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Objective: This article aims to investigate if the detection of preexisting drug-resistant
minority variant (DRMV) and/or X4 HIV-1 variants could improve the efficacy of first-
line combined antiretroviral therapy (ART) in late presenters.

Design: Post-hoc, combined analysis of two open-label, prospective, randomized
clinical trials comparing first-line ART with efavirenz (EFV) vs. ritonavir-boosted
protease inhibitor (PI/r)-based regimens in ART-naive, HIV-1-infected patients, with
CD4" T-cell counts less than 100 cells/pl and wild-type HIV-1 by bulk sequencing.

Methods: Pre-ART samples were reanalyzed for the presence of DRMVs and X4 HIV-1
using 454 sequencing. Kaplan—Meier curves and Cox regression were used to evaluate
the association between X4 HIV and DRMVs and risk of virological failure.

Results: From 141 evaluable patients, 57 received EFV, and 84 received PI/r, including
first-line ART. Median pre-ART CD4 ™" T-cell counts and HIV-1 RNA levels were 39 cells/
wl and 257424 copies/ml, respectively; 35.5% of patients had X4 HIV variants.
Detection of DRMVs leading to an ART-specific cumulative HIVdb score of at least
10 increased the risk of virological failure in patients initiating EFV [log-rank P =0.048,
hazard ratio=4.3 (95% confidence interval: 0.8, 25.0), P=0.074], but not in those
starting Pl/r. Presence of X4 HIV did not affect virological outcomes, but was associated
with impaired CD4™" T-cell count recovery over 2 years (214 vs. 315 cells/pl with X4 vs.
R5 HIV-T tropism, respectively, P=0.017).
Conclusion: Accounting for preexisting DRMVs may improve the outcomes of first-line
nonnucleoside reverse transcriptase inhibitor-based ART in late presenters with
advanced immune suppression. Presence of X4 HIV-1 at diagnosis predicts impaired
immune restoration under ART.
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Introduction

One of the main unsolved public health problems in
HIV/AIDS is that, still, more than 30% of people living
with HIV in Western countries are diagnosed at late stages
of their infection [1], that is, when their CD4" T-cell
counts have already decreased to less than 200 cells/pl or
developed an AIDS-defining illness [2]. Late HIV-1
diagnosis is associated with increased mortality and
morbidity [1]. Late presenters are more likely to develop
antiretroviral therapy (ART) failure [3], suffer AIDS-
defining illnesses, transmit HIV to other individuals, and
achieve suboptimal immune reconstitution with ART
[4]. Up to a third of all HIV-related deaths today are
estimated to be consequence of late diagnosis. Late
presentation thus implies a huge economic burden to
healthcare systems [5—7]. It is crucial to identify and
provide late presenters with the best treatment option as
early as possible.

Studies in patients with advanced HIV disease have
generally compared the efficacy of different ART
combinations in virological [8], immunological, and
inflammatory [9,10] outcomes, but none has addressed
whether HIV-1 tropism or the presence of drug-resistant
minority variants (DRMYVs), which are not routinely
evaluated, could be relevant factors influencing treat-
ment outcomes. In previous studies, first-line efavirenz
(EFV)-based ART achieved noninferiority [12] or even
superiority [8] in terms of virological efticacy than
protease inhibitor-based therapy, being a suitable
treatment option for ART-naive patients with advanced
disease. However, the efficacy of nonnucleoside reverse
transcriptase inhibitors (NNRTIs) may be impaired by
the presence of minority NNRTI-resistant variants,
which could be missed by current Sanger sequencing
genotyping approaches [11]. Minority protease inhibi-
tor-resistant variants have not been shown to affect the
efficacy of first-line protease inhibitor therapy [12,13],
but studies are scarce, generally underpowered, and
often mixed naturally occurring protease polymorph-
isms with drug-resistant mutations when defining
minority variants, thus diluting the effect of resistance
mutations having an impact on protease inhibitor
treatment outcomes.

HIV-1 tropism might also influence ART outcomes.
In a subanalysis of 428 patients of the ArTEN study [14],
a prospective, randomized, open-label, noninferiority
trial that compared nevirapine vs. atazanavir/ritonavir
(ATV/rx), each combined with fixed-dose coformulated
tenofovir/emtricitabine (TDF/FTC) in antiretroviral-
naive patients with HIV-1 infection, HIV-1 tropism was
an independent predictor of virological failure to first-line
ART, particularly at week 24 post-ART initiation and in
non-B subtypes. It is well known that patients with low
CD4" Tecell counts, like the ones evaluated in this study,
are more likely to present CXCR4-using viruses [15].

The ArTEN tropism results, however, have not been
confirmed in independent analyses.

Here, we investigated if baseline HIV-1 viral tropism and
DRMUV testing using next-generation sequencing were
associated with virological and immunological outcomes
of first-line ART in patients initiating therapy with less
than 100 CD4" T cells/pl in two randomized clinical
trials comparing EFV vs. ritonavir-boosted protease
inhibitor (PI/r)-based regimens [16].

Methods

Study design

This was a retrospective analysis of baseline clinical samples
collected in two prospective, multicentric, open-label,
randomized clinical trials comparing the efficacy of first-
line ART with EFV vs. indinavir/ritonavir combined with
coformulated zidovudine along with lamivudine (Com-
bivir; GlaxoSmithKline) (ADVANZ study [16]), and EFV
vs. ATV/r vs. lopinavir/ritonavir, all combined with
coformulated TDF/FTC (Truvada; Gilead Sciences Inc.)
(ADVANZ-3 study) [16]. Both studies were approved by
the ethics committees of the participating hospitals and the
Spanish Agency for Medicines and Healthcare Products
and conducted in compliance with the Declaration of
Helsinki, good clinical practice guidelines, and local
regulations. Patients were adequately informed about the
study objectives and signed a written informed consent
form before enrolment. All patients were ART naive, had
CD4" Tecell counts less than 100 cells/pl, and were
infected with wild-type HIV-1 according to bulk
sequencing at study entry. Patients were recruited from
six Spanish HIV clinical centers between November 2001
and January 2003 (ADVANZ study), and from five centers
between September 2007 and February 2010 (ADVANZ-
3 study), and were followed during 3 and 2 years,
respectively. To homogenize our dataset, we only
considered data from the first 2 years of follow-up of
both the studies. Virological failure was defined as two
consecutive HIV-1 RNA determinations of at least
200 copies/ml or one HIV-1 RNA measurement of at
least 1000 copies/ml at or after month 6 of ART. Stored
pre-ART samples were reanalyzed for the presence of
DRMVs and HIV-1 tropism using 454 sequencing as
previously reported (Supplementary methods, http://
links.lww.com/QAD/A717) [17,18].

Tropism

Geno2Phenojys4; was used to evaluate tropism directly
from raw 454 sff files. Tropism was defined using the
criteria established in the previous MERIT, MOTIVATE-
1 and 2, and the A4001029 trials of maraviroc in ART-
naive and experienced patients [18], that is, X4 HIV was
defined as the presence of at least 2% of variants with a
Geno2Pheno False Positive Rate 3.75% or less. This
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definition also includes dual/mixed tropic viruses, as
sequencing techniques do not differentiate between them.

HIV-1 resistance

Sequences were analyzed using the Roche/454 proprie-
tary Amplicon Variant Analyzer software (v2.8.0) as
described previously [17]. A coverage of at least 500 reads
per position was required for further analysis to ensure a
minimum opportunity of detecting a low-frequency
variant; codons with less than 500 reads were considered
‘low covered’” and treated as wild type. According to the
previous strand-dependent sequencing error patterns and
negative control testing results (sequencing of a pNL43
DNA clone), only variants with frequency values on
forward and reverse reads within a one log ratio and an
overall frequency greater than 0.5% were utilized for
downstream analysis. Amplicons with less than a 10% of
the expected length were discarded and not considered
for further analyses (see [17] for a detailed description of
the 454 sequencing and analysis methods, including error
controls).

