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Abstract: Triatoma sordida is a native South American species and the most frequently
captured triatomine in artificial environments in Brazil. Although considered a secondary
vector of Trypanosoma cruzi, it is typically associated with low infection rates. To investigate
its role in an endemic area for Chagas disease in northern Minas Gerais, Brazil, we employed
a multidimensional approach that combined triatomine capture data with quantitative
and qualitative analyses of T. cruzi. A total of 1861 T. sordida specimens were captured,
of which 1455 were examined and 210 (14.4%) were found to be infected with T. cruzi.
The most prevalent discrete typing unit (DTU) was Tcl (80%), followed by TcII (8%), TcV
(5%), and TcllII (3%). Molecular techniques provided new insights into the ecology of
T. sordida, revealing a higher infection rate than previously reported and a parasitic load
lower than that observed in other quantified species. Chickens were confirmed as the
primary food source, playing an epidemiological role in maintaining infected insects with
four T. cruzi DTUs. The observed diversity of T. cruzi DTUs suggests a lack of environmental
segregation, likely due to the extensive movement of various host species between wild
and domestic habitats, resulting in overlapping transmission cycles.

Keywords: Triatoma sordida; Triatominae; Trypanosoma cruzi; Chagas disease; blood meal;
discrete typing unit; parasite load; peridomicile; kissing bug

1. Introduction

Triatomines (Hemiptera: Reduviidae) are blood-sucking insects and vectors of the
protozoan Trypanosoma cruzi, the causative agent of Chagas disease (ChD). It is a neglected
tropical disease (NTD) and one of the most significant infectious diseases in Latin America,
affecting approximately 6-7 million people [1]. The disease has significant social and
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economic impacts, as it remains incurable in its chronic phase. Additionally, its acute
phase is predominantly asymptomatic, which makes diagnosis even more challenging. The
primary measure to reduce the incidence of new infections is by vector control [1].

Although vector control measures have significantly reduced the risk of T. cruzi trans-
mission in Brazil through extensive campaigns aimed at eliminating house infestation by
the non-native species Triatoma infestans, the risk of parasite transmission by autochthonous
vectors persists, as they cannot be eradicated [2,3]. More than 150 triatomine species
have been formally described, with 67 distributed across the 27 states of Brazil [4-0].
Four species—Panstrongylus megistus, Triatoma brasiliensis, Triatoma pseudomaculata, and
Triatoma sordida—warrant considerable attention due to their epidemiological importance,
as they are frequently found in and around human dwellings [7,8].

Triatoma sordida [9] is a native triatomine species in South America, considered synan-
thropic in Brazil. This taxonomy is under review. Currently, it belongs to the T. sordida
subcomplex, a monophyletic group, comprising T. sordida, Triatoma rosai, Triatoma garciabesi,
Triatoma jurbergi, Triatoma matogrossensis, and Triatoma vandae [10]. Considering the species
T. sordida, T. patagonica, T. guasayana, and T. garciabesi, cryptic speciation has been sug-
gested [11]. However, some authors argue that the term “cryptic speciation” does not apply,
as these species exhibit morphological and/or morphometric differences [12]. It is currently
the most commonly captured triatomine in peridomestic Brazilian environments [13-15],
where it has been reported to be naturally infected with T. cruzi [15]. This species occupies
several natural ecotopes, primarily found under the bark of live or dead trees [16] and, to
a lesser extent, on the trunks of several palm trees species [17]. Around and near houses,
T. sordida can form numerous colonies, frequently found colonizing chicken coops and feed-
ing on these animals [16,18,19]. Additionally, T. sordida has been found living in association
with various mammals, such as rodents and opossums [16,20], which are known as poten-
tial wild reservoirs of T. cruzi [21]. In this regard, understanding the ecology, behaviour,
and infection dynamics of this vector is essential for developing effective control strategies.

Artificial ecotopes, such as the annexes in peridomestic areas, play a crucial role in
facilitating interactions between the wild and domestic populations of triatomines and
T. cruzi genotypes [22,23]. Given that this triatomine species inhabits both natural and
artificial environments, the interaction between wild and domestic cycles may be possi-
ble [24], posing challenges to control efforts. Furthermore, anthropogenic alterations to
the landscape, such as uncontrolled grazing and deforestation, contribute to the concen-
tration of wild mammals and triatomines in peridomestic areas, thereby establishing local
transmission cycles of T. cruzi [25].

The ecological history of the T. cruzi strain distribution has been shaped significantly
by mammalian migrations in the Americas [26]. The six parasite genotypes known as
discrete typing units (DTUs)—TcI to TcVI—exhibit considerable genetic variability, compli-
cating our understanding of transmission cycles [27,28]. Currently, no associations have
been established between parasite genotypes and biological response variables, such as
the biome, environment, or host species [29]. Also, it is important to highlight that the
parasitemia of T. cruzi in mammalian hosts is an important factor in the parasitic infection
of vectors [29].

Some mammals associated with synanthropic triatomine species, such as T. sordida,
act as a link between environments and T. cruzi cycles [30,31]. The integration of the extra-
domestic population of T. sordida into the domestic transmission cycle of the parasite has
been reported in Minas Gerais, Brazil [16]. This epidemiological scenario, combined with
the high number of specimens captured in households, requires significant efforts from the
health system to maintain control. To date, there are no reports on the characterization of
T. cruzi genotypes in T. sordida, and few studies have focused on the blood meal source using
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precipitin tests [16,20]. Although this method has proven useful, it is either inadequately
sensitive or specific [32].

In this study, we employed a multi-dimensional approach combining field survey
data of triatomines and both quantitative and qualitative analyses, including blood meal
source, parasitic load, and T. cruzi DTUs infecting T. sordida collected in Espinosa, Minas
Gerais, Brazil. Our aim was to advance the understanding of the importance of this vector,
highlighting the risk factors associated with potential new T. cruzi transmission in domestic
environments within this region.

2. Materials and Methods
2.1. Collection of Triatoma sordida

Active searches for triatomine insects were conducted in the municipality of Espinosa
(14°55'33" S; 42°49'08” O), Minas Gerais, Brazil, during routine entomological surveillance
surveys. Five localities were investigated, namely Curral Velho, Sitio do Limoeiro, Barro
Vermelho, Sao Pedro, and Coelheiro. The surveys were carried out between 2018 and 2019
by endemic disease control agents in domiciliary units (DUs), including all annexes in
the peridomicile. Peridomestic ecotopes were defined as areas surrounding residences,
such as shelters for domestic animals, piles of wood and tiles, and other outbuildings [33].
Triatomine insects were captured manually using tweezers. Collected specimens were
examined as described below and individually stored at 20 °C in microtubes containing
70% ethanol until DNA extraction.

After the captures, insecticide spraying was carried out in triatomine-infested domicil-
iary units (intra- and peridomicile) by endemic disease control agents.

2.2. Natural Infection by Trypanosoma cruzi

To detect natural infection by T. cruzi, rectal content feces were collected by abdominal
compression, placed on a slide with saline solution and covered with a glass coverslip
(size 22 mm X 22 mm). Samples were examined at the Instituto René Rachou-Fiocruz
Minas using a binocular optical microscope at 400 x magnification, screening all fields for
T. cruzi. Rectal contents testing positive for T. cruzi by optical microscope were directly
cultured in liver infusion tryptose (LIT) medium supplemented with 10% fetal bovine
serum and incubated at 38 °C [34]. Cultures were monitored daily for the first seven days
using standard light microscopy. Positive cultures were aliquoted and stored at —20 °C
until DNA extraction. Additionally, the natural infection index by T. cruzi was calculated
(number of infected triatomines x 100/number of insects examined).

For T. cruzi molecular diagnosis, DNA samples of T. sordida were submitted to
KDNA-PCR. The set of primers used in the conventional PCR assays were forward
121 (5'-AAATAATGTACGGG(T/G)GAGATGCATGA-3') and reverse 122 (5-GGTTCGATT
GGGGTTGGTGAATATA-3'), as designed by Sturm et al. [35] and Wincker et al. [36]. The
PCR was performed following conditions previously described [31].

