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Abstract.

Chagas disease is caused by the parasite Trypanosoma cruzi, which is transmitted to humans by blood-

sucking triatomine insects. This disease is endemic throughout Mexico and Central and South America, but only a few
autochthonous cases have been reported in the United States, despite the fact that infected insects readily invade houses
and feed on humans. Competent vectors defecate during or shortly after feeding so that infective feces contact the host.
We thus studied the feeding and defecation behaviors of the prevalent species in southern Arizona, Triatoma rubida. We
found that whereas defecation during feeding was frequent in females (93%), it was very rare in immature stages (3%),
and absent in males. Furthermore, more than half of the immature insects that exhibited multiple feeding bouts (62%)
defecated during interruptions of feeding, i.e., while likely on or near the host. These results indicate that 7. rubida poten-

tially could transmit 7. cruzi to humans.

INTRODUCTION

Chagas disease is endemic throughout Mexico and Central
and South America, with an estimation of 7.7 million peo-
ple infected, 108 million people considered at risk, at least
1.7 million symptomatic cases, an annual incidence of 41,200
(through vectorial transmission), and an estimated 10,000
deaths each year.!? This disease is caused by the protozoan
parasite Trypanosoma cruzi,which is transmitted to humans by
blood-sucking insects in the family Reduviidae (Triatominae).
Trypanosoma cruzi is transmitted to humans when feces and/
or urine from infected bugs come into contact with damaged
skin or oral and/or eye mucous membranes, or when the victim
rubs the itching wound site. In the United States both infected
triatomines and wild mammalian reservoirs are plentiful (e.g.,
packrats, mice, armadillos, raccoons, and opossums).*” Recent
studies reported infection rates of 41.5% and 51% in tri-
atomines from Arizona and Texas.®® Prevalence in mamma-
lian reservoirs greatly varies with geographical area and host
species (e.g., 9-68% in raccoons, depending on the state).!” In
spite of this, only seven autochthonous cases of this disease
have been reported to date, all in the southern half of the
country.!'-

Several reasons might explain why vector transmission
of Chagas disease is so rare in the United States, including
the lack of suitable domestic dwellings for insect colonies, a
low number of insects inside houses, the possible misdiag-
nosis of the infection, and more importantly, the apparently
delayed defecation times of the native species of triatomines.!®
Competent vectors defecate during or immediately after feed-
ing so that infective feces contact the host,''® and it is known
that because of differences in this behavior different species of
triatomines differ in their infective capacities.'**?* Competent
vectors also need to have a high reproductive rate and be
highly anthropophilic.> Other important factors that deter-
mine transmission of 7. cruzi to humans include the frequency
of contacts between infected triatomines and humans, the rate
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of infection of triatomines with 7. cruzi, and the frequency of
infective parasites in feces.>?

In the United States, and particularly in Arizona, Chagas
disease could become a health problem because human pop-
ulations are rapidly expanding into habitats where infected
triatomines and wild mammalian reservoirs are plentiful.*6>*
Arizona is noteworthy as the state with the highest num-
ber of triatomine-human contacts reported in the United
States (sources: American Association of Poison Control
Centers, Arizona Poison and Drug Information Center, and
University of Arizona Health Sciences Center). Studies of
the hosts of the most abundant triatomine species in south-
ern Arizona, Triatoma rubida, indicate that this species feeds
on humans, in addition to canines, felines, swine, and other
mammals (Klotz SA and Schmidt JO, personal communica-
tion). Moreover, we recently reported that 41.5% of 164 tested
T. rubida were infected with 7. cruzi.’ Despite that all insects
in that study were collected inside or around human houses
and therefore were possibly in contact with humans, cases of
Chagas disease have not been reported in Arizona. A possible
explanation for this could be that T. rubida does not defecate
during or shortly after feeding. Wood" reported that 7. rubida
collected in Arizona tended to defecate immediately after
a blood meal, but the number of insects examined was very
low (N = 5 adults). These results contrast with those from a
more recent study, which found that most defecation by adult
T. rubida (also collected in Arizona) occurred after the insects
had left the vicinity of the host.” Another study, conducted
with T. rubida sonoriana from Sonora, Mexico, found that a
variable fraction of the insects, depending on their sex and
stage, defecate during feeding or soon thereafter.?

