16 Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 706(1): 16-22, February 2011

Feeding behavior of Triatoma vitticeps (Reduviidae: Triatominae)
in the state of Minas Gerais, Brazil
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The objective of this study was to evaluate the feeding behavior of Triatoma vitticeps through the identification of
its food sources and the characterization of the blood ingestion process. In addition, we aimed to verify if the saliva
of this vector interferes with the perception of the host during the feedings by creating a nervous impulse. Here, we
demonstrated that the T. vitticeps saliva reduces, gradually and irreversibly, the amplitude of the compound action
potential of the nervous fibre, which helps decrease the perception of the insect by the host. The precipitin reaction
demonstrated the feeding eclecticism of this vector, with the identification of eight food sources - most of them found
simultaneously in the same insect. The analysis of the electrical signals produced by the cibarial pump during meals
demonstrated that the best feeding performance of T. vitticeps nymphs that fed on pigeons is mainly due to the higher
contraction frequency of the pump. The longer contact period with the host to obtain a complete meal compared
with other triatominae species of the same instar could favor the occurrence of multiple blood sources inT. vitticeps
under natural conditions, as it was evidenced by the precipitin test.
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Triatoma vitticeps 1s a triatominae species found in
the Brazilian states of Espirito Santo (ES), Minas Gerais
(MG), Rio de Janeiro (RJ) and the southernmost re-
gions of Bahia (Lent & Wygodzinsky 1979, Silveira et
al. 1984). Studies carried out on 7. vitticeps populations
in ES, RJ and MG demonstrated the capacity of this tri-
atomine to invade houses (Santos et al. 1969¢, Ferreira
et al. 1986, Sessa & Carias 1986, Dias et al. 1989, Gon-
calves et al. 1998, Souza et al. 2008). Similarly, these
invasive insects were always highly infected with flag-
ellates similar to Trypanosoma cruzi (Pinto et al. 1969,
1986, Santos et al. 1969a, b, Barros et al. 1975, Sessa
& Carias 1986, Dias et al. 1989, Gongalves et al. 1998,
dos Santos et al. 2005, 2006). On the other hand, colo-
nization is not efficient and several studies on the feed-
ing habits of this triatomine using the precipitin method
demonstrated some difficulty to obtain a full meal.

The life cycle and population dynamics of triatomi-
nae species are directly related to their interaction with
vertebrate hosts (Schofield 1994). The host’s ability to
perceive the insect during the feeding process represents
a threat to the insect and may determine its success in
obtaining blood. When the vertebrate host notices the
presence of the insect, it attempts to eliminate it me-
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chanically, which can cause an early interruption of the
feeding or even the insect’s death (Rossignol et al. 1985).
Species in the subfamily Triatominae minimize such a
threat with two cooperative mechanisms: the production
of a salivary anaesthetic (Dan et al. 1999) and the de-
velopment of an efficient muscular pump (the cibarial
pump), which is capable of generating high pressures that
allow the ingestion of large quantities of blood in a short
period of time (Bennet-Clark 1963). In these vectors, the
contact time with the hosts is influenced by the blood
ingestion rate, which varies among triatomine species,
the developmental stage and the physiology of the host
(Guarneri et al. 2000, 2003, Sant’Anna et al. 2001).

The identification of the food source of hematopha-
gous insects is highly used for epidemiological studies
of infectious diseases to find the vectorial potential pre-
sented by the insects in various diseases, such as the Cha-
gas disease. In 1960, Siqueira (1960) demonstrated that
it was possible to find, through the precipitin reaction,
the feeding source of triatomines kept under laboratory
settings, even when the blood ingestion had occurred 120
days earlier. Using this technique, Dias et al. (1989), Gon-
calves et al. (2000) and Lorosa et al. (2003) demonstrated
that 7. vitticeps have a significant feeding eclecticism,
a fact of great epidemiological importance because a 7.
cruzi infection may derive from different sources.