2.3. DNA Extraction

The intestine (midgut, hindgut, and rectum) of each T. sordida specimen was macerated
using a sterile crusher, and genomic DNA was isolated using the DNeasy Qiagen® kit
in accordance with the protocol provided by the manufacturer. In addition, DNA was
extracted from the positive in vitro cultures. Quantification of the extracted DNA sam-
ples was determined using a NanoDrop™ One Microvolume UV-Vis Spectrophotometer
(Thermo Scientific, Waltham, MA, USA). All DNA samples were stored at —80 °C until
amplification by polymerase chain reaction (PCR).
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2.4. T. cruzi Genotyping

The molecular characterization of T. cruzi DTUs from the DNA of abdominal contents
and in vitro culture was performed based on multilocus PCR analysis [37]. For genotype
identification, PCRs using three biomarkers (spliced leader, 24 Sx rDNA, and nuclear
fragment A10) were conducted. Each biomarker presents a distinct PCR profile, allowing
for DTU differentiation. PCR products were electrophoresed on 6% polyacrylamide gels
and stained with silver nitrate. The identification of T. cruzi DTUs was performed according
to the procedures described by the authors [37].

2.5. T. cruzi Quantification by Real-Time PCR (qgPCR)

Quantification of the parasitic load was performed [38]. The qPCR assays utilized a
multiplex Tagman system targeting the T. cruzi nuclear satellite DNA (sat-DNA) [39] and the
mitochondrial 125 rRNA gene of triatomines [38]. Standard calibration curves for T. cruzi
and triatomine targets were constructed by serially diluting total DNA obtained from non-
infected triatomine intestine samples (adults T. sordida from insectary) supplemented with
10° T. cruzi epimastigotes (Dm28c clone, Tcl). The resulting DNA was serially diluted to a
range of 10° to 0.5 T. cruzi equivalents and 5 to 0.002 triatomine intestine unit equivalents.

2.6. Identification of Feeding Sources

DNA samples from intestines of non-starving triatomines were used to identify
feeding sources through direct sequencing of the vertebrate 125 rRNA locus (L1085:
5-CCCAAACTGGGATTAGATACCC-3; and H11259: 5-GTTTGCTGAAGATGGCGGTA-
3') [40]. Amplicons were purified using the Wizard® SV gel and PCR Clean-Up System
kit (Promega, Madison, WI, USA), then sequenced in both directions using PCR primers.
DNA sequencing reactions employed the BigDye® Terminator v.3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA) and were processed on an ABI 3730 Sequencer.
Bi-directional sequences were assembled and edited using SeqMan (DNASTAR software
package, version 12.3, DNASTAR Inc., Madison, WI, USA). The consensus sequences gen-
erated were compared with previously published sequences using BLASTN hosted on the
NCBI server (http:/ /www.ncbinlm.nih.gov/BLAST) (accessed on 10 February 2025).

2.7. Statistical Analysis

Statistical analysis was performed using R [41] and Prisma software (version 9). Para-
site loads between Tcl and Tcll were compared using the Wilcoxon-Mann—-Whitney test.
Additionally, the food sources of domestic and wild animals identified in triatomine vectors
were analyzed. The Kruskal-Wallis test, followed by Dunn’s post hoc test, was applied
to evaluate log-transformed parasite loads across different vertebrate blood meal sources,
as well as single and mixed T. cruzi lineages identified in triatomine vectors and their
evolutionary stages. McNemar’s test was used to compare the two detection methods
(morphological and molecular) for T. cruzi.

3. Results
3.1. T. sordida Captures and T. cruzi Infection Rates

Triatomines were found in 140 (48%) out of 294 domiciles investigated. A total of
1861 specimens were captured across the five localities, with 84 (5%) found indoors and
1777 (95%) in peridomestic environments. Specifically, 1485 (84%) were captured in chicken
coops, 114 (6%) in pigsties, 88 (5%) in wood piles, 61 (3%) in tile piles, 14 (0.8%) in bricks
and tiles, nine (0.5%) in brick piles, and six (0.3%) in corrals. Colonies of T. sordida of
varying sizes were recorded, some exceeding 400 specimens. Although stage V nymphs
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and males predominated, triatomines of all developmental stages were captured, including
indoors (Table 1).

Table 1. Number of nymphs (N1-N5) and adults (F, M) of Triatoma sordida collected at different
locations in the rural region of Espinosa, MG, Brazil (2018-2019), and their infection by Trypanosoma
cruzi and the respective infection rates (%).

N1 N2 N3 N4 N5 F M
Ecotope C E I C E I C E I C E I cC E I C E I C E I
1 1
Indoor 18 1 0 12 4 0 0 1 e V15 0 212 gy 3 2 0 2 2 0
Chicken 2 15 13 87 25 26
coop 58 1 0 U6 31 o 123 11 g0g 160 153 o5 468 442 oo 238 190y, 292 225 (7o
) 1 1 3 1 14 1 3
Pigsty 1 U qogy 10 4 5 8 5 4y 2 0 g 60 60 g 11 noog 12 2 o
Wood 1 1 3 5
pile 5 2 0 10 2 5 BB 0 g 2 2% 5 T 2% g5, 5 4 0 2 2 0
o 1 2
Tile pile 1 0 0 3 0 0 5 3 0 4 4 5 22 g 8 7 0 18 18 0
Brick 1 1 1
pile 0 0 0 0 0 0 1 1 0 1 1 g0 2 2 0 2 2 5 B 3 w3
Piles of 0 0 5 0 0 0 0 0 4 3 0 4 4 0 1 1 0 0 0 0
tile/brick
Corral 0 0 0 0 0 0 1 1 0 0 0 0 2 2 0 1 1 0 2 2 0
1 4 20 19 109 27 30
Total 8 5 oy 186 41 oo 173 M8 gy 22 210 g 597 569 qghy 269 218 p, 381 264 gy

C = number of captured insects; E = number of examined insects by optical microscope and/or PCR; I,
(%) = number and percentages of triatomines infected by T. cruzi; N1-N5 = first to fifth nymphal instar; F = females;
M = males.

Overall, 1455 T. sordida were examined by an optical microscope and/or kDNA-PCR,
with 210 (14.4%) found to be infected by T. cruzi (Table 2). Using only an optical microscope,
1357 fecal samples were examined, with 56 (4%) testing positive for T. cruzi. Using the
kDNA-PCR technique alone, 985 samples were analyzed, with 201 (20%) showing the
expected bands for T. cruzi. A comparison of 887 samples analyzed by both an optical
microscope and kDNA-PCR revealed that 47 (5%) and 168 (19%) were positive for T. cruzi,
respectively. McNemar’s test indicated a significant difference between the results of these
two methods (x2 McNemar = 119, p-value < 0.0001).

Table 2. Number of Triatoma sordida specimens collected at different ecotopes in the rural region
of Espinosa, MG, Brazil (2018-2019), and their infection by Trypanosoma cruzi and the respective
infection rates (%).

Ecotopes E I
Indoor 53 2(3.8)
Chicken coop 1153 168 (14.6)
Pigsty 103 24 (23.3)
Wood pile 70 10 (14.3)
Tile pile 53 3(5.7)
Brick pile 9 3(33.3)
Piles of tile/brick 8 0
Corral 6 0
Total 1.455 210 (14.4)

E = number of examined insects by MO and/or PCR; I (%) = number and percentages of triatomines infected by
T. cruzi.

Considering the capture environment and ecotopes, the largest infection index was
observed in triatomines collected in piles of bricks, followed by those found in pigsties,
chicken coops, wood piles, tile piles, and indoors (Table 2).
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3.2. T. cruzi Genotyping and Detection of Mixed Infections

Out of 201 kDNA-PCR-positive samples of T. sordida, we identified the parasite geno-
type in 143 (71%) samples. The most prevalent DTU was TcI (80%), followed by TclI (8%),
TeV (5%), and Telll (3%). Additionally, we detected mixed infections of Tcl and Tell and
Telll and TcV in five (4%) bugs (Table 3). Regarding the DTUs and the capture ecotopes,
all DTUs were found in pigsties and chicken coops, which can be attributed to the greater
number of samples analyzed from these ecotopes (Table 3).

Table 3. Distribution of T. cruzi DTUs and mixed infections in T. sordida specimens according to
capture ecotopes in the studied areas of the rural region of Espinosa, MG, Brazil.

