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Current SA public sector regimens

First line Tenofovir (TDF)
Emtricitabine (FTC)
Efavirenz (EFV)

Second line Zidovudine (AZT)
Lamivudine (3TC)
Lopinavir/ritonavir (LPV/r)



ART resistance mutations

• Most resistance mutations are base substitutions in RNA/DNA 
sequence of HIV resulting in amino acid substitution

• Example: M184V that causes 3TC/FTC resistance
• At position 184 in reverse transcriptase a Methionine is substituted by a Valine
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Relationship between resistance & adherence 

Clinical Infectious Diseases 2003; 37:1112–8



Bangsberg, Current HIV/AIDS Reports 2007

“the window of adherence that optimally selects for 
NNRTI resistance is likely between 2% and 60% adherence” 



Possible resistance at 1st line failure

• Single mutations compromise each of the drugs

• “Low genetic barrier” therefore resistance at failure common

• Tenofovir selects for K65R
• Tenofovir and abacavir resistance

• Hypersusceptibility to AZT

• FTC selects for M184V
• Resistance to FTC and 3TC

• Efavirenz selects for K103N or other NNRTI mutations
• Single mutation causes high-level  resistance to efavirenz and nevirapine



Accumulation of Resistance
Tenofovir + 3TC + NNRTI regimen

NNRTI

3TC

TDF

Significant
Resistance

Single NNRTI mutation (eg. K103N)

Single mutation (M184V)

Single mutation (K65R)

NNRTI = Non-nucleoside reverse transcriptase inhibitor (Nevirapine or Efavirenz)



Accumulation of Resistance
Thymidine analogue + 3TC + NNRTI regimen

NNRTI

3TC

TA

Significant
Resistance

Single NNRTI mutation (eg. K103N)

Single mutation (M184V)

Multiple TAMs

TA = Thymidine analogue (D4T or AZT)
NNRTI = Non-nucleoside reverse transcriptase inhibitor (Nevirapine or Efavirenz)
TAMs = Thymidine analogue mutations. These accumulate gradually over months to years; 

3 to 4 TAMs are required to confer high level resistance to D4T and AZT.

1 TAM 2 TAMs 3 TAMs



Viral load value if viraemic

p < 0.001

Median 9,000
(IQR 1,900 – 39,000)

Median 25,909
(IQR 4,512 – 140,392)

p < 0.001

Median 7,500
(IQR 1,900 - 38,000)

Median 18,963
(IQR 4,044 -69,575)

No difference in viral load at 24 months: 
Median 7,880 (TDF) vs 9,521 (non-TDF) (p=0.98)  

6 months 12 months

Meintjes, unpublished



• Adult surveillance resistance testing from all provinces (n=788)
• Patients failing 1st line (median 36 months on ART)
• M184V/I in 83%
• K65R in 58% failing TDF without prior D4T 
• NNRTI mutations > 90%



DOH: Indication for switching to 2nd line

• Two viral loads > 1000 copies/ml

• Taken 2 months apart

• With an adherence intervention in between
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But if resistance has developed
even if adherence improves 
resuppression of viral load is unlikely

If improve adherence 
before resistance develops
may resuppress viral load



Early adherence intervention for viraemia

• Targeted intervention if VL >1000: 
• Pill box and dosing diary

• Increased frequency of home visits

• Re-attended the 3 education sessions

• Only once the patient’s VL had fallen 
below 50 was the alert status removed 
and routine visits recommenced

• By 32 months: 20% had a VL >1000

• Virological failure subsequently 
confirmed in only 29% of these patients

Orrell, Antiviral Therapy 2007;12:83



Switching from 1st to 2nd line 

1st line 2nd line Comment

TDF AZT No cross resistance
K65R sensitizes virus to AZT

FTC 3TC M184V results in complete cross-resistance

EFV LPV/r Class switch



M184V selected by 3TC or FTC

• Single mutation required for high level resistance to 3TC & FTC

• Reduces viral fitness by 1/3

• Slows selection of TAMs

• When it occurs with TAMs, increases susceptibility to AZT

• Also resensitizes to TDF in presence of K65R



3TC Alone vs Treatment Interruption in 

Patients Failing 3TC-Based ART

Castagna A, et al. IAS 2005. Abstract WeFo0204.
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How does our 2nd line perform 
in the presence of NRTI 

resistance?



