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Abstract

Background: Chagas disease, caused by the protozoan parasite Trypanosoma cruzi,
causes sudden death and chronic heart disease with no currently approved
treatment.

Objective: To report epidemiologic and select cardiac characteristics associated with
T. cruzi infection in dogs presenting to a teaching hospital in Texas.

Animals: Three hundred seventy-five client-owned dogs.

Methods: A retrospective search of medical records identified dogs tested for T. cruzi
antibodies or with histologic T. cruzi parasites. Data retrieved included signalment,
location of residence, reported reason for testing, cardiac troponin | (cTnl) concentra-
tion, and ECG abnormalities.

Results: Trypanosoma cruzi-infected dogs (N = 63, 16.8%) were significantly younger
than negative dogs (N = 312) (mean, 5.9 + 3.8 versus 7.4 + 4.0 years; P = .007) with no
difference by sex or breed. Ninety-one breeds were tested; the highest percent
infected were non-sporting (10/35; 29%) and toy breed (10/42; 24%) groups. The odds
of infection were 13 times greater among dogs with an infected housemate or litter-
mate (95% confidence interval [Cl], 3.94-50.45; P < .001). Infected dogs were more
likely to have ventricular arrhythmias (odds ratio [OR], 2.19; 95% ClI, 1.15-4.33,
P = .02), combinations of ECG abnormalities (OR, 2.91; 95% Cl, 1.37-5.99; P = .004),
and cTnl >0.129 ng/mL (ADVIA; OR, 10.71; 95% Cl, 1.60-212.21; P = .035).
Conclusions and Clinical Importance: Dogs infected with T. cruzi were identified in
Texas in many breed groups including breeds affected by well-described heart dis-
eases that mimic Chagas disease suggesting a need for increased awareness, includ-

ing knowledge of when to consider testing.
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1 | INTRODUCTION

Infection with the protozoan parasite Trypanosoma cruzi causes Chagas
disease in humans and animals across the Americas and is the leading
cause of infectious myocarditis in humans worldwide.* Trypanosoma
cruzi infection can occur by vector-mediated transmission by triatomine
insects after the introduction of infected bug feces into the bite site or
mucous membrane, through the ingestion of infected bugs or their
feces, or through congenital transmission.2® In both dogs and humans,
clinical outcome is variable, ranging from sudden death to chronic heart
disease but also including asymptomatic infections. In some ecological
settings, dogs can be sentinels of human disease risk.>* Chagas disease
is increasingly recognized in the southern United States, where the
parasite is maintained among diverse wildlife in sylvatic transmission
cycles.?” The seroprevalence of T. cruzi in dogs is particularly high in the
state of Texas, with seroprevalence estimates of 6%-13% in shelter dogs
across the state, 6%-18% in government working dogs along the Texas-
Mexico border, and seroprevalence exceeding 50% in some multi-dog
kennel environments with triatomine infestations.>® Seropositive dogs
occur in Louisiana, Oklahoma, Tennessee, Georgia, and Virginia.? *>

Clinical presentation of Chagas heart disease varies widely depending
on the extent of myocardial damage that results in a combination of
arrhythmias, conduction abnormalities, heart enlargement, and heart fail-
ure.?®7 There are 4 recognized pathogenic mechanisms for the develop-
ment of Chagas heart disease in humans: (1) parasite-induced damage to
the cardiac tissue; (2) cardiac dysautonomia, microvascular circulation
disturbances; (3) immune-mediated myocardial injury; and (4) neurogenic
disorders.*®? In the limited experimental models of Chagas disease in
dogs, acute clinical signs were detected between 14 and 21 days post-
exposure.?® Acute signs are nonspecific and include lethargy, generalized
lymphadenopathy, pale mucous membrane, slow capillary refill time, asci-
tes, weak pulse, enlarged liver, enlarged spleen, and sudden death.?° Dur-
ing this stage, arrhythmia and conduction abnormalities can be detected
in infected dogs.*®2! Both human and dogs can then enter an indetermi-
nate period where clinical signs are not evident.’®?* Chronic Chagas dis-
ease in dogs is associated with ventricular arrhythmias, predominantly
premature contractions, which can be multiform and progress to ventric-
ular tachycardia.?* As chronic Chagas disease progresses, the dogs could
develop myocardial dysfunction and heart failure.'®21"2% Experimental
treatments, such as benznidazole, in dogs can cause a temporary reduc-
tion in parasite load, but the treatment does not prevent myocardial
lesions or dysfunction.2*?> In the United States, there are currently no
vaccinations or approved antiparasitic treatments for T. cruzi infections in
dogs, and infected dogs are typically treated symptomatically.

Limited studies have been conducted in dogs naturally infected
with T. cruzi, and a better understanding of Chagas disease in dogs is
important for veterinarian medicine. Trypanosoma cruzi infection is
considered to be lifelong, with self-cure highly unlikely?3; therefore,
dogs with indirect fluorescent antibody (IFA) test immunoglobulin G
(IgG) antibody titers are considered infected.”® In this study, dogs
were counted as infected if their IFA IgG antibody titer was 220 or

they had a histopathologic diagnosis of Chagas disease. The objective

of this study was to report epidemiologic, cardiac troponin | (cTnl) and
electrocardiographic characteristics, including the presence of arrhyth-
mia or conduction abnormality and approximate anatomic origin of the
abnormality within the heart, associated with T. cruzi infection status in
dogs presenting to a teaching hospital in Texas.

