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CCR5 andCXCR4 chemokines receptors are critical coreceptors for the binding ofHIV to specific host cells. Guidelines recommend
its assessment in case of virological failure or before prescription ofCCR5 inhibitors. Strategies to assess viral tropismmaybe divided
into phenotypic and genotypic assays; registrative trials of CCR5 inhibitors used phenotypic assay, but recently genotypic ones have
been used in clinical practice.The presence of CXCR4 is increasing in näıve patients, with both acute and chronic HIV-1 infections;
this coreceptor usage is associated with CD4 depletion. The assessment of viral tropism should be considered in every stage of
HIV-1 infection.

1. Introduction

HIV enters target cells by interacting with specific surface
receptors. While CD4 represents the main molecule with
which the HIV envelope is able to interact, several cofactors
have been identified. Among those, CCR5 (as discussed by
Alkhatib et al. [1]) and CXCR4 (as discussed by Feng et al.
[2]) chemokines receptors are critical coreceptors for the
binding ofHIV to specific host cells.Most HIV-1 quasispecies
infect cells expressing CCR5 and are thus defined as CCR5-
or R5-tropic, while a smaller proportion of viruses bind to
CXCR4 and are defined as CXCR4- or X4-tropic. Moreover,
some patients harbour mixed viral populations, and some
quasispecies are able to use both coreceptors: those patients
are defined as carrying dual/mixed viruses (DM-tropic) (as
discussed by Berger et al. [3]).

Maraviroc, a CCR5 inhibitor, is the only antiretroviral
agent targeting coreceptor binding currently licensed for
use in HIV infection. Its use is limited to patients with a
determined CCR5 tropism (as discussed elsewhere [4, 5]).
Several techniques were developed to assess HIV tropism,
and treatment guidelines from different countries are not
uniform in defining which methods should be employed in
clinical practice.

2. Methods

Strategies to assess viral tropism may be divided into two
broad categories: phenotypic and genotypic assays. Phe-
notypic assays determine HIV tropism by culturing host
infected cells or by engineering a recombinant virus derived
from the virus population of the subject (as discussed by
Raymond et al. [6]). Genotypic tests are based on amplifica-
tion and subsequent sequence analysis of HIVV3 segment by
means of prespecified algorithms (as discussed by Obermeier
et al. [7]).

Among phenotypic assays, Trofile test has been the most
widely used (as discussed by Whitcomb et al. [8]), and it
has been recently replaced by an equivalent with enhanced
sensitivity (Trofile ES or ESTA) (as discussed by Trinh et al.
[9]). This strategy utilizes patient-derived env gene amplified
by PCR and inserted into an expression vector. The vector
is then cotransfected with a replication-defective proviral
vector containing a luciferase reporter gene to give rise to
a pseudovirus, which is subsequently used to infect cells
expressing CCR5 or CXCR4. To increase sensitivity and
specificity of this test, CCR5 and CXCR4 inhibitors are added
to test the susceptibility of the virus to these molecules. This
test requires a plasma HIV-RNA of more than 1000 cps/mL
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andhas recently been improved, being currently able to detect
with 100% sensitivity CXCR4-tropic clones representing 0.3%
or more of the viral population.

Genotypic assays are based on amplification sequencing
of env gene, from both viral RNA and DNA. The sequence
obtained is analyzed by a bioinformatic tool which applies
an algorithm in order to determine HIV tropism. Several
algorithms are currently available, themost widely used being
Geno2Pheno (as discussed by Lengauer et al. [10]). This
algorithm uses nucleotide sequences compared to a set of
sequences corresponding to R5-, DM-, or X4-tropic viruses.
The result is given as false positive rate (FPR), that is, the
probability of classifying an R5 virus falsely as an X4.

