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INTRODUCTION

As shown by population genetic analyses, the populations
of Trypanosoma cruz, the agent of Chagas disease, are
composed of natural clones, stable in space and time, be-
tween which recombination is either rare or absent (Ti-
bayrenc et al. 1986). Previous studies by our group have
shown that the phylogenetic diversity and the biological
behavior of T. cruzi natura clones are statistically linked.
Those clones that are phylogenetically distant tend to show
very distinct properties for various biological parameters,
including pathogenicity in mice, infectivity to cell cultures,
speed of in vitro culture growth, in vitro sengitivity to anti-
chagasic drugs, and transmissibility through Triatoma in-
festans, whereas the contrary obtains for those clones that
are phylogenetically closely related (Laurent et al. 1997;
Lana et al. 1998; Revollo et al. 1998). The goals of this
study were to further explore the pathogenicity of T. cruz
natural clones in mice using an extended sample of clonal
genotypes and to analyze with appropriate genetic markers
the rate of successful reisolation of uniclonal and biclona
infections.

MATERIALS AND METHODS

Origin, culturing, and genetic characterization of parasites. Eight
of the standardized set of 21 stocks used by our team for all studies
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TABLE 1
Stocks of Trypanosoma cruzi Analyzed
Number of infected mice

Name Clonal genotype Acute phase Chronic phase Host Country Region
SO34 cl4 19/20 7 5 Triatoma infestans Bolivia Potosi
Esquilo cl1 19/20 8 6 Sciurus aestuans Brazil Sad Paulo
SP104 cl1 19/20 8 6 Triatoma spinolai Chile Choquimbo
SO3 cl5 39 8 5 Triatoma infestans Boalivia Potosi
MN cl2 39 8 5 Man, chronic phase Chile Santiago
CBB cl3 32 8 6 Man, chronic phase Chile Tulahuen
MVB cl8 32 8 6 Man, chronic phase Chile Santiago
IVV cl4 32 8 6 Man, chronic phase Chile Santiago

dealing with the biological behavior of T. cruzi natural clones were
selected. These 21 stocks are representative of three major clonal
lineages of T. cruzi (19/20, 32, and 39; Tibayrenc et al. 1986) and
correspond to clona genotypes that are spread over vast geographic
areas. The evolutionary distances between these clonal genotypes are
large. Nevertheless, 32 and 39 are more closely related to each other
than to 19/20, and both pertain to the same of the two major phyloge-
netic lineages that subdivide T. cruz, whereas 19/20 fallsinto the other
major phylogenetic lineage (Tibayrenc 1995; Souto et al. 1996).

The origin of the eight stocks under study is shown in Table 1,
together with their clonal genotype and the number of mice inoculated
and analyzed for each of them. The eight stocks have been previously
typed with 22 enzyme loci (C. Barnabé, unpublished data) and RAPD
fingerprinting (Tibayrenc et al. 1993). They have been cloned in the
laboratory, with verification under the microscope. According to their
behavior in mice, they have been used to compose 11 different mixtures
to analyzetherate of survival of mixedinfections. The clonal genotypes
19/20 and 32 were each represented by a “fast” stock (easily infective
and more virulent to mice), a “slow” stock, and a “medium” stock.
The clonal genotype 39 was represented by a “fast” and a “medium”
stock only. Table 2 summarizes the composition of these mixtures and
the number of mice inoculated and analyzed.

TABLE 2

Purified metacyclic trypomastigote forms were obtained from old
LIT medium cultures (15-20 days) after treatment with guinea pig
serum according to Deane et al. (1984). Sets of seven to eight 30-day-
old male Balb/c mice (weight 18—20 g) wereintraperitonally inocul ated
with these trypomastigotes. For infections with only one clone, 5 X
10° forms were used, whereas in the case of mixtures, 5 X 10° of each
clone were injected. As a matter of fact, in our experience, biclona
infections with a lower quantity of each pure clone can lead to very
fast elimination of one of the genotypes.

During the acute phase of the infection, mice were monitored every
day for parasitemia and mortaity. The parasitemia was quantified
according to Brener (1962). Thirty days after infection, a volume of
approximately 500 ul of blood was taken from each mouse through
the orbital plexus vein and inoculated in LIT medium. Of 86 mice, 36
positive cultures were obtained. These cultures were used to look for
the presence of given genotypes by multilocus enzyme electrophoresis
(MLEE) and RAPD typing. Five isoenzyme systems (glucose phos-
phate isomerase, GPI, E.C.5.3.1.9; glutamate oxal oacetate transami-
nase, GOT, E.C.2.6.1.1; isocitrate dehydrogenase, ICD, E.C.1.1.1.42;
phosphoglucomutase, PGM, E.C.5.4.2.2; and 6 phosphogluconate de-
hydrogenase, 6PGD, E.C.1.1.1.44) and two RAPD primers (A7:

Composition of the Mixtures of Trypanosoma cruzi Natural Clones Analyzed

Number of infected mice

Genotype mixture Stock mixture Acute phase Chronic phase Category of mixture
19/20 + 32 Esquilo cl1 + MVB cl8 8 6 Medium + medium
19/20 + 32 SO34 cl4 + CBB cl3 8 6 Fast + fast