The occurrence of multiple blood meals in 7. vitti-
ceps might be the result of the unfeasibility to obtain a
full meal from a single source. Therefore, information
about how the perception of the host can interfere with
the feeding process of 7. vitticeps would be fundamental
to understand the aspects related to the feeding behav-
ior of T vitticeps. In addition, the identification of the
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feeding sources, the dynamics of blood ingestion and
the generation of in vitro nerve impulses triggered by
the vector’s saliva to assess the interference of the hosts’
perception are of crucial importance.

MATERIALS AND METHODS

The insects - The T. vitticeps used in this study derived
from the Itanhomi district (19°11°15S, 41°48°45”W),
located at 387 km from Belo Horizonte, MG. For the
identification of the feeding sources, insects captured by
health agents were used, as well as insects notified by
the local population. For the study of the saliva and the
monitoring of the cibarial pump, the insects were reared
in the laboratory under controlled conditions of temper-
ature (27 = 2°C) and humidity (60 + 10%).

Identification of the feeding sources - The 89 speci-
mens of 7. vitticeps analyzed were adults. Of these, 82
were derived from the intra and peridomicile areas (barns
and basements), while seven were captured from light
traps in the silvatic environment through luminous trap.
Samples of the stomach contents of live insects were di-
rectly impregnated in filter paper. When the insects were
dead and the stomach contents were dried, they were dis-
sected and the extracted material was eluted in 1 mL of
saline solution before its absorption with filter paper. Af-
ter the papers were dried, they were wrapped in alumin-
ium foil and stored individually at -20°C. For the precipi-
tin test, the antisera preparation, the titers determination
and the specificity were performed according to Lorosa
et al. (1998). The blood sources investigated were the
probable hosts that occur in the study area. We used the
following antisera: human (1:15.000), rodent (1:15.000),
bird (1:10.000), opossum (1:12.000), lizard (1:8.000), dog
(1:15.000), cattle (1:13.000) and armadillo (1:10.000).

Action of T. vitticeps saliva - The saliva was indi-
vidually collected with a capillary tube by the mechani-
cal stimulation of adult insects and 5th instar nymphs 15
days after feeding. We used 30 insects to extract saliva.
The saliva discharged was transferred to a microtube
and kept in ice to form a pool of saliva. The extraction
was performed on the day before the experiment and it
was maintained at -20°C until use.

The experiments were performed on the sciatic nerve of
the Wistar strain and the compound action potentials were
recorded using the single sucrose-gap method, as described
by Cruz et al. (1994). The nerves were carefully removed,
desheathed and placed across the five compartments of
the experimental chamber, on a narrow groove sealed
with vaseline to isolate the compartments and to mechani-
cally secure the nerve bundle. The first two compartments
were used for supramaximal stimulation at a frequency
of 0.1 Hz. The central compartment, containing 200 pL
of the test solution, was grounded and electrically isolat-
ed from the 5Sth (recording) compartment through which
a 282 mM sucrose solution constantly flowed. The other
compartments were filled with Locke’s solution, which
contained (in mM): 154 NaCl, 5.5 kCl, 2.2 CaCl,, 5.0 N-
(2-hydroxyethyl) piperazine-N’- [2-ethanesulphonic acid
(HEPES)], 5.0 glucose and the pH was adjusted to 7.5 using
NaOH. Compound action potential amplitudes > 35 mV

were routinely recorded and remained stable for more than
5 h after stabilization of the recording conditions (+ 1 h).
The electrodes placed in the test and the 5th compartments
were fed into a differential amplifier with fixed gain (50
times). The resulting electrical signal was then collected
via a digital data acquisition plate (ADC100®-Pico Tech-
nology Limited, UK) and stored in an IBMAT compatible
microcomputer for subsequent off-line analysis.

Feeding behavior - For this experiment, we selected
2nd instar nymphs of 7. vitticeps with approximately 12
days of fasting after molting. This instar was selected
because of its shorter time to obtain a full meal. Pigeons
and hairless mice were used as feeding sources. The mice
were anesthetized intraperitoneally with a mixture of
Ketamine and Xylazine (Agener Unido; 150 and 10 mg/
kg, respectively). Twenty insects were individually al-
lowed to feed on the abdominal region of the mice. For the
pigeon assays, the birds were immobilized and 20 insects
were individually allowed to feed on a small area of the
breast from which all feathers had been removed. Care
was taken to minimize light, odor, noise and vibrations
when handling the insects before testing.

