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 Trypanosoma cruzi: Correlations of Biological Aspects of
the Life Cycle in Mice and Triatomines
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The infection pattern in Swiss mice and Triatomine bugs (Rhodnius neglectus) of eleven clones and
the original stock of a Trypanosoma cruzi isolate, derived from a naturally infected Didelphis marsupialis,
were biochemically and biologically characterized. The clones and the original isolate were in the same
zymodeme (Z1) except that two clones were found to be in zymodeme 2 when tested with G6PDH.
Although infective, neither the original isolate nor the clones were highly virulent for the mice and
lesions were only observed in mice infected with the original stock and one of the clones (F8). All  clones
and the original isolate infected  bugs well while only the original isolate and clones E2 and F3 yielded
high metacyclogenesis  rates. An observed correlation between absence of lesions in the mammal host
and high metacyclogenesis rates in the invertebrate host suggest a evolutionary trade off i.e. a fitness
increase in one trait which is accompanied by a fitness reduction in a different one. Our results suggest
that in a species as heterogeneous as T. cruzi, a cooperation effect among the subpopulations should be
considered.
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The  phenomena  of  virulence  and  specificity
of  parasites have been increasingly examined  from
an evolutional and ecological  point of view
(Ferreira da Silva 1972, Humphery-Smith 1989,
Adamson & Caira 1994, Lenski & May 1994,
Ebert & Herre 1996). Despite the many conflict-
ing  conceptions, it  is  believed that  virulence  can
be maintained as a fitness trait of the parasite  (Ebert
& Herre  1996).

One  of  the  most  puzzling  aspects  of  Trypa-
nosoma  cruzi  (Kinetoplastida,  Trypanosomatidae)
is the extreme  heterogeneity  of  this  species.   The
so called  subpopulations of the parasite vary in
relation to their virulence and tissular tropism
(Bice & Zeledon 1970, Andrade 1974, Andrade
et al. 1983, 1985) morphology (Brener & Chiari
1963) isoenzymatic profiles (Toyé 1974, Miles et
al. 1977, Dvorak et al. 1980), schyzodeme patterns
(Morel et al. 1980,  Gonçalves et al. 1984), lectin
agglutination patterns  (Schottelius 1982), doubling
time and growth kinetics  in  axenic  media  (Dvorak
et al. 1980, Lauria-Pires et al. 1992, 1996).
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The  attempts  that  have  been   made   in  order
to correlate  these  parameters  with epidemiology
and/or the infection pattern of man and animals
have led to conflicting  results  although some  com-
mon features could be established including the
zymodeme profiles and the domestic or sylvatic
transmission cycle (Miles 1983).

In addition, correlation between the growth
kinetics and the course of the experimental  infec-
tion in  mice as well as between different  cariotypes
with  distinct  zymodeme profiles  have been de-
scribed (Dvorak et al. 1980, Andrade et al. 1983,
Heriksson et al. 1993).

On  the  other  hand,   no relationship could be
observed among zymodeme, schyzodeme, lectin
agglutination   pattern,  doubling  time  and growth
curves of  27 clones and the original isolate of T.
cruzi drived  from a naturally infected  marsupial
(Didelphis marsupialis) by Mangia et al.  (1995).
The  significant differences  in the virulence and
in  tissular tropism  patterns  observed in the infec-
tions  by T. cruzi are frequently accepted  as  an
intrinsic  trait of a given  subpopulation  of  the
parasite (Bice  &  Zeledon 1970, Andrade 1974,
Andrade et al. 1983, 1985).  Other authors  have
proposed that  the  differences  in the clinical as-
pects  observed  in  Chagas disease are due to dif-
ferences  in  the  human  (host)  populations.

We decided to follow up the experimental  in-
fection of  triatomid  bugs  and  swiss mice with
11 clones and the original  isolate  from  a  T.  cruzi
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stock  derived  from  a  naturally  infected  opos-
sum.  Our  main  objective was to identify possible
correlations  among the pattern of the experimen-
tal infection of the vertebrate and invertebrate  host
with  different  clones  and  the  original  isolate of
a sylvatic strain of T. cruzi, in order  to better  un-
derstand  the  mechanisms related  to the  viru-
lence  of this parasite.

