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Abstract

This study reports the frequencies of the CCR5D32 mutation of the 3-chemokine 5 gene and discusses the possible
effects of past and recent gene flow in three quilombo remnants (Brazilians communities with anthropological African
ancestry whose ancestors were escaped slaves): Rio das Ras, Mocambo, and Sao Gongalo in the northeastern
region of Brazil. The CCR5D32 allele frequency of the Mocambo population was significantly higher (5.6%) than that
found in the Rio das Réas (1%) and Sao Gongalo (0.9%) populations. These differences may reflect different
proportions of parental populations in the founders individuals, a founder-effect and/or different histories of
inter-ethnic contact. The frequency of the CCR5D32 allele in the Mocambo sample is similar to that found in those
urban Brazilian populations which have a large amount of European genetic input, indicating a European contribution
to the gene pool of this population and suggesting that, perhaps since its foundation, Mocambo has had a high level

of admixture or experienced a founder-effect.
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Introduction

Official reports estimate that about 3.5 million Afri-
cans were brought to Brazil as slaves between 1500 and
1850 (Salzano, 1986), during which time groups of fugitive
slaves broke out of their workplaces and settled down in re-
mote areas where they founded independent and isolated
communities called quilombos. Some of these communi-
ties, known as quilombo remnants and officially recognized
by the Brazilian government, have kept their cultural iden-
tities and now claim the land historically occupied by them.
At present, at least 743 remnant quilombo communities
have been identified in Brazil with most of them being lo-
cated in the northeastern region of Brazil. In many of these
communities genetic studies have shown several degrees of

Send correspondence to Aguinaldo L. Simdes. Universidade de
Sé&o Paulo, Campus de Ribeirdo Preto, Faculdade de Medicina de
Ribeirdao Preto, Departamento de Genética, Bloco B, Av. Ban-
deirantes 3900, Monte Alegre, 14049-900 Ribeirdo Preto, SP,
Brazil. E-mail: alsimoes @fmrp.usp.br.

admixture with indigenous groups and European descen-
dants (e.g., Arpini-Sampaio et al., 1999; Guerreiro et al.,
1999).

The B-chemokine receptor 5 protein, which acts as an
entry co-receptor for the HIV-1 virus, is coded for by the
CCRS5 gene which sometimes presents a 32 bp deletion mu-
tation (the CCR5D32 allele) that results in a truncated pro-
tein associated with resistance to HIV-1 infection (Dean et
al. 1996; Berger et al., 1999). There are rare reports of
HIV-infected individuals who are CCR5D32 homozygous
(Hogan and Hammer, 2001). Epidemiological studies have
associated the CCR5/CCR5D32 heterozygotic state with a
delay in the onset of AIDS and a higher degree of resistance
against HIV infection than the wild type CCR5/CCRS5 ho-
mozygous state (Venkatesan et al., 2002).

The frequency distribution of the CCR5D32 allele
varies considerably between different ethnic groups, being

common in Europeans (£10% frequency) but quite rare or
absent (< 1%) in Asian, African and Brazilian indigenous
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groups (Martinson et al. 1997; Leboute et al., 1999; Wil-
liamson et al., 2000; Lucotte, 2001).

Passos and Picango (1998) found a CCR5D32 allele
frequency of 3.5% in one urban Brazilian population,
which may have resulted from a European genetic contri-
bution. Leboute (2000) reported that there is a decreasing
cline in CCR5D32 frequencies from southern (8.1%) to
northern (3.3%) Brazil which may be compatible with the
differential influence of European immigration in the vari-
ous regions of the country. Grimaldi et al. (2002) observed
that CCR5D32 allelic frequencies vary according to ethnic
origin and reflect the admixture that occurred between the
various ethnic immigrant groups after their arrival in Bra-
zil. As a result of this differential distribution, CCR5D32
frequencies may be used as an indicator of the European
contribution to populations of mixed ethnic origin.

No study has yet been made to identify the frequency
of the CCR5D32 allele in quilombo remnant communities.
The objectives of our study were to assess the frequency of
the CCR5D32 allele in three quilombo communities in
northeastern Brazil of Mocambo, Rio das Ras and Sao
Gongalo and to investigate the effect of past or recent gene
flow on the allele frequencies in these communities.

