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First report of canine Chagas disease on the Caribbean Island of Trinidad
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BACKGROUND Chagas disease (CD) is a vector-borne infection caused by Trypanosoma cruzi, a kinetoplastid parasite of
mammals. 7. cruzi is transmitted by triatomine bugs throughout the Americas and some Caribbean islands. On the Caribbean
island of Trinidad, 7. cruzi has been isolated from triatomine bugs in several residential areas where dogs are a common pet.
However, canine 7. cruzi infection in Trinidad has never been studied.

OBJECTIVES We aimed to demonstrate that canine CD does occur in Trinidad through a review of veterinary records from the
years 2008-2023.

METHODS We reviewed 3,923 case reports from Trinidad veterinary clinics for canine Chagas cases diagnosed through
histological evaluation, necropsy, blood smear evaluation, and/or polymerase chain reactions (PCR).

FINDINGS We identified 13 confirmed and two suspected canine CD cases. Animal ages ranged from five weeks to 14 years
old, with four (27%) being less than one year old, including the pup of a T_ cruzi-infected dam. Breed varied, although one-third
(5/15) were hounds. Clinical signs ranged from asymptomatic (43%; 6/14) to severely ill with limb paresis (21%; 3/14). Seven of
the fifteen (47%) dogs died, and three more (20%) were euthanized. Myocarditis with visible amastigote forms were found in
two-thirds (9/15) of dogs.

MAIN CONCLUSIONS Our findings highlight a need for increased awareness of CD among dog owners and veterinarians in Trinidad.
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Trypanosoma cruzi is a vector-borne parasite of
mammals, and the causative agent of Chagas disease
(CD) in humans and dogs."* The arthropod vectors
of T. cruzi are hematophagous insects called triatomine
bugs that transmit the parasite stercorally (i.e., in their
excrement and not in their saliva). Insectivorous an-
imals, including dogs, can also acquire 7. cruzi orally
through the consumption of 7. cruzi-infected triatomine
bugs, which is more efficient than stercoral transmission
and can cause severe, acute disease.“>%? Other modes
of 7. cruzi transmission in dogs include transplacental
transmission from mother to fetus.

Vector-borne 7. cruzi transmission is broadly classi-
fied into domestic and sylvatic cycles. Domestic 7. cru-
zi transmission occurs near or inside human dwellings,
with the parasite circulating through triatomine bug vec-
tors, domestic and synanthropic mammals, and humans.
® Sylvatic 7. cruzi transmission occurs among mammals
living in wild ecotopes and does not involve humans.®
There are also peri-domestic cycles, which involve some
degree of overlap between domestic and sylvatic cycles,

and involve wild mammalian species that thrive in hu-
man-dominated environments, such as raccoons and
opossums.®!12 Domestic dogs are considered sentinels
for human CD in domestic environments, due to their
close relationship with humans and their propensity to
eat insects, including triatomine bugs.(31415161) Dogs
that sleep outdoors and accompany their owners when
hunting wild animals are especially vulnerable to 7. cru-
zi infection."” Kennels or shelters housing multiple dogs
in regions with triatomine bugs also pose an increased
risk of canine T cruzi infection.(418:19202D

The progression of canine CD follows a similar pat-
tern to the disease in humans, comprising acute, inde-
terminate, and chronic phases.!*?2?% The acute phase
occurs shortly following infection. Clinical signs of the
acute phase include diarrhea, lethargy, swollen lymph
nodes, fluid retention, ascites, and in severe cases, acute
myocarditis and sudden death.*?*? Dogs that recover
from acute infection move into an asymptomatic inde-
terminate phase with a subpatent parasitemia.?® The du-
ration of the indeterminate phase is variable; some dogs
will remain in this phase indefinitely, while others will
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progress to the chronic phase within an estimated eight
to 36 months.?? Clinical signs of the chronic phase in-
clude cardiac arrhythmias and signs of cardiac compro-
mise or heart failure, including lethargy, fainting, fluid
buildup in the abdomen or lungs. Clinical signs in dogs
can vary with age, with young puppies exhibiting more
severe symptoms. Sudden death can occur in both the
acute and chronic phases.

Pathologic changes in dogs with CD include myo-
carditis, hepatomegaly, ascites, and cardiac enlargement
and dilatation.:?22427 Megaoesophagus and megacolon
may also be present in both acute and chronic phases.
@8 Histologic changes include intracytoplasmic amastig-
ote pseudocysts accompanied by lymphoplasmacytic to
histiocytic inflammation, cardiomyocyte necrosis, and
replacement fibrosis.-2>26:2%2%30 T! cpyzi-infected hearts
without detectible amastigotes may still yield positive
results in polymerase chain reactions (PCRs) targeting
T. cruzi DNA, as the parasite is not always readily de-
tectable upon histologic examination of chronically in-
fected dogs.?3263D

There is currently no canine vaccine against CD, al-
though development efforts are underway.?*3? Antipar-
asitic medication for canine CD has been explored with
mixed results, and treatment of the discase generally
consists of symptom management; there is no cure for
chronic canine CD.®3139 Prognosis and survival of 7.
cruzi-infected dogs varies and not all infected dogs de-
velop disease. 3253435

Chagas disease in Trinidad - Although well-studied
in South and Central America, CD is overlooked in the
Caribbean Islands, despite evidence of triatomine bugs
and T cruzi in several of the islands.(6:373839404D On the
island of Trinidad in the dual island nation of Trinidad
and Tobago, there are six described triatomine bug spe-
cies. The most common triatomine species is Panstron-
gylus geniculatus (Fig. 1; reviewed in Suepaul 2025).4D
A recent survey of P. geniculatus found in and around

