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ABSTRACT: Efforts have been made to develop vertebrate odor-based attractants to lure hematophagous triatomines into traps.
However, more work is needed to reach a practical, cheap, and efficient odor lure. We carried out attraction and capture tests in a
dual-choice olfactometer and a pitfall trap. Here we report that a three-component, CO,-free, synthetic blend of vertebrate odor
(consisting of ammonia, L(+) lactic acid and hexanoic acid, and known as Sweetscent®) significantly induces 3"-instar Rhodnius
prolixus and Triatoma infestans nymphs to fall into the test capture-tube of the olfactometer. Blend constituents presented
singly or in two-component blends did not evoke a response and, therefore, we propose that the insects respond specifically
to the three-component blend in a synergistic way. When tested in a pitfall trap in an experimental arena, this blend induced
capture in 37.5% of the lured traps, whereas 9% of the nymphs tested were captured in a single night. No insects were captured
in control traps. Our work represents a proof-of-concept regarding capture of triatomines using host odor-based, CO,-free
synthetic mixtures as lures for pitfall traps. CO,-free lures are more practical for field work than natural or CO,-containing

synthetic blends. Journal of Vector Ecology 38 (2): 245-250. 2013.
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INTRODUCTION

Triatomines (Hemiptera: Reduviidae), also known as
kissing bugs, are insects that feed on the blood of vertebrates.
These insects are vectors of the flagellate protozoan
Trypanosoma cruzi Chagas, the causative agent of Chagas
disease. Two of the epidemiologically most important species
are Rhodnius prolixus Stal and Triatoma infestans Klug
(Schofield 1994). Vector control is the most effective method
to prevent Chagas disease (WHO 2010).

Triatomines are nocturnal and often domiciliated.
During the day, domiciliated species hide in refuges, located
in crevices in the ceiling and walls of houses, where they
remain inactive. At night, when their hosts are resting, the
bugs become active. If at that time host odors are present,
locomotor activity increases beyond spontaneous levels
(Guerenstein and Guerin 2001, Taneja and Guerin 1997). In
an effort to find the odor source, hungry insects often walk on
the ceiling. In a human dwelling, volatile odorants released by
a resting host are mainly transported by convection currents
that reach the ceiling. In this context, the stimulation of
the triatomine olfactory receptors by host odors coming
from below triggers a characteristic behavior: the bugs let
themselves fall onto the host (Guerenstein et al. 1995).

It has been established that triatomines are attracted by
the natural, complex odor blend emanating from their hosts
(Nuiiez 1987, Ortiz and Molina 2010) and by single synthetic
host odors including CO, (Barrozo and Lazzari 2004a,
Guerenstein and Guerin 2001). Moreover, in tests carried
out in a locomotor compensator, it has been established that
particular CO,-containing blends of a few synthetic odorants

representing a simplified version of host odor (Otélora-Luna
et al. 2004) attract triatomines at levels higher than those
evoked by their single constituents, in a synergistic way
(Barrozo and Lazzari 2004b).

Due to their epidemiological importance, efforts
have been made to develop devices to attract and capture
triatomines in the field. Those devices contain a bait which
consists of a live host (Noireau et al. 2002), another natural
source of odor (Guerenstein et al. 1995, Lorenzo et al. 1998,
Pedrini et al. 2009), a CO,-containing synthetic host odor
blend (Barrozo and Lazzari 2004b), plus an artificial source
of heat (Ryelandt et al. 2011), or an aldehyde (Rojas de Arias
et al. 2012). Despite some success using those baited devices
in the field, more work is needed in order to reach a practical,
efficient, and cheap bait for a trap based on host odor.

It has been shown that all the host odor constituents
that triatomines are known to detect are also detected by
other hematophagous insects, particularly mosquitoes
(Guerenstein and Lazzari 2009, 2010). Therefore, it seems
reasonable to test the attraction of a CO,-free, synthetic host
odor lure developed for mosquitoes, containing constituents
that are also detected by triatomines. One such lure is the
Sweetscent®, which consists of a mixture of three human-skin
odors: ammonia, L(+) lactic acid, and hexanoic acid.

