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SHORT COMMUNICATION

Genetic characterization of Trypanosoma cruzi natural clones
from the state of Paraiba, Brazil

Christian Barnabé/*, M Tibayrenc, Carlos Brisola Marcondes*

Génétique et Evolution des Maladies | nfectieuses, Unité Mixte de Recherche Centre National de la Recherche Scientifique,
Institut de Recherche pour le Développement 2724, IRD, BP 64501, 34394 Montpellier Cedex 05, France * Departamento de
Microbiologiae Parasitologia, Centro de Ciéncias Biol 6gicas, Universidade Federal de Santa Catarina, Florianopolis, SC, Brasil

Eighteen Trypanosoma cruzi stocks from the state of Paraiba, Brazl, isolated from man, wild mammals, and
triatomine bugs were studied by multilocus enzyme electrophoresis and random primed amplified polymor phic
DNA. Despite the low number of stocks, a notable genetic, genotypic, and phylogenetic diversity was recorded. The
presence of the two main phylogenetic subdivisions, T. cruzi | and I, was recorded. The strong linkage disequilib-
rium observed in the population under survey suggests that T. cruzi undergoes predominant clonal evolution in this
area too, although this result should be confirmed by a broader sample. The pattern of clonal variation does not
suggests a recent origin by founder effect with a limited number of different genotypes.
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Trypanosoma cruz, the causative agent of Chagas
disease, isaflagellate protozoon of major medical impor-
tancein Central and South America. Since 1975, when the
National Chagas Control program wasinitiated in Brazil
the transmission of the disease has tremendously de-
creased in this country. In 1993, focal areas still infested
with Triatoma infestans, persisted in the states of Bahia,
Tocantins, and Rio Grande do Sul (WHO 1997). Theinci-
dence of the disease decreased from 3.5%in 1980 to 0.36%
in 1994 for the state of Paraibaand from 4.2t00.15%for al
the states. Nevertheless, arecent study (Couraet al. 1996)
has shown that 5.5% of Triatoma brasiliensis, another
important vector in Brazil, wereinfected with T. cruz in
domiciliary and peridomiciliary areasin the state of Piaui
near Paraiba. Inthe sameregion, others(Bento et al. 1992)
have reported a high level of infection (22.6%) of cap-
tured triatomine bugs by flagellates that were morpho-
logically similar to T. cruz, suggesting that in these re-
gionsan active transmission of Chagas disease could still
occur.

T. cruz stocks from Northeast of Brazil were among
thefirst to be genetically characterized by means of isoen-
zymes and | ed to the description of three main zymodemes
circulatinginBrazil (Mileset a. 1978). However, littleis
known about the specific T. cruzi genotypes circulating
in the state of Paraiba and the population structure of the
parasite in that area. The aim of the present work was
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therefore to explore these different points by means of
multilocus enzyme electrophoresis (MLEE) and random
amplified polymorphic DNA (RAPD) markers.

Eighteen stockswereisolated in the state of Paraiba: 4
stocks, CA-1 01/05, CA-2 01/03, were isolated from T.
pseudomaculata in the locality of Camalau in 1987; 3
stocks, CARV-201/02/03, from T. brasiliensisat Camalau
in1987; 5stocks, G38 01/02/03/04 and G-54 02, from Diddl -
phisalbiventrisin Camalauin 1988; 2 stocks, G49 01/04,
from D. albiventrisin the locality of Alagoa, in 1988; 1
human stock, X-300, from thelocality of Monteiroin 1989;
and 3 other human stocks, X-146 X-395 01/02 from un-
known locality. Fivereference T. cruz stocks previously
characterized (Barnabé et al. 2000), were selected to be
representative of the whole phylogenetic diversity:
Cuicaclland Tehcl2asT. cruzi | (TCI); CANIlIcllasT.
cruzi lla(TClla); TU18cl2 asT. cruz I1b (TC Ilb), and
SC43cllasT. cruz lld (TCIlId). Numering |, Ila, etc, corre-
spondsto the Discrete Typing Units (DTU) described by
us (Barnabé et al. 2000). Enzyme el ectrophoresis on ac-
etate cellulose plates was performed on twenty enzyme
systems as previously described (Ben Abderrazak et al.
1993). PCR-RAPD were performed according to Williams
eta. (1990) by using 13 primers (A1,A2,A4,A7,A8,A9,
A10,A12 ,A15,A17,A18,A19, and A20) fromthekit A of
Operon Technologies, Alameda, CA. The genetic diver-
gence between stocks was estimated by the Jaccard s dis-
tance and the UPGMA method (unweighted pair group
method with arithmetic averages) was used to cluster the
stocks. The software package PHY LIP (Fel senstein 1989)
was used for phylogenetic and bootstrap analysis. Dif-
ferent indices of genetic polymorphism were used, for a
review see Barnabé et al. (2000). To explore the popula-
tion structure of T. cruzi, we used the statistical tests
proposed by Tibayrenc et al. (1990), based on linkage
disequilibrium analysis. Strong levels of linkage disequi-
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librium areamark of lack of genetic recombination and are
taken as circumstantial evidence of a clonal population
structure. The ways to detect biases due to geographical
and/or temporal separation (Wahlund effect) were previ-
ously exposed (Tibayrenc et a. 1991). Thetestswere ap-
plied to the whole sample and to different subsets of it, by
different localities or different genetic clusters.