Drug susceptibility was analyzed using Stanford HIVdb
(v6.3.1; Stanford University, California, USA). Patients
with ART resistance mutations present in at least 20% of
their viral population were excluded from downstream
analyses. The remaining individuals were classified
according to whether mutations detected impacted
ART susceptibility or not. Such impact on ART
susceptibility was defined as a cumulative ART-specific
Stanford HIVdb score (apTHIVdb score) of at least 10
points. For example, a patient with three mutants
detected, in whom each mutant was associated with a
HIVdb score of 5 to any of the antiretroviral drugs
initiated, would be categorized as having an sprHIVdb
score of at least 10 (5+5+5=15). This procedure
ensured that only mutants with some impact on drug
susceptibility were considered in the treatment outcomes
analysis. It also allowed us to evaluate NNRTI and
protease inhibitor-resistant variants together.

Statistical analysis

Baseline patient’s characteristics were described overall and
according to virological outcome. P values were obtained
with the X or Fisher tests for categorical data, and the
Mann—Whitney rank sum test for continuous data.
Survival analyses including Kaplan—Meier curves and
Cox proportional hazards models were used to estimate
differences in risk of virological failure by baseline HIV
tropism and ArTHIVdb score. Separate models were
constructed: one taking into account all patients, another
one considering only those on EFV, and a third one
including patients receiving PI/r therapy exclusively.
Separate multivariate Cox proportional hazards models
were constructed for all patients, EFV-treated patients, and
PI/r-treated patients, using covariates that achieved a
P value below 0.1 in each corresponding univariate
analysis, in addition to the optHIVdb score. Sensitivity

analyses using other definitions, such as presence of at
least one IAS-USA 2013 NRTT and/or NNRTI mutation
or an apTHIVdb score cutoff of 5, were also performed.
Finally, changes in CD4 " Tcell counts through year 2 of
follow-up were compared according to orTHIVdb score
and HIV tropism, either including all patients or after
excluding individuals developing virological failure.
Findings were confirmed with a linear mixed models
analysis of the slope of CD4™ gains over the study. Statistical
analyses and graphs were performed using GraphPad Prism
v5.0 (GraphPad Software Inc., La Jolla, California, USA),
SigmaPlot v12.5 (SyStat Software Inc., San Jose, Cali-
fornia, USA), and R.

Results

Patient’s characteristics

Out of 148 patients included in the parental ADVANZ
(n=61) and ADVANZ-3 (n=387) studies, three were
excluded from our analysis because of lack of follow-up
data. Four additional individuals were excluded because
of the existence of primary ART resistance when we
considered mutations detected at frequencies of at least
20% of the virus population. This left 141 evaluable
patients, who were mostly men (79%), presented with
AIDS-defining diseases (54.6%) and had had sex with
other men (44%) (Table 1). At the time of ART initiation,
the study participants were 39 years old, had 37 CD4" T
cells/pl, and 257 424 HIV-1 RNA copies/ml (all median
values); 8.5% were coinfected with the hepatitis B virus
and 17.7% with the hepatitis C virus. Fifty-seven (40.4%)
patients initiated EFV-based and 84 (59.6%) PI/r-based
therapy. There were 29/141 (20.6%) patients who
developed virological failure overall, 7/54 (12.3%) in
the EFV arm and 22/84 (26.2%) in the PI/r arm.

Virological outcomes by tropism

HIV-1 tropism was evaluable in 139 of 141 (98.6%)
patients; in the remaining two (1.4%) individuals, the V3
loop could not be PCR amplified. All patients were
infected with subtype B HIV-1. Using the criteria by
Swenson ef al. [18], HIV-1 was R5 in 89 (63.1%) patients
and X4 in 50 (35.5%). A similar proportion of X4 HIV
was observed among patients developing virological
failure or not during follow-up (34.5 vs. 35.7%,
respectively, P=0.755). There were no differences in
time to virological failure by HIV tropism in the Kaplan—
Meier analysis (log-rank test =0.756, Fig. 1a).

Virological outcomes by HIV-1 resistance

Eighteen out of 141 (12.8%) samples did not amplify,
leaving 123 (87.2%) evaluable patients. Using 454
sequencing, 19/123 (15.45%) patients had resistance
mutations leading to an ArTHIVdb score of at least 10
(Table 2). Patients with an srTHIVdb score of at least 10
were more frequent among those developing virological

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Table 1. Patient’s characteristics at antiretroviral therapy initiation.

Virological No virological
Characteristics Total (n=141) failure (n=29) failure (n=112) P value
Age, median (IQR) (years) 39 (33; 47) 35 40.5 0.065
Gender, n (%)
Men 112 (79%) 21 91 0.429
HIV exposure group, n (%)
MSM 62 (44%) 9 (31%) 53 (47.3%) 0.475
Heterosexual 60 (42.6%) 15 (51.8%) 45 (40.2%)
IVDU 15 (10.6%) 4 (13.8%) 11 (9.8%)
Unknown 4 (2.8%) 1(3.4%) 3 (2.7%)
RNA HIV-1, median 257424 330000 235153 0.277
(IQR) (copies/ml) (66 400; 500001) (58159; 671264) (66 393; 500000)
CD4" T-cell counts, 38.5 (20; 60) 41 (21.5; 61) 37 (19; 60) 0.622
median (IQR) (cells/ul)
Treatment, n (%)
EFV 57 (40.4%) 7 (24.1%) 50 (44.6%) 0.193
ATV/r 8 (19.9%) 7 (24.1%) 21 (18.8%)
IDV/r 7 (19.1%) 6 (20.7%) 21 (18.8%)
LPV/r 29 (20.6%) 9 (31.1%) 20 (17.8%)
HBV coinfection, n (%)
Positive 2 (8.5%) 2 (6.9%) 10 (8.9%) 0.716
Negative 127 (90.1%) 27 (93.1%) 100 (89.3%)
Unknown 2 (1.4%) 0 2 (1.8%)
HCV coinfection, n (%)
Positive 5 (17.7%) 6 (20.7%) 9 (17%) 0.877
Negative T (78 8%) 2 (75.9%) 89 (79.5%)
Unknown 2 (1.4%) 1(3.4%) 4 (3.5%)
ArTHIVdD score
<10 103 (73%) 20 (69%) 84 (75%) 0.365
>10 20 (14.2%) 6 (20.7%) 3 (11.6%)
Nonamplifiable 18 (12.8%) 3 (10.3%) 15 (13.4%)
Tropism, n (%) (>2% HIV with G2P <3. 5%) [18]
CCR5 9 (63.1%) 19 (65.5%) 0 (62.5%) 0.755
CXCR4 (35 5%) 10 (34.5%) (35 7%)
Nonamplifiable 2 (1.4%) 0 2 (1.8%)
AIDS at baseline 0.888
AIDS 77 (54.6%) 15 (51.8%) 62 (55.4%)
No AIDS 64 (45.4%) 14 (48.2%) 50 (44.6%)

ART, antiretroviral therapy; ATV/r, atazanavir/ritonavir; EFV, efavirenz; HBV, hepatitis B virus; HCV, hepatitis C virus; IDV/r, indinavir/ritonavir;
IQR, interquartile range; IVDU, intravenous drug user; LPV/r, lopinavir/ritonavir.

failure than in those who did not (20.7 vs. 11.6%,
respectively), although such difference was not statistically
significant (P=0.365). In the Kaplan—Meier analyses,
patients with an AprHIVdb score of at least 10 achieved
virological failure earlier than those with a lower
ArTHIVdD score (Fig. 1b—d). Differences were statisti-
cally significant in the analysis of patients initiating EFV
(log-rank test P=0.048), but not when considering all
patients (log-rank test P=0.116) or those initiating P1/r
(log-rank test P=0.494). Similar results were found in
sensitivity analyses using other definitions, such as the
presence of at least one IAS-USA RTI or NNRTI
resistance mutation or an oprHIVdb score cutoff of 5 (not
shown).

