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Entry of Human Immunodeficiency Virus type 1 (HIV-1) into target cells is mediated by the CD4 receptor
and a coreceptor, CCR5 or CXCR4. Maraviroc interferes with HIV entry by binding the CCR5 coreceptor.
Virological failure to maraviroc-containing regimens can occur through the emergence of resistance, or
through tropism evolution and broadened coreceptor usage. In the latter case, the physiological relevance
of minority strains is a major concern.

Here we report a retrospective analysis of coreceptor-usage and evolution based on 454-ultra-deep-
sequencing of plasma and Peripheral Blood Mononuclear Cell (PBMC)-derived envelope V3-loops,
accounting for coreceptor usage, from a patient who failed a maraviroc-containing regimen through
the emergence of X4 strains. The X4 maraviroc-escape variant resulted from recombination between a
long time archived proviral sequence from 2003 (50-portion, including the V3-loop) and the dominant
R5 strains circulating in plasma at the time of maraviroc-treatment initiation (30-portion). Phylogenetic
analyses and BEAST modeling highlighted that an early diverse viral quasispecies underwent a severe
bottleneck following reinitiation of HAART and repeated IL-2 cycles between 1999 and 2001, leading
to the transient outgrowth and archiving of one highly homogeneous X4 population from plasma, and
to the expansion in plasma of one PBMC-derived R5 strain. Under maraviroc selective pressure, the early,
no longer detectable X4 strains archived in PBMC were partially rescued to provide X4-determinants to
the main circulating strain.

� 2011 Elsevier B.V. All rights reserved.
Entry of the Human Immunodeficiency Virus type 1 (HIV-1)
into target cells requires the sequential binding of the viral enve-
lope gp120 to the CD4 receptor and to a coreceptor (CCR5 or
CXCR4). Maraviroc (MVC), the first HIV-1 entry inhibitor currently
used in clinical practice, is an allosteric inhibitor of CCR5 that im-
pedes recognition of MVC-bound CCR5 by gp120 (Tilton et al.,
2010a). Because MVC specifically targets CCR5 (Dorr et al., 2005)
and has no inhibitory effect against CXCR4-using (X4) viruses,
the drug is recommended only for patients harboring exclusively
strictly CCR5-dependent (R5) strains. Since R5, X4 and dual-tropic
(R5X4) strains compete within the infected host, one of the major
concerns is that MVC pressure could favor the selection of minority
X4 variants, which are more cytopathic than R5 strains in vitro and
are associated with increased viral loads and a more rapid decline
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of CD4+ T-cell counts in vivo, resulting in a general deterioration of
the patient’s immune status (Brumme et al., 2005; Westby et al.,
2006). Alternatively, MVC pressure could drive the evolution of vir-
al strains from a strict CCR5-usage to broadened coreceptor usage
(MacArthur and Novak, 2008; Tilton et al., 2010b).

We report the case of a patient infected with a subtype F1 virus
who was diagnosed in 1992, began antiretroviral treatment in
1993 with dual-therapy, failed subsequent highly active antiretro-
viral therapy (HAART)-based regimens, which led to the selection
of multidrug resistant strains. Between 1999 and 2001, the patient
underwent 3 treatment interruptions and seven interleukin-2 (IL-
2) injection cycles, at the end of which CD4 counts recovered from
50 cells/mm3 to 490 cells/mm3. In 2008, the patient was consid-
ered for receiving MVC as part of a salvage regimen also including
raltegravir, emtricitabine + tenofovir, ritonavir-boosted-darunavir
and etravirine. Strict R5 tropism was assessed by Trofile (Whit-
comb et al., 2007) and by geno2pheno[coreceptor] (Sing et al., 2007)
from plasma-derived sequences. At the time of MVC-treatment ini-
tiation, the patient’s CD4 count was 250 cells/mm3 and viral load
(VL) was 4200 copies/ml. Within 2 months, VL became undetect-
able and CD4 counts increased to 410 cells/mm3. However,
6 months later, VL rebounded (1755 copies/ml), CD4 counts
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Table 1
Patient clinical data, treatment and viral tropism.