Material and Methods

Populations and sample size

The populations studied were quilombo remnants sit-
uated in northeastern Brazil which were founded mainly by
sub-Saharan Africans or African-derived individuals at
least 150 years ago. The communities studied (Figure 1)
were: (1) Rio das Rés, a community lying near the eastern
margin of the Sdo Francisco river at 13°41° S, 43°20° W
and which had at the time of sampling an estimated popula-
tion of 4,000 people distributed between two large villages
(Rio das Ras and Brasileiras) and several small villages
(e.g. Encht, Retiro and Capao do Cedro). For our study we
selected 100 individuals, 72 born locally (48 in Rio das Rés,
13 in Brasileiras and 11 in the small villages) and 28 (28%)
recent immigrants; (2) Mocambo, a community situated on
the eastern bank of the Sdo Francisco river at 9°4° S, 37°25°
W with an estimated population of 500 people, of which we
chose 71 individuals for our study, 53 born locally and 18
(25%) recent immigrants; (3) Sao Gongalo, a community
located at 13°45” S, 41°02° W which had an estimated pop-
ulation of 194 people, of which we sampled 53, 38 born lo-
cally and 15 (28%) recent immigrants. The population data
for these sites comes from Oliveira et al. (2002). The total
sample size was 224 people (163 born locally and 61 recent
immigrants) with, in most cases, the oldest person in each
family being selected for the study. The highest relation-
ship coefficient accepted in the sample was 1/16. Recent
immigrants, people who did not born in the communities
which were living there, were included in the study and
their data could therefore be used to analyze the impact of
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Figure 1 - Geographic locations of Rio das Ras, Mocambo and Sao
Gongalo, three Afro-derived populations in northeastern Brazil.

genetic flow on the CCR5D32 allele frequency in these
communities.

DNA extraction and polymerase chain reaction
conditions

We collected 4 ml of venous blood from volunteers of
each community. We explained orally the purpose of this
study to each donator who consent the blood collect. For the
Sao Gongalo samples, genomic DNA was extracted from
the leukocytes contained in 300 UL of blood cell suspension
according to Higuchi’s protocol (1989), while for the Mo-
cambo and Rio das Ras populations it was extracted from
the buffy coat leukocytes using a standard phenol-chlo-
roform technique. A heterozygous individual from an ur-
ban Brazilian population of known European origin was
used as a positive control. The target sequence was ampli-
fied using the polymerase chain reaction (PCR) conditions
and primers described by Martinson et al. (1997) to pro-
duce a 193 bp product for the normal CCR) allele and a 161
bp product for the mutant CCR5D32 allele, the products be-
ing separated by electrophoresis in 8% non-denaturing
polyacrylamide gels and stained with silver nitrate.

Statistical analysis

Allelic frequencies were estimated by direct count-
ing, conformity to a Hardy-Weinberg equilibrium being
tested using the chi-squared () test. To analyze the impact
of genetic flow on the frequency of the CCR5D32 mutation
in each community we used Pearson’s % test of heteroge-
neity to compare native born individuals pooled as a group
to recent immigrants pooled as a group, the test being per-
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formed using the BIOSYS software (Swofford and Selan-
der, 1981). Allelic frequencies at the CCRS5 locus were
compared for all population pairs using 2x2 contingency ta-
bles and Fisher’s exact test (Zhang et al., 1998).

Results and Discussion

The CCR5D32 allele was found in the populations
studied exclusively as the CCR5/CCR5D32 heterozygote,
the CCR5/CCR5D32 genotype ratios being 2:100 in Rio
das Ras, 8:71 in Mocambo, and 1:53 in Sdo Gongalo. None
of these populations showed significant deviation from the
Hardy-Weinberg equilibrium (Table 1).

