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Should Trypanosoma cruzi be Called “cruzi” Complex?
A Review of the Parasite Diversity and the Potential of Selecting
Population after in Vitro Culturing and Mice Infection
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Morpho-biological diversity ofTrypanosoma cruzias been known since Chagas’ first works in 1909. Several
further studies confirmed the morphological differences among the parasite strains, which were isolated from differ-
ent reservoirs and vectors, as well as from human beings. In the early sixties, antigenic differences were found in the
parasite strains from various sources. These differences, coupled to the observation of regional variations of the
disease, led to the proposal of the term cruzi complex to designate thé taxoni.Since then this protozoan has
been typed in distinct biodemes, zymodemes and lineages which were consensually grohipgdzntal. cruzill
and into non-grouped strain3. cruzigenotypic characterization, initially carried out by schizodeme analysis and
more recently by various other techniques, has shown a great diversity of the parasite strainsTlrcfagtjs
formed by groups of heterogeneous sub-population, which present specific characteristics, including distinct histo-
tropism. The interaction of the different infecting clones of the cruzi complex and the human host will determine the
morbidity of the disease.
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Trypanosoma cruis a protozoan parasite presentingl998). In order to study the role of the parasite diversity in
two alternating host during its life cycle: insect vectors adhe pathogenesis of Chagas disease, a comprehensive
the Family Triatominae and vertebrates, including a wideharacterization of the populations found in nature is cru-
variety of mammals. They are hemoflagellates of the Ocial.
der Kinetoplastida harboring a differentiated mitochon- As T. cruziis composed of heterogeneous popula-
dria, the kinetoplast, corresponding to a DNA condensé#ions, the same host may be simultaneously infected by
tion located inside the single and branched organellgifferent strains. In this scenario, a major concept is the
(Hoare 1964). clear existence of clones that are more representative, being

The taxon is not composed by a homogeneous sgeund in several hosts in different geographic areas of
cies. In the sixties, when the present molecular tools weratin America (Tybarenc & Breniére 1988, Lauria-Pires et
not available, Coura et al. (1966) defended the use of thk 1996, 1977, Lauria-Pires & Teixeira 1996, Andrade &
term “cruzi” complex to designate the protozoan, basedampos 1998, Andrade 1999). Nowadays it is known that
on morphological variation, immunological features, disT. cruzihas a clonal population structure (Tibayrenc et al.
tinct virulence and differences in the regional and indit986a, Tibayrenc & Ayala 1988, 1991). This explains the
vidual pattern of Chagas disease (Coura 1966). Nowadaydstence of independent organisms with discrete biologi-
it is known thafT. cruziis an heterogeneous species corzal features explaining the finding of a great number of
sisting of several sub-populations of the parasite circelones in different geographic areas (Tibayrenc & Breniére
lating among various wild and domestic vertebrates ari®88).
invertebrate hosts (Morel et al. 1986, Zingales et al. 1998). Recent studies using molecular tools demonstrate that
Intra-specific variations among cruzihave been ob- these major clones from endemic areas might be respon-
served based on (i) the biological behavior of the straisble for some clinical manifestations and chemotherapy
in laboratory animals, (ii) biochemical features of the isaesponse (Campos & Andrade 1996, Andrade & Campos
lates, and (iii) molecular characteristics of the stocks (BicE998, Andrade 1999).

& Zeleddn 1970, Petana & Coura 1974, Miles et al. 1977, A current hypothesis suggests that the (i) heteroge-
Melo & Brener 1978, Morel et al. 1980, Andrade 1985neity and (ii) multiclonality of a strain determine differen-
Araujo & Chiari 1988, Carneiro et al. 1991, Macedo & Pengal tissue tropism and, consequently, variations in the
clinical presentation of the disease (Andrade 1999). A
correlation between the genetic diversityTotruziand
its pathogenicity was recently proposed as the clonal
histotropic model that is based on the two aforementioned
features (Macedo et al. 1992, Oliveira et al. 1998, 1999,
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culture. These approaches can lead to the selection of aBiological behavior in laboratory animals, mostly from
specific sub-population of the parasite that was presehe Family Muridae, is one of the parameters used to char-
in the original inoculum, differing from those in the host’'sacterize the different strains @t cruzi

blood or tissue. Furthermore, due to the differential tro- Although experiments conducted dn cruziinfec-

pism of the various strains, the circulating clones artibn in animal models do not faithfully reproduce the hu-
therefore available for haemoculture can be different froman infection, mouse has been widely used to study vari-
those that are causing the tissue lesion, supporting thies aspects of the infection. The common use of this
clonal histotropic model of Chagas disease (Macedo &nimal is justified by (i) the small size, (i) large availability,
Pena 1998). Some experimental evidence strengths ttii§ easy maintenance, and (iv) simple manipulation. The
proposal (Andrade 1999) and it has been shown that clomesuse lineage also plays an important role and its choice
in the cardiac tissue of some patients proved to be diffedepends on the type of the investigation being carried
ent from those in the esophagus. This means that diffeut. Different susceptibilities and survival rates are de-
ent genotypes df. cruzipresent a favorite distribution in pendent of the mouse lineage and the used strain of the
tissues of chronic chagasic patients, suggesting that therasite (Andrade 2000, Araujo-Jorge 2000).