The purpose of this study was to clarify contradictory results
and to investigate comprehensively the feeding and defecation
behaviors of adults and larval stages of 7. rubida under labora-
tory conditions to establish the potential role of this species as
a vector of Chagas disease in southern Arizona.

MATERIALS AND METHODS

Insects. Experiments with second-, third-, and fourth-instar
T rubida was conducted with insects reared in the laboratory
at 28°C under 12 hours light: 12 hours dark photoperiod
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regimen. These immature stages were the progeny of adult
insects collected in suburban Tucson, Arizona. Insects were
fed weekly on bovine blood, containing 2% sodium citrate as
an anticoagulant and supplemented with 100 mM adenosine
5’-tryphosphate disodium salt (Calbiochem, La Jolla, CA),
using an artificial feeder.”’ Experiments with fifth-instar
(last larval stage) and adult 7. rubida were conducted with
insects caught around Tucson, Arizona.”! To avoid cross-
contamination with 7. cruzi, these insects were kept apart
from laboratory-reared animals. All material that had been
in contact with field-caught insects was disinfected with
ethanol 100% or autoclaved if possible. To ensure that our
experimental conditions were adequate to study the feeding
and defecation behavior of T. rubida, we conducted a positive
control experiment using laboratory-reared third-instar Rho-
dnius prolixus, a triatomine species known to be an efficient
vector of Chagas disease in South America and that readily
defecates while feeding.'® Those insects were reared as
described previously and were provided, free of infection with
T. cruzi, by Dr. E. Dotson (Centers for Disease Control and
Prevention). All experiments were conducted in a laboratory
complying with Biosafety Level 2 regulations.

Procedure. The starvation time of the experimental insects
was different for each life stage to ensure similar hunger levels,
as different stages have different tolerance to starvation.?
The second, third, and fourth instars were randomly selected
from our colony and starved, respectively, for 20-24, 26-36,
and 45-50 days since the last molt. In the case of fifth instars
and adult insects, the starvation time could not be established
precisely because they were caught outdoors and brought to
the laboratory for the experiments. All field-caught insects,
however, appeared to be starved (i.e., had flattened abdomens)
and readily fed when placed on the experimental feeder. Each
insect was placed in a clear plastic container (16 x 12 x 7.5 cm,
Figure 1A), which was capped with mesh cloth secured with
a lid with a hole. Insects could freely extend their mouthparts
through the mesh cloth and draw blood from the artificial
feeder. Each container had a small piece of filter paper bearing

FiGure 1. Setup used to study the defecation behavior of insects.
Insects were fed using an artificial blood feeder. Each insect was indi-
vidually placed on a clear plastic container lined with filter paper,
which was covered on top with a mesh cloth secured with a plastic
lid with a hole (A) or rubber bands (B). Insects could freely extend
their mouthparts through the mesh cloth and draw blood (b) from
the artificial feeder. Each container had a filter paper ramp (r) that
allowed the insects to reach the top mesh and feed. (A) Container
used for feeding adults, third, fourth, and fifth instars. Each container
had a small piece of filter paper impregnated with feces and footprints
that acted as a refuge. (B) Container used to feed second instars. Scale
bars: 5 cm.

triatomine feces and footprints, which acted as a refuge,” and a
filter paper ramp that allowed the insects to reach the top mesh
and feed (Figure 1). Because of their small size, second instars
were placed in cylindrical vials (9.5 cm length,2.5 cm diameter,
Figure 1B) capped with mesh cloth secured with a rubber
band. The feeding and defecation behavior of each insect was
observed continuously by the same experimenter under low-
light conditions; up to four individual insects, each in a separate
container/vial, were observed simultaneously. To minimize the
effect of manipulation, each insect was weighed and placed
in the experimental container or vial 12-15 hours before the
beginning of an experiment. After that time, the insects were
allowed to feed individually on the artificial feeder during
1 hour. Thereafter, the containers with insects were removed
carefully from the feeder and observed for an additional hour.
Each insect was observed during those 2 hours, and the time
at which each behavioral event occurred was recorded. This
allowed calculation of parameters such as the number of
feeding events, the duration of feeding events, and the number
of fecal/urine drops. Insects that did not approach the feeder
(16%) and feed were discarded from the analysis. The amount
of blood ingested was calculated by weighing each insect after
the experiment had ended (2 hours). The relative weight gain
of insects was calculated as (weight after feeding — weight
before feeding)/(weight before feeding). Because individual
fecal/urine drops emitted during the 2-hour experimental
period were not weighed, the amount of blood ingested was
slightly underestimated (see Discussion).