The CCRS5/CCR5D32 individual detected in Sao
Gongalo (the smallest community) was a recent immigrant
and the occurrence of the CCR5D32 allele was therefore a
new event in this population, being introduced by recent
gene flow. One of the two CCR5/CCR5D32 individuals in
Rio das Ras was born in the community (Brasileiras vil-
lage), while the other was a recent immigrant. In Mocambo,
three out of the eight CCR5/CCR5D32 individuals were re-
cent immigrants. In spite of these facts, the migration ob-
served during the last generation did not change the
frequency of the CCR5D32 allele in Rio das Ras or Mo-
cambo, since we found no significant differences between
the group of locally born individuals and the group of re-
cent immigrants (Rio das Ras ¢* = 0.485, p = 0.486; Mo-
cambo %> = 0.661, p = 0.416).

In western Europe there is a north-to-south declining
gradient in the frequency of the CCR5D32 allele (Lucotte,
2001) and compared with its frequency in Europeans
(9.4%) this allele is rare in Africans (0.1%) (Williamson et
al., 2000). The IRI3.1*0 and IRI3.2*0 alleles which flank
the CCRS gene are present on most chromosomes contain-
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ing the CCR5D32 allele (95% for the IRI3.1*0 allele and
88% for the IRI3.2*0 allele) which suggests that the 32 bp
deletion arose in northeastern Europe from a single recent
mutational event (Libert ef al., 1998), probably about 700
years ago (Stephens et al., 1998). The increase in frequency
ofthe CCR5D32 mutant allele in a relatively short period of
time could be due to selection in favor of this allele. The
high frequency of the CCR5D32 allele in European popula-
tions and its virtual absence in African, Amerindian and
Asian populations (Martinson et al., 1997; Leboute et al.,
1999; Williamson ef al., 2000; Lucotte, 2001) implies that
this allele can be used as a marker of European origin. The
occurrence of the CCR5D32 allele in remnant quilombo
populations indicates the presence of European genes,
which may have entered the gene-pool of these populations
either when the populations were founded or more recently
due to gene flow, although it is also conceivable that both
events may have happened.

Statistically, the frequency of the CCR5D32 allele in
the Mocambo population (5.6%) is significantly higher
(Fisher’s test, p = 0.019) than that observed in the Rio das
Ras population (1.0%) and similar (p = 0.059) to that ob-
served in the Sdo Gongalo population (0.9%). This may re-
flect the occurrence of different proportions of the
CCR5D32 allele from the parental populations at the foun-
dation of these communities and/or different histories of
inter-ethnic contact after foundation. The frequency of the
CCR5D32 allele in Mocambo is similar to the average of
5.6% obtained by Leboute (2000) and the 3.5% average
found by Passos and Picango (1998) for urban populations
in Brazil, an observation which suggests that the Mocambo
community has the highest contribution of European genes
of all the communities studied. However, the high fre-

Table 1 - Genotypes and allelic frequencies of the B-chemokine CCR5 gene found in three different African-derived quilombo communities in

northeastern Brazil.

Community

Rio das Ras Mocambo Sdo Gongalo
Genetic constitution N# Immigrants* N# Immigrants* N# Immigrants*
Genotypes
CCR5/CCRS 98 27 63 15 52 14
CCR5/CCR5D32 2 1 8 3 1 1
Total 100 28 71 18 53 15
Allele
CCRS5 0.990 0.982 0.944 0.917 0.991 0.967
CCR5D3? 0.010 0.018 0.056 0.083 0.009 0.033
x 0.013 0.255 0.009
p 0.90 0.75>p>0.50 >0.99

#Total number of analyzed individuals, compound by people born in the community plus recent immigrants (shown in the adjacent column).

*Number of recent immigrants.
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quency of the CCR5D32 allele observed in the Mocambo
community could also be the result of a founder-effect.

A high frequency of one specific Y chromosome
haplotype which is common in Europeans and rare or ab-
sent in Africans has been found in Mocambo (Lima, 2002).
Two scenarios could have led to this situation: a) a signifi-
cant European contribution during the history of the com-
munity or b) the occurrence of a founder-effect. Historic
data indicates the occurrence of miscigenation in the Bra-
zilian state of Sergipe before the end of slavery in Brazil
(Mott,1974; 1976), probably between African-derived and
European-derived individuals. In addition, Lima (2002)
found the presence of a low level of haplotypic diversity in
Mocambo, which indicates a small number of founders.
Both these sets of findings support the founder effect hy-
pothesis, and our data also suggests a founder effect in
Mocambo. The high frequency may be due to the fact that
at least one of the founders in those populations presented
the CCR5D32 mutation.

