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Abstract

Background: A deletion of 32 base pairs in the
CCRS5 gene (432 CCR5) has been linked to resistance
to HIV-1 infection in exposed adults and to the de-
lay of disease progression in infected adults.

Materials and Methods: To determine the role of
A32 CCR5 in disease progression of HIV-1 infected
children born to seropositive mothers, we studied
a polymerase chain reaction in 301 HIV-1 in-
fected, 262 HIV-1 exposed-uninfected and 47 HIV-1
unexposed-uninfected children of Spanish and Ital-
ian origin. Infected children were further divided
into two groups according to their rate of HIV-1 dis-
ease progression: rapid progressors who developed
severe clinical and/or immunological conditions
within the second year of life, and delayed progres-
sors with any other evolution of disease. Among the
latter were the long-term, non-progressors (LTNP)
who presented with mild or no symptoms of HIV-1

infection above 8 years of age. Viral phenotype was
studied for 45 delayed progressors.

Results: No correlation was found between 432
CCR5 and mother-to-child transmission of HIV-1.
However, the frequency of the deletion was sub-
stantially higher in LTNP, compared with delayed
(» = 0.019) and rapid progressors (p = 0.0003). In
children carrying the A32 CCR5 mutation, the pres-
ence of MT-2 tropic virus isolate was associated with
a severe immune suppression (p = 0.028); whereas,
the presence of MT-2 negative viruses correlated
with LTNP (p = 0.010).

Conclusions: Given the rapidity and simplicity of
the assay, the A32 CCR5 mutation may be a useful
predictive marker to identify children with delayed
disease progression who, consequently, may not re-
quire immediate antiretroviral treatment.

Introduction

More than 90% of Human Immunodefi-
ciency Virus type 1 (HIV-1) infection in
children is acquired by mother-to-child
transmission (1). Approximately one-third of

HIV-1 infected children born to seroposi-
tive mothers progress rapidly during the first
2 vyears of life toward overt Acquired Im-
munodeficiency Syndrome (AIDS). Each year
thereafter, 5 to 6% of children develop severe
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symptoms. Only 15% of children remain
asymptomatic by 5 years of age and approxi-
mately 4% after 8 years of age (2). Rapid pro-
gressors usually retain high plasma viral load
from early age (3,4) and often harbor viruses
with rapid replicative and syncytium-inducing
capacity (5,6).

Recently, the chemokine receptors were
identified as the essential coreceptors for
HIV-1 entry into CD4" cells (7-10): CXCR4
for T-cell line tropic HIV-1 isolates and CCR5
for those replicating solely in primary periph-
eral blood mononuclear cells (PBMC). A 32
base-pair (bp) deletion of the CCR5 gene (432
CCR5), when expressed in both alleles, was
suggested to protect exposed adults from in-
fection with HIV-1 (11-14). However, it was
repeatedly shown that homozygous carriers
can be infected, presumably with CXCR4-
dependent viruses (11,12,14). The heterozy-
gous form of the mutation has been correlated
with delayed disease progression in HIV-1 in-
fected adults (15,16). In particular, a signifi-
cantly higher prevalence of 432 CCR5 heterozy-
gous carriers was observed in HIV-1 infected
adults long-term non-progressors (LTNP),
compared with the general Caucasian popu-
lation (13,15,17,18). Controversial data
were recently reported on the role of the
A32 CCR5 mutation in different pediatric
cohorts (19-22).

In this study, we investigated the preva-
lence of the A32 CCR5 mutation in a cohort
of 563 children born to HIV-1 seropositive
mothers. We describe a significant correla-
tion with disease progression: LTNP show a
19.7-fold higher frequency of carrying the
deletion than rapid progressors. The absence
of correlation with transmission suggests that
A32 CCR5 heterozygous mutation is not rele-
vant in mother-to-child transmission of HIV-1,
as has been suggested for HIV-1-exposed
adults.
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This study was conducted in co-operation with the Euro-
pean Concerted Action, European Shared Cost Project
Group and the Italian Register for HIV Infection in Chil-
dren.