2 | MATERIALS AND METHODS

A retrospective review of electronic medical records was performed to
identify all dogs evaluated at Texas A&M University's Small Animal Vet-
erinary Medical Teaching Hospital (VMTH) in College Station, Texas,
which were tested for anti-T. cruzi antibodies or for which T. cruzi was
detected using histology of cardiac tissue. The approximately 7-year
period of analysis was January 21, 2010, through December 20, 2016.
Data collected from the medical records included signalment (age, sex,
breed), geographic location of residence, year presented, reason tested
for T. cruzi, IFA test result, histopathology findings of T. cruzi, and as
available, cTnl concentration, and ECG abnormalities (listed below).

In the case of multiple T. cruzi serological results from different dates
for the same dog, results were compared to assess concordance or dis-
cordance. For dogs with concordant results, clinical data taken at the time
of the initial appointment were used in the analysis to determine risk fac-
tors and clinical outcomes. For dogs with discordant results (ie, at least
1 positive and 1 negative test result from 2 different blood samples), data
from the appointment with a positive titer was used for analysis.

The method of serological testing for T. cruzi in these dogs was an
IFA performed by the Texas A&M Veterinary Medical Diagnostic Labora-
tory (TVMDL, College Station, Texas), and samples with IgG titers of 220
were considered positive per TVMDL standard protocol; this cutoff has
been used in dog and human studies.”?® In 3 dogs, no serologic testing
was performed, but dogs were included in the analysis due to necropsy
records indicating histopathological confirmation of intramyositic T. cruzi
amastigotes. A positive serology result or histopathology diagnosis of
Chagas disease qualified dogs as naturally infected for purposes of the
analysis.

Cardiac troponin | concentrations were measured using 1 of 2 com-
mercially available assays. For dogs admitted from 2010 to 2013, cTnl
analysis was performed using a 2-site chemiluminescent immunometric
assay (Immulite 2000; Siemens Healthcare Diagnostics, Los Angeles,
California) at the Gastrointestinal Laboratory at Texas A&M University.
The Immulite has a lower detection limit of 0.2 ng/mL and has been
validated in dogs.?”?® Since 2013, the Gastrointestinal Laboratory
measures serum cTnl concentrations with the ADVIA Centaur CP
immunoassay (Ultra-Tnl; Siemens Medical Solutions USA, Inc, Malvern,
Pennsylvania). The reported range for cTnl by the manufacturer is
0.006 to 50.0 ng/mL and has been validated in dogs.?’

Electrocardiogram reports and traces were reviewed, and abnor-
malities were recorded and categorized as follows: presence of an
abnormality (none detected, arrhythmia, conduction abnormality, or
arrhythmia and conduction abnormality) and approximate anatomic
location of the abnormality when present (atria including sinus node,

atrioventricular [AV] node, ventricles, or combination). Conduction
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abnormalities included atrioventricular block (AVB), bundle branch
block, and sinus node dysfunction.

To evaluate potential risk factors of T. cruzi infection, data were
imported into RStudio 1.0.136 software.*C Putative risk factors with
respect to signalment were age at the time of serology or histopathology
testing, sex, American Kennel Club (AKC) breed group, year of evalua-
tion, and geographic location of residence (dogs from Texas were cate-
gorized into 10 ecoregions®!; dogs from other states were grouped as
“outside Texas” including Connecticut, Washington, Arkansas, Montana,
Michigan, Oklahoma, California, and Louisiana). For analysis, 3 ecoregions
had less than 4 dogs each, so these dogs were grouped with the
nearest ecoregion (Figure 1). Reasons tested included AVB, ventricular
arrhythmias; other arrhythmias and conduction abnormalities (including
supraventricular premature contractions, atrial fibrillation, atrial standstill,