Analysis of infection by 7. cruzi. Adult triatomines, which
were collected in the field, were analyzed individually for the
presence of T. cruzi using polymerase chain reaction (PCR).
The abdomen of each insect was excised with a sterile razor
blade and homogenized with a ceramic ball or placed in a 1.5-
mL microfuge tube with phosphate-buffered saline (up to
80 uL) and homogenized with a handheld mortar. DNA was
extracted following the instructions provided with the QiaAmp
DNA Blood Mini Kit (Qiagen 51106, Qiagen, Valencia, CA).
The DNA was amplified by PCR following an established
T. cruzi sample-processing protocol with two primers (TCZ1/
TCZ2 and S35/S36), as previously described.*** All PCR
experiments included a positive control of known 7. cruzi
DNA (extracted from cell pellets obtained by sedimenting
cultured T. cruzi epimastigotes provided by Dr. Ellen Dotson)
and with a negative control in which template DNA was
omitted. Results that were positive for both sets of primers
(30% of the samples) were considered positive. As we reported
previously, in a study in which samples were analyzed under the
exact same conditions, no samples were found to be positive
for TCZ1/TCZ2 and negative for S35/S36.° Therefore, samples
that were positive with only S35/S36 were considered positive,
because we previously found (in 100% of the cases) that such
samples were confirmed positive by sequencing.’ Although
fifth instars were also collected in the field, we did not analyze
them for the presence of T. cruzi, because their defecation
behavior was similar to that of the other laboratory-reared
(and therefore free of infection) immature stages.

Statistical analysis. Continuous data (i.e., beginning of feed-
ing, duration of all feeding, weight gain [absolute and relative],
and time to first defecation) were analyzed using Kruskal-
Wallis ANOVAs, with the different insects stages (second,
third, fourth, and fifth instars of 7. rubida, females and
males of 7. rubida, and third instars of R. prolixus) being the
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categories of the independent variable. Significant results were
followed by Dunn’s post hoc tests to establish which groups
differed from each other. When only two groups (i.e., females
versus males) were compared, we used Mann-Whitney tests.
Discrete data (e.g., number of feeding events, proportion of
insects that defecate while feeding, etc.) from different instars
were analyzed using x> tests with Yates correction for low
numbers.*! For all variables analyzed, statistically significant
differences between insect stages are indicated by different
lettering in the figures. Correlations between variables (e.g.,
relative weight gain and number of feeding events) were
analyzed using Spearman rank order correlations. In all
cases differences were considered statistically significant if
P <0.05.

RESULTS

The feeding and defecation patterns of 141 individual insects
were recorded and analyzed. Insects started to feed soon
after placement on the feeder (median = 1.2 minutes; range =
0.05-43.7 minutes; N = 141, Figure 2A), and most insects
(95%) finished all feeding before the end of the 1-hour feeding
period (median = 27.9 minutes; range = 1-60 minutes; N = 141).
Although differences in these times initially were statisti-
cally significant (Kruskal-Wallis ANOVAs; start of feeding:
H =19.82, degrees of freedom (df) = 6, P < 0.005; end of feeding:
H=11.82,df =6, P> 0.05), for the most part differences across
insect stages, evaluated with post hoc Dunn’s tests, were not
significant (P > 0.05 for most comparisons; Figure 2A and B).
Triatoma rubida, in particular nymphs, stopped feeding mul-
tiple times during the feeding period, wandering away from
the feeder but returning to resume feeding soon thereafter
(Figure 2C). Again, although differences in the number of
feeding events were initially statistically significant (Kruskal-
Wallis ANOVA, H =24.77,df = 6, P < 0.001), for the most part
differences across life stages were not significant (Figure 2C,
post hoc Dunn’s tests, P > 0.05). As expected, the number of
feeding events positively correlated with the duration of feed-
ing (Spearman rank order correlation; R =0.544,t(n —2) =7.64,
N =141, P < 0.001); that is, the more feeding events, the lon-
ger the duration of feeding. The total duration of feeding (i.e.,
including interruptions) was similar across stages (Figure 2B;
Kruskal-Wallis ANOVA: H = 11.56, df = 6, P > 0.05).