Materials and Methods
Patients

The group studied was composed of 610 chil-
dren of Spanish and Italian origin, born before
1995. 563 of the children (262 HIV-1 unin-
fected and 301 HIV-1 infected) were born to
HIV-1 seropositive mothers who had not un-
dergone any antiretroviral treatment to prevent
transmission, because these treatments were
not yet in use. Children were enrolled from
birth in an Italian study on mother-to-child
transmission, or were identified as infected at
various ages and were monitored at several pe-
diatric centers in Spain, or Northern and Cen-
tral Italy through the Italian Register of HIV-1
Infection in Children. 47 children born to
HIV-1 seronegative mothers were randomly
selected from two outpatient clinics in Northern
and Central Italy.

Clinical and immunological staging of the
HIV-1 infected children was defined according
to the revised classification system of the Cen-
ters of Disease Control (CDC) (23). The HIV-1
infected children were divided according to the
rate of disease progression on the basis of pre-
viously published guidelines (2,24). Rapid
progressors had an onset of severe clinical
manifestations (CDC category C) and/or pro-
found immune suppression (CDC category 3)
within the first 2 years of life. Children with
any other disease evolution were defined as de-
layed progressors. A well-defined group of
LTNP, who presented with no or mild HIV-1
associated signs or symptoms (CDC categories
N1 and A1) above 8 years of age, was also in-
cluded in the delayed progressors group. The
age of the children with delayed disease
progression ranged from 2 to 16 years (mean =
9.1 years). None of the children was treated
with protease-inhibitors at the moment of
study.

Identification of A32 CCR5 Deletion by Polymerase
Chain Reaction (PCR)

The PBMC of the children were tested for the
32 bp deletion of the CCR5 gene by PCR. Ge-
nomic DNA was obtained by lysis of 2 million
PBMC, as previously described (25). Four dif-
ferent PCR approaches, processed in four dif-
ferent laboratories, were used to assay the sam-
ples.

In laboratory n.1 (University of Tor
Vergata, Rome, Italy), the CCR5 sequence
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was amplified with a nested PCR, using
the outer primers CKR5.1 (5-CCCAGGA-
ATCATCTTTAC-3') and CKR5.5 (5'-CTGT-
GCCTCTTCTTCTCA-3’), and the inner prim-
ers CKR5.3 (5'-GCAGTCCTCATTTTCCAT-3")
and CKR5.4 (5'-GCCTCTTCTTCTCATTTC-3').
Lysed PBMC were amplified with outer
primers at 94°C for 5 min and, then for 25 cy-
cles at 94°C, 45 sec; 58°C, 45 sec; 72°C, 45 sec;
and 72°C, 10 min. Thereafter, 1/20 of the outer
product was amplified for 30 cycles with inner
primers at the same cycling conditions.

In laboratory n.2 (DIBIT, San Raffaele Sci-
entific Institute, Milan, Italy), the CCR5 se-
quence was amplified with the outer primer
set KR5fw.1 (5'-TTCAATGTAGACATCTATG-
TAGGC-3') and KR5rv.1 (5'-AGCCATGTGCA-
CAACTCTGACTGG-3'), and the inner primer
set KR5fw.3 (5'-GTCTTCATTACACCTGCAG-
CTCTC-3') and KR5rv.2 (5'-GTCCAACCTGT-
TAGAGCTACTGC-3"). Cycling conditions
were the following for both set of primers: de-
naturation at 94°C for 2 min was followed by
25 cycles of 15 sec at 95°C, 30 sec at 55°C, and
30 sec at 72°C each, and a final extension at
65°C for 5 min.

In laboratory n.3 (Transplant Immunology
Service, Turin, Italy), the CCR5 sequence was
amplified with the primer set CKR5-ampA (5'-
GGTGGAACAAGATGGATTAT-3') and CKR5-
ampB  (5'-CATGTGCACAACTCTGACTG-3').
DNA was amplified, after 95°C for 5 min, for 35
cycles at 94°C, 60 sec; 60°C, 110 sec; 72°C, 60
sec; and 72°C, 5 min.

In laboratory n.4 (Instituto de Salud Carlos
III, Madrid, Spain), the amplification of the
CCRS5 gene was carried out using the specific
primers CCR-5D (5'-CCTGGCTGTCGTCCAT-
GCTG-3') and CCR-5U (5'-CCAGCAGCG-
GCAGGACCAGC-3'). Lysed PBMC were am-
plified at 94°C for 5 min and, then, for 35 cycles
at 94°C for 30 sec; 58°C, 1 min; 72°C, 1 min; and
a final extension at 72°C, 1 min.