N
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FIGURE 1 Distribution of - Blackland Prairie
Trypanosoma cruzi infection
across Texas ecoregions in
375 dogs presenting to Texas
A&M University's Small Animal
Veterinary Medical Teaching
Hospital between 2010 and 2016
that received T. cruzi serology
testing or had T. cruzi histological
findings. Twelve dogs resided
outside Texas, and percent
positive are depicted by a pie
chart. Circles are proportional to
the number of dogs sampled per
ecoregion. Map was created using
ArcGIS and the base layer is from
Gould Ecological Regions created
by Texas Parks and Wildlife
Department GIS laboratory,
downloaded from http://aampo-
mpo.opendata.arcgis.com/
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sinus arrest, sinus bradycardia, sick sinus syndrome, and right bundle
branch block), congestive heart failure (CHF) (including left sided, right
sided, or both), littermate/housemate tested or affected, ventricular
enlargement and systolic dysfunction, or other. Other included blood
donor, esophageal disease, systemic illness, or infectious disease. For
cTnl concentration, the 2 assays (Immulite 2000 and ADVIA Centaur CP
immunoassay) were analyzed independently and divided into 3 catego-
ries: within the reference range of healthy dogs, 3232 1-2 times the upper
reference limit, and 22 times the upper reference limit. For the Immulite
2000, these values were <0.5 ng/mL, 0.51-1.0 ng/mL, and 21.01 ng/mL,
respectively.?® In 2 studies in dogs without cardiac disease, cTnl concen-
tration was not detectable in the majority (90%-100%) of dogs at base-
line evaluation using the Immulite assay.*?3® Dogs with a cTnl
concentration above 1.01 ng/mL have more severe cardiac disease
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including arrhythmogenic right ventricular cardiomyopathy, ventricular
tachycardia, AVB or neoplasia/myocardial infiltration, and a significantly
shorter median survival time compared to dogs with cTnl <0.15 ng/mL
using the Immulite Troponin | assay.>* For the ADVIA Centaur CP immu-
noassay, these values were <0.128 ng/mL, 0.129-0.255 ng/mL, and
20.256 ng/mL, respectively.?’ A cohort of healthy dogs had an average
cTnl concentration of 0.017 ng/mL with a range of 0.006-0.128 ng/mL
using the ADVIA Centaur CP immunoassay.2’ Bivariable analysis using
the chi-squared or Fisher's exact and t test were used to identify factors
with a P < .25; these factors were used in a logistic regression model.
Additionally, linear regression was run on the number of dogs tested that
were presented to the VMTH (dependent) per year (explanatory) to
determine if the number of dogs tested varied by year. Logistic and linear
regression models were calculated, and factors with values of P < .05
were considered significant. Odds ratios (ORs) and 95% confidence inter-

vals were calculated for logistic regression models.

3 | RESULTS

3.1 | Study population

A total of 375 dogs had serological testing for anti-T. cruzi antibodies

or T. cruzi-positive histology findings during the approximately

TABLE 1
2010 and 2016

7-year study period. Dogs were considered to be infected if they
had an IgG titer 220 or histologic evidence of T. cruzi. Of the
375 dogs, 63 (16.8%) were considered to be infected, including
59 which had a positive serology test result only and 4 with a histo-
logical diagnosis of Chagas disease. Of the 4 dogs with a histologic
diagnosis, 1 had a negative IgG titer which is most likely a conse-
quence of an acute infection and insufficient time for seroconver-
sion.®® Thirty dogs had multiple visits with repeat serological testing,
including 20 with negative serology at both evaluations, 5 with posi-
tive titers at the first appointment and negative results at the second
appointment (ie, seroreversion), and 5 with negative titers at the
first appointment and positive titers at the second appointment (ie,
seroconversion).

In the total population tested, age ranged from 0.2 to 16 years
(median, 7.6 years; mean, 7.1 years), and 91 dog breeds were repre-
sented. The most common breeds tested were Labrador Retrievers
(14.4%) and Boxers (10.6%). Negative dogs had a higher mean age
(7.4 years) than infected dogs (5.9 years; P = .006), in which the odds
of infection are 0.91 times lower for each year increase in age (OR,
0.91; 95% Cl, 0.85-0.97; P =.007). In this referral population, the
breeds with the highest percent of infected dogs were Bulldogs
(English and French) (7/14), German Shepherd (3/10), Chihuahua and
Australian Heeler (both 2/7), and Doberman Pinscher (2/8) (Table 1).

Breed characteristics for 375 dogs that received Trypanosoma cruzi serology testing or had T. cruzi histological findings between

Positive dogs with ECG

Sample Positive T. cruzi abnormalities at the level
Breed Breed group size, no. (%) infection, no. (%) of ventricles (%)
Bulldog—English/French Non-sporting 14 (3.7) 7 (53.9) 5(83.3)*
German Shepherd Herding 10(2.7) 3(30.0) 3(100.0)
Chihuahua Toy 1.9) 2 (28.6) 1 (50.0)
Australian Heeler Herding 7(1.9) 2(28.6) 1 (50.0)
Doberman Pinscher Working 2.1) 2(25.0) 1 (50.0)
Border Collie Herding 2.4) 2(22.2) 1 (100.0)*
German Short Haired Pointer Sporting 10 (2.7) 2(20.0) *
Dachshund Hound 5(1.3) 1(20.0) 1 (100.0)
Spaniel-Cavalier Toy 10(2.7) 2 (20.0) 1 (100.0)*
American Pit Bull Terrier Terrier 12 (3.2) 2(16.7) 1 (100.0)*
Australian Shepherd Herding 12 (3.2) 2(16.7) 2 (100.0)
Labrador Retriever Sporting 54 (14.4) 9(16.7) 4 (50.0)*
Yorkshire Terrier Toy 7(1.9) 1(14.3) *
Mixed NA 26 (6.9) 3(11.4) 3(100.0)
Golden Retriever Sporting 9(2.4) 1(11.1) 0(0.0)
Boxer Working 41 (10.9) 3(7.3) 1 (50.0)*
Rhodesian Ridgeback Hound 6(1.6) 0(0.0)
Boston Terrier Non-sporting 6(1.6) 0(0.0)
Other NA 122 (32.5) 19 (15.6) 9 (64.3)

Breeds with less than 5 dogs total are grouped into “other.”
*Not all positive dogs had an ECG performed.
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TABLE 2 Results of bivariable and logistic regression analysis of signalment, year of evaluation, and geographic location of residence for 375
dogs that received Trypanosoma cruzi serology testing or had T. cruzi histological findings between 2010 and 2016

