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Abstract

Transmission of Trypanosma cruzi (Kinetoplastida: Trypanosomatidae) occurs
when feces/urine of infected triatomines come into contact with mucous membranes
or damaged skin, and this occurs mainly when insects defecate while feeding on the
host. Thus, the vector competence of the triatomines is associated with their feeding
and excretion/defecation behavior. This work studied for the first time the effect of
T. cruzi infection on feeding and excretion/defecation patterns of Triatoma infestans
(Hemiptera: Reduviidae). Uninfected and infected fifth-instar nymphs were fed ad
libitum and their feeding behavior and defecations were registered during and after
feeding. The feeding pattern did not show differences between the experimental
groups. However, the infected nymphs began to defecate earlier, defecated in greater
quantity and there was a greater proportion of defecating individuals compared to
uninfected nymphs. These results show thatT. cruzi affected the excretion/defecation
pattern of T. infestans in a way that would increase the probability of contact between
infective feces and the mammalian host.
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Introduction

Chagas disease is considered one of the most important
human parasitic diseases in America. The disease is caused
by the protozoan Trypanosoma cruzi (Kinetoplastida:
Trypanosomatidae) and its main mode of transmission is
through hematophagous insects of the subfamily
Triatominae (Hemiptera: Reduviidae). Triatoma infestans is a
triatomine that is well adapted to the anthropic environment
and is the main vector of the disease in the Southern Cone of
South America (Schofield et al., 2006). Transmission of T. cruzi
occurs naturally when feces or urine of infected insects come

into contact with mucous membranes or damaged areas of
skin, and this occurs mainly when insects excrete/defecate
while feeding on the mammalian host. In this way, the vector
competence of the triatomines is directly associated, among
other factors, with their feeding and excretion/defecation
behavior (Lent & Wygodzinsky, 1979). The efficient vectors
(i.e. most likely to transmit the parasite) defecate/excrete dur-
ing or immediately after feeding. Thus, the epidemiologically
relevant variables of the defecation processes are the time
interval between a bloodmeal and the beginning of defecation,
the proportion of insects that defecate and the number of de-
fecations per insect during or close to the end of feeding
(Zeledón et al., 1977; Lent & Wygodzinsky, 1979). In addition,
the excretion/defecation pattern is determined, in part, by the
feeding pattern. The amount of blood ingested was showed to
correlate negatively with the time to the first defecation and
positively with the number and volume of defecations
(Trumper & Gorla, 1991; Crocco & Catalá, 1996; Rodríguez
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et al., 2008). On the other hand, prolonged feeding increases
the contact time between the host and the vector, which in-
creases the probability of contact between infective feces and
the host (Wood, 1951; Zeledón et al., 1977).

The presence of the parasite inside the vector can modify a
wide range of physiological processes of the insect, including
those directly related to the entry, development and discharge
of the parasite (Libersat et al., 2009). The existence of these
modifications as a characteristic of a given parasitic-vector sys-
tem could be the consequence of different adaptive or non-
adaptive scenarios (e.g. adaptive host manipulation) (Poulin,
2010; Heil, 2016). Multiple studies on the interaction between
T. cruzi and triatomines have been carried out and most of
them addressed the possible alterations in the vector from a
pathological perspective (Schaub, 2006, 2009; Vallejo et al.,
2009). The results of many of these studies led to establish
the convention that T. cruzi is not pathogenic for their insect
vectors, although the term ‘sub-pathogenic’ was proposed
for this species since some effects may occur if there is a stres-
sor present (Schaub, 2009). However, in recent years the effects
of T. cruzi on survival, post-embryonic development, behavior
and different physiological processes in different species of
triatomines have been described (Eichler & Schaub, 2002;
Botto-Mahan et al., 2006, 2008; Schaub, 2006, 2009; Vallejo
et al., 2009; Oliveira et al., 2010; Fellet et al., 2014; Elliot et al.,
2015; Marliére et al., 2015).

