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Abstract: Resistance genotypes in pol gene of HIV-1 were obtained by the ViroSeq” HIV-1 Genotyping System v2.0
(Celera Diagnostics, Alameda, CA, USA) in 138 of 145 (95%) antiretroviral treatment-experienced adults in virological
failure living in Central Africa (Cameroon, Central African Republic, Chad, Gabon). HIV-1 group M exhibited broad
genetic diversity. Performance of the 7 ViroSeq® sequencing primers showed high failure rate, from 3% to 76% (D: 76%;
F: 17%; A and H: 15%; G and B: 4%; C: 3%). These findings emphasize the need of updating the ViroSeq® HIV-1

genotyping system for non-B subtypes HIV-1.
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DEAR EDITOR,

A good identification of drug resistance mutations
requires successful sequencing of both forward and reverse
sequences to confirm mixture peaks and exclude possible
bias in the form of noise peaks that can result from the use of
a unique sequence [1]. Furthermore, HIV-1 genetic diversity
is well known to affect the performance of drug resistance
genotyping assays [1,2].

The ViroSeq® HIV-1 Genotyping System v2.0 (Celera
Diagnostics, Alameda, CA, USA) is widely used for
assessing antiretroviral drug resistance mutations [3]. The
assay has been developed using primers mostly associated
with subtype B HIV-1 [4]. High failure rates of ViroSeq®
sequencing primers A, B, C, D, F, G and H, were reported in
2011 in Cameroon [5] and in 2012 in Senegal [6]. This
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prompts us to confirm these latter observations in other sub-
Saharan African countries where non-B subtypes HIV-1 are
mostly prevalent.

The study population consisted of 145 HIV-1-infected
patients followed in health care centers in Douala, Cameroon
(n=42), Bangui, Central African Republic (n=35),
N'Djamena, Chad (n=38) and Libreville, Gabon (n=30). All
patients were receiving first or second-line antiretroviral
treatment according to the World Health Organization
(WHO) recommendations [7,8], and were in virological
failure according to the 2013-revised WHO criteria, i.e.
1,000 copies/ml [8]. Plasma samples from 37 adults followed
at hospital Européen Georges Pompidou, Paris, and infected
by subtype B HIV-1 from France were also selected.

For each patient, resistance genotype testing was
prescribed by the clinicians to adapt the treatment. Genotypic
analysis of reverse transcriptase and protease HIV-1 genes
were carried out on plasma samples, transported frozen in
dry ice to the virology laboratory of Hopital Européen
Georges Pompidou, Paris, France, using the commercial
assay ViroSeq® HIV-1 Genotyping System v2.0, which
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contains all the necessary reagents for RNA extraction,
reverse transcription, PCR amplification, PCR product
purification and sequencing reactions. A final PCR product
of 1.8 kb was obtained and seven sequencing primers (A, B,
C, D, F, G, and H) were provided to sequence DNA strands.
The reactions were carried out according to the
manufacturer’s instructions, and the resulting pol sequences
were aligned using the ViroSeq® HIV-1 Genotyping System
Software v2.6 (Celera Diagnostics). Finally, HIV-1 subtype
was deduced from the resulting po/ gene sequences in
FASTA format using the REGA HIV-1 & 2 Automated
Subtyping Tool (Version 2.0) available on the web site of
Bioafrica (www.bioafrica.net). The ViroSeq® pol genes
sequences from 37 viruses from adults living in France were
used as controls for subtype B HIV-1.

Accession numbers of pol sequences deposited in
GenBank database were as follows: from Cameroon,
KF735813 to KF735849, Central African Republic,
JF803976 to JF804011, Chad, FJ688173 to FJ688209,
Gabon KC978895 to K(C978921 and KC991139 to
KC991141, and France, KF889013 to KF889049.

Out of 145 plasma samples, 138 could be amplified by
the ViroSeq” assay, leading to an amplification rate of 95%
and final successful rate of sequencing alignment analysis,
on plasma samples from adults living in Central Africa. All
samples successfully amplified were further taken to the
sequencing phase. All HIV-1 belong to group M, with broad
genetic diversity in HIV-1 subtypes distribution (Fig. 1). All
(100%) plasma samples from adults infected by subtype B
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HIV-1 from Gabon and from France (taken as controls)
could be amplified by the ViroSeq" assay.

The results of sequencing were given as failure when
signal referred to primers that generated sequences had two
or more overlapping chromatograms, partially or on the full
sequence length, with no possibility for distinguishing
existing mutation, and success when sequencing was
accomplished.