Cox proportional hazards models of risk of
virological failure

Opverall, baseline factors significantly associated with
virological failure in the univariate Cox proportional
hazards model (Table 3) were age below 35 years [hazard
ratio (HR) =2.1, 95% confidence interval (CI): 1.0, 4.3,

P=10.051] and being on the PI/r group relative to EFV
[HR =22, 95% CI: 0.9, 5.1, P=0.072]. Factors
associated with virological failure in patients receiving
EFV were having an ArtHIVdb score of at least 10
(HR =4.0, 95% CI: 0.86, 20.0, P=0.077) and HCV
coinfection (HR =4.6, 95% CI: 0.9, 23.0, P=0.061).
The only factor associated with virological failure in
patients receiving PI/r was age below 35 years
(HR=23, 95% CI: 1.0, 5.3, P=0.051). In the
multivariate Cox proportional hazards analyses, the only
factor remaining independently associated with virolo-
gical failure was having an ArTHIVdb score of at least 10
(HR =4.3, 95% CI: 0.8, 25.0, P=0.074) in patients
initiating EFV. Analyses considering HIV-1 RNA and
CD4™ counts as continuous variables showed the same
results (not shown).

CD4 evolution by troplsm and drug resistance

Overall, median CD4" T-cell counts increased from 39
(21, 63) cells/pl at baseline to 209 (120, 323) cells/pl at
year 1 and 280 (160, 427) cells/pl at year 2. Preexisting

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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Fig. 1. Risk of virological failure by presence of drug-resistant minority variant or HIV-1 tropism. Kaplan—Meier curves of time to
virological failure. Symbols represent censored events. (a) Time to virological failure by HIV-1 tropism considering all patients. (b)
Survival analyses by DRMV considering all patients, grouped by srrHIVdb score >10 or <10. (c) Survival analyses by DRMV
considering only Pl/r-treated patients. (d) Survival analyses by DRMV considering only EFV-treated patients. DRMV, drug-resistant
minority variant; EFV, efavirenz; PI/r, ritonavir-boosted protease inhibitor.

drug resistance was not associated with different baseline
CD4" Tcell counts or to different CD4 " T-cell increases
during follow-up. In contrast, patients with baseline X4
HIV [18] had significantly lower CD4" T-cell counts
than those infected with an R5 HIV at baseline [30 (14,
51) vs. 43 (26, 66)cells/pl, P=0.012], after 1 year of
ART [176 (96, 266) vs. 251 (145, 365)cells/pl,
P=0.023] and after 2 years of ART [214 (127, 316)
vs. 315 (176, 461) cells/pl, P=0.017] [median (inter-
quartile range) values]. A linear mixed model confirmed
the presence of significant differences in CD4" Tcell
slopes after ART initiation between patients with X4 and
R5 HIV (7.1 vs. 9.4cells/pl per month, P=0.004)
(Fig. 2). Difterences between X4 and R5 HIV-1-infected
patients remained significant after excluding individuals
developing virological failure (data not shown).

Discussion

Choosing the right first-line ART is of critical importance
in patients with advanced HIV disease because the short-
term risk of severe clinical complications in the event of

ART failure is very high [1]. In previous head-to-head
comparisons, first-line EFV-based regimens showed equal
immunological efficacy [12] but better virological out-
comes [16] than PI/r-based regimens in individuals with
very low CD4" Tcell counts. Our study showed, in
addition, that preexisting DRMYVs increase the risk of
virological failure of first-line NNRTI-based ART in this
population. Also, although pretreatment HIV-1 tropism
did not aftect virological outcomes, X4 HIV-1 was
associated with impaired immune reconstitution through
the first 2 years of ART.

Our study is coherent with the previous reports showing
that preexisting DRMVs double the risk of virological
failure to first-line ART including NNRTIs [19-21].
In fact, the 2-year rates of virological failure of EFV
therapy in patients with no DRMVs were almost
negligible. Even with the arrival of new, potent, and
well tolerated integrase inhibitors such as dolutegravir,
EFV will remain a potent, simple, and affordable treat-
ment alternative for years, more so in resource-limited
settings. Our study shows that ultrasensitive genotyping
is helpful to identify in which late presenters NNRTI-
based ART is unlikely to fail.
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593179
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PR: 113V (96.5; 1867); G16E (12.0; 1867); 162V (99.6; 1867);
L63P (83.7; 1867); 164V (99.8; 1867); 185V (2.5; 1867); D60OE

PR: G73S (1.2; 1867)
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V771 (100; 1867)

RT: V106l (8.0; 12700); V75L (2.8; 9564)
PR:L331(0.6; 5139); L33V (99.3; 5139); 162V (33.0; 5151); 164V

(100; 5148)

PR: M46l (0.6; 5139)

RT: none

Pl/r ATV/r, TDF, FTC

170000

18

10

RT: L210F (1.9; 2660); E138A (100; 2209)

LPV/r, TDF, FTC RT: none

PI/r

628320

19

1.1; 3786); K20M (38.5; 3787);

M36l (89.8; 3789); 164V (99.5; 3797)

PR: L33F (7.5; 3781); L33V (6.7; 3781)

3TC, lamivudine; ART, antiretroviral therapy; ATV/r, atazanavir/ritonavir; EFV, efavirenz; FTC, emtricitabine; IDV/r, indinavir/ritonavir, LPV/r, lopinavir/ritonavir; PI/r, ritonavir-boosted protease

inhibitor; PR, protease; RT, retrotranscriptase; TDF, tenofovir; ZDV, zidovudine.

The lack of association of DRMVs with virological
outcomes of PI/r-including ART is consistent with the
previous studies [12,13,22—24]. Data on the clinical value
of DRMVs on first-line PI/r ART is scarce, and
definitions of protease inhibitor resistance used in
previous studies often included naturally occurring
polymorphisms, which have little or no effect on protease
inhibitor susceptibility in the absence of major mutations.
By using an aprHIVdb score, we only considered
mutations reducing the virus susceptibility to the ART
initiated, including resistance mutations to the NRTI
background, and not only protease inhibitor resistance
mutations. Even with this approach, however, we were
unable to demonstrate an effect of DRMVs on the
outcomes of first-line PI/r therapy. Further analyses (not
shown) were not able to demonstrate difference in
virological outcomes by NRTI backbone (zidovudine/
lamivudine vs. TDF/FTC).

HIV-1 tropism did not affect virological outcomes of
first-line ART. However, patients with an X4 HIV-1 had
lower CD4™ T-cell counts at HIV-1 diagnosis and, more
importantly, achieved significantly lower increases in
CD4" Tcell counts through the first 2 years of ART. Our
findings contrast with those from the ArTEN trial [14], in
which preexisting X4 HIV-1 was independently associ-
ated with virological failure to first-line ART including
nevirapine or ATV/r, particularly in subtype B viruses,
but did not influence CD4" T-cell count recovery. In a
retrospective evaluation of a clinical cohort in London
[15], patients with X4 HIV also had lower CD4" T-cell
counts than those with R5 HIV in the absence of ART.
However, increases in CD4 ™" Tcell counts were of similar
magnitude once ART was initiated. The lack of
association between tropism and virological failure is
plausible, as, with the exception of CCR5 and CXCR4
antagonists, antiretroviral drug-mediated HIV-1 inhi-
bition does not depend on HIV-1 tropism.