Sample VL CD4+ counts Phenotype Genotype Median FPR [min, max] Treatment

%X4 %R5

1998 Plasma 10,490 220 D/M 96.07 3.93 1.31 [1 31, 10.17] d4T + IDV + NVP
PBMC nd 100 0 0.29 [0.29, 0.29]

1999-I Plasma 7804 60 D/M 47.7 52.3 10.17 [1.31, 10.17] No treatment
PBMC D/M 43.7 56.3 10.17 [0.2907, 10.17]

1999-II Plasma 958 220 D/M 99.8 0.2 1.31 [1.31, 1.31] d4T + 3TC + SQV + NFV + EFV
PBMC nd 0 100 10.17 [10.17, 10.17 ]

2001 Plasma 595 610 X4 4.2 95.8 10.17 [10.17, 10.17] ABC + ddI + LPV/r + EFV
PBMC X4 3.1 96.9 10.17 [10.17, 10.17 ]

2003 Plasma 15,817 640 R5 3.04 96.95 22.67 [1.16, 22.67] ABC + LPV/r + APV
PBMC X4 99.25 0.75 1.74 [1.163, 10.17 ]

2005 Plasma 7594 310 R5 2.0 98.0 11.92 [11.92, 20.49] ABC + FTC + NVP + LPV/r + SQV
PBMC X4 97.45 2.55 0.58 [0.5814, 99.56 ]

2007 Plasma 1639 440 D/M 0 100 11.92 [11.92, 15.55] FTC + TDF + ENF + ATV + DRV/r + ETR
PBMC D/M 100 0 1.89 [1.744, 1.890 ]

2008-I Plasma 4198 250 R5 0 100 11.92 [11.92, 11.92 ] FTC + TDF + ATV + DRV/r + ETR
PBMC X4 96.4 3.6 1.31 [1.308, 10.17 ]

2008-II Plasma 1755 360 X4 100 0 1.16 [1.16, 1.16] FTC + TDF + DRV/r + ETR + MVC + RAL
PBMC X4 100 0 1.74 [0.2907, 1.744 ]

Patient CD4 counts, Viral Load (VL), tropism measured phenotypically (X4 or R5 or dual/mixed (D/M)), proportion of R5 and X4 454-pyrosequences expressed as Median FPR
[min, max], and drug regimen at sampling time (ABC: abacavir; ddi: didanosine; FTC: emtricitabine; TDF: tenofovir disproxyl fumarate; NVP: nevirapine; EFV: efavirenz; ETR:
etravirine; IDV: indinavir; NFV: nelfinavir; SQV: saquinavir; LPV/r: ritonavir-boosted lopinavir; APV: amprenavir; ATV: atazanavir; DRV/r: ritonavir-boosted darunavir; ENF:
enfuvirtide; RAL: raltegravir).
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declined (360 cells/mm3) (Table 1) and the patient harbored
strictly X4 viruses in plasma.

To gain insights into the mechanisms that led to treatment fail-
ure and to assess the role of minority and archived strains, the evo-
lution and tropism of viral envelopes from longitudinal paired
plasma- and Peripheral Blood Mononuclear Cell (PBMC)-derived
samples was investigated.

As the main determinants of coreceptor usage have been
mapped to the V3-loop (Hwang et al., 1991), 360 nucleotides span-
ning the V3-loop were amplified (in at least independent tripli-
cates) from 1 ml of plasma or 5 � 105 PBMCs and pyrosequenced
using the Roche FLX Titanium 454 platform with tagged patient-
specific primers (forward primer: 50-TACACATGGAATTAAACCAGT
GG-30 and reverse primer 50-TAGGTCCCCTCCTGAGG-30). A mean
of 18,838 sequences (range 13,334–24,916) were generated per
sample. Raw nucleotide sequences were compressed, filtered
according to size (200 nucleotides < sequence < 500 nucleotides),
aligned against HXB2 and F1 reference strains, trimmed, then auto-
matically processed to compensate for incorrect homopolymer
counts (from N P 3) (Fischer et al., 2010) and carryover errors
(within two bases) and finally further filtered to discard ambiguous
reads and prematurely terminated sequences. A mean of 14,614
(9164–20,205) sequences were retained. The per-nucleotide error
rate of the control sample (89% pNL4-3 (X4), 10% pYU-2 (R5) and
1% pAD8 (R5)) was 0.0099. Recombination due to reverse-tran-
scription and PCR in the control sample was prominent in se-
quences <0.3%, therefore sequences representing less than 0.3%
were excluded from further analysis. For genotypic analyses, tro-
pism was predicted using geno2pheno[coreceptor] with a 10% false
positive prediction rate. Tropism inferred by geno2pheno[coreceptor]

was confirmed phenotypically using an in-house phenotypic Env-
recombinant viral assay described previously (Baatz et al., 2011).
Briefly, Env-recombinant viruses were produced trough homolo-
gous recombination between sample-derived env sequences and
pNL4-3DEnv.luc, and used to infect U87.CD4 cells expressing
either CXCR4 or CCR5. Genotypic and phenotypic results were con-
cordant for all but one sample (2001) (Table 1), likely a conse-
quence of PCR selection.