Fig. 1: Panstrongylus geniculatus, the main Trypanosoma cruzi vec-
tor in Trinidad and Tobago. Photo taken by Dr Amy Deacon and origi-
nally published in Suepaul et al.#?

households in Trinidad found 7. cruzi infection in over
80% of specimens tested.®® Recent detection of two tria-
tomine bug species in Tobago indicates that 7" cruzi like-
ly circulates there as well, although studies are needed to
confirm its presence.®)

In Trinidad, as in many regions, dogs are commonly
an integral member of human households, serving pur-
poses that include companionship, hunting, and protec-
tion. Dogs from households in Trinidad that are located
near triatomine bug nidi and dogs that are used for hunt-
ing wildlife reservoirs of 7. cruzi, including nine-band-
ed armadillos (Dasypus novemcinctus) and opossums
(Didelphis marsupialis) could be at an increased risk of
acquiring 7. cruzi infection.*>*» However, local canine
T cruzi infection remains unexamined. Therefore, we
investigated canine CD in the island of Trinidad using
3,923 historical case records from two veterinary diag-
nostic clinics. Our objectives were to (i) demonstrate
that 7. cruzi transmission occurs in dogs in Trinidad; (ii)
document the disease and its pathology in locally trans-
mitted cases; (iii) raise awareness of canine CD in TT to
facilitate the detection of suspected cases; (iv) provide
baseline data to guide future research of canine 7. cruzi
infections in Trinidad and Tobago.

MATERIALS AND METHODS

Historical records search - We conducted a retro-
spective study of canine necropsy and blood submission
records from the University of the West Indies School
of Veterinary Medicine Pathology Laboratory, as well
as necropsy records from the Trinidad and Tobago Min-
istry of Agriculture Veterinary Diagnostic Laboratory
(VDL). We searched all available digital diagnostic re-
cords (N = 3,023) of dogs submitted to the VDL between
January 2008 and December 2023. Canine necropsy re-
cords were examined for myocarditis and other lesions
or diagnostic results consistent with 7. cruzi infection.
Clinical records were also screened for cases where the
submitting veterinarian had tested blood for 7. cruzi,
which is not routinely performed otherwise. All cases
were likely locally acquired, as no history of travel out-
side the country was reported.

Necropsy procedures - Necropsy procedures report-
ed in each record consisted of routine gross examina-
tion of all internal organs except for the central nervous
system, which was only examined when indicated by
the clinical history. Samples of any lesions detected, as
well as representative sections of liver, lung, and kidneys
were placed in 10% buffered formalin. After a 48-hour
fixation, the tissues were trimmed and embedded in par-
affin blocks. Sections 4 um thick were placed in glass
slides, deparaffinized, and routinely stained with hema-
toxylin and eosin for microscopic examination.

Polymerase chain reaction detection methods - In cas-
es where PCR was used to detect 7. cruzi infection, the as-
say consisted of DNA extracted from each sample (blood
or representative organ) amplified in a PCR using the
TcZF/R primers, which amplify a 182 bp region of 7. cru-
zi nuclear DNA (5’-GCTCTTGCCCACAAGGGTGC-3’
and 5-CCAAGCAGCGGATAGTTCAGG-3").444)



RESULTS

Overview - Out of the 3,923 canine records re-
viewed, we found two suspected and 13 confirmed cases
of canine CD. Dog age ranged from five weeks to 14
years old, with four (27%) being less than one year old,
including the five-week-old pup of a 7. cruzi-infected
dam. Dog breed varied, although one-third (5/15) were
hounds. Clinical signs ranged from asymptomatic (43%;
6/14) to severely ill with limb paresis (14%; 2/14). Sev-
en of the fifteen (47%) dogs died and three more (20%)
were euthanized. Myocarditis with visible amastigote
forms were found in two-thirds of dogs (9/15).

Case descriptions - The following is a summary of
the cases identified, presented in in chronological order.
A complete and detailed list of case descriptions and
corresponding pathology is available in Table.

2008-2018 - The first canine CD cases identified in
this review occurred in 2008 and 2013 and involved a
four-year-old male Dalmatian and a nine-month-old fe-
male Rottweiler, respectively. Both died suddenly. His-
tological examination revealed that both animals had a
severe lymphoplasmacytic and histiocytic myocarditis
with visible protozoal amastigotes within the cytoplasm
of cardiac myocytes, leading the diagnosing veterinari-
ans to suspect 7. cruzi infection. These are the only cas-
es where PCR-based diagnostics were not done to con-
firm the diagnosis.

The third and fourth cases occurred in 2018 when
a five-week-old male Cocker Spaniel died two days af-
ter beginning treatment for both Rickettsia bacterial in-
fection and hookworm. Necropsy revealed myocarditis
and intracytoplasmic protozoal amastigotes in cardiac
myocytes (Fig. 2), and blood from both the pup and its
mother (who was not visibly sick) tested positive for 7.
cruzi via PCR.

2019-2023 - Diagnosed canine Chagas cases in-
creased during this period, likely due to increased
awareness of 7. cruzi infection among veterinary clinic
staff, as follows:

- The fifth case was from 2019, where an 18-month-
old male foxhound was brought in with anorexia, marked
weakness, and hindlimb paresis [Fig. 3 and Supplemen-
tary data (video)]. The owner decided to euthanize the
dog. T cruzi forms were observed in blood smears from
the dog, indicative of acute and recent infection. Histo-
logical examination revealed myocarditis and intracyto-
plasmic amastigotes; DNA from heart and spleen tissues
were PCR-positive for 7. cruzi. Given the presence of 7.
cruzi amastigotes in the heart and PCR-positivity of the
heart and spleen, it is highly likely that the myelitis de-
tected was a result of 7 cruzi infection and the cause of
the hindlimb paresis in the animal. However, direct evi-
dence of T. cruzi in the spinal cord was not collected, as
PCR was done just on the heart and the spleen tissues and
immunohistochemistry analyses were not carried out.