The impaired immune recovery in patients with X4 HIV-
1 is possibly associated with the advanced degree of
immune deterioration in our cohort, with median 37
CD4" Tecell counts/pl at study entry. Thymic CD34"
cells are more easily infected by X4 HIV than R5 HIV,
which could explain an increased depletion of thymic
production of naive T cells in late presenters with X4
HIV. Although detailed immunological studies are
ongoing, from a clinical perspective, our findings indicate
that HIV-1 tropism is a marker for impaired immune
reconstitution in late presenters and baseline determi-
nation of HIV-1 tropism should be included in clinical
practice. This important finding should be confirmed in
further studies that should also clarify whether X4 HIV-1
could be associated with increased rates of AIDS-defining
events or death in late presenters after cART initiation.

To our knowledge, this is the first clinical study evaluating
the role of ultrasensitive HIV-1 genotyping in individuals
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Fig. 2. CD4™" T-cell evolution by baseline drug-resistant minority variant or HIV-1 tropism. (a) Median (interquartile range) CD4
T-cell counts by DRMV considering all patients, grouped by arrHIVdb score >10 or <10. (b) Median (interquartile range) CD4 ™" T-
cell counts by HIV-1 tropism (*P=0.017 at month 24). (c) CD4" T-cell slopes after ART initiation by HIV-1 tropism (P=0.004).
ART, antiretroviral therapy; DRMV, drug-resistant minority variant.

with advanced HIV disease. Some strengths of the study
include the prospective, randomized nature of the parent
trials, which minimizes selection biases and allows a
comprehensive and high-quality monitoring of clinical
and laboratory data; the high median HIV-1 RNA levels
at the time of genotyping, which ensures adequate
sampling of the viral population to detect minority
variants with high sensitivity; the prolonged prospective
follow-up, which allows capturing events up to 2 years;
the very low CD4" T-cell counts at study entry, which
allows studying the impact of ultrasensitive genotyping in
a population with the greatest need of accurate first-line
ART prescription; and the simultaneous evaluation of
HIV-1 resistance and tropism on virological outcomes of
first-line ART.

A number of limitations are also evident. The main
weakness of the study is its small sample size, particularly

when EFV and PI/r arms are analyzed separately, which
limits the statistical power to detect differences. Also, with
the exception of ATV/r, two protease inhibitors
(indinavir/ritonavir and lopinavir/ritonavir) used in this
study are no longer recommended for first-line ART.
However, the principle of investigating the role of
DRMVs in patients receiving PI/r remains valid in this
setting. Technical limitations related to the read length
and the presence of PCR-derived recombination limit
our ability to establish true mutational linkage, which
could be useful particularly to assess protease inhibitor
resistance. Formal adherence or ethnicity information
data were not available to this analysis. Previous studies in
ART-naive patients showed that both the presence of
DRMVs and suboptimal adherence were independent
risk factors for virological failure to first-line NNRTI
ART but also potentiated each other’ effects on virologic
failure [25]. Also, the effect of DRMVs was found to be
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independent of the ethnicity in previous studies [21]. The
current study was performed in a Spanish population
almost exclusively conformed by whites infected with a
subtype B virus, so it is unlikely that ethnicity could
confound our findings. We cannot rule out that our
sequencing accuracy, sensitivity, and reproducibility
might difter in other subtypes. Study participants had
been infected and without treatment for a long time, and it
is possible that they have had lost detectability of minority
drug-resistant variants, even with ultradeep-sequencing
techniques. These were post-hoc analyses not planned
initially which, by definition, might conform to neither the
population nor the randomization model of statistical
inference. In our case, however, the study endpoints were
clearly defined and consistent with the overall study design.

Previous studies have shown that ultrasensitive HIV-1
genotyping using modern next-generation sequencing
can provide clinical benefits to ART-naive [19,20] and
experienced [17] HIV-1-infected patients by improving
the sensitivity of drug resistance and tropism detection
over Sanger sequencing, while maintaining high diag-
nostic robustness. Our study shows that the efficacy of
first-line ART in late presenters can be improved by using
ultrasensitive HIV-1 genotyping to evaluate the presence
of drug-resistant HIV-1 before treatment initiation.
Detection of X4 HIV-1, in contrast, identifies patients
more likely to have impaired immune reconstitution
under first-line ART, who might benefit of additional
immune-boosting approaches. Results from this study
likely apply to other next-generation platforms, which
have demonstrated technical equivalence to 454 sequen-
cing [26] and are already providing advantages in
throughput, workload, and cost. Although more data
are needed, ultrasensitive HIV-1 genotyping might be a
valuable tool in the clinical management of late presenters
with advanced disease.
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Objectives: The objective of this study was to define the natural genotypic variation of the HIV-1 integrase gene
across Europe for epidemiological surveillance of integrase strand-transfer inhibitor (InSTI) resistance.

Methods: This was a multicentre, cross-sectional study within the European SPREAD HIV resistance surveillance
programme. A representative set of 300 samples was selected from 1950 naive HIV-positive subjects newly diag-
nosed in 2006-07. The prevalence of InSTI resistance was evaluated using quality-controlled baseline popula-
tion sequencing of integrase. Signature raltegravir, elvitegravir and dolutegravir resistance mutations were
defined according to the IAS-USA 2014 list. In addition, all integrase substitutions relative to HXB2 were identified,
including those with a Stanford HIVdb score >10 to at least one InSTL. To rule out circulation of minority InSTI-
resistant HIV, 65 samples were selected for 454 integrase sequencing.

Results: For the population sequencing analysis, 278 samples were retrieved and successfully analysed. No signature
resistance mutations to any of the InSTIs were detected. Eleven (4%) subjects had mutations at resistance-associated
positions with an HIVdb score >10. Of the 56 samples successfully analysed with 454 sequencing, no InSTI signature
mutations were detected, whereas integrase substitutions with an HIVdb score >10 were found in 8 (14.3%) individuals.

Conclusions: No signature InSTI-resistant variants were circulating in Europe before the introduction of InSTIs. However,
polymorphisms contributing to InSTI resistance were not rare. As InSTI use becomes more widespread, continuous sur-
veillance of primary InSTI resistance is warranted. These data will be key to modelling the kinetics of InSTI resistance
transmission in Europe in the coming years.

Introduction inhibitors (InSTIs) reached clinical practice in Europe in 2007-08,

after proving their efficacy in antiretroviral treatment-naive
HIV integrase is a key enzyme for retroviral replication and one of the  and -experienced subjects.’~© Virological failure (VF) to the first-
main targets of modern HIV therapy."” Integrase strand-transfer ~ generation InSTIs raltegravir and elvitegravir is associated with

© The Author 2015. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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development of resistance through three mutually exclusive path-
ways characterized by one signature resistance mutation in the cata-
lytic domain of the enzyme, i.e. Y143R/C, N155H or Q148K/R/H,
alongside accessory mutations that improve viral fitness or further
reduce InSTI susceptibility.” ~*° The resistance profile of the second-
generation InSTI dolutegravir is being defined, as few subjects
developed VF in clinical trials and data from routine care are still
scarce. Viruses with Q148K/R/H plus at least one additional muta-
tion, however, may also affect susceptibility to dolutegravir.***2
Based on the low genetic barrier of first-generation InSTIs and
with the increasing use of them in clinical practice, surveillance of
transmitted InSTI-resistant HIV will be a key to optimizing InSTI
efficacy. Primary InSTI resistance is still rare. However, it has started
to be reported”*** and will likely increase in the coming years. In
addition, up to 34% of published sequences, 56% of those obtained
from recent HIV infection,® contain polymorphisms in the inte-
grase,'® which modulate InSTI resistance in particular to raltegravir
and elvitegravir and are frequently observed in InSTI VF. In this
study, we performed a systematic, representative description of
the natural sequence variation of the integrase gene across
Europe, before InSTI drugs were commercially available. We also
aimed to clarify the chances that spontaneously generated
InSTI-resistant mutants could be circulating as minority species
and be missed by routine population sequencing approaches.