Sample Positive T. cruzi
Variable size, no. (%) infection, no. (%)
Sex
Male 207 (55.2) 38 (18.4)
Female 168 (44.8) 25(14.9)
AKC breed group
Stock Service 2(0.5) 0(0.0)
Herding 48 (12.8) 10 (20.8)
Hound 20 (5.3) 3(15.0)
Mixed 26 (6.9) 3(11.5)
Non-sporting 35(9.3) 10 (28.6)
Sporting 96 (25.6) 16 (16.7)
Terrier 30(8.0) 2(6.7)
Toy 42 (11.2) 10 (23.8)
Working 76 (20.3) 9(11.8)
Ecoregion
Outside Texas 12(3.2) 2(16.7)
Blackland Prairie 75 (20.0) 10 (13.3)
Cross Timbers 46 (12.3) 9 (19.6)
Edwards Plateau 19 (5.1) 6(31.6)
Gulf Prairie 101 (26.9) 11 (10.9)
Piney Woods 51(13.6) 6(11.8)
Post Oak Savannah 52(13.9) 10(19.2)
South Texas Plains 19 (5.1) 9 (47.4)
Year
2010 60 (16.1) 14 (23.3)
2011 59 (15.7) 10 (16.9)
2012 42 (11.2) 7(16.7)
2013 48 (12.8) 13(27.1)
2014 57 (15.2) 11 (19.3)
2015 56 (14.9) 3(5.4)
2016 53(14.1) 5(9.4)

Logistic regression

Bivariable 95% confidence

P-value Odds ratio interval P-value

.69

29

.01*
Reference
0.79 0.17-5.73 79
1.34 0.28-9.92 .73
2.33 0.41-18.72 .36
0.67 0.14-4.79 .63
0.74 0.14-5.63 74
141 0.30-10.31 .69
4.70 0.88-37.28 .09

.04
Reference
0.67 0.26-1.70 41
0.64 0.22-1.79 41
1.17 0.47-2.93 .73
0.68 0.26-1.71 41
0.20 0.04-0.68 .02
0.30 0.09-0.90 .04

*Expected cell count in the contingency table <5; Fisher's exact test reported instead of chi square.

The most common AKC breed group tested was sporting dogs, which
comprised 26% of the sampled dogs (Table 2). The non-sporting breed
group had the highest percentage of dogs that were infected (29%)
followed by the toy breed group (24%), although there were no statisti-
cally significant associations between breed group and T. cruzi infection
status. The most frequent reason why dogs in the toy and non-sporting
breed group were tested for T. cruzi was the presence of AV block (toy;
60%, non-sporting; 49%) and ventricular arrhythmias (toy; 33%, non-
sporting; 31%). There were 207 males (55.2%) and 168 females (44.8%)
tested with no difference in the proportion of infected dogs by sex
(P =.69; Table 2).

Twelve dogs presented for evaluation from outside of Texas,

whereas the remaining 363 dogs resided in 70 Texas counties spanning

all ecoregions.®! Infected dogs were from 33 counties and 8 ecoregions.
Bivariable analysis demonstrated a significant difference in infection
status across ecoregion (P =.01), in which the highest proportion
(47.4%) of infected dogs came from the South Texas Plains ecoregion
followed by Edwards Plateau (31.6%; Table 2).

Between 2010 and 2016, 42 to 60 dogs per year had serological
tests or histological findings of T. cruzi and the proportion of infected
dogs varied across years from 5% to 27% (P = .04; Table 2). The odds
of infection in dogs in the last 2 years of the study decreased and
were 3.3 (2016) to 5.0 (2015) times lower than the initial year of study
in 2010 (OR, 0.20-0.30; 95% Cl, 0.04-0.9; P = .02-0.04; Table 2). In a
linear regression analysis, the overall number of dogs tested did not

vary significantly across year (P = .76).
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3.2 | Reason for testing

Overall, ventricular arrhythmias were the primary reason for testing for
T. cruzi infection in the total population (175/375, 46.7% of dogs;
Table 3). Among dogs that tested positive, the predominant reasons for
testing were the presence of an infected littermate or housemate
(8/12, 67%), CHF (left sided, right sided, or both; 10/25, 40%), and ven-
tricular enlargement with systolic dysfunction (11/40, 28%). Overall,
8 dogs had both CHF and ventricular enlargement with systolic dys-
function, and 5 of them were considered infected. Trypanosoma cruzi
infection was significantly higher in dogs with CHF as the reason for
testing (10/25, 40%; P =.004) than those that did not report CHF
(53/350, 15.1%) in which the odds of being infected with T. cruzi were
over 4 times greater in dogs with CHF (OR, 4.34; 95% Cl, 1.79-10.17,
P < .001; Table 3). Trypanosoma cruzi infection was significantly differ-
ent between dogs with a known infected house or littermate (8/12,
67%; P <.001) and dogs that did not report infected house or litter-
mates as the reason for testing (55/363, 15.7%). The odds of infection
were 13 times higher in dogs that had a known infected house or litter-
mate than among dogs that did not report an infected house or litter-
mate (OR, 13.0; 95% Cl, 3.94-50.45; P < .001; Table 3). Overall, there
was no significant difference between infected and negative dogs when

reason for testing included the presence of arrhythmias (AVB, ventricu-
lar, and “other” arrhythmias) or “other” reason for testing.

