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Abstract

Background: CCR5 antagonists have clinically been approved for prevention or treatment of HIV/AIDS. Countries in
Sub-Saharan Africa with the highest burden of HIV/AIDS are due to adopt these regimens. However, HIV-1 can also
use CXCR4 as a co-receptor. There is hence an urgent need to map out cellular tropism of a country’s circulating
HIV strains to guide the impending use of CCR5 antagonists.

Objectives: To determine HIV-1 coreceptor usage among patients attending a comprehensive care centre in
Nairobi, Kenya.

Methods: Blood samples were obtained from HIV infected patients attending the comprehensive care centre,
Kenyatta National Hospital in years 2008 and 2009. The samples were separated into plasma and peripheral blood
mononuclear cells (PBMCs). Proviral DNA was extracted from PBMCs and Polymerase Chain reaction (PCR) done to
amplify the HIV env fragment spanning the C2-V3 region. The resultant fragment was directly sequenced on an
automated sequencer (ABI, 3100). Co-receptor prediction of the env sequences was done using Geno2pheno
[co-receptor], and phylogenetic relationships determined using CLUSTALW and Neighbor Joining method.

Results: A total of 67 samples (46 treatment experienced and 21 treatment naive) were successfully amplified and
sequenced. Forty nine (73%) sequences showed a prediction for R5 tropism while 18(27%) were X4 tropic.
Phylogenetic analysis showed that 46(69%) were subtype A, 11(16%) subtype C, and 10(15%) subtype D. No
statistical significant associations were observed between cell tropism and CD4+ status, patient gender, age, or
treatment option. There was a tendency for more X4 tropic strains being in the treatment experienced group than
the naive group: Of 46 treatment experiencing participants, 14(30%) harboured X4, compared with 4(19%) of 21 of
the treatment-naive participants, the association is however not statistically significant (p=0.31). However, a strong
association was observed between subtype D and CXCR4 co- receptor usage (p=0.015) with 6(60%) of the 10
subtype D being X4 tropic and 4(40%) R5 tropic.

Conclusion: HIV-1 R5 tropic strains were the most prevalent in the study population and HIV infected patients in
Kenya may benefit from CCR5 antagonists. However, there is need for caution where subtype D infection is
suspected or where antiretroviral salvage therapy is indicated.
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Background

Human immunodeficiency virus (HIV) is the causes of
acquired immunodeficiency syndrome (AIDS) [1]. Hu-
man immunodeficiency virus has currently surpassed
malaria as a leading cause of adult infectious disease
mortality worldwide [2]. The Kenya AIDS indicator sur-
vey (KAIS), reported by the National AIDS/STIS Control
Programme (NASCOP) found that 7.1% of adults (aged
15-64 years) in Kenya were infected with HIV by end of
2007 [3]. HIV is dependent on a host cell for its replica-
tion, and requires binding to receptors on the cell sur-
face in order to gain entry. The first receptor is CD4,
which is the main receptor and is always the same for
each virus particle. There are other two receptors CCR5
and CXCR4 that serve as co-receptors [4]. The co-
receptors are used by HIV to infect specific cell types;
this phenomenon is referred to as HIV tropism. Non-
syncitia-inducing (NSI) strains use the betachemokine
receptor, CCR5, for entry and thus able to replicate in
macrophages and CD4 positive T-cells. Syncitia inducing
(SI) strains replicate in CD4 positive T-cells and use the
alpha chemokine receptor, CXCR4 [5]. The preferred
phenotypic designations are R5 for the non-syncytium
inducing CCR5 using HIV and X4 for the syncytium in-
ducing CXCR4 using HIV [6]. R5 isolates are present
early after seroconversion indicating their role in initi-
ation of HIV-1 infection. The eventual use of CXCR4 by
X4 isolates of HIV-1 which infect primary T cells and T
cell lines closely correspond to the onset of AIDs, al-
though R5 isolates do persist throughout the entire
course of infection [6-8]. HIV-1 co-receptor usage has
been reported to be fairly stable after HAART therapy
[9]. Some ART drugs can lead to suppression of CXCR4
strains of HIV [10]. Of the five HIV-1 gpl120 hyper-
variable domains, V3 has been a target of interest for
entry-based inhibitors because of its critical role in de-
fining the specificity of HIV-1 envelope interaction with
cellular co-receptor molecules, usually, CCR5 or CXCR4,
to facilitate entry into target cells. It encodes the key
determinants of viral co receptor usage [11]. Recombin-
ant virus phenotypic entry assays are considered as the
gold standard method for determining co-receptor usage
[12]. However, their routine use is hampered by tech-
nical and cost limitations. Of late the in silico approa-
ches are gaining popularity given the simplicity of this
strategy and the fact that env sequences are increa-
singly becoming available globally. These include among
others, Geno2pheno [co-receptor] which predicts whether
the corresponding virus is capable of using CXCR4 or
CCR5 as a co receptor [13,14].