Prior to MVC treatment initiation, only R5 sequences were de-
tected in plasma, while PBMCs harbored mainly X4 variants
(Fig. 1 and Table 1). Phylogenetic analyses however indicated that
the X4 MVC-escape sequences detected in plasma were unrelated
to the pretreatment X4-proviruses, suggesting that the MVC-es-
cape viruses did not emerge directly from the predominant con-
temporary PBMC reservoir. The major MVC-escape variant in
both plasma and PBMCs was rather closely related to proviral se-
quences archived in earlier (2003 and 2007) PBMC samples
(Fig. 1, 2003: pink, 2007: black, & Fig. S1), suggesting that MVC es-
cape occurred through the emergence of minority archived X4
strains no longer detectable in the periphery, and further highlight-
ing the importance of considering PBMC genotyping (Seclen et al.,
2010). Although maraviroc escape has been previously described
to occur mainly through the outgrowth of a minority X4 strains,
most studies identified such minor variants in plasma or PBMCs
drawn immediately prior to MVC-treatment onset (Archer et al.,
2009; MacArthur and Novak, 2008; Westby et al., 2006).

Computational analysis of the plasma MVC-escape variant
using the Recco software (Maydt and Lengauer, 2006), jpHMM
(Schultz et al., 2009) and SimPlot v3.5.1 (Lole et al., 1999), revealed
that this cluster was most likely (p < 0.001 according to Recco and
jump probability set to 10�9 for jpHMM) a recombinant form
including the V3-loop from a 2003-proviral sequence and the dom-
inant sequence found in plasma prior to MVC-treatment onset
(plasma 2007-2 and plasma sequences from 2008-I, 30-portion of
the sequence) (Table 2). Because the cross-over point of recombi-
nation lies near the 30 end of the sequence, the plasma MVC-escape
sequence appears to be related to the 2003-PBMC sample and very
distant from the 2007/2008 strains circulating in plasma (Fig. 1).
Sanger-sequencing of a longer Env fragment (HXB2 nt 6601–
7331) and SimPlot analysis further confirmed the mosaic pattern
of the MVC-escape variant, consisting of the 2003-PBMC V3-loop
inserted within the 2008-I dominant circulating strain sequence
(data not shown). Here, recombination played a pivotal role as a
source of diversity, representing a leap in genetic evolution leading
to the inclusion of MVC-escape determinants (i.e. CXCR4-usage)
within the viral genomic context most adapted to drug selective
pressure, (Shi et al., 2010).

The 2003-PBMC sequence was itself phylogenetically related to
X4 strains from a very heterogeneous, mixed (R5 + X4) quasispe-
cies circulating in the earliest available plasma and PBMC samples