3.3 | Electrocardiographic and cardiac troponin |
findings

Data assessed included ECG abnormalities and cTnl concentration. Elec-
trocardiographic abnormalities were based on approximate anatomic
location in the heart defined as (1) atria that includes sinus node, (2) AV
node, or (3) ventricles and type of abnormality. In bivariable analysis,
the T. cruzi infection status was not significantly associated (P =.73)
with the presence or absence of an ECG abnormality (Table 4). Dogs
with ECG abnormalities (N = 289) were analyzed using bivariable analy-
sis as either having an abnormality at a specified anatomic location or
not. For those dogs with abnormalities, infection with T. cruzi was signif-
icantly higher in dogs with an abnormality that originated from the ven-
tricles (21.8%; P = .03; Table 4) than from the AV node or atria (11.3%).
The odds of T. cruzi infection were approximately 2 times greater (OR,
2.19; 95% Cl, 1.15-4.33; P =.02) among dogs that had ventricular
arrhythmias than among dogs that had arrhythmias at other anatomic
locations. Trypanosoma cruzi-infected dogs had significantly more ana-
tomic locations (2 or 3 out of 3) in which an ECG abnormality was

TABLE 3 Results of bivariable and logistic regression analysis of reason tested for Trypanosoma cruzi infection in 375 dogs that had T. cruzi

serology performed or T. cruzi histological findings between 2010 and 2016

Logistic regression

Sample Positive T. cruzi Bivariable 95% confidence
Variable size, no. (%) infection, no. % P-value Odds ratio interval P-value
hyphen;AVB .28
Present 120 (32.0) 16 (13.3)
Absent 255 (68.0) 47 (18.4)
Ventricular arrhythmias .39
Present 175 (46.7) 33(18.9)
Absent 200 (53.3) 30(15.0)
Other arrhythmias/conduction abnormalities 24
Present 57 (15.2) 6(10.5)
Absent 318 (84.8) 57 (17.9)
Congested heart failure .004*
Present 25 (6.6) 10 (40.0) 4.34 1.79-10.17 <.001
Absent 350 (93.3) 53(15.1) Reference
Littermate/housemate tested <.001*
Present 12(3.2) 8(66.7) 13.00 3.94-50.45 <.001
Absent 363 (96.8) 55(15.2) Reference
Heart enlargement/systolic dysfunction .09
Present 40(10.7) 11 (27.5)
Absent 335 (89.3) 52(15.5)
Other .52
Present 48 (12.8) 6(12.5)
Absent 327 (87.2) 57 (17.4)

*Expected cell count in the contingency table <5, Fisher's exact test reported instead of chi square.
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TABLE 4 Results of bivariable and logistic regression analysis of ECG findings and cardiac troponin | concentrations for dogs that had
Trypanosoma cruzi serology performed or T. cruzi histological findings between 2010 and 2016

Positive T. cruzi
infection, no. %

Sample

Variable size, no. (%)
Troponin | concentration

Immulite, N = 107

<0.5 ng/mL 58 (15.5) 14 (24.1)
0.51-1.0 ng/mL 16 (4.3) 3(18.8)
>1.01 ng/mL 33(8.8) 3(9.1)
Advia, N = 160
<0.128 ng/mL 46 (12.3) 1(2.2)
0.129-0.255 ng/mL 26 (6.9) 5(19.2)
>0.256 ng/mL 88(23.5) 22 (25.0)
Not tested or either assay 108 (28.8) 15 (13.9)
Electrocardiographic results
Abnormality, N = 375
Present 289 (77.1) 49 (17.0)
Absent 66 (17.6) 13(19.7)
Not tested 20(5.3) 1(5.0)
Location of abnormality, N = 289"
Atria 53(18.3) 12 (22.6)
Other location 236 (81.6) 37 (15.7)
AV node 124 (42.9) 17 (13.7)
Other location 165 (57.1) 32(19.4)
Ventricles 156 (54.0) 34 (21.8)
Other location 133 (46.0) 15(11.3)
No. of locations abnormalities present, N = 289
1 246 (85.1) 35(14.2)
22 43 (14.9) 14 (32.5)
Type of abnormality, N = 355
None 66 (18.6) 13(19.7)
Conduction 102 (28.7) 9 (8.8)
Arrhythmia 159 (44.8) 31(19.5)
Both present 28 (7.9) 9(32.1)

Bivariable, 95% confidence
P-value Odds ratio interval P-value
19
Reference
0.73 0.15-2.66 .65
0.31 0.068-1.06 .09
.001*
Reference
10.71 1.60-212.21 .04
14.99 2.98-273.40 .009
73
31
26
.03 2.19 1.15-4.33 .02
Reference
.006 Reference
2.91 1.37-5.99 .004
.01
Reference
0.39 0.15-0.98 .05
0.98 0.49-2.09 97
1.93 0.70-5.24 .20

The lowest range of cardiac troponin | was used as the referent in logistic regression.
*Expected cell count in the contingency table <5, Fisher's exact test reported instead of chi square.
"When dogs had abnormalities present at more than 1 location, it was counted in both locations.

