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ARV potency versus genetic barrier to resistance

DS Clutter et al.  Infection, Genetics and Evolution 2016



Genetic Barrier to Resistance 

Libre JM et al. AIDS Rev.  2015









13 TDF-associated mutations, the most commonly occurring mutations included 

K65R (occurring in 40% of individuals), S68G/N (21%), Y115F (12%), K70E/Q/T 

(11%), A62V (10%), and L74I (6%).



Drug naïves 



A Antinori, ICAR 2016



Why ARV resistance testing in ARV-
naïve patients 

• First cART 
started from 
1998 onward

• 10,056 
patients from 
25 cohorts 
– 90·5% had 

HIV without 
TDR 

– 4·7% had at 
least one 
mutation but 
received fully-
active cART

– 4·8% had at 
least one 
mutation and 
resistance to 
at least one 
drug

Wittkop, Lancet Infec Dis 2011
Risk of virological failure according to patient groups 



Why ARV resistance testing in ARV-
naïve patients 

Adjusted HRs in all patients and patients starting a regimen containing two NRTIs plus 
either one NNRTI or one ritonavir-boosted protease inhibitor

Wittkop, Lancet Infec Dis 2011





Andamento resistenze primarie nel 
database ARCA

N pts. 13  48  80  64  50 76 123 193 291 421 445 477 420 493 391 242 243 260 194 177 78

Courtesy of Maurizio Zazzi, 2017



HIV DR mainly involves NNRTIs

Socias, CID 2017

Based on 2 prospective cohorts of IDUs in Vancouver followed 1996-2015 
N=573 (18% with recent HIV infection)



Low-Frequency HIV-1 Drug Resistance Mutations and 
Risk of NNRTI-Based Antiretroviral Treatment Failure –

A systematic review and pooled analysis

• 10 studies, 985 patients, 187 with 
minority drug resistance 
mutations (mDRMs)

• mDRMs associated with an 
increased risk of virologic failure 
(HR = 2.3; 95% CI 1.7-3.3; P<.001) 
after controlling for medication 
adherence, race/ethnicity, 
baseline CD4 cell count, and 
plasma HIV-1 RNA levels

• Risk most strongly associated 
with NNRTI mDRMs 

• Dose-dependent increased risk of 
virologic failure found in 
participants with a higher 
proportion or quantity of mDRMs

Li, JAMA 2011

Kaplan-Meier Curves for Proportion of Patients Without Virologic 
Failure by Presence of Drug-Resistant HIV-1 Minority Variants 



Rare HIV variants with linked dual-class resistance are 
associated with ART failure

Valerie F Boltz et al., CROI 2018 - Boston, poster 536



Rare HIV variants with linked dual-class resistance are 
associated with ART failure

Valerie F Boltz et al., CROI 2018 - Boston, poster 536



HIV DR mainly involves NNRTIs

• Reasons why NNRTI PDR still remains at >5% 
level

– NNRTI widely used for years

– Low genetic barrier, except for the rarely used 
etravirine

– Limited to no loss of fitness for most NNRTI 
mutants



Antiviral activities of 

RPV and DOR against 

HIV-1 that contains 

mutations selected by 

RPV during cART 



Transmitted INSTI resistance cases

Case 
report

Age/sex Country Risk group IN muts Other muts

Boyd 
2011

47/F US Heterosexual N155H PR: L33F M36L Q58E T74P
RT: K103N

Young 
2011

53/M US MSM Q140S Q148H PR: V32I M46I V82A L90M
RT: K70KR K103N V106A

Volpe 
2015

40/M US ? Q148H PR: V82A
RT: M41L D67N L74V
K101E Y181C G190S

Zoufaly
2016

30/M Austria ? F121Y None 

Rafiei
2017

28/F Australia Heterosexual Y143HY None 



POSTER DISCUSSION
Basic science and virology

Is transmitted drug resistance to 

integrase inhibitors becoming

a concern in Italy? A new case report

Maria M. Santoro, PhD

University of Rome “Tor Vergata”, Italy

Resistance mutations

PI: L63P

NRTI: T215S 

NNRTI: V108VI E138G H221Y M230L

INT: G140S Q148H



Integrase DR testing in ARV-naïves 

• Survey on HIV 
drug resistance 
testing in Italy

• 131 centers, 95 
(72.5%) 
responses

• 14/95 (14.7%) 
centers do not 
request 
resistance tests

Lo Caputo et al., ICAR 2017 Siena



Two ph. III trials in naïve pts: BIC/FTC/TAF vs
DTG/ABC/3TC or DTG+FTC/TAF 

K White et al., CROI 2018 - Boston, poster 532



Two ph. III trials in naïve pts: BIC/FTC/TAF vs
DTG/ABC/3TC or DTG+FTC/TAF 

K White et al., CROI 2018 - Boston, poster 532



Fabeni, ICAR 2017



Fabeni, ICAR 2017



Fabeni, ICAR 2017



DR & Low-Level 
Viremia





Prosperi, JAC 2011

 SEHERE 
consortium (I, UK, 
P, D, B, E, S)

