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Frequency of the CCR5-D32 polymorphism in the Maltese population

at birth
C. Vidal & A. Xuereb-Anastasi
Summary

In this study, the frequency of the CCR5-D32 polymor-
phism was estimated in the human population of Malta.
The frequency of the CCR5-D32 allele was found to be
1.1% which was similar to that of other island
populations, and agree with the north to south gradient
observed across Europe.
Introduction

Both a- and b-chemokine receptors expressed on the
surface of CD4 positive T lymphocytes and macro-
phages are known to serve as cofactors for the entry
of the human immunodeficiency virus (HIV) into these
cells, thus leading to acquired immunodefiency syn-
drome (AIDS). The macrophage (M)-tropic HIV-1 uses
the b-chemokine receptor CCR5 to enter into macro-
phages although some strains can also use other b-
chemokine receptors such as CCR3 and CCR2b (Rana
et al., 1997).

A 32 base-pair deletion (D32) within the CCR5 gene
found on chromosome 3p21, results in a truncated
protein leading to lack of integration into the cell
membrane (Liu et al., 1996). Individuals homozygous
for this polymorphism were found to be highly resis-
tant to HIV-1 infection with M-tropic HIV-1 strains
but were not resistant to T-cell (T)-tropic viruses that
use the a-chemokine receptor fusin (CXCR-4) (Samson
et al., 1996; Rana et al., 1997). Heterozygous individ-
uals were also observed to have partial resistance to
AIDS by delaying its onset (Liu et al., 1996). A
marked degree of geographic variation exists in the
distribution of this polymorphism, where highest fre-
quencies are found in northern European populations
which decrease southwards (allele frequency ranging
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from 16% to 4%) (Novembre et al., 2005). Recent
studies performed on ancient-DNA obtained from
2900-year-old skeletons from Italy and Germany
showed that this polymorphism was already prevalent
in Europe at that time (Hummel et al., 2005). This
polymorphism was also found in other populations of
European descent (Brazilian) (Pereira et al., 2000), but
was absent in African and most Asian populations
(Yudin et al., 1998; Lu et al., 1999). It is thought that
strong selective pressures over long periods of time,
and not the present HIV infection, structured this gra-
dient in allele frequencies across European populations
(Novembre et al., 2005). In this study, the frequency
of the CCR5-D32 polymorphism was determined in
the island human population of Malta.
Methodology

DNA was extracted from 232 anonymous cord blood
samples (464 chromosomes) collected from neonates
and submitted to the Laboratory of Molecular Genet-
ics, University of Malta, Malta for routine screening.
DNA was extracted from peripheral blood leucocytes
using a salting out procedure as previously described
(Miller et al., 1988). The region harbouring the poly-
morphism was amplified by polymerase chain reaction
(PCR) using oligonucleotide primers previously
described (Pakorny et al., 2005), yielding a 274-bp
fragment for the wild-type (WT) allele and a 242-bp
fragment for the mutated (CCR5D32) allele. Presence
of both fragments indicates a heterozygote. PCR was
performed in a 25 lL reaction, using 20 pmol of each
primer, 2.5 mM MgCl2, 0.2 lM dNTPs and 1 unit of
Hot FIREPol� polymerase (Solis BioDyne, Tartu,
Estonia). PCR was performed using an initial hot start
at 95 �C for 15 min followed by 30 cycles at 95 �C for
30 s, 59 �C for 30 s and 72 �C for 45 s followed by a
final extension step at 72 �C for 5 min. PCR products
were analysed using 3% agarose gel electrophoresis
while 10% polyacrylamide was used to re-check those
carrying this variant and 20% randomly selected
samples. No discrepancies were found with the initial
genotyping. The chi-square test was used to compare
observed genotype frequencies with those expected
under Hardy–Weinberg equilibrium. Heterozygosity
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was calculated using Utility Programs for Analysis of
Genetic Linkage by Ott (1999) using a previously
described algorithm (Nei & Roychoudhury, 1974).
Results

Genotype frequencies observed in the Maltese popula-
tion (n = 232) were 97.8% WT ⁄ WT homozygotes,
2.2% WT ⁄ CCR5D32 heterozygotes, while no homo-
zygotes (CCR5D32 ⁄ CCR5D32) were identified. The
minor allele frequency observed in the Maltese popula-
tion was 1.1% (0.011) and allele frequencies were in
Hardy–Weinberg equilibrium (v2 = 0.028; P = 0.87).
Calculated heterozygosity was of 0.0213 (95% confi-
dence interval: 0.0030–0.0397).
Discussion

