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ABSTRACT

Introduction: Proviral HIV DNA integrated
within CD4 T-cells maintains an archive of viral
variants that replicate during the course of the
infection, including variants with reduced drug
susceptibility. We considered studies that
investigated archived drug resistance, with a
focus on virologically suppressed patients and
highlighted interpretative caveats and gaps in
knowledge.

Results: Either Sanger or deep sequencing can
be used to investigate resistance-associated
mutations (RAMs) in HIV DNA recovered from
peripheral blood. Neither technique is free of
limitations. Furthermore, evidence regarding
the establishment, maintenance, expression
and clinical significance of archived drug-resis-
tant variants is conflicting. This in part reflects
the complexity of the HIV proviral landscape
and its dynamics during therapy. Clinically,
detection of RAMs in cellular HIV DNA has a
variable impact on treatment outcomes, mod-
ulated by the drugs affected, treatment duration

A. M. Geretti (&)
Department of Infectious Diseases, Fondazione PTV
and University of Rome Tor Vergata, Viale Oxford
81, 00133 Rome, Italy
e-mail: anna_maria.geretti@kcl.ac.uk

A. M. Geretti
School of Immunology & Microbial Sciences, King’s
College London, London, UK

J. L. Blanco
Infectious Diseases Department, Hospital Clinic of
Barcelona, Barcelona, Spain

J. L. Blanco
Infectious Diseases & AIDS Unit Hospital Clinic
Barcelona, University of Barcelona, Barcelona, Spain

A. G. Marcelin
Sorbonne Université, INSERM, Institut Pierre Louis
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and additional determinants of virological fail-
ure, including those leading to suboptimal drug
exposure.
Conclusions: Sequencing cellular HIV DNA can
provide helpful complementary information in
treatment-experienced patients with suppressed
plasma HIV RNA who require a change of regi-
men. However, care should be taken when
interpreting the results. Presence of RAMs is not
necessarily a barrier to treatment success. Con-
versely, even the most sensitive sequencing
techniques will fail to provide a comprehensive
view of the HIV DNA archive. To inform treat-
ment decisions appropriately, the overall clini-
cal and treatment history of a patient must
always be considered alongside the results of
resistance testing. Prospective controlled studies
are needed to validate the utility of drug resis-
tance testing using cellular HIV DNA.

Keywords: Archive; HIV DNA; Mutation;
Resistance; Sequencing

Key Summary Points

As a result of archiving within integrated
HIV DNA, drug-resistant variants, either
acquired at the time of infection or
emerged during treatment, are postulated
to retain life-long significance in people
living with HIV.

There is growing interest in exploring how
archived drug resistance-associated
mutations (RAMs) modulate antiretroviral
treatment outcomes and therefore how
sequencing of cellular HIV DNA may aid
treatment decisions. The main application
is in virologically suppressed patients
where sequencing plasma HIV RNA is not
feasible.

HIV DNA sequencing may fail to reveal
RAMs that had been previously detected
in plasma HIV RNA or, when applied
longitudinally, may suggest that certain
RAMs disappear from the archive over
time. More research is needed to
understand the dynamics of the resistance
archive.

Available evidence indicates that
resistance test results obtained by HIV
DNA sequencing should be interpreted in
the context of the overall treatment
history of a patient, considering any
previous known or suspected resistance,
keeping in mind the technical limitations
of the methodology and the significant
gaps in knowledge, and integrating the
resistance data with the multiple
additional factors that modulate
antiretroviral treatment outcomes.

