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Mutation rate RNA viruses > DNA 

viruses > bacteria > humans 

Even among RNA viruses HIV is highly variable: 
the HIV population present in a single individual six years 
after infection is comparable with the global variation of an 
influenza outbreak 

D. Burke Emerging Inf Dis 1997 
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Viral population is characterised by extreme 
genetic diversity resulting in rapid evolution 
and quick adaptation to a new situation:    

 

Viral Quasispecies 

 

Every possible mutation is present 

Viral heterogenity 

2-20 billion mutations a day! 



• Drug are generally designed to target conservative 
sites 

• Major mutations resulting in drug resistance are 
selected at a fitness cost 

• One and possibly two primary drug resistance 
mutations may be present per HIV-RNA copy before 
therapy at very low level <0.2% 

• These variants are not detected with standard 
resistance testing 

 

Selection of drug resistance  



Insufficient suppression of HIV replication: resistant 

variants that are pre-existing in the viral quasispecies 

become the dominant viral variant.   

Selection of drug resistance during cART 



Selection of drug resistance 

• For some drugs single mutations can confer 
high-level resistance  

• For other drugs or combination of drugs, high-
level resistance requires several mutations 
within a single genome 

• For successful therapy the barrier to resistance 
of cART should exceed the level of resistance 
present in the quasispecies 
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• the number of mutations required for resistance 
to develop  

AND 

• the likelihood with which such mutations are 
likely to occur  

– depending on the level of resistance  

– replication capacity (fitness) of the variants 

– drug level 

– Level of replication 

 

 

 

 

 

Genetic Barrier to resistance 



RC is more important than level of resistance 

• 70R in RT gives less resistance than 215Y, but has a 
smaller effect on resistance and is selected first 

 

TDF + FTC  genetic barrier seems low since 65R in RT 
results in resistance to both drugs  

• In practice: 184V which gives resistance to FTC only 
is selected first  

• In the background of 184V, 65R is not easily 
selected in subtype B   

 

 

 

 

 

Genetic barrier in patients with HIV 

replication 



Genetic barrier in patients with HIV 

suppression: Switch of bPI to INI 

Eron JJ et al. Lancet. 2010 Jan 12. 

 



• After interruption of therapy in therapy-experienced 
patients: wildtype regains dominance 

• Resistant variants remain archived as proviral DNA and 
may also circulate as minority variants 

• Reintroduction of therapy: rapid selection and 
dominance of resistant quasispecies (Kijak, J Vir 2002) 

Evolution of resistance off drug pressure 

Susceptible virus (wild type) 
Resistant virus (mutant) 

cART 

Off cART 



Scherrer et al. Clin Infect Dis. 2016;SHM (Athena) Report 2017 

SHM report 2017 

Emergence of Acquired HIV-1 Drug 

Resistance decreased dramatically 



Resistance can be selected to high 

genetic barrier drugs  



South Africa:Virological failure with HIV-1 
subtype C during 1st line TDF+3TC+NNRTI: 
70% K65R + 93% NNRTI mutations 

Casadella M et al. AIDS 2016; 30:1137-1140 

HIV drug resistance: Africa 

Mali: Virological failure on 1st line: 
78% NRTI mutations 
82% NNRTI mutations 

Fofana DB et al. J Antimicrob Chemother 2014; 69:2531-35 

Cameroon: VF on 1st line after 12 months: 
16% with viral load >1,000 HIV-RNA 
copies/mL, 63% NRTI or NNRTI mutations 

Zoufaly A et al. J Antimicrob Chemother. 2015 Mar;70(3):922-5. 



Delayed Switch:  

Accumulation of resistance 

Barth et al. Antiviral Ther 2012 



Absence of resistance: adherence? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prevalence studies of first-line ART virological failure cases without 
detected drug resistance 

Author Journal Year Setting 
% without 
resistance n= 

Kantor 
AIDS Res Hum 
Retrov 2002 Zimbabwe 19% 21 

Weidle Lancet 2002 Uganda 35% 94 

Marconi CID 2008 SA (KZN) 17% 124 

Murphy AIDS 2010 SA (KZN) 13% 115 

Van Zyl J Med Virol 2011 SA (W Cape) 17% 167 

Manasa PLoS ONE 2013 SA (KZN) 14% 222 

Aghoken
g CID 2014 

various 
countries 21% 433 



* Secondary/compensatory mutations may be present as 
polymorphisms and should not be included to assess 
transmitted resistance from an “epi” point of view 

* Major mutations: profound effect on drug susceptibility 
in vitro (and RC). Not present as polymorphisms. 

 Major mutations in naive patients are an indicator of 
exposure to ART ot the virus in a previous host = 
transmitted resistance 

 

AMJ Wensing 

Baseline resistance (= primary resistance) 



Transmitted resistance is stable 

in Europe 
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Any drug class NRTI NNRTI PI

Hofstra et al. SPREAD program 



• 3 large subtype B clusters with 

TDR: 

– M41L: n=28, 42% recent 

– T215S: n= 15, 31% recent 

– M46L: n=10, 24% recent 

 

 

• These 3 clusters include 42.4% 

of all patients with TDR  

Transmitted drug resistance 
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HIV drug resistance report WHO 2017 
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  evolution towards wildtype 

M. Pingen et al., JAC 2011  

Circa two weeks after infection 

M184V fades away from detection 

in the plasma 



Evolution of DR  in naïve patients 

revertants/atypical variants 

N 
AAC 

215 variants are 
observed inn 3% of 
the newly diagnosed 
individuals in Europe 
Wensing et al AIDS 2008 





A small difference in replication capacity 
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Persistence 
 due to limited effect on fitness 

M. Pingen et al., JAC 2011  

K103N mutants may persist up to 7 
years after diagnosis in untreated 
individuals (S. Little) 
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M. Pingen et al., JAC 2011  

