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After 15 years of global scale-up of antiretroviral therapy (ART), rising prevalence of HIV drug resistance in many
low-income and middle-income countries (LMICs) poses a growing threat to the HIV response, with the potential to
drive an increase in mortality, HIV incidence, and costs. To achieve UNAIDS global targets, enhanced strategies are
needed to improve quality of ART services and durability of available ART regimens, and to curb resistance. These
strategies include roll out of drugs with greater efficacy and higher genetic barriers to resistance than those that are
currently widely used, universal access to and improved effectiveness of viral load monitoring, patient-centred care
delivery models, and reliable drug supply chains, in conjunction with frameworks for resistance monitoring and
prevention. In this Review, we assess contemporary data on HIV drug resistance in LMICs and their implications for
the HIV response, highlighting the potential impact and resistance risks of novel ART strategies and knowledge gaps.

Introduction
Global scale-up of antiretroviral therapy (ART) for HIV-1
infections has averted an estimated 7·8 million deaths
and contributed to preventing 30 million new infections
in low-income and middle-income countries (LMICs)
between 2004, and 2014.1 More than 21 million people
with HIV worldwide are now receiving ART, just over
half of all people infected.2 Nine of ten people with HIV
reside in LMICs, most of them in sub-Saharan Africa
and Asia, the two regions most affected by the global
epidemic.2 The WHO-defined public health approach to
ART roll out is based on simplified, standardised
treatment protocols to facilitate effective care delivery in
settings with limited clinical expertise and poor access to
antiretroviral drugs and laboratory montoring.3
The UN has committed to the goal of ending the AIDS
pandemic as a public health threat by 2030, ensuring that
by 2020, 90% of people with HIV know their HIV status,
90% of those infected are receiving ART, and 90% of
those on ART have sustained viral suppression.2 Ensuring
that 90% of people on ART have sustained viral
suppression is crucially important to maximise individual
health and survival and to reduce HIV incidence.2 In
coming years, ever-larger numbers of people must initiate
and be successfully maintained on effective ART for life if
global targets are to be achieved.4
However, after 15 years of ART scale-up,2 rising
HIV resistance to non-nucleoside reverse-transcriptase
inhibitors (NNRTIs) in many LMICs poses a growing
threat.5,6 First-generation NNRTIs efavirenz and nevi-
rapine remain the most widely used core drugs of firstline therapy and peripartum prophylaxis in mothers
and newborn babies for prevention of mother-to-child
transmission of HIV (PMTCT), but these drugs are
vulnerable to selecting drug-resistance mutations
because of their low genetic barrier to resistance, with
just a single mutation resulting in complete loss of drug
activity.7 The global rise in HIV drug resistance has been
forecasted to drive an increase in mortality, HIV
incidence, and overall ART programmatic costs if no
changes are made to standards of care in many LMICs.8
Major gaps in the quality of ART service delivery remain
across many settings, including poor ART adherence,

high attrition of patients, unreliable drug supply chains,
and suboptimal viral suppression rates.9 To sustain gains
in the ART scale-up, enhanced strategies to optimise the
durability of available ART regimens and curb resistance
are needed. The introduction of the integrase inhibitor
dolutegravir as part of a new low-cost fixed-drug
combination in many LMICs offers great potential for
effective and more durable therapy.10 The proposed
transition of people who are already on NNRTI-based
first-line regimens to dolutegravir raises new challenges
related to HIV drug resistance.
In this Review, we discuss data on HIV drug resistance
(including pretreatment and acquired resistance) in
LMICs and implications for the HIV response and
highlight the potential impact and resistance risks of
novel ART strategies, such as accelerated ART initiation
(treat-all policy), dolutegravir, PMTCT, and pre-exposure
prophylaxis (PrEP). Furthermore, we assess knowledge
gaps and opportunities for addressing resistance.

