Basic Science

Historic Exposure to Plague and Present-day Frequency of CCR5del32 in
Two Isolated Island Communities of Dalmatia, Croatia

Mladen Smoljanovi¢!, Smiljana Risti¢?, Caroline Hayward?®

Ynstitute of Public Health, Split,
Croatia

2Department of Biology and
Medical Genetics, School of
Medicine, University of Rijeka,
Rijeka, Croatia

3MRC Human Genetics Unit,
Western General Hospital,
Edinburgh, Scotland, UK

> Correspondence to:

Mladen Smoljanovi¢

Public Health Institute Split
Vukovarska 46

21000 Split, Croatia

Enkica.smolg’anovic@st.htnet.hg]

> Received: June 21, 2006
> Accepted: July 24, 2006

> Croat Med J. 2006;47:579-84

Aim To assess the frequency of deletion of 32 base pairs in a CCR5
gene, shown to confer resistance to HIV infection, in two isolated
island communities of Dalmatia, Croatia, with different histories of

exposure to “plaguc” during the medieval period and beyond.

Methods Random samples of 100 individuals from highly isolated
communities of Lopar (island of Rab) and Komiza (island of Vis)
were selected in 2002 and their DNA was extracted. An extremely
high level of 3-generational endogamy was found in both communi-
ties (98% and 91%, respectively), indicating very limited gene flow,
which was confirmed by available historic-records. The two settle-
ments also differed in their historic exposure to plague: between
1449 and 1456, Lopar was decimated by plague, while Komiza re-
mained unaffected. Genotyping of the CCR5 polymorphism was
performed using the polymerase chain reaction (PCR) method with
primers flanking the region containing 32-bp deletion.

Results The frequency of CCR5del32 in Lopar was 6.0% and in
Komiza 1.5% (P=0.037). A previous study in 303 random Croatian
blood donors showed a frequency of CCRS 32bp deletion of 7.1%.

Conclusion This study does not rule out the possible role of plague
in positive selection at CCR5del32. However, analyses of further
neighboring isolated island communities need to be made in order
to provide more substantial support for this hypothesis.
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The chemokine receptor CCRS5 was shown
to be a co-receptor for the macrophage-tropic
strains of HIV-1 (1,2). A mutant form of this
gene with a 32bp deletion, in its homozygous
form, was shown to confer resistance to infec-
tion by HIV (1,2). In European populations,
this mutant allele is fairly common, with a clear
north to south gradient of frequency, ranging
from 16% in Mordvinia, Russian Federation,
to 4% in Sardinia (3). Slavic populations of cen-
tral Europe, with the estimated frequency of
10.9% for the Poles (4), 10.7% for the Czechs
(5), 8.7% for the Slovenes (6), and 7.1% for the
Croatians (7), are placed in the middle of the
European gradient, which is expected accord-
ing to their geographic location, An-analysis of
flanking microsatellites in multiple populations
showed strong linkage disequilibrium between
specific microsatellite alleles and the 32-bp dele-
tion (8). This data inferred that most 32-bp de-
letions originated from a single mutation event,
which probably took place in northeastern Eu-
rope (8).

It was initially thought that the high fre-
quency of the 32-bp deletion allele could not be
explained simply by random genetic drift and
was probably associated with some selection ad-
vantage conferred by either the heterozygous
or homozygous mutant-allele (8,9). Lucotte
et al (10) undertook a comparative analysis of
this variant in 40 populations from Europe, the
Middle East, and North Africa, and confirmed
the clear north-south divide. They conclud-
ed that the CCRS 32bp deletion was probably
disseminated by the Vikings and that it had a
protective effect against smallpox in the peri-
od between the 8th and 10th century. Howev-
er, others hypothesized that the mutation was
more recent in origin and under much stronger
selection, and that the Yersinia pestis may have
had strong selective pressure on European pop-
ulations during medieval times and beyond, es-

pecially between 1347 and 1670 (3,11,12).