Tel Tell Telll TcV TeI + Tell Tel + Tclll Tel + TcV
Indoor 1 0 0 0 0 0 0
Chicken coop 98 3 3 6 2 1 1
Pigsty 7 9 1 1 0 0 0
Wood pile 6 0 0 0 0 0 0
Tile pile 0 0 1 0 0 0 0
Brick pile 2 0 0 0 0 1 0
Total 114 12 5 7 2 2 1

3.3. T. cruzi Parasite Load in T. sordida by Real-Time PCR (qPCR)

The quantification of the T. cruzi parasite load was performed on 143 T. sordida spec-
imens infected with T. cruzi, achieving successful quantification in 68 specimens. Of
these, one (1%) was in the N2 stage, seven (10%) in N3, three (4%) in N4, 39 (57%) in
N5, and 11 (16%) were males and seven (10%) were females. The dynamic range for the
T. cruzi load quantification in T. sordida intestine samples extends from 10* to one parasite
equivalent, and from 0.0001 to one intestine equivalent. This dynamic range provided
linear quantification over a four-log range for T. cruzi and six-log range for triatomines,
allowing for an accurate standardization of parasite loads. The linearity coefficients (R?)
were 0.99 for both targets. PCR efficiencies were 86.5% for the T. cruzi nuclear satellite
DNA target and 83.2% for the triatomine 12S ribosomal subunit target, confirming the
enhanced performance of the assay. The observed median value for the parasitic load was
10 T. cruzi/intestine equivalent (Figure 1).

104

103

102

10!

Figure 1. Boxplots of T. cruzi parasite load in T. sordida captured in the rural region of Espinosa,
MG, Brazil.
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3.4. Blood Meal Identification in T. sordida Specimens

Out of 187 DNA samples tested for blood meal identification, 175 (94%) sequences
were obtained. The majority of these were from N5 nymphal instars (62%), followed
by adults (18%), N4 (8%), N3 (9%), N2 (0.6%), and N1 (0.6). Additionally, 12 sequences
exhibited double peaks in the electropherograms, indicating mixed blood meals. The
sequences generated from 174 T. sordida showed high identity (98-100%) to sequences of
Gallus gallus (N = 141, 80%), Rattus rattus (N = 14, 8%), Thrichomys apereoides (N =7, 4%),
Sus scrofa (N = 6, 3%), Wiedomys cerradensis (N = 2, 1%), Canis lupus familiaris (N =2, 1%),
Capra hircus (N = 1, 0.6%), and Felis catus (N = 1, 0.6%), available in the NCBI database.
However, one sequence returned to a BLAST identity of 97% with a sequence in Genbank
(MN206976.1). It is likely that this insect fed on the mustelid Galictis cuja, since there are no
125 rRNA sequences for this mammal in the database.

We also assessed the food source for T. sordida in relation to the ecotopes where the
specimens were captured. As expected, most triatomines that fed on G. gallus were collected
in chicken coops, although other food sources were also detected in this ecotope. Notably,
all insects fed on R. rattus were captured in chicken coops, as with other rodents and
mammals such as F. catus, W. cerradensis, G. cuja, T. apereoides, and S. scrofa. Specimens
captured indoors had fed primarily on G. gallus (Figure 2).

Gallus gallus =

— = B
— —
. - S

Rattus rattus

— Felis catus —
—— Wiedomys-cerradens is-mmm

Galactis-cuja —
Thrichomys-apereoides

Sus scrofa
Canis lupus familiaris e
Capra hircus —

Figure 2. Sankey diagram illustrating the relationships between ecotopes and identified blood meal
sources in T. sordida collected from rural areas of Espinosa, MG, Brazil.

3.5. Occurrence of DTUs in T. sordida After Feeding on Different Hosts

The most common blood meal source in the subsample with determined DTUs
was G. gallus, accounting for 80%, followed by R. rattus (8.9%), T. apereoides and S. scrofa
(3.3% each), C. lupus familiaris (2.2%), and F. catus and C. hircus (1.1% each) (Table 4). For
the three T. sordida that fed on W. cerradensis (N = 2) and G. cuja (N = 1), the infecting DTU
could not be identified.

Table 4. Number of infections of T. sordida with different DTUs after feeding on different hosts.

Tcl Tell Tclll TcV Tl + Tell  Tel + Telll
Gallus gallus 48 10 5 6 1 2
Thrichomys apereoides 1 1 0 1 0 0
Capra hircus 1 0 0 0 0 0
Felis catus 1 0 0 0 0 0
Rattus rattus 8 0 0 0 0 0
Sus scrofa 3 0 0 0 0 0
Canis lupus familiaris 2 0 0 0 0 0
Total 64 11 5 7 1 2
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3.6. Correlation of DTUs and the Parasite Load in T. sordida

Quantification assays using qPCR revealed parasite loads in 47 T. sordida infected with
Tcl, nine infected with TclIl, two infected with TcllIl, one infected with TcV, and three infected
with mixed DTUs. Due to the small sample sizes, comparisons were only made between Tcl
and Tcll. The highest observed parasite loads were 6.1 x 104, 1.2 x 102, and 48 for Tcl, Tcll,
and mixed infections, respectively. The lowest parasite loads were 0.0001, 0.0004, and 0.008,
respectively. Median parasite loads were 22 for Tcl, 4.8 for Tcll, and 5.8 T. cruzi/intestine
equivalents for mixed infections. No significant differences were observed in T. cruzi load
between Tcl and Tcll (p-value = 0.506) or for mixed infections (p-value = 0.315) (Figure 3).

10°

104_

103

102

101

1
0

I I
Tcl Tell

Figure 3. Boxplot comparing estimates of the T. cruzi parasite load according to the infecting T. cruzi
DTU lineage in T. sordida from the rural region of Espinosa, MG, Brazil.

3.7. T. cruzi Parasite Load According to the Food Source

A total of 43 triatomines that fed on G. gallus, seven on R. rattus, four on Sus scrofa,
two on C. lupus familiaris, and one on T. apereoides were successfully quantified for parasite
load. For statistical analyses, we compared T. cruzi parasite loads between T. sordida fed on
G. gallus, R. rattus, and S. scrofa due to the sample size limitations. Insects fed on R. rattus
exhibited significantly higher T. cruzi loads compared to those fed on G. gallus (p = 0.0007)
(Figure 4). No significant differences were observed in comparisons between G. gallus
and S. scrofa or S. scrofa and R. rattus. The median T. cruzi loads were 0.6, 1.2 x 10%, and
4 x 10? parasites/intestine equivalents for T. sordida fed on G. gallus, R. rattus, and S. scrofa,
respectively (Figure 4).

3.8. T. cruzi Parasite Load According to Triatomine Stage

T. sordida females had significantly higher T. cruzi loads compared to N3 (p-value = 0.012),
N4 (p-value = 0.018), and N5 (p-value = 0.024) nymphal instars and males (p-value = 0.014). The
median values for parasitic loads were 1.8, 0.008, 5.8, 2.8, and 8.9 x 102 T. cruzi per intestine
equivalents for N3, N4, N5, males, and females, respectively (Figure 5).
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| | |
Gallus gallus Sus scrofa Rattus rattus

Figure 4. Boxplot comparing estimates of the T. cruzi parasite load according to the blood meal
sources identified in T. sordida from the rural region of Espinosa, MG, Brazil.

10%

10*

10°

Figure 5. Boxplot comparing the estimate of the T. cruzi parasite load according to the development
stage of T. sordida from the rural region of Espinosa, MG, Brazil.

4. Discussion

Our study provides novel insights into the infections of T. sordida by T. cruzi in an
endemic area of Minas Gerais, Brazil, underscoring the significance of this vector in the
peridomestic transmission cycle of the parasite. The principal findings of this study are
as follows: (i) a high natural infection rate of T. cruzi in T. sordida; (ii) a relatively low
quantified parasitic load of T. cruzi; (iii) specimens that fed on R. rattus exhibited the highest
T. cruzi load per intestine, whereas those that fed on G. gallus showed the lowest; (iv) a
notable diversity of T. cruzi DTU and identified blood meals; (v) no significant difference in
T. cruzi load between insects infected with Tcl and Tcll; (vi) females exhibited the highest
parasitic load compared to other development stages.

