
INTRODUCTION

Trypanosoma cruzi, the causative agent of
Chagas’disease, is transmitted by triatomine
bugs. In the bug’s intestinal tract a variety
of different developmental stages of the par-
asite appear [3]: the three main stages (epi-,
trypo- and spheromastigotes) and many
intermediate stages, which can be summa-
rized as flagellates with either a drop-like
shape (intermediates between sphero- and
epi- or trypomastigotes) or a slender shape
(intermediates from epi- to trypomastigotes)
[11]. The biological importance of the devel-
opmental stages of T. cruzi is known only
for epi- and trypomastigotes. Both stages
dominate in an established T. cruzi popula-
tion of regularly fed bugs, in which sphero-
mastigotes rarely occur. Epimastigotes are, in
contrast to trypomastigotes, able to multiply
and colonize the whole intestinal tract of the
vector. The metacyclic trypomastigotes devel-

op in the rectum and are infectious for
mammals.

Since T. cruzi lives in the intestinal tract of
the bugs, the flagellate may be affected by
changes in the nutritional supply, i.e. by the
ingestion of blood or by starvation. A quan-
titative effect of starvation of the reduviids
on T. cruzi is a reduction in the number of
parasites and the appearance of dead flagel-
lates in starved bugs [summarized by 12,
14]. In these investigations the population of
the entire intestinal tract or of the rectum
only was considered, and quantitative com-
parative investigations of the effect of star-
vation on development in different regions
of the intestinal tract are lacking. Both the
population density and the stages of the fla-
gellate seemed to be affected by short peri-
ods of starvation [11, 14]. Ingestion of blood
by the bug is followed by excretion and this
affects the population of the flagellates in
the rectum. The number of parasites is
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reduced because flagellates are deposited
with feces and urine. Parallel to these quan-
titative changes the distribution of the differ-
ent developmental stages also changes. The
percentage of trypomastigotes is higher in
the urine than in the feces [literature sum-
marized in 11]. This seems to be caused by a
selective“washing out”of the unattached
trypomastigotes in contrast to the attached
epimastigotes [13-15] and an increased meta-
cyclogenesis rate during the defecation peri-
od [14].

Since these previous investigations only
indicated that starvation and feeding
induced the development of sphero- and try-
pomastigotes, we performed detailed studies
of the induction of three developmental
stages [6-8].

MATERIAL AND METHODS

The strain of Trypanosoma cruzi (“Chile
5”) was isolated from Triatoma infestans
which originated from Cachiyuyu, Chile [4].
T. infestans strain“Chile”originated from
the same locality in Chile [6]. Bugs were
maintained at 27±1℃, 60-70% relative
humidity and on a 16-h/8-h day/night
rhythm.

First instars (L1) of T. infestans were
infected with blood from mice (ca. 3,000,000
trypomastigotes/ml blood) and fed on hens
every 3 to 5 weeks [14]. After feeding of
fourth instar larvae, only totally engorged
insects were selected. At 20, 30, 60, 90 and
120 days after this feeding ten bugs were
dissected in the fifth instar to investigate the
effects of starvation. To investigate the
effects of feeding after long starvation peri-
ods, larvae which had starved for 60 days
were fed on hens and ten L5 were dissected
1, 2, 3, 5 and 10 days later. For investiga-
tions into the effect of feeding after short
starvation periods ten L5 were dissected 40
days after the last feeding of the L4 and
another 10 L5 were fed on hens. The
deposited feces and urine were collected,
and the bugs were dissected 3 hours after
blood uptake. In the last group of 10 bugs
the rectal content was collected initially by
careful pressing the abdomen of the insect
with forceps. The rectum and the unharmed
Malpighian tubules were then dissected and
put under paraffin oil in Glucose-Drosophila-
Ringer with 10-5 mmol/l 5-hydroxytrypta-
min. After 4 hours incubation the recta were

dissected. 
The population density was determined

for the rectal wall and the rectal lumen in
Neubauer hemocytometers. Smears were
made of each sample [10] and after Giemsa
staining more than 150 flagellates were clas-
sified [11].

