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NEXT-GEN SEQUENCING REVOLUTION

SOLiD™



SEQUENCING OUTPUT HAS DRAMATICALLY 

INCREASED

Mardis E. Nature 2011



SEQUENCING COSTS HAVE DECREASED

DRAMATICALLY

Cost per Human Genome:$7,666Cost per Mb: $0.09

January 2012

Cost per Human Genome:$7,666Cost per Mb: $0.09

National Human Genome Research Institute: genome.gov/sequencingcosts



HIV RESISTANCE STEMS FROM THE HUGE ABILITY OF THE VIRUS TO 

GENERATE DIVERSITY 

Population level Individual level

Population sequencing

deep sequencing
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INCLUSION

� Cohort or case-control studies

Systematic review – efv / Nvp

� Cohort or case-control studies

� that evaluated the effects of low-
frequency HIV-1 NRTI and NNRTI 
DRMs on the rate of virologic 
failure

� in treatment-naive adults

� receiving an initial NNRTI-based
ART.

EXCLUSION

� No comparison group

� No treatment outcome data

� Focused solely on primary infection

� Cross-sectional design
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PREVALENCE & OUTCOMES



ADHERENCE & THRESHOLD



� The presence of minority NNRTI 

DRMs and NNRTI adherence 

ADHERENCE & MINORITY VARIANTS

DRMs and NNRTI adherence 

were found to be independent 

predictors of virologic fai lure, 

but also modify each other ’s 

effects on virologic fai lure

� In addition to the focus on 

medication adherence 

counseling, ultrasensitive HIV-1 counseling, ultrasensitive HIV-1 

drug resistance assays could 

play a role in optimizing the 

success rates of f irst- l ine ART

Li J et al. AIDS 2012



BASELINE MVS AND ART: 

EFFECT ON RESISTANCE GENOTYPE AT VF

• If EFV-based regimen, baseline Y181C associated with a higher rate of Y181C detection at VF      

(18% vs. 3%, Fisher’s P = 0.01).

• No BL mutation � Y181C at VF: 75% (9/12) NVP vs. 4% (3/79) EFV (Fishers P <0.001)

Li J et al. IHHDRW 2012



SENSE STUDY (ETRAVIRINE)

Inclusion:  Treatment naïve, HIV RNA >5,000 copies/mL

No resistance mutations to NRTIs, NNRTIs or PIs (WHO list) 

and predicted phenotypic sensitivity to NNRTIs and selected NRTIs

157 subjects

ETR 400 mg OD

+ 2 NRTIs (n=79)

EFV 600 mg OD

+ 2 NRTIs (n=78)

and predicted phenotypic sensitivity to NNRTIs and selected NRTIs

(vircoTYPE HIV-1)

Follow up

Follow up

Unblinding

Unblinding

6 weeks 48 wks 2-8 wks

+ 2 NRTIs (n=78)

Double-blinded, active controlled to Week 48

Two investigator-selected NRTIs (TDF+FTC; ABC+3TC; ZDV+3TC)

Primary endpoint: Neuropsychiatric adverse events up to Week 12

Follow upUnblinding

4 wks

Geretti AM et al ICAAC 

2011 [abstract H1-373]



SENSE:  HIV RNA <50 copies/mL at  Week 48,  TLOVR,  IT T  

Populat ion – Al l  Pat ients  Randomised and Treated 

ITT TLOVR analysis                        non-VF censored analysis

difference =+1.6% (-12.0, +15.2%)    difference = +2.9 (-5.8, +11.7)

p<0.05 for non-inferiority*               p=0.001 for non-inferiority*

HIV RNA

<50 by

Week 48

(%)

p<0.05 for non-inferiority*               p=0.001 for non-inferiority*

n=79 n=78 n=65 n=65

* p values from logistic regression, adjusted for baseline HIV RNA.  Adjusted response for TLOVR: 76.1% vs 74.5%



SENSE: TREATMENT-EMERGENT RESISTANCE 

MUTATIONS AMONG VIROLOGICAL FAILURES BY TLOVR

� EFV ARM (N=7)

� 4 No mutations

Geretti AM et al ICAAC 

2011 [abstract H1-373]

� 4 No mutations

� 1 V106I + M184I

� 1 K103N

� 1 L74V + M184V + K103N + P225H

� ETR ARM (N=4)

� 4 No mutations

� NONE had pre-existing mutations at baseline by either assay

� CONCLUSION: NO EFFECT OF PRE-EXISTING RESISTANCE MUTATIONS 

BY EITHER POPULATION OR ULTRASENSITIVE SEQUENCING 



A5271015 LERSIVIRINE STUDY DESIGN

Craig et al. IAS Rome 2011



VIROLOGICAL OUTCOMES

Craig et al. IAS Rome 2011



SIMILAR RILPIVIRINE MUTS IN RESPONDERS AND 

VFS BY 454

Van Eygen V et al. IHHDRW 2012 Abstract 27
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CASE-CONTROL SUBANALYSIS OF THE

