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A multiplex allele-specific (MAS) assay has been developed for the detection of HIV-1 subtype C drug resistance mutations
(DRMs). We have optimized the MAS assay to determine subtype B DRMs in dried blood spots (DBS) collected from patients on
antiretroviral therapy. The new assay accurately detected DRMs, including low-abundance mutations that were often missed by
Sanger sequencing.

There were approximately 36.9 million people worldwide living
with HIV at the end of 2014 (1). Despite significant advances

in antiretroviral therapy (ART), the acquisition and transmission
of HIV drug resistance (HIVDR) pose challenges to the continu-
ous success of ART programs (2). The World Health Organization
recommends that HIV treatment scale-up should always be ac-
companied by a robust assessment of drug resistance emer-
gence and transmission (3).

Applying suspension array technology (4), we developed a
multiplex allele-specific (MAS) assay that simultaneously detects
major HIV drug resistance mutations (DRMs) at 20 loci in sub-
type C viruses (5). Because of significant genetic variation between
different HIV-1 subtypes, not all allele-specific primer extension
(ASPE) primers designed on the basis of subtype C sequences will
work for other subtypes (5, 6). Since subtype B is dominant in
many countries in the Americas, Europe, Asia, and Africa (7), we
modified the original subtype C MAS assay to detect DRMs in
subtype B viruses and evaluated the performance of the MAS assay
with dried blood spots (DBS) collected from patients on ART in
this study.

(These data were presented in part at the International Work-
shop on HIV & Hepatitis Virus Drug Resistance and Curative, 5 to
9 June 2012, Sitges, Spain.)

We modified the 45 subtype C ASPE primers targeting the
DRMs at 20 loci that are associated with resistance to commonly
used antiretrovirals. These include major nucleoside reverse
transcriptase inhibitor (NRTI) DRMs at eight loci (M41L, K65R,
K70R, L74V, Y115F, Q151M, M184V, and K219Q/E), major non-
NRTI DRMs at seven loci (L100I, K101P/E, K103N/R, V106A/M,
Y181C, Y188L, and G190A), and major protease inhibitor DRMs
at five loci (V32I, I47A/V, L76V, I84V, and L90M). The lengths of
the modified primers were between 24 and 39 nucleotides, and the
melting temperatures (Tms) were around 60°C. For a summary of
all 45 modified ASPE primer sequences, see Table S1 in the sup-
plemental material.

After the assay was optimized for the detection of all of the
DRMs with plasmids for several factors affecting specificity and
signal output, such as Mg2� concentration, cycling parameters,
annealing temperature, and ASPE primer concentrations (5), DBS
samples collected from 69 subtype B-infected patients undergoing
ART were used to evaluate the modified MAS assay (8). This study

was approved by the ethics committee at the National Autono-
mous University of Honduras. The Center for Global Health at
CDC approved the study protocol as a research activity involving
unlinked or anonymous data or specimens collected for another
purpose. Total nucleic acid extracted from these DBS samples was
subjected to reverse transcription and nested PCR amplification
with a validated HIVDR genotyping assay (9, 10). The nested PCR
products were then analyzed by the MAS assay, and the results
were compared to Sanger sequencing results (9). To verify the
additional low-abundance alleles detected by the MAS assay, se-
lected DBS samples with low-abundance alleles were analyzed by
next-generation sequencing with Roche 454 GS-FLX Titanium
sequencing kit XLR70 (Roche Applied Science, Indianapolis, IN,
USA) (5).

The agreement between the two assays for the detection of
resistance at the patient and DRM levels was assessed by kappa
analysis. Statistical calculations were performed with SPSS 21.0
(IBM SPSS Inc., Armonk, NY).

Of the 1,380 loci analyzed in the 69 DBS samples (20 loci per
specimen), 1,340 (97.10%; 95% confidence interval [CI], 96.08 to
97.86%) were successfully genotyped; the remaining 40 loci
(2.90%) could not be determined because of negative reactions for
both wild-type (WT) and mutant (Mut) alleles. Of the 1,340 ge-
notypes detected by both the MAS assay and Sanger sequencing,
the results obtained by the two methods with 1,330 (99.25%; 95%
CI, 98.63 to 99.59%) were identical and those obtained with 10
were discordant. Of the 10 discordant genotypes, 8 alleles were
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considered mixtures of WT and Mut genotypes by the MAS assay
while they were classified as nonmixtures (5 WT and 3 Mut geno-
types) by Sanger sequencing (see Table S2 in the supplemental
material). One allele identified as a mixture by Sanger sequencing
was identified as a WT allele by the MAS assay, and another one
determined as a WT allele by Sanger sequencing was classified as a
Mut allele by the MAS assay (see Table S2). Five specimens with
low-abundance alleles were amplified and subjected to next-gen-
eration sequencing. All low-abundance alleles (K103KN in speci-
men HN103, K65KR in HN15, Y115YF in HN32, K101KE in
HN101, and V106 in HN106) detected by MAS were verified by
ultradeep sequencing. The results showed that the proportions of
low-abundance Mut alleles missed by Sanger sequencing were
1.39 to 22.11%.

Both the MAS assay and Sanger sequencing detected DRMs in
37 specimens and no DRMs in 32 specimens. Thus, there was
perfect agreement between the two methods in DR prediction at
the patient level (kappa � 1.00; P � 0.001). The MAS assay de-
tected 91 DRMs, while Sanger sequencing detected 86 DRMs, at
the 20 DR loci. Thus, the two methods also showed excellent
agreement in DRM detection at the individual-mutation level
(kappa � 0.96; P � 0.02) (Table 1).

In this study, we demonstrated that the ASPE primers designed
for subtype C MAS assay could be modified and optimized to
detect DRMs in HIV-1 subtype B viruses, and the results were
comparable to those of a validated Sanger sequencing assay (9).
Low-abundance mutations in patient specimens were detected by
the MAS assay but missed by Sanger sequencing. The major ad-
vantages of the MAS assay are straightforward result interpreta-
tion and high throughput (5). Unlike common sequencing meth-
ods, allele-specific assays directly detect each targeted mutation.
Thus, the results are easy to interpret without the need for sophis-
ticated analysis, for which the expertise is not always available in
resource-limited settings.

Because of high levels of variation among HIV-1 sequences,
even multiple degenerate bases are incorporated into ASPE
primers to accommodate polymorphisms adjacent to the tar-
geted alleles, but there are still low or no signals at a few DR loci
in a small number of specimens because of mismatches be-
tween ASPE primers and viral sequences. Therefore, the MAS
assay is not recommended for use alone for individual patient
management. Nevertheless, the MAS assay was able to identify
a great majority of the DRMs detected by Sanger sequencing

and predicted the same number of DRMs at the patient level.
This indicates that the accuracy of the MAS assay allows rapid
estimation of DRM prevalence at the population level and rep-
resents a new tool for large-scale surveillance and routine mon-
itoring of HIVDR.
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