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The ViroSeq HIV-1 genotyping system is used in many African countries for drug resistance testing. In this
study, we used a panel of diverse HIV-1 group M isolates circulating in Cameroon to show that the performance
of this assay can be altered by the sequence variation of non-B HIV-1 strains that predominate in African

settings.

Human immunodeficiency virus (HIV) resistance testing is
an important monitoring tool for the management of antiret-
roviral-treated patients and is largely used in industrialized
countries to select the appropriate regimen when initiating or
switching antiretroviral treatments (ART) (5). In developing
countries, because of financial issues, the prohibitive cost of
the assay, the lack of adequately trained personnel, and labo-
ratory infrastructures, access to resistance testing is still greatly
limited and is not even recommended by the World Health
Organization (WHO) for the routine management of patients
(14). However, with the ongoing scale-up of ART in these
countries since 2000, the demand for drug resistance testing is
increasing. A limited number of tests are performed for rou-
tine patient management, and the majority of tests are per-
formed for research purposes and resistance surveillance stud-
ies recommended by the WHO (1).

Drug resistance testing can be performed using either phe-
notypic or genotypic assays. Generally, sequence-based geno-
typing assays, also known as population-based genotyping as-
says, is preferred to phenotypic assays for the routine
management of patients because of their reduced cost and
required infrastructures and because they are less time-con-
suming. Sequence-based HIV-1 genotyping assays detect resis-
tance mutations in the protease (PR), reverse transcriptase
(RT), and integrase (I) genes by comparing the gene sequences
of the investigated virus with those of a wild-type reference
HIV-1 subtype B strain. Currently, two Food and Drug Ad-
ministration (FDA)-approved genotyping methods are com-
mercially available, the ViroSeq HIV-1 genotyping system, ver-
sion 2.0 (Celera Diagnostics, Alameda, CA) (4), and the
Trugene HIV-1 genotyping kit for drug resistance (Siemens
Healthcare Diagnostics, Deerfield, IL) (6).

Like most of the biological tools used to manage HIV in-
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fection, e.g., diagnostic tests, viral load assays, etc., sequence-
based genotyping assays are subjected to subtype-specific con-
straints, especially when dealing with HIV-1 non-B viruses,
which predominate in sub-Saharan Africa (2, 11). The ViroSeq
HIV-1 genotyping system is FDA approved for analysis of
subtype B HIV-1 only, but it is widely commercialized and used
in sub-Saharan Africa, where non-B HIV-1 variants are largely
found. However, only a few studies have evaluated the perfor-
mance of the ViroSeq system in the context of non-B HIV-1
variants, and these studies reported limitations of ViroSeq in
correctly amplifying and sequencing some non-B variants, such
as subtype C, which predominates worldwide and in South
African areas (4, 9, 13). Here we report on the performance of
the ViroSeq genotyping system in Cameroon, a country with a
very high genetic diversity of HIV-1, where all known groups of
HIV-1 (M, N, O, and P) and group M subtypes, as well as
numerous recombinant forms, cocirculate.

As part of ongoing clinical trials conducted in Cameroon, we
tested 145 samples for antiretroviral drug resistance using the
ViroSeq HIV-1 genotyping system, version 2.0. Samples were
from patients receiving ART in different clinics in the area of
Yaoundé, the capital city; genotyping was recommended for
those with viral loads above 1,000 RNA copies/ml, and all
patients eligible for a drug resistance genotyping were included
in chronological order in the current substudy. In addition, a
subset of samples from patients at baseline was also tested. The
trials were all approved by the Cameroonian Ethics Commit-
tee, and resistance testing was included in these studies. The
resistance tests were conducted locally, at the CREMER/
IMPM/IRD Virology Laboratory, which is also the National
WHO Reference Laboratory for HIV drug resistance surveil-
lance. The ViroSeq assay was performed as recommended by
the manufacturer’s instructions with 0.5 ml plasma. All samples
except three had a viral load of >4 log, copies/ml. The other
three samples had a viral load between 1,000 and 2,000 cop-
ies/ml but were also tested, since our routine experience
showed that the ViroSeq assay generally amplified such sam-
ples correctly. The ViroSeq kit contains all the necessary re-
agents for RNA extraction, reverse transcription, PCR ampli-
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FIG. 1. Schematic representation of the amplification and sequenc-
ing strategies of the ViroSeq HIV-1 genotyping system. Forward and
reverse primers are respectively represented by F-PCR and R-PCR.
The positions and orientations of the sequencing primers (A, B, C, D,
F, G, and H) are shown with respect to the protease and the reverse
transcriptase regions.

