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SUMMARY A direct correlation between HIV infection and mutation in the chemokine receptor (CCR5) gene
has been established. However, such correlation has never been investigated in Lebanon. We report the
frequency of the CCR5-delta 32 mutation in a random sample of 209 healthy, HIV-1 seronegative Lebanese
aged 19–68. Overall, 4.8% were heterozygous for the mutation. Homozygosity was absent from our sample.
The frequency for the CCR5-delta 32 allele was 2.5%. Distribution of the mutation was unaffected by sex,
age, religion or educational level. The frequency in the Lebanese population is consistent with that in the origin
of the mutation in northern Europe. This could be attributed to a gene flow into the Middle East from northern
Europe.

Introduction

According to a World Health Organization
report, 42 million people were living with
HIV/AIDS worldwide in 2002; 92% were
adults, 46% women, and 8% children un-
der the age of 15. This resulted in 3.1 mil-
lion deaths in 2002. In North Africa and the
Middle East alone, 550 000 people are cur-
rently living with HIV/AIDS [1]. In Leba-
non, the cumulative number of reported
HIV/AIDS cases reached 987 by the end of
2002, while the estimated number could be
as much as 3000 [2].

It has been established that infection by
HIV-1 is influenced by a mutation in the
chemokine receptor (CCR5) gene [3,4].
The product of the CCR5 gene encodes a

CC-type seven-transmembrane G-protein-
coupled chemokine receptor that binds
RANTES, MIP-1alpha and MIP-1beta, and
has been shown to mediate entry of M-
tropic HIV-1 strains into target cells [5–7].
CCR5 also serves as an entry co-receptor
for primary human immunodeficiency vi-
rus strains that infect monocytes and mac-
rophages [7–9]. The CCR5 gene is located
on chromosome 3p21.3. Individuals resis-
tant to repeated exposure to the virus have
been shown to be homozygous for a 32 bp
deletion in the CCR5 gene [5,6]. Heterozy-
gosity for the mutation is associated with a
slower progression to AIDS following HIV-
1 infection with a typical delay of 2–4 years
[4,6,10]. The 32 bp deletion in the gene
causes a frame shift at amino acid 185,
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which results in a stop codon and prema-
ture truncation within the third extracellular
domain. Analysis of the infectability of cells
of 3 different genotypes by Liu et al. dem-
onstrated that HIV-1 replicated in wild-type
homozygous cells but failed to replicate in
homozygous delta-32 cells, whereas repli-
cation of the virus in cells heterozygous for
the mutation proceeded at an intermediate
rate [5].

In this study we report the frequency of
the CCR5-delta 32 mutation in the Lebanese
population.

Methods

The participants were selected from Leba-
nese adults attending the blood bank of a
major teaching hospital in Beirut, Lebanon
over a 6-month period between July and
December 2001. Sample size was 220.
Participants were healthy, HIV-1 seronega-
tive, of both sexes, and ages ranged from
19 to 68 years. Palestinian, Syrian, and Ar-
menian donors were not included in the
study. None of the blood samples collected
tested positive for HIV. In addition, the do-
nated blood was further screened for anti-
body titres and potential pathogens before
being considered suitable for donation. Ev-
ery third qualified donor was included in
the study; people who donated blood at
night or on Sundays, however, were ex-
cluded. The donors were not inconve-
nienced in any way. An anonymous
questionnaire was completed for each par-
ticipant. The questionnaire included ques-
tions relating to marital status, number of
sex partners, practice of safe sex, drug
use, history of blood or blood products
transfusion, and whether the participant
had previously been tested for HIV. Institu-
tional ethical clearance and informed con-
sent of the blood donors were obtained. We
followed the Helsinki Declaration (1964,

amended in 1975 and 1983) of the World
Medical Association.

 About 2 mL of donated peripheral
venous blood was collected from each par-
ticipant. The GFX genomic blood DNA pu-
rification kit (Amersham Pharmacia
Biotech Europe GmbH, Freiburg, Germa-
ny) was used to extract genomic DNA
from white blood cells following the lysis
of red blood cells. DNA was eluted in
100 µL molecular biology grade water and
stored at –20 °C. DNA concentrations
were determined spectrophotometrically.

Polymerase chain reaction was per-
formed following the methods of Martin-
son et al. [11]. Briefly, 100 ng of genomic
DNA was denatured at 94 °C for 10 min-
utes, following which it was subjected to
30 cycles of denaturation, annealing and
extension. The last cycle was followed by
an incubation at 72 °C for 10 minutes. The
reaction mixture of 50 µL contained,
50 mmol KCl, 10 mmol Tris-HCl, pH 8.3,
800 µmol dNTPs, 100 µg/mL gelatin, 10
pmoles of each of the CCR5-specific for-
ward and reverse primers, and 1.5 units of
Taq polymerase enzyme (GibcoBRL Life
Technologies GmbH, Karlsruhe, Germa-
ny). Electrophoresis was performed in
Tris-Borate EDTA running buffer and poly-
merase chain reaction products were de-
tected in 2% agarose containing 1 µg/mL
ethidium bromide, and visualized by transil-
lumination with ultraviolet light [11].

