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Abstract

Trypanosoma cruzi infection in dogs can cause heart failure and sudden death with

few treatment options available. A litter of 4 dogs living in a T cruzi endemic area were

randomized to prophylaxis and nonprophylaxis groups as part of a study evaluating a

modified benznidazole dosing regimen administered twice weekly to prevent T cruzi

infection during a vector transmission season. The 2 dogs that received prophylaxis

remained healthy without T cruzi infection or cardiac disease for >2 years. One dog that

did not receive prophylaxis died unexpectedly with acute T cruzi–induced pancarditis,

and the second dog tested positive for T cruzi and developed complex arrhythmias with

markedly increased cardiac troponin I and improved with a higher benznidazole treat-

ment dose. Although the small sample size precludes definitive conclusions, we describe

the potential clinical benefit of prophylactic and early treatment with modified benznida-

zole dosing regimens for dogs with T cruzi infection.
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1 | INTRODUCTION

Chagas disease is a zoonotic parasitic infection caused by the protozoan

hemoflagellate, Trypanosoma cruzi, and transmitted by triatomine insect

vectors, commonly known as “kissing bugs.” Infection with T cruzi can

cause cardiomyopathy, heart failure, and sudden death in dogs and is

endemic in the southern United States and the temperate areas of

southern South America.1-4 Benznidazole, a nitroimidazole prodrug with

trypanocidal activity, is routinely used to treat T cruzi infection in

humans. Administration of benznidazole at a dosage of 5 to 7 mg/kg PO

q12h for 30 to 60 days has been the standard treatment for humans and

dogs, with variable effects reported.5-9 Improvements in parasitological

cure rates were shown using a contemporary modified treatment regi-

men of less frequent (twice weekly), higher dose (approximately

20 mg/kg) benznidazole in mice, dogs, and macaques.10 We recently

evaluated benznidazole as prophylaxis by administering approximately

10 mg/kg twice weekly for 24 weeks during an insect vector transmis-

sion season when vectors are most active.11 Although initial attempts

did not prevent T cruzi infection, the potential clinical benefits of the pro-

phylactic modified dosing protocol were not the objective of the study.

Abbreviations: Ct, cycle threshold I; cTnI, cardiac troponin I; DTU, discrete typing unit;

FETCH, Functional Evaluation of Cardiac Health; IFA, indirect fluorescent antibody; PCR,

polymerase chain reaction.
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Therefore, from 2021 to 2023, we monitored clinical and clinico-

pathological findings in a litter of 4 English Cocker spaniels enrolled in

a study to evaluate the modified benznidazole prophylactic regimen.11

One of the dogs received a modified treatment regimen of benznida-

zole. The dogs were born to 2 dogs with chronic asymptomatic T cruzi

infection in a private multidog kennel environment in south Texas, an

area known for intense transmission pressure and increased risk of

exposure to T cruzi.12

At enrollment (visit 1), congenital infection was ruled out by negative

real-time blood PCR, negative T cruzi serology using indirect fluorescent

antibody (IFA) assay, and no response on Luminex-based multiplex serol-

ogy performed on all 4 puppies at 9.1 weeks of age. The dogs were ran-

domly assigned to prophylaxis and nonprophylaxis groups with 2 dogs in

each group. All 4 dogs apparently were healthy with a functional evalua-

tion of cardiac health (FETCH) score of 0 indicating the absence of clini-

cal signs.13 All 4 dogs were maintained in the same kennel with exposure

to outdoors throughout the study period.

