
GEORGIA DEPARTMENT OF PUBLIC HEALTH

HIV Virologic Failure
Gregory S. Felzien, M.D. AAHIVS
Diplomat: Internal Medicine and Infectious Disease

Georgia Department of Public Health
Medical Advisor

Division of Health Protection/IDI-HIV

July 17, 2019



GEORGIA DEPARTMENT OF PUBLIC HEALTH

Objectives

• Demonstrate resistance testing through interactive case vignettes

• Describe resistance; how it develops and why it is important

• Outline how resistance is determined; testing, reporting and major mutations

• Discuss resistance testing interpretation

• Summarize virologic response definitions and when to perform resistance testing

https://www.clcchurch.org/lets-go-straighter/

https://www.clcchurch.org/lets-go-straighter/
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Case 1

45 yo TGF transferring care; diagnosed with HIV 7 years ago
• She is unaware of what ARVs she has “been on” in the past
• Reports taking one pill a day

Genotype demonstrates: L10I, K103N

HIV-VL: 120,000

CD4: 184 / 14%

CBC/CMP: WNL



GEORGIA DEPARTMENT OF PUBLIC HEALTH

What is a K103N?

K 103 N in Reverse Transcriptase (RT) 
103 refers to amino acid position 103 in RT
K (Lysine) is the wild type amino acid
N (Asparagine) is the mutant amino acid

http://clipartlook.com/img-119485.html

http://clipartlook.com/img-119485.html
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What should we do at this time?

A. Start Azithromycin, Bactrim DS & Atripla™
B. Start Bactrim DS & Complera™
C. Start Triumeq™
D. Start Bactrim DS & Genvoya™
E. Start Bactrim DS & hold ARVs for now
F. Watch & Wait

Mutations: L10I, K103N
HIV-VL: 120,000
CD4: 184 / 14%
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Genotype: genetic code of the sample virus is compared to the wild type
Phenotype: sample of HIV is grown with each ARV
http://hivdb.stanford.edu/
http://www.iasusa.org/resistance_mutations

Acknowledgment: Elizabeth Race, MD MPH 

http://hivdb.stanford.edu/
http://www.iasusa.org/resistance_mutations
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http://hivdb.stanford.edu/
http://www.iasusa.org/resistance_mutations
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Records ArriveGenotype:
• M184V, P225H

Mutations: L10I, K103N, M184V, P225H

HIV-VL: 120,000

CD4: 184 / 14% http://hivdb.stanford.edu/

http://hivdb.stanford.edu/
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What do we do now?

A. Refer or call someone
B. Bactrim DS & Symtuza™
C. Bactrim DS & Stribild™ 
D. Bactrim DS & Review Stanford HIV Database
E. Watch & Wait

Mutations: L10I, K103N, M184V, P225H, 84V, 63P, 190Q, 65N

HIV-VL: 120,000

CD4: 184 / 14%

The next day additional records arrive
84V, 63P, 190Q, 65N
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Mutations: L10I, K103N, M184V, P225H, 84V, 63P, 190Q, 65N
HIV-VL: 120,000
CD4: 184 / 14% http://hivdb.stanford.edu/

http://hivdb.stanford.edu/
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Mutations: L10I, K103N, M184V, P225H, 84V, 63P, 190Q, 65N
HIV-VL: 120,000
CD4: 184 / 14% http://hivdb.stanford.edu/

http://hivdb.stanford.edu/
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What is Resistance?

https://www.hiv.uw.edu/go/antiretroviral-therapy/evaluation-management-virologic-failure/core-concept/all#hiv-drug-resistance-assays

https://www.hiv.uw.edu/go/antiretroviral-therapy/evaluation-management-virologic-failure/core-concept/all#hiv-drug-resistance-assays
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Virologic Response Definitions on ART
Virologic Suppression: confirmed HIV RNA level below the LLOD of available assays

Virologic Failure: inability to achieve or maintain suppression of viral replication (<200 copies/mL)

Incomplete Virologic Response: 2 consecutive plasma HIV RNA levels ≥200 copies/mL after 24 weeks 
on an ARV regimen in a patient who has not yet had documented virologic suppression on this regimen. A 
patient’s baseline HIV RNA level may affect the time course of response, and some regimens may take longer 
than others to suppress HIV RNA levels.