The respective PCR products were resolved
in 6% or 12% polyacrylamide gel or 1.8%
SEPARIDE gel matrix (Gibco, Paisley, U.K.)
and visualized by ethidium bromide stain.
Samples sent blind to the different laboratories
gave identical results.

Viral Phenotype Characterization

The phenotype of 109 HIV-1 isolates (from 1 to
7 isolates for each child) obtained from 10
LTNP and 35 delayed progressors during a

mean follow-up time of 30 months (range 3 to
93 months) was characterized as previously de-
scribed (26). Briefly, activated PBMC (1 X 10°)
infected with each viral isolate were co-cul-
tured with 3 X 10° MT-2 cells or Jurkat-Tat
cells. The cells were observed for syncytia for-
mation twice a week and the culture super-
natants were tested for HIV-1 p24 antigen pro-
duction (27). Viral isolates replicating in both
cell lines and producing syncytia in MT-2 cells
were defined as MT-2 positive; those replicat-
ing only in Jurkat-Tat as MT-2 negative.

Statistical Analysis

The genetic data were analyzed using Chi-
Square test with Yates’ correction for contiguity
or with Fisher’s exact test for groups with less
than 15 individuals.

Results

CCR5 Genotype Does Not Predict HIV-1 Mother-to-
child Transmission

The frequency of the A32 CCR5 mutation, ho-
mozygous and heterozygous together, was
8.19%, with 50 carriers out of 610 children
tested (Table 1). Twenty-five out of 301 (8.3%)
HIV-1 infected children born to seropositive
mothers carried a 432 CCR5 mutation. Similarly,
22 out of 262 (8.39%) HIV-1 uninfected chil-
dren born to seropositive mothers, and 3 out of
47 (6.38%) HIV-1 unexposed-uninfected chil-
dren had the same mutation. No “at risk”
mother-child pairs had undergone any anti-
retroviral therapy. The homozygous mutation
was detected in one HIV-1 infected and one
exposed-uninfected child (over all frequency:
0.3%). No significant differences were ob-
served between the Spanish and the Italian co-
horts. Thus, the presence of a A32 CCR5 muta-
tion does not seem to confer protection from
infection in mother-to-child transmission of
HIV-1.

CCR5 Genotype Correlates with Disease Progression

HIV-1 infected children were further subdi-
vided according to the course of disease pro-
gression: 72 were rapid progressors and 229 de-
layed progressors; among the latter, 22 were
LTNP. The frequency of the A32 CCR5 deletion
was 7.59-fold higher in children with delayed
disease progression (Table 2). In particular,
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Table 1. Defective CCR5 allele in HIV-1 infected and uninfected children*

HIV-1 Uninfected Children

Origin Exposed Unexposed HIV-1 Infected Children Total

Italy 14%/172 (8.13%) 3/47 (6.38%) 201/254 (7.87%) 37/473 (7.82%)
Spain 8/90 (8.88%) n.d. 5/47 (10.64%) 13/137 (9.48%)
Total 2277262 (8.39%) 3/47 (6.38%) 25%/301 (8.3%) 50/610 (8.19%)

* Number of child carriers of the defective CCRS5 allele out of total number of children tested. In parenthesis is the frequency
of occurrence. Mean value of defective CCR5 allele of the HIV-1 uninfected children: in total 25/309 (8.09%), in Italy

17/219 (7.76%) and Spain 8/90 (8.88%). n.d. means not done.

* Only one child of this group was a carrier of a homozygous deletion of the CCR5 gene.

only 1 out of 72 rapid progressors (1.38%) dis-
played the deletion, compared with 24 of the
229 delayed progressors (10.48%; p = 0.0288).
The impact of the A32 CCR5 deletion on the evo-
lution of HIV-1 disease was even more evident
when the group of LTNP was compared with
the rapid progressors. Of the former, 6 of the 22
children (27.27%) carried the mutation. Thus,
LTNP have a 19.7-fold higher frequency of a
A32 CCR5 mutation when compared with rapid
progressors (p = 0.0003). The only homozygous
carrier of A32 CCR5 had a delayed disease pro-
gression displaying CDC A2 category at 4 years
of age, a progression of clinical symp-toms
(CDC B2) at 7 years and a further decline of the
CD4 cell counts at 11 years (CDC B3).

