tion of these networks has been performed.

METHODS: We analyzed clusters of sequences from 
patients enrolled between 1996 and 2012 in the ARCA 
database with complete epidemiological data, date of HIV 
diagnosis and antiretroviral treatment status. Transmitted 
drug resistance (TDR) was evaluated by the SDRM list. 
Differences among variables and time trends were tested 
using standard parametric and non parametric statistic 
methods.

RESULTS: The characteristics of the 976 patients 
involved in the 157 transmission chains were as follows: 
73.5% (n=717) males; 93.1% (n=909) Italians; 39% 
(n=381) HEs, 30% (n=293) IDUs, 29.5% (n=288) MSM; 
48.6% (n=474). Median age was 40 years (min-max: 
18–74). A quarter of patients (24.9%, n=243) were naive 
for antiretrovirals. Based on the date of first HIV posi-
tive test, patients were stratified into 4 intervals (≤1990, 
1991–1996, 1997–2002 and ≥2003) containing 218, 209, 
194 and 355 subjects, respectively.
Clusters were categorized as containing ≤5 (n=119) and 
>5 patients (n=38). The proportions of small (≤5) clus-
ters increased from 39.9% to 52.4% overtime (P=.002). 

Gender, citizenship and TDR distribution did not dif-
fer between the two groups. Smallest clusters showed a 
higher probability to include MSM (43.8%), younger 
(median age: 39 years) and naive (52.3%) individuals 
(P<.001, P=.01 and P=.005, respectively). MSM segre-
gated in homogeneous clusters (i.e. same risk factor) more 
frequently than HEs and IDUs (24%.0 vs. 4.2% vs. 4.1%; 
P<.001). Of note, 20 (12.7%) clusters, all including ≤5 
patients, involved only MSM. As many as 14/20 of these 
networks, including 19 naive and 32 treated individuals, 
showed mutations associated to drug resistance (26% in 
naive patients).

CONCLUSIONS: Although a nation-wide phylogenetic 
study may underestimate transmission events due to the 
lack of intervening patients, these data indicate the main 
characteristics of transmission network in Italy and sug-
gest that transmission in more recent diagnoses occurs 
mainly through small chains mostly involving MSM. The 
results of contact tracing can help in prioritizing groups 
for early therapy and obtaining effective risk-reduction, 
including the containment of TDR.
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Tropism distribution among antiretroviral-naive 
HIV-2-infected patients
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BACKGROUND: HIV-2 susceptibility to maraviroc has 
been recently established for R5-tropic viruses. However, 
there is only few data about HIV-2 tropism distribution 
during HIV-2 infection and no data are available in anti-
retroviral-naive patients. In this work, we aimed to char-
acterize for the first time the distribution of tropism in 
HIV-2 antiretroviral-naive patients.

METHODS: Patients included in the ANRS CO5 HIV-2 
Cohort, for whom a first PBMC sample was available 
since time of inclusion and before any antiretroviral ther-
apy, were screened. Tropism was determined by a geno-
typic tropism test using V3 loop sequencing in proviral 
DNA. Patients’ characteristics, plasma viral load, CD4 
cell count and CDC clinical stage at the time of sampling 
were also collected.

RESULTS: 151 patients were assessed in this study with a 
median CD4 cell count of 579/mm3 [IQR=447–858], and 
4 (3%) had C clinical stage. HIV-2 viral load was avail-
able in 142 patients and 124 (82%) displayed viral load 
below the limit of detection. V3 loop was amplified and 
sequenced in 45 (29%) patients. Patients’ characteristics 
were similar between those with successful or unsuccess-
ful V3 loop sequencing except that the latter were younger 
(median=38.1 [IQR=33.5–45.7] vs 42.8 [IQR=37.0–
48.7], P=0.039). Among the 45 patients with success-
ful V3 loop sequencing, 40 (89%) displayed R5-tropic 
viruses, and 5 (11%) X4-tropic viruses. Patients’ char-
acteristics were similar between patients harboring R5 
and those harboring X4 viruses. However, the patients 
harboring X4 viruses displayed significantly lower CD4 
cell count with a median of 337 [IQR=123–550] and 551 
cells/mm3 [IQR=363–850] for X4 and R5 groups, respec-
tively (Mann–Whitney test P=0.032). Regarding tropism 

distribution, the proportion of R5-tropic viruses was 
50%, 84%, 82% and 100% among the following CD4 
cell count strata: 0–199 (n=2), 200–399 (n=12), 400–599 
(n=11) and ≥600/mm3 (n=15), respectively. In the X4 
group, 4 patients had undetectable viral load and one had 
C clinical stage.

CONCLUSION: This first description of tropism distri-
bution in HIV-2 antiretroviral-naive patients showed that 
11% of patients displayed X4-tropic viruses. X4 tropism 
was also associated with low CD4 cell counts. These 
findings are similar to those already described in HIV-1 
infection.
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BACKGROUND: The drug resistance to nucleos(t)ide 
analogues (NAs) in chronic hepatitis B (CHB) has crucial 
clinical implications. Long-term NAs treatment promotes 
progressive selection of antiviral-resistant HBV mutants. 
The emergence of resistant mutations is directly associ-
ated with virologic breakthrough and precedes worsen-
ing of liver function. The rate at which resistant variants 
are selected is dependent on pre-treatment serum HBV 
DNA level, efficiency of viral suppression, treatment 
duration and prior exposure to NAs therapies. Sequen-
tial monotherapy with low-genetic-barrier HBV reverse 
transcriptase inhibitors increases risk of accumulation of 
primary and compensatory mutations which results in 
occurrence of multidrug resistance. 

The aim of the study was to estimate the prevalence of 
drug resistant HBV mutants among patients with CHB 
undergoing NAs treatment.

METHODS: The serum samples from 600 persons [211 
(35.1%) women and 389 (64.9%) men] with CHB 
admitting infectious diseases clinics were tested by pop-
ulation sequencing of pol gene to determine HBV drug 
resistance. Viral DNA was isolated using spin columns. 
The pol region was amplified by PCR. Direct sequencing of 
~1 kb amplicon was performed using BigDye Terminator 
CycleSequencing Kit and ABIPrism3130 Analyzer. 
Obtained sequences were analyzed by the Seqscape 3.1 
software and interpreted with geno2pheno algorithm. 
Additionally, HBV genotypes were determined.

RESULTS: Overall in 226 (37.7%) of tested samples HBV 
drug resistance variants were recognised. The most frequent 
mutations profile, corresponding to reduced susceptibility 
for the particular NAs, were found as listed: *lamivudine 
(n=160; 26.6%) – rtL180M+rtM204V (n=67; 11.2%), 
rtM204I (n=28; 4.7%), rtV173L+rtL180M+rtM204V 
(n=17; 2.8%), rtL80I+rtM204I (n=11; 1.8%); *entecavir  
(n=51; 8.5%) - rtI169T+rtL180M+rtT184A+rtM204V 
(n=11; 1.8%), rtL180M+rtS202G+rtM204V (n=7; 1.2%), 
rtL180M+rtT184S+rtM204V (n=6; 1%), rtI169T+rtV17
3L+rtL180M+rtT184A+rtM204V (n=4; 0.7%); *adefovir 
(n=15; 2,5%) - rtA181V (n=4; 0.7%), rtI233V (n=4; 0.7%).

Totally we detected 512 NAs-resistance mutations. The 
prevalence of most frequent was as follows, primary: 
rtM204V (n=139; 23.2%), rtM204I (n=67; 11.2%), 
rtA181T/V (n=7; 1.2%); compensatory: rtL180M 
(n=149; 24.8%), rtT184A/G/I/S (n=42; 7%), rtL80I/V 
(n=28; 4.7%), rtI169T (n=22; 3.7%); in strains inter-
preted as susceptible (n=374; 62.3%) we detected 124 
(20.7%) vaccine-escaped mutants: sA128V (n=29; 
4.8%), sM133T/I/L (n=15; 2.5%), sP120T/S/A (n=15; 
2.5%), sL110M/V (n=9; 1.5%), sT126I/N/S (n=8; 1.3%), 
sG130N/R/D (n=8; 1.3%).

CONCLUSIONS: 1) Drug resistant variants of HBV are 
widespread among NAs-experienced patients. 2) Resis-
tance mutations are most common in group of lamivu-
dine-treated patients; this might be the result of long-term 
monotherapy with low-genetic-barrier agent. 3) Drug 
resistance testing becomes crucial point in the planning, 
efficiency monitoring and management of modern antivi-
ral therapies. 4) Overlapping structure of HBV genome 
modulates the extent of HBV genetic variability.
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Molecular epidemiology of HCV infection in the 
State of North Rhine-Westphalia (Germany)
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BACKGROUND: Clinical outcome of HCV therapy 
combination of ribavirin (RBV), direct acting antivirals 
(DAAs), with or without pegylated-interferon-alpha 
(IFN), depends on host and viral factors such as viral 
subtype. We retrospectively analysed data from HCV-
infected patients subtyped in the University of Cologne.

METHODS: All patients from routine genotyping diag-
nostics at the University of Cologne (years 2012–2014), 
and all patients from the PEPSI Study were analysed. 
Viral NS5B and protease domain of NS3 (PR) sequences 
from plasma samples were obtained. Subtyping (including 
GT-1a samples clade classification) and resistance against 
boceprevir (BOC), telaprevir (TPV), simeprevir (SPV) and 
sofosbuvir (SOF) was determined with geno2pheno[HCV].

RESULTS: 924 patients have been analysed, 686 from 
routine-genotyping diagnostics and 238 from the 
PEPSI project. Genotype distribution was: GT1=65.8% 
[1a=36.7%; 1b=27.7%; no subtyping=1.4%]; 
GT2=3.4%; GT3=20.9%; GT4=6.3%.

The PR region from 143/286 PEPSI baseline samples 
was sequenced. PI-resistance-associated mutations were 
detected in 43/143 (30.1%) of the baseline samples: 
36A 1x; 36L 1x; 36M 3x; 54S 5x; 55S 1x; 80H 1x; 80K 
25x; 80R 1x; 117H 7x; 122R 1x; 155G 1x; 155K 3x, 
165T 1x; 132V 17x; 174F 1x. 20/143 (14.0%) baseline 
sequences were scored as resistant by geno2pheno[HCV]. 
The mutation Q80K, conferring resistance to simeprevir, 
was observed in 25 GT1a clade I samples; this represents 
17.5% of all the baseline sequences, 27.5% of all GT1a 
samples and 50.0% of the GT1a clade I sequences.

The NS5B region of 76/286 PEPSI baseline samples was 
sequenced. No major SOF-resistance-associated-muta-
tions at positions 282 or 289 were detected.

CONCLUSION: Analysis of NS5B and/or NS3 with 
geno2pheno[HCV] interpretation allows subtyping, clade 

classification, and prediction of DAAs susceptibility. PI 
resistance mutations exist at baseline in higher extent 
as reported in previous studies. Incorporating addi-
tional viral and clinical data will continuously improve 
geno2pheno[HCV] for better therapy response prediction.
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Accurate prediction of drug-exposure without using 
established drug-resistance mutations
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Background: antiretroviral drugs induce changes in 
the genome of HIV-1. This study aims at predicting drug 
exposure for HIV-1, and determining mutation scores 
indicating the likelihood that a mutation is present after 
exposure to a particular drug. This may be helpful in clin-
ical decision-making.

MeTHods: a dataset comprising 38,807 therapy-naive, 
18,524 drug-exposed, and 17,073 HIV-1 pol sequences 
with complete treatment history was extracted from the 
euresist database and the Los alamos national Labora-
tory database. Test set a comprises a random subset of 
9,230 of these sequences. Test set B comprises 1,517 pol 
sequences from the HIVdb Tce repository. For discrimi-
nating between sequences with and without exposure to 
a certain drug, those absent in the test sets were used to 
train two linear support vector machines (sVM) for each 
of 19 antiretrovirals and for treated sequences altogether: 
one uses the full amino-acid sequences (sVMfull), and the 
other disregards Ias 2013 drug-resistance mutations 
(sVMnoIas). For performance comparison, test sets a and 
B were evaluated with sVMfull, sVMnoIas, HIVdb, anrs, 
HIV-grade and rega for drug-exposure prediction. 
evaluation with rule sets yielded a susceptible-interme-
diate-resistant (sIr) prediction per drug and sequence 
which was converted to integer via s=0, I=1, and r=2. 
statistical significance was assessed using a Wilcoxon 
signed-rank test with Benjamini-Hochberg correction.

resuLTs: average performances on test set a: sVMfull 
auc=0.78 (sd=0.07), sVMnoIas auc=0.77 (sd=0.06), 
and HIVdb, the best-performing rule set, auc=0.72 
(sd=0.06). either sVM performances were significantly 
different from HIVdb performances (P<10-5). average 
performances on test set B: sVMfull auc=0.72 (sd=0.08), 
sVMnoIas auc=0.7 (sd=0.08), and HIVdb auc=0.71 
(sd=0.09). sVMfull performances were significantly dif-
ferent from sVMnoIas performances (P<10-3), while both 
sVM performances did not differ significantly from 
HIVdb performances (P>0.06). From each model, a score 
for each drug and mutation was extracted. This score cor-
relates with the likelihood that a mutation is present after 
a certain drug exposure. 

concLusIons: drug-exposure prediction was signifi-
cantly improved over that with drug-resistance rule sets. 
established drug-resistance mutations are unnecessary 
for drug-exposure prediction. Further work is necessary 
for investigating the relevance of drug-exposure predic-
tion in first-line antiretroviral therapies and HIV trans-
mission dynamics.
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Prevalence of the K65R mutation in subtype C 
HIV-1-infected subjects failing TDF-containing 
first-line antiretroviral therapy in South Africa 
using deep sequencing
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Background: Tenofovir (TdF) is one of the first-line 
nucleoside reverse transcriptase inhibitors antiretroviral 
therapy options in the south african national treatment 
plan. The k65r mutation may be preferably selected in 
subtype c viruses due to subtype-specific pathways. In a 
previous study, 69.7% of participants developing viro-
logical failure (VF) to a TdF-containing regimen in south 
africa had the k65r mutation by sanger sequencing of 
plasma viruses. 

MeTHods: We performed a proof-of-concept analysis 
in south african subjects infected with subtype c HIV-1 
who developed VF to TdF and did not have the k65r 
mutation at VF by sanger sequencing. The complete pol 
gene was amplified and sequenced in a Miseq platform 
(Illumina Inc. california) using a nextera-XT shotgun 
approach. a 1% threshold level was chosen for detection 
of minority variants. resistance mutations were defined 
according to the Ias-usa 2013 list.

resuLTs: We analyzed data from 19 individuals devel-
oping VF to TdF with no k65r mutation by sanger and 
from one subject with the k65r mutation, which served 
as a positive control. Miseq detected the k65r mutation 
in the positive control at 98% frequency. out of the 19 
subjects with no k65r by sanger, human contamination 
was detected in 2 subjects, pol did not amplify in 1 sub-
ject, and sanger and Miseq data was highly discordant in 
one subject, leaving 15 evaluable participants. The k65r 
mutation was found in 3 of them (20%) at frequencies 
1.3%, 20.3% and 27.8%. In addition, clinically relevant 
minority nrTI and nnrTI resistance mutations were 
detected by Miseq but not by sanger in 12 out of the 

15 subjects evaluated (80%), all of them at frequencies 
<35% in the virus population. The most frequent muta-
tions found were d67n, M184VI and g190a in 3 (20%) 
subjects, and k70e, V90I and M230L in 2 (13.3%) 
subjects. 

concLusIons: deep HIV-1 sequencing slightly 
increases the prevalence of k65r mutation at TdF fail-
ure, but enables detection of additional, clinically rel-
evant, mutations in a large proportion of subjects. With 
adequate logistics and further cost reductions, it could 
become a cost-effective tool for resistance surveillance 
and clinical monitoring in resource-limited settings.
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Roche/454 pyrosequencing to explore archived 
HIV-1 drug resistance mutations in comparison 
with traditional Sanger-based sequencing
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Background: Highly diversified multiply drug-resist-
ant HIV-1 quasispecies in peripheral blood mononuclear 
cells (PBMc) lead to an inconsistent detection of drM 
associated-proviral dna. ultra deep pyro sequencing 
(udPs) is more prone technology to detect minor vari-
ants. We have now investigated by udPs technology drug 
resistance genotyping of Pr-rT regions of viruses derived 
from PBMc in three heavily pretreated patients.  

MeTHods: samples used in this study were derived 
from routine genotyping resistance testing. Library was 
obtained by purifying, quantifying and pooling Pcr prod-
ucts. For udPs, emulsion Pcr was performed according 
to manufacturer instructions. The library was added to 
the emulsion Pcr at a ratio of two molecules per bead 
and then sequenced on a picotiter plate on roche gs Jun-
ior sequencer. roche aVa software was used for decoding 
the MIds and generating sequence contigs for individual 
patients using HXB-2 as the reference. 

resuLTs: udPs resulted in a total of 205,683 sequence 
reads, with a median reads of 11 332, 10 655 and 7 553 
for patients #1, #2 and #3, respectively. overall, number 
of drug resistance mutations in HIV-1 proviral dna by 
udPs exceeds what obtained by sanger sequencing either 
in viral rna and/or proviral dna. udPs yields solely 
major mutations (30n, 47V in Pr and L74I/V, 221Y in 
rT) consistent with previous arV failure-therapy. How-
ever, in patient #2 major rT mutations (138a/k, 184V 
and 230I) were detected in rT gene by sanger approach 
in only the proviral dna. While, udPs failed to detect 
any mutation. Therefore, Pcr subjected to sanger pro-
viral dna sequencing was routinely performed in tripli-
cate, which can explain this isolated positivity. conversely, 
Pcr subjected to udPs were performed in simplicate.

concLusIon: In our series, udPs for drug resistance 
genotyping showed globally more sensitivity to detect 
past drug resistance mutations in comparison to tradi-
tional sequencing for both viral rna and proviral dna. 
a lack of drM detection in one patient by udPs, argues 
against a drug-resistant quasispecies compartmentaliza-
tion within divers infected T cells or their progeny. That’s 
why efforts should be taken for standardizing Pcr-pro-
cedure approach when dealing with HIV-1 proviral dna. 
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Validation of HIV-1 drug resistance testing by deep 
sequencing: insights from comparative Sanger 
sequencing

A Thielen1, N Martini1, B Thiele1, M Däumer1

1Institute of Immunology und Genetics, Kaiserslautern, Germany

Background: HIV-1 drug resistance testing is rou-
tinely performed prior to antiretroviral treatment. While 
population sanger-sequencing (Ps) detects variants with 
frequencies above 15–20% of the viral quasispecies, deep 
sequencing strategies (ds) allow for sensitivities of 1% 
and below. However, these strategies have not yet entered 
the daily routine in a widespread manner.

Here, we present data of more than 400 samples, analysed 
with both Ps and ds in daily routine to obtain insights in 
sensitivity, accuracy and the putative impact of minority 
variants on resistance interpretation.

MeTHods: Ps and ds on protease/reverse transcriptase 
(Pr/rT), integrase (InT) and gp120 (V3) were performed 
from specimen for whom resistance testing was requested 
in 2013. amplification and Ps were done according to 
homebrew protocols. For ds, the same Pcr products 
were used for nextera XT® library preparation and 
sequenced using Illumina’s Miseq benchtop sequencing 
system.

Bioinformatics analyses were performed using an auto-
mated customized pipeline. resistance mutations were 
defined according to stanford HIVdb. Minority frequen-
cies were analysed using cutoffs at 20%, 15%, 10%, 5%, 
2%, and 1%. resistance and tropism interpretations were 
computed using HIV-grade and geno2pheno[454]. ds-
r5-tropism was defined as <2% X4 at FPr of 3.5%.

resuLTs: Paired Ps- and ds-data were available for 312 
Pr/rT, 23 InT, and 97 V3 samples. Ps detected 236 resist-
ance mutations similar to the ds-cutoffs at 20% (230) 
and 15% (239). applying a 2% cutoff, discrepancies were 
most obvious for PIs (65 ds vs. 24 Ps-mutations), fol-
lowed by the nrTIs (162/131), and nnrTIs (97/81). 
The most frequent nnrTI-mutation k103n occurred in 
63 (ds) and 61 samples (Ps), respectively, indicating a 
higher Ps-sensitivity at this position. InT-Ps detected 4 
resistance mutations in total, the respective ds-numbers 
were 8, 8, 10, 10, 12, and 13.

ds determined 26 samples to be X4, whereas Ps found 28 
X4 at 10% FPr. There was a very high correlation between 
the ds-X4-frequencies and Ps-FPr (r-squared=0.85).

concLusIons: ds is a powerful tool for routine drug 
resistance testing. applying a generalized Ps-derived cut-
off of 15–20% to ds data may result in the non-consid-
eration of clinically relevant mutations. Thus, it is impor-
tant to determine meaningful clinical cutoffs. 

New_resistance_technologies.indd   78 21/08/2014   12:15:15



Berlin, Germany, 3–7 June 2014

International Workshop on Antiviral Drug Resistance: Meeting the Global Challenge A79

AbstrAct 46
Antiviral Therapy 2014; 19 suppl 1:A79

Comparison of 454 (Roche) versus MiSeq (Illumina) 
deep sequencing technologies in clinical samples 
from the (ANRS) 139 TRIO trial

GQ Lee1,2, C Lachowski1,2, E Martin1, C Charpentier3, 
C Rodriguez3, B Visseaux4, C Fagard5, J-M Molin6, 
C Katlama7, Y Yazdanpanah8, D Descamps3, A Poon1, 
PR Harrigan1,2

1BC Centre for Excellence in HIV/AIDS, Vancouver, BC 
2University of British Columbia, Vancouver, BC 
3Assistance Publique-Hôpitaux de Paris (AP-HP), Hôpital Bichat-
Claude Bernard, Laboratoire de Virologie, EA 4409 Université Paris-
Diderot, Paris, France 
4Laboratoire de Virologie, Hôpital Bichat-Claude Bernard, Groupe 
Hospitalier Paris Nord Val de Seine, APHP, 46 rue Henri Huchard, 
75018 Paris, France.  
5INSERM U897, Bordeaux, France 
6AP-HP, Hôpital Saint-Louis, Service de Maladies Infectieuses, 
Université Paris-Diderot, Paris, France 
7Service de Maladies-Infectieuses et Tropicales, Hôpital de la Pitié 
Salpêtrière, Groupe hospitalier Pitié Salpêtrière – Charles Foix, APHP, 
47 boulevard Hôpital, 75013 Paris, France 
8Hôpital de Tourcoing, Service de Maladies Infectieuses et Tropicales, 
Tourcoing, France

oBJecTIVe: “454 deep sequencing” has been popular 
in HIV drug resistance testing, but is also known to be 
susceptible to sequencing errors at homopolymer regions. 
Miseq is a promising replacement. Here, we compared 
the prevalence of amino acid variants in HIV reverse tran-
scriptase (rt) and integrase (int) regions reported by 454 
versus Miseq from samples derived from the (anrs) 139 
TrIo study in France.

MeTHods: TrIo evaluated efficacy of raltegravir, etra-
virine, and darunavir in heavily treatment-experienced 
HIV-infected patients naive to all three drugs. Here, we 
sequenced TrIo baseline samples using standard sanger, 
454 and Miseq methods. For each sample, we performed 
one reverse transcription with first-round Pcr amplifica-
tion, then three different “nested-Pcrs,” one specific for 
each technologies. nucleotides were translated into amino 
acids for this comparison. To reduce noise, we excluded 
positions with Miseq depth-of-coverage below 10,000 
and variants of <1% prevalence by 454. Paired 454 and 
Miseq results were obtained in n=79 rT and n=59 InT 
samples at positions rT96-194 and InT83-193. 

resuLTs: overall concordance was good (rT r2=0.886, 
8,014-pairs; InT r2=0.940, 6,149-pairs). In rT and InT 
respectively, 138/8,014-pairs (2%) and 68/6,149-pairs 
(1%) had discordance >=20%. The majority of these 

discordances, 125/138 (91%) and 60/68 (88%), were 
found at homopolymer regions, with the most frequent 
homopolymer-related rT error 99/125 (79%) observed 
in the vicinity of a critical resistance-associated position 
k103; Miseq and sanger were concordant at these posi-
tions, implying 454 homopolymer errors. The remaining 
pairs with >=20% discordances were nucleotide-mixtures 
by sanger-sequencing. Finally, we focused on prevalence 
range 1–20% because 20% is roughly sanger method’s 
sensitivity limit: concordance was extremely poor (rT 
r2=0.143, 205-pairs; InT r2=0.200 131-pairs). 

concLusIon: Majority of discordances over 20% 
were found around homopolymer regions, where Miseq 
outperformed 454 in predicting sanger sequences. even 
though overall concordance was good, concordance 
below sanger-sequencing’s sensitivity limit was poor. 
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Background: HIV-1 quasispecies are considered the 
cradle of drug resistance, but the major obstacle to under-
standing this phenomenon is the amount of collectable 
genetic information by sanger sequencing. However, a 
way to evaluate quasispecies has recently been opened by 
technology to obtain larger amounts of genetic informa-
tion, i.e., next-generation sequencing (ngs). Here, we 
report the development of a new protocol to cover near 
full-length HIV-1 genome and a new in-house program to 
analyze ngs with low error rate. 

