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ABSTRACT

Aims: To evaluate HIV-1 Coreceptor usage in Nigeria.

Study Design: Cross-sectional study.

Place and Duration of Study: Department of Virology, College of Medicine, University College
Hospital, Ibadan from January 2004 to December 2006.

Methodology: Genomic DNA was extracted from blood samples of 85 (42 males, 43 females; age
range 18-58 years) consenting HIV-1 infected antiretroviral therapy-naive individuals presenting at
a voluntary counseling and testing centre. The env C2-V3 region of HIV-1 proviral DNA was
amplified by nested PCR, successfully sequenced, manually edited and evolutionary relationships
determined by maximum likelihood using MEGA 5.03% from 64 of the blood samples of the HIV-1
infected patients. HIV-1 coreceptor usage was predicted based on genotypic analysis of HIV-1 env
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V3 loop sequences.

management of HIV infection in Nigeria.

Results: Phylogenetic analysis showed HIV-1 subtypes A, G, CRF02_AG, CRF06_cpx, and
CRF35_AD among the study participants The V3 loop region of the viruseshad amino acid
sequence conservation in the base positions 1-8 and 26-35 and tip regions and sequence
variability, including mutations and deletions at positions 9-25. Most (76.6%) of the sequences had
the GPGQ crown motif while the GPGQ/L/R/K substitution was observed in 18.8%. The number of
N-linked glycosylation sites ranged from 0 to 4 per env C2-V3 amino acid sequence with only
37.5% of the sequences having all 4 N-linked glycosylation sites. Predicted frequencies for CCR5
and CXCR4 genotypes were 31.2% and 68.8%, respectively, while 10% of the CCR5-tropic viruses
showed Maraviroc-associated resistant mutations.
Conclusion: CXCR4-tropic viruses predominate among the studied population irrespective of HIV-
1 subtype and and it is associated with multiple amino acid deletions and mutations in V3 and the
loss of one or more N-linked glycosylation sites. This data suggest the need for further studies
involving a larger sample size prior to introduction of coreceptor inhibitors like Maraviroc for

Keywords: Coreceptor usage; HIV-1 strains; CCR5; CXCR4,; C2-V3 region; V3 loop.

1. INTRODUCTION

Early in infection, HIV-1 generally uses the CCR5
chemokine coreceptor, along with CD4, for
cellular entry [1]. In many HIV-1 infected
individuals, viral genotypic changes arise that
allow the virus to use CXCR4, either in addition
to CCRS5 or alone, as an entry receptor [2] and
this change is associated with accelerated CD4
decline and more rapid progression of HIV-1
disease [3]. Based on chemokine coreceptor
usage, HIV-1 viruses can be classified as CCR5-

tropic, CXCR4-tropic or dual-tropic (R5X4)
viruses [4]. The V3 loop of gp120 largely
determines  coreceptor usage and the

development of CXCR4 viruses is gradual and
involves the accumulation of multiple amino acid
changes in the V3 loop [5,6].

With the introduction of HIV-1 coreceptor
inhibitors as components of antiretroviral therapy
[7], it is increasingly imperative to screen HIV
positive individuals before they commence
therapy with coreceptor inhibitors like Maraviroc.
Maraviroc is an HIV-1 coreceptor antagonist that
has shown good efficacy and tolerability in
treatment-naive and  treatment-experienced
patients harboring CCR5-tropic virus [8]. The use
of Maraviroc in treatment simplification in
patients requires analysis of HIV-1 DNA.

However, there is little information regarding
bioinformatics prediction or analysis of HIV-1
coreceptor usage in Nigeria with the only
reported data by Ajoge and colleagues [9], Yet
this information is important for drug design and
clinical management of patients before
coreceptor inhibitors are used for treatment.
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There is also growing evidence of increasing viral
resistance (primary and secondary — fuelled by
both virus mutation and non-adherence issues)
to commonly used anti-retroviral drugs [10-12]
available in the country and there remains a
possibility that CCRS5-inhibitors like Maraviroc,
can be used for HIV-1 antiretroviral therapy. This
study was therefore carried out to evaluate virus
coreceptor usage by bioinformatics method
based on the V3 loop sequences of HIV-1 from
HIV-1 infected antiretroviral therapy-naive
individuals.

2. METHODOLOGY
2.1 Study Location

This study was carried out in the Department of
Virology, College of Medicine, University College
Hospital, lbadan. The department offers HIV
counseling and testing services as well as
monitoring of Anti-Retroviral Therapy (ART)
response in  HIV infected patients. The
department is also the Center for the WHO
National Polio laboratory, HIV reference
laboratory and WHO Collaborating Center for
Influenza surveillance. Patients enrolled for the
study were mostly from Ibadan and other
locations in the southwestern region of Nigeria.