Virologic Rebound: Confirmed HIV RNA level ≥200 copies/mL after virologic suppression

Virologic Blip: After virologic suppression; an isolated detectable RNA level followed by suppression

Low-Level Viremia: Confirmed detectable HIV RNA level <200 copies/mL 

LLOD: Lowest Level of Detection
https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/

https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/
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Reasons for Virologic Failure
Antiretroviral Regimen-Related Factors

• Suboptimal pharmacokinetics; variable absorption, 
metabolism, or possible penetration into reservoirs

• Suboptimal virologic potency

• Low genetic barrier to resistance 

• Reduced efficacy due to prior exposure to suboptimal 
regimens; mono- / dual –therapy or the sequential 
introduction of drugs

• Food requirements 

• Adverse drug-drug interactions 

• Prescription / Pharmacy errors

Patient/Adherence-Related Factors

• Comorbidities: active substance abuse, mental health 
disorders, neurocognitive impairment

• Unstable housing and other psychosocial factors 

• Missed clinic appointments 

• Interruption of or intermittent access to ART 

• Cost & affordability of ARVs

• Drug adverse effects 

• High pill/bottle burden and/or dosing frequency 

https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/

https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/
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Reasons for Virologic Failure

HIV-Related Factors

• Presence of transmitted or acquired drug-
resistant virus documented by current or past 
resistance test results 

• Prior treatment failure 

• Innate resistance to ARVs due to viral tropism or 
the presence of HIV-2 infection/coinfection 

• Higher pretreatment HIV RNA level 
• some regimens may be less 

effective at higher levels

http://www.chiromu.net/2017/07/01/the-multifactorial-approach-to-healthcare/
https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/

http://www.chiromu.net/2017/07/01/the-multifactorial-approach-to-healthcare/
https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/
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Barriers to HIV Testing, Linkage, and Timely 
Initiation of HIV Prophylaxis or Treatment

Colasanti J, et al. J Acquir Immune Defic Sydnr. 2017;74(Suppl 2):S113–S120; Bohler R, et al. Open Forum Infect Dis. 2018;5(Suppl 1):S213; Hall BJ, et al. AIDS Behav. 
2016;21(6):1755–1767; Remien RH, et al. J Acquir Immune Defic Syndr. 2015;69(0 1):S16–S24.
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How is Resistance Determined?
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https://www.hiv.uw.edu/go/antiretroviral-therapy/evaluation-management-virologic-failure/core-concept/all#hiv-drug-resistance-assays

https://www.hiv.uw.edu/go/antiretroviral-therapy/evaluation-management-virologic-failure/core-concept/all#hiv-drug-resistance-assays
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GenSure Prime®
Resistance test for 4 classes of HIV drugs

http://www.monogrambio.com/hiv-tests/genotypic-assays/genosure-prime

Identify pattern of HIV virus mutations from a sample of an individual’s plasma.

Specific genetic patterns are associated with resistance to specific antiretrovirals.

GenoSure Archive: analyzes archived HIV-1 proviral DNA 
embedded in host cells during virus replication.

http://www.monogrambio.com/hiv-tests/genotypic-assays/genosure-prime
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Major Mutations

https://hivdb.stanford.edu/pages/download/resistanceMutations_handout.pdf
https://www.iasusa.org/sites/default/files/2017-drug-resistance-mutations-hiv-1-figure.pdf

https://hivdb.stanford.edu/pages/download/resistanceMutations_handout.pdf
https://www.iasusa.org/sites/default/files/2017-drug-resistance-mutations-hiv-1-figure.pdf
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Major Mutations

https://hivdb.stanford.edu/pages/download/resistanceMutations_handout.pdf
https://www.iasusa.org/sites/default/files/2017-drug-resistance-mutations-hiv-1-figure.pdf

https://hivdb.stanford.edu/pages/download/resistanceMutations_handout.pdf
https://www.iasusa.org/sites/default/files/2017-drug-resistance-mutations-hiv-1-figure.pdf
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Phenotypic Assay

http://www.monogrambio.com/hiv-tests/phenotypic-assays

Performed by exposing a sample of HIV to all of the available ARV drugs

The activity of a patient’s HIV in the presence of the ARV drugs is compared to the 
activity of a control strain of HIV that is known to be susceptible to a specific drug.

http://www.monogrambio.com/hiv-tests/phenotypic-assays
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PhenoSense®

https://www.monogrambio.com/hiv-tests/combined-phenotype-genotype-assays/phenosense-gt

https://www.monogrambio.com/hiv-tests/combined-phenotype-genotype-assays/phenosense-gt
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TropismAssay for HIV-1 co-receptor usage 
Performed if a CCR5 antagonist is being considered 
Re-Test with virologic failure on a CCR5 antagonist 
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Limitations: genotypic and phenotypic assays
• Both assays analyze the dominant circulating HIV strains

o may fail to detect mutant strains that constitute a minority of the HIV population
• The failure to detect minority populations can occur in several scenarios: 

o as mutant populations emerge, they may exist in low numbers
o if ARV discontinuation, wild-type virus tends to outgrow and obscure resistant virus; 
o ARV switch: selective drug pressure changes and resistant populations may diminish to a 

level below the threshold for detection on the resistance assay
o absent or altered drug pressure, previously generated resistance mutations may exist 

archived at low levels but will re-emerge to confer resistance if the previously used 
antiretroviral agent is re-introduced

• Thus, resistance tests provide the most accurate information if they are performed while the 
on ART & HIV drug resistance tests most accurately reflect resistance to medications the 
patient is currently taking. The tests less reliably detect resistance to drugs taken in the past.
https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/

https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/
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Resistance Testing: When to Test?

