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Disclaimer

Funding for this presentation was made possible by U1OHA29296 

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



Poll

You are seeing a patient recently diagnosed with HIV for their first clinic visit. They 

have no history of PrEP use. Which of the following is recommended as part of the 

baseline laboratory evaluation?

A) Genotype resistance assay (integrase resistance testing not necessary)

B) Genotype resistance assay with integrase resistance testing

C) Phenotype resistance assay with integrase resistance testing

D) Genotype and phenotype resistance assays (integrase not necessary)



Resistance Test Comparison

Genotype Phenotype

Sequence reverse transcriptase (RT) 

and protease (PR) genes, +/- integrase 

(IN) gene (or, rarely, envelope gene)

Grow virus in culture, add ARV drugs in 

various amounts, compare IC50 to IC50 

of wild type virus (“fold change”)

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

Interpretation challenging if numerous 

mutations

Helpful if complex resistance history, 

especially to protease inhibitors (PI)

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



Example

genotype

report



Example

phenotype

report



Example

phenotype

report



Indications for Genotype Resistance Testing

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



Indications for Genotype Resistance Testing

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 considered)

- For non-long-acting ART, ideally perform genotype within 4 weeks of stopping 

ART (not always realistic)



Virologic Responses on Antiretroviral Therapy

Virologic Suppression

Slide courtesy of Dr. David Spach
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A confirmed HIV RNA level below the lower limit of assay detection.



Virologic Responses on Antiretroviral Therapy

Virologic Failure
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Confirmed HIV RNA ≥200 copies/mL after virologic suppression

Slide courtesy of Dr. David Spach



Virologic Responses on Antiretroviral Therapy

Incomplete or Suboptimal Virologic Response

1

10

100

1,000

10,000

100,000

1,000,000

0 4 8 12 16 20 24 28 32

H
IV

 R
N

A
 (

c
o

p
ie

s
/m

l)

Weeks

50

200

ART Started

Two consecutive plasma HIV RNA levels >200 copies/mL after 24 weeks on an ARV regimen. 
Baseline HIV RNA may affect the time course of response, and some regimens will take longer than others to suppress HIV RNA levels.

Slide courtesy of Dr. David Spach



Indications for Integrase (IN) Genotype

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

• Indication #2: add to RT/PR genotype at baseline if past integrase inhibitor 

exposure (prior cabotegravir for PrEP) or integrase inhibitor resistance exposure

*Remember, integrase resistance testing may require a separate order!

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



Another Genotype Option: PBMC DNA Resistance Testing

(also called: archive, DNA, proviral, or PBMC genotype)

• What is it? Sequence mutations in proviral DNA, instead of plasma RNA

• Advantage: available at any RNA level, including undetectable

• Disadvantage: less sensitive than cumulative RNA genotypes

- Why? Takes weeks to months for mutations to accumulate in PBMCs, especially if 

low HIV RNA levels or periods of virologic failure brief

• Indication: taking salvage ART, need resistance data in order to change or 

simplify regimen, and cannot obtain past RNA genotype results

1. Delaugerre C et al. HIV Medicine. 2012;13:517–525. 

2. Chu C, et al. Clin Microbiol Rev. 2022 Dec 21;35(4):e0005222. 



Indications for Phenotype Resistance Testing

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

• In practice: almost never



Case

• A 55-year-old patient, who was prescribed rilpivirine/tenofovir 

alafenamide/emtricitabine, presents after an absence from care. They report 

missed doses of ART over the prior 3 months. The prior HIV RNA levels were 

suppressed but a repeat level returns at just over 1,000 copies/mL and an 

RT/PR genotype resistance assay shows the RT mutations K103N and M184V. 

• How can you obtain help interpreting the effects of these mutations?



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.



Case

• A 31-year-old patient, who was prescribed elvitegravir/cobicistat/tenofovir 

alafenamide/emtricitabine, presents for a first visit after transferring care. They 

report that due to a move and other factors they were taking their medication 

every other day for about 3 months and then were completely out for about 3 

months. Lab testing is performed, including an RT/PR genotype and IN 

genotype. These demonstrate the RT mutations M184V, K65R, and L74V, plus 

IN mutations Q148H/K and G140A/S. 

• How would you interpret these resistance mutations?

















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 (db) is a powerful tool for interpreting & learning mutations

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



Other Resources for Learning Key Mutations

• National HIV Curriculum module Evaluating and Managing Virologic Failure: 
https://www.hiv.uw.edu

• Project ECHO video archive: 
https://www.youtube.com/@MWAETCProjectECHO/videos  

• Prior relevant ECHO talks:

- Introduction to HIV Resistance Testing (Spach)

- NNRTI Resistance (Wood)

- NNRTI Resistance 2015 (Spach)

- NRTI Resistance (Wood)

- Resistance to Integrase Strand Transfer Inhibitors (Spach)

- Recent Trials of Second-Line ART (Wood)

- Management of NRTI Resistance (Spach)

https://www.hiv.uw.edu/go/antiretroviral-therapy/evaluation-management-virologic-failure/core-concept/all
https://www.youtube.com/@MWAETCProjectECHO/videos
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