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Abstract
The TREAT Asia (Therapeutics, Research, Education, and AIDS Training in Asia) Network is
building capacity for Human Immunodeficiency Virus Type-1 (HIV-1) drug resistance testing in the
region. The objective of the TREAT Asia Quality Assessment Scheme – designated TAQAS – is to
standardize HIV-1 genotypic resistance testing (HIV genotyping) among laboratories to permit
rigorous comparison of results from different clinics and testing centres. TAQAS has evaluated three
panels of HIV-1-positive plasma from clinical material or low-passage, culture supernatant for up to
10 Asian laboratories. Laboratory participants used their standard protocols to perform HIV
genotyping. Assessment was in comparison to a target genotype derived from all participants and
the reference laboratory’s result. Agreement between most participants at the edited nucleotide
sequence level was high (>98%). Most participants performed to the reference laboratory standard
in detection of drug resistance mutations (DRMs). However, there was variation in the detection of
nucleotide mixtures (0–83%) and a significant correlation with the detection of DRMs (p < 0.01).
Interpretation of antiretroviral resistance showed ~70% agreement among participants when different
interpretation systems were used but >90% agreement with a common interpretation system, within
the Stanford University Drug Resistance Database. Using the principles of external quality
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assessment and a reference laboratory, TAQAS has demonstrated high quality HIV genotyping
results from Asian laboratories.
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1. Introduction
The introduction and use of effective combination antiretroviral (ARV) therapy for Human
Immunodeficiency Virus Type-1 (HIV-1) infection has substantially slowed the progression
to AIDS and reduced HIV-related mortality world-wide (Grover et al., 2008; Hirsch et al.,
2000; Porter et al., 2003). However, it is clear that the efficacy of ARV therapy can be
compromised by the emergence and transmission of HIV-1 drug resistant strains (Geretti,
2006). This is of particular concern in developing countries where there is substantial expansion
in the use of ARV therapies (Bennett et al., 2008).

The evolution of drug resistant strains within an individual depends on the generation of genetic
variation in HIV-1, which drives selection of ARV-resistant variants during therapy. Certain
mutations, alone or in combination may reduce ARV susceptibility compared to wildtype virus
(Shafer, 2002). Screening clinical specimens for ARV resistance-related mutations using
genotypic assays has become standard of care where resources are unconstrained (Hirsch et
al., 2003; Vandamme et al., 2004). However, in resource limited settings public health
surveillance and patient management may depend on lower-cost “home brew” methods, which
have not been rigorously validated through trials to gain approval from regulatory bodies.
Therefore, quality assurance and control measures, and careful evaluation of local genotyping
methods are essential for national and individual monitoring for ARV resistance.

HIV-1 genotypic resistance testing (HIV genotyping) is a complex, multi-layered test that
involves genetic sequencing of the viral genome, editing of the genetic sequence, detection of
the presence, or absence of drug resistance mutations (DRMs) that confer ARV resistance, and
the interpretation of resistance to a list of ARV drugs. It is not uncommon for laboratories to
use a variety of commercial or in-house methods to generate genetic sequence, and to use
different software programs to edit the genetic sequence (Demeter et al., 1998; Descamps et
al., 2006; Huang et al., 2003; Kijak et al., 2003; Korn et al., 2003; Neuwald et al., 2002).
Furthermore, the edited genetic sequence generated by software programs may require manual,
subjective assessment and editing by laboratory personnel when there are ambiguities in the
chromatogram because of poor sequence quality, or when two or more nucleotide bases are
present at one position indicating a mixed population of wildtype and mutant virus. Frequently
this is the case when drug resistance has emerged in the setting of decreased access to drug or
diminished adherence. The correct identification of nucleotide mixtures that occur at positions
associated with ARV resistance is important because these reflect the evolution of resistant
virus under the pressure of ARV therapy, or conversely the re-emergence of sensitive virus
when drug pressure is removed.

