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INTERPRETATION SYSTEM

Ekawat Pasomsub
Unit of  Virology and Molecular Microbiology, 
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HIV infection  (HIV and Host interaction)
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Bureau of Epidemiology, Department of Disease Control, 
Ministry of Public Health, Thailand

Total 369,885

3

TTHAILANDHAILANDIn 2002

Thai Ministry of Public Health
The National Access to Antiretroviral Program for People Living with 
HIV/AIDS (NAPHA) ( )

The aim of providing treatment to all Thai patients with HIV infection

The Government Pharmaceutical Organization (GPO) 
Began producing a generic version of three anti-HIV drugs mixed together 
into one pill called GPO-VIR

d4T
3TC

NRTIs
3TC

Nevirapine NNRTIs

Using this combination of drugs as the first-line HAART (drug) 
regimen
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F

Second-line

Start First-line ARV : 
CD4<200 cells/ul)

With in 3 months

First-line ARV

e ARV

Secon

Poor adherence

Strict adherence

nd-line ARV

Our Mission:
To make first-line 
ARV last longer

Over 13-15 years

ARV Treatment 
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Thai Universal Health Care Scheme for AIDS
B.E 2550 = 3,855,600,000 baht
B.E 2551 = 4,325,966,000 baht
B.E 2552 = 2,983,800,000 baht
B E 2553  2 770 000 000 b ht

FirstFirst--line ARV therapyline ARV therapy
GPOvirGPOvir 11,,200 200 baht/patient/month   = baht/patient/month   = 11,,440440,,000000,,000 000 bahtbaht
NVP NVP 200 200 mg + dmg + d44T T 30 30 mg + mg + 33TC TC 150 150 mgmg

B.E.2553 = 2,770,000,000 baht
Approximately, 100,000 HIV infected people in need of antiretroviral treatment

Fiscal expenditure

Viral load (HIV in Viral load (HIV in the the blood)blood) & HIV& HIV--1 1 drug resistant testingdrug resistant testing

SecondSecond--line therapy line therapy (2(2--9 times more expensive)9 times more expensive)
NRTI + PI /patient/month =  2,880,000,000NRTI + PI /patient/month =  2,880,000,000--12,960,000,000 12,960,000,000 bahtbaht

Good /Poor Good /Poor 
Adherence Adherence 

The earlier the better (a lot cheaper)The earlier the better (a lot cheaper)
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CLINICAL APPLICATIONS FOR
THERAPY ON HIV INFECTION

RTRT

No drug: Wild type (fittest)>Mutant

On drug: Wild type<Mutant

•Rapid turnover rate : 104 and 105

•Lack of proofreading enzyme activity 

Pressure: antiPressure: anti--retroviral drugretroviral drug

Wild Type

ProteaseProtease
Mutant
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Mutant type virus

High viral load -> low CD4

11

Drug resistance

GenotypePhenotype Virtual Phenotype
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GENOTYPIC TESTING
Investigate the nucleotide sequence of an 
HIV on the region that control the Protease 
and Reverse Transcriptase genep g
Comparing with nucleotide 
sequence of HIV wild-type

Ref – AGTGTGCAGTAGATC
Pt  - AGTGTGCAGAAGATC

M184V

Rule‐base knowledge

TRUGENE SYSTEM BY SIEMENS

Pic of
TRUGENE

HIV Resistance
Report Page 1

14
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TRUGENE HIV-1 RESISTANCE REPORT
No

evidence of
resistance

Possible
resistance Resistance

Resistance associated
RT mutations

R i t  i t d

15

Resistance associated
PR mutations

Disappearance of resistanceDisappearance of resistance
•• When When treatment treatment interrupted for example, noninterrupted for example, non--adherenceadherence

•• DrugDrug--resistant resistant strains strains cannot detected cannot detected by genotyping assaysby genotyping assays

•• Still Still minority population that can minority population that can rere--emerge emerge if selection pressure if selection pressure •• Still Still minority population that can minority population that can rere--emerge emerge if selection pressure if selection pressure 
rere--appliedapplied

