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The US Food and Drug Administration-cleared Viro-
Seq HIV-1 Genotyping System (ViroSeq) and other
population sequencing-based human immunodefi-
ciency virus type 1 (HIV-1) genotyping methods de-
tect antiretroviral drug resistance mutations present
in the major viral population of a test sample. These
assays also detect some mutations in viral variants
that are present as mixtures. We compared detection
of the K103N nevirapine resistance mutation using
ViroSeq and a sensitive, quantitative point mutation
assay, LigAmp. The LigAmp assay measured the per-
centage of K103N-containing variants in the viral pop-
ulation (percentage of K103N). We analyzed 305 sam-
ples with HIV-1 subtypes A, C, and D collected from
African women after nevirapine administration. Viro-
Seq detected K103N in 100% of samples with >20%
K103N, 77.8% of samples with 10 to 20% K103N,
71.4% of samples with 5 to 10% K103N, and 16.9% of
samples with 1 to 5% K103N. The sensitivity of Viro-
Seq for detection of K103N was similar for subtypes A,
C, and D. These data indicate that the ViroSeq system
reliably detects the K103N mutation at levels above
20% and frequently detects the mutation at lower
levels. Further studies are needed to compare the
sensitivity of different assays for detection of HIV-1
drug resistance mutations and to determine the clin-
ical relevance of HIV-1 minority variants. (J Mol Diagn
2006, 8:430–432; DOI: 10.2353/jmoldx.2006.050148)

The US Food and Drug Administration-cleared ViroSeq
HIV-1 Genotyping System (ViroSeq) and other population
sequencing-based genotyping methods detect muta-
tions present in the major viral population in a test sam-
ple. These assays also detect some mutations that are
present at lower levels. Using recombinant viral stocks,
we previously demonstrated that ViroSeq reliably detects
drug resistance mutations present in 40% of the viral
population in samples with viral loads from 2000 to 5000
copies/ml1, lower level mixtures were not evaluated in
that study. In another study, ViroSeq detected the K103N
mutation in a recombinant human immunodeficiency vi-
rus type 1 (HIV-1) strain at a level of 10%.2

HIV-1 variants with the K103N mutation are often se-
lected in women who receive a single dose of the anti-
retroviral drug nevirapine for prevention of HIV-1 mother-
to-child transmission.3,4 We evaluated the sensitivity of
ViroSeq for detection of K103N in 305 clinical plasma
samples collected from African women 6 to 8 weeks after
single dose nevirapine administration. Samples were col-
lected from women in the HIV Network for Prevention Trial
(HIVNET) 012 trial5,6 (Ugandan women, 146 subtype A
samples and 95 subtype D samples) and the Nevirapine-
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zidovudine trial7 (Malawian women, 64 subtype C sam-
ples) and were analyzed with ViroSeq in previous stud-
ies.3,8 In this study, the level of K103N in test samples
was quantified using a sensitive point mutation assay,
LigAmp. The LigAmp assay involves mutation-specific
ligation of two adjacent oligonucleotides hybridized to a
DNA template. Ligated oligonucleotides are quantified in
a second step using a real-time polymerase chain reac-
tion (PCR)-based detection method.9,10

Materials and Methods

Human experimentation guidelines of the US Department
of Health and Human Services and those of the authors’
institutions were followed in the conduct of this research.

HIV Genotyping with the ViroSeq System

HIV-1 genotyping was performed with the ViroSeq HIV-1
Genotyping System (Celera Diagnostics, Alameda, CA)
according to the manufacturer’s instructions. Genotypes
were analyzed only if bi-directional sequence data were
obtained at all positions of nevirapine resistance muta-
tions, including K103N.

Analysis of K103N with the LigAmp Assay

The LigAmp assay was performed using 50 pg of PCR
products from the ViroSeq system. DNA concentrations
were determined using a NanoDrop spectrophotometer
(ND-1000; NanoDrop Technologies, Wilmington, DE).
PCR products were incubated with 1 pmol of upstream
oligonucleotide and 0.5 pmol of downstream oligonucle-
otide (gel-purified; Invitrogen Corp., Carlsbad, CA), with
2 U of Pfu DNA ligase in 1� Pfu Ligase Buffer (Strat-
agene, La Jolla, CA) in a 12.5-�l reaction volume. Liga-
tion oligonucleotides used for detection of K103N
(AAA3AAC) in subtypes A, C, and D include M13 tails
(underlined). Upstream oligonucleotides also include a
LacZ probe-binding site (italics) and an intentional mis-
match at the third position from the 3� end (G, bold). The
upstream oligonucleotides were as follows: subtype A:
5�-ACTGTAAAACGACGGCCAGTGTTCCCCTCAAACTG-
GCAGATGCACGAGGAATACCACATCCAGCAGGTCTA-
AAAAAGGAC-3�; subtype C: 5�-ACTGTAAAACGACGG-
CCAGTGTTCCCCTCAAACTGGCAGATGCACGAGGAAT-
ACCACACCCAGCAGGGTTAAAAAAGGAC-3�; subtype
D: 5�-ACTGTAAAACGACGGCCAGTGTTCCCCTCAAAC-
TGGCAGATGCACGAGGAATACCACATCCTGCAGGGC-
TAAAAAAGGAC-3�. The downstream oligonucleotides
were as follows: subtype A: 5�-AAATCAGTAACAGTAC-
TAGATGTGGGGGTGGTCATAGCTGTTTCCTGCA-3�;
subtype C: 5�-AAATCAGTGACAGTACTGGATGTGGGG-
GTGGTCATAGCTGTTTCCTGCA-3�; subtype D: 5�-AAA-
TCAGTAACAGTACTGGATGTGGGTGTGGTCATAGCT-
GTTTCCTGCA-3�. Samples were denatured at 95°C for 1
minute, followed by 99 cycles alternating 95°C for 30
seconds with 50°C for 4 minutes. Ligated oligonucleo-
tides were detected using the 7500 Real-Time PCR
System (Applied Biosystems, Foster City, CA). Each