Methods

A sample of 300 subjects was randomly selected from 1950 individuals
enrolled in the European SPREAD programme in 2006-07, before InSTIs
were introduced into routine clinical care in Europe. SPREAD is a prospect-
ive HIV-1 resistance surveillance programme that collects representative
data on the spread of HIV-1 resistance among newly diagnosed patients
from all risk groups in Europe. Ethics requirements were fulfilled according
to the procedure described in the ethics committee contract. Additionally,
written informed consent was obtained for each patient. Population
sequencing of plasma HIV-1 was performed (ViroSeq® HIV-1 Genotyping
System, Abbott; Trugene® HIV-1 Genotyping Kit, Siemens; or in-house
methods) in laboratories that successfully participated in the SPREAD
quality control (QC) programme for population sequencing. Samples
from laboratories that did not participate in the integrase sequencing QC
programme or did not successfully meet the QC criteria were tested by one
of the qualified laboratories that passed the QC programme within the
SPREAD network using the above-mentioned commercial or in-house
Sanger sequencing methods. HIV subtypes were determined using Rega
Subtyping Tool v2 based on pol sequence data.’’ To screen for circulating
low-frequency InSTI-resistant mutants, ultradeep integrase sequencing
was additionally attempted in 65 subjects randomly selected from
those included in the population sequencing analyses, using a 454 FLX
Genome Sequencer with Titanium chemistry and a 1% threshold for
mutant detection. Sequences were analysed using the Roches’s propri-
etary Amplicon Variant Analyser software (v2.7). Sample contamination
was ruled out by similarity analysis both against a pNL4.3 reference
sequence and by per-amplicon phylogenetic analysis of all sequences
>1% within an ultradeep sequencing run. Given the lack of a widely
accepted list of integrase mutations for surveillance, we first listed all sub-
stitutions relative to the reference sequence HXB2 (GenBank accession
number KO3455) according to their frequency in the patient population.
We then evaluated which substitutions achieved an HIVdb score >10
to at least one InSTI, representing substitutions with potential impact
on InSTI susceptibility. We also listed integrase mutations included
in the IAS-USA list (July 2014 update). ‘Signature mutations’ were:
Y143R/C/H, N155H and Q148K/R/H for raltegravir; T661, E92Q, F121Y,

S147G, Q148R and N155H for elvitegravir; and G140S and Q148H for
dolutegravir.

Results

Samples were retrieved and successfully analysed by population
sequencing in 278 out of the 300 (92.7%) subjects selected. The
prevalence of transmitted drug resistance mutations found by
Sanger sequencing for PIs, NRTIs and NNRTIs was 2.5%, 9.71%
and 7.91%, respectively. No signature InSTI mutations were
detected. By contrast, we observed integrase-associated muta-
tions with an HIVdb score >10 in 11 (4.0%) patients (Table 1
and Table S1, available as Supplementary data at JAC Online).
Samples unsuccessfully processed had a median (IQR) number
of copies/mL of 57000 (13212-374154). The HIV subtype from

Table 1. Subject characteristics and summary of sequencing results

All subjects, n (%) 278 (100)
Male, n (%) 231 (83.0)
Continent of origin, n (%)
western Europe 180 (64.7)
eastern Europe 48 (17.3)
sub-Saharan Africa 20(7.2)
Latin America 16 (5.8)
others 14 (5.0)
CDC class, n (%)
A 230 (82.7)
B 21(7.5)
C 22 (8.0)
unknown 5(1.8)
CD4+ T count (cells/pL), median 411
Route of transmission, n (%)
MSM/bisexual 180 (64.8)
heterosexual 61 (21.9)
VDU 5(1.8)
other 32 (11.5)
Viral subtype, n (%)
B 186 (67.0)
C 15 (5.4)
A 11 (4.0)
F 12 (4.3)
G 6(2.1)
D 1(0.3)
unknown 47 (16.9)

Summary of Sanger sequencing, n (%)

IAS-USA integrase mutations 5(1.8) [74M (2), 97A (2)

and 138A]
HIVdb score >10 11 (4.0)
Summary of 454 sequencing
(n=56 subjects), n (%)
IAS-USA integrase mutations 0
HIVdb score >10 8 (14.3)
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these samples was mainly subtype B (n=12; 54.55%) and sub-
type G (n=5; 22.72%).

454 data were obtained from 56/65 (86.1%) subjects. Most of
them (85.2%) were infected with subtype B HIV-1. Fifty of them
(89.3%) had WT protease, reverse transcriptase and integrase
by Sanger sequencing, whereas 6 (10.7%) had transmitted resist-
ance to at least two antiretroviral drug classes. The median (IQR)
coverage was 4593 (3066-6598) reads per substitution found.
Again, no InSTI signature mutations were detected. However,
8/56 subjects (14.3%) had integrase substitutions with an
HIVdb score =10 (Table S2). Of these, mutation E157Q was
found in five (8.9%) individuals, in two of them as a low-frequency
variant. The following mutations were found in one subject each:
H51Y, G163R, both as low-frequency variants (1.9; 2.6% in the
virus population each); G163K as major variant (100% in the
virus population); E157Q was detected at a 22.1% frequency in
a subject with transmitted Q58E mutations in the protease and
D67N and K219Q mutations in the reverse transcriptase. No inte-
grase substitutions with an HIVdb score >10 were detected in the
remaining five subjects with transmitted dual-class resistance.

Discussion

No signature InSTI resistance mutations were circulating in
Europe before InSTI introduction, although potentially relevant
polymorphisms could be observed. This study also indicated a lim-
ited utility of ultrasensitive genotyping for surveillance of InSTI-
resistant minority variants at present, which might change if the
burden of transmitted InSTI resistance increases. Elvitegravir and
raltegravir have a low genetic barrier to resistance and extensive
overlap in their drug resistance profiles.® Raltegravir is often pre-
scribed as salvage therapy to subjects with MDR HIV who could
select for InSTI resistance, which could be transmitted to newly
infected subjects. Dolutegravir has a higher genetic barrier to
resistance than elvitegravir and raltegravir, but its long-term
potency might be reduced in the presence of Q148R/H/K plus
one or two additional mutations. As dolutegravir is also often
prescribed as salvage ART, dolutegravir resistance might also
evolve in European populations in the coming years. Continued
surveillance of InSTI resistance in Europe is thus warranted,
including periodic re-evaluations of the usefulness of ultrasensi-
tive genotyping technologies, which nowadays allow faster
monitoring of transmitted resistance, particularly with large
sample sets.

