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Reverse transcriptase (RT)
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Protease (PR)
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Replication cycle and drug targets

Nucleoside reverse 
transcriptase 
inhibitors (NRTIs)
AZT, ddI, ddC, d4T, 3TC, 
ABC, TDF

Protease 
inhibitors 
(PIs)
SQV, IDV, 
RTV, NFV, 
APV, LPV, 
ATV

Non-nucleoside reverse 
transcriptase inhibitors 
(NNRTIs)
EFV, NVP, DLV

Entry 
inhibitors 
(EIs)
ENF (T20), 
MVC

1. Binding & 
fusion

2. Entry
3. Uncoating
4. Reverse 

transcription
5. Integration
6. Transcription
7. Translation
8. Assembly & 

budding
9. Maturation



Treatment response
Combination therapy 
(2-6 drugs)
Aims at reducing 
viral load (free virus 
in blood plasma)
Lifelong therapy 
with strong side-
effects
Limited effectiveness 
due to drug-
resistant variants



HIV infection: dynamics
resistance

inhibition

escape mutants

selective pressure

Replication dynamics 
cause a high degree of 
genetic diversity.

HAART – Highly Active 
Anti-Retroviral Therapy:
Choose 2-6 drugs from 2 
different drug classes.

NRTIs NNRTIs PIs

⇒ viral rebound   ⇒ treatment failure



How to measure resistance?
Phenotypic Resistance Testing
► measures the amount of drug 

that is required to inhibit the 
growth of virus in cell cultures

► Recombinant assay
[Walter et al. 1999]
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Genotypic Resistance Testing
► detects the presence of 

mutations known to be 
associated with drug resistance

► Cycle-sequencing assay

PR: PQITLWQRPLVTVKIGGQL…
RT: PISPIKTVPVRLKPGMDGP…
…   …

Labour intensive
Takes 4-8 weeks,
costs ~1200 €
Result easy to interpret

Standardized kits
Takes a few days, 
cheaper: ~360 €
Interpretation challenging



Genotypic resistance testing
Reverse Transcription/
1. Polymerase Chain Reaction
of HIV pol geneRNA extraction

Blood plasma RNA cDNA

2. Polymerase Chain Reaction
Protease and Reverse Transcriptase

PCR products

Sequencing Reaction

Purification (optional)

Sequencer
Purification

(optional)

M Sample



>2006100903  Wed Sep 17 13:38:06 CEST 2003. 1302 bases.
CCTCAGATCACTCTTTGGCAgCGACCCttCgTCACAATAAAAGTAGGRGG
GCAGTTAAAGgAAGCTCTATTAGATACaGGAGCaGATGATACAGTATTAG
aAGAAATGAATTTGCCaGGAAGRTGGAAACCAAAAHTRATAGGGGGAATT
GGAGGTTTTATGAAAGTAAAACAGTATGAGGAAGTACCCATAGaAATCTG
TGGACATAAGGTTACAGGTACAGTAGTAGTAGGACCTACACCTGCCAACA
TAATtGGAAGGAATCTGTtGACTCAGCTtGGTTGCACTTTAAaTTTTCCC
ATTAgTCCTaTtGAAACTGTACCAGTAAAATtAAAGCCaGGAATGGATGG
cCcAaAAGTtAAACAATGGCCATtGACAGAAGAAAAAatAAAAGCATTAG
TAGAAATTTGtacAGAATtGGAAAAGGAtGGGAAAATTTcaAAAATTGGG
CCTGAaAATCCATACAATACTCCAGTGTTTGCCATAAAGAAAAAAGACGG
TACTAAATGGAGAAAATTAGTAGATTTCAGAGAACTTAATAAGAGAACTC
AAGACTTCTGGGAAGTTCAATTAGGAATACCACATcccgGAGGGTTAAAA
AAGAACAAATCAGTAACAGTACTAGATGTGGGTGATGCATATTTTTCART
TCCCTTACAtGAAGACTTCAGGAAGTACACTGCATTTACCATACCTAGTA
CAAACAATGAGACACCAGGGATTAGATACCAGTACAATGTGCTTCCACAG
GGATGGAAAGGATCACCAGCAATATTCCAAAGTAGCATGACAAAAATCTT
AGAGCCCTTTAGAAAACAAAATCCAGAATTAGTTATCTATCAATACGTGG
ATGATTTGTATGTAGGATCtGaCTtAgAaATAGGgCAgCATAGAaCaaAA
ATAGACGAacTGAGAGAACaTCtgTGgaAGTgGGGGTTTtACACACCAGA
CAAAaAACATCAGAAAGAACCTCCATTTCTTtGgATGGGTTATGAACTCC
ATCcTGATAAATGGACAGTGCAGCCTATAGTGCTGCCAGAAAAAGACAGC
TGGACTGTCAATGACATACAgAAGTTAGTGGGAAAATTGAATTGGGCAAG
TCAaATTTACCCAGGGATTAAAGTAAGGCAATTATGCAAACTCCTTAGAG
GAACCAAAGCACTGACAGAAGTAGTACCTCTAACGGAAGaAGCAGAGCTA
GAACtGGCAGAAAACAGGGAGaTTCtGAAAGAACcAGTACATGGAGTGTA
TTATGaCCCCTCAAAAGAYTTAATAGCAGAAAtAcAGAAGCAGGGGCAaG
G