A number of scientists have recently con-
ducted research in order to provide further
support for the “plague hypothesis” or to chal-
lenge it. The problem is that the term “plague”
is ill defined in this context, as for a long peri-
od of human history it was associated with any
epidemic that was causing high mortality, and
the microbial causes could have been entire-
ly different in each episode (2,9). The bubonic
plague, caused by Yersinia Pestis, is only one of
several possible examples (9). CCRS 32-bp de-
letion was identified in 2900-year-old skeletons
from the Bronze Age burials in central Germa-
ny at the same frequency as in victims of the
14th century pandemic in Lubeck in northern
Germany (13,14). Experiments showed no dif-
ference in susceptibility to infection and death
between CCRS5 deficient and normal mice af-
ter infection with Yersinia pestis (15), but there
may still be a difference in the pathogenesis of
Yersinia pestis between mice and men. Further-
more, in vitro experiments of macrophage up-
take of Yersinia pestis showed some 30-fold re-
duction in-homozygous mutant mice (16).
Some epidemiological models based on highly
complex sets of assumptions supported the role
of plague (9), the others supported the role of
smallpox (17), while some found no evidence
of positive selection at all (18). All these stud-
ies indicate that the role of the 32-bp deletion
in relationship to Yersinia pestis infection is still
inconclusive.

In this study, we aimed to contribute fur-
ther evidence to this debate. Due to massive
migrations that occurred in Europe since the
medieval period, there are very few European
populations, located within the same gradient
of CCR5del32 frequency, that remained iso-
lated after very differing histories of exposure to
plague. However, in Dalmatia, Croatia, some of
the island isolates may be unique in exhibiting
precisely this set of conditions that may allow
testing the hypothesis of plague as a positive se-
lective force on CCR5del32.




Subjects and methods

Choice of population

We analyzed the CCR5 32bp deletion in 2 care-
fully chosen Dalmatian island communities, the
village of Lopar on the island of Rab and the vil-
lage of Komiza on the island of Vis. An earlier
study showed that these two island isolates were
genetically different from the neighboring popu-
lations (19,20).

Historic records showed that a plague epi-
demic affected the island of Rab 1449 and 1456,
and that between 60 and 95% of the inhabitants
of all the settlements (including Lopar) died or
were forced to take refuge (21-32). It should be
noted that this plague may not-have been related
to Yersinia pestis;as this period (1449-1456) does
not overlap with the second pandemic in Europe
during the period of “Black Death” (1347-1361)
or with the third and final pandemic in Europe
(1665-1670) (9). As opposed to Rab, the villag-
es on the islands of Vis (including Komiza) were
spared from all major epidemies associated with
high mortality during medieval period and be-
yond (21,22,29,30).

If the form of medieval plague in Lopar con-
tributed to the positive selection at CCR5del32,
then its frequency in present-day population
that evolved subsequent to this bottleneck effect
would be increased in comparison with the con-
temporary populations of neighboring isolates

not affected by plague.

Sample selection, genotyping, and statistical

analysis

In both settlements, a random sample of 100 ex-
aminees was selected in order to study the fre-
quency of CCR5del32 mutation. Methods of
sampling of the examinees, field work activi-
ties, and procedures for obtaining the materi-
al, their storage, and transport to the Human
Genetics Unit of the Medical Research Coun-
cil (HGU MRC) in Edinburgh, UK were de-
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scribed in detail by Vitart et al (20). Genotyp-
ing the CCR5 polymorphism was performed
at the HGU MRC using the polymerase chain
reaction (PCR) method with the following
primers flanking the region containing 32-bp
deletion: forward primer - ACCAGATCT-
CAAAAAGAAGGTCT, reverse primer -
CATGATGGTGAAGATAAGCCTCACA.

The PCR products were analyzed by 2% aga-
rose gel electrophoresis. The normal allele was
detected as a 225bp fragment and the CCRS5
32-bp deletion allele was detected as a 193bp
fragment. These are standard methods to de-
tect CCR5del32 mutation in humans and they
have been described in greater detail elsewhere
(3,8,18).

The differences in allele frequency of
CCR5del32 between the two settlements, and
between them and the general Croatian popu-
lation, were determined by ¥* test for indepen-
dent samples (33). The analyses were performed
in Microsoft Excel, using the program’s statistical
functions and y-distribution.

Results

A total of 98 samples from Lopar and all 100
samples from Komiza were successfully geno-
typed (Table 1). Allele frequency of CCR5del32
was 6.0% in Lopar and 1.5% in Komiza. This
gave the frequency of the wild-type allele CCR5

Table 1. Observed frequency of genotypes at CCR5 locus in
Lopar and Komiza villages and differences in allele frequencies
of del32 mutation between Lopar, Komiza, and general Croatian
population®

Setting
Parameter Lopar Komiza  Croatia
Sample (No. subjects) 98 100 303
Number (%) of observed genotypes:
CCRSWT/WT 87 (88.7%) 97 (97.0%) 263 (86.8%)
CCR5WT/del32 10 (10.2%) 3(3.0%) 37 (12.2%)
CCR5del32/del32 1(1.1%)  0(0.0%) 3 (1%)
CCR5 del32 allele frequency 6.0% 1.5% 71%
P 0.6511 0.014% 0.0378

*Data on general Croatian population from ref. 21.
fLopar vs Croatian general population.