The presence of the CCR5D32 allele in these three
quilombo remnant population supports the idea of a Euro-
pean contribution to the present genetic makeup of the pop-
ulations studied by us. It appears, therefore, that the
CCR5D32 mutation is an efficient genetic marker for the
evaluation of the European genetic contribution, and its in-
vestigation is useful for the purpose of estimating
inter-ethnic admixture.

Acknowledgments

We are indebted to the inhabitants of the communities
we visited for their hospitality and support during the field-
work. We also thank Fundagdo de Amparo a Pesquisa do
Estado de Sao Paulo (FAPESP), Fundacdao de Apoio ao
Ensino, Pesquisa e Assisténcia do HCFMRP - USP
(FAEPA), Coordenacédo de Aperfeigoamento de Pessoal de
Nivel Superior (CAPES), Conselho Nacional de Desenvol-
vimento Cientifico e Tecnologico (CNPq), the Ministério
da Saude and Fundag@o Cultural Palmares (Ministério da
Cultura) for financial support, and César Koppe Grisolia,
Julio César Roma, Aline Chaves Alexandrino and two
anonymous reviewers for valuable comments on the manu-
script.

References

Arpini-Sampaio Z, Costa MCB, Melo AA, Carvalho MFVA,
Deus MSM and Simdes AL (1999) Genetic polymorphisms
and ethnic admixture in African-derived black communities
of northeastern Brazil. Hum Biol 71:69-85.

Berger EA, Murphy PM and Faber JM (1999) Chemokine recep-
tors as HIV-1 coreceptors: Roles in viral entry tropism, and
disease. Annu Rev Immunol 17:657-700.

Dean M, Carrington M, Winkler C, Huttley GA, Smith MW,
Allikmets R, Goedert JJ, Buchbinder SP, Vittinghoff E,
Gomperts E, Donfield S, Vlahov D, Kaslow R, Saah A,
Rinaldo C and Detels R and O’Brien SJ (1996) Genetic re-

Carvalho et al.

striction of HIV-1 infection and progression to AIDS by a
deletion allele of the CKRS structural gene. Hemophilia
Growth and Development Study, Multicenter AIDS Cohort
Study, Multicenter Hemophilia Cohort Study, San Francisco
City Cohort, ALIVE Study. Science 273:1856-1862.

Grimaldi R, Shindo N, Acosta AX, Brites C, Carvalho O de M,
Brito I, Bou-Habib DC and Galvéao-Castro B (2002) Preva-
lence of the CCR5D32 mutation in Brazilian populations
and cell susceptibility to HIV-1 infection. Hum Genet
111:102-104.

Guerreiro JF, Ribeiro-dos-Santos AKC, Melo dos Santos EJ,
Vallinoto ACR, Cayres-Vallinoto IMV, Aguiar GFS and
Santos SEB (1999) Genetical-demographic data from two
Amazonian populations composed of descendants of Afri-
can slaves: Pacoval and Curiau. Genet Mol Biol 22:163-167.

Higuchi R (1989) Simple and rapid preparation of samples for
PCR; in Erlich HA (ed): PCR Technology: Principles and
Applications for DNA Amplification. Stockton Press, New
York, N.Y., USA.

Hogan CM and Hammer SM (2001) Host determinants in HIV in-
fection and disease-Part 2: Genetic factors and implications
for antiretroviral therapeutics. Ann Inter Med 134:978-996.

Leboute APM (2000) Polimorfismos genéticos em trés amostras
da populagéo urbana brasileira. Tese de Doutorado, Curso
de Pos-Graduagdo em Genética, FMRP, USP, Ribeirao Pre-
to, SP.

Leboute APM, Carvalho MWP and Simdes AL (1999) Absence
of the DCCRS5 mutation in indigenous populations of the
Brazilian Amazon. Hum Genet 105:442-443.