fication, PCR product purification, and sequencing reactions.
A final PCR product of 1.8 kb is expected, and seven sequenc-
ing primers (A, B, C, D, F, G, and H) are provided to sequence
both DNA strands (Fig. 1), primer D being provided as a
substitute for A in case the latter fails (4). In cases where the
ViroSeq assay did not provide adequate amplification or se-
quencing result, a genotyping assay developed in-house was
performed (12). This “homemade” system used outer primers
G25REV  (5'-GCAAGAGTTTTGGCTGAAGCAATGAG-
3")and IN3 (5'-TCTATBCCATCTAAAAATAGTACTTTCC
TGATTCC-3"), inner primers AV150 (5'-GTGGAAAGGAA
GGACACCAAATGAAAG-3") and polM4 (5'-CTATTAGC
TGCCCCATCTACATA-3'), and five additional primers for
sequencing: polMO (5’-TCCCTCAGATCACTCTTTGGCA-3"),
polM1 (5'-GTTAAACAATGGCCATTGACAGA-3'), polM4
(5'-CTATTAGCTGCCCCATCTACATA-3"), poIM8 (5'-CT
GTATATCATTGACAGTCCAG-3'), and polM9 (5'-ATTG
AACTTCCCAGAAGTCTTGAGTT-3"). The sequences ob-
tained were assembled and analyzed using the ViroSeq HIV-1
genotyping system software, version 2.8 (Celera Diagnostics,
Alameda, CA), and/or SeqMan II software (DNASTAR, Mad-
ison, WI).

Subtypes or circulating recombinant forms (CRFs) were de-
termined by constructing phylogenetic trees and performing
recombination analyses using ClustalX 2.0 (10) and Simplot
3.5.1 (8), respectively. To determine whether the genetic di-
versity of HIV-1 strains circulating in Cameroon can play a
role in the performance of the ViroSeq assay, we estimated the
performance of each of the assay’s sequencing primers accord-
ing to viral subtypes in our sample panel. In addition, we
estimated the binding position of these primers within the
gag-pol region based on the position where the sequence gen-
erated by the primer started. We did that because ViroSeq
primers are not publicly accessible for such analyses. We there-
fore studied the variability of sequences in these areas where
the primers are expected to bind, using the online tool Seq-
Publish from Los Alamos (http://www.hiv.lanl.gov) and HIV-1
subtype B HXB2 (accession no. K03455) as the reference se-
quence in the alignment. Also, we included in the alignment a
set of HIV-1 subtypes B sequences from GenBank (http://www
.hiv.lanl.gov) and the sequences from our sample panel.

Of the 145 samples tested, 144 were successfully amplified
using the ViroSeq assay, resulting in a good amplification rate
of 99.3%. The sample that failed to be amplified had a viral
load of 4.27 log,, copies/ml and was successfully amplified by
the in-house assay. Subsequent analyses showed that this sam-
ple was a subtype D HIV-1 strain. Thus, all samples but one
were correctly PCR amplified and taken to the sequencing
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phase. Phylogenetic analyses of the viral pol region showed
that all the amplified samples were HIV-1 group M viruses,
and although the recombinant form CRF02_AG (n = 89)
predominated (61.8%), numerous other subtypes and CRFs
were also found: A/A1 (n =3),D(n =5),F2(n =7),G (n =
5), CRF01_AE (n = 1), CRF09_cpx (n = 2), CRF11_cpx (n =
6), CRF22 _01A1 (n = 3), CRF25 _cpx (n = 1), CRF36_cpx
(n = 1), CRF37_cpx (n = 2), complex recombinant (n = 12),
and unclassified (n = 7).