Although T. sordida is the most frequently captured triatomine species in Brazil, in-
cluding in the northern Minas Gerais state, few studies have focused on its natural T. cruzi
infection rate [13,16,42]. Moreover, due to the low T. cruzi infection rate, this vector has been
considered to have a low potential for sustaining high rates of T. cruzi transmission [42-44].
However, our findings present a different scenario, particularly when considering results
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obtained using molecular methods. The significant difference between T. cruzi detection
techniques (optical microscope and kDNA-PCR) was anticipated, as extensively reported
in the literature, with parasitic load being a critical factor for accurate diagnosis [39,45,46].
According to Valencga-Barbosa et al. [31], triatomine intestinal samples with 103 T. cruzi
per intestine have a 30% chance of being detected as positive by an optical microscope.
Considering that the T. sordida population examined in our study exhibited a low parasitic
load, with a median value of 10 parasites/intestine, false negative results by optical mi-
croscope are expected. It is well known that this method tends to underestimate detection
rates [39,45,46]. Additionally, it is important to note previous studies evaluating T. cruzi
infection in this species employed the optical microscope technique, which may explain the
lower infection rates reported compared to our findings.

To date, no study has evaluated or defined “high” or “low” parasitic load of T. cruzi in
different triatomine species and their implications for vector transmission. A few studies
have reported a wide range of parasitic load values from 3.02 x 10° to 1.29 x 10, 0.13
to 2.2 x 10'%, and 3.94 to 7.66 x 10° T. cruzi per intestine for Mepraia spinolai (Chile) [47],
Triatoma melanica (Brazil) [31], and Triatoma brasiliensis (Brazil) [30], respectively. T. melanica
and T. sordida are distributed throughout the northwest of the Minas Gerais state, along
the border between Bahia and Minas Gerais, in a transition area between the Caatinga and
Cerrado biomes [48]. However, these species occupy different ecotopes. T. melanica, which
is exclusively sylvatic, is associated with rocky crevices in the Espinhaco mountain range,
whereas T. sordida in Brazil is arboreal, primarily found under tree bark, and is frequently
captured inside and around human dwellings [16].

Our T. sordida population exhibited a T. cruzi load 10 times lower than that reported for
M. spinolai. This difference in parasitic load may be attributed to the preferred food sources
of these triatomine species. Approximately 84% of T. sordida were captured in chicken
coops and, consequently, 80% fed on chicken, highlighting their feeding preference for
birds, as previously reported [16,49,50]. Chickens are refractory to T. cruzi infection, as their
serum is resistant to trypomastigotes [51,52]. However, chickens play an important role in
the survival and maintenance of triatomine populations already infected by T. cruzi [28].

T. sordida is considered a ubiquitous species with a broad ecological range, occupying
various ecotopes and feeding on diverse food sources, including rodents and other mam-
mals. In this study, the majority of insects (96%) fed on rodents (R. rattus, W. cerradensis, and
T. apereoides) even when captured in chicken coops. These mammals often invade perido-
mestic areas [53] attracted by chicken food, which may help explain the T. cruzi infection
rate in this triatomine population. Infestations of T. sordida in peridomestic structures in
Minas Gerais have frequently been associated with chicken coops, as well as corrals and
wood piles [16,43,44], as observed in the present study.

We identified seven different mammals as food sources, including wild and synan-
thropic rodents, domestic and farm animals (cats, dogs, pigs and goats), and another wild
mammal, the lessor grison. Previously, our group reported the presence of food content in
T. melanica, resembling the mustelid G. cuja in the same study area [31]. However, no 125
rRNA sequences for this mammal are available in the database. Most triatomine species
are capable of feeding on the blood of a wide diversity of vertebrates, both wild and do-
mestic, which contributes to their adaptation to various habitats [54]. Regarding domestic
animals, particularly dogs and cats, they are key reservoir hosts of T. cruzi, bridging the gap
between the domestic and wild transmission cycles of the parasite [55-57]. Both cats and
dogs are epidemiologically important sources of infection for bugs and householders. The
movement of domestic cats into wild environments due to human activities underscores
the connection between domestic and wild environments [58]. T. sordida uses similar native
mammals as food sources, much like T. melanica, including T. apereoides, W. cerradensis,
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and G. cuja [31], suggesting intense movement of these mammals between areas. Also
noted was this movement of biological elements, including T. cruzi reservoirs, driven by
anthropogenic actions, which facilitates the reciprocal (sylvatic-peridomestic) circulation of
the parasite [58]. For wild mammals, such as rodents, their epidemiological importance as
reservoirs of T. cruzi is well known [59]. Additionally, all these food sources were identified
in specimens from various peridomestic ecotopes, indicating the diversity and intense
circulation of animals, which act as a link nature and human-made environments.

Moreover, some T. sordida specimens that fed on R. rattus exhibited the highest parasitic
loads, emphasizing the significant role of these mammals in the transmission cycles of
T. cruzi. This rodent has been previously identified as an important domiciliary and
peridomiciliary reservoir for the parasite [60,61]. As a synanthropic species, R. rattus
occupies both natural and artificial habitats, facilitating the introduction of T. cruzi into
transmission cycles near human dwellings. The parasitemia of mammalian hosts is a crucial
factor in vector infection [29]. It is important to note that directly associating parasitic load
with parasitemia in animals remains challenging due to various influencing factors [28].
However, the dominance of a particular blood source can influence the dynamics of T. cruzi
transmission cycles [62]. In our study, bugs that fed on chicken exhibited the lowest parasitic
loads, highlighting their ability to feed on multiple hosts. While birds do not participate
in T. cruzi transmission, once triatomines feed on an infected mammal, the infection can
persist for a long time [63]. Furthermore, in this study, humans were not identified as a
food source for this triatomine species. A plausible explanation for this absence is that most
of the insects analyzed were collected in peridomestic ecotopes, where an abundant animal
food source is available, while humans are only transient in this environment. Moreover,
T. sordida is considered a predominantly peridomestic species [18].

This report provides a comprehensive characterization of T. cruzi genotypes in
T. sordida from Brazil. We observed a great diversity of DTU in this triatomine popu-
lation. However, the parasitic load was not significantly affected by genotypes. Tcl was the
most prevalent DTU, followed by Tcll, TcV, and Tclll.

Tcl is the most prevalent genotype in the Americas, predominantly associated with
hosts from the orders Didelphimorphia and Rodentia [64]. Moreover, Tcl has already been
reported infecting T. sordida individuals that invade houses from sylvatic environments [24].
Interestingly, we did not detect marsupials as food sources but the eight R. rattus, an exotic
species whose occurrence is restricted to the artificial environment, identified as a food
source for T. sordida specimens were infected by Tcl. Furthermore, one insect that fed on
T. apereoides was infected with Tcl, while the other two bugs that fed on this rodent were
infected with Tcll and TcV. Both DTUs were identified much more rarely, with Tcll being
present in a higher proportion compared to TcV [64]. These DTUs are more often associated
with domestic cycles in South America [64,65], though their natural hosts remain poorly
defined. In Bolivia, TcIl and TcV are the predominant genotypes detected in Rodentia [64].
Regarding the Tclll, this DTU was reported in T. sordida from peridomestic environments
in Bahia, Brazil, being consistent with our findings [66]. It is important to highlight
that Tclll may be underreported in both domestic and wild cycles, because some typing
methodologies fail to distinguish between Tclll and TclV [67].

We observed a significant difference in parasitic load across developmental stages,
with females exhibiting a higher T. cruzi load compared to N3, N4, N5 instars, and males.
Females of T. melanica from Espinosa, MG, also exhibited the highest parasitic load when
compared to nymphs [31]. The ovarian development and egg production in triatomines
are highly dependent on blood meals [68]. T. sordida inhabits less stable ecotopes and
utilizes a wide range of food sources and allocates more energy to reproduction than
maintenance [16,69]. This increased energy investment in reproduction likely elevates the
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probability of using several food sources, which may contribute to the higher parasitic
load in females. However, to prove this correlation, it is necessary to design and develop
experimental infection studies under laboratory conditions.

It is important to highlight that T. sordida defecates during blood meals, demonstrating
its strong vector competence for Chagas disease [70]. Although the parasitic load detected
in T. sordida was not the highest compared to other triatomine species investigated so far, our
findings indicate that this species deserves greater attention due to its high T. cruzi infection
rate. Furthermore, the diversity of blood meal sources and T. cruzi DTUs underscores
the intense circulation of different hosts in peridomestic ecotopes, facilitating the overlap
between natural and artificial environments. In this regard, the findings of this study have
significant implications for vector control, indicating the need to maintain control and
surveillance measures, considering the local dynamics of vectors and hosts.