2.2 Study Population

The study population consisted of 85 consenting
HIV-1 infected anti-retroviral therapy-naive
individuals. They included 42 males and 43
females with median age of 37 years (range 18-
58 years) who presented at the HIV counseling
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and testing centre in the Department of Virology,
College of Medicine, University College Hospital,
Ibadan from January 2004 to December 2006.
The University of Ibadan/UCH ethical review
board approved the study protocol and written
informed consent was obtained from every
individual whose blood sample was used for the
study.

2.3 Sample Collection, Preparation and
Storage

Blood sample was collected by venepuncture
from each patient into sterile vacutainer blood
collection tubes containing EDTA (ethylene
diamine tetra acetic acid) as coagulant. Each
specimen was labelled with the date of collection
and laboratory identification number. Plasma was
separated from each sample and both plasma
and packed cells were stored at -20°C until
analysed. Only samples that were positive by
Western blot for HIV-1 antibodies were analysed
further for the study.

2.4 Laboratory Analysis

2.4.1 Serology

Initial HIV screening was by Genscreen Ultra HIV
Ag-Ab (BIORAD, France) and confirmation was
by the Western blot assay using New Lav Blot 1
(BIORAD, France). The results were interpreted
according to the manufacturer’s instructions.

2.4.2 Molecular analysis

Genomic DNA was extracted from whole blood
using the QiaAmp DNA Blood Mini kit (Qiagen,
Maryland, USA) according to manufacturer’s
instruction. The env C2-V3 region of HIV-1 from
the genomic DNA extract was amplified by
nested PCR method using primers WT1 and
WT2, and KK40 and KK30 for the first and
second rounds, respectively [13]. Amplified DNA
was directly sequenced with the second round
primers in the Genetic Analyzer 3130xI (Applied
Biosystems, California, USA) in both forward and
reverse directions using Sequencing kit v3.1
(Applied Biosystems, California, USA). The
sequences were manually edited using the
sequencing software v3.1 (Applied Biosystem,
California, USA) and MEGA 5.03, and analysed
for phylogenetic relationships with reference
sequences from the HIV database (Los Alamos,
New Mexico, USA) by ClustalW and Maximum
Likelihood methods in MEGA 5.03 software
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based on their nucleotide (approximately 350bp)
and translated amino acid sequences [14].

2.4.3 Virus phenotype determination

The virus coreceptor usage was predicted by
combined criteria using a genotypic rule based
on one of the following criteria for predicting
CXCR4 (R4) coreceptor usage (i) Arginine (R) or
Lysine (K) at position +11 of V3 and/K at position
+25, (ii) R at position +25 of V3 and a net charge
>+5, or (ii) a net charge of >+6 or (iv)
bioinformatic analysis by comparison between
Cons B and query V3 loop sequence in
Geno2Pheno (10% FPR) which uses the
presence of X4 specific mutations in the V3 loop
as a predictor of X4 phenotype [15-19].

3. RESULTS AND DISCUSSION
3.1 HIV-1 Subtype

The target region of approximately 350bp was
successfully sequenced from 64 (75.3%) of the
85 HIV-1 infected antiretroviral therapy-naive
individuals. The 64 HIV-1 infected individuals
comprised of 34 males and 30 females with a
median age of 37 years (range 18-58 years).
Overall, 3.1%, 53.1%, 28.1%, 14.1% and 1.6% of
the HIV-1 env C2-V3 nucleotide sequences were
identified as subtype A, G, CRF02_AG,
CRFO06_cpx, and CRF35_AD, respectively

(Fig. 1).
3.2 V3 Loop Sequence Analysis

The sequence analysis of the V3 loop showed
total conservation for 3 (P16, G17, and A33) out
of the 35 amino acid residues (8.6% of
conservation). P16 and G17 are motifs within the
GPGQ motif of the V3 tip and A33 is in the base.
The positions in which variation did not exceed
10% were concentrated in the base (R3-4.7%,
P4-7.8%, 130-4.7%, R31-7.8%), the tip (G15-
4.7%) and the stem (N6-3.1%, 126-6.3%). The
most variable position was the 25”‘, which was
the determinant for the 11/25 rule used for
predicting HIV-1 coreceptor usage. The variation
in the Cysteine residues limiting the V3 loop was
3.1% for C1 and 1.6% for C35 (Fig. 2).