By the end of 2007, only 177,000 (40%) of the esti-
mated 470,000 people in need of ART were receiving
treatment in Kenya [15]. In Kenya, the first line regi-
men consists of two nucleoside reverse transcriptase
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inhibitors (NRTIs) and a non-nucleoside reverse tran-
scriptase inhibitor (NNRTI)/Ritonavir boosted protein
inhibitor (PI/r). While the recommended second line
regimen consists a fixed drug combination of Didano-
sine (ddI)/Tenofvir (TDF), Abacavir (ABC) and Lopina-
vir/ritonavir (LPV/r) [16].

With the introduction of the CCR antagonists for HIV
therapy, there is a need to map out the cellular tropism
of circulating HIV-1 strains in Kenya. The HIV-1 sub-
type diversity in Kenya may have an influence on how
the CCR5 antagonists are used in Kenya following stud-
ies done in Uganda that have demonstrated a high ten-
dency for subtype D to be CXCR4 [17,18]. We therefore
carried out a preliminary analysis to determine co-
receptor usage in HIV-infected patients attending an
outpatient clinic at a tertiary hospital in Nairobi, Kenya.
Furthermore, we aimed to evaluate if a correlation exists
between HIV-1 tropism, HIV-1 subtypes, and current
antiretroviral treatment strategies in Kenya.

Methods
Study population
This was a cross sectional study. The population consisting
of antiretroviral therapy experienced patients and treatment
naive patients were recruited from the Comprehensive.
Care Centre, Kenyatta National Hospital in 2008 and
2009. The fixed dose combinations for the treatment
group were: Zidovudine (AZT)/Stavudine (d4T) + Lamivu-
dine (3TC) + Nevirapine (NVP)/Efavirenz (EFV) and Teno
fovir Disoproxil Fumarate (TDF)/Abacavir (ABC) +3TC/
Didanosine (ddI) + Liponavir/Ritonavir (LPV/r*). The blo-
od from all the subjects was collected for CD4+ count detec
tion and the peripheral blood mononuclear cells (PBMCs)
for isolating HIV-1 strains. All subjects signed informed
consent forms before blood collection. This study was
approved by the Kenya medical Research Institute Scientific
Steering Committee and Ethical Review Board (Ref. KEMRI
SSC No. 1252).

CD + T cell counts and PBMC extraction

CD4+ T cell counts of peripheral blood were deter-
mined using FACSCOUNT (Becton-Dickinson, Beiersdorf,
Germany). Peripheral blood mononuclear cells were ex-
tracted from whole blood by density gradient centrifuga-
tion and stored at —-30°C.

Extraction and amplification of proviral HIV DNA

Samples were archived, thawed and proviral DNA extracted
using Gibco BRLX/Z kit as per Manufacturers instructions.
A part of the HIV-1 group M env gene covering the C2V3
region (corresponding to 6975-7520 nt in HIV-1 HXB2)
was amplified by nested polymerase chain reaction (PCR)
with primers M5(5-CCCCTATTCCTTTTCCCCTTCTT
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TTAAAA-3) and M10(5- CCAATTCCCATACATTATT
GTGCCCCAGC TGG-3)) in the first round and M3(5'-
GTCAGCAA CAGTACAATGACACATGG-3) and M8
(5"- TCCTTCCATGGGAGGGGACTACATTGC-3) in the
second round according to manufacturers instructions.
Amplification was done with one cycle of 10 min at 95°C,
35 cycles of 30s at 95°C, 30s at 55°C and 1 min at 72°C fol-
lowed by a final extension of 10 min at 72°C. PCR amplifi-
cation was confirmed by visualization with ethidium
bromide staining of the gel.