Many authors have studied the patterns of feeding and
defecation/excretion in many species of triatomines (Wood,
1951; Zeledón et al., 1977; Trumper & Gorla, 1991; Crocco &
Catalá, 1996; Nattero et al., 2002; Biral dos Santos et al., 2006;
Rodríguez et al., 2008; Reisenman et al., 2011; Lobbia et al.,
2018). However, considering the mode of transmission of T.
cruzi, strikingly only two studies investigated these two pat-
terns together in triatomines infected with T. cruzi.
Takano-Lee & Edman (2002) showed that infected Rhodnius
prolixus did not differ significantly in the number of feeding
attempts, feeding time, time to first fecal drop and number
of excreta after feeding with respect to uninfected insects.
On the other hand, Botto-Mahan et al. (2006) reported that in-
fected Mepraia spinolai showed a higher rate of feeding at-
tempts and a higher speed in the detection of the host and in
the production of the first fecal drop than the uninfected in-
sects. The authors interpreted these results mainly as a conse-
quence of fasting caused by competition for nutrients from the
blood ingested between the parasite and the vector.

The objective of this study was to determine for the first
time the effect of T. cruzi infection on feeding and excretion/
defecation patterns of T. infestans. The hypothesis was that in-
fection with T. cruzi improves the vector competence of T. infes-
tans by altering the feeding and excretion/defecation patterns
of the insects. The main observational consequences tested
were that infected insects begin to defecate earlier, defecate
more times, ingest more food and showmore feeding attempts
than uninfected insects. For this, different variables involved in
the processes of feeding and excretion/defecation inT. infestans
uninfected and infected with T. cruzi were determined.

Materials and methods

Insects and parasites

The Triatoma infestans strain originated from the village of
25 de Mayo, in the department of Quitilipi (26°52′42″S, 60°13′
52″W), province of Chaco, Argentina. Second-generation

descendants of field-collected insects were used for experi-
ments. The insectswere rearedunder controlled temperature (26
± 1°C), relative humidity (50–60% RH), and LD (12:12 h
photoperiod) in the Centro de Referencia de Vectores
(CeReVe) (Santa María de Punilla, Córdoba, Argentina), and
fed every 15 days on hens (Gallus gallus domesticus).

Trypanosoma cruzi, Telahuen strain, DTU VI (Zingales et al.,
2009) trypanosomes were used to infect insects. The strains
were maintained by cyclical passages in adult mice BALB/c.

Infection by Trypanosoma cruzi

Infection by T. cruzi was induced in third instar nymphs
(15 ± 5 days old) to ensure a chronic infection in the fifth
instar nymphs. For infection with trypomastigotes, nymphs
were fed ad libitum on mice infected with 1 × 106 parasites
ml−1 of blood. Control group insects were fed on uninfected
mice. In order to confirm the blood ingestion, the nymphs of
both experimental groupswere individually weighed both be-
fore and immediately after feeding. Infection status was con-
firmed for all insects used in the experiments through
microscopic examination of a fecal drop 30 days after infection.
The same procedure was carried out for the control of unin-
fected insects. After infection, the insects were maintained
under rearing conditions and were fed fortnightly on hens
until the molt to the fifth-instar stage. To confirm the occur-
rence of the infection throughout the experiment, a new para-
sitological analysis of the insects of the infected group was
performed 5 days after the experimental determination of
the feeding and defecation patterns. Only insects that were
confirmed positive after the experiment were considered for
the analysis.