genetic variability of the parasite is one of the leading The vast majority of the biological characterizations
factors to the clinic form of the disease (Vago et al. 2000)f T. cruzistrains have been conducted on non-isogenic
WHY SHOULD WE CALL T CRUZIAST CRUZI | AND T. SWiss mice (Silva & Nussenzweig 1953, Andrade et_al.
CRUZI 1I? 1970, 1985, Mello & Brener 1978, Andrade 1990). Swiss
mouse belongs to an heterogeneous group and therefore

The genetic diversity of. cruzihas been revealed by : :
) X ; ; should be considered the best representative of the char-
enzymatic markers (Miles etal. 1978, Miles 1983, T'bayrergcteristics of the human population from endemic areas.

& Ayala 1988), restriction fragment length Ioc)lymorphisr{]\levertheless, other lineages have been used for charac-

(RFLP) of the kinetoplast DNA (Morel et al. 1980), MO%erization studies (Bice & Zeledo6n 1970, Andrade et al.

Ier(i:#tlar II\(/Iaryoéypets (Pigg(zsonnzt gl. %933)}71[')'\"5‘”?”'%?“ 985, Araujo & Chiari 1988, Oliveira et al. 1993). More
prints (Macedo et al. ) a y randomly ampiifie ecently, the use of isogenic lineages has been empha-

polymorphic DNA analysis (RAPD) (Steindel et al. 1993’sized in order to obtain standard infections (Andrade 2000).

leayrenc etal. .1993)' Alternatively, when markers d Jjowever, those lineages are more used for immunopatho-
rived from constitutive genes are used, such as the 24 gical studies

rRNA and the mini-exon genes, a different result is re="x, biological behavior dF. cruzistrains is based on

}[/he;tl'?dc-:r%iiscea(\jnotr)]etZ(iavsigé\cljvci)ni?)rtgv%s,rr;hoarsvx?eelle-ge?%iﬂw&ented virulence and pathogenicity; thus, it is essen-
: L : : JOr Well- tial to define these concepts. Virulence is the capacity of
groups that coincides with the isoenzymatic dichotomy,. - rasite to multiply inside a laboratory host. Patho-
ﬁirr?gt(i)::(zl\/llﬂetgitlzﬁe 1%e7v7enltgagoaprciib;orr(re%téo‘;ta:d 1'39t Snesis, on the other hand, refers to a more intrinsic and
X ’ ' y ' onstant characteristic of the parasite and is related to

Souto et al. 1996, Fernandes et al. 1998). o : . : .
In the light of this dichotomyl. cruzistrains are now Egid?gg'et)/l;gSSJrOduc'ng tissue lesions and mortality

classified into two major groups namedcruzil andT. Many studies of biological characterization have dem-
cruzill, denomination arisen from a consensus reach%q1

by specialists. who proposed the unification of the var strated thal. cruzistrains originating from humans,
Yy sp o prop . Feservoirs and vectors from distinct geographic regions
ous classifications based on different markers (Anon

mous 1999), ¥how different behavior in laboratory animals

T cruzil is mainly observed in wild mammals and s I_(parasitaemia, tissue tropism and mortality rates) (Badinez
> . y e ' SY11945, Brand et al. 1949, Taliaferro & Pizzi 1955, Deane et al.
van triatomines, whereds cruzill is usually found in

humans (Fernandes et al. 1998, Zingales et al. 199é§‘63,Andrade&Magalhaes 1997). This phenomenon is

Fernandes et al. (1999a) revealed the presence of b9 luenced by environmental and immunological factors,

rouDs in the svivatic cvele of the parasite and the oref irulence, pathogenicity and possible selection of strains
group y y P PreT&lAd clones after interacting with vectors and vertebrate

ential association df. cruzimajor phylogenetic lineages i The combination of several of these factors might
with different hosts, illustrating the complexity of the paraéxplain the variability in the biological behavior of the
site cycle in nature. These findings have helped to u arasite (Andrade et al. 1970, Bice & Zeledén 1970
derstand how the sylvatic and domestic cycles are c agalhies et al. 1996) ' ' ’
nected and therefore, this new classificatiof.ofruzi | :

has brouaht important contributions to the definition o Vianna (1911) showed that cruzicould be found in
ugnt imp foution INition Ofjistinct tissues of the vertebrate host, although the para-
the eco-epidemiology of Chagas disease.