To assess the attraction efficiency of that synthetic
odor mixture, we tested the behavior of triatomines using
a challenging olfactometer (Guerenstein et al. 1995). In
addition, to assess the capture efficiency of a pitfall trap with
that synthetic odor mixture as lure, the behavior of triatomines
in an experimental arena in the laboratory was tested. To
successfully capture triatomines in those experiments, the
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bugs should be activated, attracted, and finally, should fall
into the trap. This implies a complex behavioral sequence
already observed experimentally in the domiciliated species
R. prolixus and T. infestans (Guerenstein et al. 1995, Lorenzo
et al. 1999).

MATERIALS AND METHODS

Third instar larvae of R. prolixus and T. infestans were
used. This nymphal stage was chosen to ensure a relatively
high size ratio of the experimental devices to the insect. The
triatomines were obtained from our colony, originally from
insects provided by the Servicio Nacional de Chagas (Cérdoba,
Argentina). The colony was fed once every two weeks on
hens and maintained in the laboratory under a 12/12h L/D
illumination regime and at 27.5+1° C (Guerenstein and
Guerin 2001). For experiments, insects were fed as 2" instar
larvae and, after molting, they were starved for 45-60 days for
R. prolixus, and 30-40 days for T. infestans. These values were
chosen according to data obtained by Guerenstein and Nuiiez
(1994) on feeding motivation and resistance to starvation.

Olfactometer tests

To study the attraction evoked by different odor stimuli
and test the ability of those odors to evoke capture-related
behavior, insects were tested individually using a dual-choice
olfactometer (Guerenstein et al. 1995). This device consisted
of a polystyrene rectangular arena (11.5 cm length, 7 cm
width, and 1 cm height) with a glass lid and three holes that
were each connected to a plastic tube from below (Figure 1a).
The three tubes had cloth mesh at the bottom. On one side of
the arena, one of the tubes (the release-tube) contained the
insect at the beginning of the experiment. Insects reached the
surface of the arena by climbing onto a piece of cardboard
inside the tube. On the opposite side of the arena were placed
two capture-tubes (emanating control and test odor). The
insects drop into the capture-tubes when sensing host odor
from below (Guerenstein et al. 1995) and cannot escape, as
the piece of cardboard within did not reach the surface of the

arena. For R. prolixus, the olfactometer had a paper septum
(3.5 cm length, 1 cm thickness, and 0.5 cm height) on the
arena, between the capture-tubes, from the wall opposite the
release-tube up to the center of the arena (Figure 1a).

Below each, the test and control capture-tubes, a 1-liter
open glass bottle containing the odor source or its control
was placed. The position of the test and control bottles was
switched in successive trials. Air was pulled from the bottom
of the release-tube at 6 ml/min, and therefore, an airstream
from the odor source and its control constantly reached the
release-tube via the capture-tubes and the arena (Guerenstein
et al. 1995). Preliminary experiments showed that 6 ml/min
was an optimal airflow, and that without airflow there was no
behavioral response (unpublished observations).

Tests were carried out in darkness, starting 1 h before
the beginning of the insects’ scotophase and ending 2 h after
the end of this phase. The experiments included the whole
scotophase because triatomines search for a host during this
time of the day (Guerenstein and Lazzari 2010). Temperature
during experiments was 27+1° C for R. prolixus and 23+1°
C for T. infestans. Before the experiment began, a bug was
individually placed in the release-tube. Insects were allowed 5
min to habituate to the experimental situation and during this
time the exit of the release-tube was closed. An experiment
started when the exit was opened so that the bug was free to
leave the release-tube. In the morning, the number of insects
in the capture-tubes was recorded.