MeTHods: We analyzed pnL4-3 clone and 18 treat-
ment-naive patient samples and amplified near-full-length 
HIV-1 genomes (8.6 kb) in four overlapping fragments: 
gag-rt (2.9 kb), rt-integrase (2.9 kb), integrase-env v5 
(3.5 kb) and env v3-nef (2.7 kb). a dna library of each 
sample was prepared using Nextera dna sample Prep kit, 
and 2x250 bps paired-end reads were obtained with Illu-
mina Miseq. The reads were aligned on de novo assem-
bled consensus sequences by VIcuna and BWa pro-
grams. subsequently, we refined the consensus sequence 
with newly developed in-house program and re-aligned 
the reads on the refined consensus sequence. Finally, we 
estimated the diversities of bases or segments from the 
alignments using in-house programs. 

resuLTs: ngs of pnL4-3 and subsequent analyses clar-
ified that the error rates at each alignment position did 
not exceed 0.30% (avg. 0.011%). results from ngs and 
the sanger method demonstrated high concordance (r2 

= 0.77, P<0.0001) at 297 mixed-base positions observed 
in clinical samples. However, among 18 clinical samples, 
four were found to harbor minority drug-resistant pop-
ulations that were not detected in sanger sequencings; 
these mutations were protease M46I in two cases (minor-
ity rates were 1.1% and 3.8%), T215s (1%) in one case, 
and k219r (1.2%) in another case. Further, as all pro-
tease-cleavage sites in the gag, Pol, and nef regions were 
covered by the ngs protocol, their high polymorphisms, 
especially the p2-nc cleavage site (shannon’s entropy: 
4.33) were clarified. 

concLusIons: our new method allows analysis of the 
near-full length HIV-1 genome and viral quasispecies by 
ngs. The new method showed a low error rate and high 
sensitivity in detecting minority drug-resistant variants.
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Background: results from genotypic tropism deter-
mination with geno2pheno[coreceptor] may vary with the 
quality of the input sequences. amplification in triplicate 
prior to sequencing and genotypic tropism determination 
has been advocated as a measure to minimize false r5 
results. The aim of this study is to quantify the effects 
of sanger-sequencing errors in the context of genotypic 
tropism determination.

MeTHods: a dataset of 164 clinical blood samples aris-
ing from routine genotypic tropism determination was 
used to estimate position-wise sanger-sequencing error 
rates. a further dataset containing 67,997 HIV-1 V3 
sequences was obtained from the Los alamos national 
Laboratory database (termed unaltered sequences). From 
each of these sequences, 10 sequences were generated in 
silico by altering the nucleotides according to the estimated 
position-wise error rates (termed sanger-error sequences). 
The unaltered sequences and the sanger-error sequences 
were interpreted with geno2pheno[coreceptor]. We call FPrn 
the lowest false-positive rate (FPr) obtained with the first 
n sanger-error sequences for a certain unaltered sequence. 
FPr shifts were calculated as the difference between the 
FPr of each of the sanger-error sequences and that of 
their unaltered counterparts.

resuLTs: among the FPr shifts, 79% were zero, 11% 
below zero and 10% above zero. as n increases, the prob-
ability that FPrn is lower than FPr1 increases from 0.18 
for n=2 to 0.63 for n=10. applying an FPr cutoff of 10, 
the probability that predicted X4 tropism does not change 
is 0.99 for FPr1 and 1 for FPr3, while the probability that 
predicted r5 tropism does not change is 0.99 for FPr1 
and 0.96 for FPr3. If an FPr cutoff of 20 is applied, the 
probability that predicted X4 tropism does not change is 
0.98 for FPr1 and 1 for FPr3, while the probability that 
predicted r5 tropism does not change is 0.98 for FPr1 
and 0.94 for FPr3.

concLusIons: due to sanger-sequencing errors, gen-
otypic tropism determination in triplicate will tend to 
lower FPr even if the sequence in question did not arise 
from a sample containing an X4 viral population. Hence, 
genotypic tropism determination in triplicate might have 
to be accompanied by a correction for multiple testing.
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BACKGROUND: WHO guidelines recommend a first-
line antiretroviral treatment (ART) regimen combining 
two NRTIs plus one NNRTI in resource-limited set-
tings. Long-term data on secondary resistance are rare in 
HIV-infected patients receiving ART without virological 
monitoring.

METHODS: In 2006, we launched a prospective cohort 
of HIV-1 infected adults initiating ART in three clinics in 
Côte d’Ivoire. Patients had a plasma HIV-1 RNA viral 
load (VL) test every 12 months from ART initiation to 
Month-60 (M60), and HIV-1 resistance genotype tests if 
VL was detectable (≥300 copies/ml).

RESULTS: 971 patients (75% women, median pre-ART 
CD4 count 148/mm3 [IQR 69–228]) started ART with 
stavudine/zidovudine plus lamivudine plus nevirapine/
efavirenz. Before M60, 88 patients died, 101 were referred 
elsewhere, and 129 were lost to follow-up. At M60, 629 
remained in active follow-up with an NNRTI regimen. Of 
them, 556 (88%) had an M60 VL test available, of whom 
163 (29%) had detectable VL. Genotypic resistance tests 
were available for 138 patients (non amplified 22, ampli-
fied 116), and in progress for 25. Resistant viruses to at 
least one antiretroviral drug were found in 83 patients 
(15% [83/556] of those with available VL result, and 
72% [83/116] of those with detectable VL). Of the 83 
resistant strains, 100% were resistant to efavirenz and/
or nevirapine, 83% to 3TC/FTC, 28% to etravirine and 
46% to rilpivirine. Thymidine analogs mutations (TAMs) 
were found in 26%, involving resistance to stavudine in 
25%, zidovudine in 23%, abacavir in 12% and tenofovir 
in 7%.

CONCLUSION: Five years after they started an NNRTI-
containing ART, 71% of patients were in virological suc-
cess, 28% of those with detectable VL still did not har-
bour resistant virus, but 88% of those with resistant virus 
had a virus resisting to at least 2 drugs. These data sug-
gest first, that most patients with failure at M60 should 
have switched regimen much earlier, to prevent the occur-
rence of extended resistance to NRTIs and etravirine; 
second, that almost one third of patients with failure at 
M60 could still benefit from an NNRTI-containing regi-
men, provided that genotypic resistance test is available 
to ensure NNRTI retain activity and that patients benefit 
from intensive adherence reinforcement.
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Detection of drug resistance mutations in infants’ 
DBS by sequencing and point mutation assays 
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L Gwanzura2,3, L Frenkel4,5, D Katzenstein1

1Stanford University, CA, USA  
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Zimbabwe  
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BACKGROUND: HIV-infected infants exposed to nevi-
rapine (NVP) may harbor drug resistance mutations 
(DRM) in proviral DNA, impacting treatment decisions. 
HIV amplicon from dried blood spots (DBS) for early 
infant diagnosis (EID) was assessed by Sanger sequenc-
ing (SS), the oligonucleotide ligation assay (OLA) and 
allele-specific PCR (ASP) to identify DRM among sub-
type C NVP exposed infants. 

METHODS: DBS from 124 HIV infected infants exposed 
to intra and peri-partum, NVP were tested for NVP resist-
ance mutations by a semi-quantitative OLA for Y181C, 
K103N, V106M and G190A and Sanger sequencing. 
Selected samples (38) were further assessed with ASP for 
K103N and Y181C.

RESULTS: NVP DRM were detected by OLA in 48/124 
(39%) of infants’ DNA; Y181C (12%), K103N (11%), 
V106M (4%) and G190A (1.3%). Among 124 samples 
(48 OLA positive and 76 OLA negative) SS confirmed 
DRM in 36/48 (75%), the 12 DRM detected by OLA and 
not SS were present at <20% by OLA. Three V106A iden-
tified by SS were not detected by an OLA probe designed 
for V106M. ASP and OLA showed concordant results 
for 65/76 (88%) of codons tested. ASP did not detect 4 
K103N found mutant by OLA: 3 of them used AAT as 
demonstrated by SS, the other had a double mismatch 
next to the nucleotide of interest. Two indeterminate 
codons and 5 wild-type with OLA have been found at 
levels >2% with ASP.

CONCLUSION: NVP resistance mutations were detected 
by OLA in 39% of selected infected infants exposed to 
NVP which were confirmed in 36/48 (75%) by sequenc-
ing. The ASP and OLA showed a good correlation (85%) 
for K103N and Y181C. Misclassifications were mainly 
due to mismatches between the template and the primers, 

highlighting HIV genetic diversity which may limit sensi-
tivity of PMA. DRM>20% by SS and additional NNRTI 
minority variants were detected only with ASP and OLA 
among NVP exposed infants. Although the clinical rel-
evance of these DRM is controversial, lower cost PMA 
could be used to guide therapy among infants infected 
despite ART.
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In women with no evidence of pre-ART drug 
resistance combining zidovudine with single-dose-
nevirapine (sdNVP) for prevention of mother-
to-child-transmission-of-HIV (pMTCT) increases 
the risk of virologic failure (VF) with later use of 
nevirapine-based ART

LM Frenkel1,2, MH Chung1,3, IA Beck2, 
J McKernan-Mullin2, S Dross2, SR Sakr3, K Tapia1, 
RW Coombs1, J Kiare4 
1University of Washington, Seattle, USA  
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4University of Nairobi, Nairobi, Kenya 

BACKGROUND: Among antiretroviral (ARV)-naive 
and sdNVP-treated women initiating 1st-line-nevirap-
ine-based-combination-ARV-therapy (ART) in Nairobi, 
mutations at reverse transcriptase codons 103 and 190 
were associated with an increased risk of VF. Pre-ART 
resistance accounted for the minority of VF, thus testing of 
plasma and peripheral blood mononuclear cells (PBMC) 
at 2-month intervals was evaluated for early identifica-
tion of VF, to test the hypothesis that NVP-associated 
mutations not detected in the pre-ART specimen would 
be rapidly selected in a subset of sdNVP-treated women. 
 
METHODS: Women with and without a history of sd-
NVP qualifying for ART in 2010 were enrolled and pro-
spectively followed with collection of clinical data and 
blood every two months. VF, defined as plasma HIV 
RNA≥500 c/mL at 12 m ART (Abbott RealTime) was ret-
rospectively assessed over 1-year of ART. HIV-templates 
in plasma and PBMC were retrospectively quantified by a 
real-time assay, and ~200 HIV-templates were submitted 
to a quantitative oligonucleotide-ligation-assay (OLA) 
for K103N, Y181C, M184V, G190A. Pre-ART specimens 
were sequenced (Sanger) for drug-resistance defined by 
Stanford database. 
 
RESULTS: Among 169 subjects, 72 had sdNPV-treatment 
at a median of 401 days, range 17–1,233 prior to ART-
initiation, and 33/72 also had zidovudine +/- lamivudine. 
Pre-ART resistance by OLA was more frequent in plasma 
+/- PBMC of sdNVP-treated vs. ARV-naive: 12/72 (17%) 
vs. 6/97 (6%), P=0.04. Sanger-sequencing detected OLA-
mutants in 15/18, plus zidovudine-associated mutations 
in 3/15. VF was greater in those with vs. without mutants: 
12/18 (67%) vs. 25/151 (17%), P<0.0001. Among those 
without pre-ART resistance, VF by 1-year-ART tended to 
be greater in sdNVP-treated vs. ARV-naive women: 14/60 
(23%) vs. 11/91 (12%), P=0.08; and more sdNVP-treated 

experienced VF by 2-months of ART (P=0.06). Among 
sdNVP-treated without pre-ART resistance, VF by 
2-months of ART occurred more frequently in women 
with a history of peripartum zidovudine vs. no zidovu-
dine (8/30 (27%) vs. 2/30 (7%), P=0.02).

CONCLUSION: Among women with past use of sdNPV, 
but without resistance detected in pre-ART specimens, 
the concomitant use of zidovudine to pMTCT appears 
to account for the increased risk of VF during the 1st-
2-months of NVP-based-ART. This observation supports 
the WHO 2013 Guidelines recommending only ART for 
pMTCT. 
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Prevalence of HIV-1 transmitted drug resistance in 
Liberia
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BACKGROUND: No data on HIV transmitted drug 
resistance (TDR) are available in Liberia where the preva-
lence in the general population is estimated at 1.5%. First 
antiretroviral-based therapy (ART) became available in 
post-conflict setting in 2006, to reach, in 2013, coverage 
of 35% for HIV-infected patients needing ART. The aim 
of the study was to assess the prevalence of TDR in HIV-1 
from recently diagnosed and untreated patients living in 
Monrovia, Liberia.

METHODS: The study was performed in the John F 
Kennedy and in Redemption Hospitals, both located in 
Monrovia. All newly HIV-1 diagnosed patients attending 
voluntary counseling testing centers and naive of ART 
were consecutively included during the month of June 
2013. Protease and reverse transcriptase (RT) regions 
sequencing was performed using the ANRS procedures. 
Drug resistance mutations were identified according to 
the 2009 update WHO surveillance DRM list.

RESULTS: Among the 116 HIV-1-infected patients 
enrolled in the study, 85 (73%) were women, median age 
of the patients was 35 years (IQR=29–42). Median CD4 
cell count and viral load were 238/mm3 (IQR=85–415) 
and 5.84 log10 copies/mL (IQR=5.34–6.48), respectively. 
Protease and RT sequencing was successful in 109 (94%) 
and 102 (88%) samples, respectively. Seventy-five (66%) 
patients were infected with CRF02_AG. Resistance 
analysis showed that at least one DRM was observed 

in six samples, leading to a TDR prevalence of 5.9% 
(CI 95%=1.7–10.1). Drug resistance mutations were 
observed in two (2.0%; CI 95%=0.0–4.7), four (3.9%; 
CI 95%=0.1–7.7) and one (0.9%; CI 95%=0.0–2.7) 
patients for nucleoside RT inhibitors (NRTI), non-NRTI 
(NNRTI), and protease inhibitors (PI), respectively. Over-
all, one patient exhibited dual class-resistant viruses, har-
boring NRTI and NNRTI resistance mutations (1.0%; 
CI 95%=0.0–2.9). Natural polymorphisms at codon 
138 of RT were found in five cases (4.9%; CI 95%=0.7–
9.1), with two E138A, one E138K, one E138G and one 
E138Q. Antiretroviral plasma concentrations were below 
the limit of quantification in all six patients exhibiting 
ART-resistant viruses.

CONCLUSION: This first survey study in Liberia 
reported a TDR prevalence of 5.9%, classified as moder-
ate according to the WHO criteria, indicating that further 
surveillance is warranted to precise the level and evolution 
of TDR prevalence in recently HIV-1 diagnosed patients.
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Surveillance of acquired HIV drug resistance in 
patients receiving antiretroviral therapy at Hopital 
Université d’Etat d’Haiti (HUEH), Port au Prince, Haiti 
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1Laboratoire National de Santé Publique, Port au Prince, Haiti  
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BACKGROUND: In the context of implementation 
of HIV-1 treatment programs on a large scale in Haiti, 
treatment outcomes of HIV patients receiving antiretro-
viral therapy (ART) and acquired HIV-1 drug resistance 
(HIVDR) are scarcely documented.

METHODS: A WHO survey of acquired drug resistance 
was performed at HUEH, Port au Prince, Haiti between 
December 2009 and June 2012. A cohort of 129 people 
initiating first-line therapy was formed. HIVDR genotyp-
ing was performed before initiating ART, and HIV viral 
load (VL) was quantified when treatment was switched to 
second-line or 12 months after ART initiation for people 
remaining on first-line treatment (end point). Genotyping 
was performed on specimens with VL>1,000 copies/ml.

RESULTS: HIVDR genotyping was successful in 117 
(91%) of pre-ART specimens. 13 (11.1%) carried HIVDR 
mutations (6 to NNRTIs, 5 to both NNRTIs and NRTIs 
and 2 to PIs). The prevalence of resistance mutations for 
NRTIs was: 184V (38.5%), 215Y (15.4%), 74I (7.7%) 
and 41L (7.7%); for NNRTIs: 103N (69.2%), 188L 
(23.1%), 225H (7.7%), 190E (7.7%) and for PIs: 46L 
(7.7%), 85V (7.7%).

From 101 available end points specimens (78.3%), VL 
was determined in 93 (92.1%) and 65 (69.9%) had less 
than 1,000 copies/mL of which 52 (55.9%) were below 
20 copies/ml. Among the 26 specimens with VL>1,000 
copies/ml successfully genotyped, 21 (80.8%) carried 
mutations to any drug (5 to NNRTIs, 1 to NRTIs, 12 
to both NNRTIs and NRTIs and 1 to PIs, NNRTIs and 
NRTIs). The prevalence of resistance mutations were for 
NRTIs: 184V (50%), 215Y (9.5%), 70R (9.5%), 65R 
(4.7%) and 67N (4.7%); for NNRTIs: 103N/S (90.5%), 
190A (19%) 225H (9.5%), 181C (9.5%), 188L (4.7%) 
and for PI: 46L (4.7%).

CONCLUSIONS: Our data suggest that even in the post-
earthquake period the WHO-recommended target of hav-
ing at least 70% of people with viral load suppression at 

12 months was achievable in Haiti. However, the accu-
mulation of acquired HIVDR mutations in some patients 
underscores the need to reinforce HIVDR prevention 
strategies, such as increasing the availability and appro-
priate use of VL testing, ensuring high quality adherence 
counseling, and promotion of a nationally representative 
survey of acquired HIVDR.
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High prevalence of L74V/I mutations in Kenyan 
children with virologic failure
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BACKGROUND: Due to limited virologic monitoring 
and genotyping availability, characteristics of HIV drug 
resistance (HIVDR) in children in resource-limited set-
tings (RLS) are poorly understood. Reverse transcriptase 
mutations at position L74, conferring high-level resist-
ance to abacavir, become more relevant as abacavir usage 
in children becomes increasingly widespread.

METHODS: A cross-sectional HIVDR survey of Kenyan 
children aged <15 years on first-line antiretroviral therapy 
(ART) for 12–36 months was conducted at 15 sentinel 
sites selected using a purposive non-probability algorithm 
to ensure nationally representative sampling. Viral load 
(VL) testing was conducted on dried blood spot samples; 
those with ≥1,000 copies/ml were defined as viral failure 
(VF) and genotyped. Mutations were interpreted by Stan-
ford HIVdb algorithm following WHO definitions. Data 
was analyzed using Stata 13.

RESULTS: Of 462 children enrolled, mean age and dura-
tion of ART were 7.0 years and 702 days, respectively. 
Overall, 143 (31%) had VF. Of these, 136 (95%) were 
successfully genotyped and 121 of 136 (89%) had identi-
fied drug resistance mutations (DRMs). Of the children 
with VF who were successfully genotyped, 37 (27%) had 
L74V/I; 35 of them (95%) were on abacavir. The mean 
age and duration on ART for children with L74V/I was 
5.7 years and 737 days, respectively. Of all children on 
abacavir with VF who were genotyped, 35 (44%) had 
L74V/I; this mutation was highly associated with current 
abacavir usage (P=0.0001) for children with VF. No asso-
ciation was found with presence of L74V/I and current 
use of nevirapine, efavirenz, or lopinavir/ritonavir. Of the 
children with L74V/I, 100% also had M184V/I and 92% 
had ≥1 DRM to non-nucleoside reverse transcriptase 
inhibitors.

CONCLUSIONS: L74V/I may be more frequent than 
previously realized; as abacavir is more widely used, 
this proportion may increase. Because of the loss of 
abacavir efficacy with L74V/I and association with mul-
ticlass resistance, programmatic efforts to maximize viral 

suppression, with early recognition of VF and switch to 
second-line ART, will be critical. Continued surveillance 
of both acquired and transmitted HIVDR in children is 
needed.
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High level accumulation of RT resistance mutations 
and increased prevalence of K65R in rural South 
Africa
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3CRP Santé, Luxembourg

BACKGROUND: In resource-limited settings (RLS), the 
roll-out of antiretroviral therapy (cART) has not been met 
by equal expansion of possibilities for treatment monitor-
ing. In a rural clinical setting in South Africa HIV-1 drug-
resistance (HIVDR) genotyping using dried blood spots 
(DBS) in patients experiencing virological failure (VF) 
was implemented.

METHODS: Patients receiving cART were monitored 
by six months/yearly viral load determination and CD4+ 
T-cell count. Once VF (VL HIV-1 RNA>1,000 copies/ml 
after initial suppression <400 copies/ml) was observed, 
DBS samples were prepared by spotting EDTA whole 
blood on filter cards, and shipped to a WHO reference 
laboratory for HIVDR genotyping. Genotypic analy-
sis was performed on either the RT or PROT-RT region 
depending on therapy exposure. Resistance mutations 
were determined according to the 2013 IAS-USA figures.

RESULTS: 229 DBS were received from patients with 
therapy failure, 78% on first line NNRTI-regimens, 19% 
on second line PI-based regimens. Patients were primarily 
female (62%) with mean age of 40 years. Median CD4 
at time of failure was 191 mm3. PCR remained negative 
for 18 DBS (all protocol violations: low or undetectable 
VL, wet cards). Nearly all patients had subtype C virus. 
83% of patients with DBS results had resistance muta-
tions in RT. Patients experiencing first line failure had on 
average 4.2 mutations in RT. 9.8% of patients on second 
line therapy had major PI mutations. 15% of patients 
on second line therapy had no evidence of resistance at 
all. Overall, M184I/V was observed in 75%, K65R in 
33% and K103N/S in 52%. Exposure to tenofovir was 
observed in 91% of patients with K65R, of these 68% 
had no prior history of stavudine-exposure. K65R was 
more frequently observed in recent years which could be 
explained by increased use of tenofovir.

CONCLUSIONS: Infrequent viral load monitoring 
allowed high level accumulation of NRTI and NNRTI-
associated resistance mutations on first line cART. In a 

subset of patients, lack of resistance may indicate unnec-
essary switches to second line. PI-resistance was less 
frequently observed at failure of second line regimens. 
Increased overall use of tenofovir in recent years resulted 
in a higher prevalence of K65R.
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HIV drug resistance in adults in the Kenyan 
National Antiretroviral Therapy (ART) Program: 
pilot surveys at sentinel clinics
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L Nganga1, E Raizes1, the DBS-HIVDR Surveillance 
Study Team
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4Kenya Ministry of Health, Nairobi, Kenya

BACKGROUND: ART in resource-limited settings is 
characterized by limited VL monitoring and restricted 
2nd-line options after 1st-line failures. Understanding drug-
resistance mutation (DRM) prevalence and pattern in 
ART populations has important implications for national 
programs. A cross-sectional survey was conducted to esti-
mate the proportion of adults failing ART and pattern of 
DRMs.

METHODS: 15 ART clinics were selected by a strati-
fied sampling method to ensure ART clinic representa-
tion in Kenya. Two populations were surveyed at each 
clinic: adults (≥15) on ART for 12–15 (S1) and 24–36 
months (S2). Sample size was determined using Lot Qual-
ity Assurance Sampling and each clinic was classified as 
having high or low viral suppression (VS) level. DBS were 
collected in April–August, 2013 and tested for VL. Speci-
mens with VL≥1,000 copies/ml were defined as virologic 
failure (VF) and genotyped.

RESULTS: DBS were collected from 438 and 468 
adults in S1 and S2, respectively. VF was 11.0% (95% 
CI, 7.3–16.2) in S1 and 11.3% (95% CI, 7.2–17.3) in 
S2. 13/15 (>85%) clinics in S1 and 14/15 (>80%) clin-
ics in S2 achieved high level VS. 92.3% samples with VF 
were genotyped and 88.9% (95% CI, 78.3–94.7) in S1 
and 93.5% (95% CI, 81.7–97.9) in S2 had ≥1 DRMs. 
NNRTI-associated DRMs were detected in 88.9% (95% 
CI, 78.3–94.7) and 93.5% (95% CI, 81.7–97.9), while 
both NRTI and NNRTI-associated DRMs were detected 
in 77.8% (95% CI, 67.6–85.4) and 84.8% (95% CI, 
71.4–92.6) in S1 and S2 samples. The common DRMs 
were M184V/I (75.6% and 84.8%), K103N/S (42.2% 
and 39.1%), Y181C/I/V (42.2% and 34.8%), G190A/S 
(26.7% and 34.8%) and K65R (51.1% and 26.1%) in S1 
and S2. Of those failing TDF-based regimens, K65R was 
found in 61.8% (95%CI, 46.6–75.0%). Of the 34 VFs on 

TDF with K65R, 100% had ≥1 NNRTI-resistance DRMs 
and 97.1% had M184V.

CONCLUSIONS: This survey demonstrated that VS was 
high in adults on ART for both 12–15 and 24–36-months 
and the prevalence of ≥1 DRMs in those with VF was 
higher than anticipated. These findings suggest that VF 
patients after 12 months on ART are unlikely to achieve 
VS through improved adherence, unless switching to 
WHO-recommended 2nd-lines. This survey is one of the 
first attempts to estimate national level VS and HIVDR 
in ART adults using cross-sectional surveys and supports 
the need for ongoing surveillance for HIVDR.
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HIV diversity and drug resistance from plasma and 
non-plasma analytes in a large treatment program 
in western Kenya 

R Kantor1, A DeLong1, M Balamane1, L Schreier1, 
RM Lloyd2, W Injera3,4, L Kamle4, F Mambo4, 
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BACKGROUND: Antiretroviral resistance can lead to 
treatment failure and resistance transmission. Transmit-
ted and acquired resistance data in western Kenya are 
limited. Collection of non-plasma analytes may provide 
additional resistance information. 

METHODS: We assessed HIV diversity using the REGA 
tool, transmitted resistance by WHO surveillance resist-
ance mutations list, and acquired resistance upon 1st-
line NNRTI-based failure by the IAS-USA mutation list, 
at the Academic Model Providing Access to Healthcare 
(AMPATH), a major treatment program in western Kenya. 
Plasma and four non-plasma analytes: dried blood-spots 
(DBS), dried plasma-spots (DPS), ViveSTTM-plasma (STP) 
and ViveST-blood (STB), were compared to identify viral 
diversity and evaluate concordance of resistance-related 
and non-related mutations. 