The results are depicted in Table 1 for Central Africa and
Table 2 for each of the four study countries. Overall, the
primer D showed the highest failure rate, followed by the
primers F, A and H. The lowest failure rate was recorded
with primers C and B. By comparison with HIV-1 subtype B
pol sequences from France, the number of sequences for
which more than 1 primer failed was higher for HIV-1 from
Central Africa than for subtype B HIV-1 from France (30%
versus 13%, P<0.04 by X’-test), and the failing sequencing
primers for Central African HIV-1 were primers D (76%
versus 38%, P<0.001), F (17% versus 3%, P<0.03) and H
(15% versus 0%, P<0.02) (Table 2).

In the present study, the amplification rate of the
ViroSeq" assay was 95% and 100% on plasma samples from
adults living in Central Africa mainly infected by non-B
subtype HIV-1, and in France infected by subtype B HIV-1,
respectively. Amplification rates of the ViroSeq” assay
lower for non-B subtypes HIV-1 than for B subtype HIV-1
were previously reported in Cameroon [5] and Senegal [6].
Indeed, the performance of 4 (57%) out of 7 ViroSeq”
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Fig. (1). Percentages of sub-types and circulating recombinant forms (CRF) in 138 HIV-1 strains from HIV-1-infected individuals living in

Central Africa (Cameroon, Central African Republic, Chad, Gabon).
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Table 1. Performance of ViroSeq® sequencing primers A, B, C, D, F, G and H, for each subtype and circulating recombinant
forms of 138 HIV-1 from Central Africa and 37 subtype B HIV-1 from France.
e I o R e e e i
Al 9 11D | 11 | 0(0) 8 (89) 444) | 0() 0 (0) 5(56)
B 2 0 (0) 000 | 0 0 (0) 0 (0) 0(0) 0 (0) 0(0)
CRFO1 10 | 220) | 2(50) | 0(0) 9 (90) 1(10) | 1(10) | 2(20) 2 (20)
CRF02 48 | 7(14) 12 | 2@ | 37070 | 11@3) | 2@ | 9019 16 (33)
CRF06 2 0 (0) 000) | 0(0) | 2(100) 150) | 0(0) 0 (0) 1 (50)
CRF09 7 0 (0) 000 | 0 4(57) 0 (0) 0(0) 0 (0) 0(0)
CRF11 20 | 6(30) 15) | 2@10) | 12(60) | 2(@10) | 3(15) | 6(30) 7(35)
CRF13 3 0 (0) 000) | 0(0) | 3(100) 0 (0) 0(0) 1(33) 2(67)
CRF14 5 0 (0) 00) | 00 | 500y | 2@0) | 0(0) 1(20) 2 (40)
Central Africa
CRF15 4 0 (0) 00) | 00 | 4q@00) | 2(0) | 0(0) 0 (0) 2 (50)
D 9 0 (0) 000 | 0 6 (67) 0 (0) 0(0) 0 (0) 0(0)
F1 3 267 | 0@ | 0 | 3(100) 0 (0) 0(0) 0 (0) 2(67)
F2 3 0 (0) 000) | 0(0) | 3(100) 0 (0) 0(0) 0 (0) 0(0)
G 10 | 2200 | 00 | 00 7(70) 0 (0) 000) | 2@0) 1(10)
H 1 0 (0) 000 | 0 1 (100) 0 (0) 0(0) 0 (0) 0(0)
K 1 0 (0) 000 | 0 0 (0) 0 (0) 0(0) 0 (0) 0(0)
U 1 1(100) | 0(0) | 0(0) 1(100) | 1(100) | 0(0) 0 (0) 1 (100)
Total 138 | 21315 | 5@ | 43) | 105(76) | 24(17) | 6@ | 21(15) 41 (30)
France B 37 2(5) 13 | 20 14 (38) 13) 2(5) 0 (0) 5(14)

"Number of negative detection; percent in brackets.

“Total number of samples that were sequenced using the ViroSeq® primers.
“Control subtype B HIV-1 from France.

CREF: Circulating recombinant form.

sequencing primers in our series showed high failure rate
with non-B subtypes HIV-1 from Central Africa, whereas all
primers, but primer D, were associated with high efficiency
rate for subtype B HIV-1. The underdetection of non-B
subtypes HIV-1 likely occurs because the primers of the
ViroSeq” assay have been primarily designed for subtype B
HIV-1. Our observations confirm and extent previous reports
in Cameroon [5] and Senegal [6], by demonstratlng that the
failure of some ViroSeq" sequencing primers also affects
HIV-1 strains circulating in Central African Republic, Chad
and Gabon. Indeed, broad genetic diversity included mainly
non-B subtypes or circulating recombinant forms of HIV-1
group M was observed in these countries, as previously
reported [2], and similarly to the broad HIV-1 genetic
diversity classically reported in Cameroon [5].

Primer D is thought to be used to solve the
missequencing in case the primer A failed. However, our
observations demonstrate that this problem is in fact
incompletely solved, since primer D failed in more than a
half of 21 of our series samples not sequenced by primer A.

