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HHS Antiretroviral Therapy Guidelines: March 2012 
Recommendations for Drug Resistance Testing 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Source: 2012 HHS Antiretroviral Therapy Guidelines. AIDS Info (www.aidsinfo.nih.gov) 

Clinical Setting Recommendation for Drug-Resistance Testing 

Acute HIV infection Recommended: Genotype 

Treatment-naïve with Chronic HIV Recommended: Genotype 

Virologic failure 

Recommended if HIV RNA >1,000 copies/mL 
Consider if HIV RNA >500 but <1,000 copies/mL  

Consider integrase genotype when failing INSTI  
Add phenotype with known or suspected complex 
drug-resistance patterns, particularly to PIs 

Suboptimal HIV RNA Suppression Recommended: Genotype 

HIV-infected and Pregnant Recommended: Genotype prior to starting ART 



HIV Resistance Testing 

Why order a genotype in someone who has 
never received antiretroviral therapy? 



Transmission of Drug-Resistant HIV 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Wild Type HIV 

Resistant HIV 

+ +



Transmitted Drug Resistance in Persons with  
Acute/Early HIV-1 in San Francisco, 2002-2009  

ANTIRETROVIRAL THERAPY: RESISTANCE 

Any Resistance 

Source: Jain V, et al. PLoS One. 2010;5:e15510. 
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Prevalence of Antiretroviral Drug Resistance among 
Newly-Diagnosed HIV-Infected Persons, US, 2007 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Source: Kim D, et al. CROI 2010. Abstract 580. 
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HIV Resistance Testing 

Why not wait and order the genotype when the 
patient will start antiretroviral therapy? 



Transmitted Drug Resistant HIV 

ANTIRETROVIRAL THERAPY: RESISTANCE 

HIV RNA with Multiple Mutations 



Transmitted Drug-Resistant HIV 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Reverse Transcriptase Integrase Protease 

HIV with Multiple Mutations 

Genotype  



Reversion of Transmitted Drug-Resistant HIV 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Reverse Transcriptase Integrase Protease 
Resistant HIV 

Wild Type HIV 

Tim
e 

Genotype  



HIV Resistance Testing 

How do you interpret the genotype? 



Basic Principles of HIV Genotype 

ANTIRETROVIRAL THERAPY: RESISTANCE 

 DNA Sequence 

Protein 

Polypeptide N 

Amino Acids 

HIV Gene 



Basic Principles of HIV Genotype 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Protein 

Polypeptide 

AA Position 103  Amino Acids 

K 

Polypeptide N 

103 

K 

N 



Interpreting Genotypic Resistance Reports 
Understanding Genotype Mutation Nomenclature 

ANTIRETROVIRAL THERAPY: RESISTANCE 

K103N 

Amino Acids 
Reverse Transcriptase: 1-560     Protease: 1-99      Integrase: 1-288       Envelope: 1-510 

K = Wild type amino acid N = Mutant amino acid 

103 =  codon (amino acid position) 



Interpreting Genotypic Resistance Reports 
International Antiviral Society-USA: Mutation Li 

ANTIRETROVIRAL THERAPY: RESISTANCE 

www.iasusa.org/resistance_mutations/index 



Interpreting Genotypic Resistance Reports 
International Antiviral Society-USA: Mutation List 

ANTIRETROVIRAL THERAPY: RESISTANCE 

www.iasusa.org/resistance_mutations/index.html 



Interpreting Genotypic Resistance Reports 
Stanford HIV Drug Resistance Database 

ANTIRETROVIRAL THERAPY: RESISTANCE 

http://hivdb.stanford.edu 



Interpreting Genotypic Resistance Reports 
Stanford HIV Drug Resistance Database 

ANTIRETROVIRAL THERAPY: RESISTANCE 



Interpreting Genotypic Resistance Reports 
Stanford HIV Drug Resistance Database 

ANTIRETROVIRAL THERAPY: RESISTANCE 



HIV Resistance Testing 

When and how do you order a integrase genotype? 



Genes Sequenced in Standard Genotype 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Reverse Transcriptase Protease 

Standard Genotype  



Indications for HIV Integrase Genotype 

ANTIRETROVIRAL THERAPY: RESISTANCE 

•  Consideration for use of ISTI in regimen 

•  Virologic Failure on INSTI 



Integrase Genotyping 

ANTIRETROVIRAL THERAPY: RESISTANCE 

•  Integrase Genotype 
- Quest Diagnostics 
- Lab Corp 
- Virco 

•  Integrase Phenotype 
- Lab Corp (Monogram Biosciences) 
- Virco 



HIV Resistance Testing 

When do you order a phenotype? 



Minority Quasispecies 
ADVANCED TOPIC 



Minority Quasispecies of Drug-Resistant HIV 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Antiretroviral Therapy 
(Tenofovir-Emtricitabine-Efavirenz) 

 Initial Response 
Overgrowth of  
K103N Mutants  Pre-Treatment 

Metzner KJ, et al.  Clin Infect Dis.  2009;48:239-47. 
CONCLUSIONS: Minority quasispecies of drug-resistant viruses, detected at 
baseline, can rapidly outgrow and become the major virus population and 
subsequently lead to early therapy failure in treatment-naive patients who 
receive antiretroviral therapy regimens with a low genetic resistance barrier. 



Genotyping: Conventional Bulk Sequencing 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Conventional Bulk Sequencing 

20% Detection Threshold 



Genotyping: Conventional Bulk Sequencing 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Conventional Bulk Sequencing 

20% Detection Threshold 

Failure to Detect 



Potential Impact of Minority Quasispecies  
of Drug-Resistant HIV 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Antiretroviral Therapy 
(Tenofovir-Emtricitabine-Efavirenz) 

Wild Type HIV 
K103N Mutant 

 Initial Response 
Overgrowth of  
K103N Mutants  Pre-Treatment 



Genotyping: Minority Variant Sequencing 

ANTIRETROVIRAL THERAPY: RESISTANCE 

Minority-Variant Sequencing 

< 1% Detection Threshold 

Point Mutation Assays 
Clonal Sequencing 
Ultra-deep Sequencing 