Fig. 1. Phylogenetic tree of patient plasma and PBMC samples from 1998 to MVC failure. The evolutionary model GTR + c suggested to best fit the sequences by FindModel
from the HIV database of the Los Alamos National Laboratory was used. The best fitted maximum likelihood phylogenetic tree, calculated with RAxML v7.2.8, was chosen
among 500 distinct runs with complete random starting trees. The F1 reference strain F1.FR.96.MP411 was included as an outlier. Plasma samples are shown with green
branches and PBMC samples with blue branches. The number after the year of sampling ranks the sequence. The percentage of detection of each sequence is shown as gray
bars spiking from the tree, followed by its numerical value. Tropism, inferred by geno2pheno[coreceptor] with a FPR set at 10%, is shown as a colored ring circling the sample
name: R5 strains are represented in yellow and X4 strains in red.
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(1998 and 1999-I, light blue and orange in Fig. 1), but undetectable
in plasma thereafter. These early diverse viral populations were
scattered throughout the phylogenetic tree, without a net
compartmentalization between both sources (Fig. 1). Following
structured treatment interruptions and reinitiation of HAART con-
comitantly to IL-2 injections, these quasispecies underwent a se-
vere bottleneck in both plasma and PBMCs (Fig. 1 & Fig. S1). The
absence of viral rebound and the limited acquisition of resistance
mutations within PR and RT during IL-2 therapy (not shown)
suggest that resistance mutations and drug pressure alone unlikely
accounted for such a drastic decimation of viral diversity. A vari-
ability model based on the pairwise maximum likelihood distances
between unique/compressed sequences using RAxML confirmed
that variability was drastically more constrained during IL-2 treat-
ment than throughout regimen changes alone (not shown), sug-
gesting that IL-2 might have contributed to quasispecies
selection. Variability remained highly constrained throughout IL-
2 treatment in both compartments and led to the transient out-
growth of one X4 population in plasma and of one discrete strictly
R5 population from the PBMC-proviruses from one common ances-
tor (Fig. 1 1999-II sample, purple & Fig. S1). The X4 population
boosted in plasma in 1999 led to an evolutionary dead-end
(Fig. 1, purple) and was outcompeted by the R5 strains detected
in both plasma and PBMCs drawn in 2001 (Fig. 1, blue), which then



Table 2
Sequence alignment of the PBMC 2003_2, of the pre-MVC (2008-I_1) and MVC-escape (2008-II_1) plasma samples.

The start and the end of the V3-loop are indicated. In the 2008-II_1 (MVC-escape) plasma sequence, nucleotides in black are conserved between all three sequences,
nucleotides highlighted in red are identical to the PBMC 2003 sequence and nucleotides highlighted in green are identical to the pre-maraviroc sequence (Plasma 2008-I_1).
Nucleotides highlighted in gray are different from both sequences, and are likely somatic mutations.
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expanded and evolved in plasma from 2003 (Fig. 1, pink) on, until
2008, including the R5 pre-MVC sample subjected to the Trofile as-
say (2008-I, Fig. 1, green). BEAST analysis (Fig. S1) confirmed that
the 2008-II X4 determinants of the MVC-escape variant were de-
rived from the 2003-PBMCs. BEAST modeling also indicated that
the X4 strain that was archived in the 2003-PBMC proviruses and
persisted in PBMCs until the 2008-I sample ‘‘switched’’ from plas-
ma to PBMCs early in 1999 and that the branch leading to nearly all
viral strains detected in plasma after 1999 ‘‘switched’’ from PBMCs
to plasma between mid-1999 and early 2000.

It is conceivable that IL-2 boosts initially induced both R5 and X4
strains, or that IL-2 activation might have rendered the low division
CXCR4-expressing naïve CD4+ T-cells more permissive to infection
and more prone to support viral replication, providing X4 viruses
with new target cells. X4 strains, which are more rapidly countered
by HAART, might however have been counter-selected and outcom-
peted by R5 strains in plasma (Philpott et al., 2001). This is, to our
knowledge, the first report of the involvement of IL-2 treatment on
viral diversity and on shaping viral quasispecies and reservoirs.

Although no longer detectable in plasma, early pre-IL-2 treat-
ment X4 strains remained archived in PBMCs (1998, light blue
and 1999-I, orange), where they likely persisted throughout the
years, in the periphery (detected in 2003, 2005, 2007) or in lym-
phoid organs. They were then rescued (at least partially) under
MVC pressure to provide X4-determinants to an otherwise adapted
circulating strain that was dominant prior to MVC-treatment on-
set. Although frequent in HIV infection, recombination requires
infection of an actively replicating cell by two different strains.
Accordingly, the V3 sequences detected in PBMCs after MVC escape
(PBMC-2008-II, red) were also closely related to most 2003-PBMC
sequences, strongly suggesting that this dormant or archived pool
was activated during MVC treatment. As MVC has been suggested
to increase circulating CD4+ T-cell counts (Asmuth et al., 2010;
Funderburg et al., 2010), MVC-based HAART may have contributed
to the availability of long-time archived viral strains from some
lymphoid organ, although, in this study we could not evaluate
the origin of these archived PBMCs nor the direct contribution of
strains archived in solid lymphoid tissues. Nonetheless, the inclu-
sion of determinants from a long-time archived strain rather than
from a contemporary minority strain underscores that the entire
pool of archived viruses, even when they are no longer detectable
in plasma or in circulating PBMCs, can be rescued by MVC and con-
tribute determinants of resistance.
Ethical statement

This study was approved by the Luxembourg Comité National
d’Ethique de Recherche and the patient provided informed consent
to this study.
Conflicts of interest

All authors declare no conflict of interest.

