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Background:  Antiretroviral  therapy  (ART)  inhibits  virus  replication.  Nevertheless,  ART  has  the  disad-
vantage  of generate  selective  resistance  and  adverse  events.  Coreceptor  antagonists  are  a  family  of
antiretroviral  drugs  that  are  used  with  the  prior knowledge  of patients  HIV  tropism.
Objectives: The  purpose  of  this  work  was to estimate  the  prevalence  of R5  and  X4  variants  among  Chilean
patients  under  antiretroviral  therapy  and  virological  failure  and  investigate  variables  such  as  plasma  viral
load (pVL)  and  CD4  cell  count  in  the  population  studied.
Study design:  HIV  RNA or proviral  DNA  was  extracted  from  454  consecutives  patients  and  tropism  testing
was  performed  using  a genotypic  method  performed  with  Geno2pheno  setting  a cutoff  value  for  FPR
5.75%.
Results:  Among  454  individuals  analyzed,  299  (66%)  harbouring  exclusively  R5 variants.  They  not  dis-
played  a better  clinical  profile  than  individuals  harbouring  X4  strains  (22%).  For  R5  patients  the  median
of pVL  and  CD4  cell count  were  268,000  copies/mL,  and  223  cells/�L  respectively.  For  X4  samples  the
values  were  368,000  copies/mL  and  214  cells/�L  [P  >  0.05]).  Only,  53 patients  (12%)  could  not  be analyzed
and  were  categorized  as  non-reportable.

Conclusions:  The  genotypic  method  confirmed  that R5  strains  were  more  prevalent  despite  the  fact  that
patients  were  treatment-experienced  for several  years.  The  genotypic  strategy  proved  to  be  a  faster
and  cost-effective  option  as  compared  to phenotypic  assays.  According  to  our  results,  two  of  every  three
patients  under  antiretroviral  therapy  and  with  virologic  failure  harbour  R5  strains,  and  may  be  candidates
for  use  of  a  CCR5  antagonist.
. Background

Official data indicate that in Chile exist 26,740 people living
ith HIV [1]. The strategy to inhibit virus replication consists on

roviding antiretroviral therapy (ART) to the total of patients of
he country [2]. ART has permitted longer survival and a better
uality of life for patients [3,4]. Nevertheless, ART has the disadvan-
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tage of generate selective resistance and adverse events that entail
a continuous quest for new drugs to solve such drawbacks. Due to
this, new drugs based on coreceptor inhibition have emerged over
the last years [5]. Two  of such HIV coreceptors are CCR5 and CXCR4,
which are fundamental for viral entry into the host cell. Viral prefer-
ence for the use of any of such two  coreceptors is defined as HIV viral
tropism. When the virus uses exclusively CCR5 coreceptor, the virus
is named R5, and when it uses CXCR4 coreceptor it is named X4. A
virus may  sometimes use both coreceptors. In such case the virus is
said to have dual tropism and is designated as R5/X4, mixed tropism
occurs when both X4 and R5 variants co-exist in a patient [5,6].

CCR5 antagonist drugs exclusively inhibit the replication of HIV
variants that have CCR5 tropism. Therefore, the use of a CCR5 antag-
onist requires previous knowledge of viral tropism [7,8]. Currently
the only CCR5 antagonist approved by the FDA (Food and Drug
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Fig. 1. Genotipic and bioinformatics HIV tropism prediction. Using the primers Fw 1 with Rev 1 and Fw2 with Rev2, RNA or DNA HIV-1 V3 loop was analyzed in triplicate
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hrough reverse transcription (omitted for proviral DNA) and nested PCR, resultin
equenced with the Sanger’s traditional sequencing method obtaining raw sequen
ltered sequences by RECall of 105 nucleotides were used to obtain the genotypic t

dministration) is Maraviroc (MVC) although other CCR5 inhibitors
ave been developed such as Vicriviroc and Aplaviroc [9]. MVC  was

nitially approved for the treatment of patients in virologic failure
s a result of resistance developed to other antiretroviral drug fam-
lies. Subsequently, its use was approved in ART-naive patients in
he United Sates [7,10].