The dogs were reevaluated at as many as 6 time points: visit

2 (dogs 1-4, 2.5 months after enrollment), visit 3 (dogs 1, 2, and

4, 3.3 months after enrollment), visit 4 (dog 4, 4.2 months after enroll-

ment; 0.9 months after starting treatment), visit 5 (dogs 1, 2, and

4, 5.3 months after enrollment; 2.0 months after starting treatment

for dog 4), visit 6 (dog 4, 10.3 months after enrollment; 7.0 months

after starting treatment), and visit 7 (dogs 2 and 4, 16.4 months after

enrollment; 13.1 months after starting treatment for dog 4). During

these visits, a FETCH score was recorded, and some of the following

diagnostic tests were performed based on the clinical evaluation of

each dog, as described in detail below, including cardiac auscultation,

SNAP 4Dx Plus testing (IDEXX, Westbrook, Maine) for detection of

Dirofilaria immitis antigen, and antibodies to Ehrlichia canis, E ewingii,

Borrelia burgdorferi, Anaplasma phagocytophilum, and A platys, serum

biochemistry panel, serum cardiac troponin I (cTnI) concentration

(ADVIA Centaur TnI-Ultra assay, Siemens Medical Solutions USA, Inc,

Malvern, Pennsylvania, USA), echocardiogram, 5-minute standard ECG,

and 24-hour ambulatory ECG. Tests for T cruzi infection included real-

time blood PCR for T cruzi DNA with discrete typing unit (DTU), a clas-

sification of the T cruzi parasite genotype, if PCR-positive based on

cycle threshold (Ct) value <35 cycles,10 IFA (Texas A&M Veterinary

Medical Diagnostic Lab, College Station, TX), and Luminex-based multi-

plex immunoassay to detect antibodies.10

2 | CASE HISTORY

2.1 | Prophylaxis group: Dogs 1 and 2

Dog 1, an 11.1 kg female, and dog 2, a 12.6 kg male, were randomly

assigned to receive a prophylactic schedule of 125 mg of benznidazole

(11.2 and 9.9 mg/kg, respectively) administered as a 125 mg capsule PO

twice weekly for 24 weeks throughout the predicted exposure season

for transmission of T cruzi from May to October 2021. At visit 2, both

dogs were blood PCR negative for T cruziwith FETCH scores of 0. Serum

cTnI concentrations were 0.068 ng/mL for dog 1 and < 0.006 ng/mL for

dog 2 (reference range, <0.128 ng/mL).14 At visit 3, both dogs had

FETCH scores of 0 with normal cardiac auscultation, normal biochemis-

try panel results, negative T cruzi IFA and SNAP 4Dx Plus results, normal

sinus rhythm with normal complex morphology and intervals on a

5-minute ECG, and normal echocardiogram results. On a 24-hour ambu-

latory ECG, dog 1 had rare supraventricular premature beats, and dog

2 had no abnormalities detected. At visit 5, both dogs had FETCH scores

of 0 and remained blood PCR negative with serum cTnI concentrations

<0.006 ng/mL. At visit 7, both dogs had FETCH scores of 0. Only dog

2 was available for examination and was normal on cardiac auscultation,

had negative blood PCR and serology (IFA, Luminex) results, serum cTnI

concentration <0.006 ng/mL, normal sinus rhythm with normal complex

morphology and intervals on a 5-minute ECG, and normal echocardio-

gram results. Two years after enrollment, both dogs were alive and

clinically well.

2.2 | Nonprophylaxis group: Dog 3

Dog 3, a 12.6 kg male, was randomly assigned to the nonprophylaxis con-

trol group. At visit 2, the FETCH score was 0 and blood PCR was strongly

positive (Ct value 14 cycles) with DTU cardiac troponin I (TcIV). Serum

cTnI concentration was increased at 2.59 ng/mL. The dog died suddenly

10 days after visit 2 before the investigators received the PCR and cTnI

results. Histopathologic evaluation of the heart, performed by a board-

certified veterinary pathologist, showed large amounts of inflammation

multifocally infiltrating the myocardium, occasionally extending to the

endocardial and epicardial surfaces. The inflammation consisted of plasma

cells, lymphocytes, and histiocytes. Scattered cardiomyocytes contained

cytoplastic pseudocysts filled with abundant amastigotes of T cruzi. These

structures measured approximately 2 μm in diameter and had central

nuclei with occasionally visible, perpendicularly oriented kinetoplasts. In

heavily inflamed regions, cardiomyocyte necrosis and edema were pre-

sent with scattered small foci of mineralization. Diffuse moderate conges-

tion of the lungs was observed. No abnormal findings were noted in

other organs. The histopathologic diagnosis was severe, multifocal to coa-

lescing, acute, lymphohistiocytic, necrotizing pancarditis with intralesional

amastigotes, morphologically consistent with T cruzi. These findings con-

firmed a diagnosis of acute Chagas disease because the infection was

identified within 3 months of confirming a negative status.

2.3 | Nonprophylaxis group treatment: Dog 4

Dog 4, a 14.3 kg male, was randomly assigned to the untreated, control

group. At visit 2, dog 4 had a FETCH score of 0, a markedly increased

serum cTnI concentration of 14.88 ng/mL and positive blood PCR for

T cruzi (Ct value 18 cycles) with DTU TcIV. A comprehensive diagnostic

evaluation was scheduled. At visit 3, the FETCH score remained 0, and

cardiac auscultation disclosed a heart rate of 70 beats/min, grade 2/6

left apical systolic and right mid-heart murmurs, and an irregular heart

rhythm. Serum biochemistry panel results were normal, SNAP 4Dx Plus

test results were negative, and T cruzi antibody titer by IFA was positive
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at 1:1280. A 5-min standard ECG recording disclosed frequent, multi-

