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A competent vector can harbor a pathogen and infect a high number of hosts. Scarce information is available on
how triatomine vectors accomplish this task in nature, particularly without knowing the number of parasites they
excrete. We study the dynamics of Trypanosoma cruzi transmissibility in the triatomine Mepraia spinolai collected
in summer (December 2018) and winter (July 2019) of an austral endemic area. The insects received two
feedings in the laboratory, the day after arrival and 45 days after the first feeding. Excreta samples were
collected, DNA was extracted, and parasite loads were quantified by qPCR. After feeding, the parasite loads of the
first and second excreta samples revealed differences between summer and winter insects. Overall, parasite load
reductions and increases were detected in summer (51.2% and 32.5%) and in winter (9.1% and 15.2%) infected
insects. The number of times the parasite load was reduced in summer insects revealed that early stage nymphs
accomplished it at the highest ratio (x 740), middle stage nymphs (x 14), and late developmental stages with the
lowest ratio (x 6.7). Therefore, fifth instar nymphs and adults have the maximal capacity to harbor T. cruzi, and
those with the highest competence to transmit it, and early nymphs are the ones with minimal vectorial capacity.
About 7% of the winter insects and 58.5% of the summer excreted quantifiable parasite loads right after
collection. The amount of T. cruzi excreted in summer by M. spinolai reached medians between 950 and 2597
parasite equivalents/excreta, considering all developmental stages. Finally, molting during processes of T. cruzi
load reduction and increase suggests that the exoskeleton shedding does not affect the excretion of T. cruzi.

1. Introduction (Frias-Lasserre et al., 2017), as well as detecting that human blood is

part of its diet (Sierra-Rosales et al., 2023). Therefore, the presence of

The etiological agent of Chagas disease is the protozoan Trypanosoma
cruzgi, which is distributed in Chile in endemic rural areas with arid and
semiarid Mediterranean climates (18°S to 34°S), and transmitted by
triatomine insects. Among the four triatomine species circulating in
sylvatic and domestic transmission cycles in Chile, Mepraia spinolai is the
most relevant given its distribution in central latitudes (Canals et al.,
2017). This sylvatic triatomine feeds on several rodent species and other
sources as well (San Juan et al.,, 2023). Human dwellings and peri-
domiciliary invasions with M. spinolai have been reported
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M. spinolai colonies near human settlements or in tourist areas represents
a threat to people.

Triatomines are ectotherms and affected by low temperatures
(Botto-Mahan et al., 2005). Studies of T. cruzi infection in M. spinolai
collected during warm seasons detected a high fraction of infections
using conventional PCR after laboratory feeding (Egana et al., 2014,
2016). These infections were minimal in insects collected in winter
when dispersion, feeding, metabolism, and development are reduced or
interrupted (Botto-Mahan et al., 2005; Botzotz et al., 2023). The taxon
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T. cruzi is composed of several discrete typing units (DTUs), named Tcl
to TeVI Tel and Tcll have smaller genome sizes. Meanwhile, TcV and
TcVI exhibit hybrid characteristics, with higher genome sizes (Vargas
et al., 2004). Mepraia spp. have been studied in different endemic areas
of Chile, with Tcl being the most prevalent (Coronado et al., 2009;
Campos et al., 2016; Saavedra et al., 2022). After laboratory feedings,
mixed T. cruzi DTU infections prevailed in Mepraia spp., suggesting that
residual T. cruzi DTUs were still present in the insect gut as reservoirs,
and required feeding to be amplified and detected (Egana et al., 2016).

The life cycle of T. cruzi inside the invertebrate host is complex.
When the triatomine Rhodnius prolixus is infected with blood trypo-
mastigotes, they are extensively killed after the first day of feeding in the
stomach or anterior midgut (Dias et al., 2015; Ferreira et al., 2016).
However, the migration of T. cruzi out of the anterior midgut may be
affected by strain and/or infective parasite form (Paranaiba et al.,
2021). The time course of the remaining flagellates in the posterior
midgut is intermediary amastigote-like forms, which differentiate into
non-infective and proliferative epimastigotes (Ferreira et al., 2016).

