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Available online 19 July 2019 Methods: The emergence of INSTI-RMs and integrase evolution (estimated as genetic distance between

integrase sequences under INSTI treatment and before INSTI treatment) were evaluated in 107 INSTI-
naive patients (19 drug-naive and 88 drug-experienced) with two plasma genotypic resistance tests: one
before INSTI treatment and one under INSTI treatment. A logistic regression analysis was performed to
Genetic distance evaluate factors associated with the integrase evolution under INSTI treatment.
Integrase inhibitors Results: The patients were mainly infected by B subtype (72.0%). Eighty-seven patients were treated with
Polymorphisms raltegravir, 13 with dolutegravir and seven with elvitegravir. Before INSTI treatment one patient
Subtype harboured the major INSTI-RM R263K and three patients the accessory INSTI-RMs T97A. Under INSTI
treatment the emergence of >1 INSTI-RM was found in 39 (36.4%) patients. The major INSTI-RMs that
more frequently emerged were: N155H (17.8%), G140S (8.4%), Y143R (7.5%), Q148H (6.5%), and Y143C
(4.7%). Concerning integrase evolution, a higher genetic distance was found in patients with >1 INSTI-RM
compared with those without emergence of resistance (0.024 [0.012-0.036] vs. 0.015 [0.009-0.024], P
=0.018). This higher integrase evolution was significantly associated with a longer duration of HIV-1
infection, a higher number of past regimens and non-B subtypes.
Conclusions: These findings confirm that major INSTI-RMs very rarely occur in INSTI-naive patients. Under
INSTI treatment, selection of drug-resistance follows the typical drug-resistance pathways; a higher evolution
characterises integrase sequences developing drug-resistance compared with those without any resistance.
© 2019 International Society for Antimicrobial Chemotherapy. Published by Elsevier Ltd. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Integrase strand transfer inhibitors (INSTIs) are potent inhib-
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Rome “Tor Vergata”, Rome, 00133, Italy. enzyme; they target the strand transfer reaction required to
E-mail address: santormaria@gmail.com (M.M. Santoro). incorporate viral DNA into the host genome [1]. INSTIs are
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recommended in both first-line and rescue therapy because of
their high potency and improved tolerability in both naive and
treatment-experienced patients [2]. INSTI-resistance mutations
(INSTI-RMs) located in the integrase gene and selected by INSTI
exposure have been described in vitro and in vivo [3]. In clinical
trials, dolutegravir (DTG) and bictegravir (BIC), the most recently
approved second-generation INSTIs, have shown a higher genetic
barrier with respect to raltegravir (RAL) and elvitegravir (EVG),
which are first-generation INSTIs. INSTI-resistance mutations have
frequently emerged during RAL and EVG treatment when
combined with other antiretroviral drugs, and a single amino
acid substitution in the integrase region is sufficient to confer high-
level resistance to these drugs. In particular, N155H or Q148R/H/K
confers high-level cross-resistance to RAL and EVG, while other
pathways lead to more specific resistance to EVG (T661 or E92Q/G)
and RAL (Y143R/H/C). By contrast, emerging resistance to DTG,
including the novel R263K mutation, has been reported during
DTG monotherapy [4]| and anecdotally in INSTI-naive antiretrovi-
ral-experienced patients [5,6]. However, it should not be under-
estimated that DTG activity is also significantly diminished in the
presence of the Q148R/H/K pathway, particularly when additional
mutations such as G140S/A and E138K are present [7]. While BIC
has not yet been used in patients with previous INSTI failure, in
vitro data suggest that BIC and DTG resistance profiles extensively
overlap [8].

Potential issues with interpretation of genotypic INSTI-resis-
tance include the limited clinical experience outside human
immunodeficiency virus type 1 (HIV-1) subtype B [9], the
occurrence of poorly defined alternative resistance pathways
[10-13] and the plethora of integrase polymorphisms and minor
mutations modulating INSTI-resistance, some of which are
subtype specific [14-16]. The most widely used genotype
interpretation systems include different sets of accessory muta-
tions and assign different weights to rare mutations, possibly
resulting in divergent indications [17,18]. Genotype-treatment
correlation data are a major source for investigating the role of HIV
mutations. For example, the Stanford HIVdb site allows the
retrieval of HIV integrase genotype information from INSTI-naive
versus INSTI-treated patients, providing data for cross-sectional
analysis of the prevalence of integrase mutations in the two
datasets (https://hivdb.stanford.edu/cgi-bin/MutPrevBySubty-
peRx.cgi; updated 19 June 2019). However, in principle, the most
informative data should be derived from paired intrapatient
analysis of pre-INSTI vs. post-INSTI treatment HIV genotype,
allowing direct analysis of HIV evolution under INSTI pressure.

This study aimed to analyse the emergence of integrase
mutations and the consequent integrase evolution in a population
of INSTI-treated patients attending routine care in several Italian
clinical centres, with available plasma integrase sequences before
and after starting INSTI treatment.

2. Materials and methods
2.1. Study population

One-hundred and seven (19 drug-naive and 88 drug-experi-
enced) patients, starting a regimen containing INSTIs for the first
time, were selected for this analysis. Eligible individuals were
those for whom two plasma integrase genotypic resistance tests
(GRTs) were available: one before and one under INSTI treatment.
Integrase genotype sequences from the individuals selected for the
study were retrieved from the Antiviral Response Cohort Analysis
(ARCA) database (https://www.dbarca.net/) and from a large
Italian anonymous database that collects data from HIV-1 infected
patients followed at several clinical centres in Central Italy. Data
collection was approved by the local Ethics Committees, and

written informed consent was obtained from all patients before
participation. The study was performed in accordance with the
ethical principles of the Declaration of Helsinki (7th revision) and
with the International Conference on Harmonization Good Clinical
Practice guidelines. All integrase sequences (including the first 263
amino acid positions) were obtained from plasma samples by
Sanger’s population sequencing using commercially available or
homebrew systems, as previously described [19].

