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ABSTRACT. This paper studies the relation between genetic and biological diversity of
natural populations of Trypanosoma cruzi (in Parana State, Brazil) isolated from humans (H),
classified as T. cruzi 11, and from sylvatic reservoirs (G) and triatomines (T), classified as T.
cruzi 1. Twenty-five biological parameters were evaluated concerning the kinetic of growth
and of metacyclogenesis in mediums LIT and M16, to the infectivity to BALB/c mice, and
to the susceptibility to benznidazole. The data support the conclusion of a weak relation
between genetic distance and biological diversity using strains. The statistical comparison of’
the means of each parameter, with regard to the different hosts, showed that group T. cruzi
II (H) was significantly different from group T. cruzi I (G and/or T) in 13 of the 25
parameters studied: group H differed from G and T in three parameters, and from G or T
in 10 parameters. The major differences found in those parameters were related to the
kinetic of growth and of metacyclogenesis. One biological implication from these
differences is that the lowest growth of parasite observed in group T. cruzi II (H) makes
parasitological diagnoses more difficult and provides lower pathogenicity for mice.
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RESUMO. Fraca relacao entre diversidade genética e biolégica de populacdes
naturais de Trypanosoma cruzi. Este trabalho estudou a relagio entre diversidade genética
¢ biolégica de populagdes naturais de Trypanosoma cruzi do Estado do Parana, isoladas de
humanos (H), classificadas como T. cruzi 11, e de reservatdrios silvestres (G), e triatomineos
(T) classificadas como T. cruzi 1. Foram avaliados 25 pardmetros biolégicos relacionados a
cinética de crescimento e de metaciclogénese em meios LIT e M16, 3 infectividade em
camundongos BALB/c e i suscetibilidade ao benznidazol. Os achados falam a favor de uma
fraca relagio entre distincia genética e diferencas biolégicas utilizando cepas. A comparagio
estatistica entre as médias de cada parimetro, considerando os diferentes hospedeiros,
mostrou que o grupo T. cruzi II (H) foi significativamente diferente do grupo T. cruzi I (G
e/ou T) em 13 dos 25 parimetros estudados, onde o grupo H diferiu de G e T em 3
parimetros ¢ de G ou T em 10 parimetros. As maiores diferengas ocorreram nos
parimetros relacionados 2 cinética de metaciclogénese e de crescimento. Entre as
implicagdes biolégicas destas diferencas, o crescimento mais lento de parasitas do grupo T.
cruzi 1T (H) prejudica o diagnéstico parasitolégico e proporciona menor patogenicidade para
camundongos.

Palavras-chave: Trypanosoma cruzi, diversidade genética, diversidade bioldgica.

Introduction

Trypanosoma cruzi circulates in nature among
humans, vectors and sylvatic and domestic reservoirs.
Although the distribution in vectors and reservoirs is
much greater than the human infection, it is estimated
that 15 million people have this parasite in the

Americas (WHO, 2002). In Brazil, there are around 3.5
million people infected (Dias, 1997). In the state of
Parana, the infection is endemic, with a prevalence of
4% (Camargo et al., 1984).

After crossing an acute phase line, the patient enters
the chronic phase. This chronic phase presents a
clinical course that can vary from the asymptomatic
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form to the development of serious clinical cardiac
and/or digestive forms (Dias, 1992). The cause of this
variability is not completely understood, but certain
aspects of the parasite and of the host are involved
(Andrade et al., 1999; Macedo et al., 2002).

Various studies have demonstrated that the
strains of this parasite are composed of a variety of
subpopulations with distinct characteristics between
them and that natural populations of T. cruzi show
great heterogeneity at the biological, biochemical,
immunological and genetic levels (Deane et al., 1984;
Aragjo e Chiari, 1988; Carneiro ef al., 1990; Brener,
1992; Oliveira et al., 1997; Gomes et al., 1998a).
Once confirmed this heterogeneity, Tibayrenc e
Ayala (1988) verified that this species shows a
predominantly clonal structure and evolution, with
rare or no sexual activity, therefore keeping itself
stable through time and space. Nevertheless, various
authors have already found a correlation between
zymodeme and biological properties for different
strains of T. cruzi, including resistance/susceptibility
to drugs (Andrade et al., 1983; Andrade ¢ Magalhies,
1997).

