www.nature.com/scientificreports

scientific reports

OPEN

W) Check for updates

Natural infection of Trypanosoma
cruzi in client-owned-dogs from
rural Yucatan, Mexico

Jorge Andrés Calderén-Quintal', Maryrose José Escalante-Talavera?,

Christian Florian Teh-Poot?!, Maria Noe Carrera-Campellone?, Pedro Pablo Martinez-Vega?,
Victor Manuel Dzul-Huchim?, Landy Magaly Pech-Pisté?, Etienne B. Waleckx'2,

Liliana Estefania Villanueva-Lizama?, Jaime Ortega-Lopez?, Eric Dumonteil** &

Julio Vladimir Cruz-Chan**

Dogs play a crucial role in the transmission cycle of Trypanosoma cruzi and their presence in domicile
increases the risk of infection in humans. InYucatan, Mexico previous studies have reported T. cruzi
infection in dogs from both rural and urban areas, which we expanded here, to better understand
infection dynamics. A total of 186-dogs were screened for T. cruzi infection by PCR and serology.
Parasite burden, genotype, immune response, cardiac alterations, and roaming behavior of the

dogs were analyzed. The T. cruzi prevalence was 26.8% (50/186). Genotyping of T. cruzi revealed the
predominance of Tcl parasites, although most dogs (15/25, 60%) harbored mixed infections with
additional DTUs including Tcll, TclV, TcV and TcVI. Antibodies against 7. cruzi proteins were detected in
>90% of infected dogs, confirming theirimmunogenicity in natural infections. Mild ECG abnormalities
were present in 40% of infected dogs. A logistic model suggested that the interplay between the

host responses to multiple parasite strains could mediate differences in disease severity (P=0.0002,
R2=0.65). Finally, parasite diversity and dog roaming behavior support a role of dogs as an important
link in T. cruzi transmission cycles among habitats. Together, these data provide a strong rationale to
target dogs in integrated Chagas disease control interventions.
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Chagas disease is a parasitic disease caused by the protozoan parasite Trypanosoma cruzi (T. cruzi) afflicting both
humans and dogs. At least 6 million people are currently infected in Latin America'. In dogs, T. cruzi infection
is highly prevalent in many countries such as Argentina, Mexico, Brazil and the US*™. In Yucatan in southern
Mexico, several studies on the prevalence of T. cruzi infection in dogs have reported values from 3.3 to 29.9% in
rural communities, depending on the diagnostic test used and the locality®-1%,while a prevalence of 12.2-34% in
urban areas have been found based on serology, and to 17.3% based on PCR>!!.

Thus, dogs are considered to be good sentinel for the occurrence of domestic T. cruzi parasite
transmission'?"1%and may increase the risk for human infection'>!¢. Dogs are also a common blood feeding
sources for triatomine vectors!’~!° and because bugs feeding on dogs also feed on multiple sylvatic hosts, dogs
may act as a bridge between domestic and sylvatic transmission cycles of T. cruzi. Finally, dogs can develop acute
and chronic infections with clinical similarities to human Chagas disease including cardiac abnormalities?*-23.
Thus, naturally infected dogs exhibit cardiac alterations such as ventricular arrhythmias, atrioventricular (AV)
block?, sinusal block, right bundle branch block, QRS complex alterations*, or supraventricular premature
contractions®. These cardiac alterations can lead to significant morbidity and mortality in dogs*>%*, although
the mechanisms underlying cardiac disease progression remain unclear.
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Parasite strain diversity may be a contributing factor on its epidemiological, biological and medical
characteristics®®, as T. cruzi is divided into seven main lineages referred to as discrete typing units (DTUs),
named TcI to TcVI, and TcBat?”28, with extensive biological diversity. However, while experimental infections
with different strains have shown variable progression of the infection?*-3, clear associations with parasite
DTUs have not been uncovered. Nonetheless, more recent studies have highlighted the frequent occurrence of
infections with multiple parasite strains in dogs**and many other mammalian hosts**~%’, including humans?,
suggesting that multiplicity of infection may be a contributing factor to disease progression. Indeed, the
follow-up of naturally infected macaques indicated that multiple infections were rather associated with a lower
parasitemia and limited cardiac disease progression, while infections with a low diversity of parasites resulted
in higher parasitemia and progressive cardiac disease®. Host immune response is also likely involved in Chagas
disease progression and a cellular immune response, and particularly the activation of cytotoxic CD8" T cells is
critical for the control of T. cruziinfection®*4!,