The conserved GPGQ crown motif was the most
common sequence observed at the V3 tip
occurring in 76.6% (49) of the translated HIV-1
V3 loop amino acid sequences. There was
substitution from GPGQ to other V3 crown motifs
like GPGL (8), GPGR (3), GPGK (1), APGQ (2)
and RPGQ (1), as shown in Fig. 2.
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Fig. 1. Phylogenetic distribution of HIV-1 strains among HIV-1 positive individuals
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Fig. 2. V3 loop amino acid sequences among HIV-1 infected patients

Most potential N-linked glycosylation sites were
conserved in the immediate vicinity of and within
the V3 loop of the HIV-1 sequences analyzed.
The NxS/Ty sequon for the potential N-
glycosylation site centered at the 5-Cys V3 loop
residue was conserved in 46 (71.9%) of the HIV-
1 C2-V3 amino acid sequences with 41 (89.1%)
presenting with the NCT (Asparagine-Cysteine-
Threonine) sequon (Fig. 2). Potential N-linked
glycosylation sites located six amino acids
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downstream from the 5’ cysteine residue in the
V3 loop was conserved in 61 (95.3%) of HIV-1
infected individuals with 54 (88.5%) presenting
with the NNT  (Asparagine-Asparagine-
Threonine) sequon.

Interestingly, one individual had no potential N-
linked glycosylation site in the HIV-1 C2-V3
amino acid sequence analyzed. This sequence
(NGIB.04__007) is a subtype G HIV-1 virus
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having the GPGQ V3 tip motif with a predicted
X4 phenotype.

3.3 Prediction of Coreceptor Usage

Using the 4 combined criteria, 68.8% (44) of V3
loop amino acid sequences had predicted X4
virus phenotype while the remainder (31.2%)
were CCRS5-tropic. Of these 44 V3 loop amino
acid sequences with CXCR4 tropism, 7 V3 loops
were classified as X4 phenotype based wholly on
the 11/25 rule while the remaining 37 were
predicted based on a combination of the other 3
criteria.

On further analysis of the V3 loop amino acid
sequences that met each criterion, 16 of the V3
loop amino acid sequences had Lysine residue
at position +11 while only one had Arginine
residue at position +11. The only V3 loop
sequence with the Arginine residue at position
+11 also had a lysine residue at position +25.
One V3 loop amino acid sequence had a net
charge of +6. Bioinformatics analysis with
Geno2Pheno at 10% false positive rate (FPR)
predicted 38 (including some V3 loop sequences
that met the other criteria) as X4 viruses. All V3
loop sequences with 33 and 31 amino acid
residues, and those not limited by the Cysteine
residues, were predicted as X4 virus phenotype.
In addition, HIV-1 subtypes G and CRF02_AG
had a higher prevalence of CXCR4 virus
phenotypes compared to HIV-1 CRFO06_cpx in
the study population [Table 1]

4. DISCUSSION

The increasing interest in HIV-1 tropism is
related to the introduction of CCRS5 inhibitors as
components of antiretroviral therapy [7].
Although, the “gold standard” for characterization
of HIV-1 tropism is a recombinant virus
phenotypic entry assay, genotypic methods

based on the V3 amino acid sequence analysis
and characteristics have been successful with
different HIV-1 subtypes using sequence-based
criteria derived from HIV-1 subtype B [20-22].
Previous authors have correlated the use of
sequence based criteria derived from HIV-1
subtype B for analysis of non-B subtypes and
found it appropriate [6,21].

Prediction of HIV-1 coreceptor usage by
genotypic methods are easier to do, more cost
effective and have been found to be useful as
screening strategy in medical practice [23,24].
Moreover, the anti-CCR5 inhibitor, Maraviroc,
can be taken with or without food, and does not
require refrigeration and thus, can be very
suitable for resource-limited settings like sub-
Saharan Africa.

The presence of CXCR4-tropic HIV-1 isolates in
HIV-1 infected individuals is associated with a
rapid decline of CD4+ T cells, rapid disease
progression, and reduced survival time after
AIDS diagnosis [25]. Various studies on motif
analysis of the V3 region of env have shown
certain  characteristics that are strongly
associated with CXCR4 usage and they include:
the presence and accumulation of CXCR4-
associated mutations; insertions and deletions in
V3, the presence of basic amino acids at V3
positions 11 and/or 25, the loss of a glycosylation
site and an increased positive amino acid charge
(> +6) [10-14].

Although the typical V3 loop amino acid
sequence is 35 amino acids, V3 amino acid
sequences of HIV-1 subtypes and CRFs found in
this study showed that all, except three
sequences, were 34-amino acids in length. Short
length V3 amino acid sequences have been
reported by other investigators and are frequently
associated with CXCR4 usage [5,6].