Using this panel of HIV-1 subtypes and CRFs, representing
the genetic diversity of HIV-1 group M viruses circulating in
Cameroon, we investigated the performance of the sequencing
primers of the ViroSeq system. We categorized the results of
sequencing as heterogeneous signal, negative, and positive.
The heterogeneous signal referred to primers that generated
sequences with two or more overlapping chromatograms, par-
tially or on the full sequence length, with no chance of distin-
guishing any existing mutation. As they could not be used,
heterogeneous signals were considered primer failure. The
primers that completely failed were designated negative, and
primers were considered positive when the sequencing was
successful. As shown in Table 1, the primer with the highest
failure rate was primer D, which showed a failure rate between
0% and 100% depending on HIV-1 subtype. This primer
showed a 100% failure for subtypes A/Al (n = 3), F2 (n = 7),
CRF09 _cpx (n = 2), and CRF37_cpx (n = 2) and for the only
CRFO01_AE sequence. In addition, this primer failed with up to
42% of the predominant variant CRF02_AG samples. Overall,
the failure rate of primer D was 52.6%, meaning that it failed
to sequence more than half of the samples tested. Primer H
had the second highest failure rate. This primer showed a
100% failure rate with CRF25_cpx (n = 1) and CRF37_cpx
(n = 2) samples and a failure rate of up to 31.5% with the
predominant variant in Cameroon, CRF02_AG. The overall
failure rate of primer H was 24.3%. The last two primers with
the highest failure rates were primers A and F, which showed
overall failure rates of 12.5% and 11.8%, respectively. Sub-
types and CRFs with which these primers failed more fre-
quently were F2, CRF02_AG, CRF11_cpx, CRF22_01A1, and
unclassified isolates for primer A and A/Al, F2, CRF11_cpx,
CRF25_cpx, and unclassified isolates for primer F (Table 1).
We observed very low failure rates for primer B (0.7%), primer
C (1.4%), and primer G (0.7%).

To elucidate whether sequence variation can influence the
performance of the ViroSeq assay, we compared the sequences
of subtypes B viruses, since the assay is optimized for this
subtype, with the sequences that we generated. We did the
analyses for the three primers which showed the highest failure
rates: A, D, and H. We excluded subtypes for which we had
fewer than three sequences and complex recombinant strains,
since they were not clearly related to one particular subtype.
Sequences that did not cover the investigated region ade-
quately were also excluded, and finally, we arbitrarily removed
some sequences in subtypes where more than 50 sequences
were available, in order to display usable figures. These anal-
yses provided interesting results: (i) in the areas where primers
A, D, and H were developed and expected to bind, the poly-
morphism of HIV-1 non-B subtypes was higher than that ob-
served in the B strains (Fig. 2, 3, and 4); (ii) within each non-B
subtype represented (CRF02_AG, D, F2, and CRF11_cpx), no
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Primer A suspected position