The Table gives the results of diversity indices, ge-
netic distances and population genetic tests. Only one
locus was monomorphic, the others were polymorphic
ranging from 2 to 6 different genotypes, with amean of 3.3
different genotypes per locus. Among the Paraiba stocks,
9 distinct MLEE multilocus genotypes and 10 distinct
RAPD multilocus genotypes were found. The UPGMA
treesbuilt from either MLEE (Figure) or RAPD (datanot
shown) showed two main clusters, oneincluded the TC |
reference stocks, the other included the TC I reference
stocks. IntheT. cruz | cluster, the 16 Paraiba stocks con-
stituted adistinct subcluster. Only two human stocksfrom
Paraiba were clustered in TC II. This overall clustering
pattern was fully confirmed by RAPD (data not shown).
In order to remove the biasintroduced in the linkage dis-
equilibrium tests by sampling identical genotypes from
the same host, we have taken into account, for each indi-
vidual host, those multilocus genotypes that appeared
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different from each other only. The genetic distances re-
corded among these stocks were high and most linkage
disequilibrium testswere highly significant.

In spite of the limited number of stocks, we have been
able to record a non negligible genetic and genotypic
variability inthissample. Asshown inthe Table, theindi-
ces are notably higher than the ones recorded in another
Brazilian region, the state of Parana (Soccol et al. 2002).
Thisremain true even when only the stocks belonging to
themain cluster are taken into account. Theseresultsenter
the framework of the present state of knowledge on T.
cruz phylogenetic diversity (Momen 1999) and show that
both TC I and Il are represented in the Paraiba region
contrary to the state of Parana (Soccol et al. 2002), where
only TC | was found. The results of the linkage disequi-
librium tests suggest that the pattern of abasically clonal
population structure (Tibayrenc et al. 1986) with rare hy-
bridization events (Machado & Ayala. 2001, Gaunt et al.
2003) recorded in all other Chagas cycles, is verified in
thisareatoo. The tests have been also performed only on
those stocks pertaining to the main cluster to take into
account the possible working hypothesis that the two
clusters correspond to two separate sexual species
(Maynard Smith et al. 1993). Again in the present sample,
several testsremain highly significant when wefollowed
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Dendrogram constructed with the unweighted pair group method with arithmetic averages, depicting the phylogenetic relationships based
on multilocus enzyme electophoresis, among the 18 Trypanosoma cruzi stocks under survey.
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TABLE

Genetic variability indices and results of linkage disequilibrium tests recorded among the Trypanosoma cruz stocks from the state
of Paraiba and comparison with T. cruzi stocks from the state of Parana (Soccol et a. 2002)

Sample Size® Marker PR MGD GD MaD MD + SD d1 d2 e f
Variability indices Recombination test results
Paraiba 13 MLEE 0.82 0.23 0.69 0.73 022+0.28 296E-5 <l1E-4 <1E4 <1E4
ParaibaP 9 MLEE 0.82 0.29 - 0.73 030+029 - - - <1E-4
Paraiba 14 RAPD 1 0.47 0.71 0.80 029+029 117E6 <1E4 <lE4 <1E4
ParaibaP 10 RAPD 1 0.58 - 0.80 038+029 - - - <lE-4
Camaau 8 MLEE 0.14 0.04 0.62 0.11 0.04+003 058 0.68 1 0.69
Camalau® 5 MLEE 0.14 0.06 - 0.11 0.06+0.03 - - - 0.76
Camaau 9 RAPD 0.61 0.20 0.55 0.22 0.08+0.08 1.15E-2 2E-4 <lE-4 <1E4
Camalau® 5 RAPD 0.61 0.26 - 0.22 012+0.07 - - - 5.1E-3
T.cruz | 11 MLEE 0.23 0.05 0.77 0.11 0.04+003 056 0.62 1 0.71
T.cruz | 12 RAPD 1 0.31 0.66 0.33 0.12+0.09 138E-3 <1E-4 <1E-4 5E4
T.cruz | P 8 RAPD 1 0.40 - 0.33 0.17+008 - - - 5.4E-3
Paran4® 31 MLEE 0.09 0.03 0.01 0.11 004+0.04 ND ND ND ND

a: size of the sample after removing the identical multilocus genotypes in stocks isolated from the same individual host; b: on the
different multilocus genotypes only; c: previous results from Soccol et a. (2002); PR: polymorphism rate at 95%; MGD: mean
genetic giversity; GD: genotypic diversity; MaD: maximum genetic distance; MG + SD: mean genetic distance + standard deviation;
-: aimless; ND: not done; d1, d2, e, and f: recombination tests proposed by Tibayrenc et al. (1990).

this procedure. Onetest remainshighly positive even when
only the different genotypes instead of the stocks are
counted in the main cluster asrecommended by Maynard
Smith et a. (1993) to distinguish between long-term clonal
evolution epidemic clonality. However, abroader sample
should be surveyed in this areain order to fully confirm
the result of a predominant clonal population structure.
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