Although the possibility of working with cloned
populations of T. cruzi is in fact a reality (Lauria-
Pires et al., 1997; Lana et al., 1998; Revollo et al.,
1998; Toledo et al, 2002), the truth is that the
populations responsible for the infections in
humans, triatomines and all the other species of
mammals that function as vertebrate hosts of T.
cruzi, are for the most part genetically heterogeneous
(polyclonal) (Macedo et al., 2002).

Advances in knowledge about the T. cruzi
population genetics (Tibayrenc e Ayala, 1988) and
molecular biology have clarified some reasons for
the behaviour variability of natural populations of
this species. Moreover, studies were carried out with
strains demonstrating a correlation between the
zymodemes and biology of the parasite (Andrade
et al., 1983; Andrade e Magalhies, 1997). Although
most of studies with clone stocks of T. cruzi,
pertaining to the four genotypes or principal
ubiquitous zymodemes, have demonstrated a strong
correlation between genetic distance and their
fundamental biological characteristics (Laurent et al.,
1997; Lana et al., 1998; Revollo et al., 1998; Toledo
et al, 2002; 2003), Villareal et al. (2004) have
observed a lack of correlation between susceptibility
to benznidazole and phylogenetic diversity.

It was recently demonstrated that strains of T.
cruzi, isolated in the state of Parani from sylvatic
reservoirs, triatomines and humans, grouped
differently into two genetic groups, T. cruzi I and T.
cruzi 11 (Zalloum et al., 2005), conforming to the
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observations of other authors studying populations
of the parasite originating from other geographical
regions. The objective of this paper is to study the
relation between the genetic and biological diversity
of natural populations of T. cruzi, grouped as T. cruzi
Land T. cruzi 11 (RSM, 1999) isolated from different
hosts in northwest Parana state.

Material and methods

Strains of T. cruzi

Figure 1 shows the strains studied, the genetic
groups they belong and the hosts they were isolated
from. After defrosting, the strains were kept in Liver
Infusion and Tryptose (LIT) medium, pH 7.2, with
10% of bovine fetal serum (Camargo, 1964), until a
sufficient quantity of parasites were obtained to
carry out the experiments. For the purpose of
statistical comparison and tabulation, the results of
each strain were grouped according to host H, G or
T. These strains were characterised by RAPD and
SSP-PCR  with four genetic markers, grouping
together strains referring to T. cruzi I - Sylvio and T.
cruzi 11 - Esmeraldo (Zalloum et al., 2005). The four
strains isolated from humans (H) were classified as 7.
cruzi 11 and the eight strains obtained from sylvatic
reservoirs (G) and from triatomines (T) were
classified as T. cruzi 1.
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Figure 1: Phenogram of twelve strains of Trypanosoma cruzi
constructed by the method of UPGMA (arithmetic mean, not
weighted mean) using a matrix of genetic distance obtained by
RAPD (randomly amplified polymorphic DNA) using the mean of
three initiators (Zalloum et al,, 2005). They initiated the genetic
groups which contain the strains (T. cruzi I and II) and the hosts
from which they were isolated (H = humans in the chronic phase
of Chagas Disease, G = sylvatic reservoirs and T = triatomines).
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Culture Mediums

The mediums LIT and M16 (Chiari et al., 1980)
were used. LIT medium is a complex monophasic
medium used for the maintenance of T. cruzi. M16
medium is poor in nutrients, pH 6.7, and favours
the transformation of epimastigotes forms into
metacyclic trypomastigotes.