Our experimental design consisted of a battery of 12
olfactometers mounted on a cardboard box, so that 12 insects
could be simultaneously tested in a single night. This allowed
us to simultaneously test all stimuli and controls included
in the experiments. Our design included a single fan that
pulled air at a controlled flow from the box to which each
of the 12 refuges tubes was connected. As one insect per
olfactometer was assayed, the number of replicates (N) for
each stimulus was equal to the number of insects tested for
that stimulus. After each experimental night, olfactometers
were disassembled, all material was thoroughly washed, and
the cardboards pieces were discarded.

b

10cm

Figure 1. (a). Dual-choice olfactometer consisting of a polystyrene rectangular arena with a glass lid and three holes that are each
connected to a plastic tube from below: one release-tube and two capture-tubes. The paper septum shown between the capture-
tubes was only used in experiments with R. prolixus. (b). Pitfall trap device used in the experimental arena. Figures modified

from Guerenstein et al. 1995.
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We tested a CO,-free synthetic host odor blend designed
to attract Aedes mosquitoes and commercially known as
Sweetscent® (Biogents AG, Regensburg, Germany), which
contains ammonia, L(+) lactic acid, and hexanoic acid
(Krockel et al. 2006). Thus, the stimulus consisted of one
sachet of this lure; a sachet included three compartments, one
for each odor. Additionally, we tested the three components of
this lure singly and also in all two-component combinations.
In positive control experiments stimuli were: (1) a mouse
(BALB-C strain) and (2) a culture of yeast prepared from
LEVEX® dehydrated yeast as in Guerenstein et al. (1995),
only for T. infestans. The attractiveness of a culture of yeast
was already shown for triatomines (Guerenstein et al. 1995,
Lorenzo et al. 1999, Pimenta et al. 2007, Pires et al. 2000).
In negative control experiments, an empty bottle was placed
below each capture-tube.

By quantifying the number of insects in the capture-
tubes, the percentage total capture (%TC) and percentage
oriented capture (%OC) were assessed. The %TC was defined
as the total number of insects in the capture-tubes (test +
control) over the total of insects tested. This parameter was
statistically analyzed using the G-test of independence (Sokal
and Rohlf 2009). Thus, we compared the odor-induced
%TCs with those of the basal %TCs that were obtained in
the negative control experiments. The %OC was defined as
the number of insects in the test capture-tube over the total
number of insects in both capture-tubes. This parameter was
statistically analyzed using the one-tail binomial test (Zar
1999) to compare capture in test vs control capture-tubes.

Baited trap tests

After promising olfactometer experiments, the synthetic
blend was tested for its usefulness as a lure for baited traps. A
pitfall trap based on the same principle as the olfactometers
(i.e., the insects can drop into it but cannot escape) was used
(Guerenstein et al. 1995). Briefly, the trap consists of a circular
access ramp (Figure 1b) from which the insects can drop into
a polyvinyl container from which they cannot escape. In
the center, a smaller container with one sachet of the lure is
placed. Odors from the lure exit the small container through
a series of holes in the wall near the base. When wandering
insects reach the upper edge of the ramp, they perceive the
odors as coming from below (Guerenstein et al. 1995).

Experiments were conducted in an open experimental
arena (100 x 100 cm), with a paper floor and non-climbable
glass walls. Two traps, test (baited with Sweetscent®) and
control (with no bait), were placed at opposite corners of the
arena (10 cm away from the edges). Tests were carried out in
darkness, at 27+1° C, starting 1 h before the beginning of the
insect scotophase and ending 2 h after the end of this phase.
Before an experiment started, a group of 10 3™ instar nymphs
of R. prolixus was placed at the center of the arena in a paper
tube (length 5 cm, diameter 2 cm) closed with a cap that
served as refuge. The experiment started 15 min later, when
the cap was gently removed so that the insects could leave
the paper tube. In the morning, the number of insects caught
by each trap was recorded. The position of the control and
experimental traps in the arena was switched in successive

trials. No statistical analysis to compare capture in test and
control traps was performed because capture in control traps
was zero (see Results).