Sequencing and subtyping of the C2V3 env region

The resultant 550 bp fragment was sequenced using an
automated ABI 3100 sequencer. Sample nucleotide
sequences were aligned with HIV-1 subtype/circulating
recombinant form (CRF) reference sequences from the
Los Almos database using CLUSTAL W with minor
manual adjustments. A phylogenetic tree was con-
structed by the neighbour joining method and its reli-
ability was estimated by 1000 bootstrap replications. The
profile of the tree was visualized with Tree View PPC
version 1.6.5. To improve the accuracy of subtyping, we
used the NCBI Viral Genotyping tools (http://www.ncbi.
nlm.nih.gov/projects/genotyping/formpage.cgi) and REGA
subtyping tools v2.0 (http://www.bioafrica.net/rega-
genotype/html/subtypinghiv.html). The C2-V3 region
nucleotide sequences (550 bp) were translated into the
corresponding 35 amino acids using Genetic Informa-
tion Processing Software (Genetyx-Win) version 4.0
(Genetyx, Tokyo, Japan). Sequences with premature stop
codons were excluded from further analyses.

Co-receptor usage prediction

Geno2pheno [co-receptor] tool (with a false positive rate
of 10%) was used to predict HIV-1 co receptor usage.
(http://coreceptor.bioinf.mpi-inf. mpg.de/) was used. Gen-
o2pheno is available at http://co receptor.bioinf.mpi-inf.
mpg.de/cgi-bin/co receptor.pl (September 2010). Subtype
D genotypic algorithm based on 11/25 and a net charge
rules was further used to predict tropism of the sub-type
D sequences. One of the following criteria was required
for predicting subtype D CXCR4 co-receptor usage: (i) R/
K at position 11 of V3; (ii) R at position 25 of V3 and a
net charge of > +5; (iii) a net charge of > +6 [14].

Statistical analysis

Correlations of HIV-1 subtype, ART regimen, gender,
CD4 count and viral tropism were performed by Chi
square test using SPSS v.16 software (IBM Company,
New York). P values less than 0.05 were considered sta-
tistically significant.
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Results

Clinical and general characterization of study population
A total of 67 samples were successfully amplified and
sequenced. Of these, 46 individuals were from the ART
experienced group while 21 individuals were from the
treatment naive group. The mean age of the study popu-
lation was 39(16-65 years), 23(34%) were male and 44
(66%) were female. The mean CD4 count of the treat-
ment experienced group was 249 cells/mm® of whole
blood and 375 cells/mm?® of whole blood for the treat-
ment naive group. Twenty two (48%) of the treatment
experiencing group were on AZT/d4T +3TC+NVP/
EFV fixed dose combination while 24(52%) were on
TDF/ABC + 3TC/ddI + LPV/r* fixed dose combination.

HIV-1 subtypes

Of the total 67 samples successfully amplified and
sequenced, 46(69%) were subtype A 11(16%) subtype C
and 10(15%) subtype D (Figure 1).

Predicted co-receptor usage

Of the 67 samples successfully amplified, sequenced and
their C2-V3 region 550 bp fragment translated to corre-
sponding 35 amino acids, 49(73%) were predicted to be
R5-tropic stains while 18(27%) were predicted to be
X4-tropic strains using geno2pheno [co-receptor] bio-
informatics tool. There was no discrepancy in tropism
prediction for subtype D sequences using Geno2Pheno
[co-receptor] and subtype D genotypic algorithm (Table 1).
There was a tendency of a higher number of X4 tropic
viruses being in the treatment experienced group than the
naive group: Of 46 treatment experiencing participants,
14(30%) harboured X4, compared with 4(19%) of 21 of the
treatment-naive participants, the association is however
not statistically significant (p=0.31). A strong association
was however observed between subtype D and CXCR4
co-receptor usage (p =0.015) (Table 2). There was no as-
sociation between co-receptor usage and CD4 count, gen-
der and age of the study participants (p=0.26), (p=0.97)
and (p =0.22) respectively (Table 2).