Determination of the kinetic of growth and of
metacyclogenesis

Parasites in an exponential phase of growth in LIT
medium were inoculated in 15 mL of LIT medium
and in 15 mL of M16 medium with a final
concentration of 1.5%107 parasitesmL. The cultures
were maintained at 28°C. The growth of the parasites
was measured 0, 12, 24, 36 and 48 hours after
incubation. After this period, measurements were
taken every two days until the 12th day of cultivation.
The experiments were carried out in triplicate and the
counts were done in a Neubauer chamber.
Metacyclogenesis was measured in smears prepared
with an aliquot of 50 WL of culture collected 0, 2, 4, 6,
8, 10 and 12 days after cultivation. The smears were
stained by the technique of Panotic (Newprov-
Curitiba, Estado do Parani). Five hundred forms
without selection were counted, using an optic
microscope in amplifications of 1000% and percentages
of transition forms of epimastigotes-trypomastigotes
and trypomastigotes were calculated.

Infectivity of culture trypomastigotes forms

For each strain, 2x10° metacyclic trypomastigotes
forms in the eighth day of cultivation in M16 medium
were intraperitoneally inoculated into male BALB/c
mice of four weeks of age. Infectivity was determined
by polymerase chain reaction (PCR) according to the
technique of Gomes ef al. (1998 a) and expressed in
percentage of positive mice.

Determination of susceptibility to benznidazole

Parasites in an exponential phase of growth in LIT
medium were inoculated under the action of
benznidazole (ROCHE, Lot no. BS01070001, 99.8%
purity) in concentrations that varied from 0.25 to 500
Mg/mL. The drug was dissolved in a solution of LIT
with 0.05% of dimethylsulfoxide (DMSO) (Wittner et
al., 1982). Preliminary experiments showed that the
DMSO in this concentration was not toxic for the
strains of T. c¢ruzi used in this study. The cultures
were maintained at 28°C. The experiments were
carried out in triplicate. The counting of the parasites
was carried out by the technique of Brener (1962)
after 24 and 48 hours of incubation. The action of the
benznidazole was evaluated by means of comparison
with a control group without the drug (Ferreira et al.,

2004), being determined by IC50-24 and IC50-48
(the concentration at which 50% of the parasites were
killed after 24 and 48 hours of contact). The
maximum percentages of growth and of inhibition
were also determined according to Ferreira et al.
(2004).

Parameters evaluated

Table 1 shows the parameters studied and their
abbreviations.

Statistical analysis

The analysis of the results was carried out using
the program SAS (Statistical Analysis System) —
version 8.02 by the MANOVA/Duncan and
Wilks’Lambda, Kruskal-Wallis and Kolmogorov-
Smirnov tests, to the significance level of 5%.

Ethics Committee Evaluation

This study was approved by the Ethics
Committee for Animal Experimentation (ECAE) of
the State University of Maringa, State of Parana.

Table 1. Relation of Parameters studied and abbreviations.

Parameters related to growth kinetic Abbreviations
Number of parasites on the 6" day of growth in culture in LIT NP6-LIT
medium

Number of parasites on the 6™ day of growth in culture in M16 ~ NP6-M16
medium

Number of parasites on the 12 day of growth in culture in NP12-LIT
LIT medium

Number of parasites on the 12 day of growth in culture in NP12-M16
M16 medium

Doubling time of parasites in culture in LIT medium DT-LIT
Doubling time of parasites in culture in M16 medium DT-M16

Parameters related to the kinetic of metacyclogenesis
Highest % of trypomastigotes in culture in LIT medium

>%Try-LIT

Highest % of trypomastigotes in culture in M16 medium >%Try-M16
Maximum number of trypomastigotes in culture in LIT MNTry-LIT
medium
Maximum number of trypomastigotes in culture in M16 MNTry-M16
medium

Day with highest % of trypomastigotes in LIT medium
Day with highest % of trypomastigotes in M16 medium
Highest % of transition forms in LIT medium