- The following year (2020), three adults and two pups
under six months old were diagnosed with canine CD (cas-
es 6-10, Table). Two of the dogs were hunting dogs, one of
which was from a pack specializing in armadillo hunting.
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Armadillos are a 7. cruzi reservoir species and a common
host for P. geniculatus, the most common triatomine bug
species in Trinidad.“**? The dog, which died suddenly af-
ter displaying respiratory distress, had pathological signs
of histiocytic fibrotic myocarditis suggestive of chronic
canine CD (Fig. 4). All five dogs diagnosed in 2020 were
PCR-positive for 7. cruzi with DNA extracted from heart
tissue. Three of these dogs were also positive with DNA
extracted from spleen tissue. One pup, a four-month-old
hound, was from a home located near the 18-month-old
foxhound diagnosed with canine CD in 2019.

- A single canine Chagas diagnosis (case 11, Table)
was made in 2021. The animal was a two-year-old mixed
breed female that presented with paresis in her left fore-
limb for approximately two months preceding and pro-
gressing to quadriparesis. The animal was unable to
walk and unresponsive to corticosteroid, NSAID and B
vitamin therapy; the owner eventually decided to eutha-
nize her. The dog resided in a household where over 80
triatomine bugs have been captured since 2016.

- The final four dogs were diagnosed with 7. cruzi
infection in 2023, and they were all from a single house-
hold. After viewing an educational flyer on CD distrib-
uted by our group to veterinary clinics throughout Trin-
idad, the dog owner discovered 7. cruzi vector species
P. geniculatus feeding on his sick 14-year-old German
Shepard. The dog tested positive for 7. cruzi infection
and the owner subsequently requested that his four other
dogs (all asymptomatic) be tested as well. Three of these
four dogs were PCR-positive for 7. cruzi infection, mean-
ing that four of the five dogs from this household were in-
fected with 7. cruzi, although only one was symptomatic.

DISCUSSION

Trypanosoma cruzi has been detected in Trinidad
since 1958, but the parasite has not been studied in dogs
on the island until now.“? Here, we provide the first re-
ports of locally transmitted canine 7. cruzi infections.
Severity between cases varied, but still conformed to the
profile of canine CD. Three of the most severe cases oc-
curred in pups under nine months old, which aligns with
previous observations of younger dogs being more likely
to show signs of acute disease.?® Our findings suggest
the existence of an active 7. cruzi transmission cycle in
Trinidad involving canines.

Variation in clinical signs reflect challenges in canine
Chagas surveillance and diagnosis - Three of our young-
est cases had non-specific symptoms that were initially
mistaken for a different, more frequently observed condi-
tion, which is a common challenge in identifying canine
CD.® Case 3, the five-week-old Cocker Spaniel pup, was
initially thought to have tick fever and hookworm. Case
9, the three-month-old Husky pup that would not eat or
drink, which was assumed to be a side effect of recent
vaccinations. Unfortunately, both animals died within
days of illness onset and necropsy examination revealed
that both had had severe protozoal myocarditis. In addi-
tion, the symptoms of 7. cruzi infection can be masked by
a concomitant infection, which we observed in the four-
month-old hound pup (case 8). The animal was severely
infected with gastrointestinal helminths, which possibly
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masked her T cruzi infection, which has been observed
in other studies of 7. cruzi-helminth coinfections.“*
Another challenge with CD surveillance in both hu-
mans and dogs is that the chronic form of the disease of-
ten goes undiagnosed due to undetectable parasitemia or
subclinical infection.!-?*” In our study, we observed sev-
eral subclinical cases that would have gone undetected
had it not been for other events prompting examination of
the animals. For example, in the 2020 case of the hound
from Mamoral (case 10), the animal had no observable T.
cruzi forms even though the degree of fibrosis indicated

Fig. 2: myocarditis with intra-cardiomyocyte pseudocyst containing
amastigotes from five-week-old Cocker Spaniel that died in 2018
(Case 4). Polymerase chain reaction (PCR) was Trypanosoma cruzi
positive. Hematoxylin and Eosinstain (H&E) stain, 100x magnifica-
tion. Bar =20um.
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that the changes were chronic and PCR detected 7. cruzi
DNA. A second hound from 2020 (case 6) was taken to
the clinic because it was hit by a car.

Finally, although CD presents with a wide range of
symptoms, most studies of 7. cruzi infection in dogs fo-
cus on cardiac manifestations, which may result in misdi-
agnoses in dogs displaying gastrointestinal (GI) or neuro-
logical alterations, which are reported in a small number
of canine Chagas cases.®**" We found one dog with
neurological signs (case 5, a foxhound with multifocal
myelitis in 2019) although it was accompanied by classic
signs of acute CD- circulating trypomastigotes, cardiac
lesions, and positive PCR of the spleen and heart. No GI
examinations were reported in the records we reviewed.