EARNEST
trial

HIV+ adults/adolescents
More than 12 months NNRTI first line
No previous PI
WHO clinical, immunological, virological failure
VL > 400 copies/ml

n=1277 randomised 1:1:1

2 or 3 NRTIs
+

Lopinavir/r

Lopinavir/r
+

Raltegravir

Lopinavir/r
+ Raltegravir for 12 weeks

Lopinavir/r
monotherapy

NRTIs selected based on clinical algorithm

Paton
NEJM 2014



VL < 400 at 96 weeks
NRTI arm = 86% (was 86% at wk 144)
Monotherapy = 61%
Raltegravir arm = 86% (was 81% at wk 144)

Intermediate/high level 
resistance to lopinavir
2% NRTI arm
1% Raltegravir am
18% monotherapy





Paton
Lancet HIV 2017 

Weeks



No activity from NRTI defined by intermediate or high level resistance (Stanford score 30 or more)

Hill and Venter
Lancet Infect Dis 2017



Lancet HIV 2015

sGSS = specific genotypic sensitivity score
of NRTIs patient on summed:

0 = High-level resistance
0.25 = Intermediate resistance
0.5 = Low-level resistance
0.75 = Potential low-level resistance
1 = Susceptible



Potential explanations for residual NRTI effect

• Fitness cost associated with NRTI mutations

• Residual antiviral effect of NRTIs despite mutations and in vitro 
phenotypic resistance

• Increased susceptibility to PI/r due to less fit virus?

Important caveat: NRTIs were switched in all these studies
TDF/FTC to AZT/3TC and visa versa



Possible resistance at 2nd line failure

• This regimen has “high genetic barrier” to resistance because of the boosted PI

• AZT selects for thymidine analogue mutations (TAMs)

• M41L, D67N, K70R, L210W, T215Y/F and K219Q/E

• Need 2-3 out of 6 TAMs to cause significant AZT resistance

• Thus gradual accumulation of resistance

• For 3TC, the M184V is typically present when start this regimen

• Lopinavir selects for PI mutations (major and minor)

• Need multiple mutations for significant resistance

• Unusual for resistance in the first 2 years of taking the drug

• Most patients failing 2nd line early on do not have PI resistance



43/322 (13%) adults/adolescents patients with virologic failure on 2nd line
33 resistance test (mean time from start 2nd line to resistance test =17 months)

• 22 patients (67%) had wild-type virus
• No major resistance to PIs found
• Most mutations were NNRTI mutations (residual fromn 1st line)

PLoS One 2012



Predicting PI resistance on 2nd line

• SA private sector

• PI resistance in 146/339 (43%) failing second line

• Significantly associated with:
• Age (aOR for 10 year increase = 1.9)

• PI duration (aOR per year = 1.1)

• Adherence (aOR per 10% increase = 1.2) 

Cohen, Abstract 604, CROI 2015



2017 IAS-USA Resistance Mutations Update PROTEASE INHIBITOR MUTATIONS



Darunavir cross-resistance

• 2+ these mutations at baseline associated with a decreased virologic 
response to DRV/r (some have greater effect):
• V11I
• V32I
• L33F
• I47V
• I50V
• I54L or M
• T74P
• L76V
• I84V
• L89V 

• V82A has positive impact on virologic response 

2017 IAS-USA Resistance Mutations Update 



Key messages

• 1st line has low genetic barrier to resistance, but if intervene early when 
not suppressed (with adherence intervention) many will re-suppress

• 2nd line has high genetic barrier to resistance and most patients failing 
do not yet have resistance, but require improved adherence. This 
changes after several years on ART.


