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Abstract.

The effect of a parasite on the life history of its vector is important for understanding and predicting disease

transmission. Chagas disease agent Trypanosoma cruzi is a generalist parasite that is diverse across scales from its genetic
diversity to the 100s of mammal and vector species it infects. Its vertebrate hosts show quite variable responses to infec-
tion, however, to date there are no studies looking at how 7. cruzi variability might result in variable outcomes in its
invertebrate host. Therefore, we investigated the effect of different 7. cruzi I strains on Rhodnius prolixus survival and
development. We found significant variation between insects infected with different strains, with some strains having no
effect, as compared with uninfected insects, and others with significantly lower survival and development. We also found
that different variables had varying importance between strains, with the effect of time postinfection and the blood:weight
ratio of the infective meal significantly affecting the survival of insects infected with some strains, but not others. Our
results suggest that 7. cruzi can be pathogenic not only to its vertebrate hosts but also to its invertebrate hosts.

INTRODUCTION

Chagas disease is a parasitic infection that can lead to heart
failure and other related pathologies.! Caused by the flagel-
late protozoan Trypanosoma cruzi, Chagas disease is found
throughout the new world, mainly in areas with settings con-
ducive to human contact with its insect vector, the triatomine
bug (Hemiptera: Reduviidae). An estimated 6 million people
are currently infected, and an estimated 10,000 deaths per
annum are related to Chagas disease.>>

As a generalist parasite, 7. cruzi is diverse across scales,
infecting a wide range of mammal host species across an
expansive geographic area. In addition, 7. cruzi shows such
high levels of genetic diversity that it has been proposed as a
complex rather than a species,® and is currently divided into
six discrete typing units (DTUs I-VI),> each composed of
genetic clusters thought to be loosely associated with different
geographic regions, mammal hosts, triatomine bug genera,
and clinical manifestations of Chagas disease.®™

The diversity of T. cruzi extends to the effects it has on its
hosts, with its pathogenicity in mammals being highly vari-
able, both within and between species and individuals, rang-
ing from asymptomatic to severe pathology.'%"® However,
current opinion on the effect of 7. cruzi on its invertebrate
host assumes no change in fitness relative to uninfected indi-
viduals, except in circumstances of external stress,' !> which
is described by Schaub and others as “subpathogenic.”'>2°
This idea is mainly based on studies of the triatomine species
Triatoma infestans.'>*=

Investigations into the effect of 7. cruzi infection on other
triatomine species have yielded variable results, with some
results suggesting that 7. cruzi reduces triatomine survival and
or reproduction,”®? and others finding little to no effect.**
Although some of the discrepancies may be due to differences
in experimental conditions or design, it is also possible that
the inherent variability of 7. cruzi itself is a driver of the vari-
able fitness outcomes in infected triatomines, as it is in its

*Address correspondence to Jennifer K. Peterson, Department of
Ecology and Evolutionary Biology, Princeton University, 106A Guyot
Hall, Princeton, NJ 08544. E-mail: jenni.peterson@gmail.com

564

mammal hosts. To the best of our knowledge, this has not
been tested, as all published studies on the effect of 7. cruzi
on triatomines have been limited to one 7. cruzi strain-I
triatomine species system,'>* 7>

Given that a principle focus in Chagas disease prevention
is the interruption of 7. cruzi transmission by triatomine bugs
living in and around human homes, it is important to under-
stand the full range of outcomes that trypanosome infection
can have on triatomines. Therefore, we asked, does vari-
ability exist in the effect of different 7. cruzi strains on its
triatomine host? To investigate this question, we measured
the survival and molt outcomes of the triatomine species
Rhodnius prolixus, when infected with different strains of
T. cruzi DTU 1. Rhodnius prolixus is considered to be the
principal domestic vector of 7. cruzi in Venezuela, Colombia,
and parts of Central America,'>'* and thus a comprehensive
understanding of the effect of this parasite on its insect host
is critical to improving vector surveillance and control strate-
gies in several areas endemic for Chagas disease.