5. Conclusions

The high rates of natural infection by T. cruzi observed in T. sordida, combined with
frequent reports of its prevalence in peridomestic environments, underscore the epidemio-
logical importance of this vector. Despite the parasitic load of T. sordida being lower than
that of other species previously quantified, this finding emphasizes the underdetection of
positive specimens by optical microscope, the commonly employed technique in routine
entomological surveillance. This study also confirms the predominance of chickens as food
sources and their role in the epidemiological scenario of T. cruzi transmission. Although
chickens are considered refractory to the parasite, they serve as food sources, sustaining
previously infected insects. Wild and synanthropic rodents, along with other mammals
identified as food sources, frequently invade peridomestic structures, especially chicken
coops, attracted by chicken feed and droppings. Consequently, these animals act as sources
of T. cruzi infection for the T. sordida population. Furthermore, the great diversity of T. cruzi
DTUs detected in triatomine specimens captured in artificial ecotopes is likely due to the
intense circulation of different hosts in wild and domestic habitats, as well as triatomine
migration, leading to overlapping DTU transmission cycles.

Author Contributions: Conceptualization, R.d.C.M.d.S., L.D. and C.V.-B.; collection of triatomines,
0O.C.C.N,,R.d.CM.d.S. and L.D.; T. cruzi parasitological diagnosis, LM.d.A. and R.d.C.M.d.S.; isolation
of T. cruzi, IM.d.A.; DNA extraction, C.V.-B., ED.T.d.S. and C.F.C.; molecular biology, C.V.-B,,
FD.T.d.S., CEC.,, N.A.d.S. and B.O.B.M.; formal analysis, C.V.-B., PF-A.,, M.VN.A,, 0.d.CM,, L.D.
and R.d.C.M.d.S.; validation, all authors; resources, R.d.C.M.d.S. and L.D.; data curation, C.V.-B. and
R.d.C.M.d.S.; writing—original draft preparation, C.V.-B.; writing—review and editing, all authors;
project administration, R.d.C.M.d.S. and L.D.; supervision, R.d.C.M.d.S. and L.D.; funding acquisition,
R.d.C.M.d.S. and L.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Fundagao de Amparo a Pesquisa do Estado de Minas Gerais
(FAPEMIG-APQ-02284-18) and the project “Access to the detection and treatment of CD in the context
of primary healthcare in Brazil—IntegraChagas” (VPGDI-017-FIO-20). C.V.B. received postdoctoral
fellowships from Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (152386 /2020-3).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data are included within the article. Sequence data have been deposited
in GenBank.

Acknowledgments: The authors would like to thank the Platform for DNA Sequencing Sanger
(RPTO1E) at the Instituto René Rachou/FIOCRUZ-MG and the Platform for Real-Time PCR (RPT09A)
of FIOCRUZ-R] for their support and the use of their equipment, as well as the PCDCh health workers
for their help in capturing the triatomines, especially Bartolomeu Teixeira Lopes.



Pathogens 2025, 14, 178 13 of 16

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  World Health Organization. Available online: https:/ /www.who.int/news-room/fact-sheets/detail /chagas-disease-(american-
trypanosomiasis) (accessed on 22 January 2025).

2. Dias, ].C.P. Southern Cone Initiative for the elimination of domestic populations of Triatoma infestans and the interruption of
transfusion Chagas disease: Historical aspects, present situation, and perspectives. Memdrias Inst. Oswaldo Cruz 2007, 102, 11-18.
[CrossRef] [PubMed]

3.  Hashimoto, K.; Schofield, C.J. Elimination of Rhodnius prolixus in central America. Parasites Vectors 2012, 5, 45. [CrossRef]

4. Monteiro, FA.; Weirauch, C.; Felix, M.; Lazoski, C.; Abad-Franch, F. Evolution, systematics, and biogeography of the Triatominae,
vectors of Chagas disease. Adv. Parasitol. 2018, 99, 265-344. [PubMed]

5. Téllez-Rendén, J.; Esteban, L.; Rengifo-Correa, L.; Diaz-Albiter, H.; Huerta, H.; Dale, C. Triatoma yelapensis sp. nov. (Hemiptera:
Reduviidae) from Mexico, with a key of Triatoma species recorded in Mexico. Insects 2023, 14, 331. [CrossRef] [PubMed]

6. Zhao, Y,; Fan, M,; Li, H.; Cai, W. Review of kissing bugs from China with descriptions of two new species. Insects 2023, 14, 450.
[CrossRef]

7. Coura, J.C. The main sceneries of Chagas disease transmission. The vectors, blood and oral transmissions—A comprehensive
review. Memdrias Inst. Oswaldo Cruz 2014, 110, 277-282. [CrossRef]

8.  Gurgel-Gongalves, R.; Komp, E.; Campbell, L.P,; Khalighifar, A.; Mellenbruch, J.; Mendonga, V.J.; Owens, H.L.; Felix, KD.L.C,;
Peterson, A.T.; Ramsey, ] M. Automated identification of insect vectors of Chagas disease in Brazil and Mexico: The Virtual Vector
Lab. Peer] 2017, 5, €3040. [CrossRef] [PubMed]

9. Stal, C. Monographie der Gattung conorhinus und Verwandten. Berl. Entomol. Z. 1859, 3, 99-117. [CrossRef]

10. Schofield, C.J.; Galvao, C. Classification, evolution, and species groups within the Triatominae. Acta Trop. 2009, 110, 88-100.
[CrossRef]

11. Panzera, F; Pita, S.; Nattero, J.; Panzera, Y.; Galvao, C.; Chavez, T.; Arias, A.R.; Téllez, L.C.; Noireau, F. Cryptic speciation in
the Triatoma sordida subcomplex (Hemiptera, Reduviidae) revealed by chromosomal markers. Parasites Vectors 2015, 8, 495-504.
[CrossRef]

12.  Garcia, A.C.C.; Oliveira, J.; Cristal, D.C.; Delgado, L.M.G; Bittinelli, L.E; Galvao, C.; Britez, N.E.G.; Carrasco, H.J.; Rosa, ].A;
Alevi, K.C.C. Intraspecific and interspecific phenotypic differences confirm the absence of cryptic speciation in Triatoma sordida
(Hemiptera, Triatominae). Am. J. Trop. Med. Hyg. 2020, 105, 1759-1766. [CrossRef] [PubMed]

13. Diotaiuti, L.; Azeredo, B.V.M.; Busek, S.C.U.; Fernandes, A.]J. Controle do Triatoma sordida no peridomicilio rural do municipio de
Porteirinha, Minas Gerais, Brasil. Rev. Panam. Salud Piiblica 1998, 3, 21-25. [CrossRef] [PubMed]

14. Gurgel-Gongalves, R.; Galvao, C.; Costa, J.; Peterson, A.T. Geographic distribution of Chagas disease vectors in Brazil based on
ecological niche modeling. J. Trop. Med. 2012, 1, 705326. [CrossRef] [PubMed]

15. Ribeiro, A.R.; Mendonga, VJ.; Alves, R.T.; Martinez, I.; Aradjo, R.F.; Mello, F.; Rosa, ].A. Trypanosoma cruzi strains from triatomine
collected in Bahia and Rio Grande do Sul, Brazil. Rev. Saiide Piiblica 2014, 48, 295-302. [CrossRef]

16. Diotaiuti, L.; Loiola, C.E; Falcao, PL.; Dias, J.C.P. The ecology of Triatoma sordida in natural environments in two different regions
of the state of Minas Gerais, Brazil. Rev. Inst. Med. Trop. Sao Paulo 1993, 35, 237-245. [CrossRef] [PubMed]

17.  Barretto, M.P,; Carvalheiro, J.R. Estudos sobre reservatorios e vetores silvestres do Trypanosoma cruzi. XXVIII: Sobre o encontro
de Triatoma sordida Stal, 1859 e de Rhodnius neglectus Lent, 1954 em ninhos de péssaros da familia Furnariidae (Hemiptera,
Reduviidae). Rev. Bras. Biol. 1968, 28, 289-293.

18. Diotaiuti, L.; Paula, O.R.D.; Falcao, L.P; Dias, PJ. Avaliacao do programa de controle vetorial da doenga de Chagas em Minas
Gerais, Brasil, com referéncia especial ao Triatoma sordida. Boletin Oficina Sanit. Panam. 1995, 3, 118.