Feeding and excretion/defecation patterns

The experiments were carried out with infected (n = 31)
and uninfected (n = 44) fifth-instar nymphs, 15–20 days old
and fasted since the last molt. In order to characterize the feed-
ing and excretion/defecation patterns, each insect was fed ad
libitum on pigeons and its behavior was observed during and
after feeding according to Lobbia et al. (2018). Briefly, a pigeon
was placed on a device that kept the pigeon 20 cm away from
the laboratory table with its ventral side exposed underneath.
An insect was placed inside a transparent plastic container of
known weight with circular section (2.75 × 3.78 cm) which
was open at one end and had a folded cardboard inside that
allowed the insect to walk upwards. The open end of the
tube was then attached to the ventral side of the pigeon allow-
ing the insect to access the skin of the pigeon and feed ad
libitum. As it fed, the feeding variables and the number of de-
fecations were recorded. After feeding, the insect was gently
placed on a filter paper (9 cm in diameter) where it could
walk freely for an hour. A glass ring (9 cm in diameter) on
the filter paper prevented the insect from escaping. During
that hour, the insect was observed and the number and time
of defecations were registered. For all insects, the initial length
(L1), the initial weight (W1), the weight after feeding (W2), the
weight after the post-feeding hour (W3) were recorded. The
initial nutritional status for each insect was calculated as
W1/L1 according to Schofield (1980). The length of each insect
was measured from the clypeus to the tip of the abdomen
using a handheld Vernier caliper. The weight of each insect
was determined with an analytical balance (Ohaus PA214).
The feeding variables recorded for each insect were: (1) attack
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time (min) (i.e. time elapsed since the insect was placed in
feeder until the insect placed its proboscis on the pigeon for
the first time), (2) total feeding time (min), (3) number of prob-
ing attempts, (4) weight gain = (W2−W1)/(W1), 5) feeding
rate (g min−1) = (W2−W1)/total feeding time. The defecation
variables registered for each insect were: (1) number of defeca-
tions during feeding, (2) time to first defecation since the end of
feeding (min), (3) weight of defecation during the first post-
feeding hour relativized to the blood meal weight =
(W3−W2)/(W2−W1), (4) number of defecations in each inter-
val of 10 min during the first post-feeding hour, (5) percentage
of insects that defecated during in each interval of 10 min dur-
ing the first post-feeding hour, and (6) Defecation index (DI) at
10 min = (% insects that defecated at 10 min post-feeding) ×
(average of defecations per insect at 10 min post-feeding)/
100 (Zeledón et al., 1977). Each insect was one replicate.

Ethics statement

All experiments using live animal were performed in
accordance with resolution 1047/2005 of the National
Council of Scientific and Technical Research (CONICET) on
the National Reference Ethical Framework for Biomedical
Research with Laboratory, Farm, and Nature Collected
Animals, and National Law 14346 on Animal Welfare.

Data analysis

One-way tests were used to analyze the initial nutritional
status and the following variables grouped by functional
meaning: feeding (attack time, total feeding time, number of
probing attempts, weight gain, feeding rate) and defecation
(time to first defecation, weight of total feces, accumulated
number of defecations at 10 and 60 min post-feeding). The
continuous variables were evaluated by ANOVA and the as-
sumptions of homogeneity of variances and normality were
tested using the Levene’s test and the modified Shapiro–
Wilks’s test, respectively. The number of probing attempts
and number of defecations at 10 and 60 min were evaluated
by the generalized linear model (GLM) (function glmer() in
“lme4” package) by the negative binomial distribution using
“log” as link function. The goodness-of-fit of the models was
visually inspected using the residual plots and overdispersal
was also checked. The percentage of insects that defecated at
each 10-min interval was analyzed using the G-test of inde-
pendence with Williams’s correction. The number of defeca-
tions per insect over each 10-min interval was analyzed by
means of a two-way ANOVA with measures repeated over
time as a factor followed by the Tukey’s test when a posteriori

comparisonswere required. The Bonferroni correctionwas ap-
plied to adjust the significance level for the one-way tests of
each of the variables within each functional grouping (i.e.
overall α level for each grouping = 0.05); thus the differences
were considered statistically significant if P < 0.01 for feeding
group and P < 0.0125 for defecation group. For the rest of the
test, significance was determined at P < 0.05. The repeated
measures ANOVAwas performed with the STATISTICA pro-
gram (StatSoft, Inc. 2011). The one-way ANOVAs and GLMs
were carried out with the statistical program InfoStat, version
2008 (Di Rienzo et al., 2008).

Results

Table 1 shows themean values for the initial nutritional sta-
tus and all feeding variables for each experimental group. The
infected and uninfected fifth-instar nymphs showed the same
nutritional status before the experimental feeding. There were
no significant differences between the experimental groups in
the attack time, the feeding time, the number of probing at-
tempts, the weight gain and the feeding rate.

Fig. 1 shows the time to first defecation of each experimental
group. The results showed significant differences between in-
fected and uninfected insects (F= 9.56, df = 1.73, P= 0.0028).
Although both experimental groups emitted the first fecal drop,
onaverage,before10 minpost-feeding, the infected insects began
to defecate before half the time required by the uninfected insect.