INTRODUCTION

Infection with HIV-1 has become a manageable,
chronic condition because of the availability of
multiple antiretrovirals (ARVs) that safely and
effectively suppress viraemia and restore and
maintain CD4 cell counts [1, 2]. As all currently
licensed ARVs are effective only if the virus is
replicating and have no impact on the HIV DNA
reservoir, lifetime treatment is required to
maintain virus suppression. Ensuring patients’
physical and psychological wellbeing long term
requires tailored treatment optimisation. Drug
resistance testing using plasma HIV RNA, either
before treatment initiation or in case of subop-
timal treatment responses, continues to play a
key role in informing therapeutic choices for
viraemic patients [1, 2]. In recent years, there
has been growing interest in exploring how
drug resistance testing using cellular HIV DNA
may also assist decision making. Recent US
guidelines state ‘‘HIV-1 proviral DNA resistance
assays may be useful in patients with HIV RNA
below the limit of detection or with low-level
viremia’’ (rated CIII—optional recommendation
based on expert opinion) [1]. One potential
application is when treated patients who are
virologically suppressed require a switch of
regimen to address issues such as pill burden,
compliance, safety and tolerability, or drug-
drug interactions [3]. Both conventional Sanger
sequencing and deep sequencing (typically
performed using the MiSeq platform [Illumina,
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San Diego, CA, USA]) can be applied to the
study of resistance-associated mutations (RAMs)
in the HIV DNA of CD4 T-cells within periph-
eral blood mononuclear cells (PBMC). However,
there is conflicting evidence regarding the sig-
nificance of RAMs in HIV DNA and to what
extent detection (or lack of detection) should
inform treatment choices. Determining the
influence of archived RAMs on treatment out-
comes, including understanding how they can
inform safely switching regimens in virologi-
cally suppressed patients, is a clear research
goal, with potential clinical implications. Our
aim was to consider methodological and clini-
cal studies that investigated RAMs in cellular
HIV DNA, with a focus on treated patients with
suppressed plasma HIV RNA, and to highlight
interpretative caveats and gaps in knowledge.

METHODS

A published literature search of MEDLINE and
EMBASE was performed. The core search terms
were ‘‘HIV’’, ‘‘archived resistance’’, ‘‘proviral
DNA’’, ‘‘DNA’’, ‘‘minor’’, ‘‘variant’’, ‘‘unex-
pressed’’, ‘‘resistance’’ and ‘‘RNA’’. Key papers
recommended by experts in the field were also
reviewed. Care was taken to ensure published
work was considered accurately and fairly and
to exclude any work that raised ethics ques-
tions. This article is based on previously con-
ducted studies and does not contain any new
studies with human participants or animals
performed by any of the authors.

Dynamics of HIV Drug Resistance

Integrated (‘‘proviral’’) HIV DNA within mem-
ory CD4 T-cell is an archive of viral variants that
have replicated throughout the course of the
infection, some of which may carry RAMs. Such
RAMs may be acquired at the time of transmis-
sion and, in this case, through the ‘founder
virus’ effect they are expected to seed the viral
reservoir widely. Due to the error-prone nature
of HIV replication, RAMs also occur sponta-
neously while the virus replicates, and once

therapy is introduced, they become enriched by
drug selective pressure if suppression of viral
replication is incomplete. With ongoing viral
replication during therapy, the variants con-
tinue to evolve accumulating further mutations
that increase resistance and restore viral fitness
[4]. Such variants can integrate as proviral DNA,
thus seeding the viral reservoir [5, 6]. Prolifera-
tion of CD4 T-cells harbouring integrated virus,
either homeostatic or as a result of antigenic
stimulation, is thought to maintain the size of
the HIV reservoir through many years of viro-
logically suppressive ART [7–10]. Archived
RAMs can re-emerge if virus production
resumes, facilitated by lapses in adherence or
treatment interruption, retaining potential
clinical significance long term.

The HIV proviral landscape cannot be
regarded as uniform [11–17]. In patients
receiving virologically suppressive ART, a large
proportion of HIV proviruses is known to be
defective. Defective proviruses are either fully or
partially transcriptionally silent and are unable
to sustain virus production (Fig. 1). Even intact
proviruses appear to show varying degrees of
transcriptional silence, ranging from very deep
latent and difficult-to-reactivate proviruses to
viral sequences with high responsiveness to
reactivation signals [13, 16]. These different HIV
proviruses have a different distribution within
memory CD4 T-cell subsets, may exert different
effects on host genes and may undergo different
selection pressures. Proviruses that have greater
expression of viral antigens may be more sen-
sitive to adaptive and innate mechanisms of
immune clearance and may be more prone to
causing cytopathic effects and, as a result, may
decline over several years of virologically sup-
pressive ART [13–16]. Host immune function,
HIV ability to escape immune responses (e.g.,
via expression of the nef protein) and the
intrinsic proliferative activity of CD4 T-cells
modulate these dynamics [18]. In this complex
context, further studies are clearly needed to
understand how resistant variants are archived,
maintained over time and potentially
expressed.
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HIV DNA Sequencing Methodologies