Trypanosoma cruzi- infected mother and dam pres-
ent possibility of transplacental T. cruzi transmission -
Our data included a 7. cruzi- infected mother and pup
(cases 4 and 3, respectively), presenting the possibility
that the pup was infected with 7. cruzi transplacentally.
Vectorial transmission is also possible- the pup died at
five weeks old, which is enough time for the pup to have
acquired 7. cruzi vectorially and developed peak para-
sitemia (~17 days post-infection).?? As it stands, we have
no direct evidence that clearly points to either transmis-
sion route and evidence of transplacental transmission is
circumstantial. There are few studies of transplacental 7.
cruzi transmission in dogs, but one recent study of fetus-
es from naturally infected dams found a 7. cruzi trans-
mission frequency of 59%.%? This transmission rate is
much higher than that observed in humans, which has
been estimated to be around 6%.°*3% This is a notable
difference given that the disease progression and pathol-
ogy of CD in dogs and humans is otherwise considered
to be quite similar.-32%

Environmental factors - Our findings suggest that in
cases where nonspecific or unusual clinical pathology is
observed, environmental factors of the dog’s home and
activities (e.g., hunting, other outdoor activities, etc.)
should be considered. The two hounds with histological
lesions (cases 5 and 10, Table) were housed outdoors in
kennels with multiple dogs kept close together, which
are risk factors for canine CD.(®2*55%) The main prey of
Case 10, a hunting hound from Mamoral, was armadillo,
which is a T. cruzi reservoir that often cohabitates with
triatomine bugs in its burrows.

Fig. 3: stills from a video of the foxhound with limb paresis (Case 5). Given the presence of Trypanosoma cruzi amastigotes in the heart, parasite
forms observed in the blood, and polymerase chain reaction (PCR)-positivity of the heart and spleen, the cause of the hindlimb paresis in the
animal was likely Chagasic myelitis. However, direct evidence of 7. cruzi in the spinal cord was not collected; PCR was conducted just with the
heart and the spleen tissues, and immunohistochemistry was not carried out [Supplementary data (video)].
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: L T
Fig. 4: chronic myocarditis with fibrosis from adult hound diagnosed
in 2020 (Case 10). Heart tissue was polymerase chain reaction (PCR)
positive for Trypanosoma cruzi infection. Hematoxylin and Eosin-
stain (H&E) stain, 20x magnification. Bar = 100pm.
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The presence of triatomine bugs at a dog’s home or
residence are also important to consider, as highlighted
by the mixed breed female from 2021 (case 11), which
resided in a location where over 80 triatomine bugs have
been collected since 2016. This animal presented with
severe, nonspecific disease that did not conform to the
classic Chagas pathology, yet whole blood from the dog
tested positive for 7. cruzi. In addition, triatomine bugs
were found biting the dog from case 12 at its residence,
which it shared with the dogs from cases 13-15. Taken
together, these cases suggest active vector-borne 7. cru-
zi transmission to canines occurring at their places of
residence. Interestingly, the dog owner from cases 12-15
shared that he was bitten by a triatomine bug vector in
the past and was unable to find any information about
what had bit him. This anecdote highlights the need for
publicly available information on both canine and hu-
man CD in Trinidad.“#”

In conclusion - Here, we provide evidence of locally
acquired canine CD in Trinidad. As mentioned, dogs
are considered a sentinel species for 7. cruzi trans-
mission to humans in some regions due to their close
contact with people and propensity to consume insects.
(101757 Keeping in mind that canine 7. cruzi infection
does not extrapolate directly to human CD risk, our
findings merit further research into this question as it
plays out within the context of 7. cruzi transmission
in Trinidad. Moreover, our results highlight the need
for increased CD surveillance and research in Trini-
dad and Tobago in order to estimate both human and
veterinary risk and develop appropriate prevention and
control strategies.

ACKNOWLEDGEMENTS

To Gerald Chandoo for his help in this project. The au-
thors dedicate this paper to the owners of the dogs reported
in this manuscript.

AUTHORS’ CONTRIBUTION

RS, AM, AR and CO designed the study; RS, IP and LG
executed the study; RS, IP, CO, VT and NLG analysed the
data; RP and JKP wrote the manuscript drafts; RP, AM, AR,
CO, NLG and JKP revised the manuscript. The authors de-
clare that they have no competing interests.

DATA AVAILABILITY

The contents underlying the research text are included in
the manuscript.
REFERENCES

1. Andrade ZA. The canine model of Chagas’ disease. Mem Inst Os-
waldo Cruz. 1984; 79(Suppl.): 77-83.

2. de Sousa AS, Vermeij D, Ramos AN, Luquetti AO. Chagas dis-
ease. Lancet Lond Engl. 2024; 403(10422): 203-18.

3. Duraes-Oliveira J. Chagas disease: a silent threat for dogs and hu-
mans. Int J Mol Sci. 2024; 25(7): 3840.

4. Bradley KK, Bergman DK, Woods JP, Crutcher JM, Kirchhoff LV.
Prevalence of American trypanosomiasis (Chagas disease) among
dogs in Oklahoma. J Am Vet Med Assoc. 2000; 217(12): 1853-7.

5. Montenegro VM, Jiménez M, Dias JCP, Zeledon R. Chagas dis-
ease in dogs from endemic areas of Costa Rica. Mem Inst Os-
waldo Cruz. 2002; 97(4): 491-4.

6. Reithinger R, Ceballos LA, Stariolo R, Davies CR, Giirtler RE.
Extinction of experimental Triatoma infestans populations fol-
lowing continuous exposure to dogs wearing deltamethrin-treated
collars. Am J Trop Med Hyg. 2006; 74(5): 766-71.

7. Reithinger R, Ceballos LA, Stariolo R, Davies CR, Giirtler RE.
Chagas disease control: deltamethrin-treated collars reduce 7ri-
atoma infestans feeding success on dogs. Trans R Soc Trop Med
Hyg. 2005; 99(7): 502-8.

8. Coura JR. The main sceneries of Chagas disease transmission.
The vectors, blood and oral transmissions - A comprehensive re-
view. Mem Inst Oswaldo Cruz. 2015; 110: 277-82.

9. Coura JR, Borges-Pereira J. Chagas disease: 100 years after its
discovery. A systemic review. Acta Trop. 2010; 115(1-2): 5-13.