Fig. 2 shows the numbers of defecations per insect and the
percentages of insects that defecated during feeding and dur-
ing the first hour after feeding for each experimental group.No
insects in any experimental groups defecated during feeding,
as evidenced by the defecation parameters equal to zero at the
beginning of the post-feeding hour (time 0 in fig. 2b, d).
Numbers ofdefecationsper insect in each 10-min intervalduring
thepost-feedinghourare shown in fig. 2a.No ‘Infection’ × ‘Time’
interaction was observed (F = 1.4076, df = 5.365, P = 0.2206). The
infected insects emitted significantly more feces than the unin-
fected insects during all the time intervals [main effect
‘Infection’, F = 48.748, df = 1.73, P < 0.0001 (lower case letters
in fig. 2a)]. The defecations per insect ranged from 0.45 to
1.61 in infected insects and 0.27 to 0.95 in uninfected insects.
Finally, there were significant differences between the 0–10
min interval and the rest of intervals, between the 10–20/20–
30 min intervals and the 50–60 min interval and between the
20–30 min interval and the 30–40 min interval [main effect
‘Time’, F = 19.597, df = 5.365, P < 0.0001; Tukey’s test P < 0.05
(not shown in fig. 2a)]. Accumulated numbers of defecations
per insect during the post-feeding hour are shown in fig. 2b.
The infected insects progressively accumulated more

Table 1. Initial nutritional status and feeding variables for Triatoma infestans uninfected and infected with Trypanosoma cruzi.

Variable

Uninfected
Mean ± SE
(n = 44)

Infected
Mean ± SE
(n = 31) Statistical values

Initial nutritional status 5.09 ± 0.11 a 5.37 ± 0.11 a F = 3.17, df = 1.73, P = 0.0791
Number of probing attempts 6.07 ± 1.34 a 6.74 ± 1.58 a F = 0.52, df = 1.73, P = 0.4737
Attack time (min) 0.40 ± 0.08 a 0.35 ± 0.07 a F = 0.24, df = 1.73, P = 0.6245
Feeding time (min) 15.48 ± 0.92 a 15.72 ± 1.36 a F = 0.02, df = 1.73, P = 0.8826
Weight gain 2.44 ± 0.10 a 2.53 ± 0.15 a F = 0.30, df = 1.73, P = 0.5859
Feeding rate (g/min) 14.37 ± 0.89 a 16.77 ± 1.30 a F = 2.48, df = 1.73, P = 0.1196

Same letters within a row indicate non-significant differences between uninfected and infected insects by one-way test (P > 0.05 for nutri-
tional status, P > 0.01 for feeding variables).
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defecations than uninfected insects during post-feeding hour.
The accumulated defecations per insect at the end of the
post-feeding hour for infected insects (mean ± SE = 5.19 ± 0.24)
was significantly higher than for uninfected insects (mean ±-
SE = 3.16 ± 0.18) [F = 18.44, df = 1.73, P < 0.0001 (* in fig. 2b)].

The percentages of insects that defecated in each 10-minute
interval during the first hour after feeding are shown in fig. 2c.
The proportion of infected insects that defecated was higher
than the proportion of uninfected insects in all time intervals,
with significant differences in the 0–10, 20–30 and 30–40 min in-
tervals [Gadj 0–10 = 4.65, df = 1,P < 0.05;Gadj 10–20 = 0.24, df = 1,
P > 0.60;Gadj 20–30 = 3.93, df = 1,P < 0.05;Gadj 30–40 = 9.87, df =
1,P < 0.0025;Gadj 40–50 = 3.62,df = 1,P > 0.05;Gadj 50–60 = 1.70,
df = 1, P > 0.15; (* in fig. 2c)]. The percentages ranged from 42 to
94 in the infected group and 25 to 75 in the uninfected group.
Accumulated percentages of insects that defecated during the
post-feeding hour are shown in fig. 2d. For infected group,
more than 90% of the insects defecated in the first 10 min
and the 100% of insects defecated at 20 min post-feeding,
whereas the 75% of the uninfected insects defecated in the
first 10 min and reached 100% at 30 min post-feeding.