Discussion

Despite the impending introduction of CCR5 antagonists
as a treatment of option of HIV in Sub-Saharan coun-
tries, little is known about HIV co-receptor usage preva-
lent among infected populations. Our data demonstrates
a high prevalence of R5-using strains among patients
attending Kenyatta National Hospital HIV/AIDS com-
prehensive care clinic in Nairobi. This finding is in line
with our earlier evaluation of HIV-1 coreceptor usage
among a sexually transmitted infection clinic attendees
and HIV-1 infected infants at a children’s home [19,20].
Our data hence confirms the predominance of R5 strains
in HIV infected populations in the country.


http://www.ncbi.nlm.nih.gov/projects/genotyping/formpage.cgi
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Figure 1 Phylogenetic tree of HIV-1 env-C2V3 region. C2V3
region sequences of the study population were aligned and
compared with reference sequences obtained from the Los Alamos
HIV database. Phylogenetic relationships were constructed by
neighbor-joining method and rooted with X52154. The bootstrap
values (of 1000 replicates) above 70% are indicated next to the
node. Brackets on the right indicate the subtype clusters while the
labelled branches indicate the reference sequences.

Though subtype D constituted only fifteen per cent of
the study population, they represented the subtype with
highest prevalence of X4 tropic strains. Our observation
is in agreement with two other studies done in Uganda.
One study aimed to determine whether differences exist
in co-receptor use in patients infected with subtypes A
& D in a rural Ugandan cohort found the probability of
having an X4 virus being higher in subtype D infections
than subtype A infections [17]. The second study was
conducted among HIV-infected Ugandan infants where
tropism assay and phylogenetic methods revealed X4
tropism and subtype D association [18]. Although HIV-1
co-receptor usage and HIV-1 subtype relationship has
been well studied in Uganda, less is known about Kenya.
Our data therefore confirms the strong relationship be-
tween HIV-1 subtype D and X4 infections in Kenya.

HIV-1 subtype D infection is associated with rapid loss
of CD4 cells and faster disease progression than any
other subtype [21]. Similarly, HIV-1 X4-tropic strains
have been confirmed to be associated with faster disease
progression compared to HIV-1 R5-tropic strains.
Therefore, co-receptor usage could be one explanation
for the fast disease progression HIV subtype D strains.
In a study aiming to compare the rate of disease pro-
gression based on rate of CD4 decline prior to ART, and
the initial and subsequent virological response to ART
in an ethnically diverse population in south London
infected with diverse subtypes, Eastbrook et al. found
subtype D to be associated with both a statistically sig-
nificant four-fold faster rate of CD4 decline and a higher
rate of virological rebound on ART compared with sub-
type A, B, or C. In Uganda, HIV patients infected with
subtype D have been shown to have a more severe de-
mentia as compared with those infected with other sub-
types [22]. In a follow-up of HIV seropositive women in
Daresalam, individuals infected with subtype D experi-
enced the most rapid progression to death. The above
associations confirm our findings of subtype D with a
higher prevalence of X4 tropic strains.

As use of antiretroviral treatment is now a common
feature in HIV/AIDS management, our study also aimed
to evaluate if a correlation exists between HIV-1 tropism
and currently used therapeutic regimens. The results
showed a higher CXCR4 utilization among antiretroviral
therapy group than in the treatment naive population,
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Table 1 Subtype D sequences tropism prediction by Geno2pheno tool and subtype D genotypic algorithm