Cross contamination was avoided by
using pipette-tips fitted with aerosol barrier
filters, and frequent decontamination of
work surfaces with short ultra-violet light
irradiation and diluted bleach. Carry-over
contamination was prevented by physically
separating the extraction, amplification and
detection areas.

Both deleted and normal PCR products
were extracted from agarose gels using the
PCR product clean-up kit from (Roche
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Molecular Biochemicals GmbH, Man-
nheim, Germany) and dideoxytermination
cycle sequencing (Applied Biosystems,
Foster City, California,) of normal and de-
leted polymerase chain reaction products
was performed to confirm the identities of
amplicons and to determine the exact na-
ture and location of the deletion along the
CCR5 gene.

Eleven samples did not yield amplifiable
DNA, consequently, the effective number
of donors included in the study was 209.

Statistical analysis was performed and
individual parameters were tested for sig-
nificance by analysis of variance.

Results

Overall, 4.8% of the people we studied
were heterozygous for the mutation; ho-
mozygosity was not found. The frequency
for the CCR5-delta 32 allele was 2.5%.
Distribution of the mutation was unaffect-
ed by sex (P = 0.21), age (P = 0.41), or
education level (P = 0.62), and was similar
among the religious groups that we exa-
mined (P = 0.43) (Table 1). The sequen-
cing of the polymerase chain reaction
products purified from agarose gels con-
firmed their identity with that of the CCR5
gene (GenBank X91492). Also, the nature
and location of the deletion identified by se-
quencing of the deleted polymerase chain
reaction products were identical to that re-
ported by Liu et al. [5].

Discussion

A north to south gradient in the delta 32 al-
lele frequency has been reported across
Europe, with the highest allele frequencies
in the Finnish and other populations living
around the Baltic Sea (10%–20% heterozy-
gous; 1% homozygous), and the lowest in

Sardinia and Greece, where the frequency
drops to almost zero [11–13]. The mutation
is also seen at very low frequencies in pop-
ulations from Saudi Arabia, Syrian Arab
Republic, Islamic Republic of Iran, Tuni-
sia, Morocco, Cyprus (Greek), India, Paki-
stan and Asia. It is virtually absent in native
populations from sub-Saharan Africa and
Oceania [11–15]. Based on the demograph-
ic distribution, it is believed that the muta-
tion arose in northern Europe in response to
selective pressures such an infection epi-
demic. Our results are consistent with re-
ports in the medical literature: we detected
the mutated allele in our study population at

Table 1 Distribution of CCR5 genotype in
healthy HIV-1 seronegative Lebanese adults
(n = 209)

Variable No. with No. with P-
CCR5/CCR5 CCR5/CCR5- valuea

delta 32

Total 199 (95.2%) 10 (4.8%)

Sex
M 112 6 0.21
F 87 4

Age (years)
Range 19–68 20–60 0.41
≤ 40 125 5
> 40 32 3
Unknown 42 2

Ethnicity
Christian 119 8 0.43
Muslim 40 2
Unknown 40 0

Education
University 84 5 0.62
High school 63 3
Technical 31 2
Other 21 0

aAll P-values were > 0.05, indicating no significant
effect of age, sex, education or ethinicity in this
case on the mutation frequency.
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a frequency of 2.5%, which is close to
what is being reported in the Syrian Arab
Republic (1.4%), Islamic Republic of Iran
(2.4%), Tunisia (1%), Morocco (1.5%)
and Cyprus (2.8%) [15].

The frequency in the Lebanese popula-
tion is consistent with the location of the
origin of the mutation in northern Europe.
This could be attributed to a gene flow into
the Middle East from northern Europe. In
addition, frequencies of the deletion gradu-
ally decrease as the distance from Europe
becomes greater and it is virtually absent in
Asia, the Far East, Oceania and South Afri-
ca. We therefore propose that, in addition

to the gradient seen in Europe, a gradient
outside Europe also exists for the mutation
across the Middle East region and into Asia,
the Far East and Oceania and across Eu-
rope into Africa. This is in accord with a
single point of origin for the mutation locat-
ed in northern Europe, where the highest
frequencies for the deletion have been re-
ported.
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Genetics in developing countries

Low- to middle-income countries vary in their capacities in medical
genetics. Some may not have the resources to set up appropriate
genetic services. Others provide genetic services but need assist-
ance to improve equity of access to these services. The World
Health Organization is supporting country capacity building by con-
structing educational modules and pilot studies to develop national
community genetics, including the ethical, legal and societal impli-
cations (ELSI).

Source: WHO Fact sheet: genetics and health
Available at: http://www.who.int/genomics/en/E_hgn-_final.pdf
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