Figure 3A and B show the weight gain of triatomines, abso-
lute (in mg) and relative to their initial weight. Because indi-
vidual fecal/urine drops emitted during the 2-hour feeding/
observation period were not weighed, the amount of blood
ingested was slightly underestimated (see Discussion). In
both cases the amount of blood ingested varied with life stage
(Kruskal-Wallis ANOVAs; H = 94.27, df = 6, and P < 0.001 in
the case of absolute weight gain; H = 68.23,df = 6,and P < 0.001
in the case of relative weight gain). Juvenile 7. rubida fed more
and therefore gained more weight as they matured (Figure
3A, post hoc Dunn’s comparisons, P < 0.05). Relative to their
initial weight, however, second and third instars gained more
weight than adults (post hoc Dunn’s comparisons, P < 0.05).
There was a large variation in the amount of blood each
insect ingested, particularly in the case of fifth instars (range:
5.4-391.1 mg; Figure 3A). Relative to their initial weight, third-
instar R. prolixus gained more weight than any of the juvenile
stages of T. rubida, but the differences were not statistically
significant (Dunn’s comparisons, P > 0.05, Figure 3B).
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FiGure 2. (A) Time at which the different stages (second, third,
fourth, and fifth instars and adult females and males) of Triatoma
rubida and third-instar Rhodnius prolixus start feeding after being
placed in the feeder. (B) Total duration of feeding (i.e., including
interruptions). (C) Number of feeding events during the first hour of
observation. Shown are the 25th and 75th percentiles (boundaries of
the boxes closest and farthest from zero, respectively), the medians
(solid line within a box), and the means (dashed line). The number of
insects tested in each group is shown in parentheses. Groups that do
not share letters differ statistically (P < 0.05; Kruskal-Wallis ANOVAs
followed by Dunn’s comparisons in panels A and B; Yates corrected
%> 2 % 2 tests in panel C).

Instars of T. rubida

We next asked if 7. rubida defecates while feeding, as the
most competent vectors of Chagas disease do.'*'® We found
that most adult females (93%, 14 of 15) but none of the adult
males (N = 15) defecated while feeding (Figure 4A). Among
the immature stages, only 3% and 9.5% of the second- and
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FiGURE 3. Weight gain in different stages (second, third, fourth,
and fifth instars and adult females and males) of Triatoma rubida and
third-instar Rhodnius prolixus. (A) Absolute weight gain. (B) Weight
gain relative to the initial weight of each insect. Each insect was placed
in the feeder for 1 hour. Shown are the 25th and 75th percentiles
(boundaries of the boxes closest and farthest from zero, respectively),
the medians (solid line within a box), and the means (dashed line). The
number of insects tested in each group is shown between parenthe-
ses. Groups that do not share letters differ statistically (Kruskal-Wallis
tests followed by Dunn’s comparisons, P < 0.05).

fifth-instar 7. rubida, respectively, defecated while feeding;
none of the third- or fourth-instar 7. rubida did so (Figure 4A).
Of importance, the fact that 45% of third-instar R. prolixus
defecated while feeding (Figure 4A, last column) indicates
that our experimental design was appropriate for studies of
this behavior.