*Komiza vs Croatian general population.

SLopar vs Komiza.
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of 94.0% in Lopar and 98.5% in Komiza. Giv-
en the observed allele frequencies, the expected
genotype frequencies under Hardy-Weinberg
equilibrium for wild type homozygotes (wt/wt)
in Lopar and KomiZza were equal to 88.4% and
97.0%; for CCR5del32 homozygotes (del32/
del32) 0.4% and 0.0%; and for the heterozygotes
11.2% and 3.0%, respectively. When these ex-
pected genotype frequencies were compared with
the observed genotype frequencies, it became ap-
parent that they closely followed the expectations
and that both populations were in Hardy-Wein-
berg equilibrium at CCRS locus (Table 1).

According to our hypothesis of plague as
the selective force responsible for the increase
in the frequency of CCR5del32 among the Eu-
ropeans, it was predicted that the frequency of
CCR5del32in Komiza would be significant-
ly lower and significantly higher in Lopar than
the general population average. The frequency
in general Croatian population was 7.1%, based
on a study of 303 blood donors (7). The analy-
sis showed that the frequency in Komiza was in-
deed significantly lower than in both the general
population (P=0.014) and in Lopar (P=0.037)
(Table 1). However, the frequency in Lopar was
not significantly different from the general popu-
lation average.

Discussion

The fact that the frequency of CCR5del32 was
significantly decreased in Komiza but not signifi-
cantly increased in Lopar in comparison with the
general population, has several possible interpre-
tations. First, this does not rule out the possible
role of medieval plague in the positive selection at
CCR5del32. If this hypothesis was correct, then
the low frequency of CCR5del32 in Komiza
could be interpreted as the consequence of avoid-
ing the epidemics during the Middle Ages. Un-
der this hypothesis, the lack of increased frequen-
cy in Lopar could also be explained. During the
medieval period, many different diseases associ-

ated with high mortality were termed “plague,”
some of them of different microbial etiology.
Furthermore, the period of epidemic in Lopar
(1449-1456) overlapped neither with the sec-
ond pandemic (1347-1361) nor with the third
pandemic in Europe (1665-1670). Therefore, if
the CCR5del32-selective plague was caused by
a different etiological agent than the “plague”
that struck Lopar, then no difference would be
expected between Lopar and the general popu-
lation, as observed. In addition, perhaps the his-
torical and cultural position of Rab island, that
was not as isolated from the rest of the land as
Vis island, contributed to this finding. Rab was
hardly spared from the events taking place on the
mainland, including epidemics, which could also
be responsible for almost the same frequency of
CCRS5 del32 as in the general population.

However, an alternative hypothesis is also
possible, in which “plague” does not represent a
selective force behind the increase in CCR5del32
mutation. Under this hypothesis, Lopar frequen-
cy would again be the same-as in general popu-
lation, as observed. The decreased frequency in
Komiza could then be explained in several ways:
1) as an expected consequence of the European
north-south cline, although, as Lopar is situat-
ed in northern and Komiza in southern Adriat-
ic Sea, which makes the expected difference due
to the geographic cline unlikely to be substantial,
the founder effect and subsequent genetic drift
could have acted together to separate their fre-
quencies further apart; 2) as a consequence of ge-
netic drift toward the extinction of the allele in
an isolated island community; 3) CCR5del32
positive selection was driven by another infec-
tious disease (not plague), which was also absent
in KomiZa due to geographic isolation.

To resolve this uncertainty, further analyses
of neighboring isolated island communities will
be needed and the consistency of findings among
the northern Adriatic and southern Adriatic vil-
lages may eventually provide more substantial

support for the “plague” hypothesis or perhaps




rule it out. Whatever the reason for this allel-
ic variation in different populations, it is still an
important observation that homozygosity of the
CCRS 32bp deletion protects individuals from
HIV infection today and may have had an im-
portant role in the protection against some infec-
tious agent in the past, which justifies the efforts
to achieve greater understanding of this observa-
tion.
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