Laboratories use different systems to interpret ARV resistance from the genotypic data and, in
addition, may amend the level of ARV resistance from that generated by the interpretation
system in the light of other evidence they consider significant (Huang et al., 2003). The
complicated nature of the assay, the variety of testing procedures between laboratories, and
risks for cross-contamination and sample mix-up and subjective components in sequencing
combine to create the potential for intra- and inter-laboratory variation in the outcome of HIV
genotyping (Demeter et al., 1998; Descamps et al., 2006; Erali et al., 2001; Galli et al., 2003;
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Korn et al., 2003; Neuwald et al., 2002; Sayer et al., 2003; Schuurman et al., 2002; Shafer et
al., 2001).

Research studies support the use of HIV genotyping as a tool for epidemiological surveillance
of ARV resistance, and for improving clinical management (Grover et al., 2008; Hirsch et al.,
2000; Shafer et al., 2001). Both of these are valid concerns in the Asian region where ARV
therapy regimens are currently being implemented. Accurate epidemiological surveillance and
good clinical management both require optimal laboratory performance of HIV genotyping,
and minimal intra- and inter-laboratory differences in test outcome.

External quality assessment schemes (EQAS) are designed to assess the accuracy and reliability
of laboratory tests to detect problems in testing procedures, and to identify, and subsequently
minimize, discrepancies between results (Fujisaki et al., 2007; Quint et al., 1995; Schirm et
al., 2002). Participation involves laboratories processing a panel of samples, using their
standard protocols, and sending results for analysis to the quality assessment (QA) provider.
Regular participation in an EQAS can improve the quality of laboratory diagnosis by detecting
testing problems, deficiencies and disparities in and between participants’ processes (Salkin
et al., 1997; Valentine-Thon et al., 2001). Thereby, on-going participation in EQAS facilitates
improvement in testing processes where necessary, and leads to standardization of test
outcomes across participating laboratories.

The TREAT Asia (Therapeutics, Research, Education, and AIDS Training in Asia) Network,
supported by the American Foundation for AIDS Research, is building capacity for the genetic
analysis of clinical specimens, across subtypes, in laboratories engaged in surveillance and
monitoring of drug resistance in individuals receiving ARV therapy. To this end, the TREAT
Asia Network has established an EQAS – designated TAQAS – to assess the accuracy and
consistency of HIV genotyping across the network of testing laboratories. The objectives of
TAQAS, presented here, were first to establish consistency of sequence data, detection of
DRMs associated with ARV resistance and evolving viral mixtures in plasma HIV-1 subtype
B and non-B clade HIV-1; secondly to assess parity in the interpretation of ARV resistance
between participants who may use different systems to interpret ARV resistance from
genotypic data; and thirdly to establish a laboratory network to support the implementation of
HIV genotyping in the region.

2. Materials and methods
2.1. Participants

Eleven laboratories participated in TAQAS; 10 from Asia and one from South Africa. An
American laboratory with expertise in HIV genotyping participated in a reference laboratory
capacity. Participants supplied their contact details and a brief outline of their HIV genotyping
methods to the QA provider (Table 1). To ensure confidentiality, the QA provider assigned
each participant a unique identifier. Where necessary, participants obtained permits to import
biological samples of human origin containing infectious virus.

2.2. Panels
Panels of five coded samples were prepared by the QA provider (Table 2). Sequential panels
were designated TAQAS 1, 2 and 3. Samples were either plasma sourced from HIV-1-infected,
ARV-treated or -naive individuals, or supernatant harvested from virus co-cultures presented
in normal human plasma.
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2.3. Data analysis
Phylogenetic analyses were performed for each sample in comparison with the reference
laboratory sequence by the construction of neighbour-joining trees of the protease and reverse
transcriptase regions from the edited nucleotide sequences returned by each participant.
Bootstrap values >70% (1000 replicates) were applied to confirm the validity of the trees.

Subsequently, the edited nucleotide sequences returned by each participant, including the
reference laboratory, were aligned and a target genotype (TG) was deduced for each sample.
The TG was a rules based algorithm that generated the most likely consensus quasi-species
detectable by DNA sequencing (Table 3) (Sayer et al., 2003). The TG derivation assumed that
it was extremely unlikely that two participants incorrectly sequenced the same nucleotide at
any one position. The participants’ edited nucleotide sequences were compared with TG and
complete and partial differences were distinguished. Complete differences occurred when the
participant reported a nucleotide that was different from that defined in the TG, e.g. the
participant reported G and the TG was C. Partial differences predominantly occurred when a
single nucleotide was reported at a position that was defined as a nucleotide mixture (two or
more nucleotides at the same position) in the TG. Partial differences also occurred when a
nucleotide mixture that was different from that defined in the TG was reported by the
participant, e.g. the TG was a mixture of C and T, and the participant reported a mixture of A
and T; and when a nucleotide mixture was reported at a position where there was a single
nucleotide in the TG.