Highest % of transition forms in M16 medium
Maximum number of transition forms in LIT medium
Maximum number of transition forms in M16 medium
Day with highest % of transition forms in LIT medium
Day with highest % of transition forms in M16 medium

D>%Try-LIT
D>%Try-M16
>%Tra-LIT
>%Tra-M16
MNTra-LIT
MNTra-M16
D>%Tra-LIT
D>%Tra-M16

Infectivity of culture trypomastigotes in mice %Inf-PCR
Parameters related to susceptibility to benznidazole

IC50 after 24 hours under the action of benznidazole 1C50-24
Maximum % of inhibition after 24 hours under the action of M%I-24
benznidazole

Maximum % of growth after 24 hours under the action of M%G-24
benznidazole

IC50 after 48 hours under the action of benznidazole 1C50-48
Maximum % of inhibition after 48 hours under the action of M%I-48
benznidazole

Maximum % of growth after 48 hours under the action of M%G-48

benznidazole

Results

The results for the parameters, in which strains of
the group T. cruzi I1 (H) were difterent from strains of
the group T. cruzi I (G and/or T), are shown below.
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Growth kinetic

Table 2 shows the means and the standard
deviations of the parameters related to the growth
kinetic of the three groups studied. The comparison
between the means of the groups for all the
parameters showed that there is a significant
difference (p<0.0001) between the groups of strains
T. cruzi 1 (G and T) and T. cruzi II (H). The group
T. cruzi 11 (H) presented a significant difference in
three of the six parameters related to the growth
kinetic. According to these three parameters, group
T. cruzi 11 (H) was statistically different from group
T. cruzi 1 (G or T) in the NP6-LIT, NP12-LIT and
DT-LIT parameters. In the LIT medium, the final
average growth was five times greater than the
growth obtained in the M16 medium (p=0.0006 for
H, p<0.0001 for G and p=0.007 for T). Group T.
cruzi 11 (H) showed an average final growth in the
LIT medium as lower as in the M16 (12th day of the
experiment), although the difference was statistically
significant only in relation to group T in LIT
medium (p=0.0397). In LIT medium, group T.
cruzi 11 (H) showed a lower growth than group T.
cruzi 1 (G) (p=0.0065) on the sixth day, and lower
than (T) on the 12th day of cultivation (p=0.0397).
Group T. cruzi I1 (H) showed a significantly greater
doubling time than that of group T. cruzi 1 (G)
(p=0.0079) in LIT medium. In M16 medium, the
doubling time for group T. cruzi II (H) was greater
than that of T. cruzi I (G and T), although not
significantly.

Table 2. Means and standard deviations of parameters derived
from the growth kinetic, compared among the groups of strains
T. cruzi 11, isolated from chronic chagasic patients (H), and T.
cruzi 1, isolated from sylvatic reservoirs (G) and triatomines (T).

Parameters Mean value and standard Probabi-  Duncan
deviation/group lity Test
H G T )

NP6-LIT 109.07£20.16 13525+31.10 103.58+ 1874 0.0065* (H=T)zG
(x10°parasites/mL)

NP6-M16 3350+9.19 33.08+1400 41.58+2339 03792 H=G=T
(x10°parasites/mL)

NP12-LIT 261.25+46.09 266.67 6140 327.00+86.98 0.0397* (H=G)ZT
(x10° parasites/mL)

NP12-M16 455042309 54.08+41.00 49.83+2327 07872 H=G=T

(x10° parasites/mL)
DT-LIT (hours) 4324+11.86 2734+1410 37274854 00079* (H=T)2G
DT-M16 (hours)  8740+5156 763518498 46.18+4328 02623 H=G=T

* Significant difference at p<0.05

Kinetic of metacyclogenesis

Table 3 shows the percentile results and Table 4 and
Figure 2 show the numeric results obtained for the
kinetic of growth and metacyclogenesis in LIT and M16
mediums for the three groups studied. Group T. cruzi 11
(H) showed a significant difference in nine of the 13
parameters related to metacyclogenesis (Tables 3 and 4).
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Figure 2. Mean number of trypomastigotes forms in LIT and
M16 medium for the groups of strains of T. cruzi I, isolated from
humans (Group H) and T. cruzi 1, isolated from sylvatic reservoirs
— Didelphis sp (Group G) and triatomines — Triatoma sordida and
Panstrongylus megistus (Group T).