MATERIALS AND METHODS

Parasites - The  isolate  (G-327)  was  obtained
through  hemoculture  in  NNN  with a LIT over-
lay of a naturally infected opossum (D.
marsupialis)  captured in Jaguanum  Island, State
of Rio de  Janeiro.

The parasite cloning  was  performed  with the
EPICS 751 Flow Cytometer (Coulter Eletronic,
Hialeah, FL) at the Institute Oswaldo Cruz, Fiocruz,
Rio de Janeiro, Brazil. The clones were obtained
and  maintained  by  passage  in  LIT  medium.

Characterization of the zymodeme profiles -
Five enzymes, GPI (E.C. 5.3.1.9), IDH (E.C.1.1.1.
103), G6PHD (E.C.1.1.1. 49), ME (E.C. 1.1.1.40)
and PGM (E.C. 2.7.5.1) were tested by agarose gel
electrophoresis according to Momem and Salles
(1985).

Samples of the original  isolate as  well  as  from
the 11 clones were frozen in liquid nitrogen.

Triatomine bugs - The studied  bugs were  3rd
and 4th  instar nymphs of R. neglectus  kindly  sup-
plied  by  the National and  International reference
Laboratory  for Taxonomy  in Triatomids of the
Entomology Department,  Institute  Oswaldo  Cruz.
Since we could not find any triatomid bugs in
Jaguanum Island, where the naturally infected
opossum  was  captured  we chose  R.  neglectus,
because  this  species  is  a  good  host  for  sylvatic
strains  of  T.  cruzi  as we  already observed.

Mice - All experimental infections were per-
formed in Swiss male outbred mice weighing 20
g. The inocula were adjusted to yield 105

metacyclic trypomastigotes harvested from LIT
medium and were inoculated intraperitoneally.

Experimental infection of triatomids - Approxi-
mately 30 specimens of R. neglectus  were  infected
with the 11 clones and the original isolate (G-327)
respectively.

The  bugs  were  infected  through  an  artificial
membrane (Garcia et al. 1975) and the infecting
meal  was  prepared  with  log  phase  epimastigotes
obtained from axenic  culture medium  (LIT)  added
to  rabbit red blood  cells  previously  washed  in
0.15 M PBS. The infecting meal contained 106

parasites/ml.
Each  batch of  insect  was weighted before

and  after  the  infecting  meal  in  order  to  evalu-
ate the average dose of  ingested  parasites. All

non engorged  bugs  were  eliminated.
A clean blood meal was offered 30 days later

and  again,  the  non  engorged  insects  were elimi-
nated.

Sixty  days  after  the  infecting  meal,  batches
of 15 bugs were anesthetized with chloroform,
dissected and each whole digestive  tract  was  col-
lected, ground in a known volume of  0.15  M  PBS
for  differential  counting  in  Neubauer chamber.

Experimental infection of mice - Five of the
eleven clones (E2, F3,  E11, B3, F8) and the origi-
nal isolate (G-327) were inoculated as already
described  in six mice each.

From the second day of  infection  onward,  the
parasitemia was followed through fresh blood
smears, every other day.

An  indirect imunofluorescence assay (IFA)
was  performed weekly with each animal. An anti-
mouse IgG FITC labeled (SIGMAâ ) was used.

The animals were monitored during a period
of  60 days after which titration of antibodies,
hemocultures   and  necropsy were performed.

The following viscera were collected in
Millonig for  histopathology: esophagus, stomach,
small  and  large  intestine,  kidneys,  bladder,  heart,
skeletal  muscles,  liver,  spleen  and  lungs.

Mice immunization - Epimastigotes in log
phase of  the clones F3  and  F8  were  disrupted  in
a sonicator. After  centrifugation,  the protein con-
tent of  the  supernatant  was  measured spectro-
photometrically at 260 nm and 280 nm (Milton Roy
Co.) and  six  mice per clone  were  injected subcu-
taneously twice with 15 mg  of  the  protein  with
an  interval  of  two  weeks between injections.

Serum was obtained weekly from individual
mice  to determine the specific IgG  titer.

  RESULTS

Two distinct zymodeme patterns were ob-
served: the  isosenzymatic  profiles of five enzymes
GPI, IHD, G6PHD, ME and PGM corresponded
to Z1, for G-327 and for nine of the 11 clones.
The two remaining clones displayed a profile that
corresponded to Z2 zymodeme  (Miles et al. 1977)
when  tested for  G6PDH and Z1 for the other  four
enzymes tested.