Drug A

No drugs A
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DRUG RESISTANCE TESTING ON

THE INTEGRASE INHIBITOR

17

18
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DRUG RESISTANCE INTERPRETATION
FOR INTEGRASE INHIBITOR

19

VIROSCORETM

SUITE

Siam
Khunset
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VIROSCORER – NAÏVE PATIENT

VIROSCORER – FAILING NNRTIS
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9 MONTH9 MONTH
1 2

Provides resistance interpretation 
based on the patients current and 
past resistance history
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Dr. Somnuek
Sungkanuparph

Dr. Sasisopin 
Kiertiburanakul

Dr. Weerawat 
Manosuthi

Dr. Woraphot 
Tantisiriwat

RESULT OUTPUT

26
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COMMENT/NOTE BY EXPERTISE

27

In highly experienced 
patients, the multitude of 
accumulated mutations

Disadvantages

Relevance of some mutations 
unclear

GENOTYPIC DRUG RESISTANCE TESTING

accumulated mutations 
may be complex.
“Archived” mutations. 
Mutations may interact 
with each other making 
interpretation difficult

unclear

Unable to detect minority variants 
(< 20% to 25% of viral sample)

Complex mutational patterns may 
be difficult to interpret

interpretation difficult.

Jing Zhang et al., PNAS, 2009; 1321‐1326
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Direct assay

Phenotypic drug resistance testing

Determine the degree of virus 
replication inhibition at 
different drug concentrations
Usually calculated at the 50% 
or 90% inhibition 

t ti  ( IC50  IC90 ) concentration ( IC50 or IC90 ) 

CALCULATION OF RESISTANCE FOR
PHENOTYPE ASSAY
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INTERPRETATION = Reference

= Patient

Resistant to the drugSusceptible to the drug

www.monogramhiv.com

PHENOTYPIC RESISTANCE REPORT

www.monogramhiv.com

Phenotype tests are 3-4 times more expensive than genotype tests.

They take longer to get results - usually 2­–4 weeks
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VIRTUAL PHENOTYPE
Predicts phenotypic resistance using 
database of genotype/phenotype 
combinationscombinations
Less time consuming and labor intensive 
than actual phenotype
Less costly than actual phenotype

Genotype

Phenotype

Prediction 
system

Quantitative level

REPORT AND INTERPRETATION

CONFIDENTIAL - ONLY 
FOR INTENAL USE
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TruGeneTruGene

ViroScoreViroScore

RamaScoreRamaScore

VircoNetVircoNet

Detection limit of first gen sequencing: >20% of HIV-1 mutations

ViroSeq or In-house
TruGene

Detection limit of next gen equencing : <1% of HIV-1 mutations
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Disappearance of resistanceDisappearance of resistance
•• When When treatment treatment interrupted for example, noninterrupted for example, non--adherenceadherence

•• DrugDrug--resistant resistant strains strains cannot detected cannot detected by genotyping assaysby genotyping assays

•• Still Still minority population that can minority population that can rere--emerge emerge if selection pressure if selection pressure •• Still Still minority population that can minority population that can rere--emerge emerge if selection pressure if selection pressure 
rere--appliedapplied

Drug A

No drugs A

Minor peak cannot be
differentiated from noise
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NEXT GENERATION SEQUENCING ?
1st generation

Maxim-Gilbert Sequencing Dideoxy
nucleotide  (dye base) sequencing
4 lanes 1 dye or 4 dyes 1 lane4 lanes 1 dye or 4 dyes 1 lane

2nd generation
Sequencing by Ligation

BilliBilli

50-100 bases Massively Parallel Sequencing

Billions
bases

PicotiterPicotiter plate > plate > 100100,,000 000 wellswells
Approximately  Approximately  7070,,000 000 beads filled in the wellsbeads filled in the wells
Each bead will produce Each bead will produce 500 500 bpbp
P ld bP ld b 3535 MilliMilli bbPer run would be Per run would be 35 35 Million Million bpbp
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First Generation
(Sanger Sequencing) Second  Generation (454)