Fig. 3 shows theweight of total feces per insect emitted dur-
ing the first hour after feeding relativized to the blood meal
weight for each experimental group. The weight excreted by
infected insects was significantly higher than the weight
excreted by uninfected insects (F = 14.56, df = 1.73, P = 0.0003).

Fig. 4 shows theDefecation Index (DI) at 10 minpost-feeding
for each experimental group. The infected insects showed a DI
higher compared to uninfected insects. This result reflects the
differences observed in the number of defecations and the pro-
portion of defecating insects in the first 10 min post-feeding (0–
10 min interval in fig. 2a, c). Inbothvariables, the infected insects
showed higher values than the uninfected insects (F = 6.28, df =
1.73, P = 0.0144; Gadj = 4.65, df = 1, P = 0.0276).

Discussion

In the present study, the patterns of feeding and defeca-
tion/excretion in T. infestans infected and uninfected with

T. cruzi were determined. The study demonstrated that the
feeding pattern was not different between the two experimen-
tal groups. On the other hand, the infected fifth-instar nymphs
began to defecate earlier, defecated in greater quantity and
showed a greater proportion of defecating individuals in rela-
tion to uninfected nymphs. These differences were observed in
times of great epidemiological relevance such as 10 min after
feeding. This is the first report of the effect T. cruzi on the defe-
cation/excretion pattern in T. infestans.

The infected and uninfected T. infestans behaved similarly
during the feeding process. Modifications in the process and
feeding behavior have been descripted for different parasite-
vector systems (Koella et al., 1998; Smallegange et al., 2013).
Effects of infectionswith trypanosomatids have been observed
in different insect species. Phlebotomus doboscqi infected with
Leishmania major probed at least three times or more and in-
gested only a little blood, while uninfected phlebotomines
probed only once or twice and swelled completely in 10 min
(Beach et al., 1985). Glossina morsitans morsitans infected with
T. brucei probed more frequently, fed more voraciously and
needed more time for blood ingestion than uninfected flies
(Jenni et al., 1980), although these effects could not be observed
in tsetse flies by other authors (Makumi & Moloo, 1991;
Schaub, 2006). In triatomines, R. prolixus and R. robustus in-
fected with T. rangeli probed more often, fed less frequently
and ingested less blood than uninfected insects (Schaub,
2009). Few works studied the feeding process in triatomines
infected with T. cruzi. In agreement with the present investiga-
tion, T. cruzi did not affect the feeding time and ingestion at-
tempts in R. prolixus (Takano-Lee & Edman, 2002). In M.
spinolai, the T. cruzi did not affect the time until the first feeding
attempt but the number of attempts of ingestion was higher in
infected individuals than in uninfected individuals
(Botto-Mahan et al., 2006). Although, meanwhile the amount
of blood ingested in M. spinolai was lower in infected insects
than in uninfected ones (Botto-Mahan et al., 2008), a later
study showed that blood intake was not affected by T. cruzi
(Botto-Mahan, 2009). The speculation about the possible
causes of the differences between the results of each study is
complex due to themultiple experimental differences between
them. The studies differed in factors as important as the triato-
mine species, stage in which the insect was infected and in
which the effects were observed, duration of infection, strain
of T. cruzi, and experimental design. Several studies showed
that the behavior and development of T. cruzi on triatomines,
including transmissibility, varies with the strain or genetic
variant of the parasite and with the vector species (Lana
et al., 1998; Campos et al., 2007; Noireau et al., 2009; Vallejo
et al., 2009). In addition, different combinations of a species
of vector and a species of parasite from different places can
show different effects on the physiology of the vector
(Schaub, 2009). On the other hand, like all experimental stud-
ies, the conditions in which the infection is carried out and the
assays where feeding and defecation are evaluated are deter-
mining factors in the results obtained.