3. Guidelines

American Guidelines for the Use of Antiretroviral Agents in
HIV-1-Infected Adults and Adolescents (2013) (as discussed
elsewhere [11]) recommend the use of tropism testing when-
ever a CCR5 inhibitor is considered for use (AI) or in case
of virologic failure in patients treated with CCR5 inhibitor
(BIII). European guidelines on the clinical management of
HIV-1 tropism testing (as discussed by Vandekerckhove et al.
[12]) suggest the assessment of viral tropism in case of
virological failure or poor tolerability to current treatment
if a CCR5 inhibitor is considered (AII); moreover, tropism
testing is suggested in patients with virological failure or
with HAART-related side-effects to give optional insight into
future therapeutic choices (BII and CIII, resp.). Finally, Euro-
pean guidelines recommend tropism testing before starting
treatment in näıve patients in whom toxicity to first-line
treatment is expected (CIII), while testing in newly diagnosed
patients currently has no recommendation due to insufficient
data.

American guidelines differ from European guidelines in
recommending a phenotypic tropism test (AI), considering a
genotypic assay as an alternative (BII). European guidelines
suggest the use of either phenotypic or genotypic test (BII)
when plasma viremia is over 1000 cps/mL, while in patients
with a plasma HIV-RNA under 1000 cps/mL genotypic test
on viral RNA (CIII) or DNA (especially if under 50 cps/mL,
CIII) is recommended. Values of Geno2Pheno false positive
rate under which a virus should be considered X4-tropic
are to be set at 10% after triplicate PCR amplification
and sequencing in patients with >1000 cps/mL (CII) or
<1000 cps/mL (BIII) and at 20% when only one sequence
is generated (BIII); FPR threshold of 10% should also be
employed when HIV-DNA is used after triplicate PCR and
sequencing (BIII).

4. Acute Patients

Reports on determination of coreceptor usage are also stud-
ied during primary HIV-1 infection (PHI, defined according
to Fiebig staging) and early HIV-1 infection (defined as
diagnosed within 6 months of the presumed infection date).

During viral transmission, there is a bottleneck selection
by which viral variants using CCR5 as coreceptor are strongly
selected (as discussed by Zhu et al. [13]).

Gottlieb studies HIV-1 envelope genes among 38 patients
at a very early stage of infection, before seroconversion. He
reports that at least 46% of patients had replicating virus
derived from a single viral variant; moreover, nearly all
variants are predicted to be R5 viruses.

In their recent paper, Hedskog et al. [14] assess whether
X4-tropic viruses are already present during viral transmis-
sion by ultradeep pyrosequencing (UDPS) of the V3 loop. He
demonstrates that patients diagnosed during PHI as infected
by R5-tropic viruses who switch over time to X4 viruses do
not have anyminor variant using X4 at the onset of infection.
Indeed, the switch fromR5 to X4 over time seems to be a viral
evolution process from a unique variant.

Although R5 viruses (irrespective of the assay used) are
the most frequent type found among early infected patients
(as discussed elsewhere [13, 15]), there is multiple evidence of
transmission of CXCR4-tropic viruses.

The evidence that X4 viruses can be transmitted has
emerged during the last few years thanks to the use of
either genotypic assays or the Trofile assay (OTA, Mono-
gram), which is a recombinant phenotypic method aimed at
assessing on lymphocytes the coreceptor used by the virus.
The currently used genotypic test Geno2Pheno could slightly
overestimate the frequency of X4 viruses.

As well described in the review of Verhofstede et al. [16]
the prevalence of X4 or dual mixed tropic (DM) viruses
among different cohorts of recent infection varies from 2%
to 19% (as discussed elsewhere [17–22]).

In terms of clinical outcome, several works confirmed the
worst clinical outcome of patients with X4 viruses.

Firstly, X4 viruses transmission seemsnot to be associated
with transmission of drug resistance, as reported by de
Mendoza et al. [21].

In a cohort of PHI patients, Chalmet et al. [23] reported
that patients infected by X4 viruses had lower CD4 T cell
counts, but no association with viral load was found.