Pretreatment drug resistance
The term pretreatment drug resistance defines drug
resistance mutations detected in people with HIV before
they start ART, resulting from either previous exposure to
antiretroviral drugs (eg, PMTCT, PrEP, post-exposure
prophylaxis, or interrupted first-line ART) or transmission
of a drug-resistant strain.5
Pretreatment resistance to NNRTIs is associated with
poor virological outcomes, impaired immune recovery,
reduced durability of first-line regimens, and increased
mortality.11,12 A modelling study using data from
sub-Saharan Africa estimated that in a situation in which
NNRTI-associated pretreatment drug resistance is over
10% (mean 15%), 16% of AIDS deaths (890 000), 9% of
new infections (450 000), and 8% of ART programme
costs (US$6·5 billion) in the period 2016–30 would be
attributable to HIV drug resistance.8
Global epidemiological data indicate a substantial rise
in pretreatment resistance to NNRTIs after the ART
scale-up, which is most pronounced in sub-Saharan
Africa.5,6 A meta-analysis on pretreatment drug resistance
to NNRTIs in LMICs, which included 358 datasets
representing 56 044 adults in 63 countries, estimated
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prevalences in 2016 of 11·0% (7·5–15·9%) in
southern Africa, 10·1% (5·1–19·4%) in eastern Africa,
7·2% (2·9–16·5%) in western and central Africa,
9·4% (6·6–13·2%) in Latin America and the Caribbean,
and 3·2% (1·8–5·6%) in Asia.6 Estimated increases in the
absolute prevalence of pretreatment resistance between
2015, and 2016, ranged from 0·3% in Asia to 1·8% in
southern Africa. The most common NNRTI-associated
mutations, in the reverse transcriptase gene, were
Lys103Asn, Tyr181Cys, and Gly190Ala. The 2017 WHO
HIV Drug Resistance Report5 reported the worrisome
finding that in six of 11 countries surveyed (Argentina,
Guatemala, Namibia, Nicaragua, Uganda, and Zimbabwe)
pretreatment resistance to NNRTIs surpassed 10% for
people who were ART naive. Notably, these proportions
were nearly two times higher in women than in men, and
exceeded 10% in eight of the 11 countries surveyed.5
Additionally, recent data point to high pretreatment
resistance in Angola (16%),13 Cuba (22%),14 Mexico (12%),15
Papua New Guinea (16%),16 and South Africa (14%).17
Moreover, NNRTI-associated pretreatment resistance
is higher among people initiating ART with previous
antiretroviral drug exposure (22%) than among those
who are antiretroviral naive (8%).5,6 These data are
particularly concerning, because this group is likely to be
an increasing proportion of first-line ART initiators in
some LMICs.
By contrast, the reported prevalence of pretreatment
resistance to NRTIs has remained low with no discernible
trend in most regions.6 The most common mutation was
Met184Ile or Met184Val associated with lamivudine and
emtricitabine, followed by the thymidine analogue
mutations Asp67Asn and Met41Leu, which confer
resistance to zidovudine. The prevalence of pretreatment
resistance to the other key drug classes (ie, boosted
protease inhibitors and integrase inhibitors) is negligible,
reflecting their restricted use in most LMICs.5,18

Acquired drug resistance after virological failure
of ART
NNRTI-based ART

Widely used standard first-line ART regimens combine a
first-generation NNRTI, either efavirenz or nevirapine,
with dual NRTIs, either lamivudine or emtricitabine,
plus either tenofovir or zidovudine.19 As the global cohort
of people on ART has grown and matured, the numbers
of patients experiencing virological ART failure with
acquired resistance will inevitably grow. A systematic
review and meta-analysis of adults in LMICs estimated
that approximately 85% of those still alive and receiving
ART had viral suppression over the first 5 years of ART
(on-treatment analysis).20 However, when all people who
had died, stopped ART, or were lost to follow-up were
considered as having virological failure (intention-totreat analysis), the viral suppression rate declines to only
62% after 4 years on ART.20 Reported viral suppression in
children in LMICs is even lower than that in adults in
www.thelancet.com/hiv Vol 5 October 2018