Furthermore, primer D showed a high failure rate by it-self
(37/48, 77%) with subtype CRF02 HIV-1, the most frequent
HIV-1 subtype in sub-Saharan African countries. In the
series, the failure rate of primer B was 4%, a rate slightly
lower than those previously reported (100% success rate)
[5,6,9]. Finally, the performances of the other primers (i.e.
A, C, F, G and H) were similar to those reported in
Cameroon [5] and Senegal [6].

Our findings also point the urgent need of im grovmg and
updating the sequencing primers of the ViroSeq~ system, as
previously recommended four years ,ago by Aghokeng and
colleagues [5] Indeed, the ViroSeq” genotyping system is
widely used in sub-Saharan Africa for routine HIV drug
mutations resistance testing [10] and survey [11].
Alternatively, primers for non-B subtypes HIV-1 could be
used, as well as another commercially available genotyping
assay such as the TRUGENE HIV-1 Genotyping assay
(Siemens Healthcare Diagnostics, Tarrytown, NY) which has
demonstrated high sensitivity for non-B subtype HIV-1 from
Cameroon [12].
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Table 2. Performance of ViroSeq® sequencing primers A, B, C, D, F, G and H, for each subtype and circulating recombinant
forms of 138 HIV-1 according to 4 Central African countries (Cameroon, Central African Republic, Chad, Gabon).

ViroSeq® Sequencing Primers"
HIV-1 subtype or CRF N*
A B C D F G H
Al 2 0 (0) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0) 0 (0)
CRF01 1 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0)
CRF02 26 4(15) 1(4) 2(8) 20 (77) 4(15) 2(8) 4(15)
CRF09 1 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0)
Cameroon (n=37)
CRF15 1 0 (0) 0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0)
F2 3 0 (0) 0 (0) 0 (0) 3 (100) 0 (0) 0 (0) 0 (0)
G 2 0 (0) 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 1 (50)
1 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
Al 5 1 (20) 0 (0) 0 (0) 4 (80) 3 (60) 0 (0) 0 (0)
CRF01 6 2(33) 1(17) 0 (0) 5(83) 1(17) 1(17) 2(33)
CRF02 2 1 (50) 0 (0) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0)
CRF11 12 4(33) 1(8) 2(17) 6 (50) 2(17) 3(25) 4(33)
Central African Republic (n=34) CRF13 1 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 1(100)
D 2 0 (0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0 (0)
G 4 1 (25) 0 (0) 0 (0) 3 (75) 0 (0) 0 (0) 0 (0)
H 1 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0)
U 1 1 (100) 0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0)
Al 1 0 (0) 0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 0 (0)
CRF01 2 0 (0) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0) 0 (0)
CRF02 5 2 (40) 0 (0) 0 (0) 3 (60) 1 (20) 0 (0) 0 (0)
CRF06 2 0 (0) 0 (0) 0 (0) 2 (100) 1 (50) 0 (0) 0 (0)
CRF09 6 0 (0) 0 (0) 0 (0) 3 (50) 0 (0) 0 (0) 0 (0)
Chad (n=37) CRF11 8 2(25) 0 (0) 0 (0) 6 (75) 0 (0) 0 (0) 2(25)
CRF13 2 0 (0) 0 (0) 0 (0) 2(0) 0 (0) 0 (0) 0 (0)
CRF14 2 0 (0) 0 (0) 0 (0) 2 (100) 1 (50) 0 (0) 1 (50)
D 5 0 (0) 0 (0) 0 (0) 4 (80) 0 (0) 0 (0) 0 (0)
F1 3 2(67) 0 (0) 0 (0) 3 (100) 0 (0) 0 (0) 0 (0)
G 1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Al 1 0 (0) 0 (0) 0 (0) 1(100) 0 (0) 0 (0) 0 (0)
B 2 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
CRF01 1 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0)
CRF02 15 0 (0) 0 (0) 0 (0) 13 (87) 6 (40) 0 (0) 5(33)
Gabon (n=30)
CRF14 3 0 (0) 0 (0) 0 (0) 3 (100) 1 (33) 0 (0) 0 (0)
CRF15 3 0 (0) 0 (0) 0 (0) 3 (100) 1 (33) 0 (0) 0 (0)
D 2 0 (0) 0 (0) 0 (0) 2 (100) 0 (0) 0 (0) 0 (0)
G 3 0 (0) 0(0) 0 (0) 3 (100) 0 (0) 0 (0) 1 (33)
Total 138 | 21(15) 5(4) 4(3) 105 (76) | 24 (17) 6(4) 21 (15)

¥Number of negative detection; percent in brackets; \
*Total number of samples that were sequenced using the ViroSeq” primers.
CREF: Circulating recombinant form.
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