Experimental infection of triatomid bugs - The
results of the experimental infection of R.  neglectus
with 11 clones and the original  isolate are summa-
rized in the  Table. All  clones and G-327 efficiently
colonized the digestive tract of  R. neglectus.

Concerning the clones, the final number of
flagellates  in  the  digestive tract of  the  insects
ranged between  2x104 and  9x104 independent  of
the number of  ingested parasites that  in  two  cases
(clones  B3 and  F3) was almost 100  fold  higher.
This was not the case  for the bugs infected with
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Fig. 1: average levels of IgG of six mice inoculated with a Try-
panosoma cruzi strain isolated from a Didelphis marsupialis
(G-327 -u-) and five derived clones (E11 -o -;  F8  -p- ;  B3
-™- ; E2 -*- and F3  -̃- ). The immunoglobulins were detected
by an indirect immunofluorescence test. The curves were plot-
ted as log 2 of the dilution titers.
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Fig. 2: average levels of IgG of mice immunized with two clones
(F3 -̃ - and F8 -p-) derived from a Didelphis marsupialis iso-
late (G-327). The immunoglobulins were detected by an indi-
rect immunofluorescence test. The curves were plotted as log 2
of the dilution titers.

TABLE

Experimental infection of Rhodnius neglectus with Trypanosoma cruzi (G-327 strain) and 11 derived clones:
average number of epimastigotes ingested, the number of parasites in the digestive tract after 60 days,

metacyclogenesis rates (%) and positivity (%)

Clones Average no. No. of parasites (X) in % %
of ingested the digestive tract of metacyclogenesis positivity

epimastigotes  Rodnius neglectus rates
after 60 days

B3 8x106 7.7x104     2.2 100
C6 2.5x105 6x104 9 100
C9 5x105 6.1x104     2.4 77
E2 6x104 7.2x104 70 76
E11 6x104 1.7x104 11 70
F2 7.5x104 3.4x104     1.8 75
F3 7.6x106 5x104 57 72
F8 5.1x104 4x104 22 91
G5 8.5x104 2x104   0 77
G10 7.6x104 8.9x104     6.4 78
H8 6x105 4.7x104     3.4 81
G-327 9x104 4x105 68 100

G-327 which presented  a significantly higher num-
ber of parasites in the gut, in comparison to the
number of ingested flagellates (Table).

Metacyclogenesis  rates  differed  significantly
among  clones and the  original  isolate.  The ma-
jority of clones displayed a very low metacyclogen-
esis rate with  the  exception  of the clones  E2  and
F3 (Table).

Follow up of the experimental infection of Swiss
mice - All  infected  mice  displayed  a  subpatent
but stable infection with scarce  positive fresh blood
examinations. The  survival  rate  of  the mice  was
100% and  the  hemocultures  done  at  the  necropsy
were  positive.

Mice infected with clone F8 and  G-327  pre-
sented the most intense lesions: moderate
lymphomacrophagic infiltrates were found in
skeletal  muscle  fibers (Fig. 1).  Scarce destruc-
tion  of  muscle  fibers and  perivascular  infiltrates
could also be observed (Figs 2, 3, 4). The lesions
observed in the mice were comparable with  those
seen by Carreira et al.  (1995) in naturally  infected
opossums  D.  marsupialis.

Infection  with  clones  E11 and  B3  resulted in
insignificant  infiltrates composed of few  lympho-
cytes and  macrophages only in the  skeletal  mus-
cular tissue.  Mice infected with clones E2  and  F3
displayed  no lesions  at  all.  The hearts of all mice
were free from lesions.

 Serological monitoring - The  kinetics  of  the
humoral  immune response varied  according to
inoculated clone. Mice infected with G-327
reached the highest serological  titer  (1:320) at the
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Fig. 3: histopathological findings of mice inoculated with the clone F8: diffuse inflammatory reaction in skeletal muscle fibers (1),
with perivascular reaction (2), scarse muscle fiber destruction (3 and 4).
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week sixth after inoculation. The lowest titers were
observed in the animals   inoculated  with clones
E2  and  F3:  around  1:40  in  the  fifth  and  sixth
week  postinoculation  respectively (Fig. 1).