2.2. Analysis of HIV-1 integrase sequences

Amino acid frequencies across all integrase codons were
evaluated in GRTs obtained before and under INSTI treatment.
The emergence of major and accessory INSTI-RMs reported in the
2018 Stanford HIV Drug Resistance Database list (https://hivdb.
stanford.edu/dr-summary/resistance-notes/INSTI/) were evaluat-
ed.

2.3. Covariation analysis

A covariation analysis was performed to evaluate potential
associations between integrase mutations before INSTI treatment
and the emergence of INSTI-RMs under INSTI treatment. All
integrase mutations present before INSTI treatment with a
prevalence >3% and all INSTI-RMs under INSTI treatment were
considered for this analysis. The phi coefficient for all the possible
pairwise combinations was calculated by using a script imple-
mented in the R software, version 3.4.1. Statistically significant
pairwise associations were those with P < 0.05.

2.4. Analysis of HIV-1 integrase evolution

In order to define the integrase evolution during INSTI
treatment, the degree of genetic divergence between the integrase
sequences under and before INSTI treatment was calculated. In
particular, a pairwise genetic distance (based on Tajima Nei model,
Megab [20]) was obtained for each pair of integrase sequences,
stripped at positions related to INSTI-RMs (both major and
accessory).

2.5. Statistical analyses

McNemar’s test was used to compare amino acid frequencies
across all integrase codons in integrase sequences obtained before
and under INSTI-treatment. Fisher’s exact and Pearson x test (for
categorical variables) and Mann-Whitney and Kruskal-Wallis test
(for quantitative variables) were used to define statistically
significant differences between patients with or without at least
one INSTI-resistance mutation compared with those without
emergence of resistance and between different INSTI types. All P-
values for multiple pairways comparisons were adjusted by using
Benjamini and Hochberg correction [21].

Multivariable logistic regression analysis was also performed to
evaluate factors independently associated with integrase evolution
under INSTI treatment, by adjusting for the following variables:
HIV-1 subtype, years of HIV infection, number of previous
regimens, integrase inhibitor drugs, duration of therapy at GRT
under integrase inhibitor-treatment, and time between the two
GRTs and plasma viral load at GRT under INSTI treatment. For this
analysis the integrase evolution was evaluated by considering the
median value of genetic distance as cut-off (<0.018 vs. >0.018). All
of these analyses were performed using the statistical software
package SPSS (version 19.0) for Windows (SPSS Inc., Chicago, IL,
USA) and R open source environment for statistical computing (
Version 3.4.1; R Foundation for Statistical Computing, Vienna,
Austria. Available at https://www.R-project.org/).
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3. Results
3.1. Patients’ characteristics

Patients’ characteristics of the overall population and according
to INSTI used are reported in Table 1. The population mainly
comprised males (63.6%) and Italians (72.6%) with a median
(interquartile, IQR) age of 42 (35-47) years. The majority of
individuals were infected by HIV-1 subtype B (75.7%). Nineteen
patients started INSTI-based treatment as drug-naive, while 88 were
drug-experienced and started the INSTI-based regimen after failing
therapy. Drug-experienced patients had a median (IQR) number of 6
(2-11) previousregimens. The median (IQR) year of starting an INSTI-
based regimen was 2013 (2009-2015). The median (IQR) duration of
this INSTI-therapy at the moment of GRT was 11.4(6.5-25.5) months.
The median (IQR) time between the two GRTs was 12.0 (7.9-28.2)
months. The median (IQR) HIV-1 RNA at GRT before INSTI treatment
was 4.7 (3.7-5.4) logo copies/mL. Looking at the INSTI administered,
87 patients were treated with RAL, 13 with DTG and seven with EVG.
After therapy starting, 53 patients (49.5%: nine [47.4%] drug-naive
and 44 [50%] drug-experienced) achieved virologic undetectability
(plasma HIV-RNA <50 copies/mL); five of them maintained
undetectability at second GRT.

3.2. Evaluation of resistance mutations

Integrase sequences were analysed before and under INSTI
treatment for the 107 subjects included in the study. Considering the

Table 1
Patients’ characteristics.

resistance at GRT performed before INSTI treatment, it was observed
that three patients harboured the accessory resistance mutation
T97A, while one patient harboured the major INSTI-mutation R263K.
Regarding the resistance at GRT performed under INSTI treatment,
the emergence of at least one INSTI-resistance mutation was
observed in 39 (36.4%) patients. All 39 patients were under virologic
failure atthe moment of GRT. The emergence of INSTI-RMs was found
with a significantly higher prevalence (almost double) in patients
who never achieved virologic suppression under INSTI treatment
compared with those who achieved undetectability and after failed
treatment (25 of 54 [46.3%] vs. 14 of 53 [26.4%], P=0.044). Major
INSTI-RMs at GRT were found in a similar proportion of patients
who were drug-naive and drug-treated (seven of 19 [36.8%] vs. 32 of
88 [36.4%], P=1.00). The median (IQR) number of INSTI-RMs
observed in the population was two (1-2). The most commonly
observed major INSTI-RMs that emerged under INSTI treatment
with a prevalence >3% were N155H (19, 17.8%; P<0.001), G140S
(nine, 8.4%; P=0.004), Y143R (eight, 7.5%; P=0.008), Q148H (seven,
6.5%), and Y143C (five, 4.7%) (Fig. 1).

Among the accessory INSTI-resistance mutations, the preva-
lence of T97A significantly increased under INSTI-treatment from
2.8% to 12.1% (P=0.002). The following accessory mutations
emerged under INSTI treatment: L74M (one, 0.9%), E138T (one,
0.9%), E157Q (two, 1.9%), and S230R (three, 2.8%). The prevalence of
all other accessory mutations did not significantly vary before and
under INSTI treatment. No other differences between GRTs before
and under INSTI treatment were observed in all other codons
across all integrase regions.