site prefers certain cellular groups, according to Baldinez’s
BIOLOGICAL DIVERSITY AND BIODEMES theories in 1945. Since then, other authors demonstrated

The proper characterization of a certdircruziiso- ~ that the strain tropism is an important biological charac-
late is essential to determine the putative role that tii@ristic to be considered in laboratory animals (Andrade
different strains may play in the pathogenesis, geograprﬁEaL 1970, Bice & Zeled6n 1970, Andrade 1974, Hanson
variation, clinical presentation and morbitity of Chaga& Roberson 1974, Melo & Brener 1978).

disease and also in the distinct rates of cure after specific S0Me strains prefer muscle tissue (skeletal or cardiac)
chemotherapy (WHO 1991). and are called miotropic, others are called reticulotropic

strains because they prefer the phagocitic mononuclear
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cells and there is a third group which prefers other tissuttgough a color reaction. Under controlled conditions, the
(nervous, reproductive systems and others) (Dias 193#ifferences in the isoenzymatic mobility imply in genetic
Silva & Nussenzweig 1953, Taliaferro & Pizzi 1955, Andradéifferences (Miles 1985, Miles & Cibulkis 1986). The re-

& Andrade 1966, 1968, Watkins 1966, Andrade et al. 1978ults are analyzed through simple visual inspection or
Bice & Zeleddn 1970, Tay et al. 1973, Andrade 1974, Hanstimrough mathematical procedures, based on rates of simi-
& Roberson 1974, Amaral et al. 1975, Melo & Brener 1978arity or genetic distances (Ready & Miles 1980, Miles
Lenzietal. 1998). 1985, Miles & Cibulkis 1986).

The first attempt to group. cruzistrains was based Enzyme electrophoresis profiles (alanin aminotrans-
on morpho-biological criteria. Chagas (1909) observed tlfierase, ALAT, and aspartate aminotransferase, ASAT)
presence of circulating parasites of wide and slim formsiere introduced for the study of trypanosomes simulta-
Brener and Chiari (1963) and Brener (1965) confirmed thiseously by Kilgour and Godfrey (1973) and Bagster and
finding demonstrating that these forms from distincParr (1973), who managed to classify the African trypano-
stocks, circulate in mice with different percentages. Theomes into species and sub-species.
slim forms are predominant in strains of extreme virulence For New World trypanosomes, Toyé (1974) was the
and tropism to macrophages (Brener 1965, Andrade 197#)st to use isoenzymes, observing differences betWeen
The wide forms are more common in miotropic strains aratuzisamples. Miles et al. (1977, 1978, 1980, 19814, b) per-
low virulence stocks. In addition, the slim forms are morformed several studies on isoenzyme variability antong
susceptible to the host immune system (Brener & Chiagtuzistocks from Northeast, Brazil and subsequently, from
1963, Brener 1969). Brener (1977) suggested the classdifferent regions of this country, employing six enzymes:
cation of the stocks in two polar types based on morphdhLAT, ASAT, glucophosphate isomerase (GPI), glucose
ogy and on tissue tropism, describing an aggressive p@@hosphate dehydrogenase (G6PDH), malic enzyme (ME)
represented by the Y strains and a benign pole exemp@iphosphoglucomutase (PGM), determining the existence
fied by the CL strain. It is important to emphasize thadf two different groups of strains named zymodemes 1
these are “elements for characterization” and are not, k§1) and 2 (Z2).
themselves, sufficient to classify tfiecruzistrains. Zymodeme 1 grouped marsupials and wild triatomine

The main problem regarding the biological charactestocks and Z2 clustered domestic isolates derived from
ization is the comparison of the strains that can be eltumans and domiciliated mammals. Additional studies
tremely difficult if the analysis is made stock by stockshowed a third zymodeme (Z3), also associated with syl-
due to their great variety. Taking into account this diveran environments. The diversity in Z2 is especially clear,
sity and using biological parameters of the mouse-paralthough this heterogeneity is found in all the three
site interaction, such as parasitaemia, morphology, tisseygnodemes (Miles et al. 1977, 1980). This clustering was
tropism and histopathologic lesions, three group$.of further confirmed by numerical taxonomy (Miles et al. 1978,
cruzi strains were proposed and named biodemdarrett et al. 1980, Ready & Miles 1980).