Could the differences in the amount of blood ingested by
the different stages and sexes of T. rubida account for the
observed differences in defecation behavior? Females were
significantly larger and heavier than males (Mann-Whitney
test, T =299, n, = 15, n, = 15, P < 0.01). The median weights
of females and males before feeding were 76.7 and 60.7 mg,
respectively (ranges = 53.7-123.8 mg and 51.4-92 mg for
females and males, respectively). In addition, females ate
more than males (Mann-Whitney test, T =332,n = 15,n, =15,
P < 0.001). Females and males gained respectively 1.52 and
0.63 times (medians) their body weight during a blood meal
(Figure 3B).

We also considered the possibility that infection with 7. cruzi
(because adults were obtained from the field) could explain
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FiGURE 4. (A) Percentage of insects of different stages (second,
third, fourth, and fifth instars and adult females and males of Triatoma
rubida and third-instar Rhodnius prolixus) that defecate while feed-
ing. Note that only adult females defecated. We found that 45% of
R. prolixus defecated while feeding, which shows that our assay was
sufficiently sensitive to study the defecation pattern of 7. rubida.
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differ statistically (Yates corrected %2 2 x 2 tests, P < 0.05).
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the differences observed in the defecation behavior of females
and males. We found that the proportion of infected adult
insects did not differ between sexes (Yates corrected )2,
P > 0.05), with 75% of analyzed females (N = 12) and 60% of
males (N=15),respectively,infected with 7. cruzi. Furthermore,
females defecated while feeding regardless of whether they
were infected or not with 7. cruzi (the only female that did not
defecate while feeding was positive for 7. cruzi). None of the
males, whether infected or not with 7. cruzi, defecated while
feeding.

Although most juvenile 7. rubida (98%, N = 102) and all
adult males did not defecate while feeding, we considered the
possibility that they might defecate shortly after a feeding
event, and possibly while on the host. Many 7. rubida (more
than 50% in the case of second and third instars) defecated
within 10 minutes after the end of a feeding event, and most
(except for adult males) defecated within the first hour after
feeding (Figure 4B and C). In addition, some insects, in partic-
ular second instars, defecated many times during the first hour
(Kruskal-Wallis ANOVA, H = 41, df = 6, P < 0.001, followed
by Dunn’s tests, Figure 4C). The percentages of 7. rubida that
defecated within 10 minutes or 1 hour after the beginning of
feeding decreased with life stage, except for females (Figure 4B
and C). Moreover, the percentage of nymphs that defecated
within 1 hour was similar to that of third-instar R. prolixus
(Yates corrected %2 tests, P > 0.05, Figure 4C). The time to the
first defecation within the first hour of feeding varied slightly
with stage (Kruskal-Wallis ANOVA,H =26.77,df =6, P <0.001),
but most post hoc comparisons were not statistically significant
(Dunn’s comparisons, Figure 5A). Furthermore, in the case of
insects that showed feeding interruptions (62% of immature
insects), we found that 28%, 42%, 45%, and 38% of second-,
third-, fourth-, and fifth-instar 7. rubida, respectively, defecated
between feeding events, i.e., while possibly on the host.

To compare the potential infectivity of 7. rubida with that
of other triatomine species, we calculated a defecation index
(DI = % of insects that defecated up to 10 minutes after
the end of feeding x average number of defecations up to
10 minutes after the end of feeding/100) as previously
reported.!® The only experimental difference is that we used
an artificial feeder rather than a live host. Because insects
often fed multiple times (Figure 2C), we considered the defe-
cations occurring up to 10 minutes after the end of any feeding
event. The DI values for females and males respectively were
1.3 and 0.005 (Figure 6). Among immature stages, we found
that second instars had the highest infective capacity, with a
DI similar to that observed in third-instar R. prolixus in our
experiments (Figure 6).

We also measured how far from the feeder the insects def-
ecated. We found that among juvenile stages, third instars def-
ecated closer to the feeding site (< 3 cm, Figure 7), a distance
that probably would enable scratching by the host to intro-
duce feces into the wound site, but the differences across
immature stages were not statistically significant (Yates cor-
rected y? tests, P > 0.05). Thus, although T. rubida nymphs and
adult males did not defecate while feeding, some nymphs def-
ecate soon thereafter, and many did so between feeding events
and close to the feeding site, i.e., possibly while on the host or
nearby.