COMPARING TO THE BASE CALLING

Base calling error!  No Base calling 

SANGER VS ULTRA DEEP TECHNOLOGY IN HIV DR

AmpliconsRNA Extraction

HIV virus

RT-PCR

A: >20%

B: < 20%

454, Roche

Sequencing

A  >20%

emPCR & Sequencing

Detectable
Clonal
Amplification

TruGene

A: >20%

B: < 20%

A: >20%

B: < 20%

Undetectable
www.roche-applied-science.com

Sequencing, 
individually
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G  A
D30N

A Major Protease Inhibitor Mutation at 3.5% Prevalence

D30N causes intermediate‐
level resistance to the PI 
nelfinavir

DETECTING HIV DRUG RESISTANCE MUTATIONS
HIV‐1 TROPISM

PR   RT V3IN

www.roche-applied-science.com

PIs and RTIs Integrase
inhibitors

Coreceptor
Antagonists
CCR5 

Fusion
inhibitors
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HIV-1 Tropism Screening
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Large-Scale Application of "Deep" Sequencing Using 454 Technology to HIV Tropism 
Screening (http://www.natap.org/2010/CROI/croi_106.htm)

Reported by Jules Levin
17th CROI 2010 Feb 16-19 SF

Luke C Swenson1, Winnie Dong1, Theresa Mo1, Alexander Thielen2, Mark Jensen3, Doug Chapman4, Ian James5, Jayvant Heera4, Hernan
Valdez4, P Richard Harrigan1 1BC Centre for Excellence in HIV/AIDS, Vancouver, Canada; 2Max-Planck Institute for Informatics, 
Saarbrucken, Germany; 3Fortinbras Research, Buford, GA; 4Pfizer, Inc. New York, NY; 5Pfizer Research and Development, Sandwich, UK

CONCLUSION

"Deep" sequence analysis of the HIV V3-loop gives improved prediction of virological response to 
MVC relative to the original Trofile assay, and similar to the currently-available Trofile assay 
(ESTA).

BACKGROUND

HIV tropism testing is required prior to treatment with CCR5-antagonists such as maraviroc (MVC). Currently, 
the recombinant phenotypic Trofile assay (Monogram Biosciences) is the most commonly used method to test 
for HIV tropism/coreceptor-usage.

Genotypic testing using either population-based sequencing or novel "deep" 454 sequencing of the V3 loop of 
HIV env may be viable alternatives, with some practical advantages over Trofile.

"Deep" sequencing can quantify minority HIV variants within an individual, including non-R5 variants.

We retrospectively tested response to a MVC-containing regimen across 4 clinical trials, with HIV tropism 
determined by deep sequencing. Results were compared to those obtained using the original Trofile assay, 
population-based V3 sequencing and, where available, the Enhanced Sensitivity Trofile Assay (ESTA).

Co receptor prediction service
~500 bp

Co-receptor prediction service

48

Geno2pheno http://coreceptor.bioinf.mpisb.mpg.de/cgi-bin/coreceptor.pl
PSSM algorithm http://ubik.microbiol.washington.edu/computing/pssm/

R5 or R4 Virus ?????  
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NUMBER OF SAMPLES FOR DRUG
RESISTANCE MONITORING

Years 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

RT 83 88 387 406 412 504 639 2,216 2152 3411RT 83 88 387 406 412 504 639 2,216 2152 3411

PR 83 88 314 298 269 285 470 2,216 2152 3278

Total 83 88 387 406 412 504 639 2,216 2152 3415
*

*4 (order PR only)

Total    10,302 tests 

NRTIS, NNRTIS AND PIS RESISTANCE
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Use total resist each year as reference
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QUALITATIVE AND QUANTITATIVE
HIV-1 DRUG RESISTANCE
INTERPRETATION SYSTEMINTERPRETATION SYSTEM

Virology and molecular microbiology Unit
Department of Pathology

Ramathibodi Hospital


