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Abstract
In 2010, 3.5 million people were living with HIV in the World Health Organization (WHO)
Southeast Asia Region (SEAR), giving this region the greatest burden of HIV after Africa. Scale-
up of antiretroviral therapy (ART) has resulted in over 717,000 benefitting from it at the end of
2010. A systematic review of studies of HIV drug resistance (HIVDR) in SEAR published
between 2000 and 2011 was performed. Of 10 studies of transmitted HIVDR in recently infected
patients, all but two reported low levels (<5%) of transmitted HIVDR. Of 23 studies of HIVDR in
pre-treatment populations initiating ART, three reported moderate levels (5–15%) of HIVDR and
20 reported low levels. Amongst 17 studies of acquired HIVDR, levels of nucleoside reverse
transcriptase inhibitor (NRTI) and non-nucleoside reverse transcriptase inhibitor (NNRTI)
resistance ranged from 52%–92% and 43%–100%, respectively amongst those with virological
failure. Overall, data included in this review suggest that currently recommended first- and
second-line regimens are appropriate for the cohorts studied. However, data were only available
from two of 11 SEAR countries and studies largely examined urban populations. Results are
unlikely to be representative of the region. Studies lacked standardized methods which greatly
limit comparability of data and their use for public health and ART program planning. Routine,
standardized and nationally representative HIVDR surveillance should be strongly encouraged in
SEAR to best characterize population-level HIVDR. National-level HIVDR surveillance data may
be used to optimize delivery of HIV care and treatment and minimize emergence of population-
level HIVDR, thus promoting the long-term efficacy and durability of available first- and second-
line ART regimens.
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Introduction
In 2010, an estimated 3.5 million people were living with HIV (PLHIV) in the World Health
Organization (WHO) Southeast Asia Region (SEAR)1 (Figure 1), giving this region the
greatest burden of HIV after Africa. Five of 11 SEAR countries shoulder the region’s HIV
burden (India, Indonesia, Myanmar, Nepal and Thailand), five countries carry less than 1%
of the HIV burden (Bangladesh, Bhutan, Maldives, Sri Lanka and Timor-Leste) and data are
unavailable from the Democratic People’s Republic of Korea (DPR Korea). In SEAR, the
number of children living with HIV increased from 89,000 in 2001 to 140,000 in 2010
suggesting that mother to child transmission remains a significant mode of transmission.1

Although the prevalence of HIV in the general adult population is low (estimated at 0.3% in
2010), most-at-risk populations (MARPs) including sex workers and their clients, injecting
drug users (IDU), men who have sex with men (MSM) and transgender (TG) populations
carry a disproportionate HIV burden.1 Across 269 sentinel sites in nine SEAR countries
(excluding Bhutan and DPR Korea) for 2007–2010, HIV prevalence in female sex workers
(FSWs) was <1% in 33% of sites, 1–5% in 38% of sites and 5–20% in 25% of sites, with the
highest prevalence observed in south India. National HIV prevalence estimates in MSM in
SEAR range from 5.2%–28.8%.1 However, these national estimates mask higher local
estimates i.e., 31% and 41% in MSM populations in Bangkok, Thailand and Hyderabad,
India, respectively. Data regarding HIV prevalence in TG populations is limited but where
data are available in MSM and corresponding TG populations in the same geographic area,
estimates in TG populations are generally higher than in MSM populations. Five SEAR
countries have significant HIV epidemics in IDU populations including Myanmar, Indonesia
and Thailand where HIV prevalence was 26.5% (2010), 27% (2007) and 46% (2010),
respectively.1

Southeast Asia Region Antiretroviral Treatment Scale-up and Guidelines
Globally, over 8 million people were receiving antiretroviral therapy (ART) in low and
middle -income countries as of the end of 2010, representing a 26-fold increase since 2003.2