Finally, we asked whether any of the parameters analyzed
previously (e.g., number of feeding events, time to first def-
ecation from the beginning of feeding, etc.) depended on the
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Fiure 5. (A) Time to first defecation (calculated for those
insects that defecated within the 1-hour feeding period). (B) Number
of defecations within 10 minutes after the end of a bout of feeding.
(C) Number of defecation events within the 1-hour feeding period.
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within a box), and the means (dashed line). The number of insects in
each group is shown in parentheses. Groups that do not share letters
differ statistically (Kruskal-Wallis ANOVAs followed by Dunn’s
comparisons, P < 0.05).

amount of blood ingested. That is, do insects that eat larger
meals defecate sooner, closer, or more times? To analyze these
possibilities we examined correlations between the relative
weight gain of 7. rubida and the following parameters: num-
ber of feeding events, time to the first defecation from the
beginning of feeding, time to the first defecation after the
end of feeding, number of defecation events up to 10 minutes
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instar Rhodnius prolixus.

post feeding, and distance to the first defecation. These cor-
relations were assessed separately for immature stages (i.e.,
data from all immature insects were pooled), for females
and for males. In the case of immature stages, we found that
the amount of blood ingested positively correlated with the
number of feeding events (Spearman R = —0.3166, t(n — 2) =
-3.3381, N =102, P <0.005) and with the number of defecation
events up to 10 minutes post feeding (Spearman R = 0.2423,
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FiGure 7. Percentage of insects that defecate near the feeding
site (< 3 cm from the feeder) during the first hour of the observation
period. Only the first defecation is considered. The number of insects
in each group is shown in parentheses. Groups that do not share letters
differ statistically (Yates corrected x> 2 x 2 tests, P < 0.05). Statistical
comparisons against males could not be computed because of the low
number of males that defecated during the first hour.

t(n — 2) = 2.4983, P < 0.05); none of the other correlations
were significant. In the case of females, the amount of blood
ingested negatively correlated with the time to the first def-
ecation (Spearman R = 0.6923, t(n — 2) = 3.3235, P < 0.01).
In the case of males, none of the correlations were significant
(P >0.05 in all cases).

DISCUSSION

Here, we investigated the feeding and defecation behav-
ior of immature stages and adults of 7. rubida to establish
their potential role as vectors of Chagas disease in southern
Arizona. We found that only adult female 7 rubida defecated
during feeding, but a relatively large percentage of the insects,
depending on their life stage and sex (range: 7-62%), defe-
cated within 10 minutes after feeding—that is, while possibly
still in contact with the host.!

It has been reported extensively that the time elapsed
between feeding and defecation varies greatly according to
the species, stage, and sex. For instance, the percentage of
insects that defecated while feeding or soon thereafter ranged
between 40% and 63% for R. prolixus,between 10% and 44%
for Triatoma infestans, and between 12% and 50% in the case
of Rhodnius neglectus,”” and was < 10% in Triatoma rubro-
fasciata® In our experiments we found that the defecation
delay post feeding also varies greatly with the developmen-
tal stage, sex, and within a group. We found that 93% of adult
females, but almost none of the immature stages and none of
the adult males, defecated while feeding (Figure 4). Similarly,
it was also reported that adult males of Panstrongylus megistus
and Triatoma barberi, and nymphs of Triatoma guasayana and
Triatoma vitticeps, do not defecate while feeding.!7>-2

Although we found that most juvenile insects and none of
the adult males defecated while feeding, transmission of the
parasite to humans can occur if the engorged insects remain
in close contact with the host after feeding, possibly defecat-
ing and urinating to eliminate the extra weight gained during
a blood meal.!® Indeed, it has been proposed that triatomines
that defecate within 10 minutes after the end of feeding are
potentially effective vectors of 7. cruzi.' For example, 63%,
86%,and 90%, respectively, of Triatoma dimidiata, T infestans,
and R. prolixus, all efficient vectors of Chagas disease, defecate
during the first 10 minutes after the end of feeding.!® Besides
adult female 7. rubida, which readily defecated while feeding
(Figure 4A), we found that a relatively large percentage of
insects defecated within 10 minutes after the end of a feed-
ing episode (range: 29-62% for immature stages; 7% for adult
males; Figure 4B). Furthermore, many of the insects, although
they did not defecate while feeding, did so close to (within
3 cm) of the feeding site (Figure 7), which implies good vec-
tor behavior. By about 1 hour 74% of all immature insects
had defecated (Figure 4C), which is lower than the 99%
reported for T. infestans and R. prolixus.'®