25-�l reaction contained 5 pmol of M13 forward primer
(5�-CTGTAAAACGACGGCCAGTG-3�), 5 pmol of M13 re-
verse primer (5�-TGCAGGAAACAGCTATGACCA-3�), 5
�l of the unpurified ligation reaction, 12.5 �l of TaqMan
Universal PCR Master Mix (Applied Biosystems), and 5
pmol of the LacZ probe (FAM-5�-TCCCCTCAAACTGGC-
AGATGCACG-3�-BHQ-1, FAM � 6-carboxyfluoresceine,
BHQ � black hole quencher; Integrated DNA Tech-
nology, Coralville, IA). Reactions were incubated at 50°C
for 2 minutes and 95°C for 10 minutes, followed by 50
cycles of 95°C for 10 seconds alternating with 64°C for 1
minute. The cycle threshold was set in the middle of the
linear range of the amplification curve for each
experiment (log scale). Paired plasmids with and with-
out the K103N mutation were used as reference reag-
ents for each subtype. The pol region of each plasmid
was amplified, and mixtures were prepared at mutant
DNA concentrations of 100, 10, 1, 0.1, 0.01, and 0%.
The standard curve was analyzed in each experiment,
and the percentage of K103N-containing variants was
plotted against the cycle threshold value. The standard
curve was used to determine the percentage of K103N-
containing variants in each sample, as described.10

Statistical Methods

The (p) sensitivity of the ViroSeq assay for detection of
different levels (X) of K103N was modeled using the
logistic function p � exp(a � bX)/[1 � exp(a � bX)],
where a and b were estimated from the data using Proc
Logist (SAS version 9.1; SAS, Cary, NC).

Results

The set of 305 plasma samples was analyzed with the
LigAmp assay to quantify the percentage of K103N-con-
taining variants in each sample. Those results were com-
pared with results obtained with the ViroSeq system in
previous studies.3,4 ViroSeq detected K103N in 79
(25.9%) of the 305 samples and LigAmp detected K103N
at �1% in 140 (45.9%) of the 305 samples. ViroSeq
detected K103N in 33 (100%) of 33 samples with
�20% K103N, in 21 (77.8%) of 27 samples with 10 to
20% K103N, in 15 (71.4%) of 21 samples with 5 to 10%
K103N, and in 10 (16.9%) of 59 samples with 1 to 5%
K103N. Similar results were obtained for samples with
subtypes A, C, and D (Figure 1). Using a logistic regres-
sion function for detection, when K103N was present at or
above X �17.3%, there was at least a 95% chance of
detecting the mutation with the ViroSeq assay.

Discussion

Previous studies have documented high sensitivity and
specificity of the ViroSeq system for detection of HIV-1
drug resistance mutations,1 and excellent performance
of ViroSeq for analysis of diverse HIV-1 strains.10 This
report demonstrates that ViroSeq consistently detects the
K103N mutation in plasma samples with subtypes A, C,
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and D at levels over 20% of the viral population, and often
detects the K103N mutation at lower levels. Detection of
K103N at levels between 1 and 20% in 107 (35.1%) of the
305 samples was unlikely to represent false positives in
the LigAmp assay, because K103N was detected in only
1 (0.4%) of 238 available samples from these women
collected before nevirapine administration (data not
shown). Peaks suggesting the presence of the K103N
mutation were visible in ViroSeq electropherograms for all
of the samples with 5 to 20% K103N and many of the
samples with 1 to 5% K103N. Identification of K103N as
present or absent during sequence editing was per-
formed using guidelines provided with the ViroSeq sys-
tem, recognizing that mutation identification at low levels
may be influenced by a variety of factors.11

Sensitive point mutation assays, such as LigAmp, have
been used recently to detect and quantify HIV-1 minority
variants.9,12 However, the clinical significance of HIV-1
minority variants (eg, those below the level of detection of
current US Food and Drug Adminstration-cleared HIV
genotyping assays) is not known. Further studies are
needed to determine the sensitivities of different assays
for detection of HIV-1 drug resistance mutations, and to
determine the clinical relevance of HIV-1 minority
variants.
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Figure 1. Detection of the K103N mutation by the ViroSeq system in samples
with different levels of K103N-containing HIV-1 variants. Samples with sub-
type A, C, and D were analyzed with the LigAmp assay to determine the
percentage of HIV-1 variants in the viral population that had the K103N
mutation. Samples with �1% K103N detected in the LigAmp assay were
divided into categories for each subtype with �20% K103N, �10% but �20%
K103N, �5% but �10% K103N, and �1% but �5% K103N. The graph
indicates the percentage of samples in each category that had K103N de-
tected using the ViroSeq system. The number of samples tested in each
sample subset is indicated below each bar.
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