MATERIALS AND METHODS

Experiment design. We infected 168 R. prolixus fifth instar
nymphs with one of five different 7. cruzi (DTU 1) strains
(Table 1). Thirty additional uninfected insects were used as
controls. Following infection, we recorded the survival and
molt outcome (successful, with deformities, or death) of each
insect for up to 65-127 days.

Insects. Rhodnius prolixus were from five different colonies
in the Biologia y Control de Enfermedades Infecciosas (BCEI)
insectarium. Each colony was founded by R. prolixus eggs col-
lected from Colombia. These colonies are kept under semi-
controlled climate conditions (~27°C + 1°C and 65% =+ 15%
RH) in a 12-hour light/dark cycle, and insects are given the
opportunity to feed twice weekly on hens, according to the
animal ethics committee regulations of the Sede de Investigacion
Universitaria (SIU) of the University of Antioquia.

Parasite strain selection. All 7. cruzi strains were originally
isolated from Colombia, and have been characterized as
sylvatic DTU I*°2° (or “Tc1”), as Tcl is believed to be the
predominant DTU in the country,’** and is associated with
the genus Rhodnius.>>*" We used strains rather than clones
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TaBLE 1

Background information for each Trypanosoma cruzi strain used

Strain name N* Geographic originf Biological origin International ID Ecotope
Casl15 29 Villanueva, Casanare Rhodnius prolixus TPRX/CO/2000/CAS15 Extradomestic
Cas20 27 Villanueva, Casanare R. prolixus TPRX/CO/2000/CAS20 Extradomestic
Gal61 29 Galeras, Sucre Mous spp. XXXX/CO/91/Gal61 Extradomestic
SO-8 27 San Ofre, Sucre R. pallescens TPAC/CO/1995/ SO8 Extradomestic
Sebasl 26 San Sebastian, Magdalena R. pallescens I.LRHO/CO/06/SEBAS-1.MAG Extradomestic

*Number of insects in each group.
+All geographic origins are located in Colombia, listed as “Municipality, State.”

to simulate the natural conditions of vector-borne 7. cruzi
transmission. Parasite strain background information is pre-
sented in Table 1.

Insect infection: parasite preparation. Epimastigote forms
of T. cruzi were cultured at 28°C in RPMI-1640 liquid medium
(Sigma-Aldrich, St. Louis, MO) supplemented with 10% fetal
bovine serum** and collected in their exponential growth
phase for insect infection, as in several similar studies.”**#4!
To calculate the parasite concentration in culture medium, we
gently swished flasks containing the parasites in the medium to
facilitate even parasite dispersion. We pipetted the parasites into
a 0.5% formalin—phosphate-buffered saline (PBS) solution, and
then counted them in a Neubauer cell counter under a com-
pound light microscope.**#*#3325% After estimating parasite
concentration, we centrifuged them in 1.5 pL Eppendorf tubes
for 10 minutes at 3,000 rpm to wash off the culture medium.
After the centrifugation, we poured off the medium and
replaced it with sterile 0.15 M NaCl, 0.01 M phosphate buffer,
pH 7.2 (PBS). We gently pipetted the solution up and down to
resuspend the parasites, and then repeated the process once
more for a final solution of parasites resuspended in 1 mL of PBS.

Insect infection: blood preparation. After counting and wash-
ing the parasites, we pipetted the parasite solution into a
given quantity of 37.5°C defibrinated, decomplemented
human blood (drawn from the same healthy donor at three dif-
ferent time points) supplemented with fetal bovine serum, for
a final estimated concentration of 3.3-3.5 x 10° parasites per
milliliter of blood.