RESULTS: Among 122 enrolled patients, 62 were treat-
ment-naive and 60 treatment-experienced, 61% female, 
median age 35 years, median CD4 182 cells/µl, median 
viral load 4.6 log10 copies/mL. 196 sequences were avail-
able for 107/122 (88%) patients, 58/62 (94%) treatment-
naive and 49/60 (82%) treated; 100/122 (82%) plasma, 
37/78 (47%) DBS, 16/45 (36%) DPS, 35/46 (76%) STP 
and 5/44 (11%) STB. Main subtypes were A (62%), D 
(15%) and C (6%). Resistance in naives was seen in 1.8% 
of plasma sequences, and 7% combining analytes. Plasma 
virus resistance was identified in 91% of treated patients; 
76% NRTI, 91% NNRTI; 76% dual-class; 47% with ≥5 
mutations; 60% with intermediate or high-level predicted 
resistance to future options, with novel mutation co-
occurrence patterns. 88% of plasma mutations were also 
identified in DBS, 89% in DPS and 94% in STP. Of 23 
discordant resistance mutations, mixtures made up 92% 
of those in plasma only and 60% of those in non-plasma 
analytes. Median whole sequence discordance was 0.93% 

for plasma-DBS, 1.31% for plasma-DPS, 1.45% for 
plasma-STB and 1.41% for plasma-STP. Of 23 plasma-
STP differences at non-resistance positions, only one was 
identified in plasma and 22 in STP (P<0.05). 

CONCLUSIONS: In a large treatment program in west-
ern Kenya we report high HIV-1 subtype diversity; low 
transmitted resistance in plasma, that increased when 
multiple analytes were combined; and high acquired 
resistance, with unique mutation patterns upon first-
line failure. Resistance surveillance may be augmented 
through the use of non-plasma analytes for lower-cost 
genotyping in resource limited settings. 
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Allele-specific polymerase chain reaction (ASPCR) to 
detect the K65R mutation in minor variants of HIV-1 
subtype C in treated patients not receiving TDF

S Maharaj1, R Paredes2, H Sunpath1, DR Kuritzkes3, 
VC Marconi4, M Gordon1

1Nelson R Mandela School of Medicine, University of KwaZulu-
Natal, KwaZulu-Natal, South Africa  
2irsiCaixaAIDS Research Institute, Catalonia, Spain  
3Division of Infectious Diseases, Brigham and Women’s Hospital, 
Harvard Medical School, Massachusetts, USA  
4Emory University School of Medicine, Georgia, USA

BACKGROUND: The WHO has recommended tenofovir 
disoproxil fumarate (TDF) as one of the preferred first-
line antiretrovirals and it was introduced into the South 
African National Guidelines in 2010. However, exposure 
to TDF can result in the development of the K65R resist-
ance mutation, more commonly in subtype C viruses, due 
to the unique polymorphisms found at codon 64, 65 and 
66 (which are not present in subtype B). This study inves-
tigated the prevalence of K65R in the minor viral popu-
lation (i.e <20%), using allele-specific PCR (ASPCR), in 
patients that did not receive TDF. 

METHODS: RNA was extracted from stored plasma 
samples from a subset of participants in the SA Resist-
ance Cohort Study (SARCS) which ended enrollment in 
2006, prior to the introduction of TDF. RNA was reverse 
transcribed using one-step RT-PCR (Invitrogen). ASPCR 
was performed using SYBR Green and specific and non-
specific primers for the K65R mutation. A standard curve 
was generated, using a mutant plasmid control, to per-
form an absolute quantification. Subsequently, the per-
centage of the mutation (in each sample) was calculated 
by dividing the quantity of mutant sequences in the sam-
ple by the quantity of total viral sequences in the sample 
and multiplying this ratio by 100.

RESULTS: The limit of detection (LOD) of the ASPCR 
was 0.72%. Of the 84 patients that were assayed, the 
K65R mutation was detected in 7 (8.33%) of partici-
pants. Five samples were detected above 1% (i.e 3 were 
approximately 2%, 1 was 9.48% and 1 was 100%) and 
2 were detected below 1% (i.e 1 was 0.88% and the other 
was 0.93%). In the SARCS, the prevalence of this muta-
tion was reported to be 1.7% by Sanger sequencing. These 
results suggest that there is a high prevalence of the K65R 
mutation in the minority variants of TDF-naive patients.

CONCLUSION: Minority K65R mutations could impact 
on future TDF containing ARV regimens. Therefore, more 

sensitive assays such as ASPCR should be considered in 
order to screen for this mutation before starting a TDF-
based regimen.
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One year of first-line ART in rural Cameroon: the 
majority of therapy failures is associated with the 
appearance of drug resistance mutations which 
were not present prior to ART

KJ Metzner1, T Feldt2,3, J Jochum4, R Hammerl2, 
N Nassimi2, R Yurika5, GD Burchard2, S Schmiedel4, 
J van Lunzen4, JF Drexler6, NK Campbell1, N Taka5, 
C Awasom5, A Zoufaly4

1Division of Infectious Diseases and Hospital Epidemiology, 
University Hospital Zurich, University of Zurich, Switzerland  
2Department of Clinical Tropical Medicine, Bernhard Nocht Institute 
for Tropical Medicine, Hamburg, Germany  
3Department for Tropical Medicine and Infectious Diseases, 
University of Duesseldorf, Germany  
4Department of Medicine I, Infectious Diseases Unit, University 
Medical Center Hamburg-Eppendorf, Germany  
5Bamenda Regional Hospital, Cameroon  
6Institute for Virology, University of Bonn, Germany

BACKGROUND: Surveillance of antiretroviral treatment 
(ART) outcome is essential in resource limited settings in 
order to timely detect therapy failure. Here, we performed 
a prospective study to investigate the success of first-line 
ART in rural Cameroon and the risk factors associated 
with therapy failure.

METHODS: In one HIV treatment centre, 300 patients 
received first-line ART mainly containing 2 NRTIs plus 
one NNRTI and were followed-up for 12 months. HIV-1 
drug resistance testing by population sequencing (GRT) 
was performed in ART-failing patients with viral load 
(VL) >1,000 copies/ml plasma. In those and in matched 
non-failing patients, pre-ART plasma samples were ana-
lysed using a HIV-1 drug resistance test based on next-
generation sequencing (GRT-NGS). Furthermore, plasma 
drug levels were determined at month 6 and 12.

RESULTS: Patients were enrolled in 2009–2010, 71% 
were female. Median baseline VL was 5.4 (IQR 5.0–
5.8) log10 copies/ml. At month 12, 30 (10%) patients 
deceased and 32 (10.7%) patients were lost to follow-
up. VL was undetectable (<200 copies/ml) in 191/238 
(80.3%). At failure, GRT was successfully performed in 
38 patients of whom 11 (28.9%) harboured no NNRTI 
nor NRTI resistance mutations, 1 (2.6%) harboured 
NRTI-, 7 (18.4%) NNRTI-, and 19 (50.0%) both NRTI 
and NNRTI resistance mutations. The M184V mutation 
was the most frequently detected NRTI mutation (n=18) 
followed by TAMs (n=5) and multi-NRTI resistance 
mutations (n=4). The most commonly observed NNRTI 
resistance mutations were K103N (n=10), Y181C (n=7), 

and G190A (n=6). Prior to first-line ART, sensitive GRT-
NGS detected no majority but 1–2 minority HIV-1 drug 
resistance mutations/patient in 6/30 (20%) ART-failing- 
and in 6/35 (17.1%) non-failing patients (P=1) in fre-
quencies of 1–17.9%. Subtherapeutic plasma drug levels 
were detected in 24/38 (63.2%) ART-failing- and in 7/38 
(18.4%) non-failing patients (P<0.001) at month 12.

CONCLUSION: After one year of first-line ART in rural 
Cameroon, high rates of ART failure were observed, 
which were associated with low plasma drug levels rather 
than transmitted drug resistance mutations. The high rate 
of NRTI/NNRTI double mutations severely compro-
mise second-line ART options in this setting. Strategies 
to assure adherence and uninterrupted drug supply are 
pivotal factors for therapy success.
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Determinants of ART failure in HIV-1-infected 
adults in a semi-rural setting in Mozambique

M Rupérez1,2, C Pou3, S Cedeño3, S Maculuve1, 
J Rodriguez3, E Letang2,4, J Moltó5, E Macete1, 
C Menéndez1,2, D Naniche1,2, R Paredes3,5 
1Manhiça Health Research Center (CISM), Manhiça, Maputo, 
Mozambique 
2Barcelona Centre for International Health Research (CRESIB, 
Hospital Clínic-Universitat de Barcelona) Barcelona, Spain 
3IrsiCaixa AIDS Research Institute, Badalona, Catalonia, Spain 
4Swiss Tropical and Public Health Institute (Swiss TPH), Basel, 
Switzerland 
5HIV Unit, Fund Lluita contra la SIDA, Hosp Univ Germans Trias i 
Pujol, Badalona, Catalonia, Spain

BACKGROUND:  Provision of antiretroviral therapy 
(ART) following a public health approach has success-
fully increased ART coverage and reduced HIV-1-associ-
ated mortality and transmission in resource-limited set-
tings (RLS). Absence of HIV-1 RNA (VL) monitoring, 
however, may delay diagnosis of virological failure and 
foster the emergence of HIV drug resistance (HIVDR). 
In settings with limited ART monitoring options, surveil-
lance of HIVDR and understanding of which factors are 
associated with loss of ART efficacy are important to 
guide clinical decisions and public health policies. 

METHODS: We conducted a cross-sectional study on 
HIV-1-infected adults on first-line ART for at least 1 year 
attending routine visits in the Manhiça District Hospital, 
a semi-rural area in southern Mozambique with no VL 
monitoring available. Socio-demographic, clinical and 
ART-related data were recorded and (limit of detection 
150 c/mL) and CD4+ T-cell count were quantified for all 
subjects. Nevirapine (NVP) plasma concentrations and 
genotypic HIVDR testing were performed in randomly 
selected samples of subjects receiving NVP regimes and 
in all subjects with detectable VL respectively. Variables 
associated with detectable VL and HIVDR were assessed 
using multivariate logistic regression models.

RESULTS: We recruited 334 subjects, 70% females, with 
median age 39 years, a median of 3 years on ART; 96% 
receiving NVP. Overall, 118 (35%) subjects had detect-
able viremia; 37 (11 %) with VL≤1,000 c/mL and 81 
(24 %) with VL>1,000 c/mL. Nevirapine was in sub-ther-
apeutic concentrations in 9 out of 103 subjects (8.7%), 
8 with VL>1,000 c/mL. Fifty-four subjects (75.0%), all 
with VL>1,000 c/mL, presented at least one HIVDR 
mutation; 49 (68.1%) had high-level dual NRTI and 
NNRTI resistance. Factors associated with detectable 

viremia were having any referred symptoms at the time of 
survey (OR 2.01, 95% CI 1.2–3.4, P=0.01), an estimated 
low adherence (OR 2.26, 95% CI 1.1–4.5, P=0.02) and 
lack of schooling (OR 1.78, 95% CI 1.0–3.1, P=0.04). 
Literacy was inversely associated with HIVDR (OR 0.24, 
95% CI 0.66–0.89, P=0.033). 

CONCLUSIONS: Early detection of virological failure 
in RLS prevents the emergence and accumulation of 
HIVDR. Efforts to maximize ART efficacy in this setting 
should include the implementation of virological moni-
toring, intensifying adherence support programs and 
strengthening schooling and education.

Resource_limited.indd   96 14/05/2014   12:19:08



Berlin, Germany, 3–7 June 2014

International Workshop on Antiviral Drug Resistance: Meeting the Global Challenge A97

AbstrAct 61
Antiviral Therapy 2014; 19 suppl 1:A97

Prevalence of next generation NNRTI’s associated 
mutations in Mozambique

DC Bila1,2, C Abreu2, L Bullousa2, VI Jani1, N Ismael1, 
A Tanuri2

1Instituto Nacional de Saúde de Moçambique 
2Universidade Federal do Rio de Janeiro

BACKGROUND: In Mozambique HAART is provided 
based on WHO guidelines for treating HIV infected peo-
ple. First-generation nonnucleoside reverse transcriptase 
inhibitors (NNRTIs), nevirapine (NVP) and efavirenz 
(EFV) are used in first-line regimens. Mutations K101E/P, 
K103N, Y181C/I, Y188L and M230L are commonly seen 
in patients receiving these drugs. With increasing cover-
age of HAART, low-adherence and significant lost to 
follow-up (LTFU) the prevalence of resistant associated 
mutations (RAMs) to these NNRTIs is likely to increase. 
The prevalence of second-generation NNRTI RAMs 
was evaluated in sequences from treated and untreated 
individuals.

METHODS: A total of 197 sequences were analyzed 
from recently infected (n=112), chronic infected pre-
treated (n=68) and individuals failing treatment (n=17). 
All sequences were homogeneous for the first 234 amino 
acids and clustered with subtype C reference sequences. 
Analysis of drug resistance mutations was performed 
using the Stanford Drug Resistance Database. Prevalence 
of etravirine (ETR) and rilpivirine (RPV) RAMs, were 
evaluated in each group and drug susceptibility for HIV-1 
sequences from treated patients was predicted using Stan-
ford algorithm, version 6.2.0. 

RESULTS: Low prevalence of NVP and EFV RAMs 
was seen in recently infected individuals (2.7%), where 
mutations K103N and K101E were observed. Higher 
prevalence (15.2%) of second-generation NNRTI RAM 
E138A was seen. Same trend was seen, in pre-treated 
individuals where RAMs associated with first-generation 
NNRTIs only were observed [L100V (2.9%), K103N 
(4.5%)]. Low prevalence of two of the fifteen mutations 
associated to RPV and ETR resistance was seen [Y181C 
(1.5%) and V179D (3.0%)] whereas prevalence above 
5% was seen for E138A/G/K and M230L, 10.4% and 
5.9%, respectively. In treated patients the prevalence of 
first-generation RAMs ranged from 11.8%–47.1%. The 
most prevalent RAM was G190A (47.1%) followed 
by K103N and Y181C (29.4%). Limited susceptibility 
to first-generation NNRTIs (18.8%) was seen, whereas 
high-level resistance to second-generation NNRTIs was 
not observed. Nonetheless, 75% of these sequences 

showed potential low-level to intermediate resistance to 
RPV and ETR. 

CONCLUSION: Low prevalence of RPV and ETR RAMs 
in recently and pre-treated individuals suggests that 
both drugs would be effective to use as part of first-line 
HAART. In the absence of genotyping test in the country, 
cautious use of these drugs in patients failing first-gener-
ation NNRTIs is recommended, as potential low-level to 
intermediate resistance was observed.
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Response to salvage antiretroviral therapy in 
treatment-experienced patients according to 
number of active antiretroviral agents

P Castañeda1, J Calva1, C Agudelo1, LE Soto-Ramirez1

1Instituto Nacional de Ciencias Médicas y Nutrición “Salvador 
Zubirán”, Mexico City, Mexico

OBJECTIVE: To compare the efficacy of salvage antiret-
roviral therapy (ART) combinations with 3 fully active 
agents (FAA) versus regimens with less than 3 FAA (at 
least 2 FAA).

METHOD: We conducted a retrospective cohort study. 
Treatment-experienced adult patients with virological 
failure to at least 2 antiretroviral (ARV) combinations, on 
stable salvage ART with viral load (VL) >50 copies per 
mL and documented genotypic resistance assay prior to 
the start of the salvage treatment were included. Patients 
were divided in 2 major groups according to the number 
of FAA of the salvage regimen. Fully activity of an ARV 
drug was considered when the Stanford University HIV 
drug resistance database score was 30 or less. Group A 
cases were treated with 3 FAA, and group B with less than 
3 FAA in the salvage ART (at least 2 FAA). End points 
were the proportion of patients with undetectable VL 
after the start of the salvage ART and the change from 
the basal CD4 cell-count, both at 24 and 48 weeks.

RESULTS: We evaluated 313 patients, 137 patients in 
group A and 176 in group B. The mean of basal VL was 
98,393 (±sd 179,957) copies per mL and the mean basal 
CD4 count was 239 (±sd 212) for group A and 75,797 
(±sd 125,322) copies per mL and 260 (±sd 219) cells per 
mL respectively for group B. By week 24, 79.6% (86/108) 
and 80.7% (113/140) of the patients in group A and B 
respectively achieved undetectable VL with no significant 
difference (P=0.96 RR 0.93 IC 95% (0.5–1.75)). By week 
48, 88.5% (85/96) and 87.4% (111/127) of the patients 
in groups A and B respectively achieved undetectable VL 
with no significant difference (P=0.96 RR 1.11 IC 95% 
(0.49–2.52)). By week 24 and 48, there were no signifi-
cant difference on CD4 cell-counts in relation to baseline.

CONCLUSIONS: There was no significant difference 
in the proportion of undetectable VL nor in the gain of 
CD4+ cells between ARV-experienced patients treated 
with combinations with 3 and less than 3 (at least 2) fully 
active ARV agents at week 24 and 48. Longer follow-up 
is needed to make any recommendation.
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Prevalence of HIV drug resistance mutations in 
a cohort of Ugandan adults prior to initiation of 
anti-retroviral therapy 
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A Ruberantwari1, J Asio1, N Namuwenge3, P Kaleebu1,2 
1Uganda Virus Research Institute, Entebbe, Uganda  
2MRC/UVRI Research Unit on AIDS, Entebbe, Uganda  
3Ministry of Health, Kampala, Uganda 

OBJECTIVE: To describe the prevalence of HIV drug 
resistance (HIVDR) among adults prior to antiretroviral 
therapy (ART) initiation at three HIV treatment sites in 
Uganda.

DESIGN: A cross-sectional study among HIV-infected 
patients eligible to start standard first-line triple ART for 
the first time.

METHODS: Between March and July 2012, a total of 
425 ART eligible adults ≥18 years were consecutively 
enrolled at three HIV treatment sites, prior to ART ini-
tiation. After consenting, 10 ml of venous blood was 
obtained from each patient, processed and stored in liq-
uid nitrogen within 4 hours of collection at the field sta-
tion. Frozen plasma was later transferred to the national 
reference laboratory for HIVDR where plasma viral load 
(plasma VL) determination and HIVDR genotyping of 
PR and RT regions for samples with VL>1,000 copies/
ml were done.

Data abstraction from clinic held records was done for 
socio-demographic variables, past ART exposure, ART 
regimen prescribed, ART initiation date, CD4 T-cell count 
and WHO clinical staging for each patient.

RESULTS: The median age was 33.3 years (IQR: 28–40) 
and 66.6% were female. Median CD4 T-cell count was 206 
cells/µl (95% CI: 186–224) and baseline HIV-1 plasma 
VL was 129,642 copies/ml (95% CI: 113,279–154,567). 

Six patients had plasma VL<1,000 copies/ml. Genotype 
results were obtained for 409 (96.2%) of 425 partici-
pants. Preliminary Drug Resistance Mutation (DRM) 
results show an overall prevalence of 4.4%: 0.8% had 
protease inhibitor (PI), 1.8% nucleoside reverse tran-
scriptase inhibitor (NRTI)s, 3.6% non-nucleoside reverse 
transcriptase inhibitors (NNRTI)s and 1.3% had both 
NRTIs and NNRTI mutations. One of three patients with 
PI associated mutations had the L90M mutation, four of 
eight with NRTI mutations had M184V and six of 15 
with NNRTI mutations had the K103N mutation.

CONCLUSION: The predominance of NNRTI muta-
tions is probably due to widespread use of NNRTIs in 
both first-line ART and PMTCT regimens. The presence 
of HIV DRMs could be due to undisclosed ART exposure 
especially the PIs or transmission of drug resistant virus 
strains during infection. In order to prevent treatment 
failure and improve health outcomes drug exposures of 
HIV positive persons should be determined before initiat-
ing therapy at treatment centres. 
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PI mutations and polymorphisms in HIV subtype 
AE by deep sequencing in ART-naive subjects from 
Hunan Province, China
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1Hunan Provincial Center for Disease Control and Prevention, Hunan 
Province, China  
2Yale-China Association  
3UCLA School of Nursing, Los Angeles, CA, USA  
4Central South University, Hunan Province, China  
5Yale University School of Medicine, New Haven, CT, USA

BACKGROUND: In Hunan Province, 6,600 HIV-infected 
patients have received free ART. Prior to 2012, first-line 
ART consisted of 2 NRTIs+NNRTI. Boosted protease 
inhibitors (PI/r) have been used infrequently in Hunan. 
We recently documented NRTI/NNRTI transmitted drug 
resistance (TDR) in Hunan. Given the presence of NRTI/
NNRTI TDRs, PI/r use may increase. HIV subtype AE 
predominates in Hunan, but data on the prevalence of 
low frequency HIV variants with PI resistance mutations 
among this subtype are limited. 

OBJECTIVE: Determine the prevalence of WHO TDR 
and Stanford.hivdb.edu PI resistance mutations in ART-
naive subjects using deep sequencing (DS).

METHODS: ART-naive subjects diagnosed in Hunan 
between 2010–2011 were evaluated by DS (454-Roche) 
for low-frequency variants to >1% levels possessing 
WHO TDRs and Stanford.hivdb.edu PI resistance muta-
tions with an algorithm value ≥15. DS average read depth 
6,790 (IQR 3,356–9,152).

RESULTS: PI DS was successful with 87/90 (96.7%) 
unique ART-naive subjects (female 27.8%; heterosexual 
62.2%, IDU 25.6%, MSM 11.1%, unreported 1.1%): 
82% were subtype AE, 18% (B, C, & G). 24 (27.6%) 
subjects had either a WHO TDR or Stanford.hivdb.
edu PI mutation (algorithm value ≥15). 17 (19.5%) had 
WHO PI TDRs at levels >1%: V32I, M46I, I47V, G48V, 
I50V, F53L, I54T, Q58E, and V82T/A (variant range 1.04 
to 4.6%). Stanford.hivdb.edu PI mutations were identi-
fied in 18 subjects (20.7%) (variant range 1.1 to 99.8%). 
The most frequent and highest variant level identified was 
T74S in 10 subjects (9/10 AE); T74S has a value of 15 only 
for nelfinavir. TDRs were interpreted by Stanford.hivdb.
edu, 8 (9.2%) subjects had intermediate or high-level PI 
resistance; 2 (2.3%) subjects had multiple PI mutations. 
Sanger sequencing identified 3 additional subjects with 
WHO PI TDRs (I50I/V, I54I/T, N88D/N). 

CONCLUSIONS: DS of ART-naive individuals infected 
with primarily AE subtype in Hunan Province China 
revealed that PI TDR mutations were identified fre-
quently, but were found in isolation and at low variant 
frequency. As PI/r use is uncommon in Hunan, the exist-
ence of these PI TDRs likely represent AE subtype natu-
ral polymorphism at low-level variant frequency. Further 
studies are needed to better understand the prevalence of 
low-frequency variants possessing resistance mutations 
in AE subtype to better inform resistance algorithms and 
epidemiologic investigations.
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Demonstrating the utility of dried blood spots for 
national surveillance of acquired HIVDR in Kenya

G Zhang1, J DeVos1, S Medina-Moreno2, N Wagar1, 
K Diallo1, RS Beard1, D Zheng1, E Raizes1, C Yang1, 
DBS-HIVDR Surveillance Study Team
1Centers for Disease Control and Prevention, Atlanta, GA, USA 
2University of Maryland School of Medicine, Baltimore, MD, USA

BACKGROUND: Surveillance of virologic suppression 
and emergence of HIV drug resistance (HIVDR) is critical 
to ensuring the durable success of antiretroviral therapy 
(ART) programs. Due to the concern of reduced geno-
typing sensitivity of HIV with dried blood spots (DBS), 
WHO recommends that DBS for HIVDR surveillance be 
limited to ART-naive populations. To demonstrate that 
DBS under certain conditions may also be a suitable sam-
ple type for ART patients, we piloted a national survey 
for viral load (VL) and acquired-HIVDR among ART 
patients using DBS. 

METHODOLOGY: At 15 ART clinics, venous blood 
was collected to prepare DBS from ART patients, who 
had been receiving treatment between 12–36 months. The 
DBS were stored at ambient temperature before being 
transported biweekly by routine courier services from the 
clinics and delivered to a storage facility in Nairobi where 
the DBS were stored frozen at -80°C. Upon the comple-
tion of participant enrollment, DBS were shipped at ambi-
ent temperature to a WHO Specialized DR Laboratory at 
CDC in Atlanta for processing. VL was determined using 
NucliSENS EasyQ® HIV-1 v2.0 kits; for those DBS with 
a VL≥1,000 copies/mL, DR genotyping was performed 
using the ATCC HIV-1 Pan-Group M kits.

RESULTS: From April to August, 2013, 906 adult and 
462 pediatric HIV-infected ART patients were consecu-
tively enrolled. Viral load testing was successful; only 
one pediatric DBS had an invalid result. The overall 
genotyping rate was 92.7%. Of the DBS with VL≥1,000 
copies/mL, 90.1% (95% CI: 82.7%–94.5%) and 95.1% 
(90.2%–97.6%) were successfully genotyped for HIVDR 
mutations among adult and pediatric patients, respec-
tively. The genotyping rate for DBS with VL between 
1,000 and 5,000 copies/mL was 80.0%, and 98.3% for 
those with a VL>5,000 copies/mL. 