Raymond et al. [24] found that X4 viruses in PHI patients
were not associated with CD4 count and viral load, but these
patients had a faster decline of CD4 T cells.

Hamlyn et al. [25] measured T cell activation in 120 PHI
patients and reported that patients with X4 viruses had a
higher level of immune-activation.

Conversely, Nozza et al. [26] reported that PHI patients
with X4 viruses treated with cART had a better CD4 increase
over time in comparison to patients carrying R5 viruses.

These contrasting results could be interpreted as the
confirmation that X4 viruses are responsible for an acceler-
ated disease progression but that early cART can restore the
impairment to the immune-system, not precluding a good
clinical outcome.

Anyway, the clinical impact of acquiring an X4 virus has
to be further investigated.

5. Na\ve Patients

The average of CCR5 viruses in naı̈ve HIV-infected patients
(pts) changes according to HIV history. In advanced näıve
HIV-infected patients with low CD4 cell count about 40% of
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patients are non-R5 (as discussed by Charpentier et al. [27]),
while in HIV patients with CD4 >350 cells around 14% are
non-R5 (as discussed elsewhere [28]).

Several studies correlate the usage of coreceptor to the
immunovirological progression (as discussed by Moyle et al.
[29]), suggesting an earlier beginning of ART in X4 HIV
virus, but the impact of the CCR5 coreceptor usage on the
clinical outcome after the beginning of therapy is not so clear.

Some studies as MERIT and ANRS 130 APOLLO do
not show any correlation between HIV coreceptor usage
and immunovirological profile. In MERIT (as discussed by
McGovern et al. [30]) retrospective study, CCR5 patients
have a better immunological response in maraviroc arm of
treatment, while no other differences were found among
arms. In ANRS 130 APOLLO study (as discussed elsewhere
[27]) advance näıve patients were randomized to receive first
ART regimen intensification with enfuvirtide or not. At week
24, there are no differences between patients with CCR5 or
CXCR4 coreceptor neither in CD4 cell count nor in viraemia.
Patients with stable R5 tropism during 24 weeks (34% of
patients) display a better response to ART (tropismmeasured
as Geno2Pheno on HIV-RNA and HIV-DNA).

While in some Italian studies HIV coreceptor usage is
associated with a worse CD4 cell count trend before ART
initiation, Santoro et al.’s study [31] analyses the relationship
between HIV-1 coreceptor and immunovirologic parameter
both in näıve and experienced patients. Decrease of CD4 cells
was higher in patients harbouring X4 virus than R5 virus.
This correlation is much more evident if FPR is set at 2%
instead of 10%. No correlation is found between coreceptor
usage and viraemia. Similar results are found in one Italian
cohort (as discussed by Nozza et al. [28]) of 223 primary
and chronic HIV-infected patients näıve to ART with CD4
count ≥350 cells/mL andHIV-RNA >500 copies/mL enrolled
in the ICONA Foundation. In this cohort, non-R5 viral
tropism at BL, determined by Geno2Pheno (FPR < 10%), is
associated with an increased depletion of CD4 cells count at
multivariable analysis during follow-up.

In ArTEn study (as discussed by Seclén et al. [32]) the X4
correlates both with amore rapid decrease of CD4 and higher
viraemia at baseline and with a poor response to ART in
terms of viral load at w48. In the multivariate analysis CCR5
coreceptor usage is the independent predictor of virologic
control duringART, while no significant relationship is found
with CD4 cells count. No correlation with ART regimen is
found. Similar results are described by Moyle in 2005 (as
discussed by Moyle et al. [29]).

Finally Waters et al. [33] do not find any correlation
between coreceptor usage and viral load, but there is a direct
correlation with the occurrence of AIDS-defining events:
X4 or dual mix HIV predicts a lower increase of CD4 at
month 12 after adjustment for baseline characteristics, and the
multivariate analysis shows augmented risk of adverse events
(RR 2.56).