2184 2237
Ref.B.FR.B3.HXB2Z TGGGGT.... ........AG AGACAACAAC TCCCCCTCAG AAGCAGGAGC CGATAGACAAR GGAACT

B.AU.04.PS1038_Dayl74 P A - - .
B.B0.99.BOL0122 C-=-TT-———
B.BR.05.BREPM1081 f— .
B.CA.97.CANB3FULL B S e S
B.CN.05.05CNHB_hp3 P -
B.CO0.01.PCM0O01 - T " —
B.CU.99.Cul9
B.CY.06.CY165
B.DE.86
B.DK.04.PMVL_012 B
B.D0.05.05D0_160884
B.EC.89.EC003
B.ES.07.X2231
B.FR.92.92FR_BX08
B.GA.88B
B.GB.86.GBB_46R NN — N Y—
B.GE.03.03GEMZ004 JE Y S,
B.HT.05.05HT_129389
B.IN.x.11807
B.JM.05.05JM_KJ108 i
SK4029-PI 7
SK4037-PI
SK4062-PI CT--T---T- A-
SK1018-PI CI--T-——CR C-——————- - ——-GG
8K2016-PI [, JS— T — AT
8K2039-PI CT--T—-—--T— A
SK8013-PI CT—-T---T- A
SK1030-PI CT--T---C— .
SK2018-PI --GP---CT- CT--T-C-C- A
SK2025-PI -==T...-C- CT--T--=== —-A--A--A-
SK2045-PI G--—--A... CT--T---C- A--A-
8K2050-PI G----A.... CT--Y---T- -=A-
SK4002-PI [+ NN - AY
SK8012-PI AT--T-C-C- -G- -
SK8026-PI CT--G---CA
SK1006-PI CT--T---T-
SK2015-PI EEEEEEE C-==T=--C-
SK4011-PI sesssseGA el ———
SK8001-PI CT==T==-C~
SK1023-PI P
SK4026-PI CT--T---C— A
SK4047-PI L S " S ———
SK4074-PI G-A--A.... CT--T---T- A
8K1024-PI G----A... CT--T---T- ——==—=—=-A- CRF02—AG
SK4035-PI CT--T---T- A-
SK7015-PI [ NI N —
SK6042-PI CT--T A
SK6013-PI [ NN " S —
SK6017-PI C=alecills smammsealks
SK3026-PI CT--T---C- B
SK9004-PI CT--T-
SK8036-PI CT--T-C-—- A- --GGG
SK1013-PI [ N S, R — AY -C-AG--==m -= G--m
SK4089-PI C-—-T---C- A GG-——C— —--G
SK5025-PI CT C- A Blremen aweses
SK3038-PI cT- A GG-_ACT AT-C-C
SK4082-PI Cr==T===CA Co===men) AG —==AB-——== == G---
8K5017-PI CT--T---T- A- ——-GGG--—-G —-G-—-m
SK6014-PI C——=T=—-C— A GG — G
8K6027-PI G----A.... CT--T-C-C-
SK8003-PI G--—--RA.... CT--T---C-
SK9006-PI . CT--T---T-
8K3029-PI . CT--Y---CA
SK4040-PI . CT--T---CA
SK4081-PI . CT--T---C-
SK5002-PI . CT--T---C-
SK3023-PI . CT-T-—--C-
SK7001-PI . [ - —
SK7019-PI . C-—-T---TA _
SK1002-PI . C—=-Tememm 7
SK3012-PI " CT—-Teeeem
SK4064-PI -———-; I i D
SK9016-M18 --—-- ssse sssvssssB- [ I SES—
8K9022-PI -———-, seee seswsauolie C-—-T. |
| skgo10-P1 R Ce==T=C=C= 7
SK1009-PI [ - TT-C-C-
SK1017-PI « sessssnal- -T-C-C- F2
SK3035-PI . e - -T-C-C- -
SK6035-PI i saee .- SR T S T —— A--A---G--
8K9032-PI C----GGGAG ATTCCCTCG- ====T=C-C- -G-=—————- A--RA-==—=m -
SK1033-PI R - C---TTC-C- = ==<AB--A-- 7
SK3036-PI R —=eeG-C-=- - -R-AGA-GG- ---G-- G
SK4073-PI csssssnaG- C--TG-C-C- s+ +===G-C-CC T-CT-C
SK9030-PI cees «=- -AGT-G--G- C--TG-C-C- A-G-..
8K3052-PI cens «B- ===T..,.=== CT--T-C-C- -~ -———G-- ]
8K6009-PI C--A-A...: sesssssel- ===T...=== CT--T-C-C- ——- wenlen CRF11_cpx
8K9051-PI C----A.... 222222246~ ==-T...-G- ----T-C-C- --A------- -=-AG--G-- A--GAR

FIG. 2. Comparative alignment of HIV-1 subtype B and non-B strains in the gag-pol region where primer A is expected to bind. Based on the
reference subtype B sequence HXB2, the region spans nucleotides 2184 to 2237. Subtypes are shown on the right, and sequences that failed within
each subtype are boxed.
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Primer D suspected position

2259 2308
Ref.B.FR.B83.HXB2 GTCACTCTTT GGCAACGACC CCTCGTCACA ATAAAGATAG GGGGGCAACT
B.AU.04.PS1038_Dayl74 R------——- - e -
B.B0.99.BOL0122 A--—---mnm ———mm A A AG
B.BR.05.BREPM1081 A AT-B----T- ----GAG-—-=- ———————===
B.CA.97.CANB3FULL A--——-————
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FIG. 3. Comparative alignment of HIV-1 subtype B and non-B strains in the gag-pol region where primer D is expected to bind. Based on the
reference subtype B sequence HXB2, the region spans nucleotides 2259 to 2308. Subtypes are shown on the right, and sequences that failed within
each subtype are boxed.
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FIG. 4. Comparative alignment of HIV-1 subtype B and non-B strains in the pol region
reference subtype B sequence HXB2, the region spans nucleotides 3462 to 3511. Subtypes are shown on the right, and sequences that failed within
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variants, showed the impact of non-B HIV-1 genetic diver-
gence on the performance of this assay. Because of the high
failure rate of some primers, repeated tests are more frequent,
and that affects the overall assay cost and delay of result de-
livery. In addition, having a validated “in-house” method or
alternative primers designed on the basis of the local HIV
genetic diversity as backup solutions is nearly mandatory to
overcome sequencing failures by the ViroSeq assay. This re-
port stresses the need for biological assays that perform ro-
bustly on non-B HIV-1 strains, which represent up to 90% of
HIV-1 variants circulating worldwide.

Nucleotide sequence accession numbers. Nucleotide se-
quences of the HIV-1 isolates characterized in this study are
available in GenBank under accession numbers HQ864323 to
HQ864467.
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