The feeding process was analyzed through a monitor-
ing system of the electrical activity of the insects’ cibarial
pump developed from the Smith’s technique (Smith 1979)
and modified by Guarneri et al. (2003). One electrode was
fixed to the host and a 2nd electrode was connected to a
metal mesh, which was fixed to a container used as sub-
strate for the insects. These two electrodes detected the
electrical signals from the cibarial pump. The signals were
filtered to reject frequencies above 17 Hz (with a slope of
45 dB/octave), amplified 200 times and collected viaa digital
data acquisition plate (ADC100®-Pico Technology Limited,
UK) connected to an IBMAT compatible microcomputer.
The electrode and the metal mesh were moistened with an
electrolytic gel (Regisgraf-Gel®) to facilitate the passage of
the electrical signals. To determine weight gain, the insects
were weighed immediately before (initial weight) and after
feeding. Each insect was allowed to feed until it removed
its mouthparts without trying to probe again within 1 min.
The engorgement phase was considered to start after at least
10 consecutive characteristic peak-like signals attributed to
the cibarial pump contractions.

From the cibarial pump records, the total contact time
was defined as the time during which the insect mouth-
parts remained inserted into the host skin. The non-in-
gestive time, the initial cumulative probing time and the
interruption time were also determined. The non-inges-
tive time was defined as the time when insects were not
pumping, so probing time plus any interruption to feeding
comprised this time. The cumulative probing time was
defined as the sum of the times from the Ist insertion of
the mouthparts into the host up to the beginning of the
engorgement phase. If the bug ended an initial probing
and restarted another one elsewhere, the st probing time
was added to the 2nd and so successively. The last prob-
ing time was the time from the last bite until the start of
the engorgement phase. The interruptions were defined
as stops for more than 4 s in blood pumping after the en-
gorgement phase had begun. The interruption time was
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defined as the sum of all the individual interruption times.
The pump frequency was defined as the total number of
cibarial pump contractions divided by the effective con-
tact time (i.e., the time in which the pump was effectively
working, without probing or interruptions). The total in-
gestion rate was calculated by dividing the weight gain by
the total contact time and the effective ingestion rate by
dividing the weight gain by the effective contact time. The
number of bites per insect was also counted.

Software that works under a Matlab (version 6.5.0)
environment was developed to analyze the records of the
electromyogram of the cibarial pump. This software en-
ables the analysis of the frequency spectrum from the sig-
nals generated by the cibarial pump in relation to the time
of feeding (Araujo et al. 2009). The results were analyzed
with the Kolmogorov-Smirnov test to evaluate if the dis-
tribution of each variable was normal. The variables were
then compared through the Student 7 test. The statistical
significance was determined at p < 0.05.

RESULTS

Study of the feeding source - The results of the blood
meal identification were based on 89 specimens. From
these, 21 were no reactive to the antisera tested, 43 (48.3%)
reacted toasingle source, 20 (22.5%) reacted to two sources
and five (5.6%) reacted to three different sources. When
the insects fed on more than one host, two or more sources
of blood could be found in a single insect sample. Our data
suggest that the most frequent association, considering all
the samples, was birds and rodents blood (7.9%) (Table I).
By grouping the insects that fed on a single source with
those that fed on two or more, the rodents’ blood prevailed,
totalizing 36 samples (30%), followed by birds’ blood
(25%), found in 30 of the processed samples (Table II).

The origin of the ingested blood and the percentage of
positive reactions to its respective antisera are shown in
Table I1. The identification of the blood meals showed that
the rodents are the main food source in the three studied
environments. The birds were the 2nd most common food
source in domestic and peridomestic habitats. In the forest-
ed surroundings, the armadillo was also a feeding source
for this vector. However, its anti-serum was only available
for part of the insect samples. Human blood appears only
at the intra-domicile area with 9% of the reactions.

