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The global community, including the World Health Organization (WHO), has committed to ending the AIDS epidemic and to
ensuring that 90% of people living with human immunodeficiency virus (HIV) are diagnosed, 90% start treatment, and 90% achieve
and maintain virological suppression. The emergence of HIV drug resistance (HIVDR) as antiretroviral treatment programs expand
could preclude the 90-90-90 targets adopted by the United Nations General Assembly at the High-Level Meeting on Ending AIDS
from being achieved. The Global Action Plan on HIVDR is a call for collective action grounded on normative guidance providing a
standardized and robust approach to monitoring, preventing, and responding to HIVDR over the next 5 years (2017-2021). WHO
is committed to supporting country, global, regional, and national partners to implement and monitor the progress of the Global
Action Plan. This article outlines the key components of WHO?’s strategy to tackle HIVDR and the role the organization takes in

leading the global response to HIVDR.
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In 2016 the United Nations’ High-Level Meeting on Ending
AIDS [1] committed to “establishing an effective system to
monitor, prevent and respond to the emergence of drug resis-
tance strains of HIV in populations and antimicrobial resis-
tance among people living with HIV?” As the world transitions
to a “treat all” approach in the global response to the human
immunodeficiency virus (HIV) epidemic, it is vital that popula-
tion levels of HIV drug resistance (HIVDR) be routinely mon-
itored and that countries respond appropriately when HIVDR
reaches levels that can lead to unacceptably high rates of viro-
logical failure, a reversal of HIV-associated morbidity and mor-
tality, increasing incidence of HIV, and higher overall costs of
providing antiretroviral therapy (ART) [2].

Despite the progress made by the global HIV community
in achieving the Millennium Development Goals [3], which
resulted in 19.5 million people initiating ART by the end of
2016 and reductions in the morbidity and mortality of people
living with HIV [4], the next 10 years will be a time of continued
expansion in HIV programs, particularly in countries identified
as “Fast Track” for focused support. The potential emergence
and transmission of HIVDR must be considered a priority in
conjunction with the development of quality HIV treatment
and care services to ensure that highly effective drug regimens
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are available to all those who are diagnosed and that antiretrovi-
ral (ARV) medicines used for pre-exposure (PrEP) and post-ex-
posure prophylaxis (PEP) remain effective.

At an individual level, the presence of pretreatment drug
resistance when starting ART (or pretreatment HIV drug resis-
tance [PDR]) increases the risk of virological failure in adults
and children [5-23], the need to switch to a more costly regimen
[24], treatment discontinuation [5,16,25], and accumulation
of additional drug-resistance mutations [11, 12]. At a popula-
tion level, the cost of inaction has both human and financial
consequences. Modeling predicts that levels of PDR >10% will
result in an additional 890000 deaths, 450000 new infections,
and an ART program cost of $6.5 billion over the next 15 years
in sub-Saharan Africa alone if current first-line ART remains
unchanged [2]. The same model predicts increasing negative
impact on mortality, HIV incidence, and viral load suppression
(VLS) resulting from the rising prevalence of PDR and indicates
that interventions such as the introduction of pretreatment
HIVDR testing or, even more, a shift to dolutegravir-based
ART in first-line regimens can result in more favorable health
outcomes [26]. The 2017 World Health Organization (WHO)
HIVDR report highlights that levels of PDR to efavirenz or
nevirapine, the commonly used ARV in first-line ART, exceed
10% in several low- and middle-income countries [27].

In its role as global convener, the WHO has led the develop-
ment of a Global Action Plan (GAP) on HIV drug resistance
(2017-2021) with the overarching goal to preventing HIVDR
from undermining the attainment of global targets on health and
HIV and enabling the most effective treatment to be provided
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to all people living with HIV [28]. The 5 strategic objectives of
the action plan highlight the importance of effective prevention
and response to HIVDR and the need to strengthen monitor-
ing and surveillance of HIVDR, invest in innovative research,
strengthen laboratory capacity, and establish enabling finan-
cial, governance, and advocacy mechanisms to achieve tangi-
ble results (Figure 1). All stakeholders with a role in the global
response to HIV are called on to support implementation of the
plan and to act collectively to respond to the potential threat
that HIVDR poses to the global elimination of AIDS.