19. Abad-Franch, F,; Diotaiuti, L.; Gurgel-Gongalves, R.; Giirtler, R.E. Certifying the interruption of Chagas disease transmission by
native vectors: Cui bono? Memdrias Inst. Oswaldo Cruz 2013, 108, 251-254. [CrossRef] [PubMed]

20. Barreto, M.P. Studies on wild reservoirs and vectors of “Trypanosoma cruzi”. XXI: Observations on the association between
reservoirs and vectors, with special reference to the northeast region of the state of Sao Paulo. Rev. Bras. Biol. 1968, 28, 481-494.

21. Praga, Y.R.P; Santiago, P.B.; Charneau, S.; Mandacaru, S.C.; Bastos, LM.D.; Bentes, K.L.S.; Silva, SM.M,; Silva, WM.C,; Silva, L.G;
Sousa, M.V,; et al. An integrative sialomic analysis reveals molecules from Triatoma sordida (Hemiptera: Reduviidae). Front. Cell.
Infect. Microbiol. 2022, 11, 798924. [CrossRef]

22. Coura, J.R.; Vifias, PA.; Junqueira, A.C.V. Ecoepidemiology, short history and control of Chagas disease in the endemic countries
and the new challenge for non-endemic countries. Memodrias Inst. Oswaldo Cruz 2014, 109, 856-862. [CrossRef] [PubMed]

23. Barbosa-Silva, A.N.; Camara, A.C.].; Martins, K.; Nunes, D.F,; Oliveira, P1.C.; Azevedo, PR.M.; Chiari, E.; Galvao, L.M.C.

Characteristics of triatomine infestation and natural Trypanosoma cruzi infection in the State of Rio Grande do Norte, Brazil. Rev.
Soc. Bras. Med. Trop. 2016, 49, 57-67. [CrossRef] [PubMed]


https://www.who.int/news-room/fact-sheets/detail/chagas-disease-(american-trypanosomiasis)
https://www.who.int/news-room/fact-sheets/detail/chagas-disease-(american-trypanosomiasis)
https://doi.org/10.1590/S0074-02762007005000092
https://www.ncbi.nlm.nih.gov/pubmed/17891281
https://doi.org/10.1186/1756-3305-5-45
https://www.ncbi.nlm.nih.gov/pubmed/29530308
https://doi.org/10.3390/insects14040331
https://www.ncbi.nlm.nih.gov/pubmed/37103146
https://doi.org/10.3390/insects14050450
https://doi.org/10.1590/0074-0276140362
https://doi.org/10.7717/peerj.3040
https://www.ncbi.nlm.nih.gov/pubmed/28439451
https://doi.org/10.1002/mmnd.18590030202
https://doi.org/10.1016/j.actatropica.2009.01.010
https://doi.org/10.1186/s13071-015-1109-6
https://doi.org/10.4269/ajtmh.21-0323
https://www.ncbi.nlm.nih.gov/pubmed/34491212
https://doi.org/10.1590/S1020-49891998000100004
https://www.ncbi.nlm.nih.gov/pubmed/9503959
https://doi.org/10.1155/2012/705326
https://www.ncbi.nlm.nih.gov/pubmed/22523500
https://doi.org/10.1590/S0034-8910.2014048004719
https://doi.org/10.1590/S0036-46651993000300004
https://www.ncbi.nlm.nih.gov/pubmed/8278753
https://doi.org/10.1590/0074-0276108022013022
https://www.ncbi.nlm.nih.gov/pubmed/23579810
https://doi.org/10.3389/fcimb.2021.798924
https://doi.org/10.1590/0074-0276140236
https://www.ncbi.nlm.nih.gov/pubmed/25410988
https://doi.org/10.1590/0037-8682-0300-2015
https://www.ncbi.nlm.nih.gov/pubmed/27163565

Pathogens 2025, 14, 178 14 of 16

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Diotaiuti, L.; Pereira, A.S.; Loiola, C.F; Fernandes, A.].; Schofield, ]J.C.; Dujardin, J.P.; Dias, ].C.P,; Chiari, E. Inter-relation of
sylvatic and domestic transmission of Trypanosoma cruzi in areas with and without domestic vectorial transmission in Minas
Gerais, Brazil. Memdrias Inst. Oswaldo Cruz 1995, 90, 443-448. [CrossRef]

Cardozo, M.; Fiad, EG.; Crocco, L.B.; Gorla, D.E. Effect of habitat fragmentation on rural house invasion by sylvatic triatomines:
A multiple landscape-scale approach. PLoS Neglected Trop. Dis. 2021, 15, e0009579. [CrossRef]

Zingales, B.; Miles, M.A.; Campbell, D.A.; Tibayrenc, M.; Macedo, A.M.; Teixeira, M.M.G.; Schijman, A.G.; Llewellyn, M.S.;
Lages-Silva, E.; Machado, C.R.; et al. The revised Trypanosoma cruzi subspecific nomenclature: Rationale, epidemiological
relevance and research applications. Infect. Genet. Evol. 2012, 12, 240-253. [CrossRef]

Fernandes, O.; Mangia, R.H.; Lisboa, C.V.; Pinho, A.P.; Morel, C.M.; Zingales, B.; Campbell, D.A_; Jansen, A.M. The complexity of
the sylvatic cycle of Trypanosoma cruzi in Rio de Janeiro state (Brazil) revealed by the non-transcribed spacer of the mini-exon
gene. Parasitology 1999, 118, 161-166. [CrossRef]

Jansen, A.M.; Xavier, S.C.C.; Roque, A.L.R. Trypanosoma cruzi transmission in the wild and its most important reservoir hosts in
Brazil. Parasites Vectors 2018, 11, 502. [CrossRef] [PubMed]

Jansen, A.M.; Xavier, S.C.C.; Roque, A.L.R. Landmarks of the knowledge and Trypanosoma cruzi biology in the wild environment.
Front. Cell. Infect. Microbiol. 2020, 10, 10. [CrossRef]

Valenca-Barbosa, C.; Finamore-Araujo, P.; Moreira, O.C.; Vergara-Meza, ].G.; Alvarez, M.V.N.; Nascimento, J.R.; Borges-Veloso, A.;
Viana, M.C.; Lilioso, M.; Miguel, D.C; et al. Genotypic Trypanosoma cruzi distribution and parasite load differ ecotypically and
according to parasite genotypes in Triatoma brasiliensis from endemic and outbreak areas in Northeastern Brazil. Acta Trop. 2021,
222,106054. [CrossRef] [PubMed]

Valenga-Barbosa, C.; Finamore-Araujo, P.; Moreira, O.C.; Alvarez, M.V.N.; Borges-Veloso, A.; Barbosa, S.E.; Diotaiuti, L.; Souza,
R.C.M. High parasitic loads quantified in sylvatic Triatoma melanica, a Chagas disease vector. Pathogens 2022, 11, 1498. [CrossRef]
Osae, M.; Vezenegho, S.; Spillings, B.; Koekemoer, L. Optimization and validation of a multiplex PCR for identification of
mammalian blood meals in malaria vector mosquitoes and time-cost comparison between the PCR and ELISA methods.
Commun. Dis. Surveill. Bull. 2013, 11, 31-34.

Arcoverde, WM.; Lima, J.T.F,; Tauil, P.L.; Silveira, A.C. Manual de Normas Técnicas da Campanha de Controle da Doenga de Chagas;
Ministério da Satude Brasilia: Brasili, Brazil, 1980.

Chiari, E.; Camargo, E.P. Culture and cloning of Trypanosoma cruzi. In Genes and Antigens of Parasites, a Laboratory Manual; Morel,
C.M.,, Ed.; Fundagao Oswaldo Cruz: Rio de Janeiro, Brazil; World Health Organization: Geneva, Switzerland, 1984; pp. 23-26.
Sturm, N.R.; Degrave, W.; Morel, C.; Simpson, L. Sensitive detection and schizodeme classification of Trypanosoma cruzi cells
by amplification of kinetoplast minicircle DNA sequences: Use in diagnosis of Chagas’ disease. Mol. Biochem. Parasitol. 1989,
33, 205-214. [CrossRef]

Wincker, P; Britto, C.; Pereira, ].B.; Cardoso, M.A.; Oelemann, W.; Morel, C.M. Use of a simplified polymerase chain reaction
procedure to detect Trypanosoma cruzi in blood samples from chronic chagasic patients in a rural endemic area. Am. |. Trop. Med.
Hyg. 1994, 51, 771-777. [CrossRef] [PubMed]

Moreira, O.C.; Ramirez, ].C. Genotyping of Trypanosoma cruzi from Clinical Samples by Multilocus Conventional PCR. Methods Mol.
Biol. 2019, 1955, 227-238.