As in other regions of the world, SEAR has experience rapid expansion of ART with over
717,000 individuals benefitting from it at the end of 2010.1 Successful ART scale-up in
SEAR has been largely due to the use of a public health approach to ART delivery
supported by standardized protocols and simplified patient monitoring.3 ART guidelines
from all 10 SEAR countries recommend use of non-nucleoside reverse transcriptase
inhibitor (NNRTI) based first-line regimens in combination with two nucleoside reverse
transcriptase inhibitors (NRTI). 4–13 In eight of 10 countries (Sri Lanka, Temor-Leste,
Nepal, Myanmar, Indonesia, Bangladesh, India and Thailand), tenofovir is a preferred
component of first-line regimens.4–10, 13 In all SEAR countries, ritonavir-boosted protease
inhibitors (PI) in combination with two NRTIs are reserved as second-line agents for
patients with virological failure or toxicity to NNRTIs.4–13 Treatment guidelines from the
DPR Korea were unavailable.

HIV Drug Resistance
In the presence of drug selective pressure, emergence of some HIVDR is inevitable due to
the error-prone replication of HIV, its high mutation rate, and the need for lifelong
treatment.14, 15 Given the inevitability of some HIVDR, it is not surprising that a 2012
analysis showed that higher levels of HIVDR were observed in areas with greater ART
coverage16 (defined as number of people on ART divided by the number of people with
HIV). Moreover, increased levels were observed with increasing time since treatment roll-
out, a finding particularly notable in southern and east Africa, where HIVDR was estimated
to increase at a rate of almost 15% and 30% per year, respectively, since ART roll-out. This
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increase in HIVDR was driven almost exclusively by NNRTIs. Although similar increases
were not observed in other regions, this increase may reflect lack of data rather than
differences in levels of HIVDR.17 As in most resource limited settings, access to patient-
level HIVDR testing, viral load monitoring and second-line and salvage regimens is often
restricted in SEAR. Therefore, reliable information about HIVDR which can inform public
health and ART program decision making is required in the region to support choice of
treatment regimens and the optimization of patient care.18

Broadly, population-level HIVDR may be divided into three main categories: transmitted
HIVDR, acquired HIVDR, and HIVDR in pre-treatment populations. 1) Transmitted HIVDR
is HIVDR detected in recently infected populations who are unexposed to antiretroviral
(ARV) drugs. In the absence of drug selective pressure, certain drug resistance mutations
will revert to “wild type”, at varying rates after initial infection.19 When patients with
transmitted HIVDR initiate ART, drug selective pressure may result in rapid re-emergence
of clinically relevant mutations leading to rapid virological failure. 2) Acquired HIVDR is
HIVDR which emerges in response to drug selective pressure. Acquired HIVDR may
emerge even when optimal regimens are provided and adherence is supported. 3) Pre-
treatment HIVDR is HIVDR detected in populations initiating ART for the first time. Pre-
treatment HIVDR may have been acquired due to ARV drug exposures including prevention
of mother to child transmission (PMTCT), pre-exposure prophylaxis (PrEP) or post
exposure prophylaxis (PEP), previous combination ART, or may have been present since
time of infection (transmitted).18, 19

The purpose of this review is to summarize the published literature assessing transmitted,
acquired, and pre-treatment HIVDR in the SEAR region and identify gaps in knowledge
required for public health decision making and suggest directions for future research.

Selection of Studies
We performed a systematic review of the literature to identify reports published in English
between January 2000 and August 2011 which documented transmitted, pre-treatment and
acquired HIVDR in SEAR countries. The following databases were used: PubMed,
GlobalHealthLibrary (WHO database), National Library of Medicine Gate Way and
EMBASE. In addition, abstracts presented at the International AIDS Society (IAS)
Conference on HIV Pathogenesis Treatment and Prevention from 2001–2011, Conference
on Retroviruses and Opportunistic Infections (CROI) from 2002–2011 and the International
AIDS Conference (AIDS) from 2002–2010 were included.