Acute HIV Infection: Genotype
Do not delay treatment while awaiting results

ART-Naive with Chronic HIV

Pregnancy

CCR5 antagonist consideration

Determine if drug-resistant virus was transmitted
Consider repeat testing if ARVs deferred – superinfection

Transmitted baseline HIV resistance to at least 1 drug: 10-17% 

ART can be initiated prior to receiving test result

Perform co-receptor tropism assay

https://aceclifehealthtrust.com/roll-resistance-tips-better-communication/

https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/

https://aceclifehealthtrust.com/roll-resistance-tips-better-communication/
https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/


GEORGIA DEPARTMENT OF PUBLIC HEALTH

Resistance Testing with Virologic Failure

• Recommended if on combination ART & HIV RNA levels >1,000 copies/mL
• If HIV RNA levels >500 but <1,000 copies/mL, testing should still be considered

• Testing should be done while taking ART or within 4 weeks after ART discontinuation
• If >4 weeks have elapsed, resistance testing may still be useful to guide therapy
• Standard genotypic assay is generally preferred for patient’s 1st or 2nd regimens

• All prior & current resistance testing results should be reviewed & considered 
when designing a new regimen for a patient experiencing virologic failure

• Adding phenotypic testing to genotypic testing is preferred with known or 
suspected complex drug-resistance patterns 

https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/

https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/
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Suboptimal Viral Load Suppression
Undetectable Viral Load or Low-Level Viremia
Drug-resistance testing is recommended in patients with suboptimal viral 
load suppression after initiation of ART

HIV-1 proviral DNA resistance assays may be useful with HIV RNA below the 
limit of detection or with low-level viremia, where a HIV RNA genotypic 
assay is unlikely to be successful

http://clipartbarn.com/thinking-clip-art_6405/

https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/

http://clipartbarn.com/thinking-clip-art_6405/
https://www.hiv.uw.edu/
https://aidsinfo.nih.gov/
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2• 38 yo AAM entering into care
– He is unaware of what ARVs he has “been on” in the past
– Reports taking several types of pills over the years with many SEs
– Points to: AZT, CBV, TDF, Truvada, Kaletra, DTG, Descovy, Evotaz

• Archive genotype demonstrates: 
– 36I, 62V, 219Q, 138A, 179D, 190A, 318F, 101Q, 143C, 230R

• HIV-VL: 98,000

• CD4: 86 / 4.1%

• eGFR: 61

https://www.pinterest.com/pin/129337820527836565/

https://www.pinterest.com/pin/129337820527836565/
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What should we do at this time?

A. Refer or call someone else
B. Start Azithromycin, Bactrim DS & Biktarvy™
C. Start Bactrim, Descovy™ & Evotaz™
D. Start Bactrim DS & review Stanford HIV DB
E. Start Bactrim & Watch & Wait

Archive genotype demonstrates: 
36I, 62V, 219Q, 138A, 179D, 190A, 318F, 101Q, 143C, 230R

HIV-VL: 98,000

CD4: 86 / 4.1%

eGFR: 61
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Mutations Review

https://hivdb.stanford.edu/

https://hivdb.stanford.edu/
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Chart Review: Records Obtained

CCC called: Descovy™ + Prezcobix™
HIV-VL decr. to 26,000

CD4: 132/6%
Review of all available (R) tests (archived):

36I, 62V, 63P/S, 65R, 184I/V, 219Q, 138A, 179D, 190A, 230L, 
318F, 101Q, 103R, 143C, 230R, 74M, 151I

Repeat resistance testing without new mutations

https://nccc.ucsf.edu/

https://nccc.ucsf.edu/
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What should we do at this time?

A. Refer or call someone else
B. Start Azithromycin, Bactrim DS & Biktarvy™
C. Start Bactrim, Genvoya™ & Prezista™
D. Start Bactrim DS & review Stanford HIV DB
E. Start Bactrim & Watch & Wait
Mutations: 36I, 62V, 63P/S, 65R, 184I/V, 219Q, 

138A, 179D, 190A, 230L, 318F, 101Q, 103R, 
143C, 230R, 74M, 151I

HIV-VL: 26,000

CD4: 132 / 6%

eGFR: 61 https://hivdb.stanford.edu/

https://hivdb.stanford.edu/
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Descovy + Prezcobix: TDF (60), FTC (95), DRV (0) – monotherapy

Changed ARVs: AZT (-10: close monitoring), Prezcobix (0) + DTG (30: twice day)

Follow-up: HIV-VL: <40 and CD4: 201/12%. eGFR: 70, Hgb: 13.7 https://hivdb.stanford.edu/

https://hivdb.stanford.edu/
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