Based on the above, it has been argued that dogs would be an excellent target for the control of Chagas
disease, and interventions based on vaccination or the use of insecticide-impregnated collars/treatments have
been proposed??~. Nonetheless, such strategies require a more detail understanding of T. cruzi infection in
dogs. Thus, the aim of this study was to characterize T. cruzi parasite burden, DTU lineage, cardiac alterations,
immune response, and movement between habitats of dogs with natural infection in a rural village of Yucatan,
Mexico. These observations can provide valuable insights for the evaluation of future control interventions
targeting dogs.

Results

Prevalence and incidence T. cruzi natural infection in dogs

A total of 186 client-owned domestic dogs from the village of Sudzal, Yucatan, Mexico, were screened for T.
cruzi infection by PCR and rapid-test serology. Parasite DNA was detected in 50/186 (26%) of dogs using PCR,
and 73/186 (39%) using Stat-Pak rapid test (Table 1). Only 21/186 of samples (11.2%) tested positive with both
PCR and the rapid test, indicating a high level of discordance among tests (Table 1). Infection rates did not differ
between male and female dogs (X*>=0.35, P=0.55 for PCR, X*=0.06, P=0.81 for Stat-Pak, and X?=2.69, P=0.10
for PCR + Stat-Pak). Based on dog age, the incidence of T. cruzi infection was estimated at 6.2% per year by PCR,
5.6% per year by rapid test and 9.1% per year by both PCR and rapid test (Supplementary Fig. 1).

T. cruzi genotyping

Genotyping of T. cruzi was achieved in 25/47 (53%) of PCR-positive dogs. While TcI largely predominated and
was present in all infected dogs, TcII, TcIV, TcV and TcVI were also detected (Fig. 1A). Phylogenetic comparison
of parasite sequences from dogs indicated a high similarity and a few identical sequences with sequences
previously reported in Triatoma dimidiata vectors from several villages from Yucatan!’and in parasites from
Chagas disease patients in Yucatan®® (Fig. 1B and C). Both studies report the presence of multiple parasite DTUs,
and some of the reported sequences were used in this study to compare with the sequences obtained from the
dogs. Various haplotypes of TcI sequences were detected in 10/25 dogs (40%), while 15/25 dogs (60%) harbored
infections with multiple DTUs including TcI, TcII, TcIV, TcV and TcVI in variable proportions (Fig. 1D).

Blood parasite burden

The parasite burden in blood samples from infected dogs was determined using qPCR. T. cruzi-infected dogs
older than 12 years tended to harbor a higher parasite load, but this was largely due to two outlier dogs, and
this did not reach statistical significance when these outliers were removed from the analysis (Fig. 2A). No
significant differences in blood parasite burden were found between male and female dogs (Student t=0.97,
P=0.34, Fig. 2B), nor according to parasite genotypes infecting dogs (Student t=0.36, P=0.71, Fig. 2C).

Immune response of naturally infected dogs

IgG response was determined through ELISA. Only 55.2% of all dogs presented a positive IgG response against
T. cruzi soluble antigen (Fig. 3A), largely due to a relatively high background of cross-reactivity of negative
samples. On the other hand, over 90% of dogs presented a positive response against Tc24-C4 and TSA1-C4
antigens (Fig. 3B), suggesting that these vaccine antigens are immunogenic during a natural infection. No
significant differences were found in antibody levels according to sex (Student t=0.46, P=0.64; t=0.77, P=0.44;
and t=0.34, P=0.74 for antibodies against soluble antigen, TSA1-C4 and Tc24-C4, respectively), age (ANOVA
F=0.36, P=0.55; F=0.27, P=0.60; F=0.1, P=0.95, respectively), or parasite DTUs (Student t=0.78, P=0.44;
t=0.63, P=0.53; and t=1.05, P=0.31, respectively). A recall response of T cells was evaluated by flow cytometry
analysis of PBMCs from naturally infected dogs after in vitro stimulation with T. cruzi soluble antigens, TSA1-C4