The following search terms were used: “HIV” OR “AIDS” OR “human immunodeficiency
virus” OR “acquired immunodeficiency syndrome” AND “resistance” OR “drug resistance”
OR “genotype” AND “India” OR “Maldives” OR “Sri Lanka” OR “Nepal” OR
“Bangladesh” OR “Bhutan” OR “Myanmar” OR “Thailand” OR “Indonesia” OR “Timor
Leste” OR “Korea” OR “Asia” or “Southeast Asia”. All eleven SEAR countries were
included in the literature search.1 In cases where HIVDR was evaluated in SEAR countries
as part of a multicenter international study, country level data were abstracted and evaluated
independently. Bibliographies were reviewed to supplement the literature search. When two
cohorts are described in the same study, such as a pre-treatment cohort and cohort on ART,
each cohort is reported separately in the pre-treatment section and acquired HIVDR section.
Thus, two cohorts in different HIVDR sections may represent the same study.

All relevant articles in English were reviewed independently by two authors (Trotter and
Jordan). Studies were included in the analysis if they reported on acquired or transmitted
HIVDR or described HIVDR in pre-treatment populations. Studies were excluded if they
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evaluated patients with histories of mono-or dual NRTI therapy, PI monotherapy, had major
epidemiological or design flaws, documented PMTCT exposures, only reported HIVDR to a
single ARV, described HIVDR in a SEAR country as part of a larger multinational study
without reporting individual country data, or acknowledged partial reporting of detected
HIVDR mutations. To ensure comparability across reports, reanalysis of data using the 2009
WHO Surveillance Drug Resistance Mutations (SDRM) list was performed if study authors
had used different mutations lists.20 A flow diagram illustrating the inclusion and exclusion
of publications and abstracts is presented in Figure 2. Due to marked heterogeneity of study
designs, a meta-analysis was not performed.

Definition of categories of drug resistance
Between 2005 and 2012, WHO recommended a method to categorize transmitted HIVDR
into three prevalence classifications: low (≤5%), moderate (5–15%) or high (≥15%).15 For
the purpose of this review, these prevalence classifications were applied to results from pre-
treatment populations to facilitate comparison between studies and discussion. Accurate
estimation of levels of transmitted HIVDR requires genotyping of specimens from
populations likely to be recently infected and ARV naïve. Commonly used WHO criteria to
maximize inclusion of individuals likely to be recently infected include age < 24 years, no
previous pregnancy (if female), CD4 cell count > 500 cells/mm3 and first HIV-risk defining
event within past three years, if available. Recent data suggest that under certain
circumstances, and if resources permit, LAg-Avidity EIA or Multi-Assay Algorithm assay
(MAA) may be used to identify individuals likely to be recently infected.21, 22 Studies
evaluating the rate of CD4 cell count decay from time of seroconversion facilitate estimation
of duration of infection.23, 24 Lodi et al document that the median time from seroconversion
to a CD4 count of less than 350 cells/mm3 is 4.19 years. In this review, to standardize results
and facilitate discussion, cohorts with median CD4 cell counts of greater than 350 cells/mm3

were classified as describing transmitted HIVDR and cohorts with median CD4 cell counts
less than 350 cell/mm3, were classified as describing pre-treatment populations.

Summary data tables
Table 1 summarizes cohorts from journal articles and conference abstracts which reported
on transmitted HIVDR, acquired HIVDR and HIVDR in pre-treatment populations. Results
from cohorts described in studies of acquired HIVDR are subdivided into two groups: 1.)
results from cohorts described in studies evaluating HIVDR in patients on ART using a
cross-sectional method (“cross- sectional studies”) at various time periods after ART
initiation and 2.) results from cohorts described in studies evaluating HIVDR in patients
determined to be failing ART by clinical, immunological and or virological criteria after
variable durations on ART. Table 2 summarizes HIVDR prevalence estimates by drug class
as reported in journal articles and conference abstracts evaluating transmitted HIVDR,
acquired HIVDR and HIVDR in pre-treatment populations. Tables 1 and 2 summarize data
from 45 studies which include 50 cohorts that fulfill the inclusion criteria and were not
excluded. Five of 45 studies reported findings from two cohorts: one cohort describing
acquired HIVDR and one cohort describing HIVDR in a pre-treatment population.25–29