Lima RR (2002) A contribui¢do masculina na formagéo de trés
remanescentes de quilombo do Vale do Sao Francisco (nor-
deste do Brasil) avaliada por marcadores do cromossomo Y.
Dissertagdo de mestrado, Curso de P6s-Graduagao em Bio-
logia Animal, UnB, Brasilia, DF.

Libert F, Cochaux P, Beckman G, Samson M, Aksenova M, Cao
A, Czeizel A, Claustres M, de la Rua C, Ferrari M, Ferrec C,
Glover G, Grinde B, Giiran S, Kucinskas V, Lavinha J,
Mercier B, Ogur G, Peltonen L, Rosatelli C, Schwartz M,
Spitsyn V, Timar L, Lars Beckman L, Parmentier M and
Vassart G (1998) The Dccer5 mutation conferring protection
against HIV-1 in Caucasian populations has a single and re-
cent origin in Northeastern Europe. Hum Mol Genet 7:399-
406.

Lucotte G (2001) Distribution of the gene 32-basepair deletion in
West Europe. A hypothesis about the possible dispersion of
the mutation by the Vikings in historical times. Hum
Immunol 62:933-936.

Martinson JJ, Chapman NH, Rees DC, Liu YT and Clegg JB
(1997) Global distribution of the ccr5 gene 32-basepair dele-
tion. Nat Genet 16:100-103.

Mott LRB (1974) Brancos, pardos, pretos e indios em Sergipe:
1825-1830. Anais de Historia, ano VI, pp 139-184.

Mott LRB (1976) Pardos e pretos em Sergipe: 1774-1851. Revista
do Instituto de Estudos Brasileiros 18:7-37.

Oliveira SF, Pedrosa MAF, Sousa SMB, Mingroni-Netto RC,
Abé-Sandes K, Ferrari I, Barbosa AAL, Auricchio MTBM
and Klautau-Guimaraes N (2002) Heterogeneous distribu-
tion of HbS and HbC alleles in Afro-derived Brazilian popu-
lations. Int J Hum Genet 2:153-160.



CCRS5D32 in quilombo remnants of Brazilian

Passos GAS and Picanco VP (1998) Frequency of the Dccr5 dele-
tion allele in the urban Brazilian population. Immunol Let
61:205-207.

Salzano FM (1986) Em busca das raizes. Ciéncia Hoje 5:48-53.

Stephens JC, Reich DE, Goldstein DB, Shin HD, Smith MW, Car-
rington M, Winkler C, Huttley GA, Allikmets R, Schriml L,
Gerrard B, Malasky M, Ramos MD, Morlot S, Tzetis M,
Oddoux C, di Giovine FS, Nasioulas G, Chandler D, Aseev
M, Hanson M, Kalaydjieva L, Glavac D, Gasparini P,
Kanavakis E, Claustres M, Kambouris M, Ostrer H, Duff G,
Baranov V, Sibul H, Metspalu A, Goldman D, Martin N,
Dufty D, Schmidtke J, Estivill X, O'Brien SJ and Dean M
(1998) Dating the origin of the ccr5-D32 AIDS-resistance
allele by the coalescence of haplotypes. Am J Hum Genet
62:1507-1515.

Sowfford DL and Selander RB (1981) BIOSYS: A computer pro-
gram for the analysis of allelic variation in genetics. Depart-

325

ment of genetics and development University Illinois,
Urbana.

Venkatesan S, Petrovic A, Van Ryk DI, Locati M, Weissman D
and Murphy M (2002) Reduced cell surface expression of
CCRS5 in CCR5D32 heterozigotes is mediated by gene dos-
age, rather than by receptor sequestration. J Biol Chem
277:2287-2301.

Williamson C, Loubser SA, Brice B, Joubert G, Smit T, Thomas
R, Visagie M, Cooper M and van der Ryst E (2000) Allelic
frequencies of host genetic variants influencing susceptibil-
ity to HIV-1 infection and disease in South African popula-
tions. AIDS 14:449-451.

Zhang J, Rosenberg HF and Nei M (1998) Positive Darwinian se-
lection after gene duplication in primate ribonuclease genes.
Proc Natl Acad Sci USA 95:3708-3713.

Associate Editor: Angela M. Vianna-Morgante