Patient Subtype D genotypic algorithm Geno2Pheno
ID Amino acid at position 11 Amino acid at position 25 Net charge Strain tool
KNH1220 G K 6 X4 X4
KNH1118 S D 4 R5 R5
KNH1019 R N 9 X4 X4
KNH1177 R K 6 X4 X4
KNH1162 S K 6 X4 X4
KNH1387 G N 5 RS R5
KNH1354 K K 4 X4 X4
KNH1076 S R M X4 X4
KNH1109 S D 5 RS R5
KNH1241 S T 5 RS R5

though the difference was not statistically significant.
Some groups in developed countries [23] have found a
significantly higher prevalence of X4 viruses among anti-
retroviral treatment groups. We caution however that
our methodology did not take into effect the presence of
dual or mixed CCR5/CXR4 viral strains which have been
found to be prevalent in other antiretroviral experienced
populations. The mechanism responsible for the emer-
gence of CXCR4- using viruses on antiretroviral treat-
ment groups remains unclear. Several hypotheses have
been forwarded. Either, partially suppressive therapy may
lead to an increase in HIV-specific T cell responses [24].

Because X4-tropic variants may be more susceptible to
cytotoxic T cell responses than R5-tropic viruses,
increases in HIV-specific T cell responses during partial
treatment-mediated viral suppression might select
against X4-tropic viruses [25], or antiretroviral therapy
may reduce CCR5 expression on T cells, presumably as
a consequence of reductions in T cell activation [26,27],
potentially selecting for X4-tropic viruses [28]. Lastly,
certain antiretroviral drugs may preferentially select for
one virus population, either because of enhanced activity
against X4 viruses as has been suggested for enfuvirtide
[29] or because of suboptimal drug metabolism in the

Table 2 HIV-1 co-receptor usage and its associated influence factors

R5 co-receptor usage

X4 co-receptor usage

CD4 +T count (cells/mm?3)

CD4 < 200 18 (66.7%) 9 (33.3%) p=026

200=CD4 < 350 15 (93.8%) 19 (62%) -

350=CD4 < 500 11 (73.3%) 4 (26.7%) -

CD4 > =500 5 (55.6%) 4 (44.4%) -
Gender

Female 32 (72.7%) 12 (27.3%) p=097

Male 17 (73.9%) 6 (26.1%) -
Age

16-25 years 2 (50.0%) 2 (50.0%) p=022

26-35 years 15 (83.3%) 3 (16.7%) -

36-45 years 20 (66.7%) 10 (33.3%) -

> 46 years 12 (80.0%) 3 (200%) -
Therapeutic regimen

AZT/4T + 3TC + NVP/EFV 13 (59.19%) 9 (40.9%) p=031

TDF/ABC + 3TC + DDI/LPV/r* 19 (79.2%) 5 (20.8%) S

Treatment Naive 17 (81%) 4 (19%) T
HIV-1 Subtype

A 36 (78:3%) 10 (21.7%) p=0261 p=004

C 9 (81.8%) 2 (18.2%) p=0504

D 4 (40%) 6 (60%) p=0015
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cellular reservoirs for X4 viruses as has been suggested
for zidovudine [30].

Our study has two potential shortcomings. First, the
small sample size for subtype D and subtype C could
have led to the cellular tropism not being well documen-
ted for these subtypes, though subtype A has been
reported to be the predominant subtype in Kenya. Sec-
ond, we did not confirm the V3 prediction done by
genotypic algorithm by phenotypic assay. Genotypic
algorithms have been reported to lack sensitivity for pre-
dicting CXCR4 usage [31]. There is therefore need to
improve their sensitivity. The genotype-based co-
receptor predictors should therefore not be used alone
in a clinical setting and even if they approached the sen-
sitivity of phenotypic assays, they would need validation
to be used as a wide spread clinical tool.

In conclusion, we infer that HIV-1 R5 tropic strains
were more prevalent in the study population suggesting
the potential benefit of CCR5 antagonists as a thera-
peutic option in Kenya. However the observed higher
prevalence of X4 strains among subtype D, may call for
caution in administration of CCR5 antagonists to
patients where subtype D infection is suspected and or
where salvage antiretroviral therapy is indicated.

Genebank accession numbers

The sequences from this study has been deposited at the
Los Alamos HIV database under accession numbers JN
593245-JN593311.
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