According to one study monitoring the parasite load by means of
gqPCR in different gut segments after experimental infection of
R. prolixus, on the seventh day of infection, no remnants of T. cruzi DNA
exist in the stomach, and the maximum was obtained in the last portion
of the hindgut or rectum (Dias et al., 2015). Experimental infections
showed that epimastigotes proliferate when attached to the hindgut wall
via their flagella terminus (Zeledon et al., 1984). Approximately 10 days
post-feeding, the first remains of blood appear in the rectum, and later,
when insects starve, they lose body mass, and nutritional stress triggers
metacyclogenesis (Garcia et al., 2010). In infections, approximately two
weeks post-infection and during feeding, the highest number of flagel-
lates are found in the hindgut (Dias et al., 2015). The fraction of meta-
cyclic trypomastigotes in the rectal population can increase up to 50 %
of total excreted flagellates, and more than 750,000 can be found in
experimentally infected fifth instar nymphs of Triatoma infestans
(Schaub, 1989). However, differences in colonization abilities of T. cruzi
among triatomine species have been reported (Schaub, 2025).

During metacyclogenesis, the initial events include a decrease in the
size of the reservosome of lipids, followed by autophagy (Vanrell et al.,
2017). These processes involve significant degradation of proteins and
organelles, ultimately leading to the complete remodeling of subcellular
architecture and ultra-structural changes in T. cruzi, resulting in a
slimmer appearance (Cardoso et al., 2011; Pérez-Morales et al., 2017).
Metacyclic trypomastigotes with the new flagella detach from the
hindgut wall and reach the rectal lumen to be excreted together with
free epimastigotes on the vertebrate host, along with the urine flush a
few minutes after the blood meal (Zeledon et al., 1988). This rapid
diuresis response represents an important factor for a competent vector
to transmit a stercorarian pathogen. When feeding exceeds 5-10 times
their weight, M. spinolai nymphs trigger molting between 18-23 days
post feeding in early nymphal instars, and 72-95 days in the late instars
(Botto-Mahan, 2009). Interestingly, triatomines extend their cuticle to
the excretory system. The rectal cuticle of triatomines has an ectodermal
origin and shares the same architecture as the external integuments of
insects, including the waxy hydrophobic superficial layer that protects
insects from dehydration (Wigglesworth et al., 1985; Kleffmann et al.,
1998). This portion of the rectum, then, is a site where T. cruzi epi-
mastigotes can be retained by hydrophobic interactions and colonize the
insect hindgut for some time. Therefore insect molting may represent a
leak of T. cruzi epimastigotes during the molting process, which occurs
after full engorgement and under circadian control (Steel and Vafo-
poulou, 2006).

Trypanosoma cruzi infections in triatomines have been studied using
various classical methods, some of which employ fresh samples; how-
ever, these have low sensitivity. Others are more sensitive, as is con-
ventional PCR, which also has some limitations. The latter detects
pathogen DNA, which has limitations since T. cruzi might die in the
hindgut after long periods of fasting. Therefore, it is crucial to determine
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whether the excreta of a triatomine sample contains alive T. cruzi or just
T. cruzi remnants and/or DNA fragments, especially among samples with
low T. cruzi load. This inconvenience can be addressed by examining
different fecal samples collected after subsequent feedings, thereby
improving the accuracy of molecular determination of parasite load. In
this study, we performed successive laboratory feedings with non-
infected blood to amplify hindgut resident T. cruzi populations in
field-caught M. spinolai. We used qPCR to evaluate T. cruzi trans-
missibility by assessing: (i) whether T. cruzi load in excretions changes
between successive laboratory feedings across different insect develop-
mental stages; (ii) the impact of insect molting on T. cruzi excretion; and
(iii) whether the T. cruzi load in excretions differs in insects collected
during contrasting seasons.