In addition to the defecation delay, it has been proposed
that the number of defecation events occurring shortly after
the end of feeding also is important in determining the insect’s
infective capability.’® This variable, along with the proportion
of insects that defecate during that same time period, has been
used to calculate a “defecation index” (DI; the higher the DI,
the higher the infection capacity) that serves to compare the
infective capacity of different species.”® This index greatly
varies not only with the species but also with the stage and
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sex.!%323 The only difference is that in our experiments we
used an artificial feeder instead of a live host. For instance, this
value is highest (3.8) in fourth-instar R. prolixus but 0.5 in adult
males of the same species,'® and it is only 0.0004 in adult male
T. barberi.** In our experiments, we found that the DI of adult
female T. rubida was 1.3 (but it was only 0.005 in adult males),
which is comparable to the DI observed in 7. infestans and
R. prolixus,” both very efficient vectors of Chagas disease.
Klotz and others? studied the feeding and defecation behav-
ior of adult 7. rubida on immobilized mice and found that the
DIs of adult females was only 0.40, but the number of females
studied was relatively low (N = 8). Among immature stages of
T rubida, we found that the DI decreased with life stage, ranging
from 0.75 for second instars to 0.11 for fifth instars (Figure 6).
Although second instars would be the stage with the highest
vectorial capability among immature stages, they probably
have lower infection rates because they have had fewer blood
meals than older stages during their lifetime, and therefore it
is less likely that they are infected with 7. cruzi. In addition,
even if they were infected, they probably would defecate less
because they are smaller. A similar pattern of variation of the
DI, that is, a higher efficiency of younger instars, was observed
in T. barberi” In T. dimidiata this pattern was reversed, and in
T. infestans the D.I. was similar among immature stages.'®

The duration of feeding also contributes to determining the
insect’s vectorial capacity. According to some authors, species
that feed more than 10 minutes could be considered as impor-
tant potential vectors of 7. cruzi'® We found that T. rubida
began feeding soon after being placed on the feeder and fed
23.2 minutes (median; N = 132; Figure 2). Prolonged contact
between the vector and the host increases the probability of
interrupted feeding and therefore increases the risk of expo-
sure to fecal material.'®*? Indeed, we found that 62% of imma-
ture 7. rubida (N = 102) interrupted feeding multiple times
(Figure 2C), 50% of which defecated during interruptions.
A similar pattern of increased defecation during periods
of interrupted feeding was also observed in 7. barberi and
T dimidiata.'? Interrupted feeding might increase the chance
that an insect acquires the infection because it increases the pos-
sibility that the insect changes hosts to complete a blood meal.*?

As others have reported previously for other triatomine
species,'”*? we found a striking difference between the defeca-
tion behavior of adult male and female 7. rubida. We found
that 93% of adult females—but none of the males—defecate
while feeding (Figure 4A). Because we used dispersing adult
insects collected in the field, we could not establish how long
they had gone without feeding, but it is likely that both adult
males and females were starved, as hunger and low nutritional
status are the main drivers of dispersal.**** Longer fasting peri-
ods could increase vector potential by decreasing defecation
delay.’®* Although adult females were heavier and ate more
than males (Figure 3), meal size might not be the only fac-
tor affecting defecation behavior. For instance, second and
third instars ate (relative to their initial weight) more than
adult females, but almost none of them defecated while feed-
ing (Figures 3B and 4A). In our experiments we did not weigh
the fecal/urine drops emitted during the 2-hour experimental
period. This resulted in a relatively slight underestimation of
the amount of blood ingested by each individual insect. On
the basis of previously published studies in 7riatoma sordida,
we calculated that we underestimated the amount of blood
ingested by adult females by 5-6%, although the amount of

feces deposited during and shortly after feeding greatly varies
with the species and insect stage.3¢