The participants’ edited nucleotide sequences were further compared with the TG for the
presence of DRMs, for nucleotide mixtures of wildtype and mutant virus, and for the proportion
of DRMs present as nucleotide mixtures.

For the purpose of comparing the participants’ interpretation of ARV resistance to 14 drugs,
four levels of ARV susceptibility were ascribed: susceptible or no evidence of resistance;
potential low-level resistance or low-level resistance; intermediate or possible resistance;
resistance or high-level resistance. The interpretation of ARV resistance to each drug was
considered to agree when all, or all but one participant, agreed on the level of resistance. Where
DRMs for a particular class of ARV drugs were absent, the sample was not included in the
analysis. Furthermore, results were excluded for boosted drugs or combinations of drugs, and
when the inter-laboratory difference in ARV susceptibility was the consequence of a
participant’s failure to detect a DRM(s). The comparison was made between all participants
using various interpretation systems, and between a subgroup of participants using the one
within the Stanford University Drug Resistance Database (Stanford Database;
http://hivd.stanford.edu).

Statistical comparisons were made using Pearson’s correlation coefficient or the chi-squared
test.

2.4. Study design
TAQAS panels were shipped frozen with an integrity control to each participant. On receipt,
participants were advised to visually inspect the panels and advise the QA provider if the
samples had thawed during shipment or were thawed on receipt, then to store the panel at ≤
−20 °C prior to testing.

Participants were asked to test the samples using their standard protocol for HIV genotyping,
and to interpret the level of ARV resistance using their laboratory’s standard interpretation
method (Table 1). For each sample, participants were asked to return a complete, edited
nucleotide sequence, the DRMs related to ARV resistance, and their interpretation of the level
of resistance to a list of ARV drugs. Participants returned results to the QA provider for analysis
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electronically or on a CD-ROM sent by the standard postal service. Data analyses and the edited
nucleotide sequences aligned against the TG were posted on a secured world-wide-website,
and participants were encouraged to review and compare results.

Participants met with the TAQAS provider, experts in HIV genotyping, and the TREAT Asia
Laboratory Network, in an annual workshop focused on testing differences and difficulties,
methods for improvement of HIV genotyping, and the future directions of TAQAS.

3. Results
Over a 19-month period the participants tested up to three 5-member panels in the TAQAS.
TAQAS 1 was tested by 8 Asian laboratories; TAQAS 2 and 3 were tested by 10 Asian
laboratories. In addition, all panels were tested by one South African laboratory and one
American laboratory (ID: 1) as a reference standard.

All but one of the participants returned complete data sets suitable for analysis. One participant
(ID: 12) was unable to amplify sequences from three samples in TAQAS 3 (3-A, 3-B and 3-
D); shipment of TAQAS 3 to this participant was delayed, and as a consequence sample
integrity may have been compromised.

Participants differed in the methods that they used to perform DNA sequencing, the software
programs used to edit nucleotide sequence, and the systems used to interpret ARV resistance
(Table 1). Primers sequences were not known to the QA provider. Most participants (9 of 12
testing TAQAS 3) used the Stanford Database to interpret ARV resistance. Three participants
used either TruGene (Bayer HealthCare, Tarrytown, NY), the French ANRS (National Agency
for AIDS Research) AC11 Resistance Algorithm, or the Stanford Database in combination
with recommendations from the International AIDS Society-USA (Johnson et al., 2006).

3.1. Phylogenetic analyses
Construction of neighbour-joining trees found that all sequences, except those mentioned
below, clustered closest to other sequences from the same sample compared with other samples,
with high bootstrap values (data not shown). This confirmed the accuracy of sample handling
and processing as well as sequence integrity, and excluded sample contamination.