Persistence 
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M. Nijhuis 
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RNA 

Patient material 

RNA isolation 
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Resistance testing 

 

DNA 



Resistance test: Fenotype 

 
• Fenotypering determines the viral susceptibility for drugs 

in cell culture: Direct measurement of the concentration 
drug needed to inhibit viral replication (IC50/IC90) 

• Time consuming, recombinant assays only, limited 
correlation with clinical outcome 

• Indicated when effect of mutations is unknown 
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Easy to perform, rapid 

Indirect measurement: Prediction 

Knowledge on mutation patterns and therapy outcome needed  

Knowledge on interaction between mutations needed  

Excellent correlation with outcome in clinical trials 

Population sequencing: detects mutant if they make up 10-15% of 
the viral population 

 

AMJ Wensing 2018 

Resistance test: Genotype 

 



Toronto 7 June, 2013; 11:30 

Low-frequency drug-resistant HIV-1 and risk of 
virological failure to first-line NNRTI-based ART: a 
multi-cohort European case-control study using 

centralized ultrasensitive 454 sequencing 

A Cozzi-Lepri1, M Noguera-Julian2, F Di Giallonardo3, R Schuurman4, 
M Däumer5, S Aitken4, HF Günthard3, F Brun-Vezinet6, KJ Metzner3, 
R Paredes2, and the CHAIN Minority HIV-1 Variants Working Group 
  
1 University College London, London, UK, 2 Institut de Recerca de la SIDA IrsiCaixa, Badalona, 
Catalonia, Spain, 3 Division of Infectious Diseases and Hospital Epidemiology, University Hospital 
Zurich, Zurich, Switzerland, 4 Utrecht Medical Centre, Utrecht, Netherlands, 5 Institut für Immunologie 
und Genetik, Kaiserslautern, Germany, 6 Association de Recherche en Virologie et Hematologie, 
France. 

 



Interpretation 



Resistance testing:  

Success rates (%) at low viral loads  

Mackie et al, 2004 

Waters et al 2006 

Assoumou et al, 2010 

Bruzzone et al, 2014 

Gonzalez-Serna et al, 2014 

Santoro et al, 2014 

Armenia et al, 2015 
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Nature of low level viremia 

• Ongoing replication despite 

antiretroviral therapy? 

  

• Virus production due to 

activation of latently infected 

cells? 

 

• Non-adherence? 

 

Shen, Siliciano, J Allergy Clin Immunol 2008 





0,1 1 10 100

First author, year Cut off LLV                Risk of greater rebound LLV group control group N FU (mo) 

Greub, 2002 50-500 HR 5.80 (4.26-7.90) NA NA 2055 17.7 

Raboud, 2002 50-500 OR 9.09 (2.08-50.0) NA NA 74 12 

Karlsson, 2004 50-999 NA 10/18 (55.6%) 0/13 (0%) 31 27 

Sungkanuparph, 2006       50-999 HR 3.80 (2.20-6.40) 39.7% 9.2% 362 29.5 

Geretti, 2008 50-400 RR 2.18 (1.15-4.10) 12/85 (14.1%) 52/1032 (5.0%) 1386 26.4 

Laprise, 2013 50-199 HR 2.22 (1.60-3.09) 22.7% 6.6% 1860 85.2 

200-499 HR 2.15 (1.46-3.17) 24.2% 6.6%   

500-999 HR 4.85 (3.16-7.45) 58.9% 6.6% 

Hofstra, 2014 50-999 NA 3/16 (19%) 0/79 (0%) 172 34 

ART-CC, 2015 50-199 HR 1.38 (0.96-2.00) 49/624 (7.9%) 1745/16796 (10.4%) 17902 28 

200-499 HR 3.97 (3.05-5.17) 109/482 (22.6%) 1745/16796 (10.4%) 

Lo Re, 2004 50-500 37% 79 23.1 

Silva, 2014 20-200 0% 61 18 

Boillat-Blanco, 2014 21-400 12% 179 11 

Charuratananon, 2015     50-999 
 

38.2% 68 68.4 

Virological outcome persistent viremia 



First author, year LLV                % of resistance mutations 
 

N ART history 

Nettles, 2004 50-400 21 19% Naive 

Verhofstede, 2007 50-1000 39 22 pts with previous failure 

Mackie, 2010 50-300 449 18% Naive 

300-999 552 

Gallien, 2011 50-500 39 Prior history of triple class drug failure 

Prosperi, 2011 50-200 2500 Therapy experienced 

200-500 

500-1000 

Taiwo, 2011 50-1000 54 Naive 

Delaugerre, 2012 50-500 37 92% pretreated with at least 1 episode of VF 

Li, 2012 50-1000 47 89% treatment experienced 

Pellegrino, 2012 200-999 18 Heavily pretreated 

Swenson, 2014 50-1000 1965 31% Naive; 20% inititated before cART era 

Wirden, 2014 50-1000 171 Treatment experienced 

Santoro, 2014 50-200 396 37.9% Naive 

201-500 287 

501-1000 242 

GonzalezSerna, 2014 50-1000 212 Naive 

Vancoillie, 2015 20-250 23 NA 

Armenia, 2015 51-500 168 22.6% Naive, 41.4% INSTI naive  

500-1000 67 

0 20 40 60 80 100

Selection of resistance at low level viremia  



• Resistance has become rare in settings with a wide 

arsenal of drugs and active monitoring 

• Baseline resistance is often transmitted by individuals 

who are therapy naive 

• In low and middle income countries both acquired as 

baseline resistance is accumulating 

• Higher genetic barrier drugs will be introduced soon 

• Backbones will remain relevant, but the dogma of three 

drugs may change… 

Conclusion 
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