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Background: Chagas disease is a pathogenic parasitic infection with approximately 8 million cases worldwide and
greater than 300,000 cases in the United States (U.S.). Chagas disease can lead to chronic cardiomyopathy and cardiac
complications, with variable cardiac presentations in pediatrics making it difficult to recognize. The purpose of our
study is to better understand current knowledge and experience with Chagas related heart disease among pediatric

Methods: We prospectively disseminated a 19-question survey to pediatric cardiologists via 3 pediatric cardiology
listservs. The survey included questions about demographics, Chagas disease presentation and experience.

Results: Of 139 responses, 119 cardiologists treat pediatric patients in the U.S. and were included. Most providers
(87%) had not seen a case of Chagas disease in their practice; however, 72% also had never tested for it. The majority
of knowledge-based questions about Chagas disease cardiac presentations were answered incorrectly, and 85% of
providers expressed discomfort with recognizing cardiac presentations in children. Most respondents selected that
they would not include Chagas disease on their differential diagnosis for presentations such as conduction anomalies,
myocarditis and/or apical aneurysms, but would be more likely to include it if found in a Latin American immigrant. Of
respondents, 87% agreed that they would be likely to attend a Chagas disease-related lecture.

Conclusions: Pediatric cardiologists in the U.S. have seen very few cases of Chagas disease, albeit most have not sent
testing or included it in their differential diagnosis. Most individuals agreed that education on Chagas disease would
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Background

Chagas disease is a pathogenic parasitic infection
caused by Trypanosoma cruzi, with a prevalence of
approximately 8 million cases worldwide and greater
than 300,000 cases in the United States of America
(U.S.) [1]. Chagas disease is endemic to Latin Ameri-
can and well known to cause significant cardiac
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complications. About 50% of immigrants to the U.S.
are from highly endemic Latin American countries
including Mexico and may carry the parasite with them
occultly [2, 3]. In the U.S., Chagas disease is primarily
acquired vertically during childbirth causing congeni-
tal Chagas disease [4—6]. An estimated 40,000 women
of childbearing age in the U.S. are infected with Cha-
gas disease, with a 1-5% risk of vertical transmission,
and up to 300 congenital cases in the U.S. annually
[2, 7, 8]. Chagas disease can be transmitted through
blood transfusion or organ donation, though this risk is
decreased with implementation of screening programs
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[9]. In most rural parts of Latin America, Chagas dis-
ease is mainly transmitted through the feces of the
vector, the triatomine bug, which is also present in the
southern half of the U.S. Despite the prevalence of Cha-
gas disease in the United States, it is rarely considered
for patients with otherwise unexplained cardiac disease
[2, 3].

The impact of this disease can be extensive and diffi-
cult to treat with 30% of infected persons developing
long term consequences, most importantly cardiomyo-
pathy [1, 4]. Although congenital Chagas disease and/or
pediatric Chagas disease cases comprise a small propor-
tion of cases, a survey of U.S. obstetricians and pediatric
infectious disease doctors showed a lack of comfort and
knowledge of the disease presentations [7, 10]. Pediatric
cardiologists may be the first point of contact in children
with undiagnosed Chagas disease; therefore, knowledge
of its clinical presentation and epidemiology is essential
for these providers. The earlier the presence of the para-
site is recognized and treated, the better the outcomes;
therefore, pediatric recognition and diagnosis of Chagas
disease would reduce morbidity and mortality [11].

The cardiac presentations of Chagas disease can be
highly variable in pediatrics and limited data are avail-
able regarding the cardiac status of children in the U.S.
with Chagas disease. Data from endemic countries shows
cardiac presentations in neonates and infants with con-
genital Chagas disease, to adolescents showing patho-
logic and non-pathologic electrocardiographic changes,
and even some adolescents with signs of cardiomyopathy
[12-20]. Congenital Chagas disease is typically asymp-
tomatic, but can present with heart failure, electrocar-
diogram (EKG) changes or myocarditis. When congenital
Chagas is fatal, it is most often related to myocarditis or
meningoencephalitis [8, 20]. Two infants with congeni-
tal Chagas disease recognized in the U.S. presented with
hydrops fetalis [8]. Acute Chagas disease can present
with myocarditis in any age group as well [14]. A meta-
nalysis found that EKG changes in children and adoles-
cents are found just as frequently as in adults but with
more rapid time to death and more diagnostic difficulty
[15]. The most common findings are right bundle branch
block, atrioventricular block and left anterior fascicular
block [15, 19, 21]. A study in Mexico looked at 37 cases
of Chagas disease in adolescents under 18 and found that
25 of them already had cardiac pathology consistent with
Chagas disease cardiomyopathy [12].