PCR Stat-Pak PCR + Stat-Pak

+ - + - + -

Male (N=105) |30(28.6) | 75(71.4) |42 (40.0) | 63(60.0) |17(16.2) | 88(83.8)
Female (N=81) | 20 (24.7) | 61(753) |31(383) |50(61.7) |[4(49) |77(95.1)
Total (N=186) |50 (26.9) | 136 (73.1) | 73 (39.2) | 113 (60.7) |21 (11.3) | 165 (88.7)

Table 1. PCR and serological screening of dogs. Data are presented as N (%). No significant difference by sex:
X2=0.35, P=0.55 for PCR, X2=0.06, P=0.81 for Stat-Pak, and X?*=2.69, P=0.10 for PCR + Stat-Pak.
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Fig. 1. Genotyping of T. cruzi from infected dogs. (A) Global phylogenetic analysis of all sequences from

25 infected dogs, using approximately maximum likelihood, indicating the presence of sequences from TcI,
TecIl, TeIV, TcV and TcVI DTUs. Sequences from each DTUs from dogs are color-coded as indicated (labeled
A01-xxx_Tcx-Hx) and sequences from reference parasite strains are in black. Numbers on branches indicate
bootstrap support. (B) Phylogenetic analysis of TcII, TcV and TcVI sequences from dogs (color-coded by
DTUs) with previously reported sequences from vectors and patients from Mexico (in black). Numbers on
branches/nodes indicate bootstrap support, shown only for values >0.95 for clarity. (C) Phylogenetic analysis
of TcIV sequences from dogs with previously reported sequences from vectors from Belize (in black). (D)
Composition of infection in individual dogs. The relative proportion of haplotypes, color-coded by DTUs, is
indicated for individual dogs.

and Tc24-C4 antigens. None of the T. cruzi antigens including Tc24-C4 and TSA1-C4 recombinant proteins were
able to induce a significant recall response (Fig. 4).

ECG abnormalities
Cardiac function was assessed using ECG recordings for 10 uninfected and 34 infected dogs. Sinus rhythm
was observed in all dogs, characterized by the presence of a positive polarized P wave within lead II. No ECG
alterations were detected in uninfected dogs, while 41% of T. cruzi-infected dogs presented some mild alterations
(Table 2). The most frequent alteration detected in 32% of T. cruzi-infected dogs was a left electrical axis
deviation, while 6% presented a first-degree AV block with a longer P-Q interval, and bradycardia was observed
in 3% of infected dogs (Table 2). Importantly, dogs with high parasite burden were more likely to present cardiac
alterations that those with low parasite burden (X?=4.9, d.f.=1, P=0.02), Relative risk=2.7 (95%CI 1.04-7.04),
but there was no significant association with parasite genotype (X?=0.92, d.f.=1, P=0.34).

Multivariate linear discriminant analysis (LDA) of ECG parameters further indicated a marked difference in
ECG profiles between uninfected and infected dogs (PERMANOVA F=3.64, P=0.002), and 91% of dogs could
be correctly reclassified based on their ECG parameters (Fig. 5A). When dogs were stratified according to a high/
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Fig. 2. T cruziblood parasite burden. (A) Parasite burden and dog age. Parasite burden tended to increase
with age, but this was due to 2 older outliers (continuous line, R?=0.28, P<0.001), and this did not reach
statistical significance when these 2 dogs were omitted (dotted line, R?=0.03, P=0.26). (B) Parasite burden and
dog sex. There was no significant difference according to sex (Student t=0.97, P=0.34). (C) Parasite burden
and genotype. There was no significant difference according to genotype (Student t=0.36, P=0.71).
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Fig. 3. IgG response of dogs with T. cruzi positive PCR. (A) IgG response against T. cruzi soluble antigen
extract, indicating that 55.2% of dogs had parasite antibodies. (B) IgG response against vaccine antigens
Tc24-C4 and TSA1-C4 in naturally infected dogs. >90% of dogs had antibodies against vaccine antigens.
Dotted horizontal lines indicates cut-off for positive samples.

low T. cruzi parasite burden, additional differences in ECG parameters were detected by LDA (PERMANOVA
F=3.01, P<0.001), and 75% of dogs could be correctly reclassified based on their ECG profile (Fig. 5B).