Variables Overall, INSTI received Therapeutic status
N=107
RAL, N=87 DTG, N=13 EVG, N=7 P- Drug-naive, Drug- P-value©
value® N=19 experienced,
N=88
Male, n (%) 68 (63.6) 56 (64.4) 8 (61.5) 4(571) 0.779 14 (73.7) 54 (61.4) 0.522
Italians, n (%), (N=106) 77 (72.6) 61 (70.1) 11 (91.7) 5(71.4) 0.291 13 (68.4) 64 (72.7) 0.421
Age, years, median (IQR), (N=99) 42 (35-47) 42 (36-49) 35(28-41) 42(34-48) 0.065 44 (34-48) 42 (36-46) 0.493
Drug-naive, n (%) 19 (17.8) 14 (16.1) 2(154) 3 (42.9) 0198 - - -
Subtype, n (%):
B 81 (75.7) 67 (77.0) 11 (84.6) 3(42.9) 0.101 10 (52.6) 71 (80.7) 0.017
CRF02_AG 7 (6.5) 6 (7.0) 1(7.7) 0(0.0) 0999 1(5.2) 6 (6.8) 1.000
F1 8(7.5) 7 (8.0) 0(0.0) 1(14.2) 0446 4 (21.1) 4 (4.5) 0.032
Other® 11 (10.3) 7 (8.0) 1(7.7) 3(42.9) 0.036 4 (21.1) 7 (8.0) 0.104
Year of first seropositivity, median (IQR) (N=98) 1997 (1990- 1997 (1990- 1995 (1989- 2009 (2002- 0.256 2014 (2009- 1996 (1989- <0.001
2007) 2006) 2000) 2014) 2015) 2002)
Year of first-line regimen, median (IQR) 1999 (1995- 1999 (1995- 2002 (1995- 2009 (2003- 0.125 2014 (2011- 1998 (1995- <0.001
2009) 2009) 2009) 2014) 2015) 2006)
Number of previous regimens, median (IQR) 5 (1-10) 5(1-17) 8 (2-13) 2 (0-11) 0.297 0(0-0) 6 (2-11) <0.001
Year of starting INSTI treatment, median (IQR) 2013 (2009- 2011 (2008- 2016 (2015- 2015 (2014- <0.001 2014 (2011- 2012 (2008- 0.006
2015) 2014) 2016) 2015) 2015) 2014)
Duration of INSTI therapy, months, median (IQR) 114 (6.5- 11.0 (6.5 9.2 (6.9- 16.1 (6.2- 0462 9.6 (5.5- 11.6 (7.0-24.2) 0.061
25.5) 22.7) 12.0) 24.2) 13.5)
Time between two GRTs, months. median (IQR) 12.0 (7.9- 11.2 (7.7- 153 (15.3- 194 (10.8- 0.665 13.3(10.8- 13.8 (8.4-34.8) 0.628
28.2) 32.1) 15.3) 24.2) 26.5)
HIV-1 RNA at GRT before INSTI treatment (logo copies/ 4.7 (3.7-5.4) 4.6 (3.7-5.4) 4.9 (3.9-5.2) 5.8 (2.8-6.4) 0.562 5.7 (51-6.2) 4.4(3.6-5.2) <0.001
mL), median (IQR)
HIV-1 RNA at GRT under INSTI treatment (logyo copies/ 3.5 (2.5-4.4) 3.4 (2.5-4.2) 3.8 (3.3-5.0) 4.2 (2.2-5.1) 0222 2.3(1.8-3.2) 3.6 (2.7-4.7) <0.001
mL), median (IQR)
Occurrence of >1 major integrase RAM at GRT before 1 (0.9) 0(0.0) 1(7.7) 0 (0.0) 0.186 0 (0.0) 1(11) 1.000
INSTI treatment, n (%)
Occurrence of >1 major integrase RAM at GRT under 39 (36.4) 34 (39.1) 3(23.1) 2 (28.6) 0.586 7 (36.8) 32 (364) 1.000

INSTI treatment, n (%)

Abbreviations: RAL, raltegravir; DTG, dolutegravir; EVG, elvitegravir; GRT, genotypic resistance test; IDU, injection drug user; INSTI, integrase strand transfer inhibitors; IQR,

interquartile.

2 Other subtypes in the overall population were: A1 (n=1,0.9%); C (n=2,1.9%); D (n=1,0.9%); G (n=2,1.9%); CRFO1_AE (n=2,1.9%); CRF12_BF (n=2,1.9%); CRF40_BF (n=1,

0.9%).

b Statistically significant differences between RAL, DTG and EVG were assessed by Kruskal-Wallis test and Pearson »? test (table 2 x 3), as appropriate.
¢ Statistically significant differences between drug-naive and drug-experienced patients were assessed by Mann-Whitney test and y? test (table 2 x 2), as appropriate.
4 One major INSTI-resistance mutation was found before INSTI-treatment: the R263K mutation.
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Fig. 1. Frequency of major and accessory INSTI-resistance mutations before and under INSTI treatment.
The major INSTI-resistance mutations T66A/I/K, G118R, G140A/C, Q148K and the accessory mutations Y143K/S/G/A, P145S, Q146P, S147G, Q148N, G149R, V151I/L/A, S153Y/F,
N155S/T/D did not co-occur in this study. After correction for multiple comparisons, N155H was the only mutation that maintained a statistically significant difference in the

prevalence before and under INSTI treatment.
P-values were calculated by McNemar’s test.