19/20 + 32 SP104 cl1 + IVV cl4 8 6 Slow + slow

19/20 + 32 SP104 cl1 + CBB cI3 8 6 Slow + fast

19/20 + 32 SO34 cl4 + IVV cl4 7 5 Fast + slow

19/20 + 39 Esquilo cl1 + MN cl3 8 6 Medium + medium
19/20 + 39 S034 cl4 + SO3 cl5 8 6 Fast + fast

19/20 + 39 SP104 cl1 + SO3 cl5 7 5 Slow + fast

32 + 39 MVB cl8 + MN cl2 8 6 Medium + medium
32 + 39 CBB cl3 + SO3 cl5 8 6 Fast + fast

32+ 39 IVV cl4 + SO3 cl5 8 6 Slow + fast
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GAAACGGGTG; and A10: GTGATCGCAG; kit A from Operon Tech-
nologies, Alameda, CA) were used. Technical parameters were as
published (Ben Abderrazak et al. 1993; Tibayrenc et al. 1993).

At 90 days after infection (chronic phase), the mice that were till
alive were sacrified. Hemocultures were performed. Twenty-five iso-
lates of 64 hemocultures were obtained and genetically characterized,
as described above.

Data analysis. During the acute phase of infection, three parame-
terswerequantified: (i) the percentage of micewith apatent parasitemia
(% MPP), (ii) the maximum parasitemia (MP), and (iii) the percentage
of mice with positive hemoculture (% MPH). For the uniclonal infec-
tions, 63 mice were examined (7—8 per stock; see Table 1). For the
biclonal infections (11 different mixtures; see Table 2), a total of 86
mice were examined (again 7—8 per mixture). During the chronic phase
of the infection, only % MPH was quantified for the surviving animals
(5—6 per group). A total of 45 mice for the uniclona infections and
64 mice for the biclonal infections was considered in this part of
the experiments.

For each of the three pure clonal genotypes, the value considered
for each of the three parameters under study was the arithmetic mean
of al the available results. In the case of the parameters % MPP and
% MPH, comparisons of percentages were used, whereas comparisons
of means were used for MP. We compared the values obtained for
the pure clone of two different genetic groups. Comparisons between
uniclona and biclona infections were rendered tentative by the fact
that the total amount of parasites injected was not the same.

RESULTS

Acute phase. For the two parameters MP and % MHP,
there were statistically significant differences between the
three clonal genotypes, in the order 19/20 > 32 > 39. For
the parameter % MPP, the decreasing order was 32 > 19/
20 > 39. Nevertheless, the difference between 32 and 19/
20 was not statistically significant (see Tables 3 and 4).

Chronic phase. The only parameter surveyed in this
phase was % MPH. The order of decreasing values was
19/20 > 32 > 39. Nevertheless, the differences were not
statistically significant.

TABLE 3

Average Results Obtained for the Three Parameters Surveyed for
the Pure Clonal Genotypes

Parameter
Group % MPP MP % MPHap % MPH cp
19/20 43.48 26.99 + 59.98 100.00 94.12
32 62.50 1.04 = 249 79.17 72.22
39 0.00 0.00 = 0.00 12.50 70.00

Note. ap, acute phase; cp, chronic phase.
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TABLE 4

Statistical Results of the Various Comparisons Performed between
Pure Clonal Genotypes

Parameter
Comparison % MPP MP % MPH ap % MPH cp
19/20 to 32 NS <0.05 <0.05 NS
19/20 to 39 <0.01 <0.04 <0.01 NS
3210 39 <0.01 <0.04 <0.01 NS

Note. ap, acute phase; cp, chronic phase.

Survival of uniclonal and biclonal infections surveyed by
MLEE and RAPD. Table5 (see aso Figs. 1 and 2) gives
the results of T. cruzi stock typing after infection. About
30% of the biclonal infections (all mixtures plotted together)
were still detected at both the acute and the chronic phases
of infection. In only one mouse was the biclonal infection
(Esquilo cl1 + MV B cl8) detected in both acute and chronic
phases of the infection. On the other hand, the survival of
the mixture 19/20 + 32 appeared to be better than both 19/
20 + 39 and 32 + 39. Nevertheless, the difference was not
statistically significant, as verified by y? or Yates corrected
x> Last, the survival of uniclonal infections was different
according to the clonal genotype: 32, then 19/20, then 39
for the acute phase; 19/20, then 32, then 39 for the chronic
phase. Nevertheless, only the comparisons 19/20 vs 39 and
32 vs 39 for the acute phase and 19/20 vs 39 for the chronic
phase were statisticaly significant, as verified by either
x° or Yates corrected 2 (P < 1072, < 1073, < 1072,
respectively).