(Andrade 1974). Romanha (1982) and Carneiro et al. (1990) extended

Biodeme I, which prototypes are the Y and the Perthe multiloci enzyme electrophoresis (MLEE) analysis
vian strains, consists of a fast in vitro growth, higlieight enzymes — ALAT, ASAT, ME, PGM, G6PD, GPI, 6-
parasitaemia and mice mortality, which occurs betwegrhosphate dehydrogenase — 6PGD, and malate dehydro-
the 7th and 12th day post-infection. They present mostijenase — MDH), classifying the isolates into four differ-
slim trypomastigote forms and present tropism to maentisoenzymatic groups (ZA, ZB, ZC e ZD), identifying a
rophages in the initial phase of the infection. The S&mymodeme harboring the wild strains (ZB) and another
Felipe strain is the prototype of biodeme Il that presentse characteristic of the domestic transmission cycle of
a slow multiplication with peaks of irregular parasitaemi#he parasite named ZA that corresponded to the afore-
between the 12th and 20th day post-infection, period afentioned Z2 (Miles et al. 1980).
the highest mortality. In the initial phase of the infection, Tibayrenc and Ayala (1988) analyzed the enzymatic
wide forms with a low percentage of slim forms predomiprofile of 645 samples df. cruziusing 19oci. The samples
nate, as well as miotropism, damaging the heart musclaried in their geographic origin and had been isolated
Biodeme lll, which prototype is the Colombian strainfrom a great number of triatomine bugs and vertebrate
multiplies slowly with peaks of late parasitaemia betweemosts. A high genetic variability was detected and 43 dis-
the 20th and 30th day after the inoculum and low mortatinct zymodemes, alternatively named clonets, were iden-
ity rate — around the 50th day of infection. Wide forms aréfied. Based on the findings of the same clonet in distant
common, damaging specially the skeletal muscle. Furthereographic areas, the authors proposed a clonal popula-
more, these biological types correspond to specific paten structure fofT. cruzi
terns of zymodemes (Andrade et al. 1983, Andrade & The great heterogeneity &f. cruzistrains from dis-

Magalh&es 1997). tinct hosts and Latin America countries, through MLEE

BIOCHEMICAL CHARACTERIZATION has been t_ﬂescrlbed (leayrenc_ & Miles 1983, Mlle_s etal.
i 1984, Bogliolo et al. 1985, Saravia et al. 1987, Carneiro et al.

Enzyme electrophoresis 1991, Montamat et al. 1992, Solari et al. 1992, Rodriguez et

Enzyme electrophoresis uses raw and soluble extragis199g, Aradjo 2000, Pinho et al. 2000, Acosta et al. 2001)
of an organism to evaluate the particular activity of a proyng the isoenzymatic profiles associated with other pa-
tein after electrophoresis and incubation with an appreameters, such as (i) clinical manifestations and geographic
priate substrate, revealing the product of the activityigin (Barrett et al. 1980, Apt et al. 1987, Breniére et al.
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1989, Montamat et al. 1996, Andrade & Magalhdes 199d@ifferent profiles when these strains are kept in labora-
Rodriguez et al. 1998, Acosta et al. 2001), (ii) biologicabry animals or in invitro culture, as these conditions
behavior (Andrade et al. 1983, Carneiro et al. 1990, 199quld favor the selection of sub-populations of the para-
Gomes et al. 1991, Steindel et al. 1995, Andrade &ite (Morel etal. 1980, 1986, Deane et al. 1984a, b, Gongalves
Magalhdes 1997, Araujo 2000), (iii) resistance to chemet al. 1984, Carneiro et al. 1990, Gomes et al. 1991, Alves et
therapy (Castro-Silva et al. 1989) and (iv) molecular marlgl. 1994).
L o L e st Bp-exon gene .
ot al '1998 2000. Jaramillo ét al. 1999). However ’usi Concerning the nuclear DNA, there are sgveral avail-
MLE.E no c’Iear cérrelation has béen fou.nd hithertc’) wit _Ie_ molecular tools 0 charactegrrzecrumstralns. The
the clinical outcome of Chagas disease (Barrett et aI' 19gQ)"-exon gene (ME) is present in the nuclear genome of
: & Kinetoplastida in nearly 200 copies arranged in

Apt _ﬁg s%gglﬁt Bg??k']eé[e;hili'i Sl(?egngz) mes has also bee tandemly-repeated sequences, consisting of three distinct
Y : y nregions: exon, intron and intergenic region. The exon is a

the target of investigatioby several groups and non- 9b ;