present (P = .006; Table 4). The odds of being infected were approxi-
mately 3 times greater (OR, 2.91; 95% Cl, 1.37-5.99; P = .004) among
dogs that had abnormalities at 2 or more anatomic locations than
among dogs that had abnormalities at only 1 location. Only 1 T. cruzi-
negative dog had ECG abnormalities at all 3 anatomic locations. In
bivariable analysis, significant association (P =.01) between T. cruzi
infection status and the type of ECG abnormality (none, conduction,
arrhythmia, or both) was found, with infection being the highest in dogs
with both a conduction abnormality and arrhythmia (32%) and infection
being the lowest in dogs having only a conduction abnormality (8.8%;
Table 4). Overall, the percent of infected dogs is significantly lower in

the population of dogs that have only conduction abnormalities without

arrhythmias (8.8%) than in the population of dogs without any type of
abnormality (20%; OR, 0.39; 95% Cl, 0.15-0.98; P = .05).

Of the 375 dogs, 267 dogs had cTnl testing performed, with
107 tested on the Immulite 2000 and 160 tested on the ADVIA Centaur
CP immunoassay. For the dog samples run on the Immulite, the cTnl
concentration ranged from 0.19 to 104.0 ng/mL with an overall median
of 0.45ng/mL, mean of 3.95ng/mL, and interquartile range (IQR)
0.19-1.79 ng/mL. Twenty-eight of these dogs had cTnl concentrations
below the limit of detection. With bivariable analysis, no significant dif-
ference was found between T. cruzi-infected dogs and the 3 predefined
ranges of cTnl concentration (<0.5 ng/mL, 0.51-1.0 ng/mL, and

>1.01 ng/mL; P =.19). No significant difference was found between
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T. cruzi-infected and T. cruzi-negative dogs with cTnl concentrations of
0.51-1.0 ng/mL and <0.5 ng/mL. On the dog samples analyzed on the
ADVIA Centaur CP immunoassay, cTnl concentration ranged from
<0.006 to 51.0 ng/mL with an overall median of 0.31 ng/mL, mean of
2.51 ng/mL, and IQR of 0.11-1.48 ng/mL. Three dogs had concentra-
tions below the limit of detection. Bivariable analysis demonstrated a
significant difference between the 3 ranges of cTnl concentration
(<0.128 ng/mL, 0.129-0.255 ng/mL, and 20.256 ng/mL) and T. cruzi
infection (P =.001). Furthermore, the odds of being infected were
approximately 11 and 15 times greater in dogs with cTnl concentra-
tions of 0.129-0.255 ng/mL and 20.256 ng/mL, respectively (OR,
10.71; 95% Cl, 1.60-212.21; P =.04; and OR, 14.99; 95% ClI,
2.98-273.40; P =.009) than among dogs that had cTnl concentra-
tions of <0.128 ng/mL.

4 | DISCUSSION

This study demonstrated that dogs infected with T. cruzi are found in
all ecoregions in Texas and in many breed groups including breeds
affected by well-described heart diseases that mimic Chagas disease.
Furthermore, a clinical index of suspicion and risk factors are not well
defined in dogs with Chagas disease, but in this population, infected
dogs were more likely to have ventricular arrhythmias (OR, 2.19;
P = .02), combinations of ECG abnormalities (OR, 2.91; P = .004), and
cTnl >0.129 ng/mL (ADVIA assay; OR, 10.71; P = .04).

Trypanosoma cruzi infection has been found in over 48 different
breeds in the United States with a high prevalence in the AKC sporting
and working breed groups.2*3%37 In this study, we found the highest
prevalence in non-sporting (29%), toy (24%), and herding (21%) breed
groups, and in multiple breeds with a predisposition for acquired heart
diseases that result in a similar phenotype as Chagas cardiomyopathy.
For example, German Shepherds (30% positive in this population) that
can develop breed-related inherited ventricular arrhythmias and sudden
death at a very young age; Doberman Pinschers (25% positive) pre-
disposed to idiopathic dilated cardiomyopathy characterized by cardiac
enlargement, ventricular myocardial dysfunction, ventricular arrhyth-
mias, CHF, and sudden death; and Bulldogs (54% positive) and Boxers
(7% positive) that can develop arrhythmogenic right ventricular cardio-
myopathy.24! This is an important point to consider when making a
diagnosis of a heart disease that can mimic Chagas disease in a region
known to have Chagas disease, as discrimination between Chagas dis-
ease and other etiologies of arrhythmias and ventricular systolic dys-
function could be difficult. Because T. cruzi infection is widespread and
all breeds are at risk, it is important for veterinarians to consider T. cruzi
testing in any dog when there is a clinical index of suspicion, including
dogs with known risks for breed-related heart diseases.