2. Materials and methods
2.1. Permits

Mus musculus (2-month-old) used to feed triatomines were obtained
from the vivarium facilities of the Faculty of Medicine, University of
Chile. All procedures involving animal handling carried out in this study
were performed in accordance with the rules and with the permission of
the Animal Ethics Committee of the University of Chile (CBA#0987-
FMUCH-2018).

2.2. Triatomine capturing site, fecal sample collection, and molting

Mepraia spinolai were manually captured at Quebrada El Cuyano
(31°29'01'S, 71°03'40" W; Chile), an area characterized by a semiarid-
Mediterranean climate with widely variable temperatures throughout
the year, scarce plant cover, large areas of rock piles, and with domestic
(goats, sheep, dogs), and sylvatic small mammals (several rodent species
and the introduced European rabbit). A total of 154 individuals were
collected in December 2018 (austral summer; mean min T° &+ SD = 7.36
+1.01 °C, mean max T° + SD = 29.38 + 1.67 °C) and 122 individuals in
July 2019 (austral winter, mean min T° + SD = 2.70 + 0.52 °C, mean
max T° + SD = 20.90 + 2.28 °C) (Fig. 1). The insects were transported
to the laboratory - within 2 days - in a container with paper as a refuge.
During the study, triatomines were maintained in a climatic chamber at
26 °C, 73 % relative humidity, and under a 14:10 h light:dark (L:D)
cycle. Three to five days later, the collected individuals were individu-
ally fed to full engorgement with uninfected M. musculus anesthetized
with 2 % sodium thiopental. Next, each insect was placed separately into
a plastic cage with small compartments (3.2 x 3.6 x 1.5 cm) for indi-
vidual identification. Thirty minutes after each feeding, spontaneous
excreta samples were collected naturally without pressuring the
abdomen, thereby avoiding harm to the insects. The samples were
collected with 100 pl of distilled water and stored at —20 °C for follow-
up evaluation. This process was repeated twice after a new feeding, 45
days later, to obtain a second excreta sample from summer and winter
insects. These samples were used to extract DNA. Dead insects and
ecdysis were recorded 45 days after each feeding. At this point, the
remaining alive insects were fed again, as previously described.

2.3. DNA extraction and T. cruzi satellite DNA real time PCR assays

Each excreta sample was extracted in a final volume of 200 pl with
conditions described in the EZNA Blood DNA Mini Kit (OMEGA BIO-
TEX, Norcross, GA, USA). Additionally, to assess for inhibitors and
avoid false negatives, an internal amplification control (IAC) was added
in each sample during DNA extraction following Duffy et al. (2009).
T. cruzi infection was tested in a QuantStudio® 3 real-time polymerase
chain reaction (PCR) system (Thermo Fisher, USA). Samples were
analyzed in duplicate using 0.4 uM of T. cruzi nuclear satellite DNA
primers Cruzi 1 and Cruzi 2 (Piron et al., 2007; Moreira et al., 2013), 1 x
HOT FIREPol® EvaGreen qPCR Mix Plus (Solis BioDyne, Tartu, Estonia),
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Fig. 1. Boxplot of minimum (light red and light blue boxes) and maximum (red and blue boxes) temperatures of December 2018 and July 2019, respectively, at

Quebrada El Cuyano, Coquimbo Region, Chile.

and 5 pl of DNA template in a final volume of 20 pl. DNA from TcI-CDMC
T. cruzi strain (provided by Dr. Gonzalo Cabrera, ICBM, Faculty of
Medicine, University of Chile, Chile) was used as a positive control, and
water instead of DNA as a no-template control. Cycling conditions were
15 min at 95 °C followed by 50 cycles at 95 °C for 15 s, 65 °C for 20 s,
and 72 °C for 20 s, finishing with a default melting curve. A real-time
PCR assay was conducted, amplifying IAC using specific primers with
a concentration of 0.4 (Ramirez et al., 2015; Duffy et al., 2009) and the
same conditions previously described. The PCR conditions were 12 min
at 95 °C followed by 40 cycles at 95 °C for 15 s, 64 °C for 15 s, and 72 °C
for 15 s, finishing with a default melting curve. Individuals were
considered infected when T. cruzi and IAC amplified, and the cycle
threshold value (Ct) was lower than 45.