RESULTS

Starvation
After a short-term starvation of 20 days

the small intestine contained only about 17%
of the total population of small intestine and
rectum. This population was reduced enor-
mously between 20 and 30 daf, and at 60
daf onwards no flagellates were present in
the small intestine. The total rectal popula-
tion density was reduced between 30 and 60
daf by one third, followed by a much
stronger decrease after an additional 30
days. This density did not change substan-
tially after another month, when some bugs
had already died. Bugs which died of starva-
tion after up to 200 daf always contained liv-
ing flagellates in the rectum. 

Parallel to the change in the total number
of flagellates, the numbers of flagellates in
most of the different developmental stages
in the rectum changed, i.e. they initially
increased and then decreased. The mean
percentage of trypomastigotes in the rectal
lumen varied in individual bugs between 43
and 61%, and seemed to be unaffected by a
bug’s starvation period and a similar trend
occurred on the rectal wall. The percentage
of epimastigotes decreased in the rectal
lumen and also on the rectal wall from
about 50% at 20 daf to 15-30%, finally
reaching 50% at 90 daf on the rectal wall.
The percentages of slender intermediate
forms varied slightly for the different star-
vation periods, usually being less than 8%.
The percentages of drop-like intermediate
forms showed a continuous significant
increase during the starvation process from
1% to about 15%. The percentages of spher-
omastigotes increased from 2% and 1% in
the lumen and on the wall at 20 daf to 22%
and 18% at 60 daf, but on no occasion more
than 61% of the population transformed
(Fig. 1). Another 30 days later, these per-
centages were still at approximately the same
level. 
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Feeding after starvation
The recta of bugs which had starved for

60 days contained about 90,000 T. cruzi and
the rectal lumen contained about 3/4 of the
total population. At 1 daf the total rectal
population had not changed. On subsequent
days the rectal population was reduced.
Within the first 3 daf the number of flagel-
lates in the lumen and on the wall was simi-
lar. Subsequently the population increased
by more than three times at 5 daf and again
at 10 daf. This increase was mainly due to
the increase of the attached flagellates, about
2/3 of the total population.

Comparing the percentages of the differ-
ent developmental stages in the population
of bugs that had starved for 60 days, trypo-
mastigotes dominated in the rectal lumen
and on the wall with about 50%, followed by
20% epimastigotes. Spheromastigotes were
more frequent in the rectal lumen (23%)
than on the wall (7%), drop-like intermedi-
ate stages were more common (11 and 15%)
than slender intermediate stages (2%). At 1
daf of starved bugs epimastigotes dominated
(70-80%) (Fig. 1). The percentages of trypo-
mastigotes had decreased below 10%, and
spheromastigotes and drop-like intermediate
stages were below 6% for both lumen and
wall and a previously unobserved stage,
“giant cells”, appeared with 9%. These
“giant cells”possessed a high cytoplasmic
mass, many nuclei, kinetoplasts and free fla-

gella. Between 1 and 2 daf the percentages
of“giant cells”increased to about 38% in
the rectal lumen and 22% on the rectal wall.
At 3, 5 and 10 daf the percentages of epi-
mastigotes and spheromastigotes did not
change. The percentage of trypomastigotes,
however, increased and the percentage of
“giant cells”decreased beween 3 and 5 daf
in the lumen and on the wall from 30 and
47% to 13 and 6%, respectively and had dis-
appeared 10 daf.

Feeding
The population density of T. cruzi in

unfed bugs was about 200,000 flagel-
lates/rectum, the rectal lumen containing
about half of the population. The attached
populations on the anterior and the posteri-
or part of the wall consisted of approximate-
ly equal numbers. In fed bugs the deposited
feces and urine contained about 100,000 fla-
gellates and the remaining rectal population
about 240,000. After feeding less flagellates
were present in the rectal lumen (40%) than
on the rectal wall (60%), and more flagel-
lates were attached to the anterior than the
posterior part of the wall. In the third group
of bugs, the number of parasites in the rec-
tal contents, which were pressed out before
the recta were incubated, was 40,000 on
average. After 4 hours of incubation, the rec-
tal lumen and wall contained about 140,000
and 130,000 flagellates/bug, respectively.