While drug resistance testing is routinely per-
formed by sequencing plasma HIV RNA, the
analysis of RAMs held within cellular HIV DNA
may allow the identification of drug resistance
when plasma viral load is undetectable. To this
end, sensitive, scalable and affordable assays are
a topic of ongoing research and development.
Population Sanger sequencing of viral genes
encoding ARV targets (principally protease,
reverse transcriptase and integrase) is the con-
ventional method for HIV drug resistance test-
ing (Table 1). It is well established, reproducible
and clinically validated. The technique is esti-
mated to be able to detect a viral subpopulation
within a sample when it represents at least
15–20% of the total viral population in that
sample [19]. Sanger sequencing reveals the
dominant variants present at time of testing
and provides a composite ‘‘consensus’’ sequence
for all the dominant variants in the sample. The
method is performed in a ‘hands on’ fashion
and is labour intensive and time consuming.
Deep sequencing techniques, such as those that
employ the Illumina platforms, offer an alter-
native to Sanger sequencing (Table 1). Features

include the ability to detect minority or low
abundance viral variants and to provide a
quantitative estimate of the frequency of each
variant in the sample down to a frequency level
of * 2%, below which the technique becomes
less reliable because of sequencing errors,
amplification biases and other artefacts [19–23].
This technology permits high throughput and
low cost per sequence. Complex bioinformatic
methods are required to compose an informa-
tive report from the thousands of sequence
reads obtained from each sample. Both Sanger
and deep sequencings (mainly with Illumina
MiSeq) have been applied to explore the detec-
tion of RAMs in cellular HIV DNA [21, 24–29].
Several studies comparing results of Sanger and
deep sequencing showed a high correlation
between the two methods, although, pre-
dictably, some major and minor RAMs were
uniquely observed by deep sequencing. There is
uncertainty as to the significance of RAMs that
occur only as minority variants in a sample
[30, 31]. When considering a comparison of
plasma HIV RNA and cellular HIV DNA, con-
sistency is greater when sequencing paired
samples collected from patients with ongoing
virus replication and viraemia [26], as newly

Fig. 1 The diverse HIV proviral landscape
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transcribed HIV DNA is abundant within cells
and mirrors plasma HIV RNA. Consistency is
lower when comparing data from historical
plasma HIV RNA and current HIV DNA in
virologically suppressed patients [24, 25]. Fewer
RAMs have generally been found in HIV DNA
compared with historic plasma HIV RNA, indi-
cating that some RAMs are either not archived
or are not detectable in the HIV DNA reservoir
of circulating cells. Population of archived
variants may have been initially small, may be
smaller in peripheral blood relative to tissue
reservoirs or may have decayed below detection
thresholds [32].

A number of technical considerations apply
when discussing detection of RAMs within HIV
DNA. Studies commonly report on RAMs within
buffy coats, whole blood, PBMC or less com-
monly isolated CD4 T-cells. The methodology
will detect mutations within all forms of cell-
associated HIV DNA and not exclusively within
the archive of integrated provirus. In virologi-
cally suppressed patients, most but not all HIV
DNA in PBMC is thought to represent inte-
grated provirus [7]. Furthermore, in the setting
of virological suppression, the size of the HIV
DNA input into the sequencing test will be
small, which can make RAM detection
stochastic. The frequency of cells containing
HIV DNA declines in the first 1–4 years of ART
(with faster decay of cells carrying transcrip-
tional active provirus) and remains relatively
stable thereafter within the range of 1–3 per

10,000 CD4 cells during suppressive therapy
[33]. Of note, these estimates are influenced by
the interval between infection and commence-
ment of ART.

Lambert-Niclot et al. investigated a cohort of
virologically suppressed patients with or with-
out previous virological failure who switched to
a single tablet regimen of rilpivirine/emtric-
itabine/tenofovir disoproxil fumarate [27].
When comparing results obtained by Sanger
sequencing of current cellular HIV DNA with
the historical data from plasma HIV RNA, con-
cordance was good in patients without prior
virological failure, but less so among those with
prior failure. Concordance was higher with a
higher plasma viral load at the time of HIV RNA
sequencing and a shorter mean time between
the historical HIV RNA and the current HIV
DNA sample, suggesting an effect of time on the
ability to detect RAMs in HIV DNA. Nouchi
et al. described 25 patients with historical
detection of RAMs to lamivudine/emtricitabine,
etravirine and rilpivirine in plasma HIV RNA
who were currently virologically suppressed on
regimens that did not exert selective pressure on
those RAMs [28]. Using deep sequencing (Illu-
mina MiSeq) of sequential PBMC samples, over
5 years, RAMs became no longer detectable in
72% (18/25) of patients. Based on the observa-
tion that more than half of the patients had
residual viraemia at levels below 50 copies/ml,
the authors proposed that ongoing virus repli-
cation may lead to the gradual replacement and