LMICs and that in children in high-income countries.21
These data suggest deficiencies in the performance of
many ART programmes.2,5
Among patients failing first-line NNRTI-based ART,
70–90% of patients have acquired resistance to NRTIs,
NNRTIs, or both classes of drug.5,22 The mutational patterns
and rate are largely similar for children and adults. A global
assessment of patients with virological failure on first-line
tenofovir-containing ART showed high tenofovir-associated
resistance (reverse transcriptase mutations Lys65Arg or
Lys65Asn, or Lys70Glu, Lys70Gly, or Lys70Gln) in LMICs
(57% in sub-Saharan Africa, 39% in Asia, and 35% in
Latin America).22 Among patients who had tenofovir
resistance, 83% also had lamivudine and emtricitabine
resistance, 78% had NNRTI-resistance, and 65% had both
types of resistance. The fact that the prevalence of tenofovirassociated resistance was lower in Europe (20%) and
North America (22%) than LMICs supports the notion that
resistance can be limited by stringent viral load monitoring.22

Protease inhibitor-based ART
Despite substantial rates of first-line virological failure,
the number of people who switch to regimens based on
second-line ritonavir-boosted protease inhibitors in
LMICs has been low (<5% of all people on ART).5
Inadequate switching is likely a result of a combination
of factors, such as clinicians’ inexperience or limited
access to diagnostic tests or second-line drugs. As
universal viral load monitoring is implemented (with
better diagnostic ability to detect first-line failures), the
number of people on second-line ART in sub-Saharan
Africa is expected to grow from fewer than 1 million at
present to around 4–6 million people by 2030, comprising
up to 20% of all individuals on ART.23
Most mutations that confer resistance to protease
inhibitors are in the gene encoding the viral protease. A
meta-analysis of second-line ART outcomes in adults in
sub-Saharan Africa, comprising a boosted protease
inhibitor with dual NRTIs, found that a third did not
achieve viral suppression, and that among patients who
were viraemic, acquired resistance associated with
protease inhibitors was infrequent (median 17% of
patients) but increased with therapy duration.24 Possible
mechanisms of the rarity of protease-inhibitor-associated
mutations include complete non-adherence (hence no
mutational selective pressure), or mediation of protease
inhibitor resistance by mutations outside the protease
gene, specifically in the gag and env genes.25,26 Several
studies have provided evidence for the additional benefit
of NRTI continuation in second-line therapy based on
boosted protease inhibitors, especially if replaced with
other or alternative types of NRTI,27,28 whereas use of a
protease inhibitor monotherapy resulted in inadequate
virological control and selection of resistance.28,29
Notably, a meta-analysis of 12 cohorts representing
928 children and adolescents on second-line ART based
on boosted protease inhibitors from 14 countries in Asia
e589
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and sub-Saharan Africa found high rates of virological
failure, with exceptionally poor virological outcomes in
adolescents,30 calling for urgent attention to optimise
HIV care in these vulnerable groups.
Clinical management of second-line failures is sub-
optimal in many settings, especially in the absence of
resistance tests to identify people who harbour clinically
relevant resistance mutations and need an optimised
third-line regimen. In several LMICs, including Botswana,
Brazil, Kenya, South Africa, and Uganda, routine resistance
genotyping is increasingly done in second-line failures.
With growing demand over time, understanding the
optimal combination therapy and clinical management of
patients on third-line and salvage therapy will become
increasingly important.

failure detection and switching practices.40,41 Close
monitoring is therefore warranted as accelerated ART
initiation is implemented.