To further analyze the impact of the A32
CCR5 mutation on disease progression in long-
term surviving children, we considered the
group of delayed progressors above 8 years of
age separately. In this group of 149 children,

which include also LTNP, we describe a strong
correlation (p = 0.0012) between the presence of
the mutation and no or mild development of
HIV-associated symptoms/signs (i.e. CDC cate-
gory N1 or Al; data not shown). No such corre-
lation was observed in the group of children be-
low 8 years of age, further supporting our data
that the presence of the mutation favors a longer
survival with milder disease progression.

No substantial differences were found in
the frequency of the A32 CCR5 gene between
rapid progressors of Spanish and Italian origin
(1.78% vs. 0). Delayed progressors of the Span-
ish group had a higher, though not statistically
significant, frequency of the A32 CCR5 mutation
than those of the Italian group (16.13% vs.
9.59%). The age of the 18 delayed progressors
with the A32 CCR5 deletion, excluding the
LTNP, ranged between 2 and 12 years (mean
age: 7.3 years), of whom half were above 8
years of age. The mean age was lower in Span-

Table 2. Defective CCR5 allele in HIV-1 infected children®

Origin Rapid Progressors Delayed Progressors$ LTNP1
Italy 1/56 (1.78%) 1977198 (9.59%) 6/22 (27.27%)
Spain 0/16 5/31 (16.13%) n.d.

Total 1/72 (1.38%) 2417229 (10.48%)** 6/22 (27.27%)tt

*Footnotes as in Table 1.

SDelayed progressor include any category excluded the rapid progressors.
ILTNP are a subgroup of delayed progressors, and include children in CDC category N1 and A1l above 8 years of age.

**Chi square: Rapid progressors vs. delayed progressors p = 0.0288.

t*Chi square: Rapid progressors vs. LTNP p = 0.0003.
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ish delayed progressors (5.2 years) than in Ital-
ian children (9.3 years).

Viral Tropism in Children with Delayed
Disease Progression

In a group of 45 progressively followed chil-
dren with delayed disease progression (n = 35)
or LTNP (n = 10), we characterized the viral
phenotype, defined as the tropism of the viral
isolate for MT-2 cells. Altogether, at the last
timepoint of the follow-up we isolated from 17
(37.77%) children a MT-2 positive virus and
from 28 (62.22%) a MT-2 negative virus. When
we compared the viral phenotype with disease
progression, we observed that only one of the
10 LTNP, but 16 of the 35 delayed progressors
carried a MT-2 tropic viral isolate (Fig. 1; p =
0.0921; follow-up time 10.75 vs. 8.1 years of
age, for LTNP vs. delayed progressors, respec-
tively). Specifically, during the follow-up, the
group of delayed progressors showed a switch
from MT-2-negative to -positive viral isolates at
a mean age of 5 years in 9 cases (range: 2.25 to
11.17 years of age). In 7 children, a MT-2 tropic
virus was isolated since the age of first virolog-
ical follow-up at a mean age of 7.2 years (data

Children's
Disease progression CCRS5 genotype Viral phenotype

MT-2- MT-2+

/ WT 5 1
LTNP (10) \
A32 4 0
WT 19 13
Delayed Prog. (35)
A32 0 3
p value 0.0104 n.s.

Fig. 1. Association between viral phenotype
and disease progression. The presence (A32) or
absence (WT) of the A32 deletion of the CCR5 gene
and viral phenotype according to growth (+) or no
growth (—) in MT-2 cells of the viral isolate ob-
tained at the last time-point during follow-up of
the children is shown for LTNP (long-term-non
progressors) and delayed progressors. The number
of observations/patients are in parentheses. Statis-
tics expressed as p value, n.s. = not significant.

not shown). Nineteen delayed progressors and
9 LTNP still carried a MT-2 negative viral iso-
late at a mean age of 8.7 years (range 3.08 to
15.33 years) and 10.7 years (range: 9.58 to
12.25 years), respectively. Only one LTNP de-
veloped a MT-2 tropic virus at an age of 6.7
years, but had not yet progressed in disease af-
ter 3.5 years from the phenotypic switch.