; p sequence, highly conserved among the components
coherent results have been described. Although the SIg~ oo rder, being added post-transcriptionally to all
bility of.the enzymatic profile, especially when clone clear messenger RNAs (mRNAs). The intron is moder-
populations are studied, has been observed (Dvoraka ly conserved among the species of the same genus or

al. 1980, Miles & Cibulkis 1986, Gomes et al. 1991)’V"’lri""s'ub—genus and the intergenic region or non-transcribed

Cluded that the isoenzymatic profle is not ahways stabgb2ce! (NTS-ME) is partcuiary issimiar among the spe-
y P y es. In relation td. cruziin particular, a hypervariable

(Romanha et al. 1979, Romanha 1982, Goldberg & Peregsot of the NTS-ME can be amplfi
: ; . - plified through the poly-
1983, Tanuri & Almeida 1984, Bogliolo & Godfrey 1987’merase chain reaction (PCR), making it possible to clas-

Carlrrllzlgzst il\./;r??/%.en clones are used. the results cans' different isolates into the two main taxonomic groups
' ! . cruzi landT. cruzi Il (Fernandes 1996, Souto et al.

discordant. Campos and Andrade (1996) studied Clonf§96, Fernandes et al. 1998). A more practical approach

and sub-clones of the 21SF strains showing stable P{O= o recently propose to tyecruzistrains using a mul-

flles. On th? other handz Gomes et al. (1991) observE lex PCR based on the NTS-ME, allowing to determine if
isoenzymatic homogeneity in some clones and heteroga certain isolate i$. cruzi I, T. cruzi ll, T. cruzZ3 or T.

neity in others. Goldberg and Pereira (1983) and quta”}%]hgeli (Fernandes et al. 2001).
et al. (1997) also observed isoenzymatic variations In
cloned populations. Alves et al. (1993) emphasized tHAPD analysis
possibility of reversible changes in enzymatic profiles in  Differences among the strains, their genetic diversity
T. cruzistrains kept in in vitro culture for a long period. or variability, are easily revealed through the use of RAPD
Schizodeme analysis analysis, Whlch proved to be an useful topl for
Molecular biology contributed with several technical rypanosomatu_js and other protozoan parasites (Dias Neto
roaches. which allowed the identification and classi tal. 1993, Steindel etal. 1993, 1994, Tibayrenc et al. 1993,
approacnes, ch allowed the identification and classils , eq et 31, 1995, Fernandes et al. 1997, Urdaneta et al.

iCS%t;gtri]O?lf ;gglgjlt%rr]i?] clgpg]se, Wr;lxtrg(:)slijttetshss?ﬁren? gtf glrelvé%%am)_ Since its introduction in 1990, this technique has
9 P ; een used in taxonomy and typing studies of microor-

Avilaetal. 1991, Veas et al. 1991, Breniére et al. 1992, Va ; ; : :
’ ’ ' nisms. It is a PCR-mediated technique that uses short
etal. 1996, Andrade etal. 1999, Bosseno et al. 2000). HOWz <" 0¢ random sequences, which can amplify anony-

ever, the use of cultivated populations of parasites f : :

' i CEE . ous fragments of the target DNA, generating a multiple
DNA extraction is a constrain still faced in most of thg, o patterns that can be strain-specific. The advantages
molecular techniques, leading to an eventual selection this technique are (i) the requirement of minimum

Clorgnsepgisterg 'tgg;]?]p”%'gé:mxdoes reauire brevioucfimounts of target DNA, (ii) the acceptance of an uniim-
lqu quiré PréviouSig y number of primers, (iii) no requirement of previous

cultivated parasites is the RFLP of the mitochondrial g%’nowledge of the sequences to be amplified (Welsh &

nome (kinetoplast DNA —kDNA) or schizodeme analysis. : ;
The RFLP of the kDNA was first introduced by Mattei e Cchsggrr]girl]g? Oémwzlli"?r? es gtﬁgé?noélié?;r}gej{l%tgﬂdlgg ?'

al. (1977) for the intrinsic classification of trypanosomes; <.« tool to obtain hi :

. ghly variable DNA markers, estab-
Later,t M_oreITet al. .(1?89) empclioyed this dmt(er]tho:i forishing genetic relations among the isolates (Dias Neto et
genotypingi. cruzistrains and propose € lerm, 1993, Steindel et al. 1993, Tibayrenc et al. 1993, Souto et

schizodeme to refer to groups of parasites presenting e1996, Fernandes et al. 1997, Bastrenta & Breniére 1998,

same RFLP of the kDNA. This technique is based on t'E?r.isse etal. 1998, 2000, Murta et al. 1998). Although com-

electrophoretic separation of restriction fragments of t : ; LA
; ; . ex band profiles can be evidenced individually, when
liggz: ?;grf(gﬁtgi?é;t fg;bé%%vg'sd:tl);luiggl(Dl\j%:fr.eét jese patterns are numerically analyzed, it is observed
y . ' : » vimor atT. cruzj as a taxon, can be divided into two main