2.4. Parasite standard calibration curve and T. cruzi load quantification

To perform absolute quantification, a standard curve was generated
by mixing DNA from cultured T. cruzi (TcI-CDMC) and elution buffer
from the kit EZNA Blood DNA Mini Kit (OMEGA BIO-TEX, Norcross, GA,
USA). The T. cruzi DNA was diluted six times to obtain a curve from 10°
to 10° par-eq/excreta, and the last concentration was taken as the limit
of quantification (Moreira et al., 2013). The standard curve parameters
were Ct = 0.283, efficiency = 100.749 %, and linear regression coeffi-
cient R? = 0.993. The gPCR analysis was performed on the same
equipment. Since DTU I is the main circulating T. cruzi DTU in
M. spinolai (Egana et al., 2016), the estimated calculation of parasite
equivalents/satellite DNA in each analyzed sample would correspond to
that DTU according to Vargas et al. (2004) and Duffy et al. (2009).

2.5. Reduction/increase ratio of T. cruzi load in excreta samples of M.
spinolai

Parasitic loads were classified into two categories: (i) T. cruzi load
>1.0 par-eq/excreta in any of the collected excreta samples were
considered as quantifiable loads; (ii) T. cruzi load <1.0 par-eq/excreta in
any of the collected excreta samples were considered as non-quantifiable
loads. Reduction/increase ratio was calculated for each insect only when
both T. cruzi loads were >1.0 par-eq/excreta after feeding, by dividing
the larger over the smaller T. cruzi load.

2.6. Statistical analyses

We performed chi-square tests to compare: (i) T. cruzi infection fre-
quency, and (ii) the proportion of insects with quantifiable loads, non-
quantifiable loads, and not infected, between the first and the second
excreta of summer as well as winter insects. The same test was used to
evaluate the association between molting and load reduction. Mann-
Whitney tests were used to compare the overall parasite loads of the
first and second excreta from summer- and winter-infected insects (all
developmental stages combined) with quantifiable loads. These same
tests mentioned above were used to compare summer and winter insects.

We performed chi-square tests to evaluate the association between
T. cruzi infection frequency in the first excreta and the developmental
stage of summer and winter insects. To this end, insects were grouped
into three developmental stage categories: early (first and second instar
nymphs), middle (third and fourth instar nymphs), and late (fifth instar
nymphs and adults). In addition, we tested for differences in parasite
loads among the three developmental stage groups using Kruskal-Wallis
tests in both the first and second excreta of summer insects, considering
the nymph developmental stage at arrival. Wilcoxon Signed-Rank tests
were used to test for differences between the first and second excreta of
each developmental stage group in the summer for individuals with two
quantifiable loads. Parasite load reduction ratios were compared among
the three summer developmental stage groups by a Kruskal-Wallis test.
The significance level (or alpha level) considered statistically significant
in this study was 0.05. Analyses were performed using R version 4.5.1, R
Development Core Team 2025 (R Core Team, 2025).