3.3. Evaluation of resistance mutations according to type of INSTI used
and subtype

By evaluating the prevalence of major INSTI-RMs according to
type of INSTI used, the emergence of at least one INSTI major
mutation was found in 34 of 87 (39.1%) patients treated with RAL.
The most prevalent mutation was N155H (17.2%), followed by
G140S (8.0%) and Y143R (8.0%) (Table 2). The most prevalent
patterns of mutations were G140S + Q148 H/R (six, 6.9%) and T97A
+Y143C/H/R (five, 5.7%) (Supplementary Table S1). The emergence
of at least one major INSTI mutation was found in three of 13
patients treated with DTG (23.1%). The most prevalent mutations
were N155H, G140S and Q148H, present in combination in two
patients (15.4%) as follows: N155H + Q148 H/R+G140S (n=1) and
N155H+ Q148 H/R+G140S +E138A/K (n=1) (Table 2 and Supple-
mentary Table S1).

The only major mutation found in the seven patients treated
with EVG was N155H (two, 28.6%) (Table 2). By considering the
prevalence of major INSTI mutations according to subtype,
N155H was the only mutation present in patients infected with
HIV-1 non-B subtype (26.9% in non-B subtypes vs. 14.8% in B
subtypes; P=0.24).

Table 2
Prevalence of major integrase resistance mutations detected under treatment with
integrase inhibitors according to drug and subtype.

Major mutations Drugs Subtypes

RAL DTG EVG B Non-B

(N=87) (N=13) (N=7) (N=81) (N=26)

n (%) n (%) n (%) n (%) n (%)
N155H 15(17.2) 2(154) 2(28.6) 12(14.8) 7(26.9)"
G140S 7 (8.0) 2 (154) 0(0.0) 9 (11.1) 0(0.0)
Y143R 7 (8.0) 1(7.7) 0 (0.0) 8(9.9) 0(0.0)
Q148H 5(5.7) 2(154) 0(0.0) 7 (8.6) 0(0.0)
Y143C 4 (4.6) 1(7.7) 0(0.0) 5(6.2) 0(0.0)
E92Q 3(34) 0 (0.0) 0 (0.0) 3(3.7) 0(0.0)
Y143H 2(23) 1(7.7) 0 (0.0) 3(3.7) 0(0.0)
Q148R 2(23) 0(0.0) 0(0.0) 2(2.5) 0(0.0)
E138K 2(2.3) 0 (0.0) 0 (0.0) 2 (2.5) 0(0.0)
E138A 0(0.0) 1(7.7) 0 (0.0) 1(1.2) 0(0.0)

Abbreviations: DTG, dolutegravir; EVG, elvitegravir; RAL, raltegravir.
¢ Subtypes: Al (n=1),C(n=2),D(n=1), F1 (n=1), G (n=1), CRFO2_AG (n=1).

3.4. Evaluation of integrase mutations before INSTI treatment
associated with the emergence of INSTI-resistance mutations

A further step of the current study was to analyse the potential
associations between the presence of specific integrase mutations
at baseline of INSTI treatment and the further emergence of
INSTI-RMs under INSTI treatment (Table 3). In patients infected
by HIV-1 non-B subtypes (n=26), it was found that three (11.5%)
harboured the [1113V mutation at baseline. This mutation was
associated with the emergence of N155H (phi=0.59, P=0.013)
during INSTI treatment. In patients infected by B subtype (n=81),
the presence of the D286N mutation at baseline was observed in
six patients (7.4%); this mutation was associated with the
emergence of both G140S (phi=0.50, P=0.001) and (even if less
strongly) Q148H/R (phi=0.35, P=0.016) under INSTI treatment
(Table 3).

3.5. Evaluation of integrase evolution

Concerning the integrase evolution, genetic distance between
the integrase sequences performed before INSTI treatment and
those performed under INSTI treatment was estimated excluding
the codons associated with INSTI-RMs (both major and accessory).
The median (IQR) genetic distance observed in this population was
0.018 (0.009-0.028). The genetic distance was significantly higher
in integrases developing at least one INSTI-resistance mutation
(median [IQR]: 0.024 [0.012-0.036]) compared with those who
remained fully susceptible to INSTIs (0.015 [0.009-0.024]) (P
=0.013) (Fig. 2A). No differences in genetic distance were observed
by stratifying for the different INSTIs used (P=0.462) (Fig. 2B).

Factors independently associated with the integrase evolution
under INSTI treatment were evaluated by multivariable logistic
regression analysis. For this analysis the integrase evolution was
evaluated by considering the median value of genetic distance as
cut-off (<0.018 vs. >0.018).

Factors positively associated with integrase evolution were a
longer duration of HIV-1 infection (per 1 year increase; Adjusted
odds ratio, AOR [95% CI]: 1.14 [1.05-1.24], P=0.002), a lower
number of antiretroviral regimens previously administered (per 1
regimen less; AOR [95% CI] 1.11 [1.00-1.23], P=0.045), and non-B
vs. B subtype (with a trend of significance: AOR [95% CI] 3.46
[0.97-12.36], P=0.056) (Table 4).
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Table 3
Significant correlations between integrase mutations detected at the first integrase genotypic test and INSTI-resistance mutations detected under INSTI regimen.
Integrase amino acid mutations at first integrase Prevalence, INSTI resistance Prevalence, Covariation Covariation Phi¢ P-value'
genotypic test® n (%) mutations” n (%) frequency, frequency,
n (%) n (%)
Non-B subtypes (N =26)
1113V 3 (11.5) N155H 7 (26.9) 3(100.0) 3(42.9) 0.59 0.013
B subtypes (N=81)
D286N 6 (74) G140S 9 (11.1) 4(66.7) 4 (44.4) 0.50 0.001
Q148H/R 9 (11.1) 3(50.0) 3(33.3) 035 0.016

a
b

Integrase amino acid mutation detected at first integrase genotypic test.