Action of the saliva of T. vitticeps on the generation
of nerve impulses - The addition of 1 pL of 7. vitticeps
saliva in the preparation of the nerve produced a pro-
gressive reduction of the amplitude of the compound
action potentials, without showing alterations on the re-
polarization phase when compared to the control. Fig.
1A illustrates one of the four replicas of this experiment.
No recovery of the compound action potential amplitude
was observed even 30 min after washing the preparation
with Lock’s solution. The mean reduction observed was
66.1% + 6.3 (n=4) (Fig. 1B).

Dynamics of blood ingestion: electrical monitor-
ing of the cibarial pump - The nymphs of 7. vitticeps
that fed on mice showed a lower mean blood ingestion
rate than the rate observed in pigeons and it was mainly
due to the lower contraction frequency of the cibarial

TABLE I

Feeding sources identified by the reaction of precipitin in
specimens of Triatoma vitticeps captured and notified
in the district of Itanhomi, Minas Gerais, Brazil

Feeding Total
sources Hosts n (%)
Rodent 17 (19.1)
Bird 15 (16.8)
Cattle 1(1.1)
1 Opossum 6 (6.7)
Dog 2(2.2)
Human 1(L.1)
Armadillo 1 (L.1)
Bird/human 1(1.1)
Bird/rodent 7(79)
Bird/dog 3(33.4)
Dog/human 2(22)
2 Dog/rodent 1 (LD
Opossum/rodent 1(1.1)
Human/rodent 3(34)
Lizard/rodent 1(1.1)
Rodent/armadillo 1(L.1)
Bird/opossum/rodent 1 (1.1
3 Bird/dog/rodent 334
Dog/human/rodent 1(L.1)
Did not react 21 (23.6)
Total insects 89 (100)
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Fig. 1A: effect of 1 pL of Triatoma vitticeps saliva on compound action
potential of rat sciatic nerve. The compound action potentials were
obtained in control condition (a) and after incubation with the saliva
(b, 10; ¢, 20; d, 30; e, 40; £, 50 min). Records were superimposed to
allow better comparison; B: percentage of activity reduction of 1 uL
saliva of 7. vitticeps on the composed actions (mean + standard error).
The area indicates the moment of washing. Ctrl: control.

pump. The weight gain of the insects was similar with
both hosts, whereas the total contact time and the num-
ber of interruptions tended to be higher when the insect
fed on mice (Table III).
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TABLE II

Percentage of food sources in relation to capture sites of Triatoma vitticeps specimens
from the district of Itanhomi, Minas Gerais, Brazil

Environment

Intra Peri Silvatic Total
Host n (%) n (%) n (%) n (%)
Rodent 26 (29.2) 7(31) 3(37) 36 (30)
Bird 25(28) 5(23) - 30 (25)
Opossum 4(4.5) 3 (14) 1(13) 8(6.7)
Human 8(9) - - 8(6.7)
Lizard (LD - - 1(0.8)
Dog 10 (11.2) 209 - 12 (10)
Cattle - 1(5) - 1(0.8)
Armadillo? - - 2 (25) 2(1.7)
Did not react 15(17) 4 (18) 2 (25) 21 (17.6)
a: anti-serum tested only on the third testing phase.

TABLE III

Parameters of the feeding behavior, evaluated by cibarial pump eletromyogram, of 2nd instar nymphs
of Triatoma vitticeps on mice and pigeons

Parameters Mice Pigeon T test
TCT (min) 26.8 +13.09 1975+ 11.54 NS
TIT (mg/min) 2.01+0.83 2.82+1.39 p <0.05
WG (mg) 46.44 + 1277 41.53+9.08 NS

F (contractions/seg) 271+0.67 42+13 p<0.05
Number of interruptions 143+ 179 05+0.8 NS

F: frequency of contraction of the cibarial pump; NS: non-significant; TCT: total contact time; TIT: total ingestion time;

WG: weight gain.