DISCUSSION

In this study of infection in mice, the behavior of the three
clonal genotypes 19/20, 32, and 39 in uniclonal infectionsis
roughly similar to that in other studies which surveyed other
experimental parameters (Laurent et al. 1997; Lana et al.
1998; Pinto et al. 1998; Revollo et al. 1998). There is a
broad range of values from one stock to another for the three
parameters of infectivity surveyed here. Nevertheless, when
the stocks pertaining to different clonal genotypes are com-
pared, there are statistically significant differences between
clonal genotypes. The only exception was between 19/20
and 32 for the % MPP parameter. This confirms that for
infectivity in mice too, clonal diversity has an impact on
the biological behavior of T. cruz stocks.
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TABLE 5
Quantitative Results of Monoclonal and Mixed Infections Detected in Mice by MLEE and RAPD during the Acute and Chronic Phases of
the Infection
Acute phase Chronic phase Acute phase Chronic phase
Marker Mixture mixed infection mixed infection pure clone pure clone
19/20: 2/15 (0.13) 19/20: 7/14 (0.50)
MLEE 7/15 (0.47) 5/14 (0.36) 32: 6/15 (0.40) 32: 2/14 (0.14)
19/20: 3/15 (0.20) 19/20: 6/13 (0.46)
RAPD 19/20 + 32 6/15 (0.40) 2/13 (0.15) 32: 6/15 (0.40) 32: 4/13 (0.31)
19/20: 2/15 19/20 (4/13)
MLEE + RAPD 7/15 (0.47) 7/13 (0.54) 32: 6/15 32 (213)
19/20: 10/11 (0.91) 19/20: 8/8
MLEE 0/11 0/8 39: 0/11 39: 0/8
19/20: 9/11 (0.82) 19/20: 8/8
RAPD 19/20 + 39 1/11 (0.09) 0/8 39: /11 (0.09) 39: 0/8
19/20: 9/11 (0.82) 19/20: 8/8
MLEE + RAPD 2/11 (0.18) 0/8 39: /11 (0.09) 39: 0/8
32: 10/10 32: 33
MLEE 0/10 0/3 39: 0/10 39: 0/3
32: 9/10 (0.90) 32: 33
RAPD 32+ 39 1/10 (0.10) 0/3 39: 0/10 39: 0/3
32: 9/10 (0.90) 32: 33
MLEE + RAPD 1/10 (0.10) 0/3 39: 0/10 39: 0/3
19/20: 12/26 (0.46) 19/20: 12/21 (0.57)
32: 15/25 (0.60) 32: 5/16 (0.32)
MLEE + RAPD Total 10/36 (0.28) 8/25 (0.32) 39: /21 (0.05) 39: 0/11
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FIG. 1. Isoenzyme profiles revealed with the glucose phosphate isomerase system in Trypanosoma cruz cultures obtained from Balb/C mice
exposed to biclonal T. cruz infection during the chronic phase of the infection. Lane 1, genotype 19/20 (uniclonal infection); lane 2, genotype 32
(uniclonal infection); lane 3, genotype 39 (uniclonal infection); lanes 4-6, 19/20 + 32 genotypes (biclonal infections); lane 4 shows the mixture
of genotypes, whereas lanes 5 and 6 show only the genotypes 19/20 and 32, respectively; lanes 7-9, 19/20 + 39 genotypes (biclonal infections);
only the 19/20 genotypes are visible; lanes 10-12, 32 + 39 genotypes (biclonal infections); only the 32 genotypes are visible.
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FIG. 2. Random amplification of polymorphic DNA with the A10 primer in samples obtained from Balb/C mice inoculated with biclonal
Trypanosoma cruz populations, attributed to the 19/20, 32, and 39 genotypes, during the acute and chronic phases of the infection. Lanes 1-3,
19/20 + 32 genotypes; biclona infection (acute phase); lanes 1 and 2 show the mixture, whereas lane 3 shows only genotype 32; lanes 4-6, 19/
20 + 32 genotypes; biclond infection (chronic phase); lane 6 shows the mixture, whereas lanes 4 and 5 show only genotypes 19/20 and 32,
respectively; lanes 7-9, 19/20 + 39 genotypes; biclona infection (acute phase); only the genotype 19/20 is visible; lanes 10-12, 19/20 + 39
genotypes; biclona infection (chronic phase); only the genotype 19/20 is visible; lanes 13-15, 32 + 39 genotypes; biclonal infection (acute phase);
only the genotype 32 is visible; lanes 16—18, 32 + 39 genotypes; biclonal infection (chronic phase); only the genotype 32 is visible; lane 19,
genotype 19/20; uniclonal infection; lane 20, genotype 32; uniclona infection; lane 21, genotype 39; uniclonal infection; lane 22, scale ladder.

The possibility of reisolating a given stock during the
course of mice infection tends to be different when different
clonal genotypes are considered (Table 5). The clona geno-
type 39 seems to be more easily controlled by the immune
defenses of the organism than both 32 and 39. Therefore,
there tends to be a link between the results obtained for the
three parameters surveyed here and the rate of successful
reisolation. The mixturesinvolving this clona genotype (ei-
ther 19/20 + 39 or 32 + 39) show aso a lower rate of
successful reisolation than the mixture 19/20 + 32, although
this is not confirmed by statistical verification. Only one
mixture wasisolated in both the acute and the chronic phases
of the infection.
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