Table 3. Means and standard deviations of the parameters
derived from the kinetic of metacyclogenesis, compared among
the groups of strains of T. cruzi II, isolated from chronic chagasic
patients (H), and T. cruzi I, isolated from sylvatic reservoirs (G)
and triatomines (T).

Parameters Mean value and standard Proba- Duncan
deviation/group bility Test
H G T (p)

>%Try-LIT 073078 0132030 0224026  0.0120* H#(G=T)
>%Try-M16 245353 0974080 0774057  0.1228 H=G=T
D>%Try-LIT ~ 900¢543  150£271  801+588  0.0011* H=T)2zG
D>%Try-M16 ~ 900+1.04  500£1.00 12.00+0.00 <0.0001* H#G#£T
>%Tra-LIT 51132708 48.01+8.10 30.81£18.00 0.0005* H=G)£T
>%Tra-M16 472542839 4256+11.00 27.98+9.44 00393* H=G;G=T;H#T
D>%Tra-LIT 500£1.81 4001000 3.15£132 00056* H=G;G=T;H#T
D>%Tra-M16  600+148 850£3.70 4.16+199 00011* H=T) %G
%Inf-PCR 33.35+2041 50.00+5.99 37.50+27.29 04770 H=G=T

* Significant difference at p<0.05
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Table 4. Means and standard deviations of the parameters
derived from the kinetic of growth and of metacyclogenesis,
compared among the groups of strains of T. cruzi II, isolated from
chronic chagasic patients (H), and T. cruzi I, isolated from sylvatic
reservoirs (G) and triatomines (T).

Parameters Mean value and standard Probabi- Duncan
deviation/group lity Test
H G T (p)

MNTry-LIT  198+232 0.19+0.40 0.53+034 0.0071* H#G=T)
(x10°/mL)

MNTry-M16  1.14+2.08 0.40+0.60 045029 02838 H=G=T
(x106 /mL)

MNTra-LIT 43.93 +24.32 3550 +890 18.57 +14.45 0.0033* (H=G)#T
(x10°/mL)

MNTra-M16 15.12+13.10 1651+630 11.03+4.86 03020 H=G=T
(x10°/mL)

* Significant difference at p<0.05

In these nine parameters, group 1. cruzi II (H) was
statistically different from group 7. cruzi 1 (G and T) in
three parameters and statistically difterent from group
T. cruzi 1 (G or T) in six parameters. The production of
trypomastigotes occurred more rapidly in M16
medium than in LIT for both groups T. cruzi I and T.
cruzi 11 (Figure 2). In LIT medium, the T. cruzi II (H)
produced a greater percentage (p=0.0120) of
trypomastigotes than the T. cruzi I (G and T). This
percentage occurred in the ninth day for group T. cruzi
II (H) (p=0.0011) and between the first and the
second day for group T. cruzi 1 (G) (Table 3). In M16
medium, group T. cruzi 11 (H) produced a greater
percentage of trypomastigotes than group T. cuzi 1 (G
and T), although the difference was not significant
(Table 3). This greater percentage of trypomastigotes
in group H occurred at an intermediate length of time,
different from groups G and T (HZG#£T) (p<0.0001).
During the evaluation of the metacyclogenesis, forms
in the epimastigotes-trypomastigotes transition phase
were also observed. Group T. cruzi I (H) presented a
greater percentage of forms in epimastigotes-
trypomastigotes transition than group T. cruzi I (T), in
both LIT medium (p=0.0005) and M16 medium
(p=0.0393) (Table 3).