3. Results
3.1. Infection frequency, parasite load, and molting of summer insects

During the summer, a total of 154 individuals arrived to the labo-
ratory (Sample size (N): first instar nymph=18, second instar
nymph=>52, third instar nymph=>55, fourth instar nymph=10, fifth
instar nymph=7, and adults=12); however, one individual died upon
arrival (one first instar nymph) and six between the first and the second
feeding trial to obtain the excreta (three second instar nymph, one third
instar nymph, and two adults). Therefore, 147 individuals of the sum-
mer group completed the study and were included in the following
analyses.
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The overall infection frequency calculated from the first excreta, i.e.,
after the first feeding in the laboratory, reached 83.67 % (123 out of 147
individuals), with a similar figure detected in the second excreta, 86.40
% (127 out of 147) (X2:0.428,p =0.513). In the first excreta, 58.50 % of
the individuals (N = 86) presented quantifiable loads, 25.17 % (N = 37)
non-quantifiable loads, and 16.33 % no T. cruzi infection (N = 24)
(Fig. 2A), and these figures did not statistically differ from the second
excreta, 66.67 % quantifiable loads (N = 98), 19.73 % non-quantifiable
loads (N = 29), and 13.60 % with no T. cruzi infection (N = 20) (X2 =
2.116; p = 0.347). However, the median of T. cruzi quantifiable loads of
the first excreta in all insects (2050.6 par-eq/excreta; range:
1.0-44,479.2), statistically differed from the median load of the second
excreta (104.9 par-eq/excreta; range: 1.0-75,819.0) (Mann-Whitney
z=-5.116; p < 0.001).

Considering all summer insects, between the first and the second
excreta, 30 individuals changed their infection status (20.41 %; 17 from
non-infected to infected and 13 vice versa). Among infected insects, 63
individuals reduced, 40 increased, and seven maintained their parasite
loads.

Overall, 77 out of the 137 available nymphs molted after the first
feeding (56.2 %), but molting was not statistically associated with
significantly more load reduction events than non-molting (y?=0.061; p
= 0.806).

3.1.1. Stage-dependent frequency of T. cruzi infection and loads in summer
insects

All developmental stage groups exhibited similar and high T. cruzi
infection frequency in the first excreta (Early: 87.88 %, middle: 76.56 %,
and late: 94.12 %; x2:4.581, p = 0.101; Fig. 3), and this scenario was
similar when analyzing the second excreta (early: 83.3 %, middle: 85.94
%, and late: 100.0 %).

T. cruzi loads did not significantly differ among developmental stage
groups in the first excreta with quantifiable T. cruzi loads (Kruskal-
Wallis, H = 2.713, p = 0.258), nor the second excreta (Kruskal-Wallis, H
= 2.952, p = 0.229). However, early and late developmental groups
presented significantly higher T. cruzi load in the first over the second
excreta (Wilcoxon Signed-Rank; early nymphs: z=—2.837, p = 0.005, N
= 20; late developmental stages: z=—2.845, p = 0.004, N = 11), but this
difference was not detected in middle nymphs (Wilcoxon Signed-Rank;
2=—0.5624, p = 0.562; N = 32) (Fig. 4ABC).

3.1.2. Reduction/increase ratios of T. cruzi loads in summer insects

Reduction ratios of T. cruzi loads differed among early nymphs
(median=740.5 times), middle nymphs (median=14.0 times), and late
developmental stages (median=6.7 times) (Kruskal-Wallis, H = 6.934, p
= 0.031). Increase ratios of T. cruzi loads of early nymphs (median=30.9
times) tended to be higher than middle nymphs (median=4.2 times), but
no statistical analysis was performed due to sample size.

Summer
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3.2. Infection frequency, parasite load, and molting of winter insects

During the winter collection, a total of 122 individuals arrived to the
laboratory (N: first instar nymph=20, second instar nymph=49, third
instar nymph=16, fourth instar nymph=19, fifth instar nymph=16, and
adults=2); however, one individual died upon arrival (one first instar
nymph), four between the first and the second feeding trial to obtain the
excreta (two first instar nymph, one second instar nymph, and one fifth
instar nymph), and in one first instar nymph the IAC did not amplified.
Therefore, 116 individuals of the winter group completed the study and
were included in the following analyses.