1333'??%? alt. 1|919929’§|V95 etal. 1994, Gonzalez et alroups (Tibayrenc 1995, Souto et al. 1996, Murta et al.
, Jaramifio et al. )- 998, Brisse et al. 2000). These two groups correspond to

AIthqugh con5|dered. as stable markers, the h|gh h ]h major phylogenetic lineages of the parasite coincid-
erogeneity of some strains can lead to the observatlonilq toT. cruzil and Il (Steindel et al. 1993, Tibayrenc et al.
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1993, Tibayrenc 1995, Souto et al. 1996, Fernandes ettale loci, using a pair of specific primers that flank the
1997, Brisse et al. 1998, 2000, Murta et al. 1998). segment containing the repeats, with further analysis of
Using RAPD analysis, Carrasco et al. (1996) recogdhe size of the generated fragments (Hawley & Mori 1999).
nized that in Mexico, various populations belonging to ForT. cruzi microsatellite analysis has been used for
Z2 and Z3 were circulating (Miles et al. 1980). Steindel gtopulation genetic studies, phylogenetic reconstruction,
al. (1994) also confirmed the usefulness of RAPD analgnd to define the clonality of a certain strain (Oliveira et
sis to differentiatd. cruziandT. rangeli a closely related al. 1998, Macedo et al. 2001). The methodology was origi-
New World trypanosome from several regions in Latimally developed by Oliveira et al. (1998) as a PCR-based
America. technique that amplifies polymorphazi of microsatellite,

Internal region typing (RFLP-ITS rDNA) with cytosine-adenine (CA) repeats of thecruzige-

The ribosomal RNA (rRNA) genes (rDNA) are highlynom.e' A genomic library of the CL Brener stra!n, enrichgd
conserved and bear potential for phylogenetic analy times to C'?‘ repceiatshwas used and l? mrl]c_:rﬁsatelhtes
of trypanosomatids. In these protozoa, the rDNA is fourig)n Were selected where n > 6, out of which 8 were
as repeated sequences. The coding regions of the Iapé’ morphic. . .
and the small sub-units are separated by internal tran- ' "¢, Methodology was further incremented with the
scribed spacers (ITSs) flanking the 5.8S rRNA gene. Thse of fluorescent primers to the PCR and analysis of the

L lified fragments in automatic sequencer determining
ITSs present sequences of great variability and as th@)'P" o .
are flgnked by hﬂthy conserged segments,)/it is possib%g size of the alleles (Oliveira et al. 1998). This approach

to design PCR primers that anneal in these latter regio garly showed thal. cruzi strains are diploid and

(Cupolillo et al. 1095, Fernandes et al. 1099b). Cupolillo Sfulticlonal (Oliveira etal. 1998, 1999).
al. (1995) standardized, usihgishmaniaas a model, the _,, | € strains that display one or two peaks (one or two
' . alleles, corresponding to diploid) are considered mono-

RFLP of the ITS rDNA, which was called Intergenic Re- lonal. Th f than t ks in diff
gion Typing (IRT). The amplified products correspond t§'°"&!- 1 N€ appearance of more than two peaxs in diter-
the 5.85 rRNA gene plus the two flanking ITSs. entloci, is indicative that more than one population is
Variation in the sequences of the ITSs DNA prove§€Sent (polyclonality). Oliveira et al. (1998, 1999) ob-
that the methodology was able to distinguish aniaigh- Served 'ghat th_e majority of the strains isolated from chronic
maniaspecies (Cupolillo et al. 1995). This method Wa%hagasm patients are clonal while those from non-human
adapted and applied to the molecular characterization psts are multiclonal.
T. cruzistrains (Fernandes et al. 1999b). Preliminary re&selection ofT. cruzipopulations: the role of vertebrate
sults showed that the RFLP-ITS rDNA is powerful to dishosts and culture media
tinguish intra-specific variability ifT. cruzi It also al- T. cruziisolates are composed of heterogeneous popu-
lowed geographical clustering of the isolates belongirigtions of the parasite and witro culturing and animal
toT. cruzi lI(Santos et al. pers. commun.) and confirmehoculation can select certain sub-populations of this mix-
the division of the taxon in two main groups. ture (Deane et al 1984a, b, ¢, Goncalves et al. 1984, Lamel
Mendonca et al. (2002) recently analyzed the genetit al. 1985, Miles & Cibulkis 1986, Morel et al. 1986, Aguiar
diversity among Z3 stocks from the Brazilian Amazon us2002).
ing the RFLP-ITS rDNA approach, showing that such iso- These “filters” might select those populations or
lates could be divided into two sub-groups with distinatlones that are more apt to the new environment. In the
phylogenetic origins (Kawashita et al. 2001). case of invitro culturing, this selection can be achieved
by changing the composition of the nutrients in the me-