form ventricular premature beats occurring as singles and in a bigeminal

pattern. A 24-hour ambulatory ECG identified frequent multiform ven-

tricular arrhythmias occurring as singles, in couplets, in a bigeminal pat-

tern, and in short paroxysms of ventricular tachycardia (Table 1). Also

noted were a period of sinus arrest with escape beats and a short

period of supraventricular tachycardia followed by sinus arrest and rare

supraventricular premature beats. Echocardiographic findings included

normal chamber size, normal ventricular systolic function, and mild tri-

cuspid valve regurgitation with normal regurgitant jet velocity. Once

the test results were compiled, the dog was started on benznidazole at

a dosage of 17.5 mg/kg PO twice weekly for 12 months. At visits 4 to

6, the FETCH scores remained 0 with decreased, but still positive,

blood PCR at visits 5 (Ct value 29 cycles) and 6 (Ct value 28 cycles),

and with progressive continued decreases in serum cTnI concentration

of 1.27, 0.506, and 0.08 ng/mL, respectively (Figure 1). Also at visit 4,

echocardiographic findings included normal chamber size, normal ven-

tricular systolic function, and no valve regurgitation. A 24-hour ambula-

tory ECG disclosed a similar percentage of ventricular ectopic beats

with rare single supraventricular premature beats compared with the

previous evaluation. However, the severity was improved based on a

higher number of singles and fewer number of couplets and runs of

ventricular tachycardia. At visit 7, the FETCH score remained 0, and no

murmurs or arrhythmias were noted, blood PCR remained positive

(Ct value 26 cycles), IFA titer was 1:320, and serum cTnI concentration

remained low at 0.081 ng/mL. Echocardiographic findings remained nor-

mal. A 24-hour ambulatory ECG identified even fewer ventricular

arrhythmias occurring mainly as singles with rare couplets, rare runs of

ventricular tachycardia, and occasional single supraventricular premature

beats. Two years after enrollment, dog 4 was alive without clinical signs.

3 | DISCUSSION

We describe the clinical findings in a litter of 4 dogs, 3 of which

received modified dosing regimens of benznidazole for prophylaxis or

early treatment of T cruzi infection. These dogs were exposed to the

same management practices and environment, including pressure

from triatomine vectors, thus presenting a semicontrolled natural

experiment to discover clinical outcomes with benznidazole treat-

ment. Notably, the 2 dogs that received benznidazole prophylaxis for

T cruzi infection did not become infected or develop evidence of heart

disease. In addition, in both dogs that received prophylaxis, serum

cTnI concentration, a marker of myocardial damage, remained low.

Conversely, the 2 dogs that did not receive prophylaxis developed

severe acute T cruzi infections; 1 dog died suddenly, and the other had

markedly increased serum cTnI concentration and complex arrhythmias

despite FETCH scores of 0 in both. These findings highlight the poten-

tial challenge of using the absence of clinical signs when monitoring for

the development of Chagas disease. Ventricular arrhythmias in dogs

with Chagas disease and cTnI concentration >1.0 ng/mL have been

associated with decreased survival times and poor prognosis.3,15 A

treatment regimen of benznidazole using the modified dosing protocol

did not result in parasitic cure in dog 4 but was associated with

decreased serum cTnI concentration from severely increased to normal

concentrations and marked improvement in ventricular arrhythmias

(ie, improved total number and complexity of ventricular arrhythmias

without antiarrhythmic treatment). These findings are consistent with

previous findings in experimentally infected dogs and in infected

humans treated with benznidazole, where the parasite may not be

TABLE 1 Selected 24-hour
ambulatory ECG (Holter) results obtained
for dog 4.

Parameter Visit 3 Visit 4 Visit 7

Total heart beats 127 159 148 410 140 087

Ventricular ectopic beats 11 296 13 048 1944

Ventricular ectopic beats as percent of total heart

beats

9% 9% 1%

Ventricular ectopic beats—singlets 7812 12 356 1924

Ventricular ectopic beats—couplets 531 106 4

Ventricular tachycardia runs 372 100 3

Supraventricular ectopic beats—singlets 2 21 308

Note: A modified treatment dose regimen of benznidazole was started after testing positive for

Trypanosoma cruzi at visit 2.