For the first time, the frequency of the CCR5-D32
polymorphism in the Maltese population is being
reported. To our knowledge, it is also the first time
that this frequency is being estimated in newborns,
thus reflecting the frequency in the general population
at birth and minimizing any possible effects that this
variant might have on longevity when using older pop-
ulations. Until now importance was given to the pro-
tective role of the CCR5D32 allele against HIV but
little was said about its possible negative effects.
Recently, an increased risk of symptomatic infection
with the West Nile virus in CCR5-D32 homozygotes
was reported (Glass et al., 2006). The CCR5-D32
polymorphism results in a completely non-functional
receptor and thus could lead to a weakened immune
response if the host was to be attacked by other
organisms where the biological role of the CCR5
receptor cannot be outweighed by that of other recep-
tors. Also there were conflicting reports about the role
of the CCR5-D32 polymorphism in various diseases
such as juvenile idiopathic arthritis (Scheibel et al.,
2008), hepatitis C (Ahlenstiel et al., 2004) and sys-
temic lupus erythematosus (Mamtani et al., 2008). All
these factors could affect allele frequencies of this
polymorphism when using an adult population, so
using a random sample of newborns minimizes such
influences on frequency estimation. Differences in
allele frequencies between newborns and adult popula-
tions were observed for variants within the klotho and
methylenetetrahydrofolate reductase genes, both
thought to affect longevity (Arking et al., 2002;
Gueant-Rodriguez et al., 2006).

The allele frequency observed in this study conforms
with the European north to south gradient (Novembre
et al., 2005). Malta is an island located about 60
miles to the southeast of Sicily, and a frequency of
1.1% for the CCR5D32 allele conforms well to its
geographic position. This frequency is less than that
observed in other island populations, including the
Croatian island of Vis (1.5%) (Smaljanovic et al.,
2006), Sardinia (2.1%) (Battiloro et al., 2000) and the
ª 2009 Blackwell
Basque region (1.8%) (Lucotte, 2002), but is slightly
higher than that observed in Corsica (0.9%) (Lucotte,
2002). Isolated populations have the lowest frequency
even when compared to that of other European popu-
lations which ranges from 4.2% in Greeks (Novembre
et al., 2005), 7.1% in mainland Croatians (Ristic
et al., 2005), and increasing to 16% in northern Euro-
pean populations (Novembre et al., 2005). The only
exceptions to this gradient effect are the Ashkenazi
Jews, where the overall frequency of the CCR5D32
allele is 13.7%, probably due to a founder effect
and ⁄ or genetic drift as a result of their historical back-
ground (Lucotte, 2003).

It is highly debatable as to what were the selective
pressures that led to this geographical gradient across
European populations. The deadly pandemics that
struck Europe throughout the Middle Ages were
among the reasons most usually given, although today
these are highly disputed (Stephens et al., 1998; Cohn
& Weaver, 2006). Comparisons of frequencies
between skeletal remains of victims from the 14th cen-
tury plague with those from 2900 years ago showed
similar results, suggesting that the Black Death was
not the major selective force causing a rapid increase
in CCR5-D32 allele frequencies (Hummel et al.,
2005). If the Black Death were the major selective
pressure, then one could assume that mortality was
much higher in northern European countries when
compared to southern Europe but historical evidence
about the Black Death of 1346–53 shows the opposite
(Cohn & Weaver, 2006). The plague struck Malta
several times between the fourteenth and nineteenth
centuries with the latest epidemic being that of 1813
(Savona-Ventura, 1997). Every outbreak resulted in
the death of a significant percentage of the population
ranging from 9% during the 1592 outbreak to 4% in
the latest outbreak of 1813, where in the latter the
population was of nearly 116 000. Other sources men-
tioned that during the outbreak of 1675 approxi-
mately 8000–11 000 individuals perished from a
population of approximately 50 000 (Blouet, 1967).
The frequency of the CCR5-D32 allele in Malta is
low, indicating that the plague hypothesis does not
hold. If it did, then a higher frequency would be
expected in a population that expanded following
several population bottlenecks with expected high
proportion of survivors being those carrying the
CCR5-D32 allele. A reason why these several plague
outbreaks did not have an effect on the frequency of
the CCR5-D32 allele might be due to all these
epidemics described as plagues, were actually caused
by different etiological agents, thus exerting different
selective pressures on the allele.

Another hypothesis states that it is more probable
that a positive selective pressure was due to smallpox
rather than the Black Death (Galvani & Slatkin, 2003;
Cohn & Weaver, 2006). There are several reasons
why this could be more probable including the fact
that smallpox wiped out more of the population than
Publishing Ltd, International Journal of Immunogenetics 36, 301–304
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the Black Death but over longer periods of time,
affected younger people with a reproductive potential
and also affected Scandinavian countries much more
than the bubonic plague (Galvani & Slatkin, 2003).
Conversely, population differentiation and long-range
linkage disequilibrium at the CCR5-D32 locus were
not different from the rest of the genome, showing
that probably there isn’t a strong recent selection for
CCR5-D32 as proposed by the previous hypotheses,
and so its genetic variation is consistent with neutral
evolution (Sabeti et al., 2005).

An alternative hypothesis for the north to south gra-
dient could be that the CCR5-D32 allele gives little
resistance to certain organisms that are more prevalent
in the south due to weakening of the immune systems
as discussed above. If this happens, then there is a
greater chance of survival for individuals carrying the
wild-type allele than for those carrying the CCR5-D32
allele. This study continues to add to the existing
knowledge about the geographical distribution of the
CCR5-D32 polymorphism in Europe and the Mediter-
ranean region.
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