Substitutions detected with at least some presumed impact on
ART susceptibility (i.e. having an HIVdb score >10) were E157Q,
G163R/K, L74M, T97A, E138A, S153F and R263K. E157Q is a poly-
morphic accessory mutation weakly selected in patients receiving
raltegravir and selected in vitro by elvitegravir. G163R/K are non-
polymorphic mutations in all subtypes except F, often selected
in patients receiving raltegravir. However, their effect on InSTIs
has not yet been well studied. L74M is a polymorphic accessory
mutation selected in patients receiving raltegravir, elvitegravir
and dolutegravir, which does not reduce InSTI susceptibility
unless it is found in combination with other InSTI resistance
mutations. T97A is a polymorphic accessory mutation selected
by raltegravir and elvitegravir that occurs in 1% -5% of viruses
from untreated persons. Combined with Y143C/R, it markedly
reduces raltegravir susceptibility, although it has minimal effect

alone. E138A is a non-polymorphic accessory resistance mutation
usually occurring in combination with Q148 mutations, selected
in patients receiving raltegravir, elvitegravir and dolutegravir. It
is associated with >100-fold reduction in raltegravir and elvite-
gravir susceptibility and up to 10-fold reduced dolutegravir sus-
ceptibility in combination with Q148. S153F is selected in vitro
by dolutegravir and is a rare non-polymorphic mutation, reducing
raltegravir and dolutegravir susceptibility by 2-fold and elvitegra-
vir susceptibility by 4-fold. R263K is a non-polymorphic mutation
selected in patients receiving raltegravir and dolutegravir and
in vitro by elvitegravir and dolutegravir, reducing raltegravir,
dolutegravir and elvitegravir susceptibility by ~2-fold, 2-fold and
3- to 5-fold, respectively.'®*°

Therefore, as long as transmitted InSTI resistance remains at
negligible levels, there is no clinical need to perform integrase
genotyping before initiating InSTI therapy. However, continued
surveillance is key to informing clinicians and policymakers
about when baseline genotyping should be systematically recom-
mended. It is essential to perform integrase gene genotyping in
subjects failing InSTI therapy, as new InSTIs with alternative
resistance profiles are under development and subjects should
not be kept on failing InSTI regimens.

In conclusion, no signature InSTI-resistant variants were circu-
lating in Europe before introducing InSTIs. However, polymorph-
isms that could contribute to InSTI resistance were not rare. As
InSTI use becomes more widespread, continuous surveillance of
primary InSTI resistance is warranted. This study provides an
extensive assessment of primary InSTI resistance based on a rep-
resentative sample of the European epidemic and is a robust
baseline comparator for future InSTI surveillance, which will be
key to modelling the kinetics of InSTI resistance patterns of trans-
mission in Europe in the coming years.
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Treatment options after virological failure of first-
line tenofovir-based regimens in South Africa: an
analysis by deep sequencing
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In a South African cohort of participants living
with HIV developing virological failure on first-line
tenofovir disoproxyl fumarate (TDF)-based regi-
mens, at least 70% of participants demonstrated
TDF resistance according to combined Sanger and
MiSeq genotyping. Sanger sequencing missed the
K65R mutation in 30% of samples. Unless HIV
genotyping is available to closely monitor epide-
miological HIV resistance to TDEF, its efficacy as
second-line therapy will be greatly compromised.

Provision of antiretroviral therapy (ART) in resource-
poor settings employing a public health approach has
achieved major successes, saving thousands of lives and
averting new HIV infections. Recently, ART initiation in
all adults living with HIV disregarding CD4 " cell count
was recommended for the first time in World Health
Organization (WHO) HIV treatment guidelines [1].
However, the ART arsenal available to most resource-
poor settings remains limited, and treatment follow-up
rarely includes virological monitoring. In this context,
antiretroviral resistance remains a major threat to the
public health eftorts to eradicate the HIV pandemic.

Tenofovir disoproxyl fumarate (TDF), in combination
with lamivudine (3TC)/emtricitabine (FTC) and nevira-
pine (NVP)/efavirenz (EFV), remains an antiretroviral of
choice for first-line ART in Africa, being included in the
South African national HIV/AIDS treatment plan for
naive patients [2]. Tenofovir has high antiviral potency,
allows once-daily dosing (frequently co-formulated) and
is well tolerated. However, its efficacy is diminished in the
presence of the K65R mutation [3]. Subtype C, the most
prevalent subtype in South Africa, selects for this
mutation faster than other subtypes due to subtype-
specific pathways [4,5]. This is an important concern
because failure to TDF-containing regimens is often
associated with additional resistance to nucleoside and
nonnucleoside reverse transcriptase inhibitors (NRTI
and NNRTTI). Therefore, patients developing virological
failure to TDF might potentially loose multiple second-
line ART options.

DOI:10.1097/QAD.0000000000001033

Using Sanger sequencing, previous studies reported the
emergence of K65R mutation in 23—69.7% of partici-
pants developing virological failure to first-line TDF
regimens [6—9]. The true prevalence of TDF resistance,
however, might have been underestimated by the lack of
sensitivity of standard Sanger-based genotyping methods.
Achieving a precise estimate of TDF resistance after
virological failure of first-line TDF regimens is also key to
inform public policy as to whether TDF might be reused
in second-line ART or subsequent regimens. Trans-
mission of TDF resistance might also potentially
compromise the efficacy of PrEP strategies [1].

To evaluate the prevalence of TDF resistance using
ultrasensitive sequencing methods, we developed a
retrospective reanalysis of participants developing vir-
ological failure to TDF within a larger cohort study
conducted at the McCord Hospital, Durban, South
Africa. All participants developing virological failure to
first-line ART including TDF + 3TC plus an NNRTI
received a genotypic resistance test using a validated in-
house Sanger-based sequencing assay in Durban, South
Africa. Plasma samples from those with no K65R
mutation by Sanger sequencing were reanalyzed at the
irsiCaixa AIDS Research Institute in Badalona, Spain
using MiSeq Illumina (Illumina Inc., California, USA).

In brief, the complete pol gene was amplified and
sequenced in a MiSeq platform using a Nextera-XT
shotgun approach. A 1% threshold level was chosen
for detection of minority variants. Resistance mutations
were defined according to the IAS-USA 2013 list.
Drug susceptibility results were defined according to
Stanford HIV Drug Resistance database, and were
classified following the susceptible-intermediate-resistant
(SIR) code.

Out of 158 participants included in the McCord cohort at
the time of this analysis, 88 participants (55.7%) had
developed virological failure to TDF-including regimens.
PCR amplification failed in nine samples (10.2%) leaving
79 evaluable patients.

Sanger sequencing detected K65R mutation in 47 out of
79 samples (59.5%). Deep sequencing was attempted in
the remaining 32 samples. However, five out of 32 samples
had been depleted of volume and could not be evaluated
further. K65R mutation was found in eight of the
27 samples evaluable by MiSeq (29.6%) at frequencies in
the virus population in the range 1.3-32.5%. Consider-
ing the Sanger and deep sequencing results together and
assuming that none of the five patients not evaluable by
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MiSeq had the K65R mutation, a conservative estimate
of the overall prevalence of K65R mutation was 69.6%,
which is a 10.1% increase in prevalence relative to Sanger
sequencing. Prevalence was calculated using only TDF-
failing and PCR-success patients.

In addition, deep sequencing detected IAS-USA
mutations missed by Sanger in 22 out of 27 patients
(81.4%) at frequencies in the range 1.1 — 35.7% in the
virus population (Table 1). Such additional mutations
changed the predicted drug susceptibility in 15 out of
27 patients (55.5%), mostly affecting TDE etravirine
(ETR) and rilpivirine (RPV), although the predicted
susceptibility to NVP or EFV was not affected (Table 1).
According to deep sequencing data, 21/27 (77.7%),
25/27 (92.6%), 13/27 (48.1%) and 15/27 (55.5%) were
resistant to 3TC/FTC, NVP/EFV, ETR and RPV,
respectively, whereas only three participants (11.1%) had
intermediate resistance to zidovudine (AZT) — only one
(3%) by Sanger sequencing.