This parasite concentration is similar to that used in
several other published studies of 7. cruzi infection in
triatomines, #0439 and blood meals taken by triatomines
at this parasite concentration lead to infective doses that fall
within the range of peak parasitemias observed in mice and
guinea pigs experimentally infected with 7. cruzi.?>7:60-63

Insect infection: insect preparation and feeding. Prior to the
infective feeding, we weighed and marked each R. prolixus
fifth instar nymph with a small dot of nontoxic, water-based
paint at the top of the pronotum®-® for recognition after
feeding, and placed it in a small jar (6 x 7 cm, 200 mL) with
5-10 other weighed and marked nymphs. Each R. prolixus
fifth instar had not eaten for about 2 weeks.®%” We placed
each jar of nymphs under an artificial membrane feeder
containing the parasite-blood solution at 37.5°C for about
30 minutes.®® Control insects consumed blood without
parasites. We weighed each nymph after feeding to esti-
mate the number of parasites ingested, which was calculated
by subtracting each insect’s pre-feeding weight from its post-
feeding weight, dividing this amount by the average density
of human blood (1.06 mg/mL), and multiplying the result by
3.3-3.5 x 10° flagellates per milliliter, depending on parasite
treatment. Insects that did not eat were not used in the study.

After infection, each insect was kept in a small glass jar
(4.5 x 4.5 cm, 60 mL) with two pieces of folded carton
inside and a mesh top,® in still-air incubators (Hovabator
model no. 1602N) with dimensions of 18 x 18 x 9% inches
to minimize climate variation. Climate conditions within
the incubators ranged between 27.5°C + 1.5°C and 68% =
8% RH, in accordance with the recommended climate for
rearing triatomines.®® After infection, insects were fed tri-
weekly on hens.

Infection confirmation. We confirmed insect infection in a
subset of the insects by direct microscopic observation and
polymerase chain reaction (PCR). Upon death, we macerated
and centrifuged each insect, forming an insect—parasite tissue
pellet as described in refs.**”® and extracted total deoxyribonucleic
acid (DNA) from each pellet with a Qiagen DNeasy blood
and tissue kit. We followed the kit protocol for tissue extrac-
tion, but with an additional hour of lysis in ATL buffer at
56°C, vortexing every 15 minutes. We amplified the DNA in a
PCR with the primer pair TcZ1 (5-CGAGCTCTTGCCCAC
ACGGGTGCT-3') and TcZ2 (5'-CCTCCAAGCAGCGGAT
AGTTCAGG-3')"! that amplifies a 188-base pair sequence of
T. cruzi satellite DNA.

Molt analyses. We evaluated four molt variables between
treatment groups: 1) molt occurrence (yes or no), 2) molted
but with deformities (yes or no), 3) death during molt (yes
or no), and 4) molt day. “Molted but with deformities” refers
to deformities resulting from the molting process that would
prevent insect reproduction and/or dispersal, such as incom-
plete shedding of the exuviae or molting with a broken neck
or crumpled wings (Supplemental Figures 1 and 2). Molt day
refers to the day postinfection that molting occurred. Insect
sex was determined after molting occurred, and in most
cases was only possible in those individuals that molted
without deformities. Therefore, differences between males
and females were not tested, as the majority of insects
with their sex determined had successfully molted without
any problems.

Statistical analyses. We carried out all statistical analyses
using the R statistical computing environment software ver-
sion 3.037? using only nonparametric tests to avoid normality
assumptions. We tested for differences between treatments
in the amount of parasites or blood ingested per unit of
insect mass using the Kruskal-Wallis rank sum tests, with
which we also tested for an effect of the time point at which
blood was drawn on the number of days lived. We tested
for differences between binomial outcomes (such as death
during molt) in the amount of parasites or blood ingested
per unit of body weight using Wilcoxon rank sum tests. We
evaluated differences between treatment groups in the vari-
ables “molt occurrence,” “molted with deformities,” and
“death during molt” with Fisher’s exact test for count data,
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and molt day between treatments with the Kruskal-Wallis
rank sum test, applying the “kruskalmc” function from the
“pgirmess” package’ to carry out multiple comparisons
and control for family wise error when a difference was
found in Kruskal-Wallis tests. This function implements
comparisons between treatments, and one- and two-tailed
comparisons versus control. We accepted P values < 0.05 as
statistically significant.