The purpose of our study is to survey pediatric cardi-
ologists to assess their knowledge, awareness and prac-
tice with the recognition and management of Chagas
disease. Our hope is to identify gaps in knowledge and
comfort level of pediatric cardiologists, so that specific
educational curriculum can be designed to increase
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diagnostic consideration of Chagas disease and initiate
earlier treatment.

Methods

We performed a prospective, quantitative, descrip-
tive study. Our target survey population was cardi-
ologists who care for pediatric patients in the US. A
questionnaire including demographic, multiple choice
and likert-scale questions was administered to the survey
population via the PediHeart, Western Society of Pediat-
ric Cardiology and Pediatric CHF listservs. There may be
an overlap in recipients on the listservs. The PediHeart
listserv, which was our most inclusive group, contained
1912 members of which 1205 are physicians practicing
in the U.S. which was our target audience. These listservs
are open to medical professionals, who voluntarily sub-
scribe. Our questions were developed with the input of
pediatric cardiology and pediatric infectious disease spe-
cialists, and three experts in Chagas disease (from the
U.S. and Argentina).

The survey was emailed via these listservs via Qual-
trics (Provo, UT) using an anonymous link (Additional
file 1: Figure S1). The survey was sent out once a month
for 3 months from August 2019 to November 2019 (prior
to the Coronavirus Disease 2019 pandemic), with one
initial request, and two reminder emails. The recipients
were offered the chance to enter a raffle for three $100
gift cards if they chose to give their email address which
was not linked to their survey response. We requested
that the survey be completed without any external aids
within the 3-month period. The study was approved by
the Children’s Hospital Los Angeles institutional review
board. Informed consent was not required, but a research
information sheet was sent with the study (Additional
file 2: Figure S2).

All data was aggregated by the authors of this paper.
We excluded cardiologists who do not see any pediat-
ric patients or who do not practice in the U.S. Statisti-
cal analysis provided by Qualtrics was used. Additional
statistical evaluation was performed using JMP (Version
15). To compare responses, chi-square analysis was per-
formed for categorical variables and t-test was performed
for continuous variables as appropriate. All authors had
full access to all the data in the study and take responsi-
bility for its integrity and the data analysis.

Results

We received responses from 139 cardiologists. Twenty
cardiologists practiced outside of the US and were
excluded. The remaining 119 surveys from cardiologists
who treated pediatric patients in the US were included
in the analysis. Of these, 17 practitioners cared for
both adult and pediatric patients. The majority of
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respondents were general cardiology practitioners
located in an academic setting (Table 1) and 62.5% of
respondents served a>10% Latin American patient
population determined by their zip codes (Figs. 1, 2).
Poor knowledge of vector presence in the U.S. and
potential future risk of Chagas disease transmission
was noted in our study. While the vector was found in
82% of our respondents’ states, only 20% (95% CI 13.5—
27.8) reported that the vector was present [1].

Table 1 Demographics of 119 pediatric cardiologist
survey respondents

Pediatric cardiac specialty Practice setting
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Experience with Chagas disease appeared to be mini-
mal, and testing was rarely performed. Of all respond-
ents, 87% (95% CI 80.1-92.7) had not seen a case of
Chagas disease in their practice; however, 72% (95% CI
62.8—-79.6) had never tested for it. In our sample, 27%
(95% CI 19.6-36.2) of respondents had tested for Chagas
disease between 1 and 10 times in their career and only
one respondent had tested for Chagas disease greater
than 10 times. Cases of Chagas disease seen did not dif-
fer based on years in practice, with newer physicians and
those in practice for more than 10 years having similar
rates (p=0.98). Multiple choice questions were utilized
to ascertain knowledge of basic cardiac presentations of
Chagas (Table 2) [7, 21]. Only 1 of 4 knowledge-based
questions was answered correctly by greater than 50%
of respondents, while the rest had a less than 30% cor-
rect response rate. Correct responses to the four multiple
choice questions also did not differ by respondents’ years
in practice (p=0.104, p=0.67, p=0.92, p=0.51).