Each cohort is reported separately in the appropriate section of Table 1 or Table 2. HIVDR
in seventy-eight percent of cohorts was defined by the WHO SDRM 2009 list.20 Results
standardized using the 2009 WHO SDRM list are denoted by (†) in Table 1 and (‖) in Table
2. All studies included in this review are from India or Thailand. No study from Maldives,
Sri Lanka, Nepal, Bangladesh, Bhutan, Myanmar, Indonesia, Democratic People’s Republic
of Korea or Timor-Leste met inclusion criteria.
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Transmitted HIVDR
A total of 10 studies of transmitted HIVDR were included (Table 1). Nine of 10 studies
reported low (<5%) levels of transmitted HIVDR when WHO classifications were applied.
Two studies documented moderate levels (5–15%) of transmitted NNRTI resistance. One
study described a cohort of 18 voluntary counseling and testing (VCT) attendees in Chennai,
India and reported 11% NNRTI HIVDR.30 The other described a cohort of 303 sexually
transmitted infection (STI) clinic attendees in Mumbai, India of which 62 of 303 had a
genotype performed and reported 5.7% HIVDR.31 Overall, findings suggest that resistance
transmission remains minimal in the cohorts assessed and that current recommendations for
first-line ART are likely to be appropriate for the majority of patients included in these
studies when they require therapy in the future.

The accurate estimation of transmitted HIVDR requires assessment of recently infected
individuals. As the time period between seroconversion and HIVDR testing increases, the
likelihood that transmitted HIVDR is underestimated due to reversion to wild type virus
increases.19 In addition, undisclosed ARV exposure between seroconversion and the time of
HIVDR testing may result in acquired HIVDR, which can lead to falsely elevated estimates
of transmitted HIVDR.

In the studies included in this review, various criteria were used to define recently infected
populations including: women with no previous pregnancy,32 BED capture enzyme
immunoassay analysis,30, 31, 34 or serial HIV testing to document seroconversion.34–37

Four studies were reclassified reporting studies of HIVDR in pre-treatment populations.38–41

Two38, 39 were reclassified because the median CD4 cell counts of the study cohort was less
than 350 cells/mm3 suggesting the majority were chronically rather that recently infected
with HIV. 23, 24 One was reclassified because the frequency of serial testing was
inadequately described and the median CD4 cell count of the cohort was not reported.40 The
remaining study evaluated a VCT population of which 71% were female but no information
was provided concerning previous or current pregnancy or median CD4 cell count of the
study population.41 For these reasons, this publication was reclassified as a study in a pre-
treatment population. The overall few studies successfully achieving their stated aim of
assessing transmitted HIVDR underscores challenges associated with identifying recently
infected populations. To facilitate surveillance of transmitted HIVDR, the WHO has
recently developed new methods and expanded and updated epidemiological criteria used to
define recently infected populations in resource limited settings.15, 42, 43

Acquired HIVDR
Nine cross-sectional studies of acquired HIVDR and eight studies of HIVDR in populations
identified as failing ART by clinical, immunological, and or virological criteria were
included. Levels of NRTI and NNRTI resistance amongst those failing with detectable viral
load across all studies of acquired drug resistance ranged from 52%–92% and 43%–100%,
respectively (Table 2).

In cross-sectional studies of acquired HIVDR, the duration on ART at time of viral load and
genotyping ranged from 6 to 50 months. Overall eight of nine cross-sectional studies
reported low levels of PI resistance in patients failing PI-based first-line ART. However, in
one study, 2 of 4 (50%) patients on PI-based ART were failing with major PI mutations.27

Specific ART regimens were not described and use of un-boosted PIs cannot be excluded.
Moreover, this study’s small sample size renders uncertain any interpretation. In all nine
cross-sectional studies, NNRTI and NRTI resistance predominated amongst patients with
virological failure and detected HIVDR. The levels of HIVDR and complex NRTI patterns
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observed in some reports suggest a long duration of virological failure in the setting of
ongoing drug selective pressure prior to detection of treatment failure.