Sequences returned by two participants testing two of the samples were significantly distant
from the sequences submitted by the other participants testing these samples. The protease
sequence returned by one participant (ID: 12) testing TAQAS 2-C, and the protease sequence
returned by one participant (ID: 2) testing TAQAS 3-C were outliers. These sequences were
removed from further analysis. Participants were informed of these errors via the report
prepared by the QA provider, and advised to investigate the source of the error and to consider
re-sequencing the respective samples.

3.2. Agreement over entire nucleotide sequence
There was a high level of agreement between the participants’ edited nucleotide sequences and
the TG for each TAQAS panel (Fig. 1). Comparison with the TG took into account the different
sequence lengths returned by participants (Table 1). For the majority of participants the level
of agreement with the TG was >98%, and <0.5% of the differences were complete differences
(Fig. 1). Three participants reported a lower level of agreement for the first panel they tested:
Participants ID: 11 and ID: 12 respectively reported 95.49% and 96.20% agreement for
TAQAS 2 but both participants reported >98% agreement in TAQAS 3. Participant ID: 3
reported 1.53% complete differences in TAQAS 2, but 0.04% complete differences in TAQAS
1 and 3. Two remaining participants that reported >0.5% complete differences in their
nucleotide sequence compared with the TG when testing their first panel in TAQAS:
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Participants ID: 11 and ID: 12 respectively reported 1.28% and 2.07% complete differences
in TAQAS 2; these participants respectively reported 0.02% and 0.15% complete differences
in TAQAS 3.

3.3. Detection of DRMs associated with ARV resistance
Comparison of the edited nucleotide sequences at positions associated with ARV resistance
found that participants varied in their detection of DRMs and in the proportion of DRMs they
detected as nucleotide mixtures. There were a total of 46, 59 and 42 DRMs in the TG of all the
samples in TAQAS 1, 2 and 3, respectively. The percent of DRMs in each participant’s
sequences compared with the TG was determined for each of the three TAQAS (Fig. 2).
Sequences from most participants contained >80% of the DRMs. The reference laboratory
reported an average of 94% of the DRMs, and sequences from eight of the participants (IDs:
3, 4, 5, 6, 7, 8, 9 and 10) matched the reference laboratory’s performance in at least one of the
TAQAS panels. For many participants (7 of 11) and the reference laboratory, detection of
DRMs in TAQAS 3 declined compared with previous performance.

Sequences from three participants testing TAQAS 2 and/or 3 contained fewer than 80% of the
DRMs. Lower detection of DRMs was paralleled by a lack of detection of nucleotide mixtures
at DRMs by two of these participants (ID: 2 and ID: 12). The other participant (ID: 10) detected
a portion of DRMs as nucleotide mixtures.

3.4. Detection of nucleotide mixtures
Inclusive of the reference laboratory’s data, participants’ detection of nucleotide mixtures over
the entire nucleotide sequence varied in all TAQAS panels (Fig. 3). Most participants (8 of 10)
(IDs: 1,3,4,6,7,8,9 and 10) increased their detection of nucleotide mixtures in TAQAS 2
compared with TAQAS 1. However, most (9 of 12) (IDs: 1,3,4,6,7,8,10,11 and 12) participants’
detection of nucleotide mixtures decreased in TAQAS 3 compared with TAQAS 2. Three
participants (IDs: 2,5 and 12) consistently detected low levels of, or no, nucleotide mixtures
in all the TAQAS panels tested (ID: 2 and ID: 5 tested three TAQAS; ID: 12 tested TAQAS
2 and TAQAS 3).

A moderate linear relationship was demonstrated between the participants’ detection of DRMs
and nucleotide mixtures in samples that contained DRMs in TAQAS 1 with Pearson’s r =(N
= 10) .61, p<0.0001 and TAQAS 3 with Pearson’s r =(N =12) .49, p<0.0001. The correlation
between detection of DRMs and nucleotide mixtures approached significance in TAQAS 2
with Pearson’s r =(N = 12) .25, p = 0.054.