10. Pereira HS, Scofield A, Bezerra Jr PS, dos Santos DL, Siqueira JS,
Chaves JF, et al. Chagas disease in urban and peri-urban environ-
ment in the Amazon: sentinel hosts, vectors, and the environment.
Acta Trop. 2021; 217: 105858.

1

—_

. Jansen A, Roque ALR. Domestic and wild mammalian reservoirs.
In: Telleria J, Tibayrenc M, editors. American trypanosomiasis
Chagas disease. 1st ed. Amsterdam: Elsevier; 2010. p. 249-76.

12. Brown EL, Roellig DM, Gompper ME, Monello RJ, Wenning KM,
Gabriel MW, et al. Seroprevalence of Trypanosoma cruzi among
eleven potential reservoir species from six states across the south-
ern United States. Vector-Borne Zoonotic Dis. 2010; 10(8): 757-63.

. Crisante G, Rojas A, Teixeira MMG, Aifiez N. Infected dogs as a
risk factor in the transmission of human 7rypanosoma cruzi infec-
tion in western Venezuela. Acta Trop. 2006; 98(3): 247-54.

14. Tenney TD, Curtis-Robles R, Snowden KF, Hamer SA. Shelter
dogs as sentinels for 7Trypanosoma cruzi transmission across Tex-
as, USA. Emerg Infect Dis. 2014; 20(8): 1323-6.

1

(5]

1

W

. Gurtler RE, Cardinal MV. Reservoir host competence and the role
of domestic and commensal hosts in the transmission of Trypano-
soma cruzi. Acta Trop. 2015; 151: 32-50.

16. Gurtler RE, Cecere MC, Castafiera MB, Canale DM, Lauricella
MA, Chuit R, et al. Probability of infection with 7irypanosoma cruzi
of the vector Triatoma infestans fed on infected humans and dogs in
northwest Argentina. Am J Trop Med Hyg. 1996; 55(1): 24-31.



17. Castafiera MB, Lauricella MA, Chuit R, Giirtler RE. Evaluation
of dogs as sentinels of the transmission of Trypanosoma cruzi in
a rural area of northwestern Argentina. Ann Trop Med Parasitol.
1998; 92(6): 671-83.

18. Busselman RE, Hamer SA. Chagas disease ecology in the Unit-
ed States: recent advances in understanding 7rypanosoma cruzi
transmission among triatomines, wildlife, and domestic animals
and a quantitative synthesis of vector-host interactions. Annu Rev
Anim Biosci. 2022; 10(1): 325-48.

19. Busselman RE, Meyers AC, Zecca IB, Auckland LD, Castro AH,
Dowd RE, et al. High incidence of Trypanosoma cruzi infections in
dogs directly detected through longitudinal tracking at 10 multi-dog
kennels, Texas, USA. PLoS Negl Trop Dis. 2021; 15(11): €0009935.

20.Hodo CL, Rodriguez JY, Curtis-Robles R, Zecca IB, Snowden
KF, Cummings KJ, et al. Repeated cross-sectional study of 7iy-
panosoma cruzi in shelter dogs in Texas, in the context of Diro-
filaria immitis and tick-borne pathogen prevalence. J Vet Intern
Med. 2019; 33(1): 158-66.

21. Meyers AC, Meinders M, Hamer SA. Widespread Trypanosoma
cruzi infection in government working dogs along the Texas-Mex-
ico border: discordant serology, parasite genotyping and associ-
ated vectors. PLoS Negl Trop Dis. 2017; 11(8): e¢0005819.

22.Barr SC. Canine Chagas’ disease (American trypanosomiasis)
in North America. Vet Clin North Am Small Anim Pract. 2009;
39(6): 1055-64.

23.Hamer SA, Saunders AB. Veterinary Chagas disease (American
trypanosomiasis) in the United States. Vet Clin North Am Small
Anim Pract. 2022; 52(6): 1267-81.

24. Andrade ZA, Andrade SG. A patologia da doenca de Chagas ex-
perimental no cao. Mem Inst Oswaldo Cruz. 1980; 75(3-4): 77-95.

25.Barr SC, Schmidt SP, Brown CC, Klei TR. Pathologic features
of dogs inoculated with North American Trypanosoma cruzi iso-
lates. Am J Vet Res. 1991; 52(12): 2033-9.

26. Andrade ZA, Andrade SG, Sadigursky M, Wenthold RJ, Hilbert
SL, Ferrans VJ. The indeterminate phase of Chagas’ disease: ul-
trastructural characterization of cardiac changes in the canine
model. Am J Trop Med Hyg. 1997; 57(3): 328-36.

27. Bahia MT, Tafuri WL, Caliari MV, Veloso VM, Carneiro CM,
Coelho GLLM, et al. Comparison of Trypanosoma cruzi infection
in dogs inoculated with blood or metacyclic trypomastigotes of
Berenice-62 and Berenice-78 strains via intraperitoneal and con-
junctival routes. Rev Soc Bras Med Trop. 2002; 35: 339-45.

28. Nogueira-Paiva NC, Fonseca KS, Vieira PMA, Diniz LF, Caldas
IS, de Moura SAL, et al. Myenteric plexus is differentially affect-
ed by infection with distinct 7rypanosoma cruzi strains in Beagle
dogs. Mem Inst Oswaldo Cruz. 2014; 109(1): 51-60.

29. Barbabosa-Pliego A, Diaz-Albiter HM, Ochoa-Garcia L, Apari-
cio-Burgos E, Lopez-Heydeck SM, Velasquez-Ordoifiez V, et al.
Trypanosoma cruzi circulating in the southern region of the state
of Mexico (Zumpahuacan) are pathogenic: a dog model. Am J
Trop Med Hyg. 2009; 81(3): 390-5.