CASTLE STUDY

Lataillade M, et al, PLoS ONE 2010



PREVALENCE OF RESISTANCE – castle study

Lataillade M, et al, PLoS ONE 2010



DRUG RESISTANCE BY ARM

p=0.02

Lataillade M, et al, PLoS ONE 2010
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ETR MUTATIONS IN ARV-NAIVE VS. NNRTI-

EXPERIENCED

MUTATIONS (LEVEL)

Y181C (7%)

Y181C (3.6%) + G190A (3.2%)

L100I (14%)

L100I (32%) + G190A (5.4%)

K101E (3.8%) + G190A (4.9%)

7/20

K101E (3.8%) + G190A (4.9%)

K101E (4.0%) + G190A (4.8%)

G190S (3.1%)

0/13

Varguese V, et al, JAIDS 2009



EMERGING RAL-RESISTANT MUTANTS

ORIGINATE FROM PRE-EXISTING VIRUSES

Codoñer et al, Antiv Res 2010; Armenia D et al., JID 2012 
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PRIUS STUDY

�DESIGN

•Retrospective, multicenter cohort study in Badalona, Madrid, •Retrospective, multicenter cohort study in Badalona, Madrid, 

Terrassa and Granada, Spain  (Clinicaltrials.gov ID: NCT01346878)

�SUBJECTS 

•ART-experienced adults 

•Initiating salvage ART including PI/r, raltegravir (RAL) or etravirine 

(ETR)(ETR)

•HIV-1 RNA (VL) ≥5000 copies/mL and 1 mL of plasma available for 

testing within 12 months before treatment change (TC)

•Clinical follow-up available through at least 48 weeks after TC

•Good adherence to therapy in cl inical records

Pou C et al. IHHDRW 2012



PRIUS STUDY

Pou C et al. IHHDRW 2012



PRIUS STUDY

• 146 subjects.

• Pre-TC genotypes were obtained a median of 48 (0;135) days before TC.

Gender, % Age at diagnosis, years, median (IQR) 29 (24;33)

Female 26 Age at TCE,  years, median (IRQ) 43 (38;47)

Male 74 Time since diagnosis, years, median (IRQ) 15 (11;14)

Mode of infection, % Follow-up, years, median (IQR) 13 (9;15)

HTS 14 Number of previous drugs, median (IQR) 13 (9;17)

• Pre-TC genotypes were obtained a median of 48 (0;135) days before TC.

• Virological outcomes evaluable in 138 individuals.

• 41% developed VF

HTS 14 Number of previous drugs, median (IQR) 13 (9;17)

MSM 25 CD4, cells/mm3, median (IQR)

IVDU 36 Nadir 39 (26;177)

Transfusion 1 Baseline 232 (104;388)

Unknown 24 Baseline VL, c/mL, median (IQR) 39905 (17,000; 100,665)

Prior AIDS, % 64

Pou C et al. IHHDRW 2012
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Figure 2. Longitudinal changes in V3 loop forms and proport ions. (A) Subject 07, (B) Subject 18, (C) Subject 19, and (D) Subject 47. The
most common V3 loop sequences across all three time points are numbered and displayed along the x-axis of the 3D-bar graph; corresponding
amino acid sequences are shown below the graphs. The relative contribution of each sequence is plotted on the y-axis and displayed as a proportion
of the total population. Time in weeks are shown on the z-axis. A coreceptor usage prediction using PSSM is shown for each sequence [32].
Coreceptor usage was measured phenotypically in sub07 by generating recombinant viruses that incorporated each V3 loop sequence. Vertical
arrows denote positions 11 and 25 in the V3 loop, respectively.
doi:10.1371/journal.pone.0005683.g002

Figure 2. Longitudinal changes in V3 loop forms and proport ions. (A) Subject 07, (B) Subject 18, (C) Subject 19, and (D) Subject 47. The
most common V3 loop sequences across all three time points are numbered and displayed along the x-axis of the 3D-bar graph; corresponding
amino acid sequences are shown below the graphs. The relative contribution of each sequence is plotted on the y-axis and displayed as a proportion
of the total population. Time in weeks are shown on the z-axis. A coreceptor usage prediction using PSSM is shown for each sequence [32].
Coreceptor usage was measured phenotypically in sub07 by generating recombinant viruses that incorporated each V3 loop sequence. Vertical
arrows denote positions 11 and 25 in the V3 loop, respectively.
doi:10.1371/journal.pone.0005683.g002