Dolutegravir roll out in LMICs and uncertainties
in the evidence base

Since 2014, dolutegravir has been increasingly used as part
of first-line regimens in Europe and North America42,43
because of improved tolerability, higher efficacy, higher
genetic barrier to resistance, and fewer drug interactions
than other antiretroviral drugs. In July, 2017, WHO
recommended the use of alternative, non-NNRTI-based
(ie, based on either dolutegravir or protease inhibitors)
first-line ART in countries in which at least 10% of patients
who are antiretroviral naive have virus with pretreatment
resistance to NNRTI, and in all people who report prior
antiretroviral drug exposure.44 Since September, 2017, a
Effect of HIV-1 subtypes on drug resistance
Combinations of antiretroviral drugs are effective across new low-cost generic fixed-dose combination of tenofovir,
the various (non-B) HIV-1 subtypes circulating in LMICs.31 lamivudine, and dolutegravir has been offered to 92 LMICs
Nonetheless, both enzymatic and virological data indicate through the Medicines Patent Pool at a similar or lower
that naturally occurring polymorphisms in non-B sub- price than NNRTI-based ART (median $75 per patient per
types can influence HIV susceptibility to antiretroviral annum).10 Several countries in sub-Saharan Africa and
drugs and the propensity of HIV to acquire certain Brazil are in the process of transitioning all first-line
resistance mutations.32–34 To date, however, no evidence patients to this combination. Moreover, the US President’s
suggests that these intersubtype differences result in Emergency Plan for AIDS Relief (PEPFAR) programmes
different virological outcomes for the various ART will accelerate access to the fixed-dose combination for all
regimens. For instance, although tenofovir-associated patients supported by the programme.45 A future transition
Lys65Arg mutation in the viral reverse transcriptase gene from first-line ART containing efavirenz to dolutegravir in
is more likely to emerge in subtype C compared with other adults who are initiating ART has been forecasted to be
subtypes,35–37 there is no evidence that subtype-C infection effective and cost-effective in sub-Saharan Africa, at any
increases the risk of virological failure for patients prevalence of NNRTI pretreatment resistance.46 Because of
receiving a tenofovir-containing regimen.37 Overall, the the resultant lower need of more expensive second-line
knowledge of subtype-specific differences in mutation protease inhibitor regimens, overall programme cost
distribution and clinical relevance remains poor, despite would be reduced.46
the fact that more than 90% of HIV-1 infections globally
Although this transition could blunt the impact of
are non-B subtypes.
rising NNRTI resistance and yield improved ART
outcomes, the transition also presents new challenges.
First, the speed of the transition to fixed-dose tenofovir,
Accelerated ART initiation
WHO recommends accelerating ART initiation in all lamivudine, and dolutegravir should depend on a
individuals with HIV (the treat-all policy) as early as country’s situation, taking into account training and
possible after diagnosis, regardless of CD4 cell count supply chain readiness, pricing and availability, current
(the so-called test-and-treat strategy). Concerns that the NNRTI-associated pretreatment resistance prevalence,
more prolonged exposure to ART could increase the risk and available laboratory capacity. Second, evidence is
of acquired resistance have not been confirmed in high- scarce to support the roll out of dolutegravir for specific
income settings.38 A review of the evidence suggested that groups of patients (ie, those with tuberculosis co‑infection,
accelerated ART initiation, including ART start on the young children, and pregnant women). Interaction
same day as diagnosis, can lead to improved viral with the tuberculosis drug rifampicin could reduce
suppression.39 Nonetheless, accelerated ART initiation dolutegravir concentrations when used concomitantly,
could have long-term implications on retention, although preliminary data suggest that doubling the dose
adherence, and drug resistance, and data from LMICs are of dolutegravir results in high viral suppression in HIV
not yet available. Modelling studies based on African data and tuberculosis co‑infected adults receiving rifampicinhave predicted that early ART initiation, at high CD4 cell based tuberculosis therapy.47 A potential safety issue
counts, could lead to a rise in NNRTI-associated related to neural tube defects in infants born to women
pretreatment drug resistance levels, but this risk would who were taking dolutegravir at the time of conception
be outweighed by substantial absolute reductions in the has raised concerns.48,49 Following these concerns, the
number of new HIV infections; additionally, the increased WHO interim guidelines recommend the use of
resistance risk could be mitigated by improving early dolutegravir in women of reproductive age only when a
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consistent and reliable contraception is assured. This
implies the need for alternative regimens for women in
LMICs who have limited access to effective contraception.
Third, the need for viral load and resistance testing
might be increased with roll out of combined tenofovir,
lamivudine, and dolutegravir. A blanket transition to the
fixed dose combination (in absence of viral load testing)
carries the risk that patients who already have acquired
resistance to the NRTI backbone are switched to functional
monotherapy, recognisant of the fact that dolutegravir
maintenance monotherapy studies have reported high
virological failure with acquisition of integrase inhibitor
resistance mutations.50,51 Preliminary data thus support an
approach of transition to combined tenofovir, lamivudine,
and dolutegravir in the presence of confirmed viral
suppression. Additionally, in four clinical trials of
antiretroviral-naive patients who received first-line
dolutegravir plus dual NRTIs, patients with virological
failure did not carry any resistance mutations to either
integrase inhibitors or NRTIs;52–55 these results suggest
that blanket switches of all patients who are viraemic from
dolutegravir-based first-line ART to protease-inhibitorbased second-line treatment could be premature,
potentially wasting resources and unnecessarily exposing
patients to drug toxicity. Individual resistance testing to
guide the clinical management of patients on tenofovir,
lamivudine, and dolutegravir is likely to be cost-effective,
and countries like Botswana and Brazil have already
implemented this as standard of care.56 Implementation
science studies will be important early in the roll out to
inform optimal laboratory monitoring strategies.
Fourth, a study in people who were integrase inhibitornaive indicated that major mutations are likely to be rare
across circulating HIV-1 subtypes in sub-Saharan Africa,
only occurring at low-resistance detection thresholds.18
However, the extent to which HIV-1 subtype affects
mutational pathways of resistance (eg, integrase
mutations Arg263Lys in subtype B versus Gly118Arg in
non-B subtype)57,58 and virological response of integrase
inhibitor-based regimens remains unclear.