Survival analysis. We generated survival curves for each
treatment group using the Kaplan-Meier (K-M) method in
the R “survival” package.”*”> We compared survival (the
probability of total time until failure) between treatment
groups using the “survdiff” function in the “survival” pack-
age, a two-tailed test for censored data that implements the
G-rho family of tests,’® where deaths at various times are
weighted by a factor of S(¢)"p (S = K-M estimate; ¢ = time),
where p is a scalar parameter that determines what type of
test is used. When set at 0, all deaths are weighted equally
across time and a log-rank test is used. When set at 1, deaths
at the beginning of the time are more heavily weighted, and
the Peto and Peto test’” is used. We set p at 1, to offset death
events related to senescence. We carried out pairwise compari-
sons between K-M survival curves were with > distribution
tests and adjusted P values to control for the family-wise error
rate using the Holm-Bonferroni correction method.”®

We used Cox proportional hazards (PH) models” to exam-
ine the main effects and two-way interactions of parasite treat-
ment, parasite dose, and blood ingested on treatment hazard
rates (the instantaneous rate of failure at any given time,
given that the individual has survived up until that time). The
PH assumption (i.e., hazards were proportional over time)
was tested with the Coxph function in the “survival” package.
Data violated the (PH) assumption, so we ran them in an
extended Cox model, with data split at 28 days, which was
the final molt day for the majority of the insects, and within
the time when hazard curves became disproportionate (between
21 and 30 days postinfection). We created dummy variables
representing two episodes, 1) up to 28 days postinfection
(“early”) and 2) after 28 days postinfection (“late”), to
examine hazard in each episode.

We selected model covariates using the Akaike information
criterion (AIC) with the stepAIC function in the “MASS”
package,®® and manual one-variable-at-a-time reduction. Final
covariates included in the model were the main effects of
parasite treatment and main effects of the ratio of blood
ingested in the infective blood meal to the insect weight
prior to feeding (referred to from here on “blood:weight™),
which can also be seen as a proxy for estimated number of
parasites ingested per milligram of body mass. We used the
blood:weight ratio to normalize for variation in insect size.
We included the interaction effects of the dummy variables
representing the treatment before 28 days with blood:weight,
and centered blood:weight data on the mean (6.05:1), as no
insect in the study weighed nothing or consumed a volume of
blood equal to 0. Blood:weight data were log2 transformed
after being centered. Thus, main effects of blood:weight can
be interpreted as the effects of a blood meal six times that
of a given insect’s weight in a given parasite treatment
group. Blood:weight treatment interaction effects represent
the effect of a blood meal of a specific treatment that is 3
and 12 times the insects’ body weight (due to log2 transfor-
mation), depending on whether the B value given by the

model is subtracted or added from the p value given for
treatment main effects.

We excluded the interaction of blood:weight with treat-
ment after 28 days, as insects took several more blood meals
in this period. Parasite loads in triatomines are dramatically
reduced on ingestion of an uninfected blood meal 22251
Studies have shown that 1) the number of parasites in an
infective blood meal decreases dramatically on ingestion
due to digestive enzymes, temperature changes, and the gut
microbiota community*®®%; and 2) the total trypanosome
population size and composition (proportion of each form
present) within a triatomine fluctuates according to feeding
status; significant decreases in parasite numbers can occur
within 4 hours after feeding, by as much as 50% in some
parts of the bug®*?**®!; and 3) T. cruzi-infective dose does
not correlate with the number of parasites excreted.®>8384
These studies suggest that the number of parasites ingested
is fewer than the number that the insect will face, and that,
while it may lead to a temporary effect, this should change
by the time the insect excretes parasites and takes its next
blood meal.

We excluded sex, as it was determined after insect molt,
meaning that after a majority of deaths of insects of unknown
sex had already occurred. Full Cox model outputs (Supple-
mental Table 1) and a guide on interpreting the results are
provided in Supplemental Appendix 1.