Antiretroviral therapy did not correlate
with MT-2 tropism, as approximately three-
quarters of the children, independent of age,
were treated with reverse-transcription in-
hibitors. Patients began therapy at a mean age
of 4.18 years (range: 0.5 to 13 years), with a
mean duration of 4.5 years (range: 1 to 9
years). None of the children had started ther-
apy with protease inhibitors. Untreated chil-
dren had reached a mean age of 9 years (range:
4 to 14 years).

CCR5 Genotype and Viral Tropism Correlate with
Disease Progression

Comparison of the viral phenotype with CCR5
genotype showed that a similar frequency of
MT-2 tropic viruses was isolated from children
with the wild type CCR5 gene (14/38 children;
36.84%) and from those with the A32 CCR5 mu-
tation (3/7 children; 42.86%; Fig. 2). The mean
age of follow-up of the children carriers of the
A32 CCR5 gene and of those with the wild type
gene was similar (9.3 years vs. 8.6 years, re-
spectively). Thus, no clear correlation was ob-
served between viral phenotype and 432 CCR5
in the infected children with delayed disease
progression including LTNP.

The analysis of the same parameters ac-
cording to different disease progression
showed that 4 of 9 LTNP who harbored a MT-
2 negative virus carried the A32 CCR5 deletion;
whereas, none of the 19 delayed progressors
did (Fig. 1; p = 0.01). This correlation was also
maintained when only children above 8 years
of age were included (p = 0.045) to avoid bias
due to length of follow-up (data not shown).
No such correlation was observed for children
who harbored a MT-2 tropic virus. This may
indicate that the presence of the genetic muta-
tion together with a less aggressive virus can
prolong symptom-free disease in infected chil-
dren.

The viral phenotype was associated with
CD4" cell levels. Indeed, a MT-2 tropic virus
was recovered only in 5 out of 23 children
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Children's

CCR5 gene Viral phenotype CDC stage
1 2 3

MT-2 +(3) - - 3
A32 (7)

MT-2 - (4) 4 -

MT-2 + (14) 2 3 9
WT (38)

MT-2 - (24) 8 6 10

Fig. 2. Characteristics of HIV-1 infected chil-
dren with delayed disease progression. In the
figure are indicated: The phenotype, defined as
growth (+) or no growth (—), in MT-2 cells of the
viral isolate obtained at the last time-point during
follow-up of the children and the CDC stage, as
immunological classification according to the 1994
Revised Classification of the Centers of Disease
Control, are shown for patients with the presence
(A32) or absence (WT) of the A32 deletion of the
CCRS5 gene.

(21.74%) with CD4" cell levels >15% (CDC
categories 1 and 2), compared with 12 out of 22
children (54.54%) with severe immunodefi-
ciency (i.e. with CD4" cells <15%; CDC cate-
gory 3; p = 0.05). Interestingly, this correlation
became statistically stronger when the children
were grouped according to the CCR5 genotype.
MT-2 viral tropism was significantly correlated
with severe immunodeficiency in children car-
rying the A32 CCRS5 deletion (Fig. 2), but not
in those with the wild type gene. Indeed, all
children carriers of a MT-2 tropic viral isolate
and the deleted gene were classified as CDC
category 3 (p = 0.028), only 9 out of 19
(47.37%) of those with the wild type gene.
Thus, the A32 CCR5 deletion together with a
syncytium-inducing virus correlated with de-
velopment of severe immunodeficiency.

Discussion

We show that the presence of the 432 CCR5 mu-
tation, either heterozygous or homozygous, is

not associated with transmission of HIV-1 from
the mother to the child. We found only 2 chil-
dren that were homozygous carriers of the mu-
tation and one of them acquired the infection.
Our study is in agreement with other recently
published reports on pediatric cohorts col-
lected in different countries (19-21). Accord-
ingly, Misrahi et al. (20) described only one
homozygous carrier of the A32 CCR5 mutation,
an uninfected child, in a cohort of 512 French
children born to HIV-1 positive mothers. Of in-
terest is the difference with several studies,
which demonstrated that the homozygous 432
CCR5 mutation correlated with protection from
HIV-1 infection in exposed adults (11-13).
However, infection of A32 CCR5 homozygous
adult carrier was repeatedly described and was
probably ascribed to transmission of the MT-2
tropic virus capable of using the CXCR4 recep-
tor (11,12,14). Although we isolated a MT-2
tropic virus from the PBMC of a child with
the homozygous CCR5 mutation, no conclu-
sions can be drawn on the phenotype of the
infecting virus at birth due to lack of early sam-
ples. Further studies are needed to define the
relevance of a 432 CCR5 mutation in favoring
mother-to-child transmission of MT-2 tropic
isolates.