Table 1 Methodologies for the detection of HIV drug resistance-associated mutations

Advantages Disadvantages

Sanger or

population

sequencing

Well-established, standardised and scientifically

validated; highly reproducible; widely available

Inability to detect minority viral variants occurring

at a frequency\ 15–20% in a patient’s sample;

labour intensive and time consuming

Next-generation

ultradeep

sequencinga

Able to detect low abundance viral variants

occurring at a frequency between * 2% and

15%; capable of quantifying the relative frequency

of each variant; high throughput and low cost per

sample

Financial, infrastructural and logistical challenges

impede widespread adoption; generates large

amount of data and complex bioinformatic

methodology is required for interpretation;

uncertain clinical significance of variants

detected at low frequency

aTypically using the Illumina sequencing technology
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evolution of cellular HIV DNA. This scenario
may apply to a subset of treated patients with
residual viraemia, although the bulk of evidence
indicates that ongoing viral replication is unli-
kely at levels of residual viraemia below 10
copies/ml [34]. The data must also be placed
into the context of the dynamics of HIV pro-
virus described above.

HIV DNA Sequencing for the Detection
of Drug Resistance During Virological
Suppression

Ellis et al. found that it was possible to use HIV
DNA sequencing to guide ART adjustments in
virologically suppressed patients, allowing a
switch to a regimen with reduced pill burden
without a risk of virological rebound [35]. The
study lacked a control group in whom therapy
was not guided by HIV DNA sequencing. The
authors suggested that HIV DNA sequencing
may provide value for decision-making for
selected patients, including those with multiple
previous or foreseen ART adjustments due to
comorbidities, medication interactions, diffi-
culty accessing care, hesitancy regarding ART
switches or other factors that could increase risk
when switching therapy. Maybeck et al. also
provided cohort data in support of HIV DNA
sequencing to guide treatment decisions
alongside historical data based on plasma HIV
RNA sequencing [36]. Armenia et al. found that
among virologically suppressed patients, detec-
tion of RAMs in HIV DNA, together with a low
nadir CD4 cell count and a short duration of
virological control, was predictive of virological
rebound after switching therapy [37]. More
recently, Cutrell et al. explored predictors of
virological failure after switching virologically
suppressed patients to long-acting cabotegravir
and rilpivirine [38]. In a pooled analysis of
Phase 3 clinical trials, the presence of rilpivirine
RAMs in baseline HIV DNA contributed to pre-
dicting virological failure after switching,
alongside HIV-1 subtype A6/A1, a higher body
mass index and lower week 8 rilpivirine plasma
trough concentrations; a combination of at
least two of these factors significantly increased

the risk of virological failure at 48 weeks. Data
on the impact of archived rilpivirine RAMs are
in line with older nevirapine-related data [39],
illustrating how the barrier to resistance of the
drugs affected by archived RAMs plays an
important role in modulating their significance.
There are general reasons why archived RAMs
may not produce clinical impact: the variant
population size may be too small for sufficient
stochastic reactivation or may be too small or
have insufficient levels of resistance or fitness to
outcompete other variants during periods of
viral rebound [40].

There is also evidence indicating that detec-
tion of RAMs within cellular HIV DNA may
signal behavioural factors that impact on viro-
logical outcomes. A study investigated patients
in Cameroon who had previously experienced
failure of first-line therapy with two nucleos(-
t)ide reverse transcriptase inhibitors (NRTIs)
and one non-nucleoside reverse transcriptase
inhibitor (NNRTI) and were virologically sup-
pressed on lopinavir/ritonavir plus two NRTIs
[41]. Detection of NRTI and NNRTI RAMs in
PBMC-associated HIV DNA predicted a reduced
risk of virological rebound after a switch to
monotherapy with darunavir/ritonavir and
thus away from ARVs exerting selective pressure
on the pre-existing RAMs. In this case, the
presence of archived RAMs was taken to indi-
cate a general predisposition towards a greater
degree of adherence to treatment relative to
patients that had previously experienced ART
failure without accumulating drug resistance.
Similar findings were reported about NRTI and
NNRTI RAMs in plasma HIV RNA of cohorts in
Africa starting second-line protease inhibitor-
based ART after failure of NNRTI-based regi-
mens [42].