To further assess potential relationships among parasite burden, parasite genotypes, immune response and
cardiac alterations, we evaluated multivariate models. The best logistic regression model provided a very good
prediction of blood parasite burden (high vs. low) based on parasite DTUs (TcI vs. mixed DTUs), TSA1-C4 IgG
levels, and cardiac electrical axis angle (P=0.0002, R>=0.65, receiver operating characteristics area under the
curve ROC AUC =0.96, Table 3). This suggested a likely functional association of the immune response, parasite
genotypes and cardiac alterations.

Dog roaming behavior across habitats.

To assess dog roaming behavior, particularly in sylvatic areas, as a potential risk factor for T. cruzi infection
and link between domestic and sylvatic parasite transmission cycles, a subset of uninfected and infected dogs
were equipped with GPS collars to monitor their movement during five consecutive days/nights. There was
extensive variability in dog behavior, with some dogs only roaming within 2-3 blocks from their home within
the village, while others ventured outside the village for extended periods of time, likely with their owner when
performing farmland work (Fig. 6A). Statistical analysis of the cumulative distance covered by dogs during the
day or during the night reflected this high variability, and there was no significant difference in distance covered
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Fig. 4. Phenotyping CD3*, CD4" and CD8* cells. Frequency of CD3*, CD3*/CD4*, CD3*/CD8" T cells

population from Chagasic dogs after stimulation. Horizontal black lines indicate the mean. No significant
differences were found when comparing between each stimulus for CD3*, CD4" and CD8* T cells.

Infected | Uninfected
Dogs* dogs
(N=34) | (N=10)

n | (%) |n %
Electrical left axis deviation 11 [(32) |0 (0)
First-degree atrioventricular block | 2 | (6) |0 (0)
Bradycardia 1 |3 |0 (0)
Normal 20 | (59) | 10 | (100)

Table 2. ECG alterations in PCR positive dogs. *Infected dogs are PCR positive.

between uninfected and infected dogs (Mann Whitney U=21, P=0.53, Fig. 6B). Similarly, we calculated the
proportion of time spent within the village or in sylvatic areas outside the village, which varied extensively
and was similar for uninfected and infected dogs (Student t=0.27, P=0.78 during the day and Student t=1.36,
P=0.20 during the night) (Fig. 6C). Thus, dogs spent about 10% of their total time outside the village, somewhat
more during the day (12-15% of time) than during the night (3-10%).

Discussion

Dogs are thought to play a major role as domestic reservoirs of T. cruzi parasites increasing the risk of human
infection, and potentially bridging domestic and sylvatic transmission cycles'?-164647 g0 that targeting dog
infection as part of Chagas disease control interventions may help improve their efficacy. Indeed, a prevalence
of T. cruzi infection between 10 and 30% has been observed across the Americas, even exceeding 50% in some
areas®®. In this study, we characterized in detail T. cruzi infection in client-owned dogs from the rural village of

Scientific Reports |

(2025) 15:10263 | https://doi.org/10.1038/s41598-025-92176-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A

Counts

— 4
T. cruzi infected B | O Low
- B High
_— bd O Uninfected
o~
Uninfected g
— - |
(-)3.00 -2.'25 -1.'50 -0.‘75 0.60 O.‘75 1.1‘|>0 2|'25 ]3.'75 I L B TN
L -4 -2 0 2 4
Discriminant score LDA 1

Fig. 5. LDA of ECG parameters. (A) LDA of infected and uninfected dogs. A total of 91.1% of dogs could
be correctly classified as T. cruzi infected/uninfected based on ECG parameters (PERMANOVA, F=3.64,
P=0.002). (B) LDA of ECG parameters of dogs stratified according to their blood T. cruzi parasite burden. A
total of 75% of dogs were correctly classified as with high, low parasite burden or uninfected based of ECG
parameters (PERMANOVA, F=3.01, P<0.001).