Trypanosoma cruzi-positive dogs were reported from all 10 ecoregions
present in Texas, demonstrating that T. cruzi is widespread across Texas.
Occurrence of T. cruzi infection in dogs in Texas is well documented in
the United States, and Texas could be a hotspot for infection with 7 tri-
atomines capable of transmission, the highest nationwide.?”:8:3637:42-46

The high prevalence of dogs infected with T. cruzi likely demonstrates an

established enzootic transmission cycle, as Texas harbors the highest
species diversity of triatomine vectors that can transmit T. cruzi and a
diversity of wildlife reservoirs.25*” The South Texas Plains ecoregion
had the highest percent of infected dogs (47%), whereas the next highest
region was the Edwards Plateau (32%). There is a greater than expected
density of Triatoma gerstaeckeri in south central Texas, which is where
we found the highest percent of infected dogs.*® There is a significant
difference between the percent of infection in triatomines collected from
different ecoregions (P < .001), where triatomines collected from the
Edwards Plateau had the highest infection prevalence of 65.0%
(n = 562).*” The high density of infected vectors in these areas could
increase exposure and infection in dogs. Furthermore, there is a high
T. cruzi infection rate in dogs from south central Texas which includes
the border with Mexico (this is the south Texas Plains ecoregion).”83¢43
In a population of dogs with T. cruzi testing from 1993 to 2007, more
than 60% of the cases came from central and southern Texas.®¢ Simi-
larly, working hound dogs in south central Texas have a seroprevalence
of 57.6% (n = 85).” Finally, dogs in the Lower Rio Grande Valley have a

seroprevalence of 19.6% (n = 209).4%

This information suggests that all
regions of Texas and surrounding states should be involved in future
efforts for increasing veterinary and public awareness for Chagas dis-
ease. It is important to note that specific ecoregions can be even
broader than reported here because dogs were not confirmed to have
lived in only 1 site for the entirety of their lives and dogs are known to
move and travel.

The overall number of dogs tested stayed consistent over the
years (P =.76). This temporal difference could reflect differences in
the referral population over time or could reflect the biology of the
disease system. For example, in a multi-year (2013-2016) citizen sci-
ence initiative to collect triatomines across Texas, the infection preva-
lence in vectors was highest in 2013 and decreased thereafter;
authors suggested that the decline in infection was due to climate var-
jability.*” Such fluctuations in the population of infected vectors in
nature could account for temporal variation in infection in dogs.

The principal reason reported for testing in T. cruzi-infected dogs
was the presence of an infected littermate or housemate (67%), and
the odds of being infected were 13 times greater among dogs that
had an infected litter or housemate. Trypanosoma cruzi can be trans-
mitted congenitally from dam to pup and has been shown to infect
multiple littermates.**° Although direct dog-to-dog transmission through
blood contact is unlikely, an infected housemate typically indicates that
infected vectors are in the dog's environment in the absence of travel
history. In Argentina, the presence of at least 1 infected dog in a house-
hold is significantly associated with more infected dogs in the same
household.>! Reasons for testing for T. cruzi infection including CHF
(P = .004), ventricular enlargement, and systolic dysfunction, and a vari-
ety of ECG abnormalities including AVB and sinus node dysfunction are
based on the clinical index of suspicion and include consideration of
other factors such as age of the dog or unusual breed in context in an
individual case.

Overall, T. cruzi infection status was not significantly associated
(P = .73) with the presence or absence of an ECG abnormality, dem-

onstrating that T. cruzi infection is 1 of the many reasons for ECG
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abnormalities in tested dogs. Although infected dogs were more likely
to have ventricular arrhythmias and had significantly more combina-
tions of ECG abnormalities, there were 13 infected dogs (20%) with-
out an ECG abnormality detected. When abnormalities were analyzed
based on the location (atria, AV node, or ventricles), the odds of a
T. cruzi-infected dog having ventricular arrhythmias were 2 times greater
(P = .02) than other anatomic locations. In an experimental infection of
dogs with T. cruzi, the chronic stage of Chagas disease was characterized
by the development of ventricular premature contractions and ventricu-
lar tachycardia.?* Similarly, in humans with Chagas disease, ventricular
premature contractions are 1 of the most common ECG abnormalities.>?
Mechanisms of myocardial damage in T. cruzi-infected dog and human
patients include focal inflammation, diffuse fibrosis, edema, and scarring
of the myocardium and conduction system.3>>3>* This destruction can
lead to a combination of arrhythmias, conduction disturbances, myocar-
dial dysfunction, and heart failure in patients with Chagas disease.
Trypanosoma cruzi tissue tropism is primarily in the myocardium and
can cause an inflammatory response that results in myocyte damage.
Cardiac troponin | is exclusively in cardiac myocytes and is released
immediately after cardiac injury making it a sensitive and specific
marker of myocardial injury. Cardiac troponin | is an indicator of myo-
cardial damage, and increased cTnl concentrations occur in dogs and
humans with Chagas cardiomyopathy.3>>> Serum cTnl levels slowly
increase in infected dogs and spike at 10-30 mg/mL at approximately
21 days after infection.>® Furthermore, cTnl serves as a rigorous bio-
marker because healthy individuals have negligible levels, and it circu-
lates for days to weeks after cardiac injury®” and is a useful biomarker
for Chagas disease development because it is minimally invasive. Paired
with ECG results and serology, cTnl can help quantify infection and
provide a more thorough prognosis. For dogs that were evaluated
between 2010 and 2013 and cTnl concentrations were tested on the
Immulite 2000, 24% of T. cruzi-positive dogs fell into the lowest con-
centration of cTnl (0.5 ng/mL), whereas only 9.1% of the dogs in the
highest group (21.01 ng/mL) were T. cruzi positive. The odds of having
cTnl concentration of 21.01 ng/mL were 0.31 times lower in the
T. cruzi-infected dogs than in the negative dogs. Because this popula-
tion presented to a VMTH, many of the dogs had abnormalities which
can also cause increased cTnl. Starting in 2013, cTnl concentration was
tested on a more sensitive assay with a lower limit of detection of
<0.006 ng/mL. With this assay, the majority of dogs had detectable
cTnl, and T. cruzi-infected dogs were significantly more likely to have
cTnl concentrations in the increased ranges of 0.129-0.255 ng/mL
(19%) and 20.256 ng/mL (25%). Approximately 18% of dogs on both
the Immunite 2000 and ADVIA assay fell into the middle concentration
of cTnl and were T. cruzi positive. Chagas disease can affect cardiac
health acutely or over a long period.82%2! This finding of infected dogs
with cTnl concentrations in the middle range could indicate low levels
of cardiac damage over time and even damage as histopathology dem-
onstrated in an infected litter of Boxer puppies.®> Chagas disease is
1 potential cause of increased cTnl concentrations when considered in
conjunction with other signs and should be taken into consideration