The Global Action Plan on HIVDR aligns itself with the
broader Global Action Plan on antimicrobial resistance and
calls for a comprehensive, coordinated, innovative, and inte-
grated action to tackle HIVDR and broader antimicrobial
challenges [29, 30], therefore providing an opportunity for
strengthening synergy and collaboration between all allied pro-
grams at country, regional, and global levels. Collective action,
including opportunities to leverage resources, can combat the
threat of resistant microbes and viruses to population health in
diseases of significant public health burden.

Success in monitoring, preventing, and responding to
HIVDR will enable the global targets of 90% of people on ART
to achieve VLS by 2020 and 95% by 2030 [1]. These targets
have been shown to be attainable by the population-based HIV
impact assessments supported by the US President’s Emergency
Plan for AIDS Relief in 2016-2017 [31-34] with high levels of
VLS in adults who self-report current use of ART. Despite these
encouraging results, prevalence of VLS among all individuals
living with HIV, and particularly in younger people, is subop-
timal and is below desirable levels in certain countries popu-
lation initiating ART (as opposed to people retained or ART
and with viral load results available) is used as a denominator
[27]. The ability to disaggregate the cascade of care by age and
sex to identify differences in outcomes between subpopulations
will inform ways to close gaps in the delivery of effective diag-
nosis, treatment, and care services and will assist countries in

1. Prevention and response

Implement high impact interventions to prevent and respond to HIVDR.

2. Monitoring & Surveillance
Obtain quality data on HIVDR & HIV service delivery from periodic surveys, while expanding
routine viral load & HIVDR testing.

3. Research & Innovation
Encourage relevant & innovative research which will have the greatest public health impact in
minimizing HIVDR.

4. Laboratory Capacity

Support and expand use of viral load testing & build capacity to monitor HIVDR.

5. Governance & Enabling Mechanisms
Ensure country ownership , coordinated action, awareness/advocacy & sustainable funding are in
place to support action on HIVDR.

Source: Global Action Plan on HIV drug resistance 2017-2021. Geneva: World Health Organization; 2017

Figure 1. Five strategic objectives of the Global Action Plan (GAP) on HIV Drug
Resistance (2017-2021). Abbreviation: HIVDR, human immunodeficiency virus drug
resistance.

improving the outcomes of vulnerable populations who are not
easily accessed or who are at higher risk of defaulting from care
[35].

Standardized methods for HIVDR surveillance [36] devel-
oped by WHO guide countries and the global community in
understanding levels of PDR in people starting first-line ART
who are naive to ARVs and in ART starters reporting prior ARV
drug exposure and prevalence and patterns of HIVDR in indi-
viduals failing ART. Analysis and interpretation of data gener-
ated from surveillance and monitoring activities, including a
subset of quality-of-care indicators associated with HIVDR and
known as early warning indicators of HIVDR [37-39], enable
countries to identify factors associated with resistance and to
plan appropriate actions, including adopting treatment regi-
mens that will be most effective for the population [26].

The commitment from WHO to compile and release regular
global reports on HIVDR providing timely estimates of global
epidemiological data is essential for understanding the chang-
ing epidemic in all regions, particularly at a time when new HIV
medicines are being introduced in low- and middle-income
countries and PrEP programs are being expanded. Timely col-
lection and dissemination of results allows greater clarity on
population levels of PDR, acquired drug resistance, and resis-
tance in young ART-naive children and facilitates analysis of
trends of HIVDR over time. Following the first WHO HIVDR
Report in 2012 [40], the 2017 report encouragingly demon-
strates that countries supported by WHO and implementing
partners have conducted surveys using WHO-recommended
standardized survey methods. Since 2014, 20 countries have
either completed or are implementing national PDR surveys,
and 16 additional surveys are planned in 2017; 12 countries
have national acquired drug resistance surveys completed or
ongoing, and an additional 11 are planned to start in 2017.
Between 2014 and 2017, 3 countries implemented HIVDR sur-
veys among ART-naive children, and 4 surveys are planned for
2017 [27]. Despite accelerated implementation of HIVDR sur-
veys by many countries, greater support is required to achieve
broader and ongoing routine implementation. The 2017 WHO
guidelines on the public health response to pretreatment HIV
drug resistance [26] is a key resource in the timely response to
national levels of PDR above the defined threshold of 10%.