Antiretroviral drugs for HIV prevention and risk
of drug resistance
PMTCT in infants and children

A meta-analysis on pretreatment drug resistance in
children, including 19 studies representing 2617 children
in 13 countries, found a prevalence of 42·7% in children
exposed to PMTCT and 12·7% in children not exposed,
with NNRTI mutations found in 32·4% and in 9·7% of
these children, respectively.59 Surveys of pretreatment
resistance among children aged less than 18 months who
were diagnosed with HIV through early infant diagnosis
in five sub-Saharan African countries between 2011, and
2014, found that 53% had resistance to NNRTIs and
8·8% had resistance to NRTIs, and resistance was
particularly high in those exposed to PMTCT.60 High
prevalence of pretreatment resistance to NNRTIs in
www.thelancet.com/hiv Vol 5 October 2018

infants strongly supports WHO’s 2013 recommendation
that all children younger than 3 years should start
first-line regimens based on boosted protease inhibitors,
irrespective of previous PMTCT exposure. These data
highlight the urgent need to overcome barriers to the
scaling up of paediatric protease inhibitor-based
regimens and to accelerate the study and approval of
integrase inhibitors for use in young children.

PMTCT in women of reproductive age
Since 2015, WHO recommends that all pregnant woman
with HIV start life-long ART, the so-called Option B+.
Reports of suboptimal adherence and retention during
and after pregnancy raised concerns that this strategy
could promote drug resistance.61,62 Early follow-up data
from programmes in Malawi and Uganda showed
reasonable virological control and low levels of acquired
resistance,63,64 although data from a Rwandan programme
reported a concerning increasing trend of higher
viraemia and acquired resistance with prolonged ART
duration.65 Further implementation research on how to
ensure optimal adherence and retention and avoid cycles
of ART stops and restarts is needed to optimise longterm outcomes.