RESULTS

Olfactometer tests
Tests with the complete, three-component, synthetic blend

The percentage of R. prolixus caught in the capture-tubes
(%TC) in negative control experiments was 15.0% (N=20),
whereas a mouse evoked 68.7% TC (G-test, df=1, P<0.005,
N=16) and the synthetic blend 57.9% TC (G-test, df=1, P<0.01,
N=19, Figure 2a). The difference between %TC of mouse and
the synthetic blend was not significant (G-test, df=1, P>0.5).
Mouse was the stimulus that evoked the highest %OC, 90.9%,
(Binomial test, P<0.006, N=11), whereas the synthetic blend
evoked 81.8% OC (Binomial test, P<0.05, N=11, Figure 2a).

For T. infestans, the %TC in negative control experiments
was 28.0% (N=25) whereas a mouse evoked 86.4% TC (G-test,
df=1, P<0.001, N=22), a yeast culture 74.2% TC (G-test, df=1,
P<0.001, N=31), and the synthetic blend 68.4% TC (G-test,
df=1, P<0.001, N=57, Figure 2b). Statistical comparisons
between positive controls and between them and the synthetic
blend resulted in no statistical difference (mouse-yeast, G-test,
df=1, P>0.25; yeast-synthetic blend, G-test, df=1, P>0.5;
mouse-synthetic blend, G-test, df=1, P>0.05). The %OC when
the stimulus consisted of a mouse was 94.7% (Binomial test,
P<0.001, N=19), whereas a yeast culture evoked 69.6% OC
(Binomial test, P<0.05, N=23), and the synthetic blend 66.7%
OC (Binomial test, P<0.05, N=39, Figure 2b).

Tests with one or two components of the synthetic blend

No single odor constituent of Sweetscent® was able to
evoke significant capture in the capture-tubes (Figure 3).
Thus, the %TC in negative control experiments was 16.7%,
(N=18) whereas ammonia evoked 12.5 %TC (G-test, df=1,
P>0.25, N=16), L(+) lactic acid 16.7% (G-test, df=1, P>0.25,
N=12), and hexanoic acid 25.0% (G-test, df=1, P>0.25, N=12).
Moreover, no two-component blend evoked significant
capture as the % TC for ammonia + L(+) lactic acid was 16.7%
(G-test, df=1, P>0.25, N=12), whereas ammonia + hexanoic
acid evoked 0.0% (G-test, df=1, P>0.25, N=12) and L(+) lactic
acid + hexanoic acid 8.3% (G-test, df=1, P>0.25, N=12).

Baited-trap tests

The synthetic blend evoked trapping behavior in the
experimental arena and all trapping could be attributed to the
odor stimulus. Thus, using Sweetscent® we obtained capture
in 37.5% of the lured traps and an average capture of 2.33
insects in each of those traps (N=8 trials, 78 insects tested).
Of the total insects tested, 9.0% were captured by the traps.
No insects were captured in the control trap. Clearly, the
position of the test and control traps had no effect.
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Figure 2. Percentage total capture (%TC) and percentage oriented capture (%OC) of R. prolixus (a) and T. infestans (b) by
different stimuli. Test odors consisted of a mouse, a culture of yeast (only for T. infestans), and a synthetic host odor blend
(Sweetscent®). In negative control experiments no odor stimulus was present in either of the capture-tubes. The synthetic blend
evoked statistically significant %TC and %OC in both species. *= P<0.05.

DISCUSSION

We found that a CO,-free synthetic blend of three host
odors (ammonia, L(+) lactic acid, and hexanoic acid, the
Sweetscent®) attracts and evokes trapping in triatomines.
Only the two positive controls used in this work (a mouse
and a culture of yeast) were previously known to evoke a
trapping behavior in which the insects drop into the trap
(Guerenstein et al. 1995, Lorenzo et al. 1999). Therefore, this
work shows for the first time that it is possible to induce the
insects to let themselves fall into a trap using a blend of a
few synthetic odors. Moreover, previous work suggested that
CO, was the main odor constituent responsibly for such a
behavior (Guerenstein et al. 1995). Other experiments also
suggested that CO, was necessary to obtain strong attraction
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Figure 3. Percentage total capture (%TC) of R. prolixus by
the three components of Sweetscent® when presented singly
and in all two-component combinations. Results show that
triatomines respond specifically to the three-component
blend. *= P<0.05; ns= no statistical significance.