30. Roellig DM, Yabsley MJ. Infectivity, pathogenicity, and virulence
of Trypanosoma cruzi isolates from sylvatic animals and vectors,
and domestic Dogs from the United States in ICR strain mice and
SD strain rats. Am J Trop Med Hyg. 2010; 83(3): 519-22.

31. Curtis-Robles R, Snowden KF, Dominguez B, Dinges L, Rodgers S,
Mays G, et al. Epidemiology and molecular typing of 7rypanosoma
cruzi in naturally-infected hound dogs and associated triatomine
vectors in Texas, USA. PLoS Negl Trop Dis. 2017; 11(1): e0005298.

32.Rios LE, Vazquez-Chagoyan JC, Pacheco AO, Zago MP, Garg NJ.
Immunity and vaccine development efforts against Trypanosoma
cruzi. Acta Trop. 2019; 200: 105168.

Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 720, 2025 7|11

33. Santos FM, Mazzeti AL, Caldas S, Gongalves KR, Lima WG, Tor-
res RM, et al. Chagas cardiomyopathy: the potential effect of ben-
znidazole treatment on diastolic dysfunction and cardiac damage
in dogs chronically infected with Trypanosoma cruzi. Acta Trop.
2016; 161: 44-54.

34.Gonzalez-Vieyra SD, Ramirez-Duran N, Sandoval-Trujillo AH,
Vazquez-Chagoyan JC, Monroy-Salazar HG, Barbabosa-Pliego
A. Trypanosoma cruzi in dogs: electrocardiographic and echo-
cardiographic evaluation, in Malinalco, state of Mexico. Res Rep
Trop Med. 2011; 2: 155-61.

35. Carvalho EB, Ramos IPR, Nascimento AFS, Brasil GV, Mello
DB, Oti M, et al. Echocardiographic measurements in a preclini-
cal model of chronic Chagasic cardiomyopathy in dogs: validation
and reproducibility. Front Cell Infect Microbiol. 2019; 9: 332.

36. Chikweto A, Kumthekar S, Chawla P, Tiwari K, Perea L, Paterson
T, et al. Seroprevalence of Trypanosoma cruzi in stray and pet
dogs in Grenada, West Indies. Trop Biomed. 2014; 31: 347-50.

37. Fistein B. Aectiology of Jamaican cardiomyopathy. Lancet. 1966;
288(7459): 386.

38. Hylton A, Fitzpatrick DM, Suepaul R, Dobson AP, Charles RA,
Peterson JK. Preliminary characterization of triatomine bug blood
meals on the island of Trinidad reveals opportunistic feeding be-
havior on both human and animal hosts. Trop Med Infect Dis.
2020; 5(4): 166.

39. Petana WB. American trypanosomiasis (Chagas’ disease) in the
Caribbean. Bull Panam Health Organ. 1978; 12(1): 45-51.

40.Rawlins S. Preliminary sero-survey for antibodies to Trypanosoma
cruzi in humans in Trinidad, Guyana, and Suriname. In: Proceed-
ings of first symposium on new world trypanosomes: Nov 20-22
1996; Georgetown, Guyana. Bridgetown, Barbados: Inter-Ameri-
can Institute for Cooperation on Agriculture (IICA); 1999. p. 40-4.

4

—_

. Suepaul R, Mohammed A, Gottdenker NL, Oura C, Ramsubhag
A, Tripathi V, et al. Chagas disease in Trinidad and Tobago — a
call to action. Trans R Soc Trop Med Hyg. 2025; 119(9): 999-1015.

42. Garcia MN, Murphy SK, Gross A, Wagner J, Murray KO. Knowl-
edge, attitudes, and practices of Texas hunters: a potentially high-
risk population for exposure to the parasite that causes Chagas
disease. Parasit Vectors. 2015; 8(1): 197.

43. Ridgway M. Disease considerations in hunting dogs. 2023 [cited
2025 July 10]. Available from: Available from: https://vetmed.il-
linois.edu/2023/04/02/disease-considerations-in-hunting-dogs/.

44. Combs TP, Nagajyothi, Mukherjee S, de Almeida CJG, Jelicks LA,
Schubert W, et al. The adipocyte as an important target cell for 7i-y-
panosoma cruzi infection. J Biol Chem. 2005; 280(25): 24085-94.

45. Cummings KL, Tarleton RL. Rapid quantitation of Trypanosoma
cruzi in host tissue by real-time PCR. Mol Biochem Parasitol.
2003; 129: 53-9.

46.Omah-Mabharaj 1. Studies on vectors of Trypanosoma cruzi in
Trinidad. Med Vet Entomol. 1992; 6: 115-20.

47. Yeo M, Acosta N, Llewellyn M, Sanchez H, Adamson S, Miles
GA, et al. Origins of Chagas disease: didelphis species are natural
hosts of Trypanosoma cruzi 1 and armadillos hosts of Trypanoso-
ma cruzi 11, including hybrids. Int J Parasitol. 2005; 35(2): 225-33.

48. Williams GD, Adams LG, Yaeger RG, McGrath RK, Read WK,
Bilderback WR. Naturally occurring trypanosomiasis (Chagas’
disease) in dogs. J Am Vet Med Assoc. 1977; 171(2): 171-7.

49. Enriquez GF, Garbossa G, Macchiaverna NP, Argibay HD, Bua J,
Giirtler RE, et al. Is the infectiousness of dogs naturally infected
with Trypanosoma cruzi associated with poly-parasitism? Vet
Parasitol. 2016; 223: 186-94.