CONCLUSIONS: This is the first study to demonstrate 
the utility of DBS for national surveillance of acquired 
HIVDR in ART-adult and -pediatric populations when 
a proper combination of VL and genotyping assays is 
used. The study confirms that DBS collected and stored 

at ambient temperature for two weeks, and shipped with 
routine courier services is a viable specimen type for 
large-scale surveillance of acquired HIVDR.
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Mericitabine and sofosbuvir are potent pan-
serotypic inhibitors of Dengue virus

GR Bluemling1, MT Saindane1, MA Lockwood1, 
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A Katkam1, JR Marengo1, GP Reddy1, AA Kolykhalov1, 
RF Arrendale1, MG Natchus1, GR Painter1,2, 
A De La Rosa1,2

1The Emory Institute for Drug Development (EIDD), Emory 
University, Atlanta, GA, USA 
2Drug Innovation Ventures at Emory, LLC (DRIVE), Atlanta, GA, USA

BACKGROUND: Dengue virus is a leading cause of ill-
ness and death in the tropics/subtropics with as many as 
400 million people infected yearly. Currently, there are no 
vaccines or medications specifically to treat the disease. 
Ribonucleoside analogs modified at the 2′-b-position 
or the 4′-a-position have been reported as being potent 
inhibitors of Dengue virus replication but were found to 
be toxic or were not clinically efficacious. In continuing 
our efforts to identify ribonucleoside analogs that target 
the Dengue RNA-dependent RNA polymerase (RdRp), 
we reinvestigated mericitabine and sofosbuvir which ear-
lier reports indicated lacked anti-Dengue activity in cell 
models of infection. The lack of observed antiviral activity 
seen with mericitabine and sofosbuvir is likely a result of 
poor metabolic/anabolic activation of the ribonucleoside 
analogs to their corresponding 5′-triphosphates in cell 
lines used in infectious Dengue models. To overcome this 
activation blockade and ensure the generation of analog 
5′-triphosphate, we utilized Huh-7 cells in our infectious 
Dengue assay to assess the anti-Dengue activity of meric-
itabine and sofosbuvir. 

METHODS: Huh-7 cells infected with Dengue virus 
were incubated for six days with compounds. The effi-
cacy and cytotoxicity of each compound was measured 
by staining test plates with the tetrazolium dye XTT 
and taking spectrophotometric readings at 450/650 nm. 
Dengue 2 RdRp domain was expressed in E. Coli and 
purified by affinity chromatography. A non-radioactive 
variant of a primer-extension assay was established and 
used to determine inhibitory activity (IC50) of nucleotide 
5′-triphosphates. Concentrations of parent compounds 
and their metabolites were determined in lysates from cell 
incubations with sensitive and selective LC/MS/MS assay 
methods using an internal standard spiking technique. 
Pharmacokinetic parameters (Tmax, Cmax, AUC) were 
estimated from these concentration vs. time data using 
Phoenix®WinNonlin® 6.3.

RESULTS: Mericitabine displayed EC50 values =1.69–14.9 
mM against Dengue virus serotypes 1–4 while sofosbuvir 
showed potent activity (EC50=1.57–2.46 mM) against all 
Dengue virus serotypes in Huh-7 cells.

CONCLUSIONS: Mericitabine and sofosbuvir showed 
potent cell line-dependent, pan-serotypic, antiviral activ-
ity in tissue culture. Studies to select for resistance muta-
tions and to define the biochemical parameters of Dengue 
virus RdRp inhibition by 5′-triphosphate nucleotide ana-
logs are ongoing.
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Naturally occurring drug related mutations to 
inhibitors targeting the NS3/4A, NS5B and NS5A 
regions in HCV 1b carriers in Israel: are they 
affecting therapy? 

O Mor1, Y Gozlan1, O Peleg2, E Mendelson1, Y Sandak3, 
A Hassid3, K Tsaraf3, E Weizmann3, Z Ben Ari3

1Central Virology Laboratory, Ministry of Health, Sheba Medical 
Center, Israel  
2Genaphora, Rehovot, Israel  
3Liver Disease Center, Sheba Medical Center, Israel 

BACKGROUND: The first direct acting antivirals (DAAs) 
boceprevir and telaprevir have been recently approved in 
Israel. Other DAAs targeting the NS3/4A protease, the 
NS5B polymerase and the NS5A protein are being evalu-
ated in Phase III clinical trials. Though resistance muta-
tions to these drug classes have been identified, the impact 
of naturally occurring baseline mutations on treatment 
success is questionable. We have studied the prevalence 
of resistance associated mutations and polymorphisms 
in naive patients and have followed these patients while 
treated with various DAAs.

METHODS: Baseline HCV sequencing was performed in 
33 Israeli HCV 1b DAA naive carriers. Baseline NS3/4A 
sequences were analyzed in a subset of 31 patients receiv-
ing treatment targeting the HCV protease including 
either telaprevir, boceprevir, MK-5172 or ABT-450. Base-
line NS5B sequences were analyzed in 12 of the patients 
receiving treatments including ABT-333 and NS5A 
sequences were assessed in 15 of these patients, receiving 
treatments including daclatasvir, MK-8742 or ABT-267. 
Geno2Pheno tool and the IAS-USA 2012 resistance muta-
tions list were used for interpretation of the results.

RESULTS: Geno2Pheno identified 27 HCV carriers 
(82%) carrying amino acid substitutions possibly associ-
ated with resistance while only 4 (12 %) individuals were 
classified as carrying resistance mutations according to 
IAS-USA 2012. No baseline NS5B mutations were iden-
tified in the 12 patients receiving polymerase inhibitors. 
117H (23%, 7/31) and 132V (68%, 21/31) possibly con-
ferring resistance to telaprevir or boceprevir (according 
to Geno2Pheno) were identified in the NS3/4A protease. 
30R (100%, 15/15), 93H (20%, 3/15), 31M, 58A and 
58S (each in 7%, 1/15) were identified by Geno2Pheno 
in NS5A, of which only 93H and 31M are regarded as 
drug resistance by IAS-USA. Multiple polymorphisms not 
associated with drug resistance were also observed. All 
patients included in this study have responded well to 
the various treatments. 12 weeks SVR has already been 

obtained in 19 (58%) of these patients and no cases of 
viral breakthrough have been observed. 

CONCLUSIONS: None of the baseline mutations identi-
fied affected treatment with the various drug combina-
tions used in this study. The relevance and impact of these 
baseline resistance mutations for successful HCV 1b com-
bination treatment needs to be revisited. 
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Re-treatment of hepatitis C virus genotype 1 
infected patients with telaprevir-based triple 
therapy after telaprevir exposure in Phase 1 
studies: deep sequencing analysis for persistence of 
resistant variants
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G Lawyer2, A Ghys4, V Van Eygen4, J Witek5, 
S De Meyer4, C Sarrazin1

1Johann Wolfgang Goethe University Medical Center, Frankfurt am 
Main, Germany 
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3Academic Medical Center, Amsterdam, the Netherlands 
4Janssen Infectious Diseases, Beerse, Belgium 
5Janssen Research & Development LLC, NJ, USA

BACKGROUND: The hepatitis C virus (HCV) NS3 
protease inhibitor telaprevir (TVR) is approved in com-
bination with peginterferon alfa (PEG-IFN) and ribavi-
rin (RBV) for the treatment of genotype 1 chronic HCV 
infection. The potential for persistence of HCV NS3 pro-
tease-resistant variants after failure to TVR exposure and 
re-selection during a second TVR-containing therapy is 
unknown. 

METHODS: Nine patients who received 14 days TVR 
monotherapy were re-treated with TVR-based triple ther-
apy. In four patients without sustained virologic response 
(non-response or relapse to previous PEG-IFN/RBV), 
deep sequence analysis (454 GS FLX platform) of the 
NS3 protease gene was performed on samples collected 
before initiation of the first and second (BL1 and BL2), 
and at treatment failure of the first and second TVR expo-
sure (EOT1 and EOT2). Bioinformatic and phylogenetic 
analyses were performed for persistence of resistant vari-
ants in the context of linked neutral mutations of the NS3 
protease nucleotide backbone. 

RESULTS: Deep sequence analysis (median cover-
age 8,734; range 1,034–35,916; 0.5% cut-off for vari-
ant calling) revealed typical patterns of TVR resistance 
with dominant mutations at positions 36, 54, and 155 at 
EOT1/EOT2 and with low frequencies (<1.0%) also at 
BL1/BL2 in all patients. Overall, a heterogeneous evolu-
tion of isolates at different time points was visible: while 
in three patients no persistence of resistant variants at 
BL2 and EOT2 from initial TVR exposure was observed, 
in one patient phylogenetic distance was consistent with 
survival of resistant variants based on closely related 
nucleotide backbone pattern. 

CONCLUSION: Deep sequence analysis showed a het-
erogeneous evolution of viral isolates in patients with 
repeated exposure to TVR. No general rule for the (re-)
selection of resistant variants after a second exposure to 
TVR could be established.
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Phenotypic characterization of genotype 1 
hepatitis C NS3 protease variants from clinical 
studies with simeprevir

T Verbinnen1, B Fevery1, L Vijgen1, G Picchio2, 
S De Meyer1, O Lenz1

1Janssen Infectious Diseases BVBA, Beerse, Belgium  
2Janssen Research & Development, LLC, Titusville, NJ, USA 

BACKGROUND: Simeprevir (SMV, TMC435) is a 
potent, once-daily, single pill, oral hepatitis C (HCV) NS3 
protease inhibitor approved for the treatment of chronic 
HCV infection. Phenotypic characterization of baseline 
(BL) isolates and isolates from patients failing an SMV 
(150 mg)/PR regimen was performed.

METHODS: In vitro SMV susceptibility was assessed in 
a transient replicon assay as site-directed mutants (SDM), 
or in chimeric replicons carrying patient-derived NS3 
protease sequences, and compared to wild type GT1b 
replicon. Phenotype data were obtained for 177 BL iso-
lates, and for 52 and 43 isolates obtained at time of fail-
ure (TOF) and at end of study (EOS), respectively. 

RESULTS: Overall, the median (range) SMV fold 
change in EC50 values (FC) of GT1a-Q80K, GT1a-
w/o Q80K), and GT1b BL isolates was 12 (3.6–27), 
0.9 (0.3–100), and 0.4 (0.1–26), respectively. The few 
GT1a-w/o Q80K and GT1b isolates with reduced sus-
ceptibility to SMV (FC≥2.0) carried BL polymorphisms 
such as Q80R or R155K in GT1a, and Q80K, Q80R, 
or D168E in GT1b. 

Susceptibility to SMV was substantially reduced in GT1a-
Q80K, GT1a-w/o Q80K, and GT1b isolates obtained at 
TOF with a median (range) FC compared to wild type of 
526 (11–1,970), 439 (62–3,110), and 335 (0.2–1,640), 
respectively. Six isolates without emerging mutations at 
TOF also did not show a decrease in SMV susceptibil-
ity compared to their respective BL isolate. At EOS, the 
susceptibility to SMV of isolates that lost the emerging 
mutations returned back to BL values. 

Overall; activity of SMV against isolates and their cor-
responding SDMs harbouring the respective single or 
double mutations correlated well, suggesting that these 
mutations cause resistance to SMV.

CONCLUSIONS: Baseline NS3 isolates were generally 
fully susceptible (FC<2.0) or conferred low-level resist-
ance to SMV in vitro (FC≥2.0 and <50). Treatment failure 
to SMV/PR was associated with emergence of high-level 

resistance variants (FC≥50). These results suggest a good 
correlation between genotyping and phenotyping.
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Analysis by population- and deep-sequencing of 
polymorphisms with excessive resistance to NS5A 
inhibitors in treatment-naive subjects with HCV 
genotype 1a and 3a

D Leenheer1, I Lindstrom1, A Ameur1, M Kjellin1, 
L Wesslén2, A Lannergård1, J Lennerstrand1

1Uppsala University, Uppsala, Sweden  
2Gävle Hospital, Gävle, Sweden

BACKGROUND: Future interferon-free combo DAA 
treatments could include HCV NS5A inhibitors for potent 
pan-genotypic effect. We have with both population 
and deep-sequencing method studied NS5A resistance 
associated polymorphisms at baseline in treatment-naive 
patient samples of HCV genotypes (GTs) 1a and 3a, the 
most common GTs in Sweden. 

METHODS: Sera from 55 patients with GT1a and 35 
patients with GT3a were collected for the NS5A analysis. 
With the population-sequencing method the NS5A genes 
were amplified by nested PCR method with degenerated 
primers to enable a broad genotype analysis (>96 and 
>97% yield). The sequences were aligned with the NS5 
sequence from HCV GT1a H77 strain as reference. Inter-
pretation of fold-change resistance to NS5A candidate 
drugs was done from already published phenotypic resist-
ance data. We chose PCR products from 7 GT1a and 3 
GT3a samples, to further study mixes of mutant variants 
with Pacific Biosciences deep-sequencing; using SAMtools 
and BCFtools, before being visualized and inspected using 
the Integrative Genomics Viewer.

RESULTS: With the population method (cutoff level of 
20%) baseline-resistance variants associated with high 
resistance were found in 2 (2/55) GT1a samples dis-
playing Q30H or Y93N, and in 1 (1/35) GT3a sample 
displaying Y93H. These mutations/polymorphisms are 
correlated with high level of resistance (1,500-50,000 
fold) against NS5A inhibitors daclatasvir and ABT-267. 
In order to reveal the levels of these resistance variants, 
deep-sequencing was conducted on the 3 positive samples 
(GT1a Q30H and Y93N, and GT3a Y93H), and on 5 
GT1a and 2 GT3a non-positive samples. The 3 positive 
samples displayed, respectively, 97.7% (16950/17346) 
level of Q30H, 99.3% (17,444/17,560) of Y93N, and 
64.2% (12639/19671) of Y93H. However, with a cut-
off level of approx 0.3%, neither of these mutations/
polymorphisms were found in the 7 non-positive sam-
ples. However, the high fold-resistant associated variant 
M28T was found in one of the samples at a level of 0.5% 
(121/25030).

CONCLUSIONS: It should be of importance to detect 
low levels of NS5A resistant associated polymorphisms, 
as such can display resistance as high as 50,000 fold. Our 
preliminary data suggest that further evaluation is needed 
to study the role of baseline NS5A resistance in GT1a 
and 3a subjects for future interferon-free combo DAA 
treatments.
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Phenotypic analysis of patients on current anti-
HCV therapy
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R Bartenschlager2, R Kaiser1 
1University of Cologne, Germany  
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3Max Planck Institute for Informatics, Saarbrücken, Germany  
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BACKGROUND: In published studies approximately 
50% of patients chronically infected with hepatitis C virus 
(HCV), who do not achieve sustained virological response 
(SVR) after receiving NS3-protease inhibitor containing tri-
ple therapy, display resistance associated mutations (RAMs) 
to boceprevir (BOC) and telaprevir (TVR), respectively. The 
aim of this non-interventional study is to phenotypically 
analyse samples from patients failing therapy with/without 
detected RAMs or achieving SVR with RAMs. 

METHODS: Bicistronic subgenomic replicons encoding 
for the non-structural HCV proteins NS3 to NS5B under 
control of an EMCV IRES and a Firefly Luciferase under 
the control of a polio virus IRES allowing luminescent 
based monitoring of replication had been modified to 
generate NS3-protease-libraries from selected patients. 
After transfection of Huh-7-LUNET cells BOC/TVR 
drug titration was performed and after 68 h incubation a 
luminescence-based readout was conducted to determine 
IC50 and IC90 values of the respective replicon libraries. 
These data were statistically evaluated and compared to 
geno2pheno[HCV] predictions.

RESULTS: Among 3/3 samples from therapy naive group 
with detectable RAMs, one showed a resistance profile in 
the phenotypic assay. 

2/3 (baseline) samples with detectable RAMs from group 
under peg-IFN/RBV/TVR treatment displayed low resist-
ance profile. Patient with 36L resistance mutation (10172) 
ended therapy achieving SVR. Patient (9719) with 54S 
and 155K discontinued therapy due to side effects. A 
prior non-responder to peg-IFN/RBV treatment (10615) 
shows no resistance phenotype at week 12 of peg-IFN/
RBV/TVR therapy, in spite of developed RAMs. Viral 
load is currently below detection limit. 

None of the samples from the peg-IFN/RBV therapy 
group displayed significant resistance profiles even in 
presence of RAMs. 

CONCLUSION: Genotypic resistance prediction with 
geno2pheno[HCV] was phenotypically confirmed. Phe-
notypically analysed mutations conferred low (single 
mutations) to high (combination of more than 2 muta-
tions) resistances against boceprevir and or telaprevir. 

By collecting phenotypic data from NS3 libraries we will 
continuously improve the geno2pheno[HCV] algorithm 
to guarantee effective therapy regimes.
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Clinical usefulness of HCV sequencing on clinical 
samples with different HCV-RNA levels
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BACKGROUND: This study aims at evaluating the reli-
ability and clinical utility of HCV-sequencing in patients 
candidate to new-regimens containing direct-antiviral 
agents (DAA).

MATERIALS & METHODS: HCV-sequencings of NS3-
protease, and full-length NS5A and NS5B were per-
formed by home-made protocols. Phylogenetic-analysis 
tested reliability and reproducibility of sequencing and 
evaluated concordance with previous subtype assignment 
by commercial-genotyping-assays.

RESULTS: 504 HCV-plasma-samples with detectable 
HCV-RNA from 226 HCV-infected patients were col-
lected between 2011–2014. Overall, the success-rate 
of NS3-protease sequencing was 76%. In particular, it 
was 99.2%, 98.8% and 92.5% for samples with HCV-
RNA>6 log IU/ml, 4.1–6 log IU/ml and 3.1–4 log IU/ml, 
respectively, and decreased to 56.7% for samples with 
HCV-RNA<3 log IU/ml. Sequences belonging to the same 
subject (regardless of HCV-RNA-level) clustered always 
together by phylogenetic-analysis.

NS3-sequencing together with phylogenetic-analysis, 
confirmed genotype/subtype given by commercial-
genotyping-assays, in 96.8% of cases (488/504). In the 
remaining 16 cases, 3 were HCV-1g (previously classi-
fied as subtype-1a), 1/16 HCV-4d (previously classified 
as subtype-1b), and 12/16 with either previous unde-
termined-subtype-1, or discordant results, or double-
subtype assignment by commercial-genotyping-assays 
(correctly assigned to 1a and 1b in 7 and 5 patients, 
respectively). Phylogenetic-analysis of NS5A (n=46) and 
NS5B (n=15) always confirmed subtyping as defined by 
NS3-protease, in line with the monocistronic characteris-
tics of HCV-genome. 

The overall protease inhibitors-resistance prevalence 
was 16.9% and 89% in boceprevir/telaprevir-naive and 
failing patients respectively. In 71 selected patients (pre-
viously-non-responders =56.3%; cirrhotic =46.5%) with 
virological-outcome treated with telaprevir/boceprevir 
+pegIFN+RBV, baseline protease inhibitors-resistance-
mutations were found in 8/31 HCV1-a, 2/39 HCV-1b and 
1/1 HCV-1g. Their overall presence was not-significant 
in predicting virological-failure (OR [CI]=2.917 [0.789–
10.786], P=0.109). Nevertheless, HCV-1a patients failed 
triple-therapy more frequently when baseline-resistance 
was present: 3/3 failed with either V36L+Q80K (n=1) 
or T54S (n=2) at baseline, and 3/5 (60%) with Q80K at 
baseline. Only 8/31 (25.8%) patients without mutations 
at baseline failed therapy (P=0.018 by Chi2-test-for-
trend). Of note, 1/1 HCV-1g patient with baseline-T54S 
rapidly failed boceprevir-treatment. 
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Resistance-associated mutations (primary or polymor-
phic) were also found in NS5A/NS5B (the latter only 
for non-nucleoside-inhibitors) of DAA-naive patients 
(M28V/L31M/Y93H: 21.7% and C316N/A421V/
V499A: 40%, respectively).

CONCLUSIONS: HCV-sequencing provides reliable and 
reproducible results for first generation DAAs, providing 
at the same time two important clinical information: a 
correct subtype assignment, and the detection of variants 
that are potential non-responders to therapy.
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Natural resistance associated polymorphisms are 
detectable at baseline in direct acting antiviral 
(DAA) naive hepatitis C NS3 and NS5A but not 
NS5B in acute and chronic HIV co-infected patients

AL McCormick1, L Moynihan1, M Macartney1, 
A Garcia-Diaz1, T Conibear1, C Booth1, S Bhagani, 
A Rodger, MA Johnson, T Haque1, DP Webster1

1Department of Virology, Royal Free London NHS Foundation Trust, 
London, UK

BACKGROUND: The current standard of care for acute 
HCV is pegylated-interferon plus ribavirin (pIFN/RBV). If 
chronicity develops, newer direct antiviral drugs (DAAs) 
targeting HCV NS3, NS5A and NS5B may be com-
bined with pIFN/RBV. HCV resistance associated vari-
ants (RAVs), associated with poorer outcomes may exist 
at baseline. We investigated the prevalence of RAVs by 
population sequencing in 79 subjects from three cohorts 
of HIV/HCV co-infected patients: (1) acute HCV (n=25), 
(2) chronic treatment naive (n=20), (3) chronic treatment 
failure (pIFN/RBV) (n=34) and compared their preva-
lence in 85 HCV mono-infected patients.

METHODS: HCV sequences were amplified from plasma 
viral RNA, using one-step RT-PCR, followed by a nested 
PCR. PCR amplicons covering amino acids 1–181 of 
HCV NS3 (gt1 only), 1–213 of domain I NS5A (gt1, 2, 
3 and 4) and 219–347 of NS5B (pan genotypic) were 
sequenced and aligned against reference sequences. 

RESULTS: Baseline RAVs were observed in all cohorts in 
NS3 and NS5A, with baseline NS5B S282T not detected. 
NS3 Q80K polymorphism was present in HCV gt1a, 
and the frequency increased from acute to chronicity, 
ie: 5.3% vs 11.1% in the co-infected. NS5A variant at 
codon 30 did not differ markedly in HCV gt1a in acutes 
vs chronics, whilst the Y93H variant present at 33.3% 
in gt1b chronic naives was absent in failures. Conversely, 
NS5A L31M variant was observed in a single gt1a fail-
ure. Both NS3 I132V and NS5A L30R minor variants 
were common in HCV gt 1b and gt4 respectively with 
major RAVs absent for HCV gt3 in the co-infected. We 
observed a significant increase in NS3 variants for HCV 
gt1a mono-infected patients compared with gt1a co-
infected P<0.0001 (Fisher’s Exact test). The NS3 R155K, 
and NS5A L31M and A30K major variants were detected 
in individual mono-infected patients infected with HCV 
gt1a, 2 or 3 respectively. 

CONCLUSIONS: RAVs conferring low to moderate 
resistance to HCV NS3 and NS5A DAAs were frequently 

encountered in acute and chronics, and more prevalent 
in NS3 for the mono-infected. Baseline resistance testing 
may be warranted in an era of IFN-free DAA therapy.
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Genetic barrier for attachment inhibitor BMS-
626529 resistance in HIV-1 B and non-B subtypes
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OBJECTIVES: BMS-626529 is a novel attachment inhibi-
tor under development which inhibits the HIV-1 binding 
to CD4+ T-cells. The genetic barrier defined as the num-
ber of genetic transitions/transversions needed to produce 
a resistance mutation can differ between HIV-1 subtypes. 
The genetic barrier of this new attachment inhibitor BMS-
626529 for the evolution of resistance was evaluated in 4 
HIV-1 subtypes (B, C, D, and CRF02_AG). 

METHOD: Nine substitutions associated with BMS-
626529 resistance at 7 amino acids positions (116P, 
204D, 375H/M/T, 426L, 434I, 475I and 506M) were 
analyzed in 240 nucleotide sequences of the gp120 gene 
from antiretroviral-naive patients (60 for each subtype: B, 
C, D, and CRF02_AG). 

RESULTS: The majority (5/7) of amino acid positions 
studied were relatively conserved between the 4 HIV-1 
subtypes (>63% of CTA, >75% of ATG, >80% of ATG, 
>97% of ATG, >77% of GTG for 116, 426, 434, 475 and 
506 position, respectively), leading to a similar genetic 
barrier to mutations associated with resistance to BMS-
626529. Different predominant codons between the 
subtypes were observed in 2/7 positions (204 and 375). 
At position 204, two codons were predominant: GCC/
GCT for subtypes B, C/ CRF02_AG, D, respectively. 
These two codons have a minimal score of 2.5 to evolve 
to BMS-626529 resistance mutations. At S375 position, 
two codons were predominant (AGT for subtypes B 
and CRF02_AG and AGC for C and D subtypes). These 
codons have identical minimal scores whatever the con-
sidered mutations (3.5 for H; 5 for M; 2.5 for T). 

CONCLUSIONS: Despite an announced great variabil-
ity of the HIV envelope, the majority of amino acids 
involved in BMS-626529 resistance showed a high degree 

of conservation of the predominant codon between the 4 
studied subtypes leading to a similar genetic barrier. 
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Cenicriviroc, a novel CCR5 (R5) and CCR2 
antagonist, shows in vitro activity against R5 tropic 
HIV-2 clinical isolates 
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BACKGROUND: HIV-2 is naturally resistant to non-
nucleoside reverse transcriptase inhibitors, fusion inhibi-
tor, and to some protease inhibitors. Maraviroc (MVC), 
the only approved CCR5 antagonist, is effective on 
CCR5-tropic (R5) HIV-1 and HIV-2. Cenicriviroc (CVC), 
a novel, once-daily, dual CCR5 and CCR2 antagonist, has 
completed Phase 2b development for treatment of HIV-1 
infection (NCT01338883). Until now, HIV-2 susceptibil-
ity to CVC had not been evaluated.