INSTI drug resistance mutation detected at second integrase genotypic test.
c

- 0 o

All P-values for covariation were significant at a false discovery rate of 0.05.
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Fig. 2. Distribution of HIV-1 integrase genetic distances. (A) Distribution of HIV-1
integrase genetic distances, stratified for patients without INSTI-resistance
mutations and patients with at least one INSTI-resistance mutation. (B) Distribution
of HIV-1 integrase genetic distances according to INSTI drugs.

*Statistically significant differences were assessed by Mann Whitney or Kruskal-
Wallis tests, as appropriate.

Abbreviations: RM, resistance mutation; Pts, patients.

4. Discussion

INSTIs have become an essential element of modern antiretro-
viral treatment in both drug-naive and drug-experienced patients

Covariation frequency based on the prevalence of integrase amino acid mutations detected at the first integrase genotypic test.
Covariation frequency based on the prevalence of INSTI resistance mutations detected at the second integrase genotypic test.
Positive correlations and negative correlations with phi > 0.10 and phi < -0.10 are shown, respectively.

[2,22]. Given the increasing use of this class of antiretrovirals, the
characterisation of the integrase region, in terms of the emergence
of integrase mutations and the consequent evolution of this region,
could help to understand if clinically relevant mutations and
polymorphisms occur and if their presence could influence the
clinical response to INSTIs. To answer these questions, the present
study evaluated the prevalence of all amino acid positions of
integrase in a population of patients who started a regimen
containing an INSTI for the first time and attended routine care in
several Italian clinical centres.

Analysing the HIV-1 integrase sequences obtained from 107
HIV-1 infected individuals before INSTI treatment, it was found
that the prevalence of major integrase mutations was very rare,
confirming the data reported in the literature. In fact, studies about
the presence of transmitted resistance to INSTIs have shown very
low or absent presence of major integrase mutations [23-29]. In
the current study, R263K was the only major mutation found in one
patient before INSTI treatment; by contrast, several polymor-
phisms contributing to INSTI resistance were found, as observed in
other studies [23,24].

Under INSTI treatment the overall prevalence of patients with
emergent major INSTI-RMs was 36.4%, which was clearly higher
than that found at 48 weeks in randomised clinical trials [5,30-37];
however, this is normal because patients included in trials are
well-selected patients, with good clinical and viro-immunological
characteristics. By evaluating other findings from real clinical
settings, the prevalence of emergent INSTI-RMs was similar to that
(39.6%) found by Nguyen et al. in their study of 134 patients failing
an INSTI-based regimen (65 failed under RAL, 20 under EVG and 49
under DTG) [38]. The current results are also in line with another
two studies evaluating the emergence of INSTI-resistance in
patients failing an RAL-based regimen [9,39].

In contrast, other recent studies showed a lower prevalence of
INSTI-resistance in INSTI-experienced patients (from <1% to 11.7-
22%) [6,26,27]. This apparent discrepancy in the prevalence of
INSTI-resistance can be explained by a different assessment of
integrase mutations (as major or accessory) and the different
patients’ characteristics. Concerning this last point, for example,
Lepik et al. [6] only studied patients treated with two NRTIs plus
one INSTI, while ca. 25% of the current patients were treated with
this recommended drug combination (data not shown); the other
patients were under alternative regimens (some of them including
at least four drugs) because they were pluri-treated with a long and
complicated history of treatment (data non shown). Moreover, ca.
50% of patients in the study by Lepik et al. started the INSTI
regimen under virologcic suppression, while the current patients
were all with baseline plasma HIV-RNA > 50 copies/mL (because
drug-naive or under virologic failure).

All patients in the current study with emergent INSTI-RMs
were under virologic failure. Interestingly, a significantly higher
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Table 4
Multivariable logistic regression analysis of factors associated with integrase evolution.”
Variables AOR (95% CI) P-value®
Subtype
B¢ 1
Non-B 3.46 (0.97-12.36) 0.056
Years of HIV-1 infection (per 1year increase) 1.14 (1.05-1.24) 0.002
Number of previous regimens (per 1 regimen less) 1.11 (1.00-1.23) 0.045
Integrase inhibitor
Raltegravir® 1
Dolutegravir 1.16 (0.24-5.54) 0.855
Elvitegravir 0.83 (0.12-5.61) 0.846
Time between the two GRTs (per 1 month increase) 1.01 (0.99-1.03) 0.103
Duration of therapy at GRT under INSTI-treatment (per 1 month increase) 0.99 (0.97-1.02) 0.867
HIV-1 RNA at GRT under INSTI-treatment (per 1 log;o increase) 1.04 (0.71-1.51) 0.855

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; GRT, genotypic resistance test; INSTI, integrase strand transfer inhibitors.
2 Integrase evolution was evaluated by considering the median value of genetic distance as cut-off (<0.018 vs. >0.018).
b Statistically significant P-values (<0.05) by multivariable logistic regression analysis are reported in bold.

¢ Reference group.

percentage of patients who never achieved virologic suppression
harboured INSTI resistance compared with those who achieved
virologic suppression and failed treatment after (46.3% vs. 26.4%),
confirming that they are less prone to accumulate drug resistance.
As expected, major INSTI-RMs at GRT under INSTI treatment were
found with a similar proportion in drug-naive and drug-
experienced patients (36.8% vs. 36.4%). In fact, even though
drug-experienced patients were more fragile because of the
longer time of infection and their previous experience to drugs, all
of these patients (both drug-naive and drug-experienced) never
had an experience with INSTIs before. In the current study, the
selection of drug resistance followed the typical drug-resistance
pathways. In particular, the most widespread major mutations
found under INSTI treatment were N155H (17.8%), followed by
G140S (8.4%), Y143R (7.5%) and Q148H (6.5%). In line with this
result, the recent paper by Nguyen showed that the most
prevalent pathways of resistance were N155H (45.2%) and
Q148H/K/R (22.6%). In the present study, N155H was the most
prevalent mutation regardless the type of INSTI used. Further-
more, this was the only mutation present in patients infected
with a non-B subtype.