 16,511 PR/RT 
sequences from 
11,492 treatment-
experienced 
patients 

 2,500/16,511 
(15.14%) test 
results were 
obtained at a viral 
load <1,000 
copies/mL



Santoro, CID 2014

Detection of DR in plasma RNA stratified by viremia levels



Armenia, JAC 2015

Raltegravir genotypic susceptibility scores (GSS) according to viraemia 
level in samples from patients failing a raltegravir-containing regimen



Drug resistance can emerge during
persistent low-level viremia

 48 patients (4 
naive and 44 
pretreated) with 
LLV episode with 
a median 
duration of 11 
months

 Successful 
resistance 
testing at both 
onset and end of 
the LLV episode 
obtained for 37 
patients (77%)

 11 (30%) 
acquired at least 
1 DRAM during 
the LLV period: 
for NRTI in 6, for 
NNRTI in 1, for PI 
in 4, and for 
raltegravir in 2

Delaugerre, PLoS ONE 2012



Virological 
failures 



HIV ADR in low/middle income 
countries

WHO HIV drug resistance report - 2017

Genotype data were available for a total of 3919 individuals from both “viral load and genotype 
cohorts” and “genotyping only cohorts”. In this subgroup, the pooled estimates using a random 

effects model show that 70.7% were found to have any DRM.



Drug resistance mutation (DRM) patterns in patients failing

NNRTI-based first-line antiretroviral therapy regimens in 

programs without routine viral load (VL) monitoring

Examine intersubtype differences in DRMs

Sequences from 787 adults/adolescents who failed an 

NNRTI-based first-line regimen

DRMs were more common in subtype-C than in subtype-A 

and/or subtype-D

 Higher rates of etravirine and rilpivirine resistance in 

subtype-C may limit their potential utility in salvage

regimen



Resistance to TDF(/TAF) at first-line 
TDF/XTC/NNRTI treatment failure

TENORES, Lancet Infect Dis 2016

Based on analysis of 1926 patients from 36 countries with treatment failure 
between 1998 and 2015



Time trends of INSTI resistance in 
treatment failing patients

• A total of 57 persons with intermediate or high level INI resistance were identified January 2009 to 
October 2015

• Apparent increase in selection of mutations at integrase codons 66, 140, 148, 155 and 263
• Although the prevalence of INI resistance is increasing, INI resistance remains low in comparison 

to RT and PI resistance

Lepik, CROI 2016 & AIDS 2017



Time trends of INSTI resistance in 
treatment failing patients

• Until 2013, most new cases of 
INI resistance associated with 
RAL use

• In 2014 and 2015, 8/19 (42%) 
new INI resistance cases 
followed EVG or DTG use

• Five cases were associated 
with EVG use in treatment-
experienced persons (two 
66A/I and one each 92Q, 
145S, 147G)

• Three cases of emergent INI 
resistance during DTG therapy
– 263K in two treatment 

experienced persons
– 66I in one treatment-naïve 

person treated with 
dolutegravir-abacavir-
lamivudine

Lepik, CROI 2016 & AIDS 2017



Time trends in ADR in Italy

Lai, ICAR 2017

• 2009-2016 observation period
• On treatment at genotyping with HIV-1 viral load >200 copies/ml after >6 months 

of therapy

The only class 
where 2016 is 

better than 2015 
(DTG effect?)



Patients with a 
Multidrug 

Resistant Virus



HIV MDR in Italy

Armenia, ICAR 2017

Analysis performed on 12660 sequences of protease, reverse transcriptase or integrase, from ART-experienced HIV-1 infected patients (N=6051). P-
values by Chi-squared test for trend; statistically significant tests (p<0.05) are indicated in boldface. Sequences performed from 1999 to 2001 were
grouped. *Update August 2016.

Stable figures, including MDR



Take home messages

• DR testing still necessary at individual and population level in naïve
patients (beware of TDR)
– Yet, INSTI DR testing is below the 5% cost/benefit threshold. To be considered 

the incremental use of INSTI, thus the potential increase in INSTI DR, although 
newer and more potent compounds may limit this phenomenon

• HIV resistance testing at LLV is possible and is able to reveal some degree 
of viral evolution under pharmacological pressure

• Acquired DR testing mandatory at treatment failure [reservoir], advisable 
at every level of viremia
– Risk of ADR highly dependent on genetic barrier and adherence

• Resistance testing still valuable in HTE patients with MDR [reservoir] to 
address salvage or holding regimens
– Room for phenotyping when available