METHODS: We recently developed a phenotypic CCR5-
antagonist susceptibility assay using a peripheral blood 
mononuclear cell (PBMC) model. We tested the pheno-
typic susceptibility of CVC to four R5-, one CXCR4 
(X4)- and one R5/X4 (dual)-tropic HIV-2 clinical iso-
lates in this model. All HIV-2 isolates were issued from 
distinct HIV-2-infected CCR5-antagonist-naive patients 
from the French HIV-2 ANRS cohort, by co-cultivation of 
PHA-activated PBMC pool obtained from healthy blood 
donors. HIV-2 tropism phenotypic assay (TPA) was per-
formed using two Ghost(3) cell lines, expressing CD4+ 
R5 or CD4+ X4 receptors with HIV-2 LTR-driven GFP 
gene activated upon infection. Infection efficiency was 
quantified by flow cytometry analysis for GFP detection. 
All HIV-2 isolates were previously tested, in the same con-
ditions, for MVC susceptibility. 

RESULTS: For the 4 R5 HIV-2 clinical isolates tested, 
EC50 for CVC were 0.03, 0.45, 0.33 and 0.98 nM, simi-
lar to those observed with MVC: 1.13, 0.48, 0.58 and 
0.68 nM, respectively. Maximum percentages of inhibi-
tion (MPI) of CVC were at 94, 93, 94 and 98%, similar 
to those observed with MVC: 93, 82, 90 and 100%. The 

dual and X4 tropic HIV-2 strains were resistant to CVC 
with EC50 and MPI of >1,000 nM, 33% and >1,000 nM, 
4%, respectively. 

CONCLUSIONS: We demonstrated for the first time 
that CVC is active in vitro on HIV-2 R5 tropic strains 
with similar EC50 and MPI to those observed with MVC. 
Once-daily CVC treatment may expand the limited thera-
peutic armamentarium for HIV-2-infected patients. Clini-
cal studies are warranted.
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Insertions and deletions in p6-gag correlate 
with the predicted cellular tropism of HIV-1 V3 
sequences
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3Institute of Virology, University of Cologne, Cologne, Germany 
4Clinic of Dermatology, University Hospital Essen, University 
Duisburg-Essen, Germany 
5Department of Internal Medicine I, University of Cologne, Cologne, 
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BACKGROUND: HIV-1 drug resistance comes often 
with fitness costs and compensatory mutations are needed 
to facilitate viral replication. These compensatory muta-
tions can be located nearby the drug resistance muta-
tions (DRM) or even in different viral proteins. Similar, 
the cellular tropism of HIV-1 can be influenced by dif-
ferent factors. Therefore, we asked whether HIV isolates 
using either CCR5 or CXCR4 coreceptors carried specific 
mutational patterns in the C-terminal Gag, protease (PR) 
or reverse transcriptase (RT).

MATERIAL AND METHODS: HIV-1 subtype-B isolates 
(n=267) obtained for routine diagnostics from patients 
before the start of antiretroviral treatment (n=94) and 
after failure of antiretroviral treatment (TE) with DRM 
(n=91) and without DRM (n=82) were analyzed in the 
C-terminal Gag, PR, RT and V3. HIV-1 tropism was 
determined using geno2pheno(coreceptor) with false 
positive rates <5, 5–15, >15 indicating X4-capable, inter-
mediate, R5-viruses, respectively. Specific mutations in V3 
(278P, 278N, 285L) were used to identify macrophage-
(M)-tropic viruses.

RESULTS: The X4-capable and R5-tropic HIV-1 isolates 
differed in the p6-gag protein. N-terminal insertions were 
more frequent in R5-tropic viruses and deletions were 
accumulating in X4-capable viruses (aa473). Overall, 
X4-capable viruses carried significantly more often DRM 
in PR, RT and Gag. In TE-HIV-1 with DRM the X4-capa-
ble viruses tend to have more DRM in PR ((R5-tropic: 2.1 
(+/-2.3) vs. X4-capable: 2.7 (+/-2.2)) and carried signifi-
cantly more often DRM in gag (P<0.005), whereas DRM 
in RT-mutations were equally distributed. Interestingly, 
PR-mutations M46I and F53L were detected more often 

in X4-capable viruses, and PR-mutation I54V was associ-
ated with R5-tropism.

Viruses grouped as M-tropic carried more deletions 
in p6-gag and PR mutation I54V, which was also true 
for the subset of TE viruses with DRM (mutation I54V: 
M-tropic: 7/13 vs. rest: 11/74).

CONCLUSIONS: R5-tropic, X4-capable and M-tropic 
viruses carried different mutational patterns in p6-Gag 
and protease pointing to a complex interplay of viral 
proteins during viral replication. Whether X4-capable 
viruses were more often treated with protease-inhibitors 
or PR-mutations were more easily selected in X4-capable 
viruses has to be determined in further studies. Interest-
ingly, the negative correlation with X4-capable viruses 
and the positive correlation with M-tropic viruses might 
be explained by the selection of mutation I54V in specific 
compartments.
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Abacavir-lamivudine and tenofovir-emtricitabine 
are superior NRTI options for antiretroviral 
treatment to zidovudine-lamivudine or tenofovir-
lamivudine paired with NNRTI

W-L Yang1, R Kouyos1, J Böni2, C Shah2, S Yerly3, 
T Klimkait4, V Aubert5, H Furrer6, M Battegay7, 
M Cavassini8, E Bernasconi9, P Vernazza10, 
HF Günthard1, the Swiss HIV Cohort Study (SHCS)
1Division of Infectious Diseases and Hospital Epidemiology, 
University Hospital Zurich, University of Zurich, Zurich, Switzerland 
2Swiss National Center for Retroviruses, Institute of Medical 
Virology, University of Zurich, Zurich, Switzerland 
3Laboratory of Virology, Division of Infectious Diseases, Geneva 
University Hospital, Geneva, Switzerland 
4Department of Biomedicine-Petersplatz, University of Basel, Basel, 
Switzerland 
5Division of Immunology and Allergy, University Hospital Lausanne, 
Lausanne, Switzerland 
6Department of Infectious Diseases, Berne University Hospital and 
University of Berne, Berne, Switzerland 
7Division of Infectious Diseases and Hospital Epidemiology, 
University Hospital Basel, Basel, Switzerland  
8Division of Infectious Diseases, University Hospital Lausanne, 
Lausanne, Switzerland 
9Division of Infectious Diseases, Regional Hospital Lugano, Lugano, 
Switzerland 
10Division of Infectious Diseases, Cantonal Hospital St Gallen, St 
Gallen, Switzerland

BACKGROUND: We aimed to assess the potency in terms 
of treatment failure and emergence of drug resistance of 
widely used nucleos(t)ide backbones in NNRTI contain-
ing regimens in a long-term setting of routine clinical care. 
Specifically we also compared efficacy of 3TC versus ETC. 

METHODS: We studied patients on their first-line treat-
ment containing one NNRTI and one of the following 
NRTI combinations: AZT-3TC, ABC-3TC, TDF-3TC, 
and TDF-ETC. Patients switching to these regimens from 
their first-line cART were also included if no treatment 
failure and any genotypic drug resistance was detected 
before switching. Survival analysis (using an exponen-
tial model) was performed for both virological failure 
(VF) and the subsequent detection of any NRTI resist-
ance mutation during the treatment. Different regimens 
were included as the dependent categorical variable. We 
defined VF as viral load ≥400 copies/ml after 5 months of 
a continuous therapy. 

RESULTS: We studied 3,043 patients. For the AZT-3TC, 
ABC-3TC, TDF-3TC, and TDF-ETC group, the number 

(percentage) of patients experiencing VF on the corre-
sponding regimen was 80/1,102 (7.3%), 18/369 (4.9%), 
18/308 (5.8%), and 47/1838 (2.2%), respectively, and 
the number of patients harboring NRTI resistance was 
19 (1.7%), 2 (0.5%), 9 (2.9%), 4 (0.2%), respectively. 

Hazard ratios (HR; AZT-3TC used as baseline) showed 
a lower rate of VF for both ABC-3TC (HR=0.37, 
CI=0.22, 0.62) and TDF-ETC (HR=0.18, CI=0.12, 
0.26), but no evidence was observed for TDF-3TC to 
be different (HR=0.90, CI=0.54, 1.50). Analyzing NRTI 
resistance, similar results were obtained. Less resistance 
was detected for ABC-3TC (HR=0.18, CI=0.04, 0.76) 
and TDF-ETC (HR=0.08, CI=0.03, 0.22). Interestingly, 
HR of TDF-3TC (HR=1.85, CI= 0.84, 4.09) was signifi-
cantly higher than HR of ABC-3TC and TDF-ETC, sug-
gesting inferiority in efficacy to both groups. Analyses 
restricting NNRTI to EFV showed similar results (VF: 
HR

ABC-3TC=0.33 [CI=0.18, 0.60], HRTDF-3TC=0.72 [CI=0.40, 
1.28], HRTDF-ETC=0.14 [CI=0.09, 0.22]; NRTI-resistance: 
HRABC-3TC=0.21 [CI=0.05, 0.90], HRTDF-3TC=1.18 [CI=0.46, 
2.99], HRTDF-ETC=0.08 [CI=0.03, 0.24]). All results were 
robust when we adjusted our models for CD4 counts at 
therapy begin.

CONCLUSIONS: In general, failure rates for all regimens 
were very low. ABC-3TC and TDF-ETC were superior 
NRTI backbones compared to AZT-3TC regarding inci-
dence of failure and emergence of NRTI resistance. TDF-
3TC on the other hand was related to increased failure 
and NRTI resistance compared to ABC-3TC and TDF-
ETC, suggesting that 3TC may be less potent when com-
bined with certain compounds. 
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Limited evolution of tenofovir-resistant viruses 
after extended TAF resistance selection

NA Margot, RR Ram, MD Miller, C Callebaut
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BACKGROUND: Tenofovir alafenamide (TAF), a prod-
rug of the HIV-1 NtRTI tenofovir (TFV), demonstrated 
improved antiviral activity over tenofovir disoproxil 
fumarate (TDF) in clinical studies. TAF also resulted in 
lower plasma TFV and 5X increase in intracellular TFV-
diphosphate (TFV-DP) in PBMCs. In vitro studies showed 
that TAF at clinically relevant concentrations could pre-
vent viral breakthrough with TDF-resistant viruses (K65R 
or multiple TAMs), suggesting potential use of TAF in 
treatment-experienced patients harboring TDF-resistant 
HIV-1. Here, TAF was evaluated in resistance selections 
using NRTI-resistant HIV-1 isolates.

METHODS: Resistance selections were performed for 
a 6-month period, using dose-escalation methods with 
MT-2 cells infected by HIV-1LAI WT, or containing the 
resistance associated mutations (RAMs) K65R, Q151 
complex (A62V, K65R, S68G, V75I, F77L, F116Y, 
Q151M) and a patient derived recombinant with 3 
TAMs (M41L, L210W, T215Y). Selected viruses were 
characterized genotypically and phenotypically. 

RESULTS: TAF selection starting with a K65R isolate led 
to addition of S68N in RT and a minimal fold change 
(FC) increase in EC50 (1.5X) from the starting virus. Ini-
tiation of TAF selection with the Q151M complex mutant 
led to addition of T69I in RT, and a limited FC (1–2X) 
for TAF. Finally, TAF selection using the 3 TAMs virus 
did not lead to additional TAMs in RT, and a moderate 
FC increase (2–3X) for TAF. Attempts to increase TAF 
concentration further were unsuccessful for all viruses. 
In contrast, selections with raltegravir (RAL), led to fast 
drug escalation and FC values ranging from 15 to 150X, 
with typical RAL-RAMs detected. Additionally, under no 
drug selection, the K65R mutant reverted to wild-type, in 
agreement with its reduced fitness.

CONCLUSION: Extended resistance selection of TFV-
RAM containing viruses with TAF did not lead to accu-
mulation of additional known RAMs, or significant FC 
increases, over more than 6 months in culture. Viral sur-
vival could not be sustained above a 2X drug increase, 
suggesting a lack of alternative resistance pathways for 
the viruses. Therefore, consistent with the greater antivi-
ral activity of TAF observed clinically against wild-type 
HIV-1, TAF might provide increased antiviral activity 

against previously defined TDF-resistant isolates, with 
limited potential for additional resistance in patients with 
pre-existing NRTI resistance.
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The use of UltraDeep Sequencing allows to detect 
more resistance at failure to tenofovir, emtricitabine 
and efavirenz regimen
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BACKGROUND: HIV-1 minority resistant variants 
(MRV) present before antiretroviral treatment can be a 
source of virological failure. This has been mainly shown 
for non nucleoside reverse transcriptase inhibitors (NNR-
TIs). However, very few data are available for detection 
of such MRV that could be selected at virological failure 
and not detected using Sanger sequencing. We studied 
selection of MRV at time of a first virological failure to 
tenofovir, emtricitabine and efavirenz regimen.

METHODS: We studied 26 patients treated by tenofovir, 
emtricitabine and efavirenz harboring their first virologi-
cal failure (defined as two consecutive viral load (VL) >50 
copies/mL). We performed standard Sanger sequencing 
and UltraDeep Sequencing (UDS, Roche 454® Life Sci-
ences) in plasma at failure. For UDS, mutations >1% 
were considered. We compared the presence of reverse 
transcriptase mutations between both techniques, using 
the last ANRS algorithm.

RESULTS: Among the 26 patients, median VL was 1,228 
copies/mL (range =156–118,553 copies/mL). Six patients 
did not harbor any resistance mutation neither in bulk 
nor in UDS; 10 had exactly the same mutations detected 
by both techniques and 10 (38.5%) had more mutations 
detected in UDS than in bulk. MRV were detected even 
in patients harboring low VL at failure (6 cases below 
1,000 copies/mL). Among the 10 patients with MRV, 
UDS detected NRTI-MRV in 7 cases (M41L, K65R, 
L74V, M184V and K219Q mutations). For 5/7 patients, 

the presence of MRV had an impact on NRTI-GSS, with a 
reduction up to -3.5 active drugs. UDS detected NNRTI-
MRV in 5 cases (V179I, Y188H, H221Y and M230V 
mutations) leading to a reduced NNRTI-GSS in 2 cases, 
with a reduction of -1 active drug.

CONCLUSIONS: The use of UDS at failure to tenofo-
vir, emtricitabine and efavirenz regimen allowed to detect 
more resistance to antiretroviral therapy in 38.5% of 
cases, leading to a reduced GSS in 23.1% of cases. This 
is particularly true for NRTIs mutations and less for 
NNRTIs mutations that were already detected by Sanger 
sequencing in most of cases. These results argue for using 
UDS in patients failing to NRTI+NNRTI regimen, as 
UDS has the potential to modify the choice of subsequent 
regimen.
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Evaluation of mutations in the C-terminal domain 
of HIV-1 reverse transcriptase patients in the 
southern region of Brazil
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BACKGROUND: HIV-1 reverse transcriptase mutations 
are associated with antiviral resistance and have been 
extensively characterized in the reverse transcriptase (RT) 
polymerase domain. However, solely few mutations in the 
connection subdomain of RT and in the RNase H domain 
of HIV-1 RT have been shown to contribute to resistance 
to RT inhibitors. The goal of work was identify unique 
mutations in the RT C-terminal domain in patients 
infected with HIV-1 subtype C or subtype B selected by 
HAART.

METHODS: 99 (subtype B=50; subtype C=49) samples 
from HAART naive patients or 60 (subtype B=34; sub-
type C=26) from therapeutic failure were selected and 
used to extraction of genomic DNA and amplification of 
RT C-terminal domain. The fragments of 1146 bp were 
submitted to sequencing and the sequences were edited 
manually in SeqMan program. The sequences of RT 
C-terminal were genotyping and analyzed for the pres-
ence of mutations using  the programs REGA and Stan-
ford respectively.

RESULTS: The prevalence of subtype B and C in two 
groups (failure or naive) were similar, around 50% for 
each subtype. However, the profiles of mutations were 
different between the subtypes and in relation to failure 
patients. The analysis showed G335D/R356K/G359T/
K366R/K390R/E404D/V435A/L452M/D471E/H483Q/
L491S/S519N/K530R and A534S to be common poly-
morphisms in subtype C, while T386I to be a common 
polymorphism in subtype B. The mutations N348I and 
A371V were identified in the connection subdomain 
and  the mutations T450S/V466A/K476Q/I495V/I505V, 
Q509H/Q509L, and K512Q was only observed in the 
RNase H domain in the failure group. Of note, in the 
failure group the N348I mutation was more prevalent 
in sequences from subtype C (11%) and K512Q was 
observed in 12% of sequences from HIV-1 subtype B. 

CONCLUSIONS: The results show that the route selec-
tion of mutations in RT C-terminal between subtype B and 
C are different. The N348I mutation was preferentially 
selected in 11% of subtype C-infected patients, while the 

K512Q mutation was found preferentially in 12% of sub-
type B-infected patients. These two substitutions were only 
found in failure group suggesting that N348I and K512Q 
could contribute to the resistance to antiretroviral drugs.
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Selection of drug resistance mutations in a reverse 
transcriptase simian-human immunodeficiency 
virus macaque model using long-acting rilpivirine 

KP Melody1, C Kline1, A Kashuba2, JW Mellors1, 
Z Ambrose1

1University of Pittsburgh, Pittsburgh, USA  
2University of North Carolina, Chapel Hill, USA

BACKGROUND: Long-acting rilpivirine (RPV-LA) is a 
sustained release nanoparticle formulation being devel-
oped for prevention of HIV-1 infection. It provides 
plasma and tissue RPV concentrations well above in 
vitro 50% inhibition effective concentrations (EC50) for 
up to 3 months post-injection in humans. Consequences 
of RPV-LA monotherapy exposure on selection of drug 
resistance mutations (DRM) are unknown. In this study, 
we characterized the emergence of drug resistance in RT-
SHIV-infected macaques following RPV-LA treatment. 
This work reflects the potential consequences of HIV-1+ 
individuals who receive RPV-LA as monotherapy.

METHODS: Two pigtailed macaques were infected with 
simian-human immunodeficiency virus containing HIV-1 
reverse transcriptase (RT-SHIVmne) and injected with two 
200 mg/kg doses of RPV-LA at 6 and 8 weeks post-infec-
tion. RPV levels were measured at multiple time points 
before and after treatment. Plasma viremia was measured 
by quantitative RT-PCR, and viral RNA was isolated 
from plasma and genotyped as a population and indi-
vidual clones. RPV susceptibility assays were performed 
with wild-type and site-directed mutant clones of HIV-
1xxLAI and RT-SHIVmne in TZM-bl cells.

RESULTS: Plasma viral RNA levels decreased ~100-
fold after RPV-LA treatment in both animals and was 
maintained for 15 weeks post-treatment. RPV peaked at 
concentrations >165-fold above the EC50 and remained 
100-fold above the EC50 until plasma virus rebounded 
to pre-therapy levels at 17 weeks post-therapy. Clonal 
sequencing revealed the emergence of RT mutations after 
RPV-LA monotherapy, including the RPV-associated 
resistance mutations E138G and E138Q. These muta-
tions varied between animals and were found as minor 
variants as wild-type virus was predominantly identified. 

CONCLUSION: Despite the presence RPV plasma at 
concentrations above in vitro EC50 values, RPV-LA treat-
ment did not reduce plasma viremia to undetectable lev-
els. The majority of the plasma virus was wild-type or 
contained non-DRMs, suggesting that the pharmaco-
dynamic effect of RPV-LA is over estimated by in vitro 

assays. Nevertheless, RPV-associated DRMs were iden-
tified during in vivo RPV-LA monotherapy despite low 
effective drug concentrations, which could impact future 
treatment options.
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One-year follow-up of 275 virologically-suppressed 
patients switching to RPV/TDF/FTC, ANRS CO3 
Aquitaine Cohort

S Reigadas1,2, C Cazanave3,4,5, P Bellecave1,2, 
C Mazubert3, F Le Marec6, M Hessamfar6,7, E Lazaro8, 
M Bruyand6, H Fleury1,2, F Dabis6, D Neau3

1CHU de Bordeaux, Laboratoire de Virologie, F-33000 Bordeaux, France 
2Univ. Bordeaux, CNRS UMR 5234, F-33000 Bordeaux, France 
3CHU de Bordeaux, Service des Maladies Infectieuses et Tropicales, 
F-33000 Bordeaux, France 
4Univ. Bordeaux, USC EA 3671, Infections humaines à mycoplasmes 
et à chlamydiae, F-33000 Bordeaux, France 
5INRA, USC EA3671, Infections humaines à mycoplasmes et à 
chlamydiae, F-33000 Bordeaux, France 
6Univ. Bordeaux, INSERM U897, Bordeaux School of Public Health 
(ISPED), F-33076 Bordeaux, France 
7CHU de Bordeaux, Département de Médecine Interne, F-33000 
Bordeaux, France 
8CHU de Bordeaux, Département de Médecine Interne, F-33604 
Pessac, France 
SR and CC contributed equally. 

BACKGROUND: To assess the efficacy and tolerability 
of cART in 275 HIV-1 virologically-suppressed patients 
switching to rilpivirine (RPV)/tenofovir (TDF)/emtricit-
abine (FTC) as a single-tablet-regimen (STR) of EvipleraTM 
(EVP).

METHODS: A retrospective multicenter cohort study 
between September 2012 and October 2013 enrolled all 
patients with a plasma HIV viral load (VL) lower than 
50 copies/mL for ≥6 months, with the same cART for ≥3 
months and who switched to EVP in Bordeaux Univer-
sity Hospital affiliated clinics. VL assay, CD4 count and 
biological parameters were evaluated at the time of the 
switch, M3, M6 and M12. Virological failure (VF) was 
defined as 2 consecutive VL>50 copies/mL. 

RESULTS: 275 patients (73% male, median age 46 years 
[IQR: 39–54]), treated for a median of 7 years (4–12) 
and having VL<50 copies/mL for 5 years in median (2–8) 
before EVP initiation were enrolled. Median baseline 
CD4 count was 601/mm3 (461–781). EVP switch was 
proposed to 107 patients mostly efavirenz [EFV]-treated 
(n=58) with adverse events (including 65 central nervous 
system-related) and to 145 patients for the indication of 
cART simplification. Before EVP initiation, patients were 
treated with PI-, NNRTI-, INI-based or other regimens in 
43%, 36% (including 28% with EFV), 10% and 11%, 
respectively. Twenty-nine out of 175 patients with avail-
able genotype resistance test results displayed virus with 

≥1 drug resistance mutation on reverse transcriptase gene 
(NRTI, n=16; NNRTI, n=17). Specific EVP drug-resistant 
viruses were detected in 17 patients (11 to FTC, 7 to RPV, 
and 1 to FTC and TDF). 

At M3, M6 and M12, 97% (n=138), 99% (n=80), and 
100% (n=37) patients had VL<50 copies/mL, respec-
tively. No significant CD4 count modifications were 
observed. So far, 3 patients experienced VF (at 3, 7, and 8 
months, respectively), one of them harbouring EVP resist-
ance mutations. RPV plasma concentration was optimal 
for the 2 who had RPV dosage, suggesting correct adher-
ence. Clinical cART tolerability improved in 75 patients 
overall (27%), but particularly in patients switching from 
an EFV-containing regimen (39/54, 72%).

CONCLUSIONS: Virological suppression was globally 
maintained in patients after switching to EVP. Moreover 
this STR strategy improved patient tolerability.
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Week 96 analyses of emergent drug resistance 
from the STaR Study: rilpivirine/emtricitabine/
tenofovir DF vs. efavirenz/emtricitabine/tenofovir 
DF single-tablet regimens

DP Porter1, R Kulkarni1, T Fralich1, MD Miller1, 
KL White1

1Gilead Sciences, Inc., Foster City, CA, USA

BACKGROUND: STaR (GS-US-264-0110) is a 96-week 
Phase 3b study evaluating the safety and efficacy of two 
single-tablet regimens, rilpivirine/emtricitabine/tenofovir 
DF (RPV/FTC/TDF) and efavirenz/emtricitabine/tenofo-
vir DF (EFV/FTC/TDF) in treatment-naive HIV-1-infected 
subjects with no restriction on viral load at study entry. At 
Week 48 and Week 96, RPV/FTC/TDF was non-inferior 
to EFV/FTC/TDF for HIV-1 RNA<50 copies/mL by FDA 
snapshot analysis. Here, we present resistance analyses 
through Week 96.

METHODS: Genotypic analyses of HIV-1 protease and 
reverse transcriptase (RT) were performed at screening 
(GeneSeq, Monogram); subjects with pre-existing resist-
ance to study drugs were excluded. The primary resist-
ance analysis population ([RAP] subjects with HIV-1 
RNA≥400 copies/mL at confirmed virologic failure, dis-
continuation ≥ Week 8, Week 48, or Week 96) had geno-
typic/phenotypic analyses at failure and baseline for pro-
tease and RT (PhenoSense GT, Monogram). 

RESULTS: The primary RAP included 24/394 subjects 
(6.1%) receiving RPV/FTC/TDF and 9/392 subjects 
(2.3%) receiving EFV/FTC/TDF. In the RPV/FTC/TDF 
arm, 21/394 subjects (5.3%) developed resistance substi-
tutions (17 subjects through Week 48 and 4 post-Week 
48). When stratified by baseline viral load ≤ or >100,000 
copies/mL, 9/260 (3.5%) vs. 12/134 (9%) RPV/FTC/
TDF-treated subjects developed resistance, respectively. 
In the RPV/FTC/TDF arm, the emergent NNRTI resist-
ance substitutions included E138K/Q-(n=10), Y181C/I-
(n=8), K101E-(n=5), H221Y-(n=4), and M230I/L (n=2) 
and the emergent NRTI resistance substitutions included 
M184V/I-(n=19), K65R/N (n=3), and K219E (n=3). In the 
RPV/ FTC/TDF arm, genotypic and/or phenotypic resist-
ance to both RPV and FTC developed in 20/21 subjects 
with any resistance. Of the subjects that developed resist-
ance to RPV, cross-resistance to another NNRTI occurred 
in 17/20 subjects.