Table 1. Frequency of coreceptor usage among hiv-1 subtypes

Subtype Subtype A Subtype G CRF02_AG CRF06_cpx Total
(%) (%) (%) (%) (%)

Total 2 34 18 9 63

X4 Phenotype 1(50.0) 25(73.5) 14(77.8) 4(44.4) 44(68.8)

R5 Phenotypy 1(50.0) 9(26.5) 4(22.2) 5(55.6) 20(31.2)
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Sequence conservation in V3 loop was almost
entirely consistent when considering the first 8
amino acid residues proximal to the terminal
Cysteine residue in the base region across the
subtypes evaluated in this study. It has been
reported that sequence conservation in the V3
region across different HIV-1 subtypes is
consistent with a V3 interaction with an invariable
cellular protein [26]. The sequence variability in
the stem and turn regions is as a result of site
specific mutations and consequently, most (7/10)
of the X4-associated mutations detected in this
study occur in the stem and turn regions
(positions 9-25) of the V3 loop. This observation
is consistent with findings by previous
researchers and these site-specific mutations at
either side of the V3 loop crown motif are
important determinants of CXCR4 coreceptor
usage [26,13].

Some authors have shown that the V3 loop of
HIV-1 has a highly conserved crown motif and
the GPGQ motif (which was in the majority in this
study) in particular, is generally associated with
African HIV isolates and it occurs irrespective of
coreceptor usage [13,16]. However, HIV-1
subtype B has a GPGR crown motif irrespective
of coreceptor usage while in HIV-1 subtype C,
viruses using the CCR5 coreceptor have
conserved GPGQ sequence tip and CXCR4
viruses have a substitution which commonly
presents as GPGR [20]. In addition, the
substitution of GPGQ to GPGL/R/K as observed
in 18.8% of the V3 loop sequences of HIV-1
subtypes and CRFs in this study predict CXCR4
tropism, which is in agreement with some studies
[27,28].

Another determinant of CXCR4 coreceptor usage
of HIV-1 isolates which had been reported from
previous studies is the presence of basic amino
acids at either positions 11 and/or 25 of the V3
loop. Sixteen (94.1%) of the 17 V3 loop
sequences with basic amino acids at positions 11
had Arginine residues, while one sequence had
Lysine and Arginine residues at positions 11 and
25, respectively. Fouchier and colleagues [25]
reported a strong association between the
syncytium-inducing (Sl) capacity of HIV-1 and
the presence of positively charged amino acid
residues at positions 11 and 25 of HIV-1 V3 loop,
indicating that the V3 genotype may be useful for
prediction of the viral phenotype. Also, studies of
3D molecular modeling of the V3 loops from
primary isolates whose coreceptor usage was
experimentally defined have revealed a charged
"patch" on the surface of V3 that correlates with
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coreceptor usage. This V3 surface patch is
positively charged in X4-tropic viruses and
negatively charged or neutral in R5-tropic
viruses, and is formed by two amino acids, at
position 11 and at position 24 or 25; amino acids
11 and 24 or 11 and 25 contact each other in 3D
space [29]. However, a study showed that
sequence variability in V3 loop among subtype C
viruses was not associated with the presence of
basic amino acid substitutions which is in
contrast to that observed in subtype B where
sequence variability is associated with basic
substitutions and is a determinant of altered
coreceptor usage [30].

The V3 loop sequence of one sample had a net
charge of +6 and multiple amino acid deletions,
including the deletion of the N-linked
glycosylation site. Some studies have shown that
a high net charge of +5 and above in V3 loop
with a loss of one or more N-linked glycosylation
sites in the C2-V3 region of HIV-1 are
characteristics of X-tropic viruses [28,31-33].

Majority (68.8%) of the V3 loop sequences of the
HIV-1 strains from this study had one or more
X4-associated mutations including the 16
sequences that had only basic amino acid at V3
loop position 11 and/or 25. These X-4 associated
mutations are consistent with report from
previous studies. A review that compared
different genotypic coreceptor usage prediction
methods and analyses showed that the presence
of mutations in the V3 loop is predictive and
indicative of CXCR4 coreceptor usage [34]. Sing
et al. [14] using univariate analyses for the
prediction of HIV coreceptor use from clonal HIV
V3 loop sequences identified 41 V3 mutations
significantly associated with coreceptor usage.
Marcelin and colleagues [35] reported that one
reason for the failure of CCRS inhibitors was the
selection of resistance to CCR5 antagonists
through amino acid changes in V3 loop.