Viral tropism assessment can be achieved through either phe-
otypic or genotypic testing. Phenotypic testing is typically based
n an automated assay involving recombinant virus coreceptors
11]. However, it has important logistic and technical limitations
esponsible for the low uptake of its use in clinical practice in South
merica. Genotypic assays are based on the analysis of the amino
cids in the V3 (loop) region of gp120 glycoprotein of HIV, which is
losely related to viral tropism. Therefore, genotypic testing repre-
ents a more clinically realistic option in Chile, since tests are faster
o perform, more cost-effective and with a wider availability in HIV
aboratories [5,6].

. Objectives

In the present work we addressed the study of HIV viral tropism
o determine how many Chilean patients under ART and with viro-
ogic failure might include in their new therapeutic regime a CCR5
nhibitor.

. Study design

Four hundred and fifty-four consecutives treatment-
xperienced patients with virologic failure who needed a change
n their ART regime were included in this study. They were chosen
ccording to the following inclusion criterion: under ART and

aving at least one virologic failure which was  defined when one
atient had two consecutives viral load values over 1000 copies/mL.
he patients included were diagnosed between 1988 and 2011.
he genotypic tropism test was carried out between July 2011
e generation of three PCR products of 800 pair bases each. Then amplicons were
he raw sequences were assembled using the bioinformatics tool RECall. Only the

 using the prediction tool geno2pheno (G2P).

and April 2013. Plasma viral load (pVL) and CD4 cell count from
patients were reported in the medical order. Non-parametric
Mann–Whitney Rank Sum Test was  used to statistics analysis.

3.1. Genotypic and bioinformatics tropism test

Viral RNA was extracted from plasma and total DNA  was
obtained from peripheral blood mononucleated cells. RNA or DNA
HIV V3 loop was analyzed in triplicate with the use of a previously
described protocol [12,13], through reverse transcription (omitted
for proviral DNA) and nested PCR, resulting in the generation of
three 800 bp PCR products [14]. Then the amplicons obtained were
sequenced with the Sanger’s traditional sequencing method. The
sequences were assembled using the bioinformatics tool RECall
[15]. Filtered sequences by RECall were used to obtain the geno-
typic tropism using the prediction tool geno2pheno (G2P) (Fig. 1).
G2P is based on the FPR (False Positive Rate) concept, defined as
the probability of wrongly classifying an R5 virus as X4. FPR has
significance levels from 1% to 20% and the FPR value chosen as cut-
off is set in accordance with the patient’s therapeutic alternatives.
Bioinformatics G2P software, allow to select how conservative the
detection of CXCR4 usage should be [6,16]. Three predictions were
obtained for each sample and the lowest FPR value was considered
for prediction of viral tropism. HIV-1 viral subtype was determined
in all the study patients using G2P.

4. Results

Four hundred fifty-four samples were analyzed patients. Epi-
demiological and clinical features are shown in Table 1. A total of
411 (90.5%) had viral load above 1000 copies/mL. Forty-three sam-
ples (9.5%) had a viral load under 1000 copies/mL and were tested

by proviral DNA. The concordance between proviral DNA and RNA
had been previously compared, with >95% concordance [12,17]. The
V3 loop amplification from proviral DNA for patients with viral load
under 1000 copies/mL showed an amplicon with a similar size to
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Table 1
Patients epidemiological and clinical features (n = 454).

Age (range) 44 (18:70)a

Gender (male:female) (363:91)
CD4 count (cells/�L) 232 (5–1162)a

Plasma viral load (log RNA
copies/mL)

3.79 (1.28–6.23)a

Tropism (R5:X4) (299:155)
Viral subtype B 99.3%
Risk factor

Sexual/IVDUc
454/0

Others viral subtypes 0.7%b
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a Median and range.
b others subtypes detected were A, C, F, and G.
c IVDU: intravenous drug use.

he observed when we used viral RNA (Fig. 1). In the present work,
PR was set in 5.75%, since this value showed best correlation with
irological outcome of the MVC  therapy [6,18]. A value under 5.75%
as predictive of an X4 virus, while a value equal or above 5.75

ndicated an R5 virus. After analyzing and assembling sequences in
ECall, three consensus sequences per patient were obtained. Three
redictions were obtained for each sample and the worst progno-
is, (lowest FPR), was considered as the tropism for the virus of the
atient. Thus, a patient was reported as R5 only when the three
PR values were higher than the cut-off FPR value. Conversely, a
atient was reported as X4 when at least one of the three values
as under the cutoff value. In such case, the sample was considered

s incompatible with the use of a CCR5 inhibitor.
According to this G2P showed that 299 (66%) patients had a virus

ith R5 tropism, 102 (22%) samples had X4 tropism and 53 patients
12%) were non-reportable.