In the EFV/FTC/TDF arm, 4/392 subjects (1.0%) devel-
oped resistance substitutions (3 through Week 48 and 1 
post-Week 48). In the EFV/FTC/TDF arm, the emergent 

NNRTI resistance substitutions were K103N, G190E/Q, 
Y188L, M230L (n=1 each) and the NRTI resistance sub-
stitutions included M184I (n=2) and K219E (n=1). 

CONCLUSIONS: Resistance development to ≥1 compo-
nent of RPV/FTC/TDF was lower for subjects with base-
line viral load ≤100,000 copies/mL compared to subjects 
with baseline viral load >100,000 copies/mL. The most 
common emergent resistance substitutions to RPV/FTC/
TDF were E138K/Q, Y181C/I, K101E, and M184V/I in 
RT. Resistance development post-Week 48 was infre-
quent for both arms. 
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Etravirine-resistant HIV-1 minority populations 
revealed by ultra-deep sequencing among patients 
failing therapy with first generation NNRTI

AR Leda1, TM Dourado1, ILM Junqueira de Azevedo2, 
MC Sucupira1, RS Diaz1

1Paulista School of Medicine, Federal University of São Paulo, 
São Paulo, Brazil  
2Butantan Institute, São Paulo, Brazil

BACKGROUND: Etravirine, a second generation non-
nucleoside reverse transcriptase inhibitor (NNRTI), has 
been widely used for first generation NNRTI salvage ther-
apy. Cross resistance, however, may exist if a large num-
ber of NNRTI resistant mutations (DRM) are selected. 
Therefore, we sought to determine prevalence of etra-
virine DRM among patients with nevirapine or efavirenz 
virologic failure.

METHODS: Plasma and buffy coat samples were col-
lected from patients infected with subtype B HIV-1 experi-
encing nevirapine or efavirenz virologic failure presenting 
DRM in conventional genotyping. Reverse transcribed 
RNA and proviral DNA were quantified by qPCR and a 
minimum of 1,000 viral copies have been used as input 
for PCR using two primers sets encompassing the full-
length pol gene. The PCR products were purified and 
subjected to ultra-deep sequencing, using the GS Junior 
454 sequencing platform. Sequences were analyzed with 
Geneious v.7.1.3 software and DRM detected by the 
Stanford University HIV Drug Resistance Database tool.

RESULTS: A mean of 4,498 (±991) sequences were 
obtained for each cDNA and DNA samples. Five minority 
drug-resistance mutations to first class NNRTI (K103S, 
V106A, Y188C, Y188H, and F227L) were revealed only 
by the ultra-deep sequencing methodology. The muta-
tions K103N, Y188L, and P225H were detected by both 
conventional and ultra-deep sequencing methodologies. 
Moreover, etravirine drug resistance mutations (E138G, 
E138K, V179D, and G190E) were only detected by ultra-
deep sequencing methodology, from both plasma and 
buffy coat samples, in all patients included in the study. 
Importantly, the prevalence of each etravirine drug resist-
ance mutations was less than 0.5% of the viral population.

CONCLUSIONS: Our data suggest that first class NNRTI 
may select etravirine DRM detected only in the minority 
viral population in the quasispecies, thus underestimating 
prevalence of resistance. The role of minority etravirine 
DRM in compromising salvage therapy using etravirine 
deserves to be further investigated.
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Doravirine (MK-1439): a novel HIV-1 NNRTI with a 
distinct resistance profile 
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3Department of Late Development Statistics, Merck Research 
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4Department of Global Clinical Development, Merck Research 
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Non-nucleoside reverse transcriptase inhibitors (NNR-
TIs) are a mainstay of therapy for treating human immu-
nodeficiency type 1 virus (HIV-1) infected patients. Dora-
virine is a novel NNRTI that showed excellent potency in 
suppressing the replication of WT virus as well as K103N, 
and Y181C mutant viruses with IC50 of 12, 21, and 31 
nM in the presence of 100% human serum, respectively. 
Most of the prevalent NNRTI-associated and transmit-
ted mutant viruses are susceptible to doravirine, except 
Y188L virus. When the susceptibility of a broader array 
of clinically relevant mutant viruses associated with the 
first generation NNRTIs was tested, the resistance profile 
of doravirine was superior to that of efavirenz and com-
parable to that of etravirine and rilpivirine. In addition, 
doravirine was also active against rilpivirine-associated 
mutant viruses containing E138K/M184I and E138K/
M184V substitution. 

In vitro resistance selection was conducted in HIV-1 sub-
types A, B, and C viruses with escalating concentration of 
doravirine. V106A/M mutant accounted for the major-
ity of mutations identified in the breakthrough viruses. 
The susceptibility of the mutants selected from subtype 
B virus to doravirine and other NNRTIs was evaluated 
and results showed that the mutants are highly resistant 
to doravirine, but were susceptible to other NNRTIs. 
Furthermore, to assess the capability of doravirine in 
suppressing the mutant viruses, resistance selection was 
also performed with the two most prevalent NNRTI-
associated mutant viruses (K103N and Y181C mutants) 
using clinical trough concentrations of doravirine. Results 
showed that only three breakthroughs were detected 
from a total of 96 selections with K103N mutant. The 
breakthrough viruses contain, in addition to K103N, 
F227V, V108I, or V189I amino acid substitutions. No 
viral breakthrough was observed in the selection with 
Y181C mutant at the respective concentrations of dora-
virine under the same conditions. In Ph 2b clinical trial, 

there was only one protocol defined virologic failure with 
viral load >200 copies/mL. Sequence analysis of the RT 
gene identified a mixture of K101(K/E) mutant viruses, 
inconsistent with resistance. Interestingly, the viral load 
was back to <40 copies/mL in the next visit. These results 
suggest doravirine has the potential to be next generation 
NNRTI for the treatment of HIV-1 infection.
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In vitro characterization of efavirenz-containing 
solid drug nanoparticles
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AM Geretti1
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2Lady Davis Institute for Medical Research, McGill University AIDS 
Centre, Jewish General Hospital, Montreal, Quebec, Canada

BACKGROUND: Efavirenz  (EFV) is a  non-nucleoside 
reverse transcriptase inhibitor  (NNRTI) used as part of 
highly active  antiretroviral therapy  (HAART) for the 
treatment of human immunodeficiency virus (HIV) type 1.

Efavirenz-containing solid drug nanoparticles were 
developed which have favourable characteristics, includ-
ing intestinal epithelial cell permeability, accumulation in 
primary cells and 4-fold increase in plasma drug expo-
sure in vivo relative to conventional efavirenz formula-
tions, after oral administration. Predictive modelling also 
suggests dose reduction with the new formulation may 
be possible. 

The aims of this study were to characterize the virologi-
cal properties of nano-EFV, to explore whether it is more 
effective in the suppression of HIV-1 and decreases the 
speed of emergence of drug resistance during in vitro 
virus passage, compared to conventional EFV. 

METHODS: Drug resistance was selected in cord 
blood mononuclear cells (CBMCs) infected with HIV-
IIIB, in vitro. Cell toxicity was measured by the tetra-
zolium-based colorimetric (MTT) assay. Anti-HIV 
activity was measured by a reverse transcriptase assay.  
 
RESULTS: Differences between resistance muta-
tions were observed, with the more common resistant 
mutant, K103N arising in the presence of conventional 
efavirenz compared to Y188CHRY, associated with lower 
viral fitness, arsing in the nano-formulation.

Nano-efavirenz also exhibited reduced levels of cell tox-
icity (CC50=45.56 μM), and similar potent anti-HIV 
activity (IC50=1.1 nM), compared with conventional efa-
virenz, (CC50=40.80 μM, IC50=1.2 nM), however these 
were not statistically significant (P=0.3192, P=0.5999). 

CONCLUSION: Nano-efavirenz performed at a similar, 
and in some cases enhanced level to conventional efa-
virenz, at drug dose equivalency.

Previous pharmacological data suggest an improvement 
in bioavailability, which show potential for dose reduc-
tion of efavirenz with possible reduction in dose-related 
toxic effects and cost of treatment.

Further studies are warranted to assess cytotoxicity, anti-
HIV activity and resistance profiles between peripheral 
blood mononuclear cells (PBMCs) and macrophages, for 
primary cell comparison. Intracellular drug concentration 
will also be explored between these cell types.
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Frequent etravirine cross-resistance in subtype C 
HIV-1 isolates among first-line ART failures in 
South Africa 
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JW Mellors1, UM Parikh1

1University of Pittsburgh, Pittsburgh, USA  
2Lancet Labs, Johannesburg, South Africa 
3BC Ctr for Excellence in HIV/AIDS, Vancouver, Canada

BACKGROUND: Etravirine (ETR) is a potent next-gen-
eration non-nucleoside reverse transcriptase (RT) inhibi-
tor (NNRTI) under consideration for use in antiretroviral 
therapy (ART)-experienced patients in resource-limited 
settings. The frequency and extent of ETR cross-resist-
ance by mutations associated with exposure to nevirap-
ine (NVP) and efavirenz (EFV) is not well understood. 
Accordingly, we investigated ETR cross-resistance 
in recombinant viruses derived from HIV-1 subtype 
C-infected individuals failing first-line NNRTI-containing 
regimens in South Africa.

METHODS: Prospective plasma samples sent for routine 
HIV drug resistance testing were collected from HIV-1 
subtype C-infected individuals that were i) failing first-
line ART after 6 months of treatment; ii) had plasma 
HIV RNA>10,000 copies/ml; iii) had at least 1 NNRTI 
resistance mutation in RT detected by standard popula-
tion genotype. Recombinant HIV-1LAI containing bulk-
cloned full-length RT sequences from 88 plasma samples 
were assayed for NVP, EFV and ETR susceptibility using 
TZM-bl cells. Fold-change (FC) values were calculated 
using a composite IC50 from 13 treatment-naive subtype 
C HIV isolates from the same region. Genotypic scores 
were determined using the Stanford HIVdb resistance 
interpretation algorithm and the Tibotec weighted score. 

RESULTS: The 5 most frequently detected NNRTI muta-
tions among the 88 failure samples were K103N (53%), 
V106M (40%), G190A (25%), Y181C (16%) and L100I 
(15%). E138A/G/K/T were observed in 13/88 (15%) sam-
ples. 48/88 (55%) samples had reduced susceptibility to 
ETR above the FC clinical cutoff of 2.9. Using the Spear-
man correlation coefficient, phenotypic FC correlated 
with both Stanford and Tibotec genotypic scores (r=0.57; 
P<0.001 and r=0.58; P<0.001 respectively), although 
misclassification was common. Overall, genotype and 
phenotype were concordant for only 59% (52/88) sam-
ples using the Tibotec score and for 48% (42/88) samples 
using the Stanford score. Concordance between geno-
typic score and phenotypic FC occurred for 7/10 (70%; 

P=0.6) and 6/8 (75%; P=0.78) samples with high-level 
resistance, 14/50 (28%; P=<0.001) and 10/27 (37%; 
P=0.0031) samples with low-intermediate resistance, and 
21/28 (75%; P=0.31) and 28/53 (52%; P=0.0026) sus-
ceptible samples using the Stanford and Tibotec scores, 
respectively.

CONCLUSIONS: Phenotypic cross-resistance to ETR is 
common after NNRTI-containing ART failure in South 
Africa. Genotype-based algorithms frequently misclassify 
ETR susceptibility of patient-derived viruses. Inclusion of 
mutations outside the polymerase domain of RT along 
and appropriate weighting of combinations of mutations 
are needed to improve genotype prediction of phenotype 
for HIV-1 subtype C virus.

Antiviral_drug_resistance.indd   127 21/05/2014   09:51:38



Berlin, Germany, 3–7 June 2014

Programme & AbstractsA128

AbstrAct 88
Antiviral Therapy 2014; 19 suppl 1:A128

Cross-resistance to elvitegravir and dolutegravir in 
502 patients failing to raltegravir
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BACKGROUND: The aim of this study was to determine 
the prevalence and patterns of resistance to integrase 
inhibitors (INIs) in patients experiencing virological fail-
ure on raltegravir-based antiretroviral therapy and the 
impact on susceptibility to INIs (raltegravir, elvitegravir 
and dolutegravir).

METHODS: We analyzed 502 treatment-experienced 
patients failing a RAL-containing regimen (2 consecu-
tive HIV RNA>50 copies/ml). Data were collected from 
17 centres in France. Reverse transcriptase, protease and 
integrase were sequenced at failure for each patient. INIs 
resistance-associated mutations (RAMs) investigated are 
those included in the last ANRS genotypic algorithm.

RESULTS: Among the 502 patients, at failure, median 
baseline HIV-1 RNA was 2.8 log10 copies/ml (IQR, 2.3 
to 3.8) and median CD4 was 218 cells/mm3 (IQR, 93 to 
337). Patients had been previously exposed to a median 
of 5, 1 and 3 NRTIs, NNRTI and PIs, respectively. 71% 
harboured HIV-1 subtype B and the most frequent non-B 
subtype was CRF02_AG (13.3%). The most frequent 
integrase mutations observed were: N155H/S (19.1%), 
Q148G/H/K/R (15.4%) and Y143C/G/H/R/S (8.4%). At 
failure, viruses were considered as fully susceptible to all 
INIs in 61.0% of cases, whilst 38.6% were considered as 
resistant to raltegravir, 34.9% to elvitegravir and 13.9% 
to dolutegravir. In case of resistance to raltegravir, viruses 
were considered as susceptible to elvitegravir in 11% and 
to dolutegravir in 64%. High HIV-1 viral load level at 
failure (P<0.001) and low GSS of the treatment associ-
ated with raltegravir (P<0.001), were associated with the 
presence of integrase mutations to raltegravir at failure. 

Q148 mutations were selected more frequently in B sub-
types versus non-B subtypes (P=0.004).

CONCLUSION: This study shows that a high proportion 
of viruses remain susceptible to INIs in case of failure of 
raltegravir-containing regimen. Among viruses resistant 
to raltegravir, most of them are also resistant to elvitegra-
vir, but 64% of them remain susceptible to dolutegravir.
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Excellent virological and immunological response 
to dolutegravir despite the presence of extensive 
resistance mutations in integrase, protease and 
reverse transcriptase 
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BACKGROUND: Dolutegravir is a second-generation 
integrase inhibitor with a proposed high genetic barrier 
to resistance. However, in clinical trials decreased viro-
logical response was seen in a subset of patients with 
prior exposure to raltegravir and multiple integrase 
resistance mutations. 

METHODS: We describe two cases of HIV subtype 
B-infected patients starting dolutegravir after previous 
failure on a raltegravir-containing regimen with extensive 
resistance. Genotypic analysis was performed using popu-
lation and 454 ultradeep sequencing of integrase at time 
of raltegravir exposure.

RESULTS: Both patients were diagnosed in early 1990s 
and received mono- and dual therapy, followed by sev-
eral cART-regimens. Due to presence of extensive resist-
ance the genotypic susceptibility score of these regimens 
never reached a score >2 and never resulted in sus-
tained virological suppression despite good adherence. 
Early 2012, the clinical condition of patient A wors-
ened during persistent failure of a mega-cART regimen 
despite excellent drug levels. 6 major PI (M46L-I50V-
I54V-V82A-I84V-L90M), 6 minor PI, 7 NRTI (M41L-
D67N-T69i-L74V-M184V-L210W-T215Y), 6 NNRTI 
(A98G-K103N-V108I-E138G-Y181C-G190A) and 2 
INI mutations (Q148R-E138K) plus DM-virus were 
detected. Ultradeep sequencing of integrase showed the 
selection of Q148R, E138K+Q148K, and N155H vari-
ants and phenotypic raltegravir resistance was demon-
strated. After addition of dolutegravir and enfuvirtide to 
the failing regimen (zidovudine + lamivudine + tenofovir 
+ etravirine + darunavir/ritonavir + maraviroc) viral load 
(VL) decreased from 244,000 to <20 cps/mL within 5 
months, CD4-count increased (33 to 272 mm3) and the 
clinical condition improved substantially. In patient B 
similar worsening of the clinical condition was observed 
late 2012 during persistent failure on mega-cART. 5 
major PI (M46I-I54V-V82C-I84V-L90M), 6 minor PI, 9 

NRTI (M41L-D67d-T69G-K70R-L74I-M184V-L210W-
T215Y-K219E), 7 NNRTI (A98G-L100I-K103N-V106I-
V108I-E138K-G190A) and INI mutation N155H plus 
DM-virus were detected. Ultradeep sequencing showed 
selection of N155H, followed by Q95K and V151I vari-
ants and phenotypic raltegravir resistance was demon-
strated. Dolutegravir was added to his failing regimen 
(zidovudine + lamivudine + etravirine + atazanavir/rito-
navir + maraviroc) at a VL of 39,000 cps/mL. Sustained 
virological suppression was reached within 5 months with 
considerable increase of CD4-count (41 to 175 mm3) and 
slight improvement of clinical condition. 

CONCLUSION: We present the first patients with exten-
sive integrase resistance who were treated with dolute-
gravir in clinical practice and who achieved excellent 
virological and immunological success. These cases dem-
onstrate the high genetic barrier of dolutegravir. 
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Single genome analysis for detecting multi-class 
drug resistance in HIV-1 infected children on 
PI-based ART
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BACKGROUND: A large proportion of vertically infected 
HIV-1 positive children who harbour non-nucleoside 
reverse transcription inhibitor (NNRTI) resistance do so 
as a result of receiving prophylactic nevirapine at birth. 
Therefore the World Health Organization recommends 
the use of protease inhibitor based (PI-based) therapy in 
these children. Furthermore, global paediatric guidelines 
now recommend immediate initiation of PI-based therapy 
because it improves child mortality and disease progres-
sion. However, especially in the context of immediate tri-
ple therapy, the potential emergence of PI drug resistance 
on the back of pre-existing NNRTI resistance will com-
promise longer-term antiretroviral efficacy.

METHOD: We used single genome sequencing (SGS) of 
pol encoded protease and reverse transcriptase as a single 
amplicon to investigate the emergence of multi-class drug 
resistance in ten vertically infected children who failed 
immediate PI-based therapy with previous maternal and 
neonatal exposure to prophylactic nevirapine. 

RESULTS: SGS revealed NNRTI, NRTI and PI resistance 
mutations as well as thymidine analogue (TA) revertants 
before PI-based therapy was initiated. The NNRTI resist-
ance mutations detected were A98G, K101E, K103N, 
V106A, V106M, Y181C, Y188C and G190A. The NRTI 
resistance mutation detected in one child was L74V, 
which was genetically linked to Y181C. The PI resist-
ance mutation detected was I50V and the TA-revertants 
detected were 215I and 219N, where the latter mutation 
was always genetically linked to Y181C. Multi-class drug 
resistance was detected in two children by the last avail-
able sampling time point during failing PI-based therapy. 
In one child, dual-class linkage of M184V, L10F, M46I/L, 
I54V, Q58E and V82A was detected in the majority spe-
cies and triple class linkage of all of these mutations and 
V108I was detected as a minority species. In the second 
child, dual-class linkage of M184V and V82A emerged 

in the majority of the viral population during PI-based 
therapy. 

CONCLUSIONS: These observations may indicate that 
multi-class drug resistance is more common than previ-
ously thought given the current paediatric prevention and 
treatment recommendations and may have serious impli-
cations for long-term use of antiretrovirals in children.
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Phenotypic characterization of virologic failure 
following lopinavir/ritonavir monotherapy using 
full-length gag-protease in the absence of major 
protease mutations
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RK Gupta7
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BACKGROUND: Major protease mutations are rarely 
observed in protease inhibitor (PI) failure, and interpreta-
tion of genotype results in this context can be difficult. 
We performed extensive phenotyping of viruses from five 
patients failing lopinavir/ritonavir (LPV/r) monotherapy 
in the MONARK study without major PI mutations by 
standard genotyping.

METHODS: Adherence and LPV drug levels were avail-
able at multiple time points. Ten full-length gag-protease 
sequences were obtained at both baseline and failure for 
each patient. Phenotypic susceptibility testing and viral 
infectivity assessments were performed using a single 
cycle assay, and fold-changes (FC) relative to a LPV-sus-
ceptible reference strain calculated. 

RESULTS: Substantially reduced baseline susceptibility 
to LPV (>10 fold) was observed in 2/5 patients, and to 
a lesser degree (>5 fold) in another two. 4/5 exhibited 
phylogenetic evidence of limited viral evolution between 
baseline and failure, although observed changes in Gag 
were not at positions known to be associated with drug 
resistance in three. One individual with LPV FC<5 in 
both baseline and failure viruses rebounded late (week 
96) with no evidence of evolution. In one patient with 
pre-treatment viruses displaying FC of 7 (95% CI, 
6–8.35) for LPV, T81A emerged in Gag along with 
M36I in protease at failure, correlating with a signifi-
cant reduction in LPV-susceptibility (FC 13, 95% CI 
8.11–17.8). Reductions in darunavir (DRV) susceptibil-
ity (>5 FC) occurred either at baseline or over time in 
three individuals. 

CONCLUSION: This study highlights the complex 
nature of virologic failure to PIs, suggesting baseline 
reduced susceptibility, evolution of resistance or a mix-
ture of both may be contributing factors. Use of a phe-
notyping approach also reveals lower DRV susceptibility, 
warranting further study as this agent is commonly used 
following LPV failure.
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Deep sequencing analysis reveals novel resistance 
pathways to potent human immunodeficiency virus 
type 1 (HIV-1) protease inhibitors 
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R Swanstrom1
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BACKGROUND: Bulk sequencing detects variants that 
comprise more than 20% of the population without pro-
viding any information about linkage. In this study, we 
used ultra deep sequencing, Illumina MiSeq, combined 
with Primer ID technology to gain comprehensive infor-
mation about resistance pathways that were overlooked 
by bulk sequencing analysis. 

METHODS: We carried out in vitro selections with daru-
navir (DRV) and 8 potent PI-derivatives of DRV using a 
mixture of 26 variants, each containing single PI-resist-
ance mutation. Using the Primer ID-based paired-end 
MiSeq platform, mutations in the protease region were 
analyzed at four time points.

RESULTS: We observed unique patterns of resistance 
mutations associated with the structure of the inhibitors 
used for selection, based on modifying two positions in 
the PIs, R1 (isobutyl) and R2 (amine) in DRV. Either iso-
pentyl or isohexyl was used to replace R1 and one of five 
different groups was used to replace R2. We found three 
distinct resistance patterns within the active site depend-
ing on the nature of R1 and R2 positions. When R1 was 
isopentyl (relatively small), R1 appears to determine 
resistance patterns regardless of R2 moiety, driving the 
V82I/I84V resistance pathway (UMASS-1, 2, 4, and 5). 
When R1 was isohexyl (relatively large), R2 appears to 
determine resistance patterns. In this case, R2 containing 
an oxygen drove a resistance pathway using I50V/L63P/
I85V (UMASS-7, 8, and 9), and R2 having an amine, the 
same as in DRV, followed the same V82F/I84V pathway 
(UMASS-6) as that obtained with DRV. Many of the 
mutations outside of the active site appeared as linked 
pairs closely spaced in the protease sequence suggesting 
one modulated the effect of its nearby partner. Surpris-
ingly, the most abundant mutant, typically containing 4 
to 10 mutations, never reached an abundance in the cul-
ture of greater than 25% at the final passage. The remain-
ing sequences were a wide array of subsets of the most 
abundant sequence. 

CONCLUSIONS: Our results demonstrate that even sub-
tle chemical changes in a protease inhibitor can result 

in the selection of resistance using significantly different 
mutational pathways and selection in culture appears to 
occur with a large population size that includes massive 
levels of recombination. 
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Time on drug analysis based on real life data
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BACKGROUND: The health condition of HIV-1 infected 
patients has improved during the last years, but lifelong 
antiretroviral treatment is still needed. However resist-
ance, multiple side effects and drug to drug interactions 
of antiretrovirals challenge the establishment of a long 
lasting regimen. The average running time of each antiret-
roviral drug composing the therapy episodes (cART), may 
be seen as an indicator of effectiveness and tolerability.

METHODS: To evaluate the running time of each drug 
used in HIV-1 treatment, we extracted therapy episodes 
from the latest release of the EuResist database. The eval-
uation period was from Oct 2006 to Oct 2012. Inclusion 
criteria for this analysis were continuous patient monitor-
ing for at least two years, and the extraction of at least 
100 cases per drug analyzed. Drug intake interruptions of 
less than a month were ignored.

RESULTS: At the time of data extraction (Feb 2013), the 
EuResist database contained data from 61,953 patients of 
which 11,499 fulfilled the inclusion criteria. We obtained 
37,035 drug treatment lines from 38,153 cARTs and the 
overall average length of drug intake was 18.7 months.

For each single drug these average durations measured in 
months were: 18.3 lamivudine; 20.8 abacavir; 12.3 sta-
vudine; 14.3 didanosine; 23.2 emtricitabine; 23.0 tenofo-
vir; 13.4 zidovudine; 19.8 efavirenz; 21.9 etravirine; 17.7 
nevirapine; 19.2 atazanavir; 22.7 darunavir; 18.7 fosam-
prenavir; 17.9 lopinavir; 15.2 saquinavir; 14.6 tipranavir; 
22.6 raltegravir; 21.9 maraviroc and 8.9 enfuvirtide.