The main defecation variables in fifth-instar nymphs of
T. infestans were affected by the infection with T. cruzi. The
modification of the defecation/excretion pattern in triato-
mines has great epidemiological importance due to the central
role that the defecation/excretion process has in the natural
transmission of T. cruzi to the mammalian host. This relevance
is enhanced when the factor that modifies such pattern is the
parasite since, depending on the type of the alteration, the
presence of the parasite inside the insect could promote its

Fig. 1. Time to first defecation after feeding for Triatoma infestans
uninfected (n = 44) and infected (n = 31) with Trypanosoma cruzi.
Assays were conducted on fifth-instar nymphs. Bars =means,
vertical lines = standard errors. * indicate significant differences
by one-way ANOVA (P < 0.0125).
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own transmission. Because vector transmission occurs when
the triatomines defecate during feeding or after finishing
while they are still on the host, one of the most relevant vari-
ables is the time between feeding and the beginning of defeca-
tion. According to Zeledón et al. (1977), a species that defecates
within the first ten minutes of the end of feeding has a high
probability of transmitting the parasite to the host. In addition,
the amount of feces emitted by each insect and the proportion
of insects that defecate are also of great epidemiological rele-
vance since they determine the amount of parasite release
events that would occur in a population of insects. The present
study showed that both experimental groups started defecat-
ing before ten minutes, but the infected insects did so 4.47 min

before the uninfected insects. In addition, the infected insects
emittedmore defecations than the uninfected insects at 10 min
post-feeding and during the rest of the time studied. This effect
was also evidenced in the weight of the total of the feces emit-
ted during the post-feeding hour, which was greater in the in-
fected insects. Finally, the proportion of infected insects that
defecated after feeding was greater than the proportion of un-
infected insects. The epidemiological relevance of these differ-
ences is evidenced in the defecation index (DI) which is a
measure of the number of parasite release events that a popu-
lation of a triatomine species will produce in a given time. The
DI of the infected insects was 50% higher that of the uninfected
at 10 min post-feeding. So, the present study shows that

Fig. 2. Number of defecations per insect and percentage of insects that defecated during feeding and during the first post-feeding hour for
Triatoma infestans uninfected (n = 44) and infected (n = 31)with Trypanosoma cruzi.Assayswere conducted on fifth-instar nymphs. Top panels
show the number of defecations per insect (mean ± SE) in each 10 min interval (a) and accumulated every 10 min (b). Bottompanels show the
percentage of insects that defecated in each 10 min interval (c) and accumulated every 10 min (d). Black square = uninfected insects, white
circle = infected insects. Different lowercase letters in panel A indicate significant differences in the main effect ‘Infection’ of the two-way
ANOVAwith repeatedmeasures (P < 0.05). * in panel b indicates significant differences between uninfected and infected insects at 60 min by
one-way GLM with a negative binomial distribution and ‘log’ as link function (P < 0.0125). * in panel c indicate intervals with significant
differences between uninfected and infected insects by G-test adjusted by Williams’s correction (P < 0.05).
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T. cruzi affected the excretion/defecation pattern in fifth-instar
of T. infestans in a way that would increase the probability of
contact between infective feces and the mammalian host and,
therefore, the probability of parasite transmission. Finally, as
there were no effects of the parasite on the feeding pattern,
the modification in the excretion/defecation pattern will be a
consequence of the effect of T. cruzi on the excretion/defeca-
tion process itself. Future studies on the possible mechanisms
underlying this effect will deepen the knowledge of the inter-
action T. cruzi-T. infestans.

Only two previous works studied the effects of infection
with trypanosomatids on the excretion/defecation processes
in triatomines. Takano-Lee & Edman (2002) did not found dif-
ferences in the time to the first fecal drop and the number of
defecations between R. prolixus (fourth and fifth instar
nymph and adults) infected and uninfected with T. cruzi. In
addition, the authors discussed that the defecation index
tended to be lower in the infected insects, but this difference
wasmarginal and did not occur in all stages and experimental
conditions evaluated. On the other hand, according with the
present study Botto-Mahan et al. (2006) showed that fifth instar
nymphs of M. spinolai infected with T. cruzi defecated three
minutes before than uninfected nymphs, i.e. 25.6% of the aver-
age time used by non-infected insects (in the present study,
this percentage was 57.5%). Again, the variation in the strain
of parasite, triatomine species, and experimental design and
contradictory results prevent making general conclusions.