Infectivity of culture trypomastigotes forms

The infectivity of culture forms evaluated by the
PCR technique did not present a significant difference
between the groups T. cruzi 1 and T. cuzi 11
(H=G=T) (Table 3).

Susceptibility to benznidazole

Table 5 shows the means and standard deviations
of the parameters related to the susceptibility to
benznidazole for the three groups studied. Group T.
cruzi 11 (H) was significantly difterent from group T.
cuzi 1 (T) in one of the six parameters related to the
susceptibility to benznidazole. Susceptibility to
benznidazole, after 24 hours of parasite-drug contact,
did not produce a significant difference between the

groups T. cruzi 1 and T. cuzi II (H=G=T) for the
three parameters evaluated. However, after 48 hours of
contact, the group T. cruzi II (H) showed a lower
resistance  (greater susceptibility) to benznidazole,
expressed by a lower 1C50-48, when compared with
group T. cruzi 1 (T) (p=0.0033). There was no
significant difference for the parameters M%I-48 and
M%C-48.

Table 5. Means and standard deviations of the parameters
derived from the susceptibility to benznidazole in vitro, compared
among the groups of strains of T. cruzi II, isolated from chronic
chagasic patients (H), and T. cruzi I, isolated from sylvatic
reservoirs (G) and triatomines (T).

Parameters Mean value and standard Probabi-  Duncan
deviation/group lity Test
H G T ®)
IC50-24 (g/mL) 115.68+118.7886.80£83.80 153.44+163.67 04412 H=G=T
M%I-24 7505+18.64 7551+17.80 8210+17.86 05711 H=G=T
M%G-24 19.67+£15.04 17.82+2600 14.32+29.88 08628 H=G=T
IC50-48 (ugmL) ~ 527£559 180£150 1828+19.05 0.0033* (H=G)£T
M%I-48 99.85+£0.33 100.00£000 92.09+2733 03839 H=G=T
M%G-48 935+12.82 2039+2250 1048+2859 04194 H=G=T

* Significant difference at p<0.05

Discussion

Over the years, various studies of T. cruzi and
Chagas’ disease have searched for an explanation to the
diversity of the possible clinical forms during the
evolution of the infection. One of the ways was to
correlate the biology of the parasite with clinical disease
forms. Studies developed the way of correlating the
biology of the protozoan with its biochemical and
genetic parameters (Andrade, 1974; Andrade et al,
1983; Andrade ¢ Magalhies, 1997; Carneiro et al., 1991
Steindel ef al., 1995). The improvement of materials
and methods such as isogenic animals, cloning of
parasites, the employment of molecular techniques and
statistical methods in studies of the genetics of the T.
cruzi population, some studies (Barnabé et al., 1983;
Lana et al., 1998; Revollo et al., 1998; Toledo et al., 2002)
have managed to demonstrate the existence of a
correlation between the biology and genetics of the
protozoan, including the parameter of
susceptibility/resistance  to  drugs, (Andrade e
Magalhies, 1997, Murta et al., 1988), and also verify
that the clones of the group T. cruzi I are more resistant
to benznidazole than the clones of group T. cruzi 11
(Revollo et al., 1998; Toledo et al, 2003; 2004).
However, Villareal ef al. (2004), even though working
with cloned population, have not demonstrated
significant correlation between in vitro susceptibility to
benznidazole and phylogenetic diversity.

The present paper aimed to study the relation
between the genetic and biological diversity of natural
populations of T. cruzi, isolated from different hosts
from the state of Parana, Brazil, grouped as T. cruzi 1
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and T. cruzi 11

The data obtained in this study showed that there
are discreet differences in the biological behaviour of
natural populations of T. cruzi pertaining to the large
genetic groups T. cruzi I and T. cruzi 11 (Zalloum et al.,
2005), isolated from different hosts (humans, sylvatic
reservoirs and vector triatomines) when the kinetic of
growth and of metacyclogenesis, and susceptibility to
benznidazole were compared.

