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Human Immunodeficiency Virus type 1 (HIV-1) is a fast evolving, hyper-variable virus with high 
mutation (� 3x10-5) [1] and recombination rates [2]. This results in a quasispecies distribution of HIV-1 
variants [3] with each variant, on average, differing from each other by one or two aminoacids, 
including antiretroviral (ARV) drug resistance mutations. The quasispecies estructure of HIV-1 
facilitates the evolution of drug-resistance and ARV treatment (ART) failure upon exposure to 
suboptimal therapy.

ART guidelines recommend resistance testing before initiating ART. There is strong evidence that viral 
population genotyping underestimates the presence of ARV resistance by missing drug-resistant 
mutants present as minority variants. Ultradeep sequencing (454 life sciences/Roche Diagnostics) 
reliably detects such variants down to � 1%. 

ARV-naïve subjects are more likely to develop virological failure to drugs with low genetic barrier in the 
presence of minority drug-resistant viruses. [4] The impact of minority variants in deep-salvage therapy, 
however, remains uncertain. 

In this study we sought to explore the feasibility of UDS as a tool to inform treatment decisions in 
heavily pre-treated HIV-1 infected subjects when detecting low frequency resistance mutations.

REFERENCES
1. Novak M., Nature 347:522 (1990) 
2. Levy D.N., et al., PNAS 101:4204 (2004) 
3. Eigen M., et al., Adv. Chem Phys 75: 149 (1989) 
4. Simen B.B., et al., JID 199: 693 (2009)
5. Liu T.F. and Shafer R.W., Clin. Infect. Dis. 42:1608 (2006)

INTRODUCTION 

OBJECTIVES 

MATERIAL AND METHODS 

RESULTS – GENOTYPES AND PHENOTYPIC SUSCEPTIBILITY PR EDICTION

RESULTS - PATIENT CHARACTERISTICS 

1. UDS refines predictions of phenotypic susceptibility to PR and RT inhibitors including darunavir and etravirine also in heavily pre-treated subjects infected with  multidrug-resistant HIV-1; such improvement is achieved by detecting minority mutants at levels >1% in 

the virus population, although this predefined cut-off is arbitrary and likely underestimates the real prevalence of minority drug-resistant variants.
2. The role of ultrasensitive genotyping techniques in predicting clinical outcomes should be further explored in treatment-experienced subjects. 

CONCLUSIONS
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Figure 1.- Clinical Evolution of the patients included in the study, blue lines indicate CD4+ count across the time, while red lines indicate the viral load. T1 and T2 indicate the time points where the 454 was performed
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The seven patients are grouped according to their ART adherence as: good adherence (in green), bad adherence (in red), and treatment interruption (in orange). The clinical history (figure 1), 454 coverage at T1 and T2 (figure 2), percentage of mutations detected with 454 compared with the 
population sequencing in PR (figure 3) and RT (figure 4) and predicted phenotypic susceptibility according to population or ultradeep sequencing (figure 5) are indicated
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Figure 2.- Amino acid coverage of the 454 runs at the different patients and different time point, t1 in black and t2 in red for Protease (PR)  and Retro-transcriptase (RT). HXB2 position in amino acids have been used as reference
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Figure 3.- Principal resistance mutations detected in PR with UDS. Black and red bars are the percentage of each mutation at t1 and t2 respectively. (B) show percentages at log scale, with a dashed line indicating the 1% threshold. (C) Table with mutations detected by population sequencing. Arrows point mutations detected by UDS and not by population sequencing.

Figure 4.- Principal resistance mutations detected in RT with UDS. Black and red bars are the percentage of each mutation at t1 and t2 respectively. (B) show percentages at log scale, with a dashed line indicating the 1% threshold. (C) Table with mutations detected by population sequencing. Arrows point mutations detected by UDS and not by population sequencing.

Figure 5.- Resistance level interpretation of the different detected mutants, from population and 454 sequencing, at both t1 and t2 for the principal drugs under the Stanford HIVdb algorithm. Resistance levels are colored from red (high level) to green (susceptible) as indicated in the below the table.

This proof-of-concept study analyzed paired plasma samples from 7 subjects infected with HIV-1 
resistant to PIs, NRTIs and NNRTIs, who developed virological failure (VF) to DST including, at least, 
darunavir, tipranavir or etravirine. 

Samples were obtained within 6 months before DST initiation (T1) and at the time of virological failure 
(T2) (i.e. VL>400 copies/mL 24 weeks after DST initiation). 

The PR and RT genes were genotyped by in house population sequencing (PS) and using the UDS 
454 Life Sciences/Roche platform. 

For UDS, we obtained 8 different overlapping amplicons (3 covering the PR and 5 covering the RT), 
ensuring that each relevant base was inspected at least by two different amplicons.

Raw UDS sequences were filtered to ensure high quality standards. Sequences from each amplicon
were analyzed separately. Each sequence was aligned with a consensus sequence obtained from all 
UDS sequences per each amplicon; only those with a similarity > 90% against the consensus 
sequence were included for further analysis. Only sequences present at > 1% of viral population 
(predefined cut-off for UDS) were included in the analysis of phenotypic susceptibility prediction. The 
viral phenotype was inferred from genotypes using the HIVdb program from Stanford Database [5]. 

To compare the prediction of drug resistance to PR and RT inhibitors obtained by viral population 
sequencing and UDS in subjects infected with multidrug-resistant HIV-1 initiating deep-salvage 
therapy (DST) 
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