RESULTS

Volume of blood and estimated number of parasites ingested.
Insects ingested between 20.0 and 277.0 mg of blood (mean
172.0 mg) and an estimated 68,000-920,000 of 7. cruzi para-
sites (mean 559,000). The ratio of the volume of blood
ingested to insect pre-feeding weight ranged from 0.74 to
16.71 (mean 6.05), and the ratio of the estimated number
of parasites ingested per milligram of insect biomass ranged
from 2,000 to 55,000 parasites (mean 22,000). There was no
significant difference in the amount of blood or the esti-
mated number of parasites ingested between treatment groups
(Kruskal-Wallis, blood: P = 0.71; parasites: P = 0.66). There
was a significant difference between treatments in the ratio
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Ficure 1. Blood:weight ratio distributions by treatment group.
Blood:weight is the ratio of the volume of blood consumed in the infec-
tive blood meal by a given insect to its pre-feeding weight in milligram.
The Cas20 group blood:weight ratio was significantly lower than that
of the Gal61, Sebasl, and control groups.
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Ficure 2. Kaplan-Meier (K-M) curves representing the survival
of each treatment group over time. Crosses represent right-censored
data.

of the volume of blood ingested and estimated number of
parasites ingested to pre-feeding weight (Kruskal-Wallis,
blood: P = 1.24e—04; parasites: P = 2.85e-04, Figure 1), with
both ratios significantly lower in the Cas20 treatment than
that of the Gal61 and Sebasl and the blood:weight ratio of
Cas20 lower than the control group (Kruskalme, P < 0.01).

Infection confirmation. Infection was confirmed in 50% of
all insects, and there was no difference in the proportion of
insects with confirmed infections between treatments (Fisher’s
exact test, P = 0.63).

Survival. Kaplan—-Meier survival curves were not the same
between treatment groups (> = 25.2, 5 df, P = 1.19¢-04,
Figure 2). Pairwise comparisons revealed the difference to
be between the Casl5 treatment group and the control and
Sebasl treatments (%> distribution comparisons, corrected
P < 0.05 for comparisons of Casl5 with Sebasl and with
the control group). There was no effect of the time point
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of the blood drawn on insect survival (Kruskal-Wallis,
P =0.85).

Cox model summary results suggested that treatment and
blood:weight ratio significantly influenced hazard (likelihood
ratio test, 62.86 on 16 df, P = 1.71e-07). Insects infected with
strains Casl5 and Cas20 had statistically significant hazard
ratios, with hazard being over six times higher than that of
the control group in the period up to 28 days postinfection
(Casl5: e® = 6.20, P = 0.04; Cas20: e” = 6.81, P = 0.03,
Figure 3). After 28 days, Casl5 was the only treatment
group with a statistically significant hazard ratio, with a
hazard that was 5.6 times that of the control group (e” = 5.63,
P = 4.05e-04). Although not significant, there was a consis-
tent pattern of decrease in the hazard ratio of each treat-
ment from before 28 days to after 28 days. Main effects of
blood:weight ratio significantly decreased hazard by 86.52%
(e” = 0.13, P = 1.70e-03). Cas20 significantly interacted with
the blood:weight ratio, with hazard increasing with increasing
volumes of blood (and/or parasites) per body mass (e” = 7.66,
P = 7.06e-03). This effect was also marginally significant for
the Gal61 and Casl5 groups (Gal6l: e” = 4.70, P = 5.52e-02;
Casl5: e” = 4.02, P = 7.67e-02)

Molt. No insects in the control or Sebasl groups died
during molt or molted with deformities. The proportions of
insects that died during molt and molted with deformities
were globally different between treatments (Fisher’s exact
test, died: P = 0.03, Figure 4; deformities: P = 8.19¢-03), how-
ever, there were no significant differences between treatment
groups after pairwise comparisons were carried out between
each treatment and P values were adjusted for multiple com-
parisons. There was no difference in the amount of blood
ingested or parasites ingested per unit of body mass between
insects that died during molt and those that did not, nor
between insects that molted with deformities and those that
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FIGURE 3. Instantaneous hazard ratios (e”) for Trypanosoma cruzi strain treatment group main effects before and after 28 days postinfection.
Confidence intervals (CI) of the p value are indicated by vertical lines. The horizontal line crosses y axis at 1 to indicate where a hazard ratio of

1 lies. *P < 0.05; ***P < 0.001; °P < 0.10.
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FIGURE 4. Proportion of insects in each treatment group that died during molt.

did not. The proportions of insects that molted were not sig-
nificantly different between treatments nor were the days that
molting occurred.