When considering the three host groups (H, G and
T), the comparison between the means of each
parameter showed that group T. cuzi II (H) is
significantly different from group T. cruzi I (G and T)
in 13 of the 25 parameters studied. Group T. cruzi 11
(H) diftered from group T. cruzi I (both G and T) in 3
parameters, and from T. cuzi I (G or T) in ten
parameters.

Among the parameters studied in the growth
kinetic, group T. cruzi II (H) was statistically different
from group T. cruzi 1 (G or T) in 3 of the 6 parameters
analysed; i.e. in 50% of them. This result shows the
importance of the type of experiment and culture
medium used for the comparison of T. cruzi from
different sources. In LIT medium, the average final
growth was five times greater than the growth obtained
in M16 medium. This result was expected, since M16
medium is an impoverished medium that induces
nutritional stress, promoting metacyclogenesis (Chiari
et al., 1980). In LIT medium, to the same extent as in
M16 medium, group T. cruzi II (H) showed lower
growth in both evaluations for growth kinetic, in
relation to group T. cruzi 1 (G or T). Similarly, group
T. cruzi 11 (H) showed a doubling time in LIT medium
as great as in M16 medium, which reflects slower
growth. These findings, here obtained by the study of
strains, are in agreement with the observations by
Laurent et al. (1997); Lana et al. (1998) and Revollo et al.
(1998), which demonstrate that clones pertaining to
the group T. cruzi 1I show lower multiplication in T.
infestans, LIT medium and Vero cells, respectively. A
biological implication of these findings is that the slow
growth may make diagnosis difficult in parasitological
tests, leading to false negative results. Furthermore,
experimental studies carried out in vivo, using clones
and isogenic animals, showed that parasites from the
group T. cruzi 11 presented a lower infection rate in
organs and tissues, as well as produced lower numbers
of inflammatory reactions, than clones of the group T.
cruzi 1 (Toledo et al., 2002), which confirms that groups
with lower growth may be less pathogenic.

The fact that group G (T. cruzi I) showed greater
growth in the 6th day of cultivation in LIT medium
and group T (T. cruzi I) showed it in the 12th day may
be related to exhaustion of the medium and production
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of metabolites, which certainly influenced the final
results of the kinetic of growth. However, the fact that
T. cruzi 1 grows more rapidly and in greater number
than T. cruzi I is preserved. This data is confirmed by
results observed in the calculation of doubling time,
where the greater capacity of multiplication in less time
of group T. cruzi 1 (G) is clear.

Among  the parameters referring  to
metacyclogenesis, group T. cruzi II (H) was statistically
different from group T. cruzi I (G and/or T) in 9 of the
13 parameters analysed, i.e. in 69.2% of them, showing
the importance of these parameters in comparing T.
cruzi from different sources. Group T. cruzi 11 (H)
produced a greater number of trypomastigotes and
transition forms more rapidly in M16 medium than in
LIT medium. This result is in agreement with others
from previous literature considering that 1) the
production of epimastigotes-trypomastigotes transition
forms and consequently of metacyclic trypomastigotes
is an intrinsic characteristic of the strain (Chiari, 1981;
Aratijo et al., 1999) and 2) the medium that facilitates
metacyclogenesis will do it earlier with the group that
produces more trypomastigotes (1. cruzi 1 - H).
Group T. cruzi 11 (H) produced a greater percentage of
trypomastigotes in LIT medium than group T. cruzi 1
(G and T), and a greater percentage of epimastigotes-
trypomastigotes transition forms in both LIT and M16
medium than group T. cruzi I (T). Although the in vitro
experiments in acellular medium simulate the stage of
the cycle of T. cruzi that happens in the intestinal tube
of the triatomines, these data do not support the
reports by Lana et al. (1998), who observed clones
pertaining to the genetic group 1. cruzi 1 producing
more metacyclogenesis in vivo (intestinal tube of T.
infestans). The difference in behaviour encountered
may be explained by the fact that the two results were
produced in distinct conditions or maybe by the fact
that Lana ef al. (1998) worked with cloned populations.