The microsatellites are a class of a tandem-array @ia. In vertebrate hosts the immune system may have an

petitive DNA — in general around 1 to 6 bp — that arglportant role in this phenomenon (Lana et al. 1996,

dispersed in the eukaryotic genome. They can be clas iveira et al. 1998).
fied according to the number of bases and thus are calkimal infection
mononucleotides, dinucleotides, trinucleotides, tetra- The long-term maintenance ®f cruziin laboratory
nucleotides, pentanucleotides and hexanucleotides (Watimals leads to alterations in the biological features of
ber 1990). Their number of copies of the repeated unit irtlee original strain. Regarding virulence for instance, the
specificloci is extremely polymorphic and variation in theresults are odd: reports of declination (Menezes, 1970a, b,
number of the repeats occurs also between the allelesBrener et al. 1974, Schlemper Jr. 1982, Aradjo 2000) and
The mutation rate of the microsatellites varies fronmtensification (Schlemper Jr. 1982, Carneiro et al. 1991)
10%1to 102 (Harr et al. 2000). This rate changes accordingre described.
to the number of the repeats in the array (Bachtrog et al. Veloso et al. (1996) reported a decline inTheruzi
2000, Xu et al. 2000). virulence after long-term maintenance in dogs. Lana and
Due to this polymorphism, microsatellites are considchiari (1986) described similar results in mice and dogs,
ered election markers with great applications in the bi@omparing the original Berenice strain and another stock
medical areas such as ecology, population genetics dadlated from the same patient 16 years afterwards.
phylogenetic reconstruction (Oliveira et al. 1998, Hawley There are clear evidences that support the selective
& Mori 1999, Bachtrog et al. 2000, Harr et al. 2000). role of the vertebrate host. Reports of changes in the isoen-
The main strategy employed in the analysis afymes profiles and in the RFLP of the KDNA after animal
microsatellites polymorphism is the PCR amplification oinoculation of an isolate are common (Deane et al. 19844,

Microsatellites
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b, c, Morel et al. 1986, Carneiro et al. 1990, Alves et athanges in enzyme electrophoresis profiles, and also of
1993, Lauria-Pires et al. 1996, Lauria-Pires & Teixeira 199§enotypic modifications, such as changes in the RFLP of
Santana et al. 1998). the KDNA (Romanha et al. 1979, Romanha 1982, Goldberg
Morel et al. (1986), after maintainiAg cruziin C3H & Pereira 1983, Tanuri & Almeida 1984, Morel et al. 1986,
mice for 18 months, observed that 5 out of 13 strairBogliolo & Godfrey 1987, Carneiro et al. 1990).
changed their isoenzymes and RFLP of the KDNA profile, Alves et al. (1993) observed different isoenzymatic
confirming the selection of sub-populations of the pargrofiles in distinct clones of the cruziY strain that were
site. After infecting mice with two differefit cruzistrains, submitted to long-term iwitro culturing. Later on, it was
Deane et al. (19844, b, c) could re-isolate only one of thewerified that these changes were followed by alterations
They also confirmed the potential of the vertebrate hosti the RFLP of the kDNA. This phenomenon is called
in this case marsupial, in selecting sub-populations of thenskinetoplastid (Alves et al. 1994) and consists of fast
parasite when evidenced changes in the schizodemtganges in the KDNA minicircles population leading to
analysis. More recently, after maintaining the Munantdifferent restriction profiles. Transkinetoplastid phenom-
strain in Balb/c mice, Santana et al. (1998) detected tha&ton was primarily observed in cloned cell&efshma-
from 9 of the studied enzymes, only one presented vari@a amazonenssubmitted to drug selection and is judged
tion. to be reversible. Probably components of the culture me-
; . dium interfere with the transcription of certain genes, regu-
In vitro culturing lating essential activities of the KDNA minicircles, which

The long-term irvitro culturing of T. cruzileads to anscripts are necessary to the proper mitosis (Lee et al
the decrease in the virulence and infectivity of the straﬁ% P y prop '

to laboratory animals and this phenomenon has been 92).