The overall frequency of infection calculated from the first excreta, i.
e., after the first feeding in the laboratory, reached 28.45 % (33 out of
116 individuals), with a similar figure detected in the second excreta,
26.72 % (31 out 0of 116) (X2:0.086,p = 0.769). In the first excreta, 6.90
% of the individuals (N = 8) presented quantifiable loads, 21.55 % (N =
25) non-quantifiable loads (Fig. 2B), and 71.55 % no T. cruzi infection (N
= 83), and these figures did not statistically differ from the second
excreta, 6.04 % quantifiable loads (N = 7), 20.69 % non-quantifiable
loads (N = 24), and 73.28 % with no T. crugi infection (N = 85)
(X2:0.110; p = 0.946). Similarly, the median of T. cruzi quantifiable
load of the first excreta, 135.8 par-eq/excreta (range: 1.4-8177.4), did
not differ from the median load of the second excreta, 554.7 par-eq/
excreta (range: 1.2-3810.4) (Mann-Whitney z=—0.752; p = 0.453).

Considering all winter insects, between the first and second excreta,
38 individuals changed their infection status (32.76 %; 18 from no
infection to infection and 20 vice versa). Among infected insects, five
maintained their parasite loads, five increased them, and three in-
dividuals reduced their parasite loads.

Overall, 81 out of the 114 available nymphs molted after the first
feeding (71.1 %), but given the small number of infected insects with
quantifiable T. cruzi loads, no posterior analyses were performed.

3.2.1. Stage-dependent frequency of T. cruzi infection and loads in winter
insects

All developmental stage groups exhibited low and similar T. cruzi
infection frequency in the first excreta (Early: 28.13 %, middle: 20.00 %,
and late: 47.10 %; x2:4.123, p = 0.127) (Fig. 3), and this scenario was
similar when analyzing the second excreta (Early: 26.56 %, middle:
22.86 %, and late: 35.29 %).

Given the small number of infected winter insects with quantifiable
T. cruzi loads no posterior analyses were performed by developmental
stage groups.

3.2.2. Reduction/increase ratios of T. cruzi loads in winter insects

Only eight and seven winter insects showed quantifiable T. cruzi
loads in the first or second excreta, respectively. Among insects with two
successive quantifiable loads, two showed a reduction, and four an in-
crease; however, given the small sample size, no further statistical

. Infected, quantifiable loads (= 1.0 par.eq./excreta)
. Infected, non-quantifiable loads (< 1.0 par.eq./excreta)

Not infected

71.6%

Fig. 2. Percentage of summer (A) and winter (B) insects with quantifiable T. cruzi load, non-quantifiable T. cruzi load, and non-infected in the first excreta after

feeding at arrival.
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analyses were performed.

3.3. Comparing infection and loads between summer and winter insects

Overall, T. cruzi infection frequency at arrival (i.e., first excreta after
feeding) was significantly higher in summer than in winter M. spinolai
(XZ = 81.940, p < 0.001). In addition, between the first and the second
excreta, a higher proportion of winter insects changed their infection

status compared to summer insects (Summer: 20.41 %, Winter: 32.76 %;
x? = 5.16, p = 0.023).

In the first excreta of infected summer insects, 69.92 % (N = 86)
presented quantifiable loads and 30.08 % (N = 37) non-quantifiable
loads, and these figures statistically differed from winter insects with
24.24 % quantifiable loads (N = 8) and 75.76 % non-quantifiable loads
(N = 25) (X2 = 22.670; p < 0.001). Similarly, T. cruzi loads differed
significantly between summer and winter insects for the first excreta
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(Mann-Whitney, z = 2.419, p = 0.016), but not in the second excreta
(Mann-Whitney, z=—0.642, p = 0.522).

The number of infected insects with load reduction, increase, and
maintenance between the first and second excreta differed depending on
the season of collection. Specifically, summer insects mostly reduced
their loads (53.85 % of the individuals), while winter insects maintained
their loads (89.74 % of the individuals) (X2:1 15.940; p < 0.001).

