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Disclaimer

Funding for this presentation was made possible by 5 TR7HA53202‐02‐00 

from the Human Resources and Services Administration HIV/AIDS 

Bureau. The views expressed do not necessarily reflect the official policies 

of the Department of Health and Human Services nor does mention of 

trade names, commercial practices, or organizations imply endorsement 

by the U.S. Government. Any trade/brand names for products mentioned 

during this presentation are for training and identification purposes only.



Learning Objectives

• Understand the process of genotype versus phenotype resistance testing and 

why one is preferred over the other

• Describe the indications for a traditional genotype (RT/PR), an integrase (IN)  

genotype, and a phenotype

• Know the resources for help with interpretation of resistance-associated 

mutations



Resistance Test Steps & Comparison

Genotype* Phenotype*

Amplify RNA, sequence pol gene 

(reverse transcriptase, protease, +/- 
integrase), compare to wild type, find 

amino acid changes (including those  

known to confer resistance to ARVs)

Amplify RNA, sequence pol gene, insert into 

lab virus, grow virus in culture, add ARVs in 
various amounts, compare IC50** to IC50 of 

wild type virus (“fold change”)

Quicker, lower cost, more sensitive Takes longer, more expensive

Interpretation can be challenging Helpful if complex resistance history, 

especially to protease inhibitors (PI)

*Both types: need circulating RNA; resistance only detected if >10-20% of virus population

**IC50 = drug concentration required to inhibit viral replication by 50%

Sources: HHS Adult & Adolescent Treatment Guidelines, National HIV Curriculum (hiv.uw.edu)
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Indications for Standard RNA Genotype Resistance Testing

Reverse Transcriptase & Protease

Source: DHHS Adult & Adolescent Treatment Guidelines, https://clinicalinfo.hiv.gov/en/guidelines

• Indication #1: all treatment-naïve patients at entry into care

- Frequency of transmitted mutations: 5-15% (mostly NNRTI)

- Check even if deferring ART

- Ok to start ART before results return

- Integrase resistance testing not routinely indicated at baseline

- Also public health purposes (surveillance, transmission networks, inform guidelines)



Indications for Standard RNA Genotype Resistance Testing

Reverse Transcriptase & Protease

Source: DHHS Adult & Adolescent Treatment Guidelines, https://clinicalinfo.hiv.gov/en/guidelines

• Indication #2: Virologic failure or suboptimal virologic suppression

- Virologic failure: HIV RNA rebound to >200 copies/mL (genotype may be 

unsuccessful if RNA 200-500 copies/mL, but should be attempted)

- Suboptimal virologic suppression: HIV RNA does not decrease to <200 

copies/mL despite adherence to ART



Indications to Add Integrase Genotype Resistance Testing

Note: May Require Separate Lab Order

Source: DHHS Adult & Adolescent Treatment Guidelines, https://clinicalinfo.hiv.gov/en/guidelines

• Indication #1: virologic failure while taking an integrase inhibitor

• Indication #2: Check for integrase resistance at baseline if: 

- 1) Suspected transmitted integrase resistance, or 

- 2) History of integrase inhibitor use for PrEP or PEP



Another Genotype Option: PBMC DNA Resistance Testing

(a.k.a. Archive, DNA, proviral, or PBMC genotype)

Sources: 1) Delaugerre C et al. HIV Medicine. 2012;13:517–525. 2) Chu C, et al. Clin Microbiol Rev. 

2022;35(4):e0005222. 3) Campagna R, et al. Viruses. 2024;16(11):1697.

• Use whole blood proviral DNA (integrated into viral chromosome)

• Indication: need resistance data to make ART change and cannot get RNA data

• Advantage: available at any RNA level, including not detected

• Disadvantage: less sensitive than cumulative RNA genotype data because…

- Mutations emerge first in circulating RNA; takes time to accumulate in PBMCs

- High concordance only if high level of viral replication circulating for sufficient time

- Reservoir is dynamic & mutations are lost with longer viral suppression time



Indications for Phenotype Drug Resistance Testing

• Per guidelines: add to genotype if known or suspected complex mutation pattern

• In practice: almost never nowadays



How best to interpret genotype resistance results?



https://hivdb.stanford.edu/

















*Scores <10 indicate susceptible; scores 10-14 indicate potential low-level resistance; scores 15-29 indicate low-level 

resistance; scores 30-59 indicate intermediate resistance; scores 60 or higher indicate high-level resistance.

















Take-Home Points

• Genotype is the principal resistance test used in clinical care

- Indicated for all at baseline (integrase testing not routinely indicated)

- Also indicated for virologic failure or incomplete virologic response

- If virologic failure occurs while taking integrase inhibitor, add integrase testing

- Genotype of proviral DNA in PBMC (aka, archive genotype) rarely indicated

• Stanford Database is a powerful tool for interpreting & learning mutations

- Remember to enter all resistance mutations from all past genotype tests!
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