Parameter Estimate | Std Error | ChiSquare | Prob>ChiSq
Intercept —-15.68 8.08 3.76 0.0524
DTUs[mixed DTUs] | 4.91 2.68 3.37 0.0665
Electrical axis angle | 0.092 0.051 3.19 0.0740
TSA1-C4 IgG level 32.92 16.73 3.87 0.0492*

Table 3. Logistic model of blood parasite burden. Whole model test: P=0.0002, R%=0.65, receiver operating
characteristics area under the curve ROC AUC=0.96.

Sudzal, Yucatan, where previous studies had documented Triatoma dimidiata seasonal house infestation and
human infection®*-%1, to provide a baseline for control interventions targeting dogs. We estimated a prevalence
of T. cruzi infection of 26.9%, based on PCR, which is similar to the 29.9% previously reportedsor the 34% by
serology in dogs from urban areas®2. It is also within the range of infection rates detected by serology in dogs
from rural areas, which varies between 9.7-29.9%°~1°. However, as has been reported previously>****, there is
a limited agreement among molecular and serological diagnostics, highlighting the need for improved simple
tests for a reliable surveillance of infection in dogs. Parasite soluble antigens also resulted of limited sensitivity
to detect T. cruzi infection (55%), while vaccine antigens Tc24-C4 and TSA1-C4 were recognized by >90% of
infected dogs. This confirmed that both parasite antigens are immunogenic during natural infection in dogs,
and provide a strong rationale for their use as a vaccine against T. cruzi infection as suggested before*!. Although
no T cells response was detected, this finding may be somewhat limited by the lack of cytokine production
analysis in T cells; as only the overall populations of CD3*, CD3*CD4", and CD3*CD8" cells were quantified.
Importantly, assessing the production of Th1, Th2, and Th17 cytokines within these subpopulations would offer
a more detailed understanding of the immune response.

Depending of the diagnostic criteria used, an annual incidence of 5.6 to 9.1% of new infections was observed,
which is higher than the 3.8% previously reported in Texas-Mexico border®>and 2.27% in Louisiana shelters>,
evidencing that T. cruziis very actively circulating among dogs of rural Yucatan, Mexico, thus making them a
valuable target for integrated Chagas disease control interventions that may include insecticide-treated collars
or vaccination®s.

Parasite burden in the peripheral blood was low but quantifiable, with similar levels as observed in other
studies®>®, with no difference between male and female dogs, nor with dog age. In terms of parasite genetic
diversity, the detection of a broad diversity of DTUs, although TcI predominated, is in agreement with previous
studies in triatomine vectors and patients from Yucatan'®and from other regions of Mexico, highlighting
the diversity of strains circulating in the country'®>7%, Importantly, most dogs (15/25, 60%) harbored mixed
infections with multiple DTUs including TcI, TcIl, TcIV, TcV and TcVI in variable proportions. The high
frequency of multiple infections observed in dogs is also consistent with previous reports in patients from the
region®,and and in dogs**and other mammalian hosts*>*”-*° from the southern US, suggesting that such multiple
infections may be an important characteristics of many parasite transmission cycles. The diversity of strains
detected further support the role of dogs as a bridge between domestic and sylvatic parasite transmission cycles,
even though the origin of these parasite strains cannot be determined at this stage. Further studies characterizing
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Fig. 6. Dog movement and T. cruzi infection. (A) Examples of dog movement during a 24 h period in

the village of Sudzal. Movement during the day (pink track, 7 h =19 h) and during the night (yellow track,

19 h-7 h) are shown for uninfected and T. cruzi infected dogs. (B) Cumulative distance traveled during the day
and night according to T. cruzi infection of dogs. (C) Percentage of time spent within the village or in sylvatic
areas according to T. cruzi infection of dogs. Data are presented as mean + SEM with individual dog data points
averaging 5 days/nights recordings per dog (N=6 for uninfected, N=9 for T. cruzi infected).

T. cruzi parasite strains from other hosts species and specific habitats should help disentangle transmission
cycles of the different DTUs in the region.