3.5. Interpretation of ARV resistance
The ARV resistance profiles to 14 ARV drugs reported by the participants and the reference
laboratory were compared using the criteria described in the methods (Table 4). The
comparison was made between all participants using various interpretation systems, and
between a subgroup of participants who used a single (most common) interpretation system,
the Stanford Database. When data from all participants were compared the level of the inter-
laboratory agreement for ARV resistance was 71%, 64% and 76% for TAQAS 1, 2 and 3,
respectively; between only those participants that used the Stanford Database the level of
agreement was 97%, 95% and 83% for TAQAS 1, 2 and 3, respectively. The level of agreement
between the participants’ interpretation of ARV resistance in TAQAS 1 and TAQAS 2 was
significantly higher when all participants used the same system (TAQAS 1: p = 0.003; TAQAS
2: p<0.0001).

In TAQAS 3 there were discrepancies between the Stanford Database users’ interpretation of
the ARV resistance to many of the protease inhibitors. Most of these discrepancies occurred
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when some participants reported no evidence of protease inhibitor resistance while other
participants reported potential low-level resistance. As a consequence, no difference in the
level of agreement between the participants’ interpretation of ARV resistance in TAQAS 3
was found when either various systems or the Stanford Database was used (p >0.05).

4. Discussion
The goal of TAQAS is to use quality assessment to build capacity in laboratories in the Asian
region, by assuring the quality of their HIV genotyping processes and by ensuring parity of
test outcome between participating laboratories including a reference laboratory. A further goal
is to use TAQAS as a vehicle to develop a collaborative laboratory network, and thereby to
encourage regional dissemination of laboratory know-how and expertise, to facilitate
troubleshooting of testing problems, and to support laboratories setting up HIV genotyping.

TAQAS is an ongoing program. The present study reports the results of participants testing
the first three TAQAS panels. Most (13 of 15) of the samples were plasma derived from HIV-1-
infected, ARV-treated or -naive individuals; two samples were normal plasma spiked with co-
culture-derived HIV-1. Others offering quality assessment for HIV genotyping have used
constructed samples (Neuwald et al., 2002; Schuurman et al., 1999, 2002). Their samples were
characterised so that the DRMs presented and the proportion of nucleotide mixtures were
known to the QA provider, and therefore the participants’ detection of DRMs and nucleotide
mixtures could be quantified. However, it has been argued that the use of constructed samples
does not adequately assess the HIV genotyping process because naturally occurring viral quasi-
species are not present in constructed samples (Huang et al., 2003; Sayer et al., 2003).
Furthermore, intra-laboratory differences have been demonstrated to occur at the RT-PCR level
of the process, and therefore DNA was considered an inappropriate starting template for
assessing an RT-PCR assay (Galli et al., 2003). For these reasons, the aim of TAQAS is to use
clinical plasma samples and low passage virus isolates as analytes in the program.

Comparison with a TG, generated for each sample using a rules based algorithm from the edited
protease and reverse transcriptase nucleotide sequences submitted by all participants, including
a reference laboratory, was considered to be an impartial method of assessing inter-laboratory
agreement (Sayer et al., 2003). All participants achieved a high level of agreement at the
nucleotide sequence level (>98%) when they tested their second and, in many cases, first
TAQAS panel. In an analogous QA program, 97.9% agreement at the nucleotide sequence
level was reported between nine laboratories testing four plasma samples (Sayer et al., 2003).
Therefore, TAQAS participants were considered to have achieved a level of inter-laboratory
agreement at the level of edited nucleotide sequences comparable with a group of laboratories
testing in well-resourced settings.

Consistent with the findings of other studies, only a minority of the nucleotide sequence
differences (<0.5%) were complete differences (Demeter et al., 1998; Sayer et al., 2003; Shafer
et al., 2001). Differences reported were either a single nucleotide at a position that was defined
as a nucleotide mixture in the TG, or a nucleotide mixture different from the mixture in the
TG. TAQAS participants used different sequencing methods, and therefore presumably
different sequencing primers, to produce their sequences. Furthermore, they were sequencing
samples that contained viral quasi-species. Therefore a low level of partial nucleotide sequence
differences between participants’ sequences should be expected, but it should be ensured that
the level remains low and does not affect the participants’ detection of DRMs. Importantly,
participants that reported a lower level of agreement with the TG in their first TAQAS increased
their level of agreement in subsequent panels.
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Most participants detected at least 80% of the DRMs in each of the three TAQAS panels, and
many participants matched the performance of the reference laboratory in detecting >90% of
the DRMs. Two participants that detected fewer DRMs also detected few nucleotide mixtures.
Substantial inter-laboratory variation in detection of DRMs has been reported in other QA
programs. Participants testing constructed samples in a world-wide proficiency testing program
were reported to have detected between 0% and 88% of DRMs (Schuurman et al., 1999,
2002). However, participants testing clinical samples, similar to those presented by TAQAS,
detected ≥82% of the DRMs (Sayer et al., 2003). Thereby, the detection of DRMs by TAQAS
participants in samples containing multiple DRMs and nucleotide mixtures was comparable
to other laboratories’ performances.