„fasta“ file



2006100903
Protease

L10F 0
M46I 0
M46L 0
I54M  0
L63P 0
A71V 0
V82A 0
V3I 1
I15V 1
S37N 1
R57K 1
D60E 1
Q61E 1
I62V 1
I72T 1
L76V 1
I93L 1

2006100903
Reverse Transcriptase

M41L 0
E44D 0
S68G 0
K103N 0
V118I 0
M184V 0
L210W 0
T215Y 0
A98G 1
D121H 1
I135T 1
D177E 1
I178L 1
E203D 1
Q207E 1
R211K 1
L214F 1
I293V 1

Genotype



Mutations selected by PIs

(Fos)amprenavir 32 46 47 50 54 73 908410
L V M I G I LII

FIRV I VIL S V MLVMV

9077 82 84 887146363010
FI N I IL I AFTSVT V MDS

L D M M V VA I LN
Nelfinavir

10 20 32 33 36 46 54 82 847771 90
FIRV I F IL VL I AFTSVT V MMR I

Ritonavir
L K V M M I V VA I LL

IRV II I IL V I AFTVT SA V MMR
82 84777371544632 3610 20 24 90
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Indinavir
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Defining resistance

cut-off

Lamivudine, 3TC

susc.

res.
M184V

(NRTI)
Zidovudine, ZDV/AZT

susc.

M41L

T215Y

L210W

M184V

res.

(NRTI)



Algorithms for genotype interpretation

geno2pheno ver3.0

RegaInst v6.2
ANRS AC11

TRUGENE HIV-1 Genotyping Test

VirtualPhenotype

HIV ViroScorer™ v1.0 



Genotype-phenotype pairs

…KVIGSVLIGPTPANIIGRSLM…
…KVVGTVLVGPTPANIIGRNLM…
…KVIGSVLVGHTPSNIIGRNMM…
…KVVGTVLIGPTPVNVIGRNLM…

…

GenotypingGenotyping PhenotypingPhenotyping

2.1   5.9 …  1.9
5.3   7.2 … 13.0

406.0 123.3 … 88.7
13.7  24.8 …  2.5

…

…
ZDV ddC LPV

900 clinical
samples

Regression model



geno2pheno: Input and results



geno2pheno output
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Viradapt study
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randomized study open study

n=65 n=43

p=0.002
(Fisher’s exact test)

Durant J et al. Lancet. 1999; 353:2195



geno2pheno based therapy switches
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n=117

p=0.002
(Fisher’s exact test)

n=65 n=43

What about the other 50% ?
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