In order to evaluate  if   the  low levels of spe-
cific antibodies were due to a  unique  trait charac-
teristic   of  the  parasite  or  to the  consequence  of
some  peculiarity  related to the interaction of   mice
with that given clone, we immunized  six  mice
with clones F3 (responsible for low antibody titers
in infected mice) and B3 (responsible for high an-
tibody titers in infected mice). The second hypoth-
esis was confirmed since the immunized  animals
reached  similar  specific IgG levels (Fig 2).

DISCUSSION

Concerning the experimental infection of R.
neglectus, our  results confirm our previous  expe-
rience  and  are  in  accordance with the findings of
Moreira and Perlowagora-Szumlewics (1997)
which demonstrated that T. cruzi colonizes well
the digestive tract of this triatomine species.

The low metacyclogenesis rates could not be
correlated with  zymodeme since this  was the same
for G-327 which presented high metacyclogenesis
rate, as well as for the clones with low metacyclo-
genesis rate.

Most clones presented a very low  metacyclo-
genesis rate (0 - 10%);  only  two  clones  (E2  and
F3) reached comparable  levels of differentiation
to  that  observed  with  the  original  isolate (Table).
Besides admitting that the clones with low
metacyclogenesis  rate  are  not  significantly  rep-
resentative  of  the  original  isolate,  we  should
not  rule out  the  hypothesis  of  some  “coopera-
tion   effect” that resulted  from assemblage  of  the
clones  in  the  original  isolate  that  would  result
in  the  high  differentiation  rates  observed  in  the
original  isolate. Such an effect could explain the
maintenance in nature of the clones that do not dif-
ferentiate as well as the extensively studied clone
CL-14 that does not infect mice (Lima et al. 1991).
In this context, social organization and coopera-
tion as important factors in the trypanosomatid
evolution was suggested by Vickerman (1994).

G-327  and  the  derived  clones  were infective
but   not   remarkably virulent  for  the  Swiss  mice
in contrast to experimentally infected young labo-
ratory born opossum which display high
parasitemias that reach 105  parasites/ml even with
a five fold lower inoculum (data not shown).

The  low  virulence of a sylvatic isolate of T.
cruzi  for  Swiss  mice is not always the norm.   In
previous experiments  we  observed  up  to  100%
mortality  in  Swiss  mice  inoculated with  isolates
derived  from  naturally  infected  Philander  opos-
sum (Marsupialia, Didelphidae) and Leonto-

pithecus rosalia (Primata, Callithricidae), (Lisboa
et al. 1996, Pinho et al. 1996) .

Correlation between the humoral  immune  re-
sponse  and  the  intensity  of the  histopathologi-
cal  lesions could be observed. Infections  with  E2
and  F3  clones  resulted  in  no  lesions  at  all  and
very  low antibody titers (1:40). High antibody  ti-
ters were observed  in  the animals  inoculated  with
the clones F8, E11, B3 and  with  G-327  although
the  tissular  lesions  were  significantly  more  in-
tense  in  the  animals  inoculated  with  the  origi-
nal  isolate  and the F8  clone. The  high  antibody
titers observed  in  the  animals  immunized with
the  F3  clone  indicated  that  the  low  titers  in  the
infected  animals  were probably due  to  a  par-
ticularity  of  this host parasite model and  not  to
the  unresponsiveness of the mice.

Correlation could also be observed between the
metacyclogenesis rate and the severity of the tis-
sular lesions: the experimental infection with clone
F8 which displayed a low metacyclogenesis rate
in insects, produced more severe lesions in the
mice, in contrast to the clones E2 and F3 that pre-
sented high metacyclogenesis rates and insignifi-
cant tissular lesions in the infected mice. High
metacyclogenesis rates result in higher ability of
the clone to disperse to the mammal host in which,
inversely, the minor lesions suggest a lower ca-
pacity to colonize. The opposite condition is rep-
resented by the clone F8. This correlation could
suggest a evolutionary trade off i.e. a fitness in-
crease in one trait which is accompanied by a fit-
ness reduction in a different trait (Stearns 1992,
Ebert & Herre 1996).

Our  data confirm that  infection and/or disease
is  the  result  of  many factors  related  to  the  host
and  to the  parasite at a given moment and high-
light a still  poorly known aspect - this  refers  to
the consequences of   the  interaction of   different
subpopulation of a parasite in a given environment
of the host. This aspect should be taken into ac-
count  principally  if  we  consider  a  species as
heterogeneous  as  T.  cruzi.
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