Acknowledgments

The authors are extremely grateful to Alexander Thielen for
fruitful and critical discussions on UDS sequence processing, and
to Martin Daeumer for his advice and expertise in UDS generation.



492 F. Baatz et al. / Antiviral Research 92 (2011) 488–492
Financial support: The study was supported by the Luxembourg
Ministry of Research, Grant No. [MCESR 20081203]. FB was sup-
ported by a PhD fellowship form the Fonds National de Recherche,
Luxembourg, Grant No. [TR-PHD BFR06-033].
Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.antiviral.2011.10.003.
References

Archer, J., Braverman, M.S., Taillon, B.E., Desany, B., James, I., Harrigan, P.R., Lewis,
M., Robertson, D.L., 2009. Detection of low-frequency pretherapy chemokine
(CXC motif) receptor 4 (CXCR4)-using HIV-1 with ultra-deep pyrosequencing.
AIDS (London, England) 23, 1209–1218.

Asmuth, D.M., Goodrich, J., Cooper, D.A., Haubrich, R., Rajicic, N., Hirschel, B., Mayer,
H., Valdez, H., 2010. CD4+ T-cell restoration after 48 weeks in the maraviroc
treatment-experienced trials MOTIVATE 1 and 2. Journal of acquired immune
deficiency syndromes (54), 394–397.

Baatz, F., Nijhuis, M., Lemaire, M., Riedijk, M., Wensing, A.M., Servais, J.Y., van Ham,
P.M., Hoepelman, A.I., Koopmans, P.P., Sprenger, H.G., Devaux, C., Schmit, J.C.,
Perez Bercoff, D., 2011. Impact of the HIV-1 env genetic context outside HR1-
HR2 on resistance to the fusion inhibitor enfuvirtide and viral infectivity in
clinical isolates. PLoS ONE 6, e21535.

Brumme, Z.L., Goodrich, J., Mayer, H.B., Brumme, C.J., Henrick, B.M., Wynhoven, B.,
Asselin, J.J., Cheung, P.K., Hogg, R.S., Montaner, J.S., Harrigan, P.R., 2005.
Molecular and clinical epidemiology of CXCR4-using HIV-1 in a large
population of antiretroviral-naive individuals. The Journal of infectious
diseases 192, 466–474.

Dorr, P., Westby, M., Dobbs, S., Griffin, P., Irvine, B., Macartney, M., Mori, J., Rickett,
G., Smith-Burchnell, C., Napier, C., Webster, R., Armour, D., Price, D., Stammen,
B., Wood, A., Perros, M., 2005. Maraviroc (UK-427, 857), a potent, orally
bioavailable, and selective small-molecule inhibitor of chemokine receptor
CCR5 with broad-spectrum anti-human immunodeficiency virus type 1 activity.
Antimicrob Agents Chemother 49, 4721–4732.

Fischer, W., Ganusov, V.V., Giorgi, E.E., Hraber, P.T., Keele, B.F., Leitner, T., Han, C.S.,
Gleasner, C.D., Green, L., Lo, C.C., Nag, A., Wallstrom, T.C., Wang, S., McMichael,
A.J., Haynes, B.F., Hahn, B.H., Perelson, A.S., Borrow, P., Shaw, G.M., Bhattacharya,
T., Korber, B.T., 2010. Transmission of single HIV-1 genomes and dynamics of
early immune escape revealed by ultra-deep sequencing. PLoS ONE 5, e12303.

Funderburg, N., Kalinowska, M., Eason, J., Goodrich, J., Heera, J., Mayer, H., Rajicic, N.,
Valdez, H., Lederman, M.M., 2010. Effects of maraviroc and efavirenz on
markers of immune activation and inflammation and associations with CD4+
cell rises in HIV-infected patients. PLoS One 5, e13188.
Hwang, S.S., Boyle, T.J., Lyerly, H.K., Cullen, B.R., 1991. Identification of the envelope
V3 loop as the primary determinant of cell tropism in HIV-1. Science 253, 71–
74.