Development of Trypanosoma cruzi ― 337

Fig. 1 Development of the different stages of Trypanosoma cruzi in the rectum of Triatoma infestans
after starvation ( ) and a short ( ) or long ( ) period of time after feeding the starved
bugs.



In the rectal lumen of unfed bugs (40
daf) ca. half of the population were epi-
mastigotes, ca. 1/3 trypomastigotes and
spheromastigotes, and the percentages of the
two different intermediate stages were below
5%. Percentages of spheromastigotes and
slender intermediate stages in the lumen and
on the wall were quite similar, but a prefer-
ence for the rectal wall was evident for drop-
like intermediate forms. After feeding ca.
10% of the original total epimastigote and
45% of the original total trypomastigote pop-
ulation were deposited within the first 3
hours with the feces and urine. In feces and
urine the trypomastigotes dominated with
80%, epimastigotes 12% and spheromastig-
otes and intermediate forms were below 2%.
The remaining population consisted mainly
of epimastigotes (ca. 60%), trypomastigotes
were fewer (ca. 40%) and spheromastigotes
and drop-like stages appeared only in low
numbers. Comparing the percentages in the
feces/urine with that in the rectal lumen, the
latter population possessed lower percent-
ages of trypomastigotes but higher percent-
ages of epimastigotes; spheromastigotes and
drop-like stages were still at about 1%.
However, percentages of slender intermedi-
ate stages were ca. 10% after feeding in the
rectum - higher than in feces/urine which
contained only 2%. In the rectal content,
which was pressed out of those bugs used
for the in vitro diuresis experiments, trypo-
mastigotes dominated with 56% followed by
epimastigotes with 28%, the two different
intermediate stages with 6 and 7% and
spheromastigotes with 3%. After incubation
the percentages of most stages in the rectal
lumen were similar to those in the rectal
content; only the percentage of drop-like
intermediate stages decreased after the incu-
bation from 6 to 1%. On the two parts of the
rectal wall the distribution of epimastigotes
was different; a lower percentage of epi-
mastigotes was present on the rectal pads.
Spheromastigotes and drop-like stages were
only 1% on the rectal wall. Intermediate
stages from epi- to trypomastigotes occurred
in similar percentages to the population in
the lumen. 

DISCUSSION 

Larvae of triatomines usually need one
full engorgement to develop to the next
instar. The ingested blood is stored nearly

undigested in the stomach, before it is trans-
ported in small portions into the small intes-
tine, the digestive part of the gut. Nearly all
blood in the stomach is used until the molt
and then starvation begins. Therefore, the
development of parasites in the digestive
tract of triatomines should be affected by
feeding, digestion and starvation [14].

Comparison of results of different investi-
gations is difficult, since colonization densi-
ties of T. cruzi are also influenced by several
other parameters, e.g. the strain of T. cruzi,
species and instar of bugs and the dose and
duration of infection [5]. The development
of T. cruzi in different regions of the bug’s
intestine has only been investigated in our
system in which T. cruzi and the vector
strain originate from the same village. Using
a susceptible strain of T. infestans and regu-
lar feeding at intervals of 21 or 28 days, the
population density in the small intestine was
reduced before feeding [11] but was always
higher than in fifth instar larvae in a recent
study [7]. At about 30 daf the recta of fifth
instar larvae of the susceptible strain con-
tained 1,450,000 parasites, about three times
more than the small intestine. Using the un-
selected strain and starvation periods of 40
days, the rectum contained 350,000 parasites
[14]. A similar number was found in both
groups in recent investigations after starva-
tion periods of 20 to 30 daf [7, 8]. It should
be emphasized that in nearly all investiga-
tions the rectum and not the small intestine
is the region most preferred by T. cruzi. 