811  Rod Suepaul et al.

50. Galan-Puchades MT, Osuna A. Chagas disease in a wormy world. nancy outcome, morbidity, and mortality of congenitally infect-
Rev Ibero-Latinoam Parasitol. 2012; 71(1): 5-13. ed and non-infected newborns in Bolivia. Am J Trop Med Hyg.
.. Lo 2004; 70(2): 201-9.
51. Barr SC, Beek OV. Trypanosoma cruzi infection in walker hounds

from Virginia. Vet Res. 1995; 56(8): 1037-44. 55. Meyers AC, Purnell JC, Ellis MM, Auckland LD, Meinders M,
Hamer SA. Nationwide exposure of U.S. working dogs to the Cha-
gas disease parasite, Trypanosoma cruzi. Am J Trop Med Hyg.
2020; 102(5): 1078-85.

52. Avalos-Borges EE, Jiménez-Coello M, Chan-Pérez JI, Cigarroa-
Toledo N, Garg NJ, Guillermo-Cordero L, et al. Congenital trans-
mission of Trypanosoma cruzi in naturally infected dogs. Vector

Borne Zoonotic Dis. 2023; 23(9): 465-74. 56. Meyers AC, Hamer SA, Matthews D, Gordon SG, Saunders AB.

53. Buekens P, Cafferata ML, Alger J, Althabe F, Belizdn JM, Busta- Risk factors and select cardiac characteristics in dogs naturally
mante N, et al. Congenital transmission of Trypanosoma cruzi in infected with Trypanosoma cruzi presenting to a teaching hospital
Argentina, Honduras, and Mexico: an observational prospective in Texas. J Vet Intern Med. 2019; 33(4): 1695-706.

study. Am J Trop Med Hyg. 2018; 98(2): 478-85. 57. Giirtler RE, Cardinal MV. Reservoir host competence and the role

54.Torrico F, Alonso-Vega C, Suarez E, Rodriguez P, Torrico MC, of domestic and commensal hosts in the transmission of 7Trypano-
Dramaix M, et al. Maternal Trypanosoma cruzi infection, preg- soma cruzi. Acta Trop. 2015; 151: 32-50.



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 720, 2025 9|11

OPEN PEER REVIEW

Memoérias do IOC thanks the anonymous reviewers for their contribution to the peer review of this work.

FIRST REVIEW ROUND

REVIEWERS” COMMENTS
REVIEWER #1

General Comments

This is an important contribution documenting the first evidence of locally acquired Trypanosoma cruzi
infection in domestic dogs in Trinidad. The authors present data from nearly 4,000 diagnostic records spanning
15 years, identifying 13 confirmed and 2 suspected cases. The case descriptions are compelling, and the work has
clear One Health implications for both veterinary and public health audiences.

The manuscript is generally well organized, and the writing is very clear, but several areas need clarification or
refinement. The major issues largely concern presentation of data, interpretation of transmission routes, and a need
for greater precision in some claims. In addition, the manuscript would benefit from editorial tightening to reduce
redundancy and to improve clarity for an international readership.

Overall, I find this to be a strong manuscript that merits publication after revision.

Major Concerns

1. Line 251: The possibility of transplacental transmission is raised based on one dam—pup pair. Please note
explicitly that congenital vs. vectorial infection cannot be distinguished without more direct evidence. I worry that
the heading “Transplacental T. cruzi transmission” is going to be misleading to casual readers. If T. cruzi vectors
were present and feeding on the dam, would it not be likely that they would also feed on her offspring? Would
the prepatent period of T. cruzi make it possible that this puppy could have been infected by insect vectors?

Please clarify in the text and add an element of significant caution to interpreting this is a possible transplacental
infection. That said, the article reference does make a compelling argument for transplacental infection.

2. The conclusion (lines 280-285) calls for further research but could be more explicit about how canine
cases may precede or signal underrecognized human cases. Consider emphasizing the sentinel role of dogs more
strongly, while also clarifying limitations in extrapolating directly to human risk.

3. Figures and supplementary material - Some figure references (e.g., Fig. 1 line 99; Fig. 3 line 178) lack
sufficient description in the text. Do we need to be able to recognize Panstrongylus geniculatus? If so, why? Fig. 3
is linked to a supplemental video, but the value added by this video is not clearly explained. How did the hindlimb
paresis relate to the diagnosis of T. cruzi? Were CNS lesions attributed to T. cruzi found in this dog?

Line-specific edits

* Line 60: Typo: “such as such as raccoons...” Delete the duplicate text.

* Line 83: “Megaoesophagus and megacolon may also be present...”

* Consider citing veterinary-specific references in addition to human disease literature.

* Line 101: “upwards of 80%" “.... Up to 80%" is clearer and less colloquial.

* Line 127: “All cases were presumed to be locally acquired...” Suggest downgrading this statement to “All
cases were likely locally acquired, as no history of travel outside the country was reported.”

* Line 162: When numbers and units are used as a compound adjective they must be hyphenated (e.g. four-year-
old, male Dalmatian)

* Line 214-217: This section notes “canines of multiple ages, sexes, and breeds.” Consider removing or
replacing with more specific epidemiologic observations. It seems to contradict the previous statement of younger
dogs being more susceptibe.

* Line 222-224: Sentence beginning “Case 3...” is very long; consider creating two sentences for clarity.

* Line 273-277: The anecdote about the owner bitten by a triatomine bug is interesting but would be clearer if
shortened. Currently it reads more like a case report within the Discussion.

* References: Ensure consistency of formatting (italics for species names, hyphenation in compound adjectives).

Strengths of the manuscript

* This is the first report of canine T. cruzi in Trinidad

* Large retrospective dataset across multiple institutions.

» Well-integrated clinical, pathologic, and molecular findings.

* Clear One Health relevance, raising awareness of neglected tropical disease in the Caribbean.
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Recommendation

Minor Revision.

1. The manuscript is of significant value and should be published after the authors:

2. Moderate claims about transmission (especially congenital).

3. Improve clarity and conciseness in several sections.

With these revisions, the paper will provide a solid contribution to both veterinary parasitology and zoonotic
disease literature.