Once again the clinical impact of X4 virus is not clear and
needs further investigation.

6. Experienced Patients

X4HIV coreceptor usage has significant clinical implications,
because it has been associated with higher viral load and
lower CD4 T cell count (as discussed by Moyle et al. [29]).
These viruses appear to emerge later in progression of HIV
disease (as discussed by Berger et al. [34]) and several studies
have demonstrated a higher prevalence of X4 variants in
patients exposed to antiretroviral drugs than in drug-näıve
individuals (as discussed by Johnston et al. [35] and Delobel
et al. [36]).

The presence of X4 virus is associated with AIDS. As
discussed byDelobel et al. [37], in a nonrandomised selection
of individuals, approximately two-thirds of the men who
develop AIDS have X4-tropic virus. Men who develop X4
viruses have a significant acceleration in the decline of CD3+
T lymphocytes, which starts approximately one year after the
first appearance of these viruses. These data are consistent
with a causal relationship between emergence of non-R5 virus
and onset of decreases in the T cell count.

Clinical relevance of tropism testing increases with intro-
duction of CCR5 inhibitors as an antiretroviral treatment
option.TheMOTIVATE-1 and -2 studies compare maraviroc
along with optimized background therapy (OBT) versus
placebo along with OBT in treatment-experienced patients
screened as having R5 HIV determined originally by Mono-
gramTrofile (as discussed byGulick et al. [4]). A retrospective
analysis examines the performance of Geno2Pheno to predict
coreceptor usage (as discussed by McGovern et al. [38]).
Compared with Trofile, V3 genotyping has a specificity of
92.6% and a sensitivity of 67.4% for detecting non-R5 virus
and virological responses are similar in considered treatment-
experienced population.

There are few data from longitudinal studies on viral
tropism in patients fully responding to HAART; as discussed
by Parisi et al. [39] there is a correlation between viral tropism
and combined HIV-proviral-DNA, residual viraemia, and
drugs used in treatment. The tropism of archived virus was
stable during the effective treatment, with 15–18% of subjects
switching over time, despite a viraemia <50 copies/mL.
R5 tropism and its stability are related to achieving and
maintaining viraemia <2.5 copies/mL. A higher stability of
viral tropism (88%) during ARV was reported in a small
cohort by Seclén et al. [40], with 12% switching in either
direction. From a clinical point of view, the performance of
tropism test on HIV-DNA is suggested before prescription of
maraviroc in this setting.

7. Closing Remarks

Current guidelines recommend the performance of tropism
test in experienced patients, in particular for evaluating
therapy with CCR5 inhibitors.

Different studies demonstrated that the presence of X4-
tropic virus is associated with CD4 decrease and clinical pro-
gression; the percentage of this coreceptor usage is different
in the clinical setting, as summarized in Table 1.

In addition, viral tropism is changeable in every patient.
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Table 1: Percentage of CCR5 tropic virus in different stages of HIV-1 infection.

Authors, journal, year of publication Methods

Percentage of
patients with

CCR5 tropic virus
(median)

Total number of
patients

Acute and early HIV infection

Eshleman et al. [17], AIDS Res Hum Retroviruses 2007 Phenotypic (replication-defective
retroviral vector assay) 98 195

Huang et al. [18], AIDS Res Hum Retroviruses 2009 Trofile 96 150

Frange et al. [19], J. Clin. Microbiol. 2010
Geno2PhenoFPR 10%
Phenotypic (recombinant virus
entry assay)

88% 131

Frange et al. [20], J. Antimicrob. Chemother. 2009 Genotypic (5 genotypic rules to
predict tropism) 84% 390

De Mendoza et al. [21], J. Antimicrob. Chemother. 2007 Genotypic (wetcat prediction
algorithm) 83% 203