DISCUSSION

It is well known that 7. cruzi has highly variable effects on
its vertebrate hosts. In humans infected with 7. cruzi, 60-70%
never develop symptoms of infection, whereas the other
30-40% will develop symptoms that manifest themselves in
one of at least three general ways (cardiac, digestive, or
both),"'* and this is known to vary by region, with the south-
ern cone of South America being associated with gastrointes-
tinal problems and in the northern parts of South America
associated with heart failure.%® These disease variations have
been linked to the different 7. cruzi genotypes circulating in
these areas.”® 7. cruzi parasitemia in mice and opossums has
been found to vary with 70 cruzi strain and clone,'>%° tissue
lesions caused by 7. cruzi have been found to be different
between sylvatic and domestic animals,'® and differential
tissue distribution was observed between different clones of
T. cruzi when infecting mice.”® The length of acute parasitemia
is highly variable among 7. cruzi-infected vertebrate hosts,
with some hosts exhibiting long-lasting high parasitemias and
others moving from an acute stage to a chronic stage with low
parasitemia in a matter of weeks."®® In spite of all of this
attention to the varied effects of 7. cruzi on vertebrate hosts,
until now, there has been relatively little attention to variation
in its effect on its invertebrate hosts.

Therefore, we investigated the effects of 7. cruzi on the
triatomine species R. prolixus when infected with different
strains of 7. cruzi 1. Taking into account time postinfection
and the volume of blood/parasites ingested per unit of body

mass, we found considerable variability in the effects of
T. cruzi on R. prolixus survival, which was also reflected in
differences between treatments in insect molt outcomes.
Trypanosoma cruzi strain variation reflected in R. prolixus
host survival outcomes. There was a global difference between
K-M survival curves of each treatment group (i.e., curves
representing the probability that an individual survives longer
than a given time point, adjusted for right-censored data), with
marked differences between survival in the Casl5 and Sebasl
treatments, suggesting that 7. cruzi strains can have highly
variable effects on R. prolixus longevity. These differences
in survival were confirmed in the hazards analysis, which
is often considered more informative than survival function
about underlying causes of death,”’ as it allows for the inclu-
sion of the main and interaction effects of covariates in the
analysis, which in this case were time postinfection and the
volume of blood/parasites ingested. The period between 0 and
28 days postinfection was more hazardous than the subse-
quent time, with insects infected with strains Cas15 and Cas20
having a hazard rate over six times that of the control group.
This time is critical for both the insects and the parasite, as it
includes the insect molt period, which in this study occurred
between 16 and 28 days for the majority of the insects
and the parasite prepatent period, which usually occurs up
to 15 days postinfection.”” The increased hazard could be
attributed to parasite establishment and replication along
with the physiological demands of molting within this rela-
tively short period. The imaginal molt (the molt from fifth
instar to adult) is indeed very demanding, as the insect must
undergo several morphological changes that do not occur in
the previous four molts, including the development of wings
and reproductive organs. This was reflected in the molt
outcomes, with the two treatment groups with the highest
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survival and lowest hazards, Sebasl and control, having no
insects that died during molt or molted with deformities.
After 28 days, the Casl5 treatment continued to have the
highest hazard at 4.5 times higher than the control group,
suggesting that negative effects of some 7. cruzi strains can
continue after the molt period and the initial establishment of
T. cruzi infection.