It has been suggested that HIV-1 perinatal
transmission is linked to viral tropism for
CCRS5 (28). Overwhelming evidence indicates
that a great proportion of neonates are infected
with MT-2 negative viruses, which are viruses
capable of using the CCR5 receptor only (27).
However, we previously showed that mothers
harboring a MT-2 tropic virus can transmit to
their child either a virus with the same charac-
teristics or a MT-2 negative virus (26). MT-2
positive viral isolates were identified as those
able to use the CXCR4 as a coreceptor for entry,
though most of these viruses keep the capacity
to also use CCR5 (27). Better information will
clarify the preferential transmission of CCR5-
dependent viruses and, thus, assess the clinical
relevance of developing therapies aimed to in-
terfere with viral entry.

Our data show that the heterozygous A32
CCR5 gene is significantly associated with de-
layed disease progression in HIV-1 infected
children of Spanish and Italian origin. In par-
ticular, LTNP have a significantly higher fre-
quency of this mutation than rapid progressors.
Similarly, Misrahi et al. (20) found an associa-
tion of the mutation with delayed disease pro-
gression in HIV-1 perinatally infected children
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and reported that approximately 50% of those
with the A32 CCR5 heterozygous mutation, but
only 11% of those without the mutation, were
still asymptomatic (CDC category N or A) at 8
years of age. However, most children were be-
low 7 years of age and the persistence of the
protective effect of the A32 CCR5 heterozygous
mutation had not been studied. Here, we show
that LTNP have a higher frequency of the mu-
tated gene compared with symptomatic chil-
dren surviving above 8 years of age. Still, not
all published reports on pediatric cohorts
found a correlation of the mutated gene with
delay of disease progression (21,29). This may
be attributed to different sized study popula-
tions and to the use of different parameters for
the classification of disease in the children. As
suggested by previously published epidemio-
logical data (2), we rigorously considered
LTNP children in CDC category N1 and A1l af-
ter 8 years of age.

Although we do not demonstrate a clear
correlation between the 432 CCR5 mutation and
viral tropism, our study shows that, in child
carriers of the A32 CCR5 mutation, the presence
of MT-2 tropic virus isolates was significantly
associated with a severe immune suppression
(CDC category 3); whereas, the presence of
MT-2 negative viruses correlated with LTNP.
Thus, the genetic mutation appears to have a
protective effect against HIV-1 disease progres-
sion in individuals carrying less aggressive
viruses, such as MT-2 negative virus isolates.
Our data are in agreement with those pub-
lished by Bratt et al. (30) who described the
synergistic effects of viral phenotype and CCR5
genotype in disease progression. Adult HIV-1
infected carriers of the heterozygous 432 CCR5
gene and MT-2 negative viruses had the low-
est prevalence of AIDS, the highest CD4" lym-
phocyte count, and the lowest plasma viral
load. Recently, Buseyene et al. (22) dem-
onstrated in HIV-1 infected children above
8 years of age the beneficial role of the het-
erozygous A32 CCR5 gene on the percentage of
CD4" T cells, as we did, as well as on viral
load.

In conclusion, our data strongly suggest
that the heterozygous A32 CCR5 deletion does
not prevent HIV-1 infection in perinatally ex-
posed children, but plays a protective role
against disease progression in infected chil-
dren. A deletion in the CCR5 gene may re-
sult in a lower efficiency of replication of
viruses capable of using this coreceptor and,

as a consequence, to delayed disease progres-
sion in vivo. Still, caution should be taken and
the possible adverse effects of 432 CCR5 pro-
moting the appearance of viruses with aggres-
sive phenotype should be considered. The ra-
pidity and simplicity of the assay for the
detection of the mutation favors the use of this
parameter as a marker to identify children with
delayed diease progression who, consequently,
do not require immediate antiretroviral treat-
ment.
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