On the other hand, the results of the insects without infec-
tion of the present study agree with the results of previous
studies that evaluated the feeding and defecation pattern in
fifth-instar nymphs of T. infestans. The previous studies
showed an attack time of 0.5 min (Loza-Murguía & Noireau,
2010), feeding time between 14.19 and 27.45 min (Zeledón
et al., 1977; Trumper & Gorla, 1991; Rodriguez et al., 2008;
Loza-Murguía & Noireau, 2010), weight gain of 2.67
(Rodriguez et al., 2008), time to first defecation between 3.35
and 8.27 min (Zeledón et al., 1977; Trumper & Gorla, 1991;
Rodriguez et al., 2008; Loza-Murguía & Noireau, 2010), per-
centage of insects that defecated during the first 10 min after

feeding between 80 and 90% (Zeledón et al., 1977; Rodriguez
et al., 2008) and number of defecations per insect at 10 min
after feeding between 0.94 and 1.3 (Zeledón et al, 1977;
Rodriguez et al., 2008).

The presence of the parasite inside the vector can modify a
wide range of physiological processes of the insect. These
modifications may be adaptive consequences of the infection
or merely a by-product of infection that by chance and
under certain conditions can benefit one of the organisms of
the parasite-host system (Poulin, 2010). The first case could
be a response of the host that decreases the negative effects
of the infection or affects the parasite (i.e. compensatory re-
sponse by the host) or a modification of some aspect of the
host’s phenotype which results in an increase in the rate of
transmission of the parasite (i.e. adaptive host manipulation
by the parasite). It is complex to classify a certain effect of a
parasite on a host within these categories. However, the iden-
tification of possible benefits that an effect would mean for the
parasite or the host would allow proposing the hypothesis by
which that effect is effectively an adaptive consequence.
Considering the way in which transmission of T. cruzi occurs
naturally, defecation near feeding clearly would increase the
probabilities of transmission of the parasite to the vertebrate
host. In turn, the increase in the amount and volume of drop-
pings would also increase the probabilities of transmission of
the parasite since more parasites would be released from the
insect but, precisely for this same reason, these modifications
would also benefit the vector because it would decrease the
amount of parasites in its internal environment. To distinguish
between these two alternatives, an important criterion is
whether the parasite develops the infective stage before the
modified event occurs. If this happens, the increased release
of parasites will result in an increase in transmission. In triato-
mines, the defecation occurs when the urine is released and in-
cludes the contents that are located in the rectum, the region
where the infective stage of T. cruzi develops (i.e. metacyclic
tripomastigote), which are also released. Then, an increase in
the number and/or volume of excreta would release a greater
number of infective parasites. In this way, and although a

Fig. 3. Weight of total feces emitted for one insect during the first
hour after feeding relativized to the blood meal weight for
Triatoma infestans uninfected (n = 44) and infected (n = 31) with
Trypanosoma cruzi. Assays were conducted on fifth-instar nymphs.
Bars =means, vertical lines = standard errors. * indicate significant
differences by one-way ANOVA (P < 0.0125).

Fig. 4. Defecation Index at 10 min after feeding for Triatoma
infestans uninfected (n = 44) and infected (n = 31) with
Trypanosoma cruzi. Assays were conducted on fifth-instar
nymphs. Bars = Defecation index.
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by-product of infection is not ruled out, this study proposes
the hypothesis that the modifications in the process of defeca-
tion/excretion in T. infestans by T. cruzi are the result of adap-
tive host manipulation by the parasite. The present research
does not allow evaluate this hypothesis and future studies
that consider the empirical verification that the observed alter-
ation increases the probability of transmission of the parasite
are needed (Poulin, 2010).

In conclusion, this is the first work that describes the effect
of T. cruzi on the patterns of feeding and defecation/excretion
in T. infestans. The close link between feeding and defecation/
excretion with the transmission of the parasite determines that
these processes are relevant components of the vector compe-
tence of the triatomines. The present study demonstrated that
T. cruzi modified the dynamics of the excretion/defecation
process in T. infestans in a sense that it would increase the prob-
ability of contact between feces and the mammal. Thus, con-
sidering only the defecation/excretion pattern, T. cruzi
increased vector competence of T. infestans nymphs suggesting
that the infection increases the probability of parasite
transmission.
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