PrEP
Following 2015 WHO recommendations, PrEP is being
rolled out in key populations (such as sex workers, men
who have sex with men, and people who inject drugs)
and in broader population groups in LMICs that are
considered at substantial risk for HIV infection.66 The
efficacy of daily tenofovir combined with emtricitabine
exceeds 90%, but efficacy is highly correlated with
adherence, and individuals with a breakthrough infection
are theoretically at high risk of acquired resistance. In
trials, resistance to tenofovir or emtricitabine was rare
(0·1% of users), and in most cases occurred when PrEP
was unintentionally prescribed to individuals with
undiagnosed acute HIV infection.67 The potential benefits
of PrEP in sub-Saharan Africa have been predicted to
outweigh the risks associated with resistance, and the
magnitude of PrEP-induced resistance is expected to be
small compared with acquired resistance during ART.68
Nonetheless, as PrEP is scaled up in LMICs, resistance
could increase, particularly in settings where many HIV
infections remain unrecognised, warranting continuous
monitoring.

Framework to curb HIV drug resistance

Population-based surveillance and prevention
The global response to emerging antimicrobial resistance
has received increasing attention worldwide. As part of
these concerted efforts, WHO is spearheading the Global
Action Plan on HIV drug resistance (2017–21), a 5 year
framework articulating a global consensus and co-
mmitment to minimising HIV drug resistance and
preventing it from undermining attainment of global HIV
e591
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targets.69 Continuous population-based surveillance
remains a crucial component to understand the scientific
basis and clinical implications of HIV drug resistance in
all regions and to inform appropriate ART algorithms.
WHO recommends standardised surveys to assess
pretreatment drug resistance and acquired resistance in
adults and children and so-called early warning indicators
of HIV drug resistance, with the aim of obtaining
nationally representative estimates that inform strategies
to improve ART service delivery and guide selection of
first-line, second-line, and third-line regimens. For
instance, aggregated data on rising prevalence of
pretreatment resistance NNRTI have resulted in updated
2017 guidelines to define the public health response,44 as a
supplement to the 2016 consolidated ART guidelines.19
Nonetheless, to date many countries have experienced
challenges in implementing WHO-recommended surveys
because of cost and feasibility issues. Consequently,
representative data on HIV drug resistance are scarce and
usually lag behind in many settings, potentially causing
Panel 1: Framework to curb HIV drug resistance
• The WHO Global Action Plan for HIV drug resistance
(2017–21) is a framework for countries and national and
international partners, aiming to articulate synergistic
actions that will be required to prevent HIV drug
resistance from undermining efforts to achieve global
targets on health and HIV, and to provide the most
effective treatment to all people with HIV. The action plan
has five strategic objectives: prevention and response,
monitoring and surveillance, research and innovation,
laboratory capacity, and governance and enabling
mechanisms.69
• Enhanced quality of ART delivery is needed to consolidate
long-term gains, including implementation of first-line
ART regimens with greater efficacy, implementation of
genetic barriers (eg, fixed-dose combination tenofovir,
lamivudine, and dolutegravir), expanded access to
second-line and third-line regimens, universal access to
and effective use of viral load testing, improved capacities
for resistance testing, and patient-centred care models.
Special attention is needed for vulnerable groups, such as
children, adolescents, and pregnant women.
• WHO-recommended resistance surveys to provide
nationally representative estimates that inform strategies
to improve ART service delivery and guide selection of
first-line, second-line, and third-line regimens. Special
attention is needed for the roll out of novel ART
strategies, such as accelerated ART initiation, PrEP,
option B+, and fixed-dose tenofovir, lamivudine, and
dolutegravir.
• WHO normative guidance in response to emerging drug
resistance is crucial to formulate an effective public health
response.44
ART=antiretroviral therapy. PrEP=pre-exposure prophylaxis.
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the underestimation of prevalence estimates. The
collection of early warning indicators should be improved
now that WHO has harmonised them with monitoring
indicators of PEPFAR and The Global Fund to Fight
AIDS, Tuberculosis and Malaria and integrated them into
the 2017 update of the WHO patient-centred monitoring
guidelines.70 Novel laboratory technologies that measure
HIV drug resistance are increasingly affordable, which
could facilitate surveillance in LMICs.71,72 Briefly, Sanger
assays are the gold standard, although high capital and
test costs have limited availability of these assays to a few
reference laboratories in LMICs. Next-generation
sequencing could have the potential to substantially
reduce testing costs through multiplexing in highthroughput facilities, although the requirements for
bioinformatics expertise are still complex.71,72 As health
information systems improve, new opportunities arise for
dynamic approaches that could help countries to
understand in real time the effects of implemented
changes on the quality of their ART programmes, with the
potential that these approaches could result in decreased
drug resistance rates. This type of information could
prove to be complementary to the WHO-recommended
surveys (panel 1).