F IGURE 1 Serum cardiac troponin I results for the 4 dogs. Dogs
1 and 2 were in the prophylaxis group, dog 3 was in the
nonprophylaxis group with death after visit 2 and dog 4 was in the
nonprophylaxis group and subsequently started on a modified
treatment dose regimen of benznidazole. The upper limit of the
reference range (0.128 ng/mL) is represented by the dotted line.
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completely eliminated but potential clinical benefits include limiting

myocardial fibrosis, cardiac abnormalities, and disease progression.5,9,16

Standard benznidazole dosing regimens in experimentally infected

dogs have been shown to limit but not prevent myocardial damage and

ECG abnormalities while decreasing parasitic load in some dogs.5-7 Treat-

ment initiated soon after inoculation in experimentally infected dogs pre-

vented or decreased fibrosis in the right atrium, prolongation of the PR

interval, and other ECG abnormalities typically observed in infected dogs.5

Although the observed trypanocidal effects and limitation of cardiac dam-

age, ECG, and echocardiographic abnormalities are encouraging, none of

the studies has reported clinical outcomes related to progression of heart

failure, mortality rates, survival time, or quality of life in affected

dogs.5,17,18 Investigation into the role of benznidazole treatment for

T cruzi infection in naturally infected dogs has been limited partly because

of the lack of availability of the medication, knowledge of which animals

will benefit from treatment, and lack of veterinary awareness of Chagas

disease.4,17 Consequently, the role of benznidazole treatment for T cruzi

infection in dogs has not been well established, and treatment options

remain limited.

The objective of using a modified dosing protocol is to administer

benznidazole at a higher dose for a longer duration of time to treat

actively replicating and dormant parasites.10,11,19 In mice, a modified

dosing regimen with weekly or twice weekly administration of benzni-

dazole at a dose 2.5 to 5 times the standard daily dose successfully

eradicated established T cruzi infection.19 A similar regimen also cured

a proportion of dogs and nonhuman primates.10 Our recent study

investigated the prophylactic use of a similar protocol for preventing

T cruzi infection in dogs.11 Although the attempts did not prevent new

infection, the positive clinical outcomes observed in dogs in our report

demonstrate potential clinical benefits of the modified dosing proto-

col. Given the increased understanding of the severe burden that

T cruzi places on dogs, the risk of sudden death, and the poor progno-

sis with acute myocarditis, and chronic cardiomyopathy, further inves-

tigation of benznidazole incorporated into preventative care may be

worthy of future study in dogs at high risk of T cruzi infection living in

or entering an endemic area. Similarly in veterinary medicine, routine

administration of macrocyclic lactones is recommended for eliminat-

ing Dirofilaria immitis infection. In human medicine, preexposure or

postexposure chemoprophylaxis is a feasible strategy for the presumptive

treatment of some endemic parasites in immigrants and travelers.20,21

The use of chemoprophylaxis generally is based on the high risk of

acquiring infection, high clinical impact of infection, low ecological impact,

high cost-effectiveness, and low frequency of adverse drug effects.21

Administration of benznidazole can cause adverse effects in humans

including hypersensitivity dermatitis, gastrointestinal upset, polyneu-

ritis, and rarely bone marrow suppression and hepatopathy.22

In dogs, dose-dependent neurologic signs have been reported at

dosages >20 mg/kg/day.23 The modified dosing regimens of benznida-

zole administered twice weekly were not associated with adverse

effects in the 3 dogs in our study or in dogs in previous studies.10,11

Dog 4 had persistently PCR-positive blood, but with a marked

decrease in blood parasite burden as evidenced by increasing Ct values

that coincidedwith benznidazole treatment. The failure of this treatment

to achieve parasitological cure may relate to the markedly low initial Ct

value potentially signaling a very high infectious dose. In a recent work in

similar multidog kennel environments in central and south Texas, most

serologically positive T cruzi–infected dogs were negative on blood PCR

tests.12 The blood parasite burden likely varies based on initial inocula-

tion dose, time since infection, and route of transmission. For example,

PO transmission in children, potentially an important route for dogs, can

inoculate the patient with a higher dose of the parasite compared with

contact with infected insect vector feces, posing a higher risk of acute

myocarditis associatedwith amore efficient route of infection.24

The complexity of T cruzi infection related to parasite load, strain,

and duration of time infected combined with variable host immune

response leads to unpredictable outcomes and persistent challenges

in identifying successful antiparasitic treatments. Modified treatment

protocols, such as that described here, and combination treatment are

options being further explored.17,25,26

In conclusion, prophylactic and early benznidazole treatment

using a modified dosing regimen may not prevent or cure T cruzi

infection but potentially can ameliorate the clinical impact of T cruzi

infection by decreasing morbidity and mortality related to cardiac

disease, and such treatment was well tolerated by the dogs of our

study. The extremely small sample size and descriptive nature of the

study preclude definitive conclusions, and a larger study to evaluate

modified dosing protocols of benznidazole is necessary to clarify the

potential clinical benefits of these protocols in dogs, particularly for

those in high-risk environments.
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