Rieder et al. [22], Clin. Infect. Dis. 2011

Genotypic with 3 prediction tools
(web-PSSM, wetcat, Geno2Pheno)
Phenotypic (MT2 and GHOST cell
culture assays)

90%, 81%, 86% 145

Chalmet et al. [23], J. Infect. Dis. 2012 Geno2Pheno 81–88% 539

Raymond et al. [24], AIDS 2010 Recombinant virus phenotypic
entry assay (Toulouse tropism test
assay)

93.6% 133

Geno2Pheno 88%
Hamlyn et al. [25], AIDS 2012 Geno2PhenoFPR 5.75% 91.7% 120

Nozza et al. [26], J. Acquir. Immune Defic. Syndr. 2014
Geno2PhenoFPR 10% plasma, FPR 20%
PBMC 87.3%

66
PSSMx4r5 87%
(ds) kernel 92.4%

Charpentier et al. [27], J. Antimicrob. Chemother. 2013 Geno2PhenoFPR 10% on HIV RNA 60% 170
Geno2PhenoFPR 10% on HIV DNA 54%

Nozza et al. [28], J. Antimicrob. Chemother. 2012 Geno2PhenoFPR 10% 86% 223
Simon et al. [42], AIDS 2010 Geno2PhenoFPR 20% 62% 50
Moyle et al. [29], J. Infect. Dis. 2005 ViroLogic PhenoSense assay 81% 402

Santoro et al. [31], Clin. Microbiol. Infect 2012 Geno2PhenoFPR 2% 4.9% 532
Geno2PhenoFPR 10% 25%

Experienced HIV patients
Gulick et al. [4], N Engl J Med 2008 Trofile 70% 1049
Caseiro et al. [43], J. Infect. 2012 Trofile 84% 857
Recordon-Pinson et al. [44], Antimicrob. Agents
Chemother. 2010

Trofile 71.4% 236
Geno2PhenoFPR10% 77%

Svicher et al. [45], New Microbiol. 2010 Trofile 76.5% 406
Geno2PhenoFPR10% 70%

In näıve patients, the presence of X4-tropic virus is
associated with CD4 depletion; its determination in this
setting could be useful to individualize a fragile HIV-positive
population who could have benefice by early starting of ART.

In successfully treated näıve subjects, the tropism of
archived virus was revealed to be stable but with a substantial
rate (15–18%) of subjects switching from one type to the other
over time, suggesting that archived virus is dynamic.

As discussed by Paquet et al. [41], the fraction of non-R5
tropic viruses has decreased over time within 62,397 resistant
viruses reported from 2003 to 2012; however, CXCR4 usage
was more prevalent among multiclass resistant samples,
which may be due to the more advanced disease stage of
treatment-experienced patients.

In conclusion, determination of viral tropism could be
useful in the prescription of CCR5 inhibitors and for better
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knowledge of HIV-positive patients and their prognosis in
terms of CD4 depletion.
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tion for HIV-1,” Nature, vol. 391, no. 6664, p. 240, 1998.

[4] R. M. Gulick, J. Lalezari, J. Goodrich et al., “Maraviroc for
previously treated patients with R5 HIV-1 infection,” The New
England Journal of Medicine, vol. 359, no. 14, pp. 1429–1441,
2008.

[5] D. A. Cooper, J. Heera, J. Goodrich et al., “Maraviroc versus
efavirenz, both in combination with zidovudine-lamivudine,
for the treatment of antiretroviral-naive subjects with CCR5-
tropic HIV-1 infection,” Journal of Infectious Diseases, vol. 201,
no. 6, pp. 803–813, 2010.

[6] S. Raymond, P. Delobel, and J. Izopet, “Phenotyping methods
for determining HIV tropism and applications in clinical
settings,” Current Opinion in HIV and AIDS, vol. 7, no. 5, pp.
463–469, 2012.