Furthermore, other studies have shown that
these X4-associated mutations in the V3 loop of
env and the presence of basic amino acids at V3
positions 11 and 25 are strongly associated with
syncytium induction and CXCR4 usage.
Chesebro and colleagues in their studies on HIV
infectivity and replication in different permissive
cells, observed that infectivity and replication in
macrophages was affected by the presence of
basic amino acids in positions 11 and 25 of V3
with viruses harboring such mutations being T-
cell tropic and syncytium inducing [10-12]. These
observations were also reported by Fouchier and
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colleagues in their studies [25,36,37]. Hoffman et
al. [38] showed that these basic amino acids in
V3 is phenotype associated and results in the
use of the CXCR4 coreceptor. Studies on HIV-1
V3 motif analysis by Jensen et al. [5] also
observed the association between basic amino
acids in V3 and CXCR4 coreceptor usage.
Raymond et al. [24] Soulie et al. [39] and Ajoge
et al. [9] in their various studies also reported that
the presence of basic amino acids at V3
positions 11 and 25 was associated with CXCR4
coreceptor usage.

The 4 N-linked glycosylation sites (NGS) within
the C2V3 region are present in different
proportions in all, except one, of the sequences.
Only 37.5% of the C2V3 sequences had the 4
NGS. The loss of one or more N-linked
glycosylation sites has been shown to be
associated with the development of X4 viruses
[23], assist in more efficient use of CXCR4 and
might be an important factor in the switch of
CCR5 to CXCR4 viruses, and therefore, virus
tropism [40,41]. Pollaskis et al. [31] also reported
that the loss of an N-linked glycosylation site
within the V3 region had a major influence on
virus switching from R5 to X4 phenotype.

Overall, the predicted coreceptor usage using 4
combined criteria [14,29] for the V3 loop amino
acid sequences of the HIV-1 subtypes and CRFs
in this study was 31.2% and 68.8% for CCR5
and CXCR4, respectively, independent of CD4
and viral load status of the individuals, and,
irrespective of subtype. The use of the combined
criteria has been shown to increase both the
sensitivity and the specificity of the prediction as
reported by Raymond et al. [19] and Ajoge et al.
[35]. The high proportion of CXCR4 in this study
might be an indication that the HIV-1 infected
individuals are in the advanced stage of infection
associated with accelerated disease progression,
or they may be exposed to anti-retroviral therapy,
or both [32,42-44].

The X4 phenotype predominates in both subtype
G and CRF02_AG viruses but is not the
predominant predicted phenotype in CRF06_cpx.
The higher usage of CXCR4 by HIV-1 subtype G
from this study is in agreement with the results of
a previous study and further corroborates the
evidence that HIV-1 subtype G may have a
higher proportion of X4 variants [35], although
more phenotypic assays for coreceptor usage for
subtype G with corresponding genotypic testing
needs to be done. However, the high usage of
CXCR4 by HIV-1 CRF02_AG is contrary to
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reports from studies by Raymond et al. [17] and
Ajoge et al. [35] that reported CRF02_AG HIV-1
strains to be predominantly CCR5-tropic. The
prediction on CRFO06_cpx shows that individuals
infected with this subtype of HIV-1 may benefit
from coreceptor antagonists like Maraviroc,
although there is need for better characterization
of HIV-1 CRF06_cpx tropism, and HIV-1 subtype
G, in Nigeria.

In addition, 2 (10%) of the predicted CCR5-using
HIV-1 from this study had the A22T mutation that
confers resistance to CCRS inhibitors like
Maraviroc. The high prevalence of X4 tropic
viruses and the presence of Maraviroc resistant
mutations in some R5 viruses indicate that
coreceptor usage ability of patients’ viral
population will clearly be required before clinical
administration of Maraviroc. Moreover, if future
phenotypic and genotypic studies confirm the
predominance of Maraviroc-resistant CCR5, and
CXCR4 phenotypes in Nigeria, a wide scale
introduction and clinical application of Maraviroc
in HIV-1 treatment and control will be limited.

5. CONCLUSION

This data show a high prevalence of HIV-1
subtype with the GPGQ crown motif in the V3
region suggesting a functional use of this motif.
Moreover, X4 viruses predominate in the study
population and it is associated with multiple
amino acid deletions and mutations in V3 and the
loss of one or more N-linked glycosylation sites
with  some CCRS5-tropic viruses showing
Maraviroc resistant mutations.

It will be important to carry out genotypic
prediction tests for HIV-1 coreceptor usage in
HIV patients’ population encompassing the
various regions of the country and in the
predominant circulating HIV-1 subtypes before
the introduction of CCR5 antagonists for clinical
management of infected persons in Nigeria.

The sequences have been submitted in
GenBank with Accession numbers KF437580-
KF437619 and KP751936-KP751959.
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