To adequately capture HIVDR trends, WHO has developed a
global repository of HIVDR survey data, which includes deiden-
tified individual-level genotypic information linked to minimal
epidemiological information. The repository has a country user
interface and is designed to assist countries in managing and
interpreting their HIVDR data for effective public health action.
In the future, WHO plans to expand the database to capture rou-
tine programmatic data and findings coming from other research
activities to depict the evolving epidemiology of HIVDR.

Prevention of HIVDR remains a pivotal element of the global

response. Annual monitoring of clinic-level and program
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quality-of-care indicators that are predictive of and associated
with HIVDR [37-39] is critical to characterize ART clinic and
program performance with regard to patient adherence to ART,
drug supply continuity, retention on ART, coverage of viral-load
testing, viral-load testing outcomes, and appropriate switch to
second-line ART. It also enables clinics and programs to iden-
tify gaps in the quality of HIV service delivery and implement
targeted actions to optimize care and minimize emergence of
HIVDR. WHO recommends that early warning indicators be
fully integrated into the country monitoring system for HIV
programs.

In addition to providing support and assistance with sur-
veillance activities, WHO provides technical guidance to coun-
tries seeking designation of a national reference laboratory for
HIVDR testing and coordinates the global WHO HIVResNet
laboratory network [41], which currently includes 31 laborato-
ries designated by WHO for HIVDR testing on plasma or dried
blood spots. Countries monitoring levels of HIVDR but with-
out in-country HIVDR testing capacity can receive assistance
from this network.

Laboratory strengthening predicted by the Global Action
Plan on HIVDR will also enable countries to scale up viral-
load monitoring and build capacity around HIVDR testing and
ensure that VLS be regularly monitored at individual and pop-
ulation levels.

Research and innovation on HIVDR testing, with the incorpo-
ration of newer techniques (ie, less costly point-of-care testing for
HIVDR and next-generation sequencing assays) will support more
cost-efficient approaches to monitor HIVDR. Future advances will
need to include standardized bioinformatic algorithms and qual-
ity assurance program to support interpretation of HIVDR data
generated by next-generation sequencing. As integrase inhibitors
become more widely used, capacity for and standardization of inte-
grase inhibitor resistance testing must be realized.

Incident HIV is possible despite adherence to PrEP when
individuals are infected with emtricitabine-resistant virus,
tenofovir-resistant virus, or both [42]. As PrEP programs are
expanded, surveillance of resistance mutations that affect the
efficacy of PrEP and that may also compromise the efficacy
of first-line ART is needed. There is also a need to expand
the knowledge about HIVDR in children and adolescents,
pregnant and breastfeeding women, and key populations and
develop effective interventions to reduce it. It is similarly crit-
ical to ascertain the clinical relevance of resistant mutations
present as low-abundance variants and of isolated nucleoside
reverse-transcriptase inhibitor mutations on the response to
dolutegravir-containing regimens.

WHO aim to convene stakeholders to develop a coordinated
research agenda to ensure a shared approach and vision and
that resources are directed in a collaborative manner to areas of
public health importance.

Through global commitment and collective action, signifi-
cant progress has been made in the development of, provision
of, and access to ARV and quality treatment services to people
living with HIV. Renewed attention to high-quality ART ser-
vice delivery and high-impact interventions based on HIVDR
data is crucial to ensure that the potential threat of HIVDR
never derails the universal goal of ending AIDS. WHO renews
its commitment to guide and facilitate national and global
responses to HIVDR and will adapt to the changing face of the
epidemic and critical issues as they arise.
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