Feeding on mice was more difficult for the insects
as evidenced by the rhythm of contractions and shape
of the electrical signals generated by the cibarial pump
during the feeding process. When the contractions were
arrhythmic and the electrical signal showed irregular
shape (2 peaks or intermediary forms between 1 or 2
peaks) a strong noise is observed in the graph of the fre-
quency spectrum through time. This type of signal was
constant in 72.7% of the experiments done on mice (Fig.
2A). On the other hand, 81.8% of the cibarial pump mea-
surements from nymphs feeding on pigeons contracted
rhythmically and generated regular electrical signals
(single peak signals) that generated lower noise on the
frequency spectrum through time, as shown in Fig. 2B.

DISCUSSION

The feeding process of triatomine bugs greatly varies
among species and it is influenced by various factors,
such as the characteristics of the feeding apparatus and
the composition of the saliva, as well as the physiology

of the host and the feeding site (Guarneri et al. 2000,
2003, Araujo et al. 2009). Therefore, the capacity to ex-
plore available food resources can directly influence the
population dynamics and the vectorial capacity of tri-
atominae (Pereira et al. 20006).

Having saliva that reduces the noxious sensation is
advantageous because the quantity of blood obtained
by triatomines is limited by the irritation caused during
the feeding process (Pereira et al. 1995, 1998). Dan et al.
(1999) observed that the saliva of Triatoma infestans has
an irreversible inhibitory activity on the generation of
nervous impulses and this effect may decrease the sen-
sitivity of the region where the insect probes. It has also
been demonstrated that Panstrongylus megistus has an
inhibitory activity on the generation of nervous impulses
(Alves 2007). However, these two triatominae species
differ in the reversibility of the inhibition because, con-
trary to what was observed for 7. infestans, the saliva
of the P. megistus produced a progressive inhibition in
the amplitude of action potential in a reversible manner.
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Our results are very similar to those described for the
T. infestans saliva. No recovery of the compound ac-
tion potential amplitude was observed even 30 min after
washing the preparation with Locke’s solution. This last-
ing effect might be explained by the high affinity of the
active principle of the saliva to the sodium channel or
by a similar effect to that observed in response to high
concentrations of local anesthetics, which cause a non-
reversible block in isolated nerves (Bainton & Strichartz
1994, Lambert et al. 1994). Thus, we demonstrated that
the T vitticeps saliva acts on the nerve endings by inhib-
iting the generation of nerve impulses and, consequently,
the perception of the insect by the host.

Studies on the identification of food sources leads to
the discovery of possible natural reservoirs and evalu-
ates the degree of movement of the parasite in the area,
contributing to a better understanding of the local epide-
miology. Similarly, these studies are important because
the natural ecotopes of 7. vitticeps are unknown. 1. vit-
ticeps captured in different sites of ES and RJ showed that
the feeding habits of this triatominae species are eclec-
tic (Dias et al. 1989, Gongalves et al. 2000, Lorosa et al.
2003). The results presented by Dias et al. (1989) showed
amarked anthropophilia, with 89.2% of the antisera react-
ing to human types, even in the absence of colonization.
Our results are pioneers in identifying the food source of
1. vitticeps from MG. Again, these insects showed a wide
eclecticism in their feeding habits with high incidence of
rodents (30%) and birds (25%). During the insects captur-
ing, the presence of rodents inside homes was indirectly
verified by the observation of feces and by reports of the
inhabitants. Besides that, the district was once endemic
for the bubonic plague and these synanthropic mammals
are abundant in wild environments, which are close to the
urbanized areas. Chickens are the most frequent domestic
animals and move freely around the houses’ backyards,
which could have contributed to the results found by the

precipitin method. Moreover, considering that the infec-
tion is acquired outside of the home environment, the
birds are refractory to infection and that there is an in-
tense exchange between wild and artificial environments
(Souza et al. 2008), these results suggest a close relation-
ship between 7. vitticeps and rodents.