Patient-centred care
Enhanced services of ART delivery and novel ART
strategies are prerequisites to consolidate long-term gains.
These methods include use of first-line ART regimens
with greater efficacy higher genetic barriers to resistance
(eg, dolutegravir), expanding access to second-line and
third-line regimens and universal access to viral load
testing, and improving capacities for resistance testing.
The wide implementation of treat-all strategies and PrEP
will decrease HIV incidence, but also calls for enhanced
frameworks to monitor emerging HIV drug resistance
during their scale-up. To improve service quality, adherence
and retention, outcomes, and efficiency and to reduce
costs, differentiated patient-centred care models are being
implemented to tailor intensity of HIV services to the
specific needs of different groups of individuals across the
cascade of care, potentially reducing unnecessary burdens
on the health system.73,74 Opportunities also exist for a
stronger role for community and health information
technology applications to improve quality of care.

Access to and effective use of viral load testing
Access to routine viral load monitoring, crucial for early
detection of virological failure and averting unnecessary
switching,75 is being accelerated in many LMICs.
However, a large collaborative analysis of African
cohorts found that even when routine viral load
monitoring was in place, around 44% of patients with
confirmed virological failure were not switched to
another regimen, and 22% of patients under routine
viral load monitoring and 30% of those receiving
targeted viral load monitoring switched regimens
www.thelancet.com/hiv Vol 5 October 2018
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Panel 2: Knowledge gaps in addressing HIV drug resistance

Search strategy and selection criteria

• Need for up-to-date survey data on HIV drug resistance
across all settings, with global systems for quality
assurance.
• Standardisation of definitions of virological failure, drug
resistance mutations, clinically relevant resistance
detection thresholds for sequence analysis, and affordable
and simple bioinformatics analysis.
• Impact of implementing novel ART strategies, including
so-called treat-all strategies, PrEP, option B+, and fixeddose combination tenofovir, lamivudine, and
dolutegravir, in terms of retention, adherence, and drug
resistance.
• Implementation science around the transition to tenofovir,
lamivudine, and dolutegravir—eg, need for viral-load and
resistance testing, durability and sequencing of ART lines,
mutational resistance patterns in HIV-1 non-B subtypes,
resistance to cytosine analogues, tenofovir, and dolutegravir
components of the regimen, and resuppression after
intensive adherence counselling.
• Virological mechanisms and optimal clinical management
of patients with virological failure and acquired resistance
to bPI and integrase inhibitor-based regimens.
• Activity of integrase inhibitor-based regimens in patients
with an impaired NRTI-backbone and in non-standard
combinations (eg, with bPI).
• Efficacy of recycled NRTIs and their use in second-line ART.
• Optimal strategies for clinical management, regimen
sequencing, and adherence and retention support in
children, adolescents, and post-partum women.
• Optimal combination therapy and clinical management
of patients on third-line ART.