In addition, the blood:weight covariate interacted with
hazard differently in the control and Cas20 groups. In the con-
trol group, higher volumes of blood per milligram of insect
weight significantly decreased hazard (expressed as blood:
weight main effects), whereas the opposite effect occurred in
the Cas20 group, with higher volumes of blood per milligram
significantly increasing hazard. This suggests that, for the
Cas20 strain, as the volume of blood (and in turn, number
of parasites) in a 7. cruzi-infected blood meal per milligram
of insect weight increases, the nutritional benefits of the
blood are overridden by the presence of parasites. Interest-
ingly, Cas20 was the treatment group with significantly lower
blood:weight ratios than the other groups, and the interaction
between hazard and blood:weight ratio was not significant in
any other group. This could be due to the existence of a thresh-
old dose in lower parasite ranges only reached by insects in the
Cas20 group, above which hazard increases, or it could be an
effect of the Cas20 strain itself. Considering the variation in
parasitemias demonstrated in 7. cruzi-infected mammal hosts,
variation in the effect of parasite dose on triatomine mortality
could be an interesting area for future research and a potential
predictor of triatomine mortality rates in an area where aver-
age chronic host parasitemias are known, such as in domestic
and peridomestic transmission cycles consisting mainly of opos-
sums, rodents, pets, and humans.

Impacts of 7. cruzi virulence across scales. If 7. cruzi viru-
lence were variable in field-caught triatomines, it could lead
to higher average mortality rates in infected vectors than in
uninfected vectors. On a population level, this might result
in unstable transmission of 7. cruzi, and in turn, a decreased
proportion of mammal hosts infected with the parasite.”** On
an individual level, 7. cruzi virulence variation in triatomines
presents the possibility that some insects may serve as filters of
highly virulent strains, if the insects were to die before trans-
mitting the strains to a new mammal host. Interestingly, in
a prior study by the BCEI group, it was found that Casl5,
the most virulent strain in this experiment, was highly viru-
lent in mice as well (unpublished undergraduate thesis, Juan
Fernando Rios), infecting organs uncommonly colonized by
T. cruzi such as the brain and the testis. Further comparisons
of the pathogenicity of a given 7. cruzi strain in both of its
obligate hosts, the vertebrate and invertebrate, could yield
insights into the triatomine bug’s potential to run “ecological
interference” in the transmission of more virulent strains.”
This was tested in Anopheles stephensi mosquitoes infected
with different Plasmodium chabaudi clones, but they found no
correlation in parasite virulence between the mouse and in the
vector.”® However, they found that the effect of P. chabaudi on
mosquitoes was highly variable, depending on the P. chabaudi
clone infecting the mosquito, which has also been observed in
Trypanosoma brucei-infected tsetse flies.”’

Future developments. Each triatomine—7. cruzi strain pair
bears a unique combination of factors belonging to both the
parasite and the insect. Therefore, the survival outcome of each
infected triatomine will be influenced by its own biochemical

and biological variables, such as its stage, size, immune system,
nutritional state, and endosymbiont population, 39989 and
how these factors interact with and respond to infection by
a given 7. cruzi strain. In addition, other characteristics of
the infection will also affect insect fitness, such as dose size,
infective blood meal source and timing, inoculum frequency,
and parasite form used in the infection (epimastigotes versus
trypomastigotes). Therefore, some important variables to exam-
ine in future investigations on the effect of 7. cruzi on triatomine
life history would be insect endosymbiont populations, 7. cruzi
inoculum frequency and size, 7. cruzi form, and 7. cruzi strain
origin such as domestic vs. sylvatic strains. To begin to identify
the drivers within each strain of the variations in virulence we
observed, it will be critical to investigate the effect of different
T. cruzi 1 clones on triatomine survival. Finally, it is important
to investigate the effect of 7. cruzi on triatomines of different
stages, species, and most importantly, in field-caught bugs, to
confirm the patterns we observed and understand how they
apply to patterns occurring in wild triatomine populations.

SUMMARY

We found significant variation in the effect of 7. cruzi
strains on R. prolixus survival and development. We found
that different variables had varying importance between
strains, with the effect of time postinfection and the blood:
weight ratio of the infective meal significantly affecting the
survival of insects infected with some strains, but not others.
Our results suggest that 7. cruzi can be pathogenic to the
triatomine species R. prolixus without apparent external
stressors, suggesting that the variability in the effect of
T. cruzi occurs not only in its vertebrate hosts but also in its
invertebrate host.
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