AUTHORS’ RESPONSE TO THE REVIEWERS
REVIEWER COMMENTS:

Reviewer: 1

Reviewer comments:

General Comments

This is an important contribution documenting the first evidence of locally acquired Trypanosoma cruzi
infection in domestic dogs in Trinidad. The authors present data from nearly 4,000 diagnostic records spanning
15 years, identifying 13 confirmed and 2 suspected cases. The case descriptions are compelling, and the work has
clear One Health implications for both veterinary and public health audiences.

The manuscript is generally well organized, and the writing is very clear, but several areas need clarification or
refinement. The major issues largely concern presentation of data, interpretation of transmission routes, and a need
for greater precision in some claims. In addition, the manuscript would benefit from editorial tightening to reduce
redundancy and to improve clarity for an international readership.

Overall, I find this to be a strong manuscript that merits publication after revision.

Major Concerns

1. Line 251: The possibility of transplacental transmission is raised based on one dam—pup pair. Please note
explicitly that congenital vs. vectorial infection cannot be distinguished without more direct evidence. I worry
that the heading “Transplacental T. cruzi transmission” is going to be misleading to casual readers. If T. cruzi
vectors were present and feeding on the dam, would it not be likely that they would also feed on her offspring?
Would the prepatent period of T. cruzi make it possible that this puppy could have been infected by insect vectors?
Please clarify in the text and add an element of significant caution to interpreting this is a possible transplacental
infection. That said, the article reference does make a compelling argument for transplacental infection. Thank
you for this suggestion. We have added more cautious wording and changed the subtitle to reflect the lack of direct
evidence for transplacental transmission (Lines 249-255).

2. The conclusion (lines 280-285) calls for further research but could be more explicit about how canine
cases may precede or signal underrecognized human cases. Consider emphasizing the sentinel role of dogs more
strongly, while also clarifying limitations in extrapolating directly to human risk. We have reworked the conclusion
to emphasize more strongly the role of dogs as sentinels while also emphasizing that dogs don’t guarantee human
T. cruzi transmission and that this question must be investigated locally.

3. Figures and supplementary material - Some figure references (e.g., Fig. 1 line 99; Fig. 3 line 178) lack
sufficient description in the text. Do we need to be able to recognize Panstrongylus geniculatus? If so, why? The
reviewer raises a valid point- it is not necessary to recognize P. geniculatus to understand our study. We included
the photo because the vector is under-studied in Trinidad, and there are not many locally available resources with
pictures of P. geniculatus. Therefore, we felt it was important to include a photo of the vector for any veterinarians
or dog owners in Trinidad or Tobago who might read this paper. However, if this is considered superfluous by the
editorial staff and/or reviewers, we can remove it. Fig. 3 is linked to a supplemental video, but the value added by
this video is not clearly explained. How did the hindlimb paresis relate to the diagnosis of T. cruzi? Were CNS
lesions attributed to T. cruzi found in this dog? The hindlimb paresis was highly suggestive of chagasic myelitis
given the findings of cardiac disease with T cruzi amastigotes and PCR-positive heart tissue. However, we do not
have direct evidence of chagasic myelitis in the animal, which would need to be done with immunohistochemistry
or PCR from the spinal cord. The video is included to add more detail, since the picture is not high resolution. We
have adjusted the text to reflect that the hindlimb paresis was suspected of being due to chagasic myelitis given that
the animal had T. cruzi in the heart, spleen, and blood, but that direct evidence was not collected to confirm the
presence of T. cruzi in the spinal cord. Line-specific edits

* Line 60: Typo: “such as such as raccoons...” Delete the duplicate text. Done.

* Line 83: “Megaoesophagus and megacolon may also be present...” We are unsure of what is being requested
from this sentence.

« Consider citing veterinary-specific references in addition to human disease literature. We are unsure which
line is indicated for this suggestion; in general, the majority of our citations are canine-specific studies.
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* Line 101: “upwards of 80%” “.... Up to 80%" is clearer and less colloquial. We have changed the wording to
reflect the data, which is that over 80% of specimens were infected.

* Line 127: “All cases were presumed to be locally acquired...” Suggest downgrading this statement to “All
cases were likely locally acquired, as no history of travel outside the country was reported.” Done.

* Line 162: When numbers and units are used as a compound adjective they must be hyphenated (e.g. four-year-
old, male Dalmatian) Done.

* Line 214-217: This section notes “canines of multiple ages, sexes, and breeds.” Consider removing or
replacing with more specific epidemiologic observations. It seems to contradict the previous statement of younger
dogs being more susceptible. We have deleted this phrase as suggested.

* Line 222-224: Sentence beginning “Case 3...” is very long; consider creating two sentences for clarity. We
have divided the phrase into two sentences.

* Line 273-277: The anecdote about the owner bitten by a triatomine bug is interesting but would be clearer if
shortened. Currently it reads more like a case report within the Discussion. Thank you for the suggestion- we have
made the anecdote more concise.

 References: Ensure consistency of formatting (italics for species names, hyphenation in compound
adjectives). Done.

Strengths of the manuscript

* This is the first report of canine T. cruzi in Trinidad

* Large retrospective dataset across multiple institutions.

» Well-integrated clinical, pathologic, and molecular findings.

* Clear One Health relevance, raising awareness of neglected tropical disease in the Caribbean.

Recommendation Minor Revision.
1. The manuscript is of significant value and should be published after the authors: 2. Moderate claims about

transmission (especially congenital). 3. Improve clarity and conciseness in several sections. With these revisions,
the paper will provide a solid contribution to both veterinary parasitology and zoonotic disease literature.
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