Eight studies of acquired HIVDR evaluating populations failing first-line ART by clinical,
immunologic or virological criteria were included (Table 1). Amongst these eight studies,
the prevalence of Q151M, which confers broad NRTI cross resistance, ranged from 0–15%.
One study reported 11% K65R which was considerably higher when compared to other
reports in this review (range 0–6%).26 In 50% of studies of acquired HIVDR performed in
populations detected as failing ART by clinical, immunological, or virological criteria,
higher levels of thymidine analogue mutations (TAMs),44 Q151M,45 K65R in combination
with Q151M26 or any mutations conferring resistance to tenofovir (TDF)46 were reported.
Q151M confers broad high level resistance to most NRTIs and low level resistance to TDF;
K65R confers high level resistance to TDF47 an important component of recommended
ART regimens.48 Studies reporting higher levels of Q151M suggest prolonged duration of
virological failure on NRTI containing regimens to detection.26, 45

Due to marked heterogeneity of data, it was not feasible to assess the proportion of patients
with NRTI-only resistance or the proportion with one or more TAMs (Table 2).

Although results indicate that the majority of those assessed who were failing a NNRTI-
based first-line regimen in these studies would achieve virological suppression on PI-based
second-line regimens, anticipated levels of resistance to second-line NRTI components of
commonly used regimens supports scale-up of routine viral load testing. Specifically,
routine viral load testing would permit early detection of virological failure, thus allowing
for reinforcement of patient adherence to ART and timely switch to PI-based ART, if
required.

In most cases, patient-level data were unavailable thus precluding assessment of the
anticipated clinical relevance of TAMs to second-line ART regimens used in the region.
One study of acquired HIVDR in patients with clinical, immunological or virological failure
reported a 20% prevalence of PI resistance49 and one cross-sectional study of acquired
HIVDR reported an eight percent prevalence of PI resistance.50 The remaining studies of
acquired HIVDR in patients with clinical, immunological or virological failure26, 45, 51 and
cross-sectional studies of acquired HIVDR28, 52 found little or no PI resistance. Possible
explanations for this difference include variable previous PI exposures, concurrent NRTI
resistance, use of un-boosted PIs or differences in levels of adherence.

In India, the private sector provides health care for up to 70% of the population50 and
differences in ART delivery and HIV care in the private sector may be related to the
country’s higher reported levels of acquired HIVDR. For example, Shet et al found that
patients receiving ART in the private sector in south India had a lower level of self-reported
adherence, a lower level of virological suppression (defined as viral load <100 copies/ml)
and a higher prevalence of HIVDR when compared to patients in the public-private and
public sectors.53 Another study from India reported that patients receiving ART in the
private sector were 2.7 times more likely to experience a treatment interruption when
compared to those in the public sector.54 Poor adherence and treatment interruptions are
well documented to increase the likelihood of treatment failure and selection of
HIVDR.55, 56 Other barriers to adherence described in India’s private sector include the cost
of ART, drug side effects or toxicities, lack of prescriber knowledge about ART and
inability to mitigate ART side effects/toxicities, and drug stock outs.54, 57
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Pre-Treatment HIVDR
Twenty-three studies of HIVDR in pre-treatment populations were included (Table 1).
Twenty studies reported low levels of HIVDR and three studies reported moderate levels of
NRTI HIVDR. Among the studies of HIVDR in pre-treatment populations, the prevalence
of NRTI, NNRTI and PI HIVDR ranged from 0–8%, 0–8% and 0–4.3%, respectively (Table
2).

The finding that the majority of studies report low levels of HIVDR suggests that amongst
the cohorts studied, levels of HIVDR would not preclude successful virological suppression
when currently recommended first-line regimens are used in populations studied.