4. Discussion

A competent triatomine vector can harbor T. cruzi for an extended
period. It is epidemiologically associated with the risk of transmission to
any vertebrate host. In this study, we evaluated the dynamics of T. cruzi-
excretions in M. spinolai collected during warm and cold seasons by
means of qPCR, a quantitative method to measure T. cruziload in excreta
samples after successive feedings without reinfection, even though the
T. cruzi DTU composition was unknown in each insect sample. Consid-
ering all the information gathered with the quantifiable and non-
quantifiable T. cruzi categories, the T. cruzi prevalence determined
here in M. spinolai of the austral summer (December 2018) was 83.7 %
and 28.5 % among those collected in the austral winter (July 2019).

The results of T. cruzi load analyzed here are different when insects
are collected in summer compared with those collected in winter. Try-
panosoma cruzi-infected insects with a quantifiable T. cruzi load category
from the summer presented more reductions than increases or mainte-
nance in T. cruzi loads after two feedings. Meanwhile, the equivalent
insects from winter evaluated after feedings, maintained or presented
mainly increases in T. cruzi load. The increases in T. cruziloads probably
represent residual or old infections, which need one or more feedings to
amplify the few T. cruzi harboring the insect hindgut due to a long
fasting in winter, which can last two or three months, especially
considering the reduced vertebrate host availability in cold seasons
(Botto-Mahan et al., 2005). A similar dynamic of T. cruzi load is observed
in a small fraction of insects collected in the summer, which are infected
with a quantifiable T. cruziload. The results suggest that insects with this
behavior are those that fasted for an undetermined period before being
collected in summer.

The results with insects presenting a non-quantifiable T. cruzi cate-
gory probably indicate that they are no longer infected with alive T. cruzi
but with remnants or dead T. cruzi from previous infections. These kinds
of infections represent a higher fraction of insects collected in winter
than in summer. This was also observed in a few first, second, fourth,
and fifth instar nymphs collected in winter, which presented exponential
increments of T. cruzi burden up to maximums after a longer follow-up
with three feedings (Egana et al., 2016). The residual infections can be
reactivated with prolonged feeding, and DTU Tcll required three feed-
ings to be amplified and detected by PCR (Egana et al., 2016). We also
detected insects that reduced T. cruzi loads from a quantifiable QPCR
category to the non-quantifiable or non-infected categories. Nymphs
with quantifiable QPCR showing a high reduction of T. cruzi load are
probably insects that are in the process of losing the infection, especially
in the early nymphs. These types of infections have also been described
in triatomines with experimental infections (Vargas and Zeledon, 1985).
Similarly, previous results from infected M. spinolai collected in the
summer, mainly second- and third-instar nymphs, showed a reduction in
natural T. cruzi infections evaluated after successive feedings by con-
ventional PCR (Egana et al., 2016; Garcia et al., 2019).

In conclusion, excreta reductions of T. cruzi load after feeding
represent insects that probably have fed recently in the field, increased
the T. cruzi population in the rectal wall, later released some of them to
the rectal lumen, and finally are excreted with the next feeding and
concomitant diuresis. Previous studies have determined that only 25 %
of flagellates reside in the hindgut lumen of late developmental stages of
T. infestans with regular feeding in experimental infections (Schaub,
1989), and that after laboratory feeding, they re-populate with epi-
mastigotes residing in the midgut, which do not attach to the
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extracellular membrane layers (Kollien et al., 1998). The same figure of
25 % was found for metacyclic trypomastigotes in infected R. prolixus
(Dias et al., 2015).

The dynamics of T. cruzi load evaluated in this study after feeding
differ according to the developmental stage of M. spinolai. In summer,
the early nymphs with a quantifiable T. cruziload decreased the amount
of parasite excreted after feeding in a very high ratio (median ratio=687
times). Meanwhile, in the middle nymphs collected in summer, re-
ductions were also observed, albeit to a lesser extent (median ratio=14
times). Finally, regarding fifth instar nymphs and adults, they presented
mainly reductions in their T. cruzi loads, with the minimum ratio (me-
dian ratio=6.7 times). These results suggest that middle nymphs and
late developmental stages fed frequently, and/or since they are bigger,
have a higher capacity to retain epimastigotes. Meanwhile, the early
nymphs, even though they can amplify epimastigotes after feeding, do
not retain high amounts since they have a small rectum. Recent results in
frequently fed R. prolixus show T. cruzi accumulation in the adult stage
(Loshouam and Guarneri, 2024).