Regarding the accessory INSTI-resistance mutations, the
prevalence of T97A significantly increased under INSTI treatment
(P=0.002), while the prevalence of all other accessory mutations
did not significantly change before and under INSTI treatment. By
analysing all other codons across integrase, no other differences
were observed between GRTs before and under INSTI treatment.
The present study found that the presence of INSTI resistance in
INSTI-treated patients may be related to specific integrase
mutations at baseline of INSTI treatment, potentially promoting
the selection of major INSTI-resistance mutations. In particular,
patients infected with HIV-1 viruses carrying D286N (for B
subtypes) and 1113V (for non-B subtypes) harbour the INSTI
mutations G140S, G148H/R and N155H more frequently than those
infected by wild-type viruses at INI positions 286 and 113 (Table 3).
However, as these two ‘novel’ mutations were found in a very small
number of patients, the results need to be confirmed in a larger
population. Moreover, further studies based on refined structural
analyses and docking simulations are needed to confirm these
findings.

The current study also aimed to evaluate integrase evolution
under INSTI pressure by estimating genetic distance. A higher
integrase evolution from baseline to follow-up was found in
sequences developing INSTI resistance compared with those not
developing resistance. When a multivariable model was applied to
define factors significantly associated with a higher genetic
distance, a longer duration of HIV-1 infection, a higher number

of antiretroviral regimens and non-B subtypes were all factors
associated with a greater genetic distance from baseline to follow-
up. The association between higher integrase evolution and non-B
subtypes could be explained by the fact that patients infected with
these non-B subtypes had a longer history of HIV infection and had
a higher number of antiretroviral treatments compared with other
patients.

This analysis had a number of limitations. First, the study was
performed on a small number of patients; therefore, the potential
differences between subtype B and non-B subtypes could not be
examined. However, a favourable point was the availability of
integrase before and under INSTI treatment for each patient.
Second, the number of patients treated with EVG and DTG was
small compared with those treated with RAL. More studies with
larger cohorts of patients infected by non-B subtypes and treated
with DTG and EVG are needed. Furthermore, data on BIC are
missing, due to the very recent introduction of this INSTI in clinical
practice.

5. Conclusions

In conclusion, this study provides data for the clinical practice
and treatment with INSTIs. The findings confirm that the
prevalence of mutations associated with resistance to this
antiretroviral class in INSTI-naive patients is still very rare.
However, under INSTI treatment the selection of INSTI-RMs occurs
(regardless the type of INSTI used), and follows the typical INSTI-
resistance pathways. The presence of two integrase mutations
1113V and D286N at baseline seem to be involved in the selection of
mutations associated with resistance, but this finding needs to be
more thoroughly investigated. Samples developing INSTI resis-
tance under treatment are characterised by a higher integrase
evolution.

Funding

Antiviral Response Cohort Analysis (ARCA) was supported by
unconditional grants from ViiV Healthcare, Gilead Sciences, Janssen,
Hologic, MSD and Bristol-Myers Squibb. This work was financially
supported by the Italian Ministry of Instruction, University and
Research (MIUR) (Accordi di Programma 2011: RBAP11YS7K_001
[HIRMA], Bandiera InterOmics Protocollo PBO5 1°) and an unre-
stricted grant from AVIRALIA foundation.

Competing interests

None declared.



R. Scutari et al./Journal of Global Antimicrobial Resistance 20 (2020) 163-169 169

Ethical approval
Not required.
Acknowledgements

We thank: Debra Mandatori for revision and editing; all the
clinicians and virologists throughout Italy who contributed with
their work to develop, expand and maintain the ARCA database.

Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.jgar.2019.07.015.

References

[1] Hazuda DJ, Felock P, Witmer M, Wolfe A, Stillmock K, Grobler JA, et al.
Inhibitors of strand transfer that prevent integration and inhibit HIV-1
replication in cells. Science 2000;287:646-50.

[2] Panel on antiretroviral guidelines for adults and adolescents. Guidelines for
the use of antiretroviral agents in adults and adolescents living with HIV.
Department of health and human services. Last updated December 18, 2019.
Available at https://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandado-
lescentgl.pdf. Accessed January 6, 2020.

[3] Anstett K, Brenner B, Mesplede T, Wainberg MA. HIV drug resistance against
strand transfer integrase inhibitors. Retrovirol 2017;14:36.

[4] Blanco]L, Marcelin AG, Katlama C, Martinez E. Dolutegravir resistance mutations:
lessons from monotherapy studies. Curr Opin Infect Dis 2018;31:237-45.

[5] Cahn P, Pozniak AL, Mingrone H, Shuldyakov A, Brites C, Andrade-Villanueva JF,
et al. Dolutegravir versus Raltegravir in antiretroviral-experienced, integrase-
inhibitor-naive adults with HIV: week 48 results from the randomised,
double-blind, non-inferiority SAILING study. Lancet 2013;382:700-8.

[6] Lepik KJ, Harrigan PR, Yip B, Wang L, Robbins MA, Zhang WW, et al. Emergent
drug resistance with integrase strand transfer inhibitor-based regimens. AIDS
2017;31:1425-34.

[7] Castagna A, Maggiolo F, Penco G, Wright D, Mills A, Grossberg R, et al.
Dolutegravir in antiretroviral-experienced patients with raltegravir- and/or
elvitegravir-resistant HIV-1: 24-week results of the phase III VIKING-3 study. ]
Infect Dis 2014;210:354-62.

[8] Tsiang M, Jones GS, Goldsmith ], Mulato A, Hansen D, Kan E, et al. Antiviral

activity of bictegravir (GS-9883), a novel potent HIV-1 integrase strand

transfer inhibitor with an improved resistance profile. Antimicrob Agents

Chemother 2016;60:7086-97.