Patterns of HIVDR Detected
Across all studies of transmitted HIVDR, a total of 17 drug resistance mutations (DRMs)
were detected. Eight DRMs conferring resistance to NRTIs were reported: M41L, T69D,
K70R, V75M, F77L, Q151M, M184V and K219R, of which M41L occurred twice and was
the only NRTI DRM reported more than once in more than one sequence in one or more
studies. Five DRMs conferring resistance to NNRTIs were reported: K101E, K103N,
V106M/V, Y181C, G190E, of which Y181C, K103N and V106M/V occurred twice and
were the only NNRTI DRMs reported more than once in more than one sequence in one or
more studies. One study detected K101E and M184V but did not report their frequency;
therefore, they are not included in this summary.31 No PI DRMs were reported.

In cross-sectional studies of acquired HIVDR, most detected resistance was to NRTIs or
NNRTIs. Among NRTI mutations, M184V was most common, occurring in 50 to 90% of
genotypes with any HIVDR. Of the studies which reported on the prevalence of TAMs, any
TAM was described in 3–42% of specimens and included M41L, D67N, K70R, T215F/Y
and L210W.27–29, 50, 58 The most commonly detected NNRTI DRMs included K103N,
K101E, G190A, and Y181C which were detected in 24–44%, 14–22%, 18–35% and 23–
37% of studies, respectively.27–29, 50, 58 Only three studies detected PI DRMs with the most
commonly observed mutations being I54M (0–6%), V82A (3–5%) and L90M (3–
5%).17, 27, 29

All studies of acquired HIVDR in patients with known clinical, immunological or
virological failures reported NRTI and NNRTI resistance. Among NRTI DRMs, TAMs
were found in up to 65% of patients failing with HIVDR within any single study. Frequently
observed non-TAMs included M184V detected in 33–85% of genotypes and Q151M
detected in 5–11% of genotypes with HIVDR. Among NNRTI DRMs, K103N, Y181C and
Y181C were detected in 25–48%, 10–41% and 10–28% of genotypes, respectively.

In studies of HIVDR in pre-treatment populations, six reported no HIVDR27, 28, 38, 40, 41, 59

and three did not report which DRMs had been detected.25, 39, 60 Of the remaining 14
studies, the most commonly observed DRM was the M184V reported in seven of 14 studies.
TAMs were present in six29, 61–65 of 14 studies and accounted for up to 47% of all DRMs in
an individual study.61 K103N was present in three of 14 studies61, 64, 66 while Y181C was
reported in three of 14 studies.61, 65, 67 Five of 14 studies reported PI DRMs,62, 65, 68–70 the
most common being M46I which was present in three of the five studies reporting PI
DRMs65, 68, 69 and which represented up to 33% of all DRMs described in any individual
study.68, 69
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Discussion
At the end of 2010, the WHO SEAR accounted for 10% of the global population of
PLHIV.1 In the setting of ongoing ART scale-up in SEAR, emergence of HIVDR is
inevitable and necessitates population-based HIVDR surveillance to guide ART programs in
the selection of appropriate and effective regimens for first- and second-line ART, PMTCT,
PrEP, and PEP. Moreover, when combined with data obtained from routine ART program
monitoring and evaluation activities, HIVDR surveillance data supports identification of
ART program and clinic-level factors requiring optimization in order to minimize the
preventable emergence and transmission of HIVDR.

In this review of HIVDR studies published in SEAR, overall reported levels of HIVDR were
low. Based on results from studies assessing transmitted and pre-treatment HIVDR,
currently recommended first-line ART regimens appear appropriate for the majority of study
participants. Moreover, the frequency and pattern of DRMs described in studies of acquired
HIVDR supports currently recommended PI-based second-line ART regimens for the
majority participating in these studies. However, relatively high levels of acquired resistance
to one or more of the NRTIs used in second-line regimens support use of routine viral load
testing to detect virological failure early and support interventions to improve adherence or
earlier switch to second-line. Finally, HIVDR described in studies of pre-treatment
populations support currently recommended first-line ART regimens for those assessed in
the studies included in this review.