Curiously,  during  the  evaluation  of
metacyclogenesis, high percentages similar to those of
the epimastigotes-trypomastigotes transition forms
were observed for all the groups, in both LIT and M16
mediums, that did not convert themselves into
trypomastigotes forms, even when the experiment was
continued. Martinez-Difaz et al. (2001) also reported
high percentages of epimastigotes-trypomastigotes
transition forms, but they converted themselves into
trypomastigotes when observed for longer time. Aratijo
et al. (1999), evaluating some of the strains used in this
study, reported that these strains had a low capacity to
form trypomastigotes, although they reported
percentages slightly higher than those described here.
Avila et al. (2003) assert that biochemical changes in the
membrane of the parasite, as well as changes in their
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gene expression, precede morphological
transformations of T. cruzi during the process of
differentiation. Based on these data some hypotheses
were raised to explain the high production of
epimastigotes-trypomastigotes transition forms that do
not convert themselves into trypomastigotes. Because
these strains are of low metacyclogenesis capacity, it
may be assumed that the process did not complete
itself due to the quality of the medium used and/or the
time of cultivation in the laboratory, or even, their
intrinsic characteristics.

Together, the findings relating to the greatest
production of metacyclic trypomastigotes and
epimastigote-trypomastigote transition forms observed
for group T. cruzi II (H) might explain the lower
growth capacity of this group, reducing the possibility
of positivation of the parasitological methods
(hemoculture), as  the  trypomastigote  and
epimastigote-trypomastigote transition forms do not
reproduce themselves.

In this study, a statistical difference in infectivity
between the groups T. cruzi I and II was not observed.
This finding differs from that of Toledo ef al. (2002),
who demonstrated a lower percentage of infectivity for
the clones of group T. cruzi 1. This difference might be
explained by the use in this study of technology that is
clearly more sensitive (Bértoli ef al., 2005; Miyamoto et
al., 2005) than that which was used by those authors to
measure infectivity.

Among the six parameters evaluated for
susceptibility to benznidazole, group T. cruzi II (H) was
statistically different from group T. cruzi I (T) in only 1
parameter (16%), showing that in the conditions
developed in this study, the parameters derived from
the study of susceptibility to benznidazole were not
among the most important to differentiate T. cruzi of
different sources. This may be due to the great
heterogeneity of behaviour observed in each of these
large groups of T. cruzi. Even in studies carried out
with cloned stocks and smaller subdivisions of T. cruzi,
various authors found large standard deviations in
many of the parameters analysed (Laurent ef al., 1997;
Lanaet al., 1998; Revollo et al., 1998; Toledo et al., 2002,
2003, 2004). Villarreal et al. (2004) observed lack of
significant  correlation between susceptibility to
benznidazole and phylogenetic diversity. Group T.
cuzi 11 (H) showed greater susceptibility to
benznidazole than group T. cruzi I (T), expressed by a
lower IC50-48, suggesting that strains which
reproduce themselves more rapidly (T. cruzi I) might
impair the action of benznidazole. These data are in
agreement with Barnabé ef al. (1983) and Revollo et al.
(1998) who observed in vitro a greater susceptibility to
benznidazole and nifurtimox for the clones of the

group T. cruzi 11 when they studied epimastigotes and
amastigotes. These results are also in agreement with
experiments in vivo carried out with clones of T. cruzi in
isogenic mice (Toledo et al., 2003, 2004).

Results of the present study allow us to suggest a
weak relation between the genetic and biological
diversity of natural populations of T. cruzi isolated from
difterent hosts.
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