Is it possible that a minimum blood weight gain is neces-
sary for defecation to occur during feeding? For instance,
fifth-instar 7. sordida and T. guasayana need to eat an average
minimum of 60-100 and 115 mg of blood, respectively, for def-
ecation to occur during feeding or soon thereafter.?®* In our
experiments, although 52% of fifth-instar 7. rubida ingested
more than 100 mg of blood, we found that only 18% of those
insects defecated while feeding. We also found that most
female 7. rubida ate 114 + 9 mg (mean + SE; median = 117 mg)
of blood, which is more than the amount reportedly required
for defecation to occur during feeding in female 7. sordida
and T. guasayana.™3 Our experimental design, in which
insects were allowed to feed ad libitum during the experimen-
tal period, did not allow us to establish this minimum value
because all but one of the females tested defecated while feed-
ing (Figure 4A). We found, however, that the amount of blood
ingested by females correlated negatively with the time to the
first defecation, as described in other triatomine species.’>*73
Because dispersing adults (like those used in our study) have
a low nutritional status,®3 they likely ingest larger amounts
of blood and defecate sooner, thus increasing their vectorial
capacity. The amount of blood ingested may also affect the
vectorial capacity of immature insects, as we found that this
variable positively correlated with the number of defecation
events up to 10 minutes post feeding.

Infection of 7. rubida with T. cruzi did not accelerate def-
ecation, as reported in R. prolixus.> We found that both adult
males and females were equally infected in our study, but only
the females defecated while feeding. Moreover, they did so
while feeding regardless of whether they were infected with
T cruzi.

In this work, we have used an artificial-membrane feed-
ing system instead of a live host. In nature, movements of host
animals naturally occur and might cause feeding interruptions.
Furthermore, it has been shown that the rate of engorgement,
the probing time, and the number of feeding interruptions are
affected by the type of host.* Although it cannot be assumed
that these two different feeding methods (use of an artificial
feeder or a live host) produce identical results, our findings are
consistent with those observed by others in experiments with
T. rubida feeding on live hosts.”? Wood" reported that 7. rubida
(also collected in southern Arizona) tend to defecate immedi-
ately after a blood meal, but the number of insects examined
was very low (N =5 adults). Martinez-Ibarra and others® found
that adult female 7. rubida sonoriana (likely a subspecies dif-
ferent from the one we studied) fed on immobilized rabbits
tended to defecate before finishing a blood meal or soon (on
average, < 1 minute) thereafter, while adult males have a lon-
ger defecation delay (average = 55 min). In another study, Klotz
and others® found that none of a small number (8 females and
7 males) of adult T rubida tested defecated on a restrained host.
Furthermore, Takano-Lee and Edman® tested R. prolixus using
both an artificial feeder and restrained guinea pigs and found
that the defecation behavior of insects fed on the artificial feeder
(and the calculated DIs) was similar to that of insects fed on
live hosts. In addition, the fact that in a parallel experiment with
third-instar R. prolixus we obtained results comparable to those
reported by others using restrained mice, validates our results.

To our knowledge, this is the first systematic study of one of the
most important factors (defecation behavior) determining
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the vectorial capacity of immature stages and adult 7. rubida,
the most abundant triatomine species in southern Arizona.
Our results, together with our previous findings show that
~41.5% of analyzed T. rubida were infected with T. cruzi,
indicating that this species has the potential to transmit the
parasite to humans. Its vectorial capacity, however, appears
to be lower than that of the most important triatomine vec-
tors, because only adult females defecate while feeding. From
an epidemiological standpoint, however, this is relevant for
Arizonans, because the insects that invade houses and feed on
humans are dispersing, flying adults.”*’ Other factors, such as
possibly low pathogenicity of the strain of 7. cruzi harbored
in local triatomines, likely explain the lack of reported human
cases of Chagas disease in Arizona, although this remains to
be investigated.
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