Analysis of ECG recordings indicated that naturally infected dogs presented mild electrical disturbances in
comparison with dogs with experimental T. cruzi infection which may present more severe cardiac abnormalities
including ventricular tachycardia, AV block, right bundle branch block (RBBB), ventricular arrhythmia or left
bundle branch block?>*4. Nonetheless, the ECG profile of naturally infected dogs presented significant changes
that could be detected through LDA, compared to uninfected dogs, which may be indicative of early onset
conduction defects, with the potential to progress towards more severe arrhythmias and heart failure over time.
Remarkably, differences in ECG profiles could also be observed according to blood parasite burden, suggesting
its potential relationship in disease progression. Indeed, our logistic model further included parasite DTU
composition, TSA1-C4 IgG levels and QRS wave duration as predictors of blood parasite burden, with a high
accuracy, strengthening the concept that the interplay between the host responses to multiple parasite strains
mediates differences in disease progression, as hypothesized before®.

Finally, analysis of dog movement indicated that they spend about 10% of their time in sylvatic areas outside
the village, with no significant differences in roaming behavior between infected and uninfected dogs. This
observation suggests that dog behavior is not a major risk factor for T cruzi infection, although this behavior may
vary during the year, particularly if associated with farming activities of dog owners. Furthermore, it confirms
that it is possible for at least some infections to occur in sylvatic areas, where risks of dog-triatomine contacts may
differ from the domestic habitat. This, added to the high dispersal of T. dimidiata vectors previously described in
the region®, is in agreement with dogs playing an important role as a bridge for T. cruzi transmission among
habitats in rural Yucatan.

In conclusion, we identified in this study a high prevalence and incidence of T cruzi infection in client-owned
dogs from a rural village in Yucatan, Mexico. Most dogs (60%) harbored mixed infections with multiple DTUs
including TcI, TcIl, TclV, TcV and TcVI in variable proportions, although TcI was often predominant. Mild ECG
alterations were detected in about 40% of dogs. While parasite diversity could not be directly associated with
differences in immune response, parasite burden or ECG alterations, a logistic model including some of these
variables suggested that the interplay between the host responses to multiple parasite strains could mediate
differences in disease progression. Finally, parasite diversity and dog roaming behavior support a role of dogs as
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an important link in T. cruzi transmission cycles among habitats. Together, these data provide a strong rationale
to target dogs in integrated Chagas disease control interventions.

Methods

Diagnostic of T. cruzi infection

The study and procedures were approved by the Institutional Bioethics Committee (No CEI-05-2021) in strict
compliance with NOM-062-Z0O0-1999. All experiments were performed in accordance with relevant guidelines
and regulations. This study is reported in accordance with ARRIVE guidelines. The study was conducted in
the village of Sudzal (20.87°N, 88.98°W) in Yucatan, Mexico, where we have been working for several years.
This rural community has about 1,600 inhabitants, distributed in about 400 households and an estimated dog
population of 300-500. Following written inform consent from dog owners, blood samples from a convenience
sample 186 domestic dogs were collected and stored at —20°C until use. All dogs were tested for T. cruziinfection
by PCR*¢!, Briefly, DNA was isolated from 300uL of blood using Wizard Genomic DNA Purification Kit
(PROMEGA) following manufacture instructions. Genomic DNA was eluted in 50 puL of endonuclease-free
water for PCR and qPCR. The primers TcZ1 (5-dCGAGCTTCTTGCCCACACGGGTGCT-3’) and TcZ2
(5-dCCTCCAAGCAGCGGATAGTTCAGG-3’) target a 188 bp nuclear repetitive microsatellite of T. cruzi®.
Amplifications were performed using a T1I00TM thermocycler (Biorad, Hercules, CA, USA) in a volume of
12.5 pl containing 50 ng of DNA, 0.5 pL of each primer, and 6.25 pl of 2x DreamTaq Green PCR Master Mix
(Thermo Fisher Scientific, Waltham, MA, USA). The cycling parameters were an initial denaturation step at
94 °C for 3 min; 40 cycles at 94 °C (45 s), 57 °C (1 min), and 72 °C (10 min); and a 10 min final extension at
72 °C. Positive (purified T. cruzi DNA) and negative (ultrapure H20) controls were included for each PCR.
After amplification, PCR products were separated by electrophoresis on a 1.0% agarose gel containing ethidium
bromide and visualized by UV transillumination. For serological evaluation, a rapid immunochromatographic
test CHAGAS Stat-pak (Chembio, NY) was also run on all samples™.