while evaluating the overall health of the dog.
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Regarding signalment as a risk factor for infection, T. cruzi in this
population was widespread and not disproportionately associated
with any breed group or sex. Older dogs have a higher prevalence of
T. cruzi infection than younger dogs, likely because older dogs have
had more opportunities for exposure.>®%47 |n our study population,
infected dogs were significantly younger (mean = 5.9 years; P = .006)
than negative dogs (mean = 7.4 years). Dogs presenting to a teaching
hospital could be more likely to have clinical disease. During an exper-
imental infection of dogs, clinical signs were more severe in younger
infected dogs then older dogs, and dogs inoculated at an earlier age
had higher parasitemia than older dogs.?°

Five dogs had positive titers ranging from 1:20 to 1:160 at the
first appointment and had negative results at the second appointment.
Seroreversion in the absence of treatment occurs in mice, humans, and
dogs.347°842 Few studies have reported on seroreversion in dogs. Ser-
oreversion has been documented in 5%-6% (1/21 and 2/36) of dogs,
1 of which was concurrently positive by xenodiagnoses and then
became seropositive again 2 years later.>*’ In 2 dogs with an IFA titer
of 1:20 in the present study, it is possible that the change in result was
due to interobserver variability or test cross-reaction.®® Host biological
factors such as exposure history, coinfection, and genetic makeup could
have an effect on reaction variability of the IFA. Further characteriza-
tion of IFA test variability in dogs is needed, as IFA is the only available
test for diagnosis in dogs and test variability is not established.

This study is limited in that it is retrospective and the quality of the
data could vary, and in some cases, data was missing. Despite missing
data for some variables, the sample sizes for each variable were rela-
tively large and allowed for reliable statistical analysis (smallest sample
size, n = 267). Furthermore, this study is limited in that the majority of
dogs were referred to the hospital causing a selection bias. This limits
the ability to apply the findings to the general dog population; however,
this study still provides important insight into risk factors associated
with T. cruzi infection. This study is further limited by being centered
on dogs from Texas (n = 363); however, dogs from 8 other states were
included, and Texas has a high prevalence of Chagas disease in dogs
making it ideal for a retrospective study.? Other limitations include
changes in the cTnl assay, from the Immulite 2000 with an analytical
sensitivity of 0.2 ng/mL to the more sensitive ADVIA Centaur CP
Ultra-Tnl immunoassay which detects cTnl to 0.006 ng/mL. Due to the
change in assay during the 7-year study, we analyzed the concentra-
tions of cTnl separately, and the results cannot be directly compared
between assays. One limitation to T. cruzi testing in dogs that there is
no gold standard for diagnosis and discordant tests results are com-
mon.81° The use of multiple serology assays to determine positivity
can be useful”®37¢47 and is in accordance with the WHO guidelines
for human medicine.®® Unfortunately, using multiple serology assays is
not possible for veterinary medicine because the IFA is the only test
approved for use in dogs. Therefore, the true infection rate in dogs is
not known. Although other tests have been validated in dogs, they are
not clinically available for diagnosis.?® In contrast, human medicine
relies on a suite of serology assays to determine if a patient is positive.
The ECG abnormalities reported here did not include 24-hour ambula-

tory ECG analysis which could improve detection of abnormalities.
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Finally, detailed classification of echocardiographic abnormalities was
not specifically assessed in this study because of the wide variety of
diseases present in this population.

In summary, dogs infected with T. cruzi based on a titer 220 or his-
tologic evidence were identified in all ecoregions in Texas and in a
variety of breed groups. Dogs from breeds affected by well-described
heart diseases that mimic Chagas heart disease can test positive for
Chagas disease. The most common reasons for testing were an
affected litter or housemate and the presence of cardiac abnormalities
(CHF, ventricular enlargement with systolic dysfunction). Infected
dogs were more likely to have ventricular arrhythmias and combina-
tions of ECG abnormalities were commonly diagnosed. These findings
suggest a need for an increased awareness of Chagas disease in dogs

including the knowledge of when to consider testing for it.
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