The Unique Characteristics of M184V/I

One RAM of specific interest is the reverse
transcriptase mutation M184V/I, which is
common among treatment-experienced
patients with virological failure and, when
using deep sequencing (MiSeq) of plasma HIV
RNA, is also found in * 10% of patients with a
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recent HIV infection [43]. The mutation reduces
viral fitness, antagonises the emergence of
resistance to the NRTIs zidovudine, stavudine
and tenofovir, and increases susceptibility to
the same NRTIs when occurring in combination
with other NRTI RAMs, including thymidine
analogue mutations and K65R [44–47]. In con-
trast, M184V/I directly contributes resistance to
abacavir and didanosine. It should be noted
that M184I (but not M184V) is part of the nat-
ural pool of mutations generated by APO-
BEC3G/F activity, a cellular defence mechanism
that, independent of drug-selective pressure,
induces hypermutations in viral genomes mak-
ing them defective; finding M184I within HIV
DNA should be interpreted with caution [48].
M184V is also described as a common inap-
propriate call by software, depending on set-
tings for secondary peaks.

The available evidence suggests that in
virologically suppressed patients, the presence
of M184V/I, either documented in historical
resistance tests performed with plasma HIV
RNA or established with a test of current cel-
lular HIV DNA, does not preclude continued
virological response after switching to regi-
mens with a high barrier to resistance. A
pooled analysis of two switch studies assessed
virological responses to the second-generation
INSTI-based combination bictegravir, emtric-
itabine and tenofovir alafenamide (B/F/TAF)
[3]. Pre-existing RAMs were assessed based on
historical plasma HIV RNA sequencing data
(documented resistance to study drugs was
excluded at the time of inclusion in the trial)
and by retrospective sequencing of cellular HIV
DNA in PBMC collected at the time of
switching. Overall, 40% of patients were found
to have one or more pre-existing major RAM in
protease, reverse transcriptase and/or integrase.
Among patients treated with B/F/TAF, NRTI
RAMs overall were detected in 16% (89/543),
including M184V/I in 10% (54/543). At week
48 after switching to B/F/TAF, 98% (213/217)
of patients with any pre-existing resistance and
96% (52/54) of those with M184V/I had HIV
RNA\50 copies/ml. Similar findings have
been reported for triple ART regimens based on
dolutegravir [49, 50]. Since pre-existing

resistance may be detected but cannot be
excluded based on HIV DNA sequencing alone,
studies that demonstrate responses to high
barrier triple ART regimens despite limited pre-
existing resistance provide reassurance for
clinicians in instances where HIV DNA
sequencing is not available prior to a switch.
Both clinical trial and real-world data also
report a negligible impact of archived M184V/I
on the dual combination of dolutegravir/lami-
vudine (DTG/3TC) [51, 52]. In the prospective
cohort study DOLULAM, collating historical
Sanger sequencing data obtained with plasma
HIV RNA and performing deep sequencing of
cellular HIV DNA revealed reverse transcriptase
and integrase RAMs in 45% (10/22) and 21%
(4/19) of virologically suppressed treatment-
experienced patients, respectively [51]. M184I/
V was detected in 63% (17/27) of patients;
despite presence of M184V/I, however, all 17
patients maintained virological suppression 2
years after switching to dual therapy with
DTG/3TC. One interesting observation from
the LAMRES study was that patients with an
archived M184V/I switching to DTG/3TC
(n = 37) were significantly more likely to
experience virological failure if the mutation
was detected in the 5 years prior to the treat-
ment switch; proportions with virological fail-
ure among those with M184V/I
detected\ 5 years vs.[5 years were 20% vs.
0% at 1 year and 20% vs. 5% at 2 years after
the switch [53]. These data again point to a
temporally declining effect of archived RAMs,
although the data require further confirmation,
including a more detailed assessment of the
characteristics of patients with older vs. more
recent evidence of M184V/I. Observations on
the clinical significance of archived M184V/I
and other NRTI RAMs should also be placed
into the context of emerging data on the
impact of these same mutations when detected
in plasma HIV RNA of patients with viraemia.
In trials conducted in African populations,
such RAMs do not appear to negatively affect
the activity of regimens containing zidovudine
or tenofovir plus lamivudine in combination
with a high barrier third agent, either a boos-
ted protease inhibitor [42] or dolutegravir [54].
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CONCLUSIONS