Doyle T, Dunn DT, Ceccherini-Silberstein F, De Mendoza C, Garcia F, Smit E,

et al. Integrase inhibitor (INI) genotypic resistance in treatment-naive and

raltegravir-experienced patients infected with diverse HIV-1 clades. ]

Antimicrob Chemother 2015;70:3080-6.

[10] Danion F, Belissa E, Peytavin G, Thierry E, Lanternier F, Scemla A, et al. Non-
virological response to a dolutegravir-containing regimen in a patient
harbouring a E157Q-mutated virus in the integrase region. ] Antimicrob
Chemother 2015;70:1921-3.

[11] Munir S, Thierry E, Malet I, Subra F, Calvez V, Marcelin AG, et al. G118R and
F121Y mutations identified in patients failing raltegravir treatment confer
dolutegravir resistance. ] Antimicrob Chemother 2015;70:739-49.

[12] Hachiya A, Kirby KA, Ido Y, Shigemi U, Matsuda M, Okazaki R, et al. Impact of
HIV-1 integrase L74F and V75] mutations in a clinical isolate on resistance to
second-generation integrase strand transfer inhibitors. Antimicrob Agents
Chemother 2017;61(8).

[13] Yoshinaga T, Seki T, Miki S, Miyamoto T, Suyama-Kagitani A, Kawauchi-Miki S,
et al. Novel secondary mutations C56S and G149A confer resistance to HIV-1
integrase strand transfer inhibitors. Antiviral Res 2018;152:1-9.

[14] Ceccherini-Silberstein F, Malet I, D’Arrigo R, Antinori A, Marcelin AG, Perno CF.
Characterization and structural analysis of HIV-1 integrase conservation. AIDS
Rev 2009;11:17-29.

[15] Garrido C, Geretti AM, Zahonero N, Booth C, Strang A, Soriano V, et al. Integrase
variability and susceptibility to HIV integrase inhibitors: impact of subtypes,
antiretroviral experience and duration of HIV infection. ] Antimicrob
Chemother 2010;65:320-6.

[16] Reigadas S, Marcelin AG, Houssaini A, Yerly S, Descamps D, Plantier ]JC, et al.
HIV-1 integrase variability and relationship with drug resistance in
antiretroviral-naive and -experienced patients with different HIV-1 subtypes.
J Antimicrob Chemother 2013;68:969-72.

[17] Paredes R, Tzou PL, van Zyl G, Barrow G, Camacho R, Carmona S, et al.
Collaborative update of a rule-based expert system for HIV-1 genotypic
resistance test interpretation. PLoS One 2017;12:e0181357.

[9

[18] Boucher CA, Bobkova MR, Geretti AM, Hung CC, Kaiser R, Marcelin AG, et al.
State of the art in HIV drug resistance: science and technology knowledge gap.
AIDS Rev 2018;20:27-42.

[19] Armenia D, Fabeni L, Alteri C, Di Pinto D, Di Carlo D, Bertoli A, et al. HIV-1
integrase genotyping is reliable and reproducible for routine clinical detection
of integrase resistance mutations also in patients with low-level viremia. ]
Antimicrob Chemother 2015;70:1865-73.

[20] Tajima F, Nei M. Estimation of evolutionary distance between nucleotide
sequences. Mol Biol Evol 1984;1:269-85.

[21] Hochberg Y, Benjamini Y. More powerful procedures for multiple significance
testing. Stat Med 1990;9:811-8.

[22] Powderly WG. Integrase inhibitors in the treatment of HIV-1 infection. ]
Antimicrob Chemother 2010;65:2485-8.

[23] Parczewski M, Bander D, Urbaniska A, Boron-Kaczmarska A. HIV-1 integrase
resistance among antiretroviral treatment naive and experienced patients
from Northwestern Poland. BMC Infect Dis 2012;12:368.

[24] Casadella M, van Ham PM, Noguera-Julian M, van Kessel A, Pou C, Hofstra LM,
et al. Primary resistance to integrase strand-transfer inhibitors in Europe. ]
Antimicrob Chemother 2015;70:2885-8.

[25] Stekler JD, McKernan ], Milne R, Tapia KA, Mykhalchenko K, Holte S, et al. Lack
of resistance to integrase inhibitors among antiretroviral-naive subjects with
primary HIV-1 infection, 2007-2013. Antiviral Ther 2015;20:77.

[26] Bradley-Stewart A, Urcia C, MacLean A, Aitken C, Gunson R. HIV-1 integrase
inhibitor resistance among treatment naive patients in the West of Scotland. ]
Clin Virol 2017;92:7-10.

[27] De Francesco MA, Izzo 1, Properzi M, Gargiulo F, Caccuri F, Quiros-Roldan E,
et al. Prevalence of integrase strand transfer inhibitors resistance mutations in
integrase strand transfer inhibitors-naive and -experienced HIV-1 infected
patients: a single center experience. AIDS Res Human Retrovir 2018;34:570-4.

[28] Jeong W, Jung 1Y, Choi H, Kim JH, Seong H, Ahn JY, et al. Integrase strand
transfer inhibitor resistance mutations in antiretroviral therapy-naive and
treatment-experienced HIV patients in South Korea. AIDS Res Hum Retrovir
2019;35:213-6.

[29] Spertilli Raffaelli C, Rossetti B, Paglicci L, Colafigli M, Punzi G, Borghi V, et al.
Impact of transmitted HIV-1 drug resistance on the efficacy of first-line
antiretroviral therapy with two nucleos(t)ide reverse transcriptase inhibitors
plus an integrase inhibitor or a protease inhibitor. ] Antimicrob Chemother
2018;73:2480-4.