T. cruzi genotyping

Parasite genotyping was performed on all PCR positive samples by next-generation sequencing of the mini-exon
gene marker as described before’¢2, to assess DTU and intra-lineage diversity. Briefly, mini exon sequences
were PCR amplified with TrypMe3 and TccH primer set, along with Tcl, Tc2 and Tcc primers®. The amplified
products were then purified and pooled for each sample, followed by library preparation and sequencing on an
Mumina MiSeq platform at a depth of 90,000-500,000 reads/samples. The reads were competitively mapped
to T. cruzi mini-exon reference sequences representing all seven parasite DTUs using Geneious Prime 2024
software. The mapped sequences were trimmed of PCR primer sequences and realigned using the MAFFT
subroutine implemented in Geneious. The FreeBay single-nucleotide polymorphism (SNP)/variant tool®* was
used to identify sequence variants and their frequencies, based on read abundance. Phylogenetic trees were
constructed with FastTree 2.1.11 with the Jukes-Cantor models of nucleotide evolution. The reliability of each
split in the tree is based on local support values with the Shimodaira-Hasegawa test and resampling the site
likelihoods 1,000 times. Reference sequences covering DTUs TcI to TcVI from strains H1-YUC Tcla (EF576846),
SylvioX10cl1 Tcld (CP015667), M5631 Tclll (AY367126), CL TcVI (U57984), SC43 TcV (AY367127.1), Tul8
TcIl (AY367125.1), and 92122102r TclV (AY367124) were used for the analysis. Further comparison of T.
cruzi sequences from dogs with parasite sequences from triatomine vectors!’and patients®® from the region was
performed for TcIV, TcV, TcVI and TcIl DTUs.

T. cruzi parasite burden

The blood parasite burden was measured with a standardized duplex qPCR method based on Tag-Man probes,
targeting T. cruzi SatDNA and RNAse P gene as an internal amplification control®. Briefly, amplifications were
performed with 5 pL of DNA in a final volume of 20 pL. Uracil-DNA Glycosylase (Thermo Fisher Scientific) was
added to the reaction mix, as a carry-over contamination control, and TagMan RNase P Control Reagents Kit
(Applied Biosystems) was used. Cycling conditions were as follows: a first step of 2 min at 50 °C and a second
step of 10 min at 95 °C, followed by 40 cycles at 95 °C for 15 s and 58 °C for 1 min. All samples were analyzed in
duplicate. The qPCR results were converted to parasitic load (parasite equivalents/mL of blood) using a standard
calibration curve, and data were log-transformed for statistical analysis.

IgG response

Antibody levels were assessed in plasma samples using ELISA. Plates were coated with T. cruzi parasite lysate
(H1 strain, TCI), Tc24-C4 and TSA1-C4 antigens (20 pg/mL, also from TcI) and incubated overnight at 4 °C. The
plates were blocked with 1% BSA-PBST for two hours. After washes with PBST, plasma samples were added at
1:50 dilution and incubated for 2 h at room temperature. An anti-dog IgG conjugated with phosphatase (Applied
Biological Materials Inc. Canada) was added at 1:4000 dilution for 1 h. Finally, a substrate solution containing
p-nitrophenyl phosphate (pNPP) buffer was added to reveal the color. Optical densities (O.D.) were read at
405 nm using spectrophotometer.

Flow cytometry

Peripheral blood mononuclear cells (PBMCs) were obtained from T. cruzi infected dogs and stimulated with
T. cruzi lysate, T. cruzi recombinant proteins TSA1-C4 and Tc24-C4, and RPMI medium as unstimulated
control. Approximately 8 mL of blood was collected in heparinized tubes (Vacutainer, BD) and diluted 1:1 with
phosphate-buffered saline (PBS) at pH 7.4 with Ca*" and Mg*. The mononuclear cell layer was isolated using
a density gradient of Ficoll-histopaque- 1.0771(Sigma, USA). Fresh PBS/heparinized blood was added to the
Ficoll-histopaque solution in a 2:1 proportion and centrifuged at 400 x g for 40 min. PBMCs were collected,
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washed twice with PBS pH 7.4, and resuspended in complete RPMI-1640 medium (RPMlIc) (Gibco, USA)
containing antibiotics, non-essential amino acids, and 10% Fetal Bovine Serum (FBS). After stimulation, the
cells were collected, washed twice with PBS, and stained for T cell phenotyping using APC Mouse anti-Dog Pan
T-cell (clone LSM 8.358.1.1), PE Mouse anti-dog CD4 (clone LSM 12.125), and FITC anti-dog CD8 (clone LSM
1.140) conjugated antibodies (BD, San Jose CA, USA) for 20 min at 4°C. The cells were collected, washed twice,
and fixed with 4% paraformaldehyde. 50,000 events were acquired using a FACSVerse Cytometer (BD, San Jose
CA, USA) and analyzed using FlowJo_V 10 software. The proportion of PBMCs identified as CD3*, CD3*CD4*
and CD3"CD8* T cells was calculated.