Other domestic animals are potential feeding sources
of T vitticeps, such as dogs (10%). These animals are
mentioned as important hosts for 7. cruzi in various
countries of the American continent (Barretto et al.
1980), with Argentina being characterized as the main
domestic reservoir (Wisnivesky-Colli et al. 1985, Cohen
& Gurtler 2001). Therefore, dogs have an important epi-
demiological role for the Chagas disease because the in-
fection of these animals can be a potential link between
the domestic and the wild cycles of the disease. Despite
the absence of intradomiciliary colonies, the presence
of human blood in the digestive tube of the 7. vitticeps
specimens captured in this environment showed that tri-
atominae adults that invade houses are able to feed on
their inhabitants. This highlights the maintenance of an
efficient system of entomologic surveillance. In addition,
the multiple blood meals found reinforce the fact that this
species circulates between wild and artificial environ-
ments showing high rates of infection by 7 cruczi.

The analysis of the electrical activity of the cibarial
pump during the feeding process of 7 vitticeps nymphs
allowed the monitoring of its functioning. Similarly, we
identified several events such as the bite and the begin-
ning of the exploring phase, the contraction of the pump’s
dilating muscle, the interruptions of blood pumping and
the removal of mouthparts from the host’s skin at the end
of the feeding. This information and the data on weight
gain of the insect allowed the calculation of several pa-
rameters of the feeding process.

The duration of the contact is an important factor
in the interaction between hematophagous arthropods
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and their hosts because the defensive behavior of hosts
can reduce the feeding success or even cause the death
of the insect (Guarneri et al. 2003). Therefore, species
that possess higher total ingestion rates tend to achieve
higher nutritional status and reach higher population den-
sities as occurs in 7 infestans and Rhodnius prolixus,
the most important vectors of 7 cruzi in South and
Central America, respectively (Sant’Anna et al. 2001).
Our data demonstrated that the nymphs of 7. vitticeps
demand a longer contact time when they feed on mice.
According to Guarneri et al. (2000) and Sant’Anna et al.
(2001), when nymphs of the same species and the same
developmental stage feed on different hosts, the varia-
tions in contact time are mainly related to differences in
the pump frequency and the number of interruptions. In
the present study, the lower blood ingestion rate in mice
is mainly related to the lower frequency of contractions
of the cibarial pump in this host compared to the pigeon
(2.7 and 4.2 contractions/s, respectively). However, the
results presented by the precipitin reaction demonstrate
that, in natural conditions, both birds and in rodents are
important food sources for 7. vitticeps and that the feed-
ing difficulties are not an obstacle to the use of rodents.

The blood ingestion rate of 7. vitticeps 2nd instar
nymphs (2.0 mg/min) was higher than that reported for
the same developmental stage of Triatoma brasiliensis
and Triatoma pseudomaculata (1.0 and 0.4 mg/min, re-
spectively) feeding on mice (Soares et al. 2000). How-
ever, 1. vitticeps is a large triatominae that needs higher
quantities of blood to complete its cycle; therefore, it
considerably increases the contact time with its hosts.
Comparatively, the contact time of 7. vitticeps 2nd instar
nymphs was higher (26.8 min) than that reported for 7.
brasiliensis and T. pseudomaculata (22.1 and 19.5 min,
respectively) (Soares et al. 2000).

During the feedings process of nymphs on mice and
pigeons, it was possible to notice the difficulty in obtain-
ing blood due to the irregularity of the electrical signals
produced by the cibarial pump, both in frequency and in
profile, generating noisy frequency spectra as a function
of time. This was especially true in experiments with
mice, if we compare the frequency spectra obtained dur-
ing the R. prolixus nymphs feeding on mice when simi-
lar experimental conditions were followed (Araujo et al.
2009). Our results corroborate the current knowledge on
the biology and the behavior of 7. vitticeps.

Despite this, it was demonstrated that the saliva of
this vector decrease the local sensibility of the hosts.
The difficulty in blood obtainment, mainly due to the
low contraction frequency of the cibarial pump in mice,
could partly explain the feeding eclecticism observed for
this triatominae species.
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