(Barrozo and Lazzari 2004b, Guerenstein and Lazzari 2009,
2010, Otédlora-Luna et al. 2004) However, we show that
strong attraction and even trapping can be evoked by CO,-
free synthetic mixtures of host odor. This agrees with results
recently obtained in the field (Rojas de Arias et al. 2012). It
should be emphasized that CO, is an efficient bait for field
traps (Botto-Mahan et al. 2002). However, the development
of CO,-free odor lures for field use should be advantageous
because delivery of CO, in the field is short-lasting, expensive
or both, making it less practical for use in field traps.

Even when CO, is not necessary to evoke a response,
the simultaneous presentation of all three constituents of
the synthetic lure used in this work is a requirement for
triatomine attraction. When presented singly, none of the
three constituents of the Sweetscent® attracted the insects
in the olfactometers. Moreover, none of the three two-
component combinations of the lure constituents evoked
a response. Therefore, triatomines respond specifically to
the three-component blend, in a synergistic way. It should
be noted that as in triatomines, Aedes mosquitoes did not
respond to single components of the same three-component
blend. However, they responded in a synergistic way to a
mixture of ammonia + lactic acid, whereas the addition of
hexanoic acid to this mixture further increased attraction
(Geier et al. 1999, Krockel et al. 2006) as seen in triatomines.

Although neither the multimodal baitnor singlealdehydes
(see Introduction) have been tested in a pitfall trap so far, it
should be noted that the trapping evoked by Sweetscent® in
R. prolixus is lower than that elicited by a culture of yeast in
the same species using a similar trap in a similar laboratory
arena (Lorenzo et al. 1999). The emission of CO, by the
yeast culture would be responsible for the higher response to
this stimulus. We predict that by increasing the number of
relevant constituents of the synthetic host odor blend, we may
improve its performance. Thus, a blend with more than three
relevant components would appear still closer to natural host
odor, even when CO,, an important host odor constituent,
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is not included. Different mosquito species are attracted by
CO,-free odor blends (Guerenstein and Hildebrand 2008,
Krockel et al. 2006, Smallegange et al. 2005).

Our work represents a proof-of-concept regarding
capture of triatomines using host odor-based, CO,-free,
synthetic mixtures as lures for pitfall traps. The synthetic
mixture tested here activates, attracts, and traps triatomines
using odors that can be continuously delivered for months
at a low cost and under different environmental conditions.
On the contrary, natural and CO,-containing synthetic
lures are less practical for field use. Although our results are
encouraging, the efficiency of the blend tested here should
be improved. In recent work it has been possible to capture
triatomines using a single aldehyde as lure for a sticky trap
(Rojas de Arias et al. 2012). It is important to compare the
performance of the lure tested here with that of aldehydes.

Regarding the odor-baited trap design, most field work
has been carried out using sticky traps (Noireau et al. 2002,
Rojas de Arias et al. 2012, Ryelandt et al. 2011). It would
be relevant to compare the efficiency of sticky traps, whose
performance could be affected by ambient conditions such as
humidity, rain, and dust, with pitfall traps in the field.

It has been suggested that continuous surveillance
followed by selective intervention is necessary, even in regions
where triatomine control has already been successful (Giirtler
et al. 2007, Schofield et al. 2006). Thus, a practical, cheap and
sensitive tool for early detection of low density populations
of triatomines is needed (Tarleton et al. 2007). A trap that
efficiently captures triatomines could become an important
tool for the monitoring of house infestation. In addition, it
could be useful in the search for sylvatic foci of triatomines
(Bacigalupo et al. 2010).
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