Electrocardiograms

The electrocardiograms (ECGs) were obtained by placing clips on the medial knee and elbows of the dogs. The
paper speed was set to 50 mm/s, and the amplitude was set to 10 mm/mV on a ECG100G-VET electrocardiograph.
A methodological and systematic approach was followed to interpret the ECGs, and determination of heart
rate, thythm, amplitude, and duration of the electrocardiographic waves®. At least four P-QRS-T complexes
were registered for every 6 leads and 20 P-QRS-T complexes in lead II. The dogs were placed in right lateral
recumbence during the procedure without sedation. Various parameters were measured in derivation II,
including the amplitudes (in mV) of P, R, and T waves, duration in ( s) of waves and intervals including QRS
complex, PR and QT intervals, as well as the mean electrical axis (MEA) determined in derivations I and ITI°.
The normal MEA values on the frontal plane range between +40° and +100°. A right and left shift deviation
occurred when the MEA was below and above the normal range respectively. An AV block was considered when
the PR interval was >0.13s.

Tracking of dog movements

Dogs were equipped with collars including a portable GPS data logger (igotU GT-120) programmed to record
position data every 5 min as dogs followed normal activities. Collars were then removed to download GPS
data for analysis. A total of 9 T. cruzi positive and 6 uninfected dogs were followed for 5 continuous days/
nights during summer months (June-July). Timed position data were imported into QGis 3 to elaborate maps
of individual dog movements. The cumulative distance traveled during the day (7 h -19 h) and night (19 h-7 h)
was calculated for each dog and averaged for the 5 days/nights of recording. Similarly, the proportion of time
spent within the village or outside the village (sylvatic area) was calculated for the day and night periods, and
averaged for the 5 days/nights of recording for each dog. Infected and uninfected dogs were compared to assess
potential differences in movements.

Statistical analysis

Continuous data were summarized as mean/median+SEM and were compared among groups with Kruskal-
Wallis test or one-way ANOVA, or with Mann Whitney U or Student t test as appropriate, and categorical
data were compared with X2. Differences among groups were considered significant when the P values were
<0.05. Graphs were generated with GraphPad-Prism 9.4.1 software. For the estimation incidence of infection,
the changes in infection prevalence (measured by PCR, rapid test or both) with dog age were fitted by linear
or semi-log regressions and the goodness-of-fit was assessed by R% The slope corresponding to the increase in
prevalence per year was used to estimate incidence, under the assumption of a stable transmission dynamic over
time™. For multivariate analysis of ECG profiles, all ECG parameters were integrated into a LDA and compared
according to the first and second discriminant axis according to infection status or parasite load classified
as high/low. One-way permutation ANOVA (PERMANOVA) was used to assess the statistical significance
of differences among groups with 10,000 permutations. The confusion matrix of the LDA analysis was also
used to evaluate the accuracy of the reclassification of individual dogs among groups based on the similarities/
differences in their ECG patterns and parasite load. Finally, logistic regression models predicting blood parasite
burden (high/low) based on parasite genotypes (TcI only or mixed DTUs), immunological variables (IgG levels
and T cell proportions), and ECG parameters (wave amplitudes and durations) were elaborated with different
combinations of variables, followed by model selection based on Akaike information criteria, R? and receiver
operating characteristics area under the curve (ROC AUC).

Data availability
Sequence data that support the findings of this study have been deposited in NCBI Genbank database under
accession numbers PQ365783-PQ365887. The sequences will be available for public access within a few days.
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