Increasing starvation periods caused a
total loss of T. cruzi in the small intestine
and a strong reduction in the rectum start-
ing after 30 daf. Starvation effects on the
population density were not only caused by
a reduced multiplication of the flagellates
but also by their death. Starvation not only
affects the distribution of T. cruzi in the vec-
tor, it also acts differently on different devel-
opmental stages of T. cruzi. Whereas the
number of metacyclics per bug was reduced
[7, 9] the percentage of trypomastigotes was
unaffected by starvation. In epimastigotes,
both the numbers and percentages were
reduced, correlated with an early increase in
the number of intermediate flagellates
between sphero- and epi- or trypomastigotes
and followed by an increase in the number
and percentage of spheromastigotes.
According to previous studies [11, 14] the
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increase in the rectum occurs after starvation
periods >30 to 40 days. The spheromastigote
seems to be a stage which develops under
stress conditions, i.e. in the initial develop-
ment of ingested blood-trypomastigotes [2]
or during starvation.

Feeding of starved bugs initiates an
increase in population density within 1 week
[10] and a four-fold increase within 10 days
[8]. The population composition of T. cruzi
in the rectum was changed substantially by
feeding of bugs starved for 60 days: 24 h
later the percentage of epimastigotes had
increased from 20% to 70-80%, whereas the
percentage of spheromastigotes and the two
intermediate stages had decreased [8]. At this
time about 10%“giant cells”resembling a
multiple division form, appeared. Within 1
to <10 daf mean percentages of“giant cells”
up to 38% and up to 70% in individual bugs
developed. Previously, two pathways in the
development of“giant cells”have been pro-
posed: both originating from spheromastig-
otes, which should either develop directly to
“giant cells”[1] or initially to stumpy epi-
mastigotes, which then multiply or by a mul-
tiple division [2]. Our data support the latter
pathway. The development of“giant cells”
seems to be induced by feeding conditions
either after an infection of the vector [1, 2]
or after long starvation periods. 

Whereas the previous investigation consid-
ered the development of T. cruzi in daily
intervals after feeding of long-term starved
bugs, additional effects are evident within
hours after feeding. Feeding primarily
affected the population in the rectal lumen,
because ca. 30-40% of the total population of
parasites in the rectum of unfed bugs is
deposited in faeces and urine [8, 14].
However, not only is the population density
affected, but the percentages of the different
stages also changed initially in feces and
urine. Trypomastigotes, which appeared in
high numbers in the urine, seem to originate
from the rectal wall [13-15]. Changes in the
percentages of intermediate stages also
occur, especially after starvation periods of 6
weeks, after which the T. cruzi population
consisted of many spheromastigotes (about
10%) and drop-like stages (about 20%) [6,
14]: a decrease of drop-like intermediates to
trypomastigotes but an increase of percent-
ages of slender intermediates originating
from epimastigotes occurred in the course of

excretion [6, 14]. These important changes
in the composition of the T. cruzi population
also appeared after incubation of the rectum
together with the Malpighian tubules in
saline and the induction of diuresis, exclud-
ing the influence of factors originating from
the hemolymph or the small intestine. Most
recently an effect similar to the present one
could be induced by incubating the popula-
tion attached to the rectal wall in urine of
bugs (Kleffmann, personal communication).

These data emphasize the importance of
the feeding state of the vector on the devel-
opment of stages of T. cruzi. Starvation con-
ditions of the vector induce the development
of spheromastigotes and a subsequent feed-
ing induces a further development to epi-
mastigotes and“giant cells”. Feeding after
short-term starvation induces metacylogene-
sis in epimastigotes. Further investigations of
the physiological conditions in the rectum
and urine (osmolarity, pH, ions, amino acids
and proteins) can elucidate the factors
responsible for the development of the dif-
ferent stages of T. cruzi.
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