Whilst controlled data are required, available
observations point to the potential utility of
HIV DNA sequencing to guide clinical practice.
Several uncertainties remain. It is important to
emphasise that results must be interpreted with
caution, keeping in mind the technical proper-
ties of the methodology and placing the resis-
tance data in the context of all available
indicators that may interact to determine
treatment outcomes. We highlight the impor-
tance of correctly interpreting the concept of
archived resistance when considering how the
data can guide the most appropriate drug
choice. The existence of archived RAMs is not
necessarily a barrier to treatment success with
high barrier triple drug regimens and in the case
of M184V/I may also have limited impact on
dual DTG/3TC regimens. However, when con-
sidering a treatment switch, each case must be
assessed on its merits. A careful risk/benefit
assessment is required that considers the overall
clinical and treatment history and avoids
unnecessarily exposing patients to an increased
risk of virological failure and treatment-emer-
gent resistance.

ACKNOWLEDGEMENTS

Funding. No funding or sponsorship was
received for publication of this article. The
journal’s Rapid Service Fee was funded by
Gilead Sciences Europe Ltd.

Medical Writing Assistance. Yvonne Ade-
bola and Mark Davies of inScience Communi-
cations, Springer Healthcare Ltd, UK, provided
medical writing support funded by Gilead Sci-
ences Europe Ltd.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Author Contributions. Anna Maria Garetti
wrote the bulk of the article and revised it after
review. Jose Luis Blanco, Anne Genevieve Mar-
celin, Carlo Federico Perno, Hans Jurgen Stell-
brink, Dan Turner and Tuba Zengin contributed
extensively to the concept, critical review, and
revision of all drafts of the article.

Disclosures. Anna Maria Garetti reports
personal payment and grants (to the institu-
tion) from Roche Pharma Research & Early
Development, personal fees and grants (to the
institution) from ViiV Healthcare and Gilead,
and personal fees from Janssen, Theratecnolo-
gies, and GSK. Jose Luis Blanco has received
honoraria for lectures or advisory boards from
Gilead, Janssen, and MSD. Carlo Federico Perno
has received honoraria for advisory boards from
Abbvie, Gilead, ViiV, Janssen, Merck and Ther-
atechnologies, and research grants from Abbvie,
Gilead, ViiV, Janssen, and Merck. Hans Jurgen
Stellbrink reports personal fees from ViiV
Healthcare during the study; personal fees from
Gilead Sciences, Janssen-Cilag, Theratechnolo-
gies, and Merck Sharp & Dohme, outside of the
submitted work. Tuba Zengin is an employee of
Gilead Sciences. Anne Genevieve Marcelin and
Dan Turner have nothing to declare.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors. Care was taken to ensure
published work was considered accurately and
fairly and to exclude any work that raised ethics
questions.

Data Availability. Data sharing is not
applicable to this article as no datasets were
generated or analysed.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and

1800 Infect Dis Ther (2022) 11:1793–1803



indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Panel on Antiretroviral Guidelines for Adults and
Adolescents. Guidelines for the use of antiretroviral
agents in adults and adolescents with HIV.
Department of Health and Human Services. Avail-
able at https://clinicalinfo.hiv.gov/sites/default/
files/guidelines/documents/
AdultandAdolescentGL.pdf. Accessed 7 Mar 2022.

2. European AIDS Clinical Society. Guidelines Version
11.0 October 2021. Available at https://www.
eacsociety.org/media/final2021eacsguidelinesv11.
0_oct2021.pdf. Accessed 7 Mar 2022.

3. Andreatta K, Willkom M, Martin R, et al. Switching
to bictegravir/emtricitabine/tenofovir alafenamide
maintained HIV-1 RNA suppression in participants
with archived antiretroviral resistance including
M184V/I. J Antimicrob Chemother. 2019;74:
3555–64.

4. Cheung PK, Shahid A, Dong W, et al. Impact of
combinations of clinically observed HIV integrase
mutations on phenotypic resistance to integrase
strand transfer inhibitors (INSTIs): a molecular
study. J Antimicrob Chemother. 2022;77:979–88.
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