We searched PubMed for original research, reviews, and
viewpoint articles describing HIV drug resistance in
low-income and middle-income countries. We used a search
strategy combining medical subject headings and free text
search terms for “HIV”, “antiretroviral therapy”, “drug
resistance”, and “low and middle-income countries”.
Articles published in English from July 1, 2013, to July 1, 2018,
were reviewed for relevance. Reference lists of relevant articles
were also screened for additional references. We also reviewed
WHO treatment guidelines and reports, and abstracts
presented at the main international HIV conferences during
the past 2 years (ie, the International AIDS Society
Conference on HIV Science, Conference on Retroviruses and
Opportunistic Infections, and International Workshop on
HIV Drug Resistance).

ART=antiretroviral therapy. PrEP=pre-exposure prophylaxis. NRTI=nucleoside reverse
transcriptase inhibitors. bPI=boosted protease inhibitors.

without any evidence of virological failure.76 Therefore,
more efforts are needed not only to achieve universal
access to viral load monitoring, but also to strengthen
functional capacities.77,78 Implementation research will
be essential for understanding the performance of viral
load testing, including current and optimum testing
frequencies, test results returned to patients, actions
taken within appropriate timeframes, and interventions
that work to achieve renewed suppression. Patient
communities are increasingly claiming their rights to
have access to optimal care, demanding their viral loads
to be suppressed, which should serve as a further
impetus for this work.79

The potential using long-acting antiretrovirals for
treatment and prevention
Long-acting antiretrovirals are a promising approach to
enable gains in optimising adherence and minimising
treatment failure and acquired resistance, which are
crucial both for treatment and PrEP.80 For instance, the
www.thelancet.com/hiv Vol 5 October 2018

landmark phase-2B LATTE trial81 found that a
combination of two long-acting injectable agents,
cabotegravir and rilpivirine, was well tolerated and had
similar efficacy to that of daily oral triple-drug ART for
maintaining viral suppression through 96 weeks.81
However, the consequences of interrupting long-acting
antiretrovirals are unclear; extended exposure to
subtherapeutic concentrations of residual drug might
increase the risk of selecting drug-resistant HIV
variants.82 A case of drug-resistant virus has been
reported in a woman who received long-acting rilpivirine
in a phase 1 PrEP trial83 and who became infected with a
wild-type HIV strain, which then selected for the
Lys101Glu mutation in the reverse transcriptase gene
under prolonged residual rilpivirine exposure.83 There
are still numerous health system and individual barriers
to the wide implementation of long-acting antiretrovirals
in key populations in LMICs, such as the need for
drug development with improvements in potency,
pharmacokinetics, and pharmacodynamics, simplified
delivery approaches, research on patients’ preferences,
specific clinical infrastructure, provider training, and
laboratory monitoring.

Conclusions
Rising prevalence of HIV drug resistance threatens
achievements to date in controlling the epidemic, and have
the potential to increase the costs of national ART
programmes to untenable levels. The commitment of
policy makers and national governments remains essential
to achieving global HIV targets. Substantial knowledge
gaps remain in addressing resistance in LMICs, in relation
to the contemporary epidemiological situation, optimal
clinical management, and diagnostic algorithms (panel 2).
A range of measures can be taken to minimise HIV drug
resistance and maintain global HIV control. Roll out of
fixed-dose combination tenofovir, lamivudine, and
dolutegravir provides a unique opportunity to improve
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durability and effectiveness of ART, provided it is
implemented in conjunction with improved quality of
services and appropriate monitoring frameworks, such as
robust drug supply chains, enhanced functional capacity
for viral load monitoring, patient-centred communitybased care delivery models, and routine HIV drug
resistance surveillance as an integral part of national ART
programmes. Implementation science will be crucial in
generating real-world evidence on these multifaceted
approaches to evaluate and maximise their effect.
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