Tsibris AMN, et al, PLoS One 2009 



PLASMA PBMC

ESTA PS* QDS** PS* QDS** MT2

Pou C et al. High Resolution Tropism Kinetics by Quantitative Deep Sequencing in HIV-1 

Infected Subjects Initiating Suppressive First-Line Antiretroviral Therapy. CROI 2010

Test characteristics

ESTA PS* QDS** PS* QDS** MT2

Sensitivity - 36.4 90 36.3 90.9 45.5

Specificity - 94.4 82.4 100 55.6 100

PPV - 80 75 100 55.6 100PPV - 80 75 100 55.6 100

NPV - 70.8 93.3 73.1 90.9 76

*    FPR 20%

**  FPR 10%, cut-off X4: 1%



V3-454 IN MERIT & MOTIVATE & 1029

Swenson et al. JID 2011



SUMMARY

Setting Clinical Value of Minority Variants Degree of EvidenceSetting Clinical Value of Minority Variants Degree of Evidence

ARV-naive initiating EFV or NVP Added value IIa

ARV-naive initiating ETV, RPV or LSV No added value – underpowered IIb

ARV-naïve initiating PI/rtv No added value – underpowered III

ARV-experienced Potential added value - To be proven III

HIV-1 Tropism Added value IIa



SHORTER HANDS-ON TIME IS REQUIRED

Steps Ultra-deep sequencing Time/sample (h) TRUGENE HIV-1 Time/sample (h)Steps 

Sample  preparat ion  

Amplifi cat ion  

Purifi cat ion  

Quant itat ion

Dilut ion  

Sequencing  

Ultra-deep  sequencing

protocol

High  Pure  Viral  Nucleic

Acid  Large  Volume  Kit

cDNA  generat ion  and

PCRs

Agencourt  AMPure  kit  

PicoGreen

measurement

Dilut ion  and  pooling  

Emulsion-PCR and

pyrosequencing

Time/sample  (h)  

2  

4  

12  

2  

4  

11  

TRUGENE HIV-1

Genotyping

MagNA  Pure  Compact

Nucleic  Acid  Isolat ion

Kit  I

RT-PCR 

–  

–  

–  

Sequencing  and

electrophoresis

Time/sample  (h)

0.75

4

–

–

–

4

1
1

E. Stelzl et al. / Journal of Virological Methods 178 (2011) 94–97

Data  analysis  

pyrosequencing

Amplicon  Variant

Analyzer  softw are  and

Stanford  University

HIV  database

2  

electrophoresis

OpenGene  DNA  system

softw are  Guidelines

15.0

0.5

37 h 9.25 h25 h

irsiCaixa (96 samples)



PRIMER-ID HELPS QUANTIFYING INITIAL

COPY NUMBERS FOR SINGLE AMPLICONS 

Jabara CB, et al PNAS 2011; 108:20166–71.



96 specimens from HIV+ ART-naive patients 

tested for PR resistance with Sanger and 

Ji H, et al, PLoS One 2010 

tested for PR resistance with Sanger and 

Pooled 454 genotyping  



Ji H, et al, PLoS One 2010 
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Ji H, et al, PLoS One 2010 



THE WAY TO THE CLINIC



More clinical science

Well-powered studies in treatment-naïve and experienced subjects

NEEDS TO BE MET TO REACH THE CLINIC

Well-powered studies in treatment-naïve and experienced subjects

Incorporation of minority variant information to drug resistance interpretation algorithms

PCR adjustments to enable mutational linkage studies / PCR-free methods

Role of new platforms: Illumina miSeq, PacBio, IonTorrent, Oxford Nanopore

Increased technical robustness

HIV-specific quality control panels to certify laboratories

Clear definition of technical cut-offs: alerts if coverage is not reached

Quantification of initial copy numbers of genetic material amplified, RT-PCR, ddPCR, primerID

Industrial streamlining

Reduce hands-on time and automatize steps, particularly in 454 library/emPCR preparation

Improve turn-around time to results

Incorporate validated drug resistance and tropism interpretation systems

Reduce costs: UDS costs must be competitive with population sequencing



DeepChek®-HIV Methodology

3Data 

processing

4

Data 

analysis & 

integration
5

SFF : 454-raw data

AVA

1SFF transfer

Data shared folder

AVA configuration

2 AVA Run 

preparation

454-filtered 

data

4
AVA

data 

upload

Reporting

(pop. based)

Data  

exploration

Expert 

system

Clinical data

integration

Other 

integrations

Data analyzing 

platform

Data analyzing 

platform

Sequencing

platform

Data processing 

platform

AVA configuration

files



DeepChek®-HIV Data Workflow

Configuration
Sequences 
data entry

Data 
management

Setup 
report

Analysis

5 to 10 minutes

- Type of use : 