Overall drug discontinuation rates at one, two and three 
years were 35.0%, 48.8% and 95.8%. For the different 
drug classes at two years these were: 46.2% NRTI; 49.7% 
NNRTI; 55.4% PI and 37.6% for raltegravir/maraviroc.

CONCLUSIONS: In this cohort the frequency of therapy 
changes is high. After two years of treatment, on average 

49% of the patients change at least one drug in their 
cART. Thus, we have to expect numerous changes in the 
long term perspective of treatments.

The observed differences in durations suggest that newer 
drugs might have advantages over older ones. However 
possible reasons and confounding factors (such as num-
ber of past treatment lines, co-medication, risk group etc.) 
were not addressed at this time of the analysis.
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HIV-1 minority resistant variants and virological 
response to first-line NNRTI therapy 
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BACKGROUND: The presence of low-frequency HIV-1 
variants that harbor drug resistance associated mutations 
(DRMs) to non-nucleoside reverse-transcriptase inhibi-
tors (NNRTI) could influence the virological response 
to first-line NNRTI therapy. The objective of this study 
was to investigate the frequency of patients with minor-
ity resistant variants, successfully treated with a first-line 
NNRTI therapy.

METHODS: 132 consecutive patients successfully treated 
with a first-line NNRTI therapy at Toulouse Univer-
sity Hospital (France) were included. Detection of low-
frequency DRMs (<20%) was performed by ultradeep 
pyrosequencing (UDPS) on GS Junior (Roche). Sensitiv-
ity threshold for low-frequency DRMs was estimated 
for each codon based on error rate observed in 10 clonal 
sequences investigated by UDPS. Two analysis software 
programs, GS Amplicon Variant Analyzer (AVA) and 
DeepCheckTM-HIV, were used and compared to identify 
DRMs and their frequency. 

RESULTS: Mean HIV RNA concentration was 4.78 
±0.74 log copies/ml and mean CD4 cell count was 368 
±183 CD4 cells/mm3. Patients were mainly infected with 
subtype B (68%) and 96% were treated with efavirenz. 
The sensitivity threshold determined for each mutation 
ranges between 0.13 and 0.95% for 2,000 reads. Major 
NRTI or NNRTI DRMs were detected in 45 patients 
(35%). Major NRTI DRMs were detected with a median 
frequency of 2.02% [IQR: 0.39–95.5], corresponding to 
a median copy numbers of resistant variants of 1,046 
copies/ml [IQR: 136–46,370]. Major NNRTI DRMs 
were detected with a median frequency of 0.82% [IQR: 
0.62–11.18] corresponding to a median copy number of 
resistant variants of 819 copies/ml [IQR: 406–4,700]. 
DRMs representing 1–20% of the viral quasispecies were 
observed in 11 (8.8%) patients. DRMs with frequency 
>1% were all identified by both analysis softwares with 

identical frequencies. Regarding mutations detected by 
UDPS, 15 (11.3%) patients had a genotypic susceptibility 
score <2, but none experienced virological failure.

CONCLUSIONS: Naive HIV-1 infected patients, receiv-
ing a first-line NNRTI therapy, can reach a virological 
success despite the presence of low-frequency NRTI and 
NNRTI resistant variants. Further investigations should 
be performed to determine low-frequency mutations pat-
terns and variant levels associated with virological failure.
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Prevalence and effect of changes at the E138 residue 
of reverse transcriptase in the virologic response 
to first-line non-nucleoside reverse transcriptase 
containing regimens
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BACKGROUND: Changes on E138 residue are included 
in the resistance score of second generation non-nucle-
oside reverse transcriptase inhibitors (NNRTIs). These 
changes have been recently included in the resistance 
reports. Their prevalence and effect on first-line NNRTI’s 
resistance are not entirely clear.

METHODS: We re-analyzed baseline genotypic resist-
ance profiles of antiretroviral-naive HIV-infected indi-
viduals at the Hospital Clinic, Barcelona (Spain), between 
2006 and 2013 to evaluate the prevalence of changes in 
E138 position and their virologic effect on NNRTI-first 
line therapies.

RESULTS: 1,300 sequences from naive-HIV-1 infected 
individuals were re-analyzed through Stanford HIV Drug 
Resistance Database. Changes at E138 residue were iden-
tified in 48 sequences/individuals out of 1,288 (3.7%): 3 
(2006), 3 (2007), 7 (2008), 8 (2009), 7 (2010), 9 (2011), 
6 (2012), and 5 (2013). Of these, 46 were E138A, one 
E138D and one E138G mutations. Thirty-nine out of 48 
(81%) sequences were subtype B. Forty-three (90%) were 
men, 71% MSM, and median age 39 years (IQR: 34–45). 
Twenty-two individuals started on NNRTI-containing 
regimens and another four switched early from boosted-
protease inhibitors-containing regimens to NNRTI-con-
taining regimens due to side-effects: 23 on efavirenz, 2 on 
nevirapine and one on etravirine. In six individuals, E138 
mutation was accompanied by other transmitted drug 
resistance mutations. Of the 26 patients on NNRTIs-con-
taining regimens only one, harboring E138A+L74V base-
line drug resistance mutations, failed to didanosine plus 
tenofovir plus efavirenz. Five individuals were switched 
to the single tablet regimen tenofovir/emtricitabine/rilpiv-
irine and maintained their virologic response after at least 
24 weeks of follow-up. 

CONCLUSIONS: E138A is the most frequent change on 
E138 residue in antiretroviral-naive HIV-infected indi-
viduals is Spain. Its prevalence is low (3, 6%) and stable 

over the time. These data suggest no effect of E138A on 
virological response to NNRTIs-containing regimens
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Impact of resistance mutations in a context of low-
level HIV viremia 
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BACKGROUND: Patients with low-level HIV-1 viremia 
(PLLV) are a matter of concern in regard to their immu-
nological and virological outcomes. This study aims to 
assess the role and the impact of the resistance mutations 
in such a context.

METHODS: PLLV was defined as patients on HAART 
with two consecutive viral loads (VL1/VL2) between 
50 and 1,000 copies/mL. They had to be on virological 
success (two consecutive VL<50 copies/mL) just before 
inclusion, or all previous VL had to be <1,000 copies/mL 
on HAART during at least one year. Logistic regression, 
Mann-Whitney and chi-square tests were used for statis-
tical analysis. Genotypic resistance-tests were performed 
at VL2.

RESULTS: 171 PLLV were included. The median of the 
two consecutive VL1/VL2 were 101 and 108 copies/mL, 
respectively. At least 75% and 90% of these viremia were 
below 200 or 500 copies/mL, respectively. Genotypes 
could be performed for 103 patients: 61 harboured resist-
ance mutations which were not reported in the history 
(revealed mutations) of 41 patients (24% of PLLV). Higher 
number of lines of treatment (9 vs 4; OR 1.18; 95% CI 
1.08–1.29, P=0.002), lower VL zenith (5.23 vs 5.41 log 
copies/mL, OR 0.29; 95% CI 0.13–0.64; P=0.002) were 
independently associated with patients harbouring muta-
tions who, additionally, presented a median VL2 higher 
than others (155 vs 112 cp/mL, P=0.03). Moreover, the 
difference between VL1 and VL2 was statistically sig-
nificant in patients with mutations (122 vs 155 cp/mL, 
P=0.02; median difference of +0.11 log copies/mL) in 
contrast to other patients (117 vs 112 copies/mL). Median 
time between VL1/VL2 was of 2.0 months in both cases. 
The rate of patients with revealed-mutations was higher 
in those receiving NNRTI (65% vs 35%, P=0.04). Finally, 
the rate of genotypes harbouring resistance mutations or 
revealed mutations increased with the level of VL2. 

CONCLUSION: Range of low level viremia could 
be defined as 50–500 copies/mL. The presence of 

resistance-mutations was associated with an increase in 
viral load, statistically significant but not clinically rel-
evant (<0.5 log) in short term. The rate of genotypes with 
mutations increased with the VL2 and resistance muta-
tions could be revealed in 24% of cases. 
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Reliability and clinical relevance of HIV-1 integrase 
genotyping in patients with low viremia levels 
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BACKGROUND: We evaluated the integrase-genotyping 
success rate (GSR) at low viremia-levels (51–1,000 cop-
ies/mL, LLV) and the prevalence of resistance associated 
mutations (RAMs) in raltegravir-failing patients.

METHODS: A retrospective analysis was performed 
on 1,734 HIV-1 samples whose integrase was geno-
typed over 2006–2013. Samples were stratified accord-
ing to the following viremia-levels: 51–500; 501–1,000; 
1,001–10,000; 10,001–100,000, >100,000 copies/mL. 
GSR was determined according to viremia-levels. Phylo-
genetic analysis was performed to test the reliability and 
reproducibility of the integrase genotyping also at LLV. 
Finally, the relationship between different viremia-levels 
at the time of the integrase-genotyping and the detection 
of raltegravir-RAMs (IAS-Stanford list 2013) was evalu-
ated in a subset of 182 samples successfully genotyped 
from 120 patients failing a raltegravir-containing regimen 
(virological failure defined as viremia >50 copies/mL). 

RESULTS: Overall, integrase GSR was 95.7%, and 
was comparable in the two clinical centers where the 
sequences were produced (95.4% vs. 96%, P=0.542). For 
viremia-levels 51–500 and 501–1,000 copies/mL, GSR 
was 83% and 94%, respectively, and >95% for >1,000 
copies/mL. Phylogenetic analysis revealed a high homol-
ogy among sequences belonging to the same subject for 
97.6% of patients analyzed. Integrase-resistance preva-
lence at raltegravir-failure was overall 32.1%. RAMs 
were also detected at LLV (<1,000 copies/mL). At least 
one raltegravir-RAM was indeed present: 51–500 copies/
mL =17.1%; 501–1,000=37.5%; 1,001–10,000=52.4%; 
10,001–100,000=30.0%; >100,000=30.8% (P=0.332). 
The prevalence of the major RAMs Y143C/H/R, Q148H/
K/R and N155H was overall 7.7%, 10.1% and 13.0%, 
respectively. At viremia-levels <500 copies/mL, the same 
prevalence (8.5%) was found for Q148 pathway (H=1; 
K=0; R=2) and N155H, while the Y143C/H/R was 

completely absent. By analysing samples at early-fail-
ures (within 3 months of raltegravir-treatment, n=30), 
12 (40%) depicted major raltegravir-RAMs (Y143C/H/
R=2, all with viremia >1,000 copies/mL; Q148H/K/R=4, 
50% at LLV; N155H=6, 50% at LLV). Only 1 patient 
showed secondary mutations (T97A+G163R), at viremia 
>1,000 copies/mL. The remaining 17 (56.7%) raltegravir 
early-failures did not show any integrase RAMs (58.9% 
at LLV).

CONCLUSION: The high reliability of HIV-1 integrase-
genotyping, the different levels and type of mutations at 
various time-points and viremias, all suggest the impor-
tance of an early resistance analysis, and of early therapy 
interventions, to prevent accumulation of mutations and 
increased cross-resistance within the class.

Clinical_implications.indd   140 09/05/2014   13:48:37



Berlin, Germany, 3–7 June 2014

International Workshop on Antiviral Drug Resistance: Meeting the Global Challenge A141

AbstrAct 98
Antiviral Therapy 2014; 19 suppl 1:A141
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PI-based antiretroviral therapy in Europe
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BACKGROUND: Data on long-term effectiveness of regi-
mens containing ATV/r, DRV/r, and LPV/r are limited. 

METHODOLOGY: We analyzed data from people 
enrolled in EuroSIDA to evaluate the long-term response 
to ATV/r, DRV/r, and LPV/r-containing regimens, as well 
as factors associated with virological and treatment out-
comes in the clinical setting. All subjects initiating such a 
regimen after 1st of January 2000 were included. Separate 
analyses were performed for: (a) ART-naive subjects at 
PI/r initiation; (b) ART-experienced individuals initiating 
PI/r with VL≤500 c/mL and (c) ART-experienced patients 
initiating PI/r with VL>500 c/mL. Virological failure (VF) 
was defined as 2 consecutive VL measurements >200 c/
mL 24 weeks after PI/r initiation. Kaplan-Meier and mul-
tivariable Cox regression models were used to compare 
the PI/r-based regimens with regards to described out-
comes. Analyses were performed by both ITT ignoring 
treatment switches (main pure VF analysis), ITT stop of 
PI/r= failure and OT (censoring at PI/r stop).

RESULTS: 5,197 subjects were included: 451 (8.7%) 
ART naive; 2,398 (46.1%) pre-treated initiating PI/r with 
VL≤500 c/mL, and 2,348 (45.2%) with VL≥500 c/mL. 
1,161 (49.4%) of these had genotypic resistance tests 
before PI/r initiation. Kaplan-Meier analyses in all 3 pop-
ulations showed significant differences in the time to VF 
according to specific PI/r, favoring DRV/r over ATV/r, and 
both over LPV/r (log-rank test, P<0.02). The risk of VF in 
naive patients was similar between DRV/r, ATV or LPV, 
although the risk of VF or stop PI/r was higher for LPV/r. 
The risk of VF or VF/stop PI/r in both treatment experi-
enced groups was lower in DRV/r than in ATV/r, and in 
ATV/r vs. LPV/r-based ART. In the pre-treated popula-
tion starting with VL>500 c/mL, all sensitivity analyses 

restricting to: (a) subjects initiating PI/r after 2004; (b) 
only those with a pre-treatment genotype available; and 
(c) using the OT approach showed similar results. 

CONCLUSIONS: Assuming no unmeasured confound-
ing, the long-term effectiveness of PI/r-containing regi-
mens in ART-experienced subjects appeared to be higher 
in people receiving DRV/r than ATV/r and LPV/r. The 
same tendency was observed in ARV-naive, although the 
study was likely underpowered in this population.
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subtype B and non-B infected patients receiving 
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BACKGROUND: The impact of HIV-1 protease (PR) 
mutations on virologic response to darunavir remains to 
be fully elucidated, particularly with different subtypes.

METHODS: Darunavir-containing treatment change 
episodes (TCE) in patients with a history of PI-failure, 
resistance genotype (RT+PR) and HIV-1 RNA (VL) <6 
months prior to and 8 (4–12) weeks after baseline) were 
selected from Chain and Cohere. Genotypic susceptibility 
score (GSS) was calculated counting the number of active 
drugs (0, 0.5, 1) using the ANRS2013 algorithm. Any new 
use of raltegravir, enfuvirtide and maraviroc was scored 1. 
The association of each mutation with week 8 VL change 

from baseline was analyzed by linear regression after 
adjusting for baseline VL, CD4 and GSS. The model was 
derived from subtype B cases and validated on non-B sub-
type cases. Existing genotype interpretation systems (GIS: 
ANRS2013, Rega9.1.0, hivdb7.0) were used to predict 
virologic response for comparison.

RESULTS: TCE were selected in 880 adults: 681 subtype 
B, 199 non-B (4.4% A, 4.2% AG, 3.2% C, 10.8% other). 
Accompanying drugs were NRTIs in 87%, NNRTIs in 
27% and raltegravir or maraviroc or enfuvirtide in 53%. 
Median week 8 VL change was -2.01 (IQR -2.68, -1.03) 
log10 cp/mL in B and -1.57 (IQR -2.43, -0.52) log10 cp/mL 
in non-B. The adjusted model included mutations asso-
ciated with reduced response: L10F (adjusted mean dif-
ference over WT+0.32 log10 cp/mL), V11L (+0.40), I54M 
(+0.75), T74P (+0.40) and V82I (+0.54); while K20T 
(-0.34), E34D (-0.75), I64L (-0.47), V82A (-0.19), I85V 
(-0.28) and I93L (-0.16) were associated with improved 
response. Its association with week 8 VL change in sub-
type B (derivation) set was R2=0.47 (average square error, 
ASE, 0.67, Jonckheere-Terpstra P<10-6) and it predicted a 
≥1.5 log10 VL reduction with 79.4% accuracy. Accuracy 
of existing GIS was 55.0–65.2%. In the non-B (valida-
tion) set the weighted score showed an adjusted associa-
tion with week 8 VL change of R2=0.43 (ASE 0.91) and 
predicted a ≥1.5 log10 reduction with 74.4% accuracy. In 
this set the accuracy of GIS in predicting the same reduc-
tion was 49.0–51.0%.

CONCLUSION: A new darunavir weighted mutation 
score derived from subtype B TCEs was predictive of 
virological response and outperformed existing GIS also 
with a non-B subtype dataset.

ACKNOWLEDGEMENTS: This work was supported by 
EU FP7 project CHAIN grant nr 223131.

Clinical_implications.indd   142 09/05/2014   13:48:37



Berlin, Germany, 3–7 June 2014

International Workshop on Antiviral Drug Resistance: Meeting the Global Challenge A143

AbstrAct 100
Antiviral Therapy 2014; 19 suppl 1:A143

Impact of elvitegravir/cobicistat/tenofovir/
emtricitabine failure on treatment options 
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1Imperial College Healthcare NHS Trust, London, UK  
2Royal Free Hospital NHS Trust, London, UK  
3University of Liverpool, Liverpool, UK

BACKGROUND: Virological failure of first-line ART 
is now uncommon. For patients who experience failure 
however, defining the impact of the associated drug resist-
ance is required to guide long-term management. This is 
especially important with novel regimens for which clini-
cal experience is limited. The study aim was to analyse 
treatment-emergent resistance within the two registration 
trials for elvitegravir/cobicistat/tenofovir/emtricitabine 
(EVG/c/TDF/FTC) [STUDIES 102 & 103] in order to 
define the impact on predicted drug activity and treat-
ment options.

METHODS: In STUDIES 102 & 103 subjects with con-
firmed HIV-1 RNA>400 copies/ml underwent resistance 
testing. The genotypic mutation profiles observed within 
the EVG/c/TDF/FTC arms were assigned a genotypic 
resistance score (GRS) defined by resistance level and 
number of drugs affected. Using the Stanford Interpreta-
tion Algorithm, resistance levels were 0 for susceptible/
potential resistance, 0.5 for low/intermediate resistance, 
and 1 for high-level resistance. Integrase mutations were 
classed as INI profile-1 (E92Q and/or N155H +/- T66I), 
profile-2 (Q148R), or profile-3 (Q148R + ≥1 integrase 
mutation). An expert panel assigned the preferred second-
line treatment regimen according to the British HIV Asso-
ciation Guidelines (Nov 2013).

RESULTS: In STUDIES 102 & 103 virological failure 
within the EVG/c/TDF/FTC arms occurred in 6% and 
7% of subjects respectively at week 96. Treatment-emer-
gent resistance was observed in 13/701 (1.9%) subjects 
overall over 48 weeks, increasing to 16 (+0.4%) sub-
jects at 96 weeks. The mutation profiles comprised: 1) 
M184V/I + INI profile-1 (7, 1.0%), profile-2 (1, 0.1%) 
or profile-3 (1, 0.1%); 2) M184V + K65R + INI profile-1 
(3, 0.4%) or profile-3 (1, 0.1%); 3) M184V (1, 0.1%); 4) 
M184I + K65R (1, 0.1%); and 5) INI profile-1 (1, 0.1%). 
The median GRS was 3.5 (range 1.5–8). Full or partial 
dolutegravir activity was predicted in 11 and 5 subjects 
respectively. The consensus second-line treatment regi-
mens comprised 2 NRTIs + 1 PI/r for 11/16 patents with 
M184V, and 1 PI/r + either 1 NNRTI or maraviroc for 
5/11 patients with M184V + K65R. 

CONCLUSIONS: Patients receiving first-line EVG/c/
TDF/FTC had a low overall risk of virological failure and 
resistance. Based upon the mutation profiles observed, 
preferred second-line treatment options were similar to 
those recommended after failure of first-line NNRTI-
based ART. 
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Resistance analyses of the elvitegravir/cobicistat/
emtricitabine/tenofovir DF switch studies 
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1Gilead Sciences, Inc., Foster City, CA, USA

BACKGROUND: Stably suppressed HIV-1 infected 
patients who switched to elvitegravir/cobicistat/emtric-
itabine/tenofovir disoproxil fumarate (EVG/COBI/FTC/
TDF; Stribild) from a regimen containing FTC/TDF plus 
a nonnucleoside reverse transcriptase inhibitor (NNRTI) 
(n=290) or ritonavir-boosted protease inhibitor (PI+RTV) 
(n=290) in the Phase 3 studies STRATEGY-NNRTI and 
STRATEGY-PI maintained high rates of virologic sup-
pression through 48 weeks, and switching was virologi-
cally non-inferior to comparator arms. In another study, 
all patients who switched to EVG/COBI/FTC/TDF from 
FTC/TDF plus raltegravir (RAL) (n=48) maintained viro-
logic suppression through week 48. Here, the resistance 
analyses for these 3 studies are described.  

METHODS: Preexisting/transmitted drug resistance (-R) 
in RT and PR as well as HIV-1 subtype were determined 
by historical genotypes obtained prior to the patients’ 
first regimen. Patients with resistance to FTC or TDF 
were excluded (including M184V/I, K65R, or ≥3 TAMs 
including M41L or L210W in RT). Viral isolates from 
patients with HIV-1 RNA≥400 copies/mL at confirmed 
virologic failure, discontinuation, or week 48 were ana-
lyzed for PR, RT, and IN genotype and phenotype (Mon-
ogram, Labcorp). 

RESULTS: Historical HIV-1 genotypes from 626/628 
enrolled subjects in the combined EVG/COBI/FTC/TDF 
groups documented ≥1 primary resistance mutation in PR 
and/or RT in 25% of patients. NNRTI-R was present in 
15% (predominantly from STRATEGY-PI), NRTI-R in 
8.3%, and PI-R in 3.7% of patients. Overall, virologic 
suppression was maintained through week 48 in 94% of 
all EVG/COBI/FTC/TDF treated patients compared to 
94% with preexisting resistance, 93% with subtype B, and 
96% with non-B subtypes. Altogether, 2 patients qualified 
for post-baseline resistance analyses due to virologic fail-
ure: 1 patient each from the EVG/COBI/FTC/TDF and 
NNRTI control groups in STRATEGY-NNRTI. Neither 
patient had emergent resistance, and both resuppressed to 
HIV-1<50 copies/mL with no change in therapy. 

CONCLUSIONS: Switching antiretroviral regimens 
to EVG/COBI/FTC/TDF in patients with controlled 
HIV-1 RNA and documented FTC and TDF sensitivity 

by historical genotype maintained virologic suppression 
through 48 weeks and was non-inferior to not switching. 
Similar rates of suppression were maintained regardless 
of HIV-1 subtype or the presence of preexisting resist-
ance mutations. Lack of treatment-emergent resistance 
through 48 weeks supports the utility of EVG/COBI/FTC/
TDF for treatment-experienced individuals seeking regi-
men modification or simplification.
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Effective antiretroviral therapy despite extensive 
prior resistance: clonal analysis of proviral DNA 
mutations
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BACKGROUND: Drug-resistance mutations are believed 
to be archived as integrated cellular DNA and compro-
mise the efficacy of subsequent regimens.

METHODS: We performed single genome sequencing 
(SGS) of proviral DNA in 3 patients who had durable 
virological suppression despite extensive resistance to 
their current antiretroviral therapy (ART).

RESULTS: Patient 1 had one historical plasma population 
genotype (4 years before restarting ART) with M184V, 
L10V V32I, M46I, A71V, V82A, L90M and L63P. After 
unstructured treatment interruption (45 months) asso-
ciated to reemergence of wild type virus in population 
genotyping, pt started tenofovir/emtricitabine-lopinavir/
ritonavir (only active drug by historical genotype: tenofo-
vir) and has been suppressed for the last 72 months. Out 
of 28 clones, one had M184V, M46I, V82A and L90M. 
One had V32I, M46I and V82A. One had V32I, M46I, 
V82A and L90M.

Patient 2 had three historical plasma population geno-
types (last one performed 33 months before restarting 
ART) with K65R, Y115F, Y181C and M184V. After an 
unstructured treatment interruption (6 months) pt started 
tenofovir/emtricitabine/efavirenz (only partially active 
drug: efavirenz) and has been suppressed for the last 51 
months. Out of 23 clones one had M184I. No other rel-
evant mutations were found, although six hypermutated 
clones also contained the M184VI mutation and one of 
them also had the mutation K65R.

Patient 3 had two historical population genotypes (last 
one performed 7 years before restarting ART) with 
K103N, and M184V. After unstructured treatment inter-
ruptions associated to reemergence to wild type virus in 
plasma population genotyping, patient started tenofovir/
emtricitabine-raltegravir (tenofovir and raltegravir active 
by historical genotypes) and has been suppressed for the 
last 10 months. Out of 24 clones, 2 clones had the K103N 

mutation, one had M184V and another one had both 
K103N and M184V.

Population DNA genotyping showed wild type virus in 
all 3 patients.

CONCLUSION: Drug resistance mutations remain 
archived in cellular DNA at frequencies below the detec-
tion limit of population sequencing. Despite archived 
resistance, selected patients can achieve viral suppression 
with a regimen containing only 0–2 active drugs based 
on historical population genotypes. These results suggest 
that reemergence of wild-type virus during prolonged 
treatment interruptions might positively impact response 
to subsequent regimens.
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Primary mutations in HIV integrase that confer 
resistance to raltegravir (RAL) and elvitegravir 
(EVG) are incompatible with the R263K mutation 
that is associated with low-level resistance to 
dolutegravir

K Anstett, T Mesplede, P Quashie, Y Han, M Oliveira, 
MA Wainberg

McGill University AIDS Centre, Jewish General Hospital, Montreal, 
Canada

BACKGROUND: No drug-naive HIV-infected patient has 
yet developed resistance against dolutegravir (DTG) but 
a R263K mutation confers low-level resistance (3–4 fold) 
to this drug. This substitution has also been observed in a 
small number of patients who received DTG after failing 
other non-INSTI containing regimens. In contrast, many 
mutations that confer resistance against RAL and EVG 
confer cross-resistance to DTG both in tissue culture and 
in the clinic. 