The huge reduction in T. cruzi excretion in insects collected in
summer, after feeding, could be explained as well by an innate immune
response triggered following a feeding without reinfection that lysed
T. cruzi, only in the midgut and hindgut of M. spinolai where they reside
(Azambuja et al., 2017). One of these responses was described in the
midgut of R. prolixus. The activation has prophenoloxidase (PPO),
leading to melanin that hardens the hindgut cuticle after molting
(Ratcliffe et al., 1984). Melanin toxic intermediates might help in killing
invading pathogens in the last portion of the gut. Additionally, an im-
mune response of antimicrobial peptides (AMP) might participate as
well in controlling T. cruzi proliferation in the gut lumen (Salcedo-Porras
and Lowenberger, 2019). However, we believe that the reductions in
T. cruzi loads observed here are not due to lysis by an immune response,
as this phenomenon mainly occurs in summer insects. Winter insects can
exponentially increase T. cruzi loads after a longer follow-up (A. Solari,
unpublished data).

Interestingly, in spite of the fact that early nymphs reduce their
T. cruzi load after feeding at higher rates than in other nymphal stages
and adults, all summer-collected insects excreted similar amounts of
flagellates/insect after the first feeding (medians between 950-2597
par-eq/insect excretion). Moreover, late developmental stages reduce
their T. cruzi loads to a lesser extent compared to the early and middle
nymphs after a feeding. They have the capacity to harbor flagellates for
the next excretion and infect more hosts, thereby improving the vecto-
rial capacity to transmit T. cruzi. A study reported the infectivity of
T. cruzi excreted by the triatomine Dipetalogaster maximus in mice,
indicating that the inoculum size ranged between 640-1250 parasites
for full infections (Kirchhoff and Hoft, 1990). Therefore, our results on
the total excreted T. cruzi DNA load ensure transmissibility with a
fraction of the total excreta, remaining a crucial metric for transmission
risk assessment. Notwithstanding, at this point, we cannot discard that
T. cruzi remnants and/or DNA fragments, instead of alive T. cruzi, are
being quantified.

T. cruzi epimastigotes attached to the rectal wall, which are shed
during molting, could represent a loss of flagellates to generate new
metacyclic trypomastigotes. The results of T. cruzi load obtained from
winter and summer insects suggest that molting does not alter the
reduction dynamics of T. cruzi loads during post-feeding excretion.
Probably during molting and previous ecdysis, the new cuticle behind
the reabsorbed old one is re-populated with free-swimming epi-
mastigotes residing in the midgut, mostly free in the periphery of the gut
content (Kollien et al., 1998). Previous studies with experimental in-
fections have not found a great decrease in the T. cruzi rectal population
with recently molting dissected bugs (Patterson and Miles, 1973;
Schaub, 1989).

This study shows that triatomines captured in the winter maintain
their infection after feeding when reared under optimal conditions. Due
to the low temperatures during the winter months, it is likely that
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vectorial transmission occurs less frequently because of the insects’
reduced feeding activity and the lower density of infective T. cruzi in
their feces. Finally, we demonstrate that a quantitative tool, such as
qPCR, is useful for measuring T. cruzi loads and evaluating changes in
parasite excretion after feeding, to analyze the dynamics of M. spinolai
transmissibility through parasite excretions in naturally infected kissing
bugs collected under different ambient temperatures with unpredictable
feeding. However, future studies should consider the T. cruzi DTU
composition and long-term data in their analysis to assess how climate
change, primarily related to overall temperature increases and re-
ductions in winter rainfall, might attenuate the detected differences
between triatomine vectors collected in contrasting seasons.
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