[7] M. Obermeier, J. Symons, and A.M.Wensing, “HIV population
genotypic tropism testing and its clinical significance,” Current
Opinion in HIV and AIDS, vol. 7, no. 5, pp. 470–477, 2012.

[8] J. M.Whitcomb,W.Huang, S. Fransen et al., “Development and
characterization of a novel single-cycle recombinant-virus assay
to determine human immunodeficiency virus type 1 coreceptor
tropism,”Antimicrobial Agents and Chemotherapy, vol. 51, no. 2,
pp. 566–575, 2007.

[9] L. Trinh, D. Han, W. Huang et al., “Technical validation of an
enhanced sensitivity Trofile HIV co-receptor tropism assay for
selecting patients for therapy with entry inhibitors targeting
CCR5,” Antiviral Therapy, vol. 13, supplement 3, p. A128, 2008.

[10] T. Lengauer, O. Sander, S. Sierra, A. Thielen, and R. Kaiser,
“Bioinformatics prediction of HIV coreceptor usage,” Nature
Biotechnology, vol. 25, no. 12, pp. 1407–1410, 2007.

[11] Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected
Adults and Adolescents, Department of Health and Human
Services, Bethesda, Md, USA, 2007.

[12] L. P. R. Vandekerckhove, A. M. J. Wensing, R. Kaiser et al.,
“European guidelines on the clinical management of HIV-1
tropism testing,”The Lancet Infectious Diseases, vol. 11, no. 5, pp.
394–407, 2011.

[13] T. Zhu, H. Mo, N. Wang et al., “Genotypic and phenotypic
characterization of HIV-1 in patients with primary infection,”
Science, vol. 261, no. 5125, pp. 1179–1181, 1993.

[14] C. Hedskog, J. Brodin, A. Heddini, G. Bratt, J. Albert, and M.
Mild, “Longitudinal ultradeep characterization of HIV type 1
R5 and X4 subpopulations in patients followed from primary
infection to coreceptor switch,” AIDS Research and Human
Retroviruses, vol. 29, no. 9, pp. 1237–1244, 2013.

[15] A. B. van’t Wout, N. A. Kootstra, G. A. Mulder-Kampinga et al.,
“Macrophage-tropic variants initiate human immunodeficiency
virus type 1 infection after sexual, parenteral, and vertical
transmission,” The Journal of Clinical Investigation, vol. 94, no.
5, pp. 2060–2067, 1994.

[16] C. Verhofstede, M. Nijhuis, and L. Vandekerckhove, “Corre-
lation of coreceptor usage and disease progression,” Current
Opinion in HIV and AIDS, vol. 7, no. 5, pp. 432–439, 2012.

[17] S. H. Eshleman, S. E. Hudelson, R. Bruce et al., “Analysis of
HIV type 1 gp41 sequences in diverse HIV type 1 strains,” AIDS
Research and Human Retroviruses, vol. 23, no. 12, pp. 1593–1598,
2007.

[18] W. Huang, J. Toma, E. Stawiski et al., “Characterization of
human immunodeficiency virus type 1 populations contain-
ing CXCR4-using variants from recently infected individuals,”
AIDS Research and Human Retroviruses, vol. 25, no. 8, pp. 795–
802, 2009.

[19] P. Frange, M.-L. Chaix, S. Raymond et al., “Low frequency of
CXCR4-using viruses in patients at the time of primary non-
subtype-B HIV-1 infection,” Journal of Clinical Microbiology,
vol. 48, no. 10, pp. 3487–3491, 2010.

[20] P. Frange, J. Galimand, C. Goujard et al., “High frequency of
X4/DM-tropic viruses in PBMC samples from patients with
primary HIV-1 subtype-B infection in 1996–2007: the French
ANRS CO06 PRIMO Cohort Study,” Journal of Antimicrobial
Chemotherapy, vol. 64, no. 1, pp. 135–141, 2009.

[21] C. deMendoza, C. Rodriguez, F. Garćıa et al., “Prevalence of X4
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