
& p . 1 :Abstract Two isolates of Trypanosoma cruziwere ob-
tained from the patient Berenice, the first human case of
Chagas’ disease (Chagas 1909), when she was 55 and 71
years old, respectively. The isolates were characterized
on the basis of their epimastigote-trypomastigote differ-
entiation in liquid media and of the electrophoretic pat-
tern of EcoR1 digestion products of kinetoplast DNA (k-
DNA) minicircles (schizodeme) and isoenzyme patterns
(zymodeme). Clear differences were found between the
isolates, suggesting the occurrence of a heterogeneous
population of T. cruziin the infection of this patient.& b dy :

Introduction

Chagas’ disease, an important health problem in Latin
America, was discovered in Lassance, Minas Gerais
state, Brazil, by Carlos Chagas (1909) when he exam-
ined the 2-year-old girl Berenice, describing the first hu-
man case of the disease. Afterward, two isolates of Try-
panosoma cruziwere obtained from her through xenodi-
agnosis. The first isolate was obtained when she was 55
years old (Salgado et al. 1962) and the second, when she
was 71 years old (Lana 1981). On both occasions, Bere-

nice was carefully examined and was considered normal
in relation to all clinical forms of Chagas’ disease (Salg-
ado et al. 1962). She died at the age of 73 years, appar-
ently due to causes other than Chagas’ disease (Rocha
1992). Berenice exhibited a balanced human host-T.
cruzi relationship and constitutes the best example of the
indeterminate form of Chagas’ disease (Garnham 1980).

The isolate obtained by Salgado et al. (1962) has been
characterized and studied in many aspects by different
authors (Brener 1965; Brener et al. 1974; Melo and Bre-
ner 1978) and has been further compared with the isolate
obtained in 1978 (Lana 1981; Lana and Chiari 1986). In
this study the production of trypomastigotes in liquid
media and the zymodeme and schizodeme of both iso-
lates were analyzed.

Materials and methods

Isolates of Trypanosoma cruzi

Two T. cruziisolates were obtained via xenodiagnosis from the pa-
tient Berenice. The Be-62 isolate was obtained by Salgado et al.
(1962) and isolate Be-78, by Lana (1981). Feces from infected tri-
atomines used for xenodiagnosis were inoculated and maintained
in mice. Furthermore, the isolates were reobtained from infected
mice through hemoculture in liver infusion tryptose (LIT) medi-
um. Be-62 was isolated in the 4th passage in albino mice. Be-78
was isolated in the 1st and 20th passages in C3H mice, in the 1st
and 40th passages in albino mice, and in the 6th cyclical passage
in C3H mice alternated with nymphs of the vector Dipetalogaster
maximus.

Differentiation in liquid media

T. cruzi epimastigote-to-trypomastigote differentiation was evalu-
ated when the samples were in the stationary phase of growth, be-
tween the 10th and 20th passages in culture. An inoculum of
2.5 × 107 parasites/ml was used in LIT (Camargo 1964) and M16
(Chiari and Camango 1984) media. These experiments were per-
formed on 10-ml cultures in 50-ml Erlenmeyer flasks incubated at
28°C. Differentiation was assessed every 2 days by differential
counting of the flagellates in Giemsa smears. The results were ex-
pressed as the percentage of trypomastigotes found in 500 ran-
domly counted flagellates. The experiments were carried out in
triplicate and repeated at least twice.
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Isoenzyme analysis

The cultures were established in LIT media under stationary
growth conditions at approximately 2 months after isolation from
infected mice. Approximately 30 ml of culture containing 5.0 × 107

flagellates/ml was used. The flagellates were washed with phos-
phate-buffered saline (PBS) by centrifugation at 4°C and the pellet
was stored at –70°C. The enzymatic extracts were obtained at 4°C
according to Kilgour and Godfrey (1973). The lysates were centri-
fuged at 15,000g for 1 h at 4°C. The supernatant, called the enzy-
matic extract, was cryopreserved in liquid nitrogen. Isoenzymes
were separated by refrigerated horizontal thin-layer starch-gel elec-
trophoresis. The enzymes studied were glucose-6-phosphate dehy-
drogenase (G6PD, EC.1.1.1.49), alanine aminotransferase (ALAT,
EC.2.6.1.2), aspartate aminotransferase (ASAT, E.C.2.6.1.1), malic
enzyme (ME, EC.1.1.1.40), phosphoglucomutase (PGM,
EC.2.7.5.1), glucose phosphate isomerase (GPI, EC.5.3.1.9), mal-
ate desidrogenase (MDH, EC.1.1.1.37), and 6-phosphogluconate
desidrogenase (6PGD, EC.1.1.1.44). As references, T. cruzistrains
from zymodemes A, B, C, and D were used (Carneiro et al. 1990).

Schizodeme analysis

The pellet of parasites obtained previously was used for extraction
and purification of kinetoplast DNA (k-DNA; Gonçalves et al.
1984). K-DNA was digested with EcoR1 for 1.5 h at 37°C. K-
DNA fragments were separated by vertical electrophoresis in
6–10% polyacrylamide gradient slab gels. The fluorescence pat-
terns were visualized and photographed after staining with ethid-
ium bromide and transillumination with UV light.

Results

Differentiation in liquid media

Be-62 showed a lower percentage of epimastigote-to-try-
pomastigote differentiation than did Be-78 (Fig. 1). Both
isolates presented higher differentiation rates in M16

medium than in LIT medium. Nevertheless, Be-62
showed the same differentiation profile in M16 medium
as did Be-78 in LIT medium. Similar results were also
obtained when parasites were harvested from infected
mice at different numbers of blood passages (data not
shown).