Moreira, O.C.; Verly, T.; Finamore-Araujo, P.; Gomes, S.A.O.; Lopes, C.M.; Sousa, D.M.; Azevedo, L.R.; Mota, EE; D’Avila-Levy,
C.M,; Santos-Mallet, ].R.; et al. Development of conventional and real-time multiplex PCR-based assays for estimation of natural
infection rates and Trypanosoma cruzi load in triatomine vectors. Parasites Vectors 2017, 10, 404. [CrossRef] [PubMed]

Piron, M.; Fisa, R.; Casamitjana, N.; Lépez-Chejade, P.; Puig, L.; Vergés, M.; Gascén, J.; Prat, ]J.G.; Portts, M.; Sauleda, S.
Development of a real-time PCR assay for Trypanosoma cruzi detection in blood samples. Acta Trop. 2007, 103, 195-200. [CrossRef]
Kitano, T.; Umetsu, K,; Tian, W.; Osawa, M. Two universal primer sets for species identification among vertebrates. Int. . Leg.
Med. 2007, 21, 423-427. [CrossRef] [PubMed]

The R Project for Statistical Computing. Available online: https://www.r-project.org (accessed on 22 January 2025).

Silveira, A.C.; Dias, ].C.P. O controle da transmissao vetorial. Rev. Soc. Bras. Med. Trop. 2011, 44, 52-63. [CrossRef]

Rossi, J.C.N.; Duarte, E.C.; Gurgel-Gongalves, R. Factors associated with the occurrence of Triatoma sordida (Hemiptera: Reduvi-
idae) in rural localities of Central-West Brazil. Memdrias Inst. Oswaldo Cruz 2015, 110, 192-200. [CrossRef]

Vianna, E.N.; Guimaraes, RJ.P.S.; Souza, C.R.; Gorla, D.; Diotaiuti, L. Chagas disease ecoepidemiology and environmental
changes in northern Minas Gerais state, Brazil. Memodrias Inst. Oswaldo Cruz 2017, 112, 760-768. [CrossRef]

Vinhaes, M.C.; Oliveira, S.V.; Reis, P.O.; Sousa, A.C.L.; Silva, R.A.; Obara, M.T.; Bezerra, C.M.; Costa, V.M.; Alves, R.V.; Gurgel-
Gongalves, R. Assessing the vulnerability of Brazilian municipalities to the vectorial transmission of Trypanosoma cruzi using
multi-criteria decision analysis. Acta Trop. 2014, 137, 105-110. [CrossRef] [PubMed]

Minuzzi-Souza, T.T.C.; Nitz, N.; Cuba, C.A.C.; Hagstrom, L.; Hecht, M.M.; Santana, C.; Ribeiro, M.; Vital, T.E.; Santalucia, M.;
Know, M.; et al. Surveillance of vector-borne pathogens under imperfect detection: Lessons from Chagas disease risk (mis)
measurement. Sci. Rep. 2018, 8, 151.


https://doi.org/10.1590/S0074-02761995000400002
https://doi.org/10.1371/journal.pntd.0009579
https://doi.org/10.1016/j.meegid.2011.12.009
https://doi.org/10.1017/S0031182098003709
https://doi.org/10.1186/s13071-018-3067-2
https://www.ncbi.nlm.nih.gov/pubmed/30189896
https://doi.org/10.3389/fcimb.2020.00010
https://doi.org/10.1016/j.actatropica.2021.106054
https://www.ncbi.nlm.nih.gov/pubmed/34273309
https://doi.org/10.3390/pathogens11121498
https://doi.org/10.1016/0166-6851(89)90082-0
https://doi.org/10.4269/ajtmh.1994.51.771
https://www.ncbi.nlm.nih.gov/pubmed/7810810
https://doi.org/10.1186/s13071-017-2343-x
https://www.ncbi.nlm.nih.gov/pubmed/28851417
https://doi.org/10.1016/j.actatropica.2007.05.019
https://doi.org/10.1007/s00414-006-0113-y
https://www.ncbi.nlm.nih.gov/pubmed/16845543
https://www.r-project.org
https://doi.org/10.1590/S0037-86822011000800009
https://doi.org/10.1590/0074-02760140395
https://doi.org/10.1590/0074-02760170061
https://doi.org/10.1016/j.actatropica.2014.05.007
https://www.ncbi.nlm.nih.gov/pubmed/24857942

Pathogens 2025, 14, 178 15 of 16

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Saavedra, M.; Bacigalupo, A.; Barrera, M.V.; Vergara, M.].; Alvarez-Duhart, B.; Martin, C.M.S.; Solis, R.; Cattan, PE. Trypanosoma
cruzi infection in the wild Chagas disease vector, Mepraia spinolai: Parasitic load, discrete typing units, and blood meal sources.
Acta Trop. 2022, 229, 106365. [CrossRef] [PubMed]

Drummond, G.M.; Martins, C.S.; Machado, A.B.M.; Sebaio, FA.; Antonini, Y. Biodiversidade em Minas Gerais: Um Atlas para sua
conservagio, 2nd ed.; Fundagao Biodiversitas: Belo Horizonte, Brazil, 2005.

Forattini, O.P.; Ferreira, O.A.; Rabello, E.X.; Barata, ].M.S.; Santos, ].L.F. Aspectos ecolégicos da tripanossomiase americana:
XVIII-Desenvolvimento e ciclos anuais de colonias de Triatorma infestans, T. sordida e Rhodnius neglectus em ecétopos artificiais, no
ambiente peri e extradomiciliar. Rev. Satide Piiblica 1983, 17, 243-262. [CrossRef]

Pires, HH.R,; Borges, E.C.; Andrade, R.E.; Lorosa, E.S.; Diotaiuti, L. Peridomiciliary infestation with Triatorma sordida Stal, 1859 in
the county of Serra do Ramalho, Bahia, Brazil. Memdrias Inst. Oswaldo Cruz 1999, 94, 147-149. [CrossRef]

Kierszenbaum, F.; Ivanyi, J.; Budzko, D.B. Mechanisms of natural resistance to trypanosomal infection. Role of complement in
avian resistance to Trypanosoma cruzi infection. Immunology 1976, 30, 1.

Minter-Goedbloed, E.; Croon, J.J.A.B. The insusceptibility of chickens to Trypanosoma (Schizotrypanum) cruzi. Trans. R. Soc. Trop.
Med. Hyg. 1981, 75, 350-353. [CrossRef]

Sarquis, O.; Borges-Pereira, J.; Cord, ] R M.; Gomes, T.F.; Cabello, PH.; Lima, M.M. Epidemiology of Chagas disease in Jaguaruana,
Cear4, Brazil. I. Presence of triatomines and index of Trypanosoma cruzi infection in four localities of a rural area. Memdrias Inst.
Oswaldo Cruz 2004, 99, 263-270. [CrossRef]

Gorchakov, R.; Trosclair, L.P.; Wozniak, E.J.; Feria, P.T.; Garcia, M.N.; Gunter, S.M.; Murray, K.O. Trypanosoma cruzi infection
prevalence and bloodmeal analysis in triatomine vectors of Chagas disease from rural peridomestic locations in Texas, 2013-2014.
J. Med. Entomol. 2016, 53, 911-918. [CrossRef]

Giirtler, REE.; Cecere, M.C.; Ferndndez, M.D.P,; Vazquez-Prokopec, G.M.; Ceballos, L.A.; Gurevitz, ].M.; Kitron, U.; Cohen, J.E.
Key source habitats and potential dispersal of Triatoma infestans populations in northwestern Argentina: Implications for vector
control. PLoS Neglected Trop. Dis. 2014, 8, €3238. [CrossRef] [PubMed]

Freitas, Y.B.N.; Souza, C.D.S.ED.; Magalhaes, ]. M.; Sousa, M.L.R.; d’Escoffer, L.N.; Valle, T.Z.; Gongalves, T.C.M.; Gil-Santana,
H.R.; Kazimoto, T.A.; Amora, S.S.A. Natural infection by Trypanosoma cruzi in triatomines and seropositivity for Chagas disease
of dogs in rural areas of Rio Grande do Norte, Brazil. Rev. Soc. Bras. Med. Trop. 2018, 51, 190-197. [CrossRef] [PubMed]

Giirtler, R.E.; Cecere, M.C.; Lauricella, M.A.; Cardinal, M.V,; Kitron, U.; Cohen, J.E. Domestic dogs and cats as sources of
Trypanosoma cruzi infection in rural northwestern Argentina. Parasitology 2007, 134 Pt 1, 69-82. [CrossRef] [PubMed]

Almeida, C.E.; Maximo, M.M.; Pires-Silva, D.; Takiya, D.M.; Valenca-Barbosa, C.; Viana, M.C.; Reigada, C.; Ifiguez, A.M.; Harry,
M.; Folly-Ramos, E. From molecules to ecosystems: Insights into a network of interactions for a Chagas disease outbreak using
Triatoma brasiliensis as natural samplers. Acta Trop. 2024, 251, 107107. [CrossRef] [PubMed]

Jansen-Franken, A.M. Reservatoérios de Vida Livre. Available online: https://chagas.fiocruz.br/ecologia/reservatorios-de-vida/
(accessed on 22 January 2025).