Increased sample complexity potentially explained the decreased detection of DRMs by many
of the participants in TAQAS 3 compared with previous TAQAS panels. Others have
demonstrated that complexity of sequence interpretation is increased by the presence of mixed
virus populations, and that sample complexity influences the detection of DRMs (Descamps
et al., 2006; Erali et al., 2001; Neuwald et al., 2002). Furthermore, laboratories may fail to
detect DRMs presented as viral mixtures when they made up only a portion of the viral
population (Schuurman et al., 1999).

A relationship was demonstrated between the detection of DRMs and nucleotide mixtures in
the participants’ edited nucleotide sequences. The same correlation has been found by another
HIV genotyping quality assessment program, supporting the contention that under-detection
of nucleotide mixtures could potentially lead to underreporting of DRMs (Erali et al., 2001;
Land et al., 2004; Sayer et al., 2003). Therefore, in TAQAS, of nucleotide mixtures was
considered an indicator of the quality of the HIV genotyping outcome. The participants’
detection of all nucleotide mixtures in the three TAQAS panels varied. Most participants
demonstrated an increased detection of nucleotide mixtures between the first and second
TAQAS panels, but in general this increase was not maintained in TAQAS 3. The complexity
of TAQAS 3, as previously discussed, may have influenced this outcome. In addition, several
participants consistently detected low levels of or no nucleotide mixtures in all the TAQAS
panels. No common aspects in the testing methods limited to the participants who under
detected nucleotide mixtures were identified however, participants supplied only limited
information about their respective HIV genotyping methods. Under-detection of DRMs by two
participants (ID: 2 and ID: 12) may be explained by their low detection of nucleotide mixtures.
However, suboptimal detection of nucleotide mixtures did not always correlate with low
detection of DRMs, which may indicate that some participants reported only the mutant
nucleotide base when a mixture was present (ID: 5 and ID: 10). Because of their clinical
significance, the importance of the detection of nucleotide mixtures has been a focus of
TAQAS. Identifying nucleotide mixtures, which relies in part on visual inspection of
electropherograms, has been the subject of training at past TAQAS workshops, and further
training in this aspect of the test process is planned.

Not surprisingly, concordance in the interpretation of ARV resistance was higher when all
participants used the same, as compared to various, interpretation system. Importantly, the
extent of parity between participants when they used various systems, and the extent when they
used the same system, were the same as those achieved in a national EQAS conducted in
Australia (Land et al., 2004). Studies have found differences between systems to interpret ARV
resistance profiles to combinations of DRMs (de Luca et al., 2003; Fox et al., 2007; Huang et
al., 2003; Ravela et al., 2003; Ross et al., 2005; Snoeck et al., 2006). The findings of TAQAS
support the previous evidence that different interpretations of ARV resistance will occur when
different systems are used, arguing for a single standard.
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The limitations of the TAQAS program reported here include the use of predominantly Subtype
B virus in a geographical region where non-B subtypes are the norm, a small number of
laboratory participants, limited information about the participants’ HIV genotyping methods,
and the lack of defined criteria to assess laboratory performance. It is a future objective of
TAQAS to address the deficiencies that have been identified in the initial stages of the program.

To date participation in TAQAS by 10 Asian laboratories has shown that these laboratories
produce quality output from HIV genotyping that is on par with the performance of a reference
laboratory, and with the performances of laboratories in well-resourced settings. Low levels
of inter-laboratory differences were demonstrated between edited nucleotide sequences,
detection of DRMs, and interpretation of ARV resistance to multiple drugs.