Isoenzyme patterns

Be-62 showed typical patterns of zymodeme A for all
enzymes tested. Be-78 displayed typical patterns of
zymodeme A in six of the eight enzymes tested. Howev-
er, PGM and MDH showed a pattern typical of zymo-
deme B (Fig. 2). The conditions of maintenance and the
number of successive blood passages did not change the
isoenzyme profiles.
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Fig. 1 Epimastigote-to-trypomastigote differentiation in LIT and
M16 media of Be-62 and Be-78 isolates of Trypanosoma cruzi.
Symbols: ●● M16–Be-78; ll LIT–Be-78; ▲▲ M16–Be-62;
ss LIT–Be-62& / fi g. c :

Fig. 2 Diagram of the isoenzyme patterns of the discriminatory
enzymes GPI, PGM, and MDH of Be-62 and Be-78 T. cruzi ob-
tained from infected mice (A,B,C, D Standard zymodemes)& / fi g. c :



K-DNA patterns

Isolates Be-62 and Be-78 displayed different restriction
endonuclease profiles (k-DNA) when cleaved with
EcoR1. They could be differentiated by alterations in
low-molecular-weight fragments. The conditions of
maintenance and the number of successive blood passag-
es in mice did not change the k-DNA patterns of the two
isolates studied (Fig. 3).

Discussion

The epimastigote-to-trypomastigote differentiation in
culture of Be-62 and Be-78 isolates was the same when
the parasites were harvested from mice at different pas-
sages. The differentiation was always higher in M16 me-
dium than in LIT medium. Neither the type of mainte-
nance nor the number of passages of either isolate in
mice changed the zymodeme, the schizodeme, or the rate
of differentiation, making these parameters suitable for
characterizing both Trypanosoma cruziisolates (Camar-
go 1964; Romanha 1982; Chiari and Camargo 1984;
Gonçalves et al. 1984).

Although isoenzyme analysis of the Be-62 T. cruzi
isolate was not performed on its acquisition from the pa-
tient in 1962, many years later, after successive blood
passages in mice, this strain showed isoenzyme patterns
typical of zymodeme A in all eight enzymes tested. On
the other hand, the Be-78 isolate, analyzed immediately
after isolation, showed zymodeme A patterns in six of

the eight enzymes, the exceptions being PGM and MDH.
With these enzymes, Be-78 showed profiles from zymo-
deme B. Our data suggest the occurrence of a heteroge-
neous population of T. cruzi in the infection of the pa-
tient Berenice. Similar results were observed by Roman-
ha (1982) in some chronic chagasic patients of Bambui
city, Minas Gerais state, Brazil. It cannot be excluded
that Berenice may have acquired a second infection with
a certain strain of T. cruzi. It also cannot be excluded that
during the life of Berenice, some T. cruziparasites may
have been eliminated step by step by her immune system
such that the Berenice strains isolated from the same pa-
tient at different times show different biochemical char-
acteristics.

Many authors have described the isolation of hetero-
geneous T. cruzi populations from the same patient as
well as other vertebrate and invertebrate hosts. Morel et
al. (1980) have demonstrated that the standard CL
“strain”, isolated from a Triatoma infestans, is actually
a mixture of at least two subpopulations that differ in
their biological and biochemical properties. Marques de
Araujo and Chiari (1988) cloned this strain and encoun-
tered biological and biochemical differences among the
subpopulations. Brenière et al. (1985, 1989) showed that
13.0% and 12.3%, respectively, of chagasic Bolivian
patients were infected with at least two different T. cruzi
zymodemes. These results were observed after the para-
sites had been obtained either through the same triato-
mine or via different triatomine specimens used for
the same xenodiagnosis. There is also experimental evi-
dence of the coexistence of more than one strain of
T. cruziin the same host. Deane et al. (1984) demonstrat-
ed this finding in mice inoculated with the Y and F T.
cruzi strains through schizodeme and zymodeme analy-
sis. Alves et al. (1993) described reversible changes
in the isoenzyme patterns and infectivity to mice of
clones obtained from the standard T. cruziY strain after
its maintenance under different conditions in the labora-
tory.

It has been shown that zymodeme A is very common
in chronic patients in many regions of Brazil (Romanha
1982; Schlemper 1982). This zymodeme is equivalent to
the zymodeme Z2 from the domestic cycle (Miles et al.
1981; Luquetti et al. 1986) reported in different regions
of Brazil.

The two isolates Be-62 and Be-78 were also different
when the k-DNA profile was analyzed using EcoRI. This
parameter confirms and extends the characterization by
isoenzyme analysis (Carneiro et al. 1990). Neither the
type of maintenance nor the number of successive pas-
sages in mice changed the zymodeme or the schizodeme
of either isolate.

Taken as a whole, these results address some intrigu-
ing questions concerning the T. cruzi-human interaction:

1. Was the patient Berenice infected once or at differ-
ent times by more than one clone or population of T.
cruzi?

2. Did the process of isolation (xenodiagnosis) select
different T. cruzipopulations on each occasion?
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Fig. 3 Schizodeme patterns of Be-62 and Be-78 T. cruzi isolates
obtained from infected mice at different passages. The k-DNA was
previously digested by EcoR1 restriction enzyme. Be-78 isolate:
(1) 1st passage in C3H mice, (2) 20th passage in C3H mice, (3)
1st passage in albino mice, (4) 40th passage in albino mice, (5) 6th
cyclical passage in Dipetalogaster maximus-C3H mice. Be-62 iso-
late: (6) 4th passage in albino mice& / fi g. c :



3. Can a different population of T. cruzibe selected by
the patient’s immune system during the chronic phase of
the infection?

At present, both isolates are being cloned and studied
to clarify some of these questions.
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