Herrera, L.; Urdaneta-Morales, S. Synanthropic rodent reservoirs of Trypanosoma (Schizotrypanum) cruzi in the valley of Caracas,
Venezuela. Rev. Inst. Med. Trop. Sdo Paulo 1997, 39, 279-282. [CrossRef] [PubMed]

Cab-Romero, M.A.; Costa, A.P; Costa, ].O.J.; Manhaes, 1.B.O.; Silva, R.E.; Ruiz-Pifia, H.A.; Reyes-Novelo, E.A.; Escobedo-
Ortegona, J.; Tonhosolo, R. Synanthropic mammals in transmission cycle of Trypanosoma cruzi in Yucatan, Mexico. Braz. |. Glob.
Health 2020, 1, 21-28. [CrossRef]

Fuentes-Vicente, ].A.; Gutiérrez-Cabrera, A.E.; Flores-Villegas, A.L.; Lowenberger, C.; Benelli, G.; Salazar-Schettino, PM.; Cérdoba-
Aguilar, A. What makes an effective Chagas disease vector? Factors underlying Trypanosoma cruzi-triatomine interactions.
Acta Trop. 2018, 183, 23-31. [CrossRef] [PubMed]

Fuentes-Vicente, ].A.; Santos-Hernandez, N.G.; Ruiz-Castillejos, C.; Espinoza-Medinilla, E.E.; Flores-Villegas, A.L.; Alba-Alvarado,
M.; Cabrera-Bravo, M.; Moreno-Rodriguez, A.; Vidal-L6épez, D.G. What do you need to know before studying Chagas disease? A
beginner’s guide. Trop. Med. Infect. Dis. 2023, 8, 360. [CrossRef]

Breniere, S.F.; Waleckx, E.; Barnabé, C. Over Six Thousand Trypanosoma cruzi Strains Classified into Discrete Typing Units (DTUs).
PLoS Neglected Trop. Dis. 2016, 10, e0004792. [CrossRef]

Zingales, B.; Bartholomeu, D.C. Trypanosoma cruzi genetic diversity: Impact on transmission cycles and Chagas disease.
Memdrias Inst. Oswaldo Cruz 2022, 116, €210193. [CrossRef] [PubMed]

Ribeiro, A.R.; Lima, L.; ALmeida, L.A.; Monteiro, J.; Moreno, C.J.G.; Nascimento, ].D.; Aragjo, R.F.; Mello, E; Martins, LP.A;
Graminha, M.A.S; et al. Biological and molecular characterization of Trypanosoma cruzi strains from four states of Brazil. Am. J.
Trop. Med. Hyg. 2018, 98, 453. [CrossRef]

Fernandes, O.; Souto, R.P; Castro, J.A.; Pereira, J.B.; Fernandes, N.C.; Junqueira, A.C.V.; Naiff, R.D.; Barrett, T.B.; Degrave, WM.S;
Zingales, B.S.; et al. Brazilian isolates of Trypanosoma cruzi from humans and triatomines classified into two lineages using
mini-exon and ribosomal RNA sequences. Am. |. Trop. Med. Hyg. 1998, 58, 807-811. [CrossRef] [PubMed]


https://doi.org/10.1016/j.actatropica.2022.106365
https://www.ncbi.nlm.nih.gov/pubmed/35150641
https://doi.org/10.1590/S0034-89101983000400001
https://doi.org/10.1590/S0074-02761999000200003
https://doi.org/10.1016/0035-9203(81)90090-0
https://doi.org/10.1590/S0074-02762004000300004
https://doi.org/10.1093/jme/tjw040
https://doi.org/10.1371/journal.pntd.0003238
https://www.ncbi.nlm.nih.gov/pubmed/25299653
https://doi.org/10.1590/0037-8682-0088-2017
https://www.ncbi.nlm.nih.gov/pubmed/29768552
https://doi.org/10.1017/S0031182006001259
https://www.ncbi.nlm.nih.gov/pubmed/17032467
https://doi.org/10.1016/j.actatropica.2023.107107
https://www.ncbi.nlm.nih.gov/pubmed/38190930
https://chagas.fiocruz.br/ecologia/reservatorios-de-vida/
https://doi.org/10.1590/S0036-46651997000500006
https://www.ncbi.nlm.nih.gov/pubmed/9661306
https://doi.org/10.56242/globalhealth;2020;1;1;21-28
https://doi.org/10.1016/j.actatropica.2018.04.008
https://www.ncbi.nlm.nih.gov/pubmed/29625091
https://doi.org/10.3390/tropicalmed8070360
https://doi.org/10.1371/journal.pntd.0004792
https://doi.org/10.1590/0074-02760210193
https://www.ncbi.nlm.nih.gov/pubmed/35544857
https://doi.org/10.4269/ajtmh.16-0200
https://doi.org/10.4269/ajtmh.1998.58.807
https://www.ncbi.nlm.nih.gov/pubmed/9660469

Pathogens 2025, 14, 178 16 of 16

68. Davey, K. The interaction of feeding and mating in the hormonal control of egg production in Rhodnius prolixus. J. Insect Physiol.
2007, 53, 208-215. [CrossRef]

69. Guarneri, A.A.; Pereira, M.H.; Diotaiuti, L. Influence of the blood meal source on the development of Triatoma infestans, Triatoma
brasiliensis, Triatoma sordida, and Triatoma pseudomaculata (Heteroptera, Reduviidae). J. Med. Entomol. 2000, 37, 373-379. [CrossRef]
[PubMed]

70. Vicente, R.D.; Madeira, EF,; Borsatto, K.C.; Garcia, A.C.C.; Cristal, D.C.; Delgado, L.M.G,; Bittinelli, I.F.; De Mello, D.V.; Reis,
Y.V,; Ravazi, A.; et al. Morphological, cytological and molecular studies and feeding and defecation pattern of hybrids from
experimental crosses between Triatoma sordida and T. rosai (Hemiptera, Triatominae). Pathogens 2022, 11, 1302. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jinsphys.2006.10.002
https://doi.org/10.1093/jmedent/37.3.373
https://www.ncbi.nlm.nih.gov/pubmed/15535580
https://doi.org/10.3390/pathogens11111302
https://www.ncbi.nlm.nih.gov/pubmed/36365053

	Introduction 
	Materials and Methods 
	Collection of Triatoma sordida 
	Natural Infection by Trypanosoma cruzi 
	DNA Extraction 
	T. cruzi Genotyping 
	T. cruzi Quantification by Real-Time PCR (qPCR) 
	Identification of Feeding Sources 
	Statistical Analysis 

	Results 
	T. sordida Captures and T. cruzi Infection Rates 
	T. cruzi Genotyping and Detection of Mixed Infections 
	T. cruzi Parasite Load in T. sordida by Real-Time PCR (qPCR) 
	Blood Meal Identification in T. sordida Specimens 
	Occurrence of DTUs in T. sordida After Feeding on Different Hosts 
	Correlation of DTUs and the Parasite Load in T. sordida 
	T. cruzi Parasite Load According to the Food Source 
	T. cruzi Parasite Load According to Triatomine Stage 

	Discussion 
	Conclusions 
	References