When we analyzed if X4 and R5 viruses have difference in
he time lapsed between the date of HIV diagnostic and date
f tropism test, we were unable to find significant differences.
lthough this information (time lapsed) was available for only 34
amples. The median CD4 lymphocyte count among X4 patients
as 214 and for the R5 group was 223 cells/�L. This difference
as not statistically significant (p > 0.05). The median viral load

mong X4 patients was 368,000 copies/mL and for the R5 group
as 268,000 copies/mL; which being stronger than the difference

etween CD4 cell counts, such difference did not reach statistical
ignificance either (p > 0.05). (Table 2). In the non-reportable sam-
les obtained by genotyping method we found that fourteen had a
iral load median of 2070 copies/mL (210–5200) with CD4 median
f 406 (109–611) cells/�L and thirty-nine had a viral load median
f 218,000 copies/mL (15,000–760,000) with CD4 median of 205
27–391) cells/�L.

We detected the subtype B in the 99.3% of the studied samples,
n other three patients we found four subtypes different to B: in two
atients with R5 tropism were found C and F or B/F subtypes; in a
hird patient with X4 tropism, A or A/G subtypes were identified.

. Discussion

In this study we reported the total number of HIV tropism tests
hat have been performed in Chile. To our knowledge, this is the
rst study of HIV coreceptor usage conducted in our country, either
sing a phenotypic or a genotypic method. According to our results,
wo out of three persons in virologic failure appear to harbour R5
irus. This data is relevant since MVC  and others CCR5 inhibitors as
icriviroc and Aplaviroc are a new therapeutic option available for

hese patients.

Chilean guideline for treatment of patient with HIV-1 estab-

ishes that asyntomatics patients must begin ART when median
D4 counts be equal or lower than 350 cells/�L. In addition to this,
he national guidelines recommend start the ART when median
irology 60 (2014) 290–294

CD4 counts range between 350 and 500 cells/�L, considering the
projection of adherence each patients individually [19]. The high
percentage of R5 strains detected is in according with Brumme’s
results about the distribution of R5/x4 HIV-1, stratified by basaline
CD4 cell count [20]. To this respect, a limitation of our study is that
information on baseline or nadir CD4 count is not available for each
patient nor is data on the duration of therapy before tropism testing
started.

Interestingly, in a Spanish study about tropism with Trofile
involving 865 patients, 83% of which were in virologic failure, the
prevalence found for R5 strains was  66%, an identical value to that
obtained in our study where the 100% of the patients were in viro-
logic failure [21].

When comparing the prevalence of X4 strain (22%) detected
in Chile with the Spanish study (34%) [21], it can be see that our
prevalence is lower than the European. This may be due to the
different epidemiological and clinical characteristics of the sam-
ples, the length and the type of antiretroviral therapy and the viral
subtype.

Another work carried out in Italy with 53 patients, of which 52
were under ART, studied viral tropism through a genotypic method.
The prevalence of R5 strain was 69.6% and the prevalence of the X4
strain was 38.9% [22]. In this case, the difference in X4 prevalence
is a result mainly of the way  in which the genotypic tropism test
was carried out. The Italian study the genotypic test was  realized
using proviral DNA for all samples, and they obtained the tropism
prediction with a single test, setting the cutoff of FPR value in 20%
and 10% subsequently. Proviral DNA and FPR value used like cutoff
are two factors known to impact directly on the sensitivity to detect
X4 species [22,23]. Moreover, it is important to mention that the
therapeutic options available for the patient also have an impact
on the setting of the cutoff value of G2P. For example, if the patient
has few therapeutic alternatives then the cutoff of FPR value can-
not be fixed with FPR values higher [23]. In our case, all the patients
analyzed were ART-experienced patients with at least one virologic
failure, and thus we considered adequate a cut-off FPR of 5.75 con-
formed it has been recommended in the European guidelines and
by other authors when the test is performed in triplicate and using
RNA [14,18,23,24].