Our findings confirm initial estimations that TDF might
lose antiviral efficacy in virtually all patients infected with a
subtype C HIV developing virological failure to this drug.
Thereby, unless HIV genotyping is available to ensure that
HIV remains susceptible to TDE the use of this drug will be
greatly compromised in efficacy for second-line therapy,
and should not be prescribed except if no other treatment
options are available. Continued surveillance of primary
resistance in Africa is key to survey transmission of
TDEF-resistant mutants to newly HIV-infected patients,
which could impact the efficacy of both first-line ART and
PrEP [10,11]. To date, rates of virological failure to first-
line TDF regimens and transmission of K65R mutants have
remained low according to Sanger sequencing estimates
[12,13]. The fitness cost of the K65R mutation, however,
makes K65R mutants wane and thus might be missed by
Sanger methods.

Another remarkable finding of our study was that, in
addition to identifying K65R, additional resistance
mutations detected with MiSeq relative to Sanger mainly
affected the predicted susceptibility to the second-
generation NNRTIs ETR and RPV, but did not largely
influence viral susceptibility to other antiretrovirals,
including AZT. On the one hand, this suggests that
ETR and RPV might not be good options for second-
line ART regimens following EFVor NVP failure. On the
other hand, our findings support AZT as a second-line
drug in South Africa, used in combination with 3TC and
LPV or other protease inhibitors [2] or even integrase
inhibitors. Whereas routine drug resistance testing may
help decide which NRTIs to use in second-line therapy,
the EARNEST trial recently showed that, even without
this information, second-line regimens including
boosted protease inhibitor plus two NRTIs retained
better virological outcomes than protease inhibitor
monotherapy, even in the presence of high-level

resistance to the NRTI backbone [14], suggesting that
residual NRTT activity may be sufficient when combined
with highly potent boosted protease inhibitor-based
therapy.

Despite its limitations — including a small sample size,
lack of adherence data and the inclusion of patients under
clinical care which might not represent the general South
Africa population — this study not only confirms the
development of TDF resistance in most patients
developing TDF failure in South Africa, but also supports
current public health algorithms for HIV clinical
management.
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Background: The S282T mutation is the main variant described associated with resistance to nucleos(t)ide
analogues hepatitis C virus (HCV) NS5B polymerase inhibitors.

Objective: We aimed here to investigate whether this substitution pre-existed in treatment naive
HCV/HIV-1 coinfected patients.

Study design: NS5B polymerase deep sequencing was performed at a median coverage per base of 4471

Results: No S282T variant was detected in the 16 analyzed samples.
Conclusion: This finding is in agreement with the high genetic barrier of nucleoside analogues NS5B
polymerase inhibitors and the clinical efficacy of these compounds.

© 2013 Elsevier B.V. All rights reserved.

1. Background

The approval of two hepatitis C virus (HCV) protease inhibitors,
telaprevir and boceprevir, in combination with pegylated inter-
feron plus ribavirin (pegIFN/RBV) has improved sustained virologi-
cal response rates in patients infected with HCV genotype 1 [1-3].
However, viral breakthroughs due to the selection of HCV vari-
ants resistant to the administered protease inhibitors have been
reported [4]. Not surprisingly, minority HCV NS3 protease inhibitor
resistance mutations were also reported in treatment-naive HCV
genotype 1 monoinfected [5-8] and human immunodefiency virus
type 1 (HIV-1) coinfected patients [9,10].

The estimated median in vivo HCV mutation rate is 2.5 x 10>
mutations per nucleotide per genome replication [11]; this, com-
bined with a virion production and clearance rate of 10'2 virions per
day [12], suggests that resistant HCV variants are likely to preexist
and rapidly outgrow wild type virus under drug selective pressure.
The two NS5B nucleos(t)ide analogues inhibitors that more quickly
are advancing to the clinic, mericitabine and sofosbuvir, have been

* Corresponding author at: Fundacio irsiCaixa, Hospital Universitari Germans
Trias i Pujol, 08916 Badalona, Spain. Tel.: +34 934656374; fax: +34 934653968.
E-mail addresses: mmartinez@irsicaixa.es, miguelvilassar@yahoo.es
(M.A. Martinez).
1 These authors contributed equally to this work.

1386-6532/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.jcv.2013.09.022

reported to select in vitro substitutions at position S282 which is in
close vicinity to the enzyme’s catalytic site. The S282T substitution
has been reported to confer a 3-6-fold loss of in vitro sensitivity
to mericitabine [13]. This substitution results in a moderate loss
of antiviral activity but in a large reduction in replicative capacity
[14]. However, no baseline population sequencing analysis with
predicted resistance to NS5B nucleos(t)ides analogues have been
detected in vivo in genotype 1 infected patients [8,15]. The S282T
mutation has been found to be dominant only in a genotype 4a
isolate [16]. Similarly, classical clonal analysis of the viral quasis-
pecies indicated that mutation S282T was not present at baseline in
treatment-naive genotype 1 HCV infected patients [17]. Moreover,
the S282T mutation has been extremely difficult to detect in vivo
even in patients with failure to mericitabine or sofosbuvir [4]. It
is notable that most failures were relapses after therapy; no viral
breakthroughs.

2. Objective

To further explore the prevalence of S282T, we investigated here
whether the NS5B S282T minor variant preexisted in HCV/HIV-
1 coinfected patients. HIV-1 coinfected patients have both higher
HCV viral and higher rates of treatment failure than HCV monoin-
fected patients. To this end, NS5B deep sequencing was performed
in samples from treatment naive genotype 1 HCV/HIV-1 coinfected
patients.
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Table 1
Clinical characteristics of study patients.

Patient Gender HCV RNA? HCV genotype AST ALT® CD4+ cell count® HIV RNA?
1 M 5.68 1b 40 78 630 <80
2 M 6.39 1b 76 200 272 <80
3 M 5.939 1b 28 15 307 <80
4 F 5.83 1b 58 52 350 <80
5 M 5.85 1b 89 208 785 6600
6 F 5.92 1b 53 89 342 <80
7 M 5.70 1b 51 56 247 3300
8 F 6.28 1b 33 31 400 <80
9 M 5.93 1b 65 111 308 <80

10 M 6.756 la 110 116 5236 <80

11 M 5.85 la 49 114 611 <80

12 F 5.505 la 28 26 507 <80

13 M 5.92 1a 42 59 475 4900

14 F 6.50 1a 38 34 660 <80

15 M 5.67 la 58 103 747 <80

16 M 5.74 la 59 95 661 <80

2 (IU/mL) (logio).

b (U/L).

¢ CD4+ cell counts/pL.

d Copies/mL.

3. Study design
3.1. Patients

Sixteen HCV/HIV-1 coinfected patients were studied (Table 1).
All patient samples were infected with HCV of genotype 1a or 1b
and were naive for pegIlFNa/RBV treatment and direct acting antivi-
rals (DAAs). The median HCV viral load was 5.88 (log10)I1U/mL
and the interquartile range was 5.72-6.10 (log10)IU/mL.
All HIV-1-co-infected patients were receiving antiretroviral
therapy.