METHODS: To understand why DTG possesses a diver-
gent resistance profile compared to RAL and EVG, we 
generated recombinant integrase enzymes and viruses 
containing various combinations of mutations and stud-
ied these enzymatically and in culture.

RESULTS: R263K alone conferred an approximate 3–4-
fold level of resistance to DTG and a 40% drop in lev-
els of recombinant integrase strand transfer activity and 
viral replicative capacity. A second mutation selected at 
position H51Y did not significantly affect either enzyme 
activity or DTG resistance, whereas the combination of 
R263K together with H51Y increased DTG resistance to 
about 7-fold accompanied by a ≈75% loss in each of viral 
replication capacity, the ability of viral DNA to become 
integrated into host cell DNA, and integrase strand trans-
fer activity. In contrast, combinations of R263K together 
with multiple resistance mutations for RAL and/or EVG 
at positions 92,143, 148, and 155 resulted in ≈90% 
diminished enzymatic activity that may be incompatible 
with viral survival. Modelling of the 3-dimensional struc-
ture of integrase suggests that the R263K substitution is 
located in a region of the protein that may not permit 
further mutagenesis if secondary mutations at H51Y or 
E138K are also present. Moreover, the modelling suggests 
that integrase that contains R263K together with substi-
tutions at positions 92, 143, 148, and 155 may be enzym-
atically inactive.

CONCLUSIONS: R263K is selected by DTG because it 
confers a low but nonetheless higher level of resistance 

against this drug than any of the primary mutations asso-
ciated with resistance against RAL and EVG. Secondary 
mutations to R263K that have been examined to date 
have all led to diminished viral and enzymatic fitness, 
helping to explain why resistance to DTG in previously 
drug-naive subjects has yet to be observed. 
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Raltegravir (RAL) resistant isolates without primary 
RAL integrase (IN) mutations are cross-resistant to 
elvitegravir (EVG) but not dolutegravir (DTG)

MR Underwood1, J Horton1, F Deanda1

1GlaxoSmithKline, North Carolina, USA

BACKGROUND: DTG has low fold-change (FC) in IC50 
against HIV-1 with RAL resistant Y143 and N155 path-
way genotypes, and for RAL resistance single mutations 
tested including Q148H/K/R primary mutations; DTG 
FC generally increases for Q148H/K/R genotypes as 
additional RAL-associated secondary mutations accumu-
late. DTG’s metal-chelating scaffold may contribute to its 
prolonged binding and potent activity via more effective 
charge delocalization and by π-stacking with the terminal 
3′ adenine of HIV-1 cDNA.

METHODS: DTG, RAL, and EVG FC resistance was 
generated for 705 RAL-resistant isolates sent for testing 
during the period from Jan 2010 to Dec 2011 and with 
RAL FC >1.5 (Monogram biological cutoff). Pre-defined 
IN resistance mutations available with the data set were 
primary mutations Y143C/H/R, Q148H/K/R, N155H, 
and additional IN mutations H51Y, L74I/M, E92Q/V, 
T97A, G118R, E138A/K/T, G140A/C/S, S147G, V151I, 
S153F/Y, G163K/R, G193E, R263K. Mutation composi-
tion was compared by FC and catalytic pocket position.

RESULTS: Of the 705 RAL resistant isolates, 85 did not 
have RAL primary mutations at Y143, Q148, or N155. 
The mean respective FC IC50s for DTG, EVG, and RAL 
for compiled groups were: no additional mutations group 
(n=13) 1.01, 15.5, and 3.17; one additional mutation 
group (n=36) 0.88, 20.0, and 19.1; two additional muta-
tions group (n=24) 1.11, 45.7, and 41.4; and three or four 
additional mutations group (n=12) 1.33, 45.3, and 63.9. 
The most frequent substitutions observed were T97A 
(n=59), L74I/M (n=26), V151I (n=13), G163K/R (n=9), 
E92Q/V (n=8), G193E (n=4) and E138A/K/T (n=2). 
Comparison of mutation locations within the modeled 
IN:cDNA catalytic pocket demonstrated predominant 
positioning at the second or third layer of residues beyond 
those lining the pocket.

CONCLUSIONS: The high FCs and cross resistance 
observed for EVG and RAL and the low DTG FCs 
observed against this clinical isolate set without any pri-
mary RAL resistance mutations are consistent with DTG 
structural and electronic characteristics. The location of 
most mutations at the second or third layers beyond those 
lining the catalytic pocket are expected to cause structural 

perturbations that may also affect the active site Mg2+ 
ions, and overall negatively impact RAL and EVG more 
than DTG.
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Characterization of dolutegravir cross resistance 
among HIV-1 containing raltegravir/elvitegravir 
selected resistance mutations

W Huang, A Frantzell, JM Whitcomb, CJ Petropoulos

Monogram Biosciences, South San Francisco, CA, USA

BACKGROUND: Q148 mutations in HIV-1 integrase 
represent a major resistance pathway to the integrase 
inhibitors (INI) raltegravir (RAL) and elvitegravir (EVG). 
When present pretreatment, Q148 mutations are associ-
ated with suboptimal responses to dolutegravir (DTG). 
To better understand the impact of Q148 mutations on 
DTG susceptibility, we investigated DTG susceptibility 
of patient-derived viruses and a panel of site-directed 
mutants (SDMs). 

METHODS: Four hundred patient-derived viruses con-
taining integrase mutations at positions 143, 148 or 
155 were analyzed. A panel of SDMs containing Q148 
mutations, alone and combination with additional INI 
resistance-associated mutations at positions 74, 92, 97, 
138 and 140, were constructed. INI susceptibilities (fold 
change (FC) in IC50) were determined using a validated 
pseudovirus luciferase reporter assay.

RESULTS: Patient viruses containing Q148 mutations 
exhibited larger reductions in DTG susceptibility com-
pared to the viruses containing Y143 or N155 mutations; 
median FC=4.6 (1.5 to 96.0) for Q148 mutant viruses, 
FC=1.3 (0.6 to 2.2) for Y143 mutant viruses, and FC=1.6 
(1 to 5) for N155 mutant viruses. Among Q148H/K/R 
viruses, Q148K viruses, which emerge far less frequently 
than Q148H/R viruses, exhibited the largest reductions in 
DTG susceptibility; median FC=79.5 for Q148K viruses, 
FC=4.5 for Q148H viruses and FC=6.6 for Q148R 
viruses. The vast majority of Q148 mutant viruses also 
contained G140 mutations and exhibited larger reduc-
tions in DTG susceptibility than corresponding Q148 
mutant viruses without G140 mutations. SDM analysis 
indicated that single substitutions at position 148 alone 
did not confer reductions in DTG susceptibility. However, 
addition of G140 substitutions to Q148H/K/R mutants 
reduced DTG susceptibility from 2.7 to 59 fold. Consist-
ent with patient derived viruses, Q148K double SDMs 
exhibited the largest reductions in DTG susceptibility. 
Additional mutations at positions 74, 92, 97 and 138 
were required to confer high-level reductions in DTG sus-
ceptibility for Q148H/R+G140A/S mutants. 

CONCLUSIONS: This study demonstrates that patient 
HIV-1 variants containing Q148 substitutions exhibit 
more cross resistance to DTG than variants containing 
Y143 or N155 substitutions. Q148K variants exhibited 
larger reductions in DTG susceptibility than Q148H/R 
variants. The ability of Q148 substitutions to confer 
reductions in DTG susceptibility required additional 
substitutions at G140 and other INI resistance-
associated positions.  
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Structural mechanisms of HIV-1 integrase drug 
resistance due to Q148H and N155H 

LC Kovari, T Dewdney, J Kepes, B Keusch, Y Wang, 
IA Kovari

Department of Biochemistry and Molecular Biology, Wayne State 
University School of Medicine, Detroit, MI, USA

BACKGROUND: HIV-1 integrase (IN) is a 32 kDa protein 
with 288 amino acid residues comprising three distinct 
domains; the N-terminal domain, catalytic core domain, 
and the C-terminal domain. Structural information on the 
full length HIV-1 IN is necessary to understand host–viral 
interactions, understand antiviral resistance, and aid in 
the development of a platform for structure based drug 
design.

METHODS: Using the crystal structure of prototype 
foamy virus (PFV) IN, we have developed a model of the 
full length HIV-1 intasome. We performed 15 ns molecu-
lar dynamics simulations of the full length HIV-1 IN in 
complex with the viral DNA ends and raltegravir (RAL) 
to investigate the structural interactions in this ternary 
complex leading to reduced efficacy of RAL against 
resistant HIV-1 IN mutants HS (Q148H_G140S) and HQ 
(N155H_E92Q).

RESULTS: Key interactions between IN and RAL as well 
as between IN and the viral DNA are lost in the HQ and 
HS mutants. We observed a 64% and 96% decrease in 
intermolecular contacts for these two mutants, respec-
tively. Interestingly, in the HS mutant, the C-terminal resi-
due R231 makes contact with RAL while contacts with 
the viral DNA are lost. The N155H_E92Q (HQ) mutant 
does not make key contacts with Q146 and T66. These 
changes in intermolecular contacts alter the RAL binding 
pocket and, therefore, change the binding mode of RAL 
in the drug resistant mutants.

CONCLUSIONS: Consistent with our earlier data, the 
current results with full length HIV-1 IN suggest that 
the mutations cause a reduction in protein flexibility as 
indicated by the decrease in root-mean-square deviation 
of atomic positions (RMSD) and changes in the hydro-
gen bonding network between IN and RAL. In addition, 
changes in the hydrogen bonding network between IN 
and the viral DNA cause conformational changes in the 
active site. These differences in conformational flexibil-
ity compared to the wild type alter the binding pocket of 
RAL. Therefore, this loss of protein flexibility may serve 
to decrease the drug residence time observed in the RAL 
resistance mutants compared to wild type.
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Characterization of a new HIV integrase inhibitor 
resistance-associated secondary mutation, G149A

T Yoshinaga1, T Seki1, M Kobayashi1, A Sato1, 
T Fujiwara1

1Shionogi & Co., Ltd., Osaka, Japan

BACKGROUND: GSK1265744 (GSK744, formerly S/
GSK1265744) is an integrase strand transfer inhibitor 
(INSTI), with a low nM IC50 versus WT HIV-1 and high 
barrier to resistance. G149A, which is not a polymorphic 
mutation, has been isolated in vitro during a passage 
study with GSK744 using a starting virus with raltegravir 
(RAL) signature resistant virus Q148H. We report here 
the virological characteristics of this mutant virus. 

METHODS: In vitro passage study with WT and RAL-
resistant SDMs was performed in MT-2 cells. Fold 
changes (FCs) in potency were calculated as the ratio of 
mutant EC50 versus WT EC50 using a HeLa-CD4 assay. 
Replication curve of SDMs were evaluated by RT assay in 
MT-4 and Jurkat cells. Relative infectivity of SDMs was 
calculated as the ratio of mutant b-gal signal versus WT 
b-gal signal using a HeLa-CD4 assay.

RESULTS: During passage study with GSK744 starting 
from Q148H, G140S was isolated at day 14, then G149A 
at day 42. C56S was isolated, partially at day 42, and 
fully changed at day 56. The presence of these muta-
tions on the same genome was confirmed with genotype 
analyses. FCs of these SDMs to GSK744 were increased 
correlated to the accumulation of the secondary muta-
tions (FCs were Q148H=0.86, G140S/Q148H=6.1, 
G140S/Q148H/G149A=32, and C56S/G140S/Q148H/
G149A=44, respectively). On the contrary, the FCs of 
G140S/Q148H to RAL and elvitegravir were >130 and 
>890, respectively. Viruses with the G149A single muta-
tion, G140S/G149A double mutation, or WT were all 
equally sensitive to GSK744. Therefore, G149A is not a 
signature resistance mutation. Finally, replication capac-
ity became worse according to the number of mutations 
was confirmed by replication curve in MT-4 and Jurkat 
cells, as well as relative infectivity in HeLa-CD4 assay.

CONCLUSION: G149A is a resistance-associated sec-
ondary mutation of INSTIs. To date, there are no reports 
of G149A isolation in clinical situations. The clinical rel-
evance of these data is unknown.
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Molecular mechanisms of HIV-1 protease resistance 
and resensitization towards lopinavir and 
saquinavir upon L76V mutation

T Bastys1, NT Doncheva1, H Walter2, R Kaiser3, 
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BACKGROUND: HIV-1 protease L76V mutation has 
been found in clinical isolates from some European coun-
tries. It is a major resistance mutation against fosampre-
navir, darunavir, and lopinavir, but it has been observed to 
have a resensitizing effect against atazanavir, saquinavir, 
and tipranavir. L76V substitutes an amino acid to a chem-
ically similar one; and corresponds to a position located 
in the hydrophobic core of the protease. In this study, we 
set out to investigate the mechanisms of why this muta-
tion has such a profound effect on protein susceptibil-
ity to drugs using methods of molecular mechanics and 
dynamics simulations.

METHODS: Recombinant viral clones derived from three 
PI-resistant HIV-1 were generated with amplicons ligated 
into a matched HIV-1 deletion mutant. L76V was either 
reverted to wild type or introduced by PCR mutagenesis. 
Genotypic resistance testing was performed by Sanger 
sequencing, phenotyping by a recombinant virus assay 
(PRRT). 76 L and V protease variants in complexes with 
lopinavir (for first and second strains) and saquinavir (for 
second and third strains) were simulated in silico using 
molecular dynamics software. Interactions between drug 
and protease from resulting trajectories were analyzed 
using residue interaction networks.

RESULTS: Interactions of saquinavir with D29 and D30 
in protease S2 subsite are stronger in 76V variant, which 
explains the higher drug susceptibility reflected in the cor-
responding resistance factors, median values 74-fold in 
76L and 1.9-fold in 76V for first genotype, 19-fold in 76L 
and 1.5-fold in 76V for second genotype. In the third gen-
otype interactions of lopinavir with the flap residues I47, 
G48, and G49 are stronger in the 76L variant, explain-
ing the differences in resistance factors, median values 
46-fold in 76L and 157-fold in 76V.

CONCLUSIONS: The molecular dynamics simulations 
of the interaction of HIV-1 protease mutants with their 

inhibitors in sequence contexts that produce contrast-
ing resistance factors is a promising approach towards 
understanding the molecular mechanisms of emergence 
of resistance. They show that mutation L76V changes the 
nature of interactions with PI in the neighboring S2 sub-
site, possibly explaining the changes in resistance towards 
saquinavir and lopinavir.
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Analyses of accessory mutations in HIV-1 protease 
reveal interdependent mechanisms of resistance

DA Ragland, MNL Nalam, A Ozen, Y Cai, H Cao, 
CA Schiffer

University of Massachusetts Medical School, Worcester, MA, USA

BACKGROUND: The contribution of accessory muta-
tions in conferring drug resistance to HIV-1 protease 
inhibitors has been studied in great detail but remains 
elusive. Discerning the synergy of both types of muta-
tions to sustain resistance to highly potent inhibitors 
while perpetuating viral longevity is the basis of this 
study. Kinetic and structural analyses of four acces-
sory mutations have revealed possible interdependent 
mechanisms of mutations beyond the active site and 
their role in drug resistance.

METHODOLOGY: In this study, four HIV-1 protease 
mutants, L76V, L90M, V32I, and V32I+L33F, were char-
acterized for their impact on darunavir inhibition. Each of 
the mutants was first tested for DRV susceptibility using 
a FRET based kinetics. Each of the four mutants were 
then co-crystallized with DRV and characterized. Using 
the trajectories from 10ns molecular dynamics simula-
tions the root mean square deviations and fluctuations 
for each mutant complex was assessed. The trajectories 
from the simulations were also used to calculate distances 
for inter and intra-monomeric active site residue pairs to 
determine the bearing of accessory mutations on active 
site residues. 

RESULTS: Although the four mutations observed in this 
study do not directly lie within the active site or bind to 
DRV they each impact various aspects of DRV inhibi-
tion including a 22.5 fold change in KI exhibited by the 
V32I+L33F double mutant. Analyses of the co-crystal 
structures reveal that while no major changes can be 
observed in both overall structure and static Cα distances, 
there are significant changes in van der Waals contacts 
upon the introduction of L33F. Results from molecular 
dynamics simulations suggest that each mutation affects 
DRV binding via a network of intra-monomeric main 
chain polar contacts to reduce protease susceptibility to 
DRV by altering the conformations of residues within the 
active site.

CONCLUSIONS: The interdependent structural and 
dynamic mechanisms of resistance employed by the acces-
sory mutations in this study account for loss of suscepti-
bility to one of the most potent HIV-1 protease inhibitors.
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Inhibition of foamy virus ribonuclease H by human 
immunodeficiency virus type 1 ribonuclease H 
inhibitors
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BACKGROUND: HIV-1 RNase H is a promising target 
for drug development, but the identification of RNase H 
inhibitors (RHIs) has been hampered by the open mor-
phology of its active site, the limited number of avail-
able RNase H crystal structures in complex with inhibi-
tors and the fact that HIV-1 RNase H is not suitable for 
NMR inhibitor studies due to high MgCl2 concentrations 
needed for protein stability. Since we have shown recently 
that the structures of HIV-1 and prototype foamy virus 
(PFV) RNase H domains are highly similar, we inves-
tigated whether PFV RNase H can serve as an HIV-1 
RNase H model using NMR spectroscopy to observe 
inhibitor binding.

METHODS: RNase H inhibition was determined by a 
fluorescence assay using DNA-fluorescein/RNA-Dabcyl 
hybrid as a substrate. NMR heteronuclear single quan-
tum coherence (HSQC) experiments were performed 
with PFV RNase H and the inhibitor 6-[1-(4-fluorophe-
nyl)methyl-1Hpyrrol-2-yl)]-2,4-dioxo-5-hexenoic acid 
ethyl ester (RDS1643) and docking experiments with the 
program AutoDock Vina.

RESULTS: All HIV-1 inhibitors tested also inhibited 
the PFV RNase H function at concentrations compara-
ble to the ones reported for HIV-1 RNase H, suggesting 
pocket similarity of the RNase H domains. Four inhibi-
tors also impaired the DNA polymerase activity. NMR 
titration experiments with the PFV RNase H domain and 
the inhibitor RDS1643 were performed to determine the 
inhibitor binding site. Based on our NMR results and on 
previous experiments with RDS1643, suggesting that it 
binds Mg2+ and Mn2+, in silico docking experiments iden-
tified a putative inhibitor binding region which reaches 
into the PFV RNase H active site. Due to the high struc-
tural similarity of PFV and HIV-1 RNase H structural 
overlays could be used to propose an inhibitor binding 
site in HIV-1 RNase H. 

CONCLUSIONS: Since RNase H inhibitors represent a 
new class of inhibitors it is important to obtain informa-
tion on their binding behavior. NMR titration and dock-
ing experiments with PFV RNase H in combination with 

HIV-1 RNase H structural overlays indicate that these 
methods can be used to establish PFV RNase H as model 
system for HIV-1 RNase H in order to identify putative 
inhibitor binding sites in HIV-1 RNase H.
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Is pre-ART intra-patient HIV-1 diversity associated 
with virologic failure and drug resistance on cART?
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BACKGROUND: Identifying pre-ART factors that lead 
to the emergence of HIV-1 drug resistance is critical to 
designing strategies to prevent virologic failure (VF). 
A recent study of HIV-1 infected children reported an 
inverse relationship between pre-ART HIV-1 diversity 
and VF. To investigate this observation further, we meas-
ured the diversity of the HIV-1 in the plasma of pre-ART 
samples from adults with well-characterized virologic 
outcomes in ACTG study A5142 of initial ART. 

METHODS: We identified 22 cases randomized to the 
EFV+2 NRTI arm of A5142 who experienced VF with 
drug resistance mutations in RT and 44 matched (on race/
ethnicity, pre-ART CD4, pre-ART HIV-1 RNA) controls 
who did not experience VF. cDNA was synthesized from 
5,000 copies of HIV-1 RNA. Each cDNA molecule was 
tagged with a unique primer ID and a portion of RT 
(codons 41–103) was amplified and sequenced using 454. 
Sequences with the same tag were aligned and a consen-
sus was generated to eliminate PCR founder effects and 
reduce PCR and sequencing errors. Diversity was calcu-
lated by measuring the average pairwise distance (APD) 
with an in-house program. An exact conditional logistic 
regression model with %APD as the risk factor estimated 
the odds ratio (OR) for VF and the corresponding 95% 
confidence interval (CI).

RESULTS: Consensus sequences and diversity estimates 
of RT were obtained for pre-ART samples from 21 cases 
and 42 controls. The median (IQR) pre-ART %APD 
was 0.71 (0.31–1.13) in cases and 0.58 (0.32–0.94) in 

controls. Though not statistically significant, a trend was 
evident for higher diversity being associated with greater 
risk of VF (OR=2.2, 95% CI=[0.8, 7.2]; P=0.15).

CONCLUSIONS: Our results fail to confirm the results 
of a recent study showing an inverse relationship between 
intra-patient HIV-1 diversity and VF. Rather, we found a 
possible direct relationship between the risk of VF with 
greater pre-ART diversity. This finding warrants further 
investigation, with larger sample sizes, into the relation-
ship between HIV-1 diversity and the emergence of drug 
resistance, and suggests that patients who start cART ear-
lier and hence, with a less diverse population, may have a 
lower risk of VF. 
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Model to investigate host-specific innate and 
adaptive immune responses in therapy-naive HIV-1 
infected patients
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BACKGROUND: Understanding host-specific immune 
responses in therapy-naive patients is of high importance. 
In drug-free environments, the immune system is the 
dominant factor shaping HIV-1 evolution. Mutations can 
be selected, causing the adaption of the virus to patients’ 
HLA alleles, negatively influencing epitope immunogenic-
ity. In treatment-experienced patients, antiretrovirals are 
the dominant factor. Drug resistance associated muta-
tions can evolve which can be transmitted (tRAMs) from 
one individual to another. The persistence of tRAMs in 
therapy-naive patients may be influenced by the HLA 
alleles of the new host and that persisting tRAMs might 
be located within HLA restricted epitopes. A cell culture 
model was established to identify an impact of tRAMs 
on immune responses in the background of certain HLA 
types.

MATERIALS & METHODS: On the basis of a statistical 
analysis, identifying associations between PI, NRTI and 
NNRTI tRAMs and the patients’ HLA I alleles, a cell cul-
ture model was established. Immature monocyte-derived 
dendritic cells (moDCs) were transduced using lentiviral 
vectors to introduce HLA alleles of interest, here HLA-
A*02:01. These moDCs were infected with recombinant 
HIV-1 ADA, harbouring the tRAMs to be investigated, 
here V82A (PR). To study the impact on innate as well 
as adaptive immune responses, infected recombinant 
moDCs were co-cultured with NK cells or CD8 T cells, to 
determine cytokine and chemokine release.

RESULTS: Nine significant associations between tRAMs 
and HLA I alleles could be identified in 139 therapy-
naive patients. MoDCs were transduced to express HLA-
A*02:01 and could be infected with the recombinant 
HIV-1 ADA, containing V82A. To determine an impact of 
tRAMs on epitope immunogenicity and to identify poten-
tial biomarkers to monitor immune activation regarding 

immune escape, cytokine and chemokine levels were eval-
uated. So far, IL-8 could be identified as a candidate.

CONCLUSION: Interactions of immune system and 
treatment could especially be important in therapy-
naive patients. The consideration of HLA allele mediated 
immune selection could exclude antiretroviral drugs pro-
moting a therapy failure by providing a selective pressure 
for tRAMs conferring not only resistance to the drug but 
also immune escape. Treatment could be optimized using 
all available information regarding virus and host to facil-
itate a long lasting therapy success. 
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The effective population size of HIV-1 is large 
in vivo
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BACKGROUND: Previous estimates of the HIV-1 effec-
tive population size have ranged from small enough to be 
shaped by stochastic events to large enough to be near 
deterministic. If the number of rounds of viral replication 
is greater than 105 per day for the effective population 
then every mutation should be generated every day. If the 
number of rounds of replication for the effective popula-
tion is greater than 1010 per day then each single mutation 
will appear on average with every other possible single 
mutation (i.e. all pairs). Since the mutant viruses may 
subsequently infect a cell, their steady state level within 
the population will be determined by their fitness, but 
in large populations they will also be renewed each day. 
Small effective populations could exist if the potential to 
generate genetic diversity resided within just a subset of 
the infected cell population. 

METHODS: We used deep sequencing of the protease 
gene with Primer ID to examine the number of lineages of 
resistant genomes detected during virus rebound accom-
panying therapy failure, in this case after treatment with 
a single protease inhibitor. Viral sequences from plasma-
derived viral RNA were compared before therapy and 
during the initial viral rebound.

RESULTS: The pre-therapy population structure was 
dominated by a few major haplotypes with the remain-
der of the population carrying most of the diversity. We 
detected multiple lineages of the initial protease-inhibitor-
resistant variant V82A during rebound. The multiple line-
ages were present before therapy started and were not 
the result of recombination since they did not include 
the resistance allele on the background of the major pre-
existing haplotypes. Finally, these lineages contained a 
single resistance-associated mutation even though resist-
ance evolved further in these subjects. 

CONCLUSION: Multiple lineages of the resistance-
associated mutations pre-existed in the population but 
as single mutations without the presence of a second 
resistance mutation on the same genome. This makes 
the effective population size for HIV-1 large enough to 
be deterministic for single substitutions but not large 
enough to be deterministic for paired substitutions.
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