plained by the selection of sub-populations that are bétuman infection

ter adapted to the intro culture media (Goble 1951, Pizzi  T. cruzistrains isolated form, different triatomine bugs,
& Prager 1952b, Cavalheiro & Collares 1965, Lambbreclaind vertebrate hosts have shown to be multiclonal popu-
1965, Bice & Zeleddn 1970, Chiari et al. 1973, Chiari 1974&tions (Dvorak 1984, Murfin et al. 1985, Morel et al. 1986,
b, Postan et al. 1983, Deane et al. 1984a, Magalhdes eQdiveira et al. 1998, 1999). In a chronic chagasic patient,
1985, Alves et al. 1993, Contreras et al. 1994). these populations may be selected during the long hu-

Pizzi and Parger (1952a) inoculated sequentially, C3idan-T. cruzi interaction and differential tissue tropism
mice withT. cruziculture forms, every 10 days for 6 yearsmay interfere with the distribution of the sub-populations
and observed the decline of infectivity corroborated by th&ago et al. 2000). This justify the common finding of ho-
absence of parasitaemia after the last infections. Cavalheinmgeneous population being isolated from chronic
and Collares (1965) demonstrated that the Y strain presecisgasic patients (Gomes et al. 1998, Oliveira et al. 1999)
its biological characteristics changed afteviino cultur- when compared to stocks isolated during acute phases
ing. Menezes (1970a, b) and Chiari (1974a, b) observediad from components of the sylvatic cycle (triatomine
decline in the infectivity and virulence offacruzistrain and mammals) (Morel et al. 1980, Fernandes et al. 1997,
after long-term maintenance in culture media. Oliveira et al. 1998, Solari et al. 1998).

Some populations develop better than others do in in Berenice, the first human case of Chagas disease, can
vitro systems, which results in modifications in the origiexemplify a clear selective role being played by the hu-
nal genetic profile (Engel et al. 1982). Clones with a shoman host. Twd. cruzipopulations were isolated from
duplication time might be selected by culture when conthis patient: the first one when she was 55 years old and
pared to those that present long duplication time (Mangiae second when she was 71 years old. The zymodemes
1995). and the schizodemes profiles were different between them

Contreras et al. (1994) maintained twaruzistrains (Lana et al. 1996) and could be attributed to a re-infection
for three years, with successive passages in cultur@sth a new parasite strain or by the presence of an hetero-
detecting after this period that the metacyclogenesis hgdneous population in the patient since the very first iso-
reduced, declining the virulence. late. The long-term interaction of Berenice dndruzi

Lima et al. (1995) studied three clones of a stock ispromoted the selection of a differéhtcruzipopulation
lated from a naturally infected marsupial, which were mairthat was evidenced by the differences found in the sec-
tained during four years in LIT medium with monthly pasend stock.
sages, and compared their growth kinetics and their du- No correlation between the genetic variability of the
plication time. The studied parameters were considergdrasite with the clinical outcome of the disease has been
non-stable and should not be used as biological markeestablished. Probably the understanding if a patient will
emphasizing that initro culturing does seleck. cruzi be assymptomatic or present the cardiac or digestive form
sub-populations. of the disease will only be possible with the complete

Rodriguez et al. (1998) examined seVeoruzistrains characterization of the parasite and of the complex hu-
isolated from different hosts in Colombia. One of therman-parasite relationship that is evidenced in Chagas dis-
presented four distinct enzyme electrophoresis profilesase.
out of 13, after being maintained during 35vitro pas-
sages.

Long-term invitro culturing is determinant of pheno-
typic alterations — decrease in infectivity, virulence, ana

“cruzi” complex

The different biological and molecular approaches that
ave been used to studlycruzi have shown the diver-
ity of the distinct isolates of the parasite. The recent
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proposal of defining two groups to designate the major of Trypanosoma cruzirains: correlations with clinical data
phylogenetic lineages of the protozoan, based on several and experimental pathologiRev Soc Bras Med Trop 30
molecular targets, have received support from the scien- 27-35 o o
tific community. However, there are still points that needndrade SG, Carvalho ML, Figueira R 1970. Caracterizagéo

; F morfo-biolégica e histopatoldgica de diferentes cepas do
to be addressed, such as the phylogenetic origin of Z3 Trypanosoma cruzi. Gaz Med Bahia B2-42.

and the 3|gnlflcancg of g,?netlc hybrids. Andrade V, Andrade SG, Barral Netto M, Pontes A, Castro R
The concept of “cruzi” complex, proposed by Coura’ 19g5 Avaliacéo do comportamento de diferentes cepas do

etal. (1966) should be revitalized not as a taxonomic No- Trypanosoma cruzia infecco de seis linhagens isogénicas

menclature but as a clear form of depicting the diversity de camundongofev Soc Bras Med Trop 1843-154.

found in the taxof. cruzi Andrade V, Brodskyn C, Andrade SG 1983. Correlation be-

tween isoenzyme patterns and biological behaviour of dif-
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