From the perspective of the clinical laboratory, one of the main
advantages found in our work is that we obtained only 12% of
non-reportable samples. It was lower than values published previ-
ously [17]. Other advantages of genotypic methods over phenotypic
methods are the time spend and cost of the assays. The geno-
typic strategy was faster and cost-effective option as compared to
phenotypic assays. This makes the genotypic method an excellent
alternative for developing countries.

Although the number of samples that were non-reportable was
low, it represents a limitation of our work. In this respect is impor-
tant consider that that not all the non-reportable results were due
to low or undetectable viral loads. This happened due to deficien-
cies in amplification and sequencing reactions which generated
sequences with low quality that were not approved by RECall. In
our opinion the reverse transcription followed by the two rounds
of amplification and subsequent sequencing could not detect all
HIV genetic variants. Namely, using HIV RNA and Sanger’s sequenc-
ing, the genotyping method has a low sensitivity to detect species
that have a representation under 10%. Therefore, in the future, to
further increase the sensitivity of the genotypic method, we recom-
mend explore new cell compartments such as HIV DNA  inserted in
the infected cell’s genome. The latter together with deep sequenc-
ing will enable finding HIV variants that are represented in levels

as low as 1% [25,26]. Similar values of non-reportable samples
have been previously reported in 14% of the analyzed samples by
proviral DNA and in 10% of samples analyzed by RNA, and failures
have not necessarily been related to low viral loads [24]. In that
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Table  2
Relationship between R5 and X4 strains and CD4 cell counts and viral load values.

Tropism % FPR (median) CD4 cells/�L
[Median (Range)]

VL copies/mL [median (range)]
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R5 37.2 (6.4–99.3) 

X4  1.9 (0–4.7) 

ases the explanation for such limitations were deficiencies in RNA
nd proviral DNA amplification and sequencing reactions due to
rimers mismatches.

In our analysis, the number of samples analyzed was  increased
∼10%) due to the use of proviral DNA in those patient with viral
oads <1000 copies/mL or undetectable. The latter was possible
hanks to the fact that a tropism assay using HIV proviral DNA had
een previously validated and statistically significant correlation
as found between the RNA-based and the proviral DNA-based

ssays [17].
In the present work individuals harbouring exclusively R5

ariants not displayed a better clinical profile than individuals har-
ouring CXCR4-using HIV as might be expected, namely, were not
ound lower viral loads and higher CD4 cell counts in patients
nfected with R5 strains than in patients with X4 variants. Such
esult may  be due to the fact that the size of the study sample is too
mall to detect the correlation that would exist between viral load,
D4 cell count and viral tropism parameters. Nevertheless, several
linical studies on correlation between tropism, viral load and CD4
ell count have widely reported that lower CD4 cell counts and
igher viral load are commonly found in patients harbouring X4
ariants [27–29]. Therefore, relating X4 strains to a poorer prog-
osis in HIV infection [30]. The X4 variants are considered more
athogenic viral species than R5 strains [31]. In this sense, detec-
ion of X4 strains might be considered in the future as a potentially
ovel marker to initiate ART and to guide the clinical management
f the patient over the course of the disease. Another argument
upporting such consideration is the discovery of X4 strains and not
5, as capable to infect hematopoietic stem cells. The latter might
xplain the low CD4 cell counts and the poor prognosis related to
4 strain [32].

The main circulating viral subtype in Chile is B. Upon reviewing
he literature, it can be seen that other subtypes that have been
ublished previously in our country are F and B/F mixture subtypes
33]. In the present work we have demonstrated that A, A/G and C
IV viral subtypes are circulating in the country.

In conclusion, the genotypic method confirmed that R5 strains
ere more prevalent despite the fact that patients were treatment-

xperienced for several years. The genotypic strategy proved to
e a faster and cost-effective option as compared to phenotypic
ssays. According to our results, two of every three patients under
ntiretroviral therapy and with virologic failure harbour R5 strains,
nd may  be candidates for use of a CCR5 antagonist.
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