Lole, K.S., Bollinger, R.C., Paranjape, R.S., Gadkari, D., Kulkarni, S.S., Novak, N.G.,
Ingersoll, R., Sheppard, H.W., Ray, S.C., 1999. Full-length human
immunodeficiency virus type 1 genomes from subtype C-infected
seroconverters in India, with evidence of intersubtype recombination. Journal
of virology 73, 152–160.

MacArthur, R.D., Novak, R.M., 2008. Reviews of anti-infective agents: maraviroc: the
first of a new class of antiretroviral agents. Clin Infect Dis 47, 236–241.

Maydt, J., Lengauer, T., 2006. Recco: recombination analysis using cost optimization.
Bioinformatics 22, 1064–1071.

Philpott, S., Weiser, B., Anastos, K., Kitchen, C.M., Robison, E., Meyer 3rd, W.A., Sacks,
H.S., Mathur-Wagh, U., Brunner, C., Burger, H., 2001. Preferential suppression of
CXCR4-specific strains of HIV-1 by antiviral therapy. The Journal of clinical
investigation 107, 431–438.

Schultz, A.K., Zhang, M., Bulla, I., Leitner, T., Korber, B., Morgenstern, B., Stanke, M.,
2009. JpHMM: improving the reliability of recombination prediction in HIV-1.
Nucleic Acids Res 37, W647–W651.

Seclen, E., Del Mar Gonzalez, M., De Mendoza, C., Soriano, V., Poveda, E., 2010.
Dynamics of HIV tropism under suppressive antiretroviral therapy:
implications for tropism testing in subjects with undetectable viraemia. The
Journal of antimicrobial chemotherapy 65, 1493–1496.

Shi, B., Kitchen, C., Weiser, B., Mayers, D., Foley, B., Kemal, K., Anastos, K., Suchard,
M., Parker, M., Brunner, C., Burger, H., 2010. Evolution and recombination of
genes encoding HIV-1 drug resistance and tropism during antiretroviral
therapy. Virology 404, 5–20.

Sing, T., Low, A.J., Beerenwinkel, N., Sander, O., Cheung, P.K., Domingues, F.S., Buch,
J., Daumer, M., Kaiser, R., Lengauer, T., Harrigan, P.R., 2007. Predicting HIV
coreceptor usage on the basis of genetic and clinical covariates. Antiviral
therapy 12, 1097–1106.

Tilton, J.C., Amrine-Madsen, H., Miamidian, J.L., Kitrinos, K.M., Pfaff, J., Demarest, J.F.,
Ray, N., Jeffrey, J.L., Labranche, C.C., Doms, R.W., 2010a. HIV type 1 from a
patient with baseline resistance to CCR5 antagonists uses drug-bound receptor
for entry. AIDS research and human retroviruses 26, 13–24.

Tilton, J.C., Wilen, C.B., Didigu, C.A., Sinha, R., Harrison, J.E., Agrawal-Gamse, C.,
Henning, E.A., Bushman, F.D., Martin, J.N., Deeks, S.G., Doms, R.W., 2010b. A
maraviroc-resistant HIV-1 with narrow cross-resistance to other CCR5
antagonists depends on both N-terminal and extracellular loop domains of
drug-bound CCR5. Journal of virology 84, 10863–10876.

Westby, M., Lewis, M., Whitcomb, J., Youle, M., Pozniak, A.L., James, I.T., Jenkins,
T.M., Perros, M., van der Ryst, E., 2006. Emergence of CXCR4-using human
immunodeficiency virus type 1 (HIV-1) variants in a minority of HIV-1-infected
patients following treatment with the CCR5 antagonist maraviroc is from a
pretreatment CXCR4-using virus reservoir. Journal of virology 80, 4909–4920.

Whitcomb, J.M., Huang, W., Fransen, S., Limoli, K., Toma, J., Wrin, T., Chappey, C.,
Kiss, L.D., Paxinos, E.E., Petropoulos, C.J., 2007. Development and
characterization of a novel single-cycle recombinant-virus assay to determine
human immunodeficiency virus type 1 coreceptor tropism. Antimicrob Agents
Chemother 51, 566–575.

http://dx.doi.org/10.1016/j.antiviral.2011.10.003

	Rescue of HIV-1 long-time archived X4 strains to escape maraviroc
	Ethical statement
	Conflicts of interest
	Acknowledgments
	Appendix A Supplementary data
	References