[30] Lennox]L, DeJesus E, Lazzarin A, Pollard RB, Madruga ]V, Berger DS, et al. Safety
and efficacy of raltegravir-based versus efavirenz-based combination therapy
in treatment-naive patients with HIV-1 infection: a multicentre, double-blind
randomised controlled trial. Lancet 2009;374:796-806.

[31] Martinez E, Larrousse M, Llibre JM, Gutiérrez F, Saumoy M, Antela A, et al.
Substitution of raltegravir for ritonavir-boosted protease inhibitors in HIV-
infected patients: the SPIRAL study. AIDS 2010;24:1697-707.

[32] DeJesus E, Rockstroh JK, Henry K, Molina JM, Gathe ], Ramanathan S, et al. Co-
formulated elvitegravir, cobicistat, emtricitabine, and tenofovir disoproxil
fumarate versus ritonavir-boosted atazanavir plus co-formulated emtricita-
bine and tenofovir disoproxil fumarate for initial treatment of HIV-1 infection:
a randomised, double-blind, phase 3, non-inferiority trial. Lancet
2012;379:2429-38.

[33] Molina JM, Lamarca A, Andrade-Villanueva J, Clotet B, Clumeck N, Liu YP, et al.
Efficacy and safety of once daily elvitegravir versus twice daily raltegravir in
treatment-experienced patients with HIV-1 receiving a ritonavir-boosted
protease inhibitor: randomised, double-blind, phase 3, non-inferiority study.
Lancet Infect Dis 2012;12:27-35.

[34] Sax PE, DeJesus E, Mills A, Zolopa A, Cohen C, Wohl D, et al. Co-formulated
elvitegravir, cobicistat, emtricitabine, and tenofovir versus co-formulated
efavirenz, emtricitabine, and tenofovir for initial treatment of HIV-1 infection:
a randomised, double-blind, phase 3 trial, analysis of results after 48 weeks.
Lancet 2012;379:2439-48.

[35] Raffi F, Rachlis A, Stellbrink HJ, Hardy WD, Torti C, Orkin C, et al. Once-daily
dolutegravir versus raltegravir in antiretroviral-naive adults with HIV-1
infection: 48 week results from the randomised, double-blind, non-inferiority
SPRING-2 study. Lancet 2013;381:735-43.

[36] Walmsley SL, Antela A, Clumeck N, Duiculescu D, Eberhard A, Gutiérrez F, et al.
Dolutegravir plus abacavir-lamivudine for the treatment of HIV-1 infection. N
Engl ] Med 2013;369:1807-18.

[37] Clotet B, Feinberg ], van Lunzen ], Khuong-Josses MA, Antinori A, Dumitru I,
et al. Once-daily dolutegravir versus darunavir plus ritonavir in antiretroviral-
naive adults with HIV-1 infection (FLAMINGO): 48 week results from the
randomised open-label phase 3b study. Lancet 2014;383:2222-31.

[38] Nguyen T, Fofana DB, Lé MP, Charpentier C, Peytavin G, Wirden M, et al.
Prevalence and clinical impact of minority resistant variants in patients failing
an integrase inhibitor-based regimen by ultra-deep sequencing. ] Antimicrob
Chemother 2018;73:2485-92.

[39] Fourati S, Charpentier C, Amiel C, Morand-Joubert L, Reigadas S, Trabaud MA,
et al. Cross-resistance to elvitegravir and dolutegravir in 502 patients failing on
raltegravir: a French national study of raltegravir-experienced HIV-1-infected
patients. ] Antimicrob Chemother 2015;70:1507-12.


https://doi.org/10.1016/j.jgar.2019.07.015
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0005
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0005
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0005
https://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf
https://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0015
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0015
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0020
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0020
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0025
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0025
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0025
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0025
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0030
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0030
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0030
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0035
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0035
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0035
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0035
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0040
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0040
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0040
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0040
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0045
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0045
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0045
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0045
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0050
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0050
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0050
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0050
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0055
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0055
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0055
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0060
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0060
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0060
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0060
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0065
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0065
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0065
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0070
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0070
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0070
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0075
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0075
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0075
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0075
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0080
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0080
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0080
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0080
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0085
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0085
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0085
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0090
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0090
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0090
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0095
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0095
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0095
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0095
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0100
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0100
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0105
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0105
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0110
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0110
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0115
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0115
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0115
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0120
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0120
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0120
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0125
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0125
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0125
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0130
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0130
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0130
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0135
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0135
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0135
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0135
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0140
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0140
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0140
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0140
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0145
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0145
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0145
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0145
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0145
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0150
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0150
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0150
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0150
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0155
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0155
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0155
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0160
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0160
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0160
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0160
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0160
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0160
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0165
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0165
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0165
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0165
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0165
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0170
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0170
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0170
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0170
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0170
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0175
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0175
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0175
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0175
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0180
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0180
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0180
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0185
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0185
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0185
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0185
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0190
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0190
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0190
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0190
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0195
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0195
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0195
http://refhub.elsevier.com/S2213-7165(19)30181-X/sbref0195

	Evaluation of HIV-1 integrase resistance emergence and evolution in patients treated with integrase inhibitors
	1 Introduction
	2 Materials and methods
	2.1 Study population
	2.2 Analysis of HIV-1 integrase sequences
	2.3 Covariation analysis
	2.4 Analysis of HIV-1 integrase evolution
	2.5 Statistical analyses

	3 Results
	3.1 Patients characteristics
	3.2 Evaluation of resistance mutations
	3.3 Evaluation of resistance mutations according to type of INSTI used and subtype
	3.4 Evaluation of integrase mutations before INSTI treatment associated with the emergence of INSTI-resistance mutations
	3.5 Evaluation of integrase evolution

	4 Discussion
	5 Conclusions
	Funding
	Competing interests
	Ethical approval
	Acknowledgements
	Appendix A Supplementary data
	References