Diagnostics /Research

- Type of entry : 

sample 

alignment/plate raw 

data (v2)

- Type of alignment 

(consensus/individual 

reads)

- Type of genotyping 

- NGS data: 

� PROT

� RT

� INT

� GP41

� GP120

� V3

- Sanger data 

� PROT

� RT

- Identifiers

- Sample information

- NGS information

- Patient information

- Clinical data

� Regimen

� Viral load

� …

- Physicians details

- Healthcare providers

- NGS data 

- Algorithms selection

� ANRS

� CHL

� HIV-Grade

� Rega

� RenaGeno

� RIS

� HIVdb

- Services

� Geno2Pheno 

- NGS reads alignment 

analysis

- NGS data QA/QC 

(DeepChek Expert 

System)

- Sanger data analysis 

and QA/QC

- Mutations frequency

- Resistance  testing 

- Subtyping- Type of genotyping 

method

- Type of subtyping 

method

- Options: Sanger 

comparative 

analysis…

- Data source: file 

upload / integration 

with sequencer (v2)

� RT

� INT

� GP41

� GP120/V3

- NGS data 

management :

� Thresholds 

definition

� Geno2Pheno 

Tropism

� ViroType

- Report configuration

� Language

� GSS cutoffs 

definition

� Mutations 

display 

� Mutational 

load

� Disable  

Expert 

System

� Comments

- Subtyping

- Miscellaneous 

analysis 

� Coverage

� FW/RV 

balance

� classification 

mutations of 

interest

� Contaminati

on check

- DeepChek reporting

- Data storage



CONNECTIVITY

Hospital 2

Web Portal

Hospital 1

Hospital 2

Lab 1

Pharma 1

55

Experts/KOL

Intranet web accessIntranet web access

Internet web accessInternet web access
Clinician Virologist Hosp. Manager

…
454 data exchange454 data exchange
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DeepChek-HIV v1.2 – Clonal genotyping

NGS Types of Genotyping Analysis

Virus 1 

Virus 2 

Variants Population Analysis (from DC v1.1) Clonal Variants Analysis (from DC v1.2)

+

Threshold 25%

Threshold 1%

63

+

Reporting

25% 1%

� �

�

Mutations analysis Drug resistance

Drug Algo 25% 1%

3TC A S R

B S I

D4T A S R

B S R

Clonal variants analysis

Variant Freq Seq Pattern FW 

count

RV 

count

A

3TC

B

3TC

A

D4T

B

D4T

1 60% 2 1 S S S I

2 40% + 1 1 S S R I



SANGER POPULATION BASED VS. 454/DEEPCHEK

VARIANTS POPULATION BASED

A T A C A G

A T A C A G

454/DeepChek Variants Population sequencingSanger population sequencing

A T A C A G

A G G C A GA T

G

A

G

C A G

Variant calling

Codon 1 Codon 2 Codon 1 Codon 2

Pos 1 Pos 2

ATA (I) CAG (Q)

Pos 1 Pos 2

ATA (I) CAG (Q) ATA (I) CAG (Q)

ATA (I) CAG (Q)

AGG (R) CAG (Q)

ATA (I) CAG (Q)

ATG (M)

AGG (R)

AGA (R) 

Mutation list: 1I/M/R, 2Q Mutation list: 1I/R, 2Q

Virtual 

codons

Virtual  mutation (false positive)
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The main challeges with UDS

Clinical relevance

Clear in naive w NNRTI, 

post-PMTCT & tropism
Clinical relevance

CostAutomation

• Sample pooling

• Centralised 

testing

• Pop sequencing 

for most 

samples / deep 

sequencing for 

selected 

samples (naive 

Bioinformatics

samples (naive 

with NNRTI, 

tropism, post-

PMTCT)

Validated / Automated 

resistance interpretation 

software solutions



THE HYPE AND HOPE CYCLE



� Federico García,  H Granada

� Rafael  Delgado,  H 12 Octubre,  

MANY THANKS! 

� Rafael  Delgado,  H 12 Octubre,  
Madrid

� David Dalmau,  H Mútua de Terrassa

� Roche Diagnost ics  S .L . ,  Spain

� ABL - Advanced Biological  
Laboratories ,  Luxembourg

� Center for  Technological  and 
Industr ial  Development (CDTI)  Industr ial  Development (CDTI)  
Spanish Ministry  of  Science and 
Innovation

� CHAIN

� EuroSIDA

� EuroCOORD

THE MOLECULAR EPIDEMIOLOGY GROUP 

AT IRSICAIXA