This review has several important limitations. The interpretation of four of ten studies of
transmitted HIVDR is limited due to the studies’ small sample sizes, wide confidence
intervals, mixed populations (VCT and ANC), and multiple years of pooled data.30, 31, 61, 71

In addition, a wide range of genotyping amplification rates (52–94%) raises concerns
regarding specimen quality, reproducibility and the sensitivity/specificity of genotyping
assays used.

Amongst studies of acquired HIVDR, interpretation of eight studies was limited due to their
small sample size, limited description of epidemiological methods, HIVDR prevalence
estimates with wide confidence intervals, heterogeneity of previous ARV experience, or
partially missing genotypic information, specifically no information about
TAMs.26, 28, 29, 44, 50, 52, 72, 73 These study characteristics greatly limit the generalizability
and interpretation of results beyond the cohorts assessed. Finally, interpretation of two of
twenty-three studies of HIVDR in pre-treatment populations was limited due to high rates of
amplification failure.62, 65 In almost all studies, small conveniently chosen samples limit
generalization of results; thus, greatly limiting utility of results for public health planners in
the region. Finally, very few studies reported prevalence estimates with corresponding
confidence intervals, greatly limiting data interpretation.

The absence of reports from nine of 11 SEAR countries combined with the fact that all data
available were obtained from urban areas further highlights important gaps in our
knowledge about HIVDR in the SEAR region. The magnitude and possible impact of
HIVDR on ART treatment outcomes in the remaining nine SEAR countries and in non-
urban areas remains unknown. The paucity of data and the limited applicability of available
data for public health planning underscore the urgent need for routine national HIVDR
surveillance in SEAR countries. To support population-level statements about HIVDR and
provide needed information to ART program planners and Ministries of Health, WHO
recommends standardized nationally representative methods to assess acquired, transmitted
and pre-treatment HIVDR within defined populations.15
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Conclusion
In this systematic review of HIVDR in the WHO SEAR region, most studies reported low
levels of HIVDR which is reassuring. However, limited generalizability of results,
heterogeneity of study designs, and biases introduced by high and possibly non-random rates
of genotyping failure diminish the strength of findings to support public health and ART
program recommendations and actions.

Routine, standardized and nationally representative HIVDR surveillance should be strongly
encouraged in SEAR to best characterize population-level HIVDR. In countries with low-
prevalence and concentrated epidemics, surveillance activities should be extended to poorly
characterized most at risk populations, as well as to geographic areas where information is
limited or nonexistent. Results of HIVDR surveillance activities should be actively used to
optimize delivery of HIV care and treatment and promote the long term efficacy and
durability of available first- and second-line ART regimens in the region.
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Figure 1.
Southeast Asia Region (SEAR) of the World Health Organization (WHO). Countries
represented in the SEAR are shown in orange. Dotted and dashed lines represent
approximate borders which may not yet be in full agreement.
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Figure 2.
Description of journal articles and conference abstracts included and excluded from
selection
ART: antiretroviral therapy; DRM: drug resistance mutation; SEAR: World Health
Organization Southeast Asian Region; SDRM: 2009 WHO Surveillance Drug Resistance
Mutation list
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Table 2

Prevalence of HIV Drug Resistance in South East Asia Region By Drug Class*

Study Prevalence of Nucleoside
Reverse Transcriptase Inhibitor
HIVDR†

Prevalence of Non Nucleoside
Reverse Transcriptase Inhibitor
HIVDR†

Prevalence of Protease
Inhibitor HIVDR†

Studies of Transmitted HIVDR

Apisarnthanarak et al 2008 (All years)74 6/305 (2%) 7/305 (2%) None

Ayouba et al 200933 None None None

Chonwattana et al 200736 2/165 (1%) 1/165 (1%) None

Iqbal et al 201030 None 2/18 (11%) None

Leelawiwat et al 201135 2/91 (2%) 2/91 (2%) None

Sirivichayakul et al 200637 None None None

Sirivichayakul et al 200834

– Population 1:
– Population 2:

None
None

None
None

None
None

Soundararajan et al 200771 None None None

Thorat et al 201132 None 1/47 (2%) None

Truong et al 2009‡,31 - - -

Studies of Acquired HIVDR

Bhrushundi et al 201149 27/30 (90%) 28/30 (93%) 6/30 (20%)§

Chasombat et al 2010‡,‖,25 - - -

Deshpande et al 2007‡,44 - - -

Deshpande et al 2010‖,26 26/27 (96%) 27/27 (100%) None

Dettrairat et al 2006‡,72 - - -

Ekstrand et al 201152 63/92 (68%) 66/92 (72%) None

Gupta et al 201050 47/51 (92%) 32/51 (62%) 4/51 (8%)

Karnkawinpong et al 2006‡,75 - - -

Kumarasamy et al 200945 124/138 (90%) 90/138 (65%) None

Puthanakit et al 2011‡,76 - - -

Sen et al 2007‡,‖,27 - - -

Sen et al 2007‖,28 24/50 (67%) 26/50 (72%) None

Solomon et al 2007‡,77 - - -

Sukasem et al 2007‡,‖,29 - - -

Sungkanuparph et al 2007‡,46 - - -

Sungkanuparph et al 200851 11/21 (52%) 9/21 (43%) None

Vidya et al 2009‡,78 - - -

Studies of HIVDR in Pre-treatment Populations

Apisarnthanarak et al 2008‡,61 - - None
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Study Prevalence of Nucleoside
Reverse Transcriptase Inhibitor
HIVDR†

Prevalence of Non Nucleoside
Reverse Transcriptase Inhibitor
HIVDR†

Prevalence of Protease
Inhibitor HIVDR†

Arora et al 2008‡,79 - - -

Auwanit et al 200959 None None None

Balakrishnan et al 200568 1/50 (2%) 1/50 (2%) 1/50 (2%)

Chasombat et al 2010‖,25 None 5/304 (2%) None

Chaturbhuj et al 201041 None None None

Deshpande 2010‖,26 2% None None

Deshpande et al 200469 2/128 (2%) None 1/128 (1%)

Iqbal et al 200962 1/55 (2%) None None

Kandathil et al 200967 1/93 (1%) 1/93 (1%) None

Lall et al 200863 3/40 (8%) None 1/40 (3%)

Neogi et al 201038 None None None

Nuntachit et al 2011‡,64 - - -

Potdar et al 2011‡,65 - - -

Rajesh et al 200970 2/104 (2%) 2/104 (2%) 1/99 (1%)

Saini et al 201080 1/70 (1%) None None

Sen et al 2007‖,27 None None None

Sen et al 2007‖,28 None None None

Shet et al 201166 None 1/50 (2%) None

Sinha et al 201060 4/53 (8%) None 1/53 (2%)

Sirivichayakul et al 201139 2008: 0.8%
2009: 2.6%
2010: 5.1%

2008: 0.8%
2009: 1.3%
2010: 3.4%

2008: 4.3%
2009: 1.3%
2010: 3.4%

Sukasem et al 2007‡,‖,29 - None None

Tovanabutra et al 200440 None None None

*
The prevalence of HIV drug resistance in this table was calculated by dividing the total number of specimens with a ≥ 1 drug resistance mutation

conferring resistance in the appropriate drug class divided by the total number of specimens from patients in the cohort with virological failure

†
Class HIVDR defined using the WHO Surveillance Drug Resistance Mutations 2009 list

‡
Data presented in journal article or abstract did not have sufficient detail which might include specific DRMs detected or individual sample-level

information to allow calculation of prevalence of drug class HIVDR

§
PI resistance described as ‘major or minor mutations’ without description of specific DRMs which did not allow exclusion of minor PI mutations

from the calculation of the mean prevalence estimate

‖
This study described two cohorts: one cohort on ART and one cohort about to start ART. Therefore, results from each of the cohorts described in

this study are reported separately in studies of acquired HIVDR and studies of HIVDR in pre-treatment populations.

AIDS Rev. Author manuscript; available in PMC 2014 March 15.