Over the course of testing up to three quality assessment panels, participants in TAQAS have
improved or maintained a high standard of quality in HIV genotyping outcome. The impact of
the variations that exist as a result of the differences in test methods could be minimised by
adopting standardized approaches in, for example, interpretation of edited nucleotide sequence
and editing raw sequence. These options will be explored as future TAQAS initiatives.
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Fig. 1.
Level of agreement between the participants’ entire edited nucleotide sequences and the target
genotype (TG) in up to three TAQAS. Most participants reported >98% agreement with the
TG (grey bars) (10 of 10 participants that tested TAQAS 1,9 of 12 participants that tested
TAQAS 2, and 10 of 12 participants that tested TAQAS 3). Most of the differences reported
from the TG were partial differences (black bars). Less than 0.5% of the differences reported
from the TG were complete differences (hatched bars) for the majority of participants (all
participants that tested TAQAS 1 and 3, and 8 of 12 participants that tested TAQAS 2).
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Fig. 2.
The participants’ detection of drug resistance mutations (DRMs) at nucleotide sequences
positions associated with ARV drug resistance in the target genotype (TG). Most participants
reported >80% of the DRMs present in the TG as mutations (grey bars) or nucleotide mixtures
of wildtype and mutation (black bars). Participants’ sequences varied in the percent of DRMs
reported as nucleotide mixtures (black bars). Some participants reported wildtype at >20% of
the nucleotide sequences positions associated with ARV drug resistance in the TG (hatched
bars).
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Fig. 3.
The participants’ detection of nucleotide mixtures over the entire sequence in three TAQAS.
Most (8 of 10) participants increased their detection of nucleotide mixtures in TAQAS 2
compared with TAQAS 1. Ten participants detected proportionally less nucleotide mixtures
in TAQAS 3 compared with their detection of nucleotide mixtures in TAQAS 2. Three
participants (ID: 2, 5 and 12) consistently detected low levels of or no nucleotide mixtures in
all the TAQAS tested.
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Table 1

Methods used as described by participants, and mean length of nucleotide sequence returned by participants
testing TAQAS panels.

Participant ID
Sequencing method or
commercial assay Editing Software

ARV resistance
interpretation system

Edited
nucleotide

sequence length
(mean)

1a BigDye Terminator, ABI Sequencher 4.8, Gene Codes
Corporation

Stanford 1016

2 BigDye Terminator, ABI Sequence Navigator, ABI Stanford 949

3 TruGene, Bayer HealthCare TruGene version 11 TruGene version 12 909

4 BigDye Terminator version 1.1,
ABI

Staden Package version 1.6.0 Stanford 1012

5 BigDye Terminator, ABI BioEdit version 7.052 Stanford 1004

6 BigDye Terminator version 3.1,
ABI

GENETYX version 8 IAS-USA and Standford 879

7 BigDye Terminator version 3.1,
ABI

SeqScape version 2.5, ABI Stanford 956

8 3730 XL system, ABI CEQ TM 8000 Genetic Analysis
system

Stanford 1014

9 ViroSeq HIV-1 Genotyping kit,
Abbott Molecular

Sequencher 4.5, Gene Codes
Corporation

Stanford 1017

10 BigDye Terminator version 3.1,
ABI

SeqScape version 2.5, ABI French ANRS 1012

11 ViroSeq HIV-1 Genotyping kit
version 2.0, Abbott Molecular

ViroSeq software version 2.6 Stanford 962

12 PRISM® 3100-Avant Genetic
Analyzer, ABI

BioEdit Version 7.0.9, Chromas
Lite version 2.01

Stanford 1017

Manufacturer details: Abbott Molecular Diagnostics, Abbott Park, IL, USA; Applied Biosystems (ABI), Foster City, CA, USA; Bayer HealthCare,
Tarrytown, NY, USA; Beckman Coulter Inc., Fullerton, CA, USA; BioEdit, www.mbio.ncsu.edu/BioEdit/bioedit.html; bioMérieux, France; Celera
Diagnostics, Rockville, MD, USA; Chromas Lite, Technelysium, Queensland, Australia, www.technelysium.com.au; Gene Codes Corporation, Ann
Arbor, MI, USA; GENETYX CORPORATION, Japan; Hastings Software Inc., NY, USA; Invitrogen, Carlsbad, CA, USA; QIAGEN Science MD,
USA; TAKARA BIO Inc., Shiga, Japan.

a
Reference Laboratory.
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