3.2. Methods

HCV RNA was extracted from 1mL of the plasma sam-
ples by ultracentrifugation and purified by using the QIAamp
viral RNA minikit (QIAGEN) according to the manufacturer’s
instructions. Three independent RT-PCRs (RT-PCR One Step
Superscript III/Platinum HF Taq) (Invitrogen) were carried
out for each sample with oligonucleotides NS5B-F1 (5'-
TCTCAGCGACGGGTCWTGGTC-3’, H77 positions 7526-7546)
and  NS5B-R1 (5’-CCTGCAGMAAGYAGGAGTAGGC-3',  H77
positions 9303-9324) using standard conditions. Amplicon

libraries were generated from first-round PCR products. These
amplicons incorporated adaptators A and B, and identifiers
used in parallel sample sequencing needed for bidirectional
454 sequencing. Nested PCR was performed with Platinum
Taq High Fidelity (Life Technologies) and oligonucleotides
NS5B-F3  (5-TCTACCAATGTTGTGACYTGG-3’, H77 positions
8305-8326) and NS5B-R3 (5-GCATCGTGCAGTCCTGGAGC-3/, H77
positions 8510-8529). The HCV 1b replicon plasmid (I389/NS3-
3’/LucUbiNeo-ET) was retrotranscribed to RNA (Ambion, Life
Technologies) and tested in parallel with patient samples to deter-
mine the assay background. Nested PCR products were purified
using AMPure Magnetic Beads (Beckman Coulter). Concentration
and quality of purified PCR products were determined using flu-
orometry (PicoGreen, Life Technologies) and spectrophotometry
(Lab on a Chip, Agilent Technologies). Equimolar amplicon pools
were made to perform emPCR, adding a ratio of 1:1 between
molecules and 454-beads. The sequence platform used was
Genome System Junior (Life Sequencing/Roche). Amplicon Variant
Analyzer (AVA software v2.6) was employed to analyze and obtain
sequence alignments. Error corrected consensus sequences, as
obtained from AVA, were used for amino acid variant calling.
Variants were considered valid when present in both forward and
reverse directions.

246  * 260 * 280 * 300
1b.I389 : APEARQAIRSLTERLYIGGPLTNSKGQNCGYRRCRASGVLTTSCGNTLTCYLKAAAACRAAK : 62
1 P <Pt Sevennnn ;62
2 iR e e e e e e e e | ;62
3 .. K tiiteieeeaeoneoeeoasoeanseasenssnasaneannnnans Seieennn 1 62
B e e Tevennnn 62
5 i .. Koe e teee e eee e eeae e eeaeeeaaeeeanaeeanaaannaeenn | ;62
-2 AP Sevinnnn ;62
2 AR Sevennnn ;62
- 2 Sevennnn ;62
2P Y ;62
la.H77 D.Q..V..K.uuu... Veeeunnn 300 - I..R...... €] 62
10 : D.Q..V..K.uun... Veerannn ReEtteeeenenannaanananenns I..Quuun.. €] 62
11 : D.Q..V..Keuuun.. Veeeunnn ReEteeeneeeenaananannnns I..Quuu... €] 62
12 : D.Q..V..Keuuu... Veeeonnn ReE.teeeeneenennenenannens I..Quuu... [e] 62
13 : D.Q..V..Keuuun.. Veeeennn ReEttueeeunenannanennanennn I..Quu.... €] 62
14 : D.Q..V..Keuuun.. Veeeennn ReEetueeeeneneennaeananenns I..Quuu... €] 62
15 : D.Q..V..Keuuun.. Veeeonnn 300 - P I..Quuunn. €] 62
16 : D.Q..V..Keuuu... Veewunnn ReE. ettt eoaeenennananannenn I..Quue... e] 62

Fig. 1. Alignment of the HCV NS5B amino acid consensus sequences of the 16 study patients compared with prototype 1b (I389/NS3-3'/LucUbiNeo-ET) and prototype 1a
(H77) sequences. Dots indicate amino acid sequence identity.
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Table 2
HCV NS5B amino acid substitutions compared with prototype 1b (1389/NS3-3'/LucUbiNeo-ET) and 1a (H77) sequences.
Patient* Amino acid position Prototype amino acid Amino acid substitution Frequency (%)
1 250 R K 99.3
300 A S 79.4
300 A T 19.8
2 250 R K 99.4
293 L P 0.7
300 A T 100
3 254 R K 99.9
300 A S 100
4 254 R K 328
260 L F 0.6
267 T 1 0.6
300 A T 99.4
5 254 R K 100
300 A T 100
6 249 A S 0.9
281 A T 1.0
300 A S 100
7 250 R K 1.1
300 A S 98.6
300 A T 14
8 300 A S 100
10 252 A v 1.2
300 R Q 100
11 251 \ M 6.0
300 R Q 99.9
305 A T 0.6
12 300 R Q 99.9
282 S G 0.8
305 A T 1.0
13 300 R Q 100
14 252 A \ 5.0
262 \ 1 0.6
300 R Q 99.8
15 300 R Q 754
16 300 R Q 99.8

4 Genotype 1b sequences were compared to prototype 1b (I389/NS3-3'/LucUbiNeo-ET) sequence and genotype 1a sequences were compared to prototype 1a (H77)

sequence.
b Only frequencies above 0.5% are shown.

4. Results and discussion

Deep sequencing results of the NS5B coding region were
obtained for the 16 patient samples and genotype 1b replicon
control. A total of 76,007 sequences were obtained after quality
checks. The resultant sequences were used to generate a list of
mutations present in the tested samples. On average, 4471 reads
were obtained per each nucleotide position of the 184 nucleotides
sequenced. To establish the background noise derived from PCR
amplification and 454 pyrosequencing, the genotype 1b replicon
control was sequenced, with an average coverage of 1385 reads
per nucleotide position. The background noise for replicon con-
trol was below 0.5% nucleotide substitutions per NS5B nucleotide
position. The median Shannon entropy was 0.01402 -+ 0.00475 (SD)
and interquartile range was 0.02568-0.00496. Shannon Entropy for
genotype 1breplicon control was 0.00093 + 0.00000. Patient amino
acid sequences were compared with the corresponding prototype
1b (I389/NS3-3'/LucUbiNeo-ET) or 1a (H77) sequences (Fig. 1).
When patient amino acid sequences were compared with the corre-
sponding prototype sequences, 17 amino acids (27%) were altered
and 13 (21%) showed mixed variants (Table 2). Interestingly, a vari-
ant S282G was detected in patient 12. However, the NS5B S282T
mutation was not detected in any of the samples analyzed in our

study. S282G was likely generated through a transition mutation,
while S282T is generated though a transversion. Transitions are
much more frequent than transversions, which provides a possible
mechanism for its appearance and detection.

These findings extend and confirm previous studies which
showed the low prevalence in vivo of the S282T mutation [18].
In addition, our results may explain the absence of breakthroughs
in patients failing therapy with NS5B nucleos(t)ide analogues
and their high vivo barrier for the development of resistance.
Remarkably, viral breakthrough has been rarely observed even
in patients on nucleos(t)ide analogue monotherapy. Nevertheless,
other mechanisms cannot be discarded to explain the absence of
breakthroughs in patients that fail therapy with NS5B nucleos(t)ide
analogues because non-mutant HCV in some patients may resist
the treatment. Therefore, absence of the S282T mutation may
not be the only indicator of sensitivity to the therapy. In con-
trast, abundant NS3 protease inhibitor resistant mutants have been
detected by deep sequencing in patients undergoing NS3 pro-
tease inhibitor monotherapy or in baseline treatment-naive patient
samples [19,20]. Most of samples of this study had minor NS3
protease inhibitor resistant mutants when they were analyzed
by classical clonal analysis [9]. Furthermore, it is also possible
to detect minority NS3 protease inhibitor resistant mutants even
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in acute hepatitis C patients which have less nucleotide qua-
sispecies diversity when compared to chronic infected patients
(data not shown). Pretreatment minority resistance substitutions
to daclatasvir, an NS5A replication complex inhibitor, have been
also described [21]. This study therefore indicates the differences
between the prevalence of NS5B nucleoside analogue inhibitor
resistance and other HCV DAAs. A possible explanation for the
low prevalence of the S282T mutation is the lethality of this
substitution.

Although this study provides compelling evidence for the low
prevalence of NS5B S282T mutants in naive samples, our results
may be limited by absence of samples from patients failing ther-
apy with mericitabine or sofosbuvir. Further work should therefore
include deep sequencing analysis of samples from relapsers failing
therapy with nucleos(t)ide analogues inhibitors in order to evalu-
ate whether the S282T mutation is lethal in most genotype 1 NS5B
backgrounds.
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