When asked about congenital Chagas disease, only
57.5% (95% CI 48.6—66) of respondents said they would
test for Chagas disease in a newborn with a maternal his-
tory of positive T. cruzi serology. However, 52.9% (95%
CI 43.6-61.2) of respondents did recognize a preterm
neonate with hepatosplenomegaly, myocarditis and car-
diac insufficiency as a possible presentation of congeni-
tal Chagas disease. While 83.3% (95% CI 75.7-88.9) and
75.6% (66.6—81.9) of respondents recognized myocarditis
and conduction anomalies as presentations of acute Cha-
gas infection respectively, only 41.7% (95% CI 33.2-50.6)

General cardiology 91 (75.8%) Academic 79 (65.8%)
Imaging 48 (40%)  Public hospital 40 (33.3%)
Fetal medicine 36 (30%) Private hospital 29 (24.2%)
Heart failure 18 (15%)  Group practice 30 (25%)
Heart transplant 16 (13.3%) Individual practice 1 (0.8%)
Cardiothoracic ICU 15(12.5%) Retired 1(0.8%)
Adult congenital heart 15(12.5%) Other 1(0.8%)
disease
Cardiac catheterization 11 (9.2%)
Electrophysiology 6 (5%) Years in practice
Other 2(1.7%) 0-5 56 (46.7%)
6-10 22 (18.3%)
11-15 8 (6.7%)
15+ 34 (28.3%)
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Fig. 1 Latin American patient population of survey respondents. We found that 62.5% of our respondents have a>10% Latin American patient
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Fig. 2 a Map of study survey respondents by zipcode, with many respondents in areas with significant Latin American populations (compared to
2B) and in areas where triatomine bug is present (see triatomine bug map at https://www.cdc.gov/parasites/chagas/gen_info/vectors/index.html/
[1]). a was made by the authors. b Map of US Latin American population by zip code. b was adapted from the US Census Bureau
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Table 2 Survey questions about baseline Chagas disease knowledge

Survey question

% Respondents
answered correctly

Correct answer

What is the most common echo finding in Chagas cardiomyopathy?
What is the most common EKG finding in Chagas cardiomyopathy?
Which test should be sent as the initial screen for Chagas?

What is the most common cause or death from Chagas disease?

Apical aneurysm 52% (95% Cl 42-60.8)

Right bundle branch block 25% (95% Cl 17.5-33.8)

T. cruzi ELISA assay 26% (95% Cl 18.5-35.1)
(

Tachyarrhythmia 22% (95% Cl 14.9-30.5)

of respondents recognized mural thrombosis as a pos-
sible acute presentation. Only 7% (95% CI 3-13.2) of
respondents reported being familiar with the 2018
American Heart Association (AHA) published scientific
statement regarding Chagas disease. Familiarity with
the AHA statement did not differ based on respondents’
years in practice (p =0.51) [21].

From the Likert scale questions, 85% of respondents
disagreed with the statement: “I feel comfortable recog-
nizing cardiac presentations of Chagas disease in chil-
dren” Most respondents selected that they would not
include Chagas disease on their differential diagnosis for

various cardiac presentations that included conduction
anomalies, mural thrombus, myocarditis and/or apical
aneurysms (Fig. 3). However, when considering patients
who recently immigrated from Latin American nations,
inclusion of Chagas disease in the differential diagnosis
increased. In response to the statement: “If I was offered
a lecture on Chagas-related heart disease, I would be
likely to attend,” 87% of respondents agreed. In addition,
64% of respondents stated that education on Chagas dis-
ease would lead to practical knowledge for their clinical
practice which is consistent with 62.5% of respondents
living in an area with > 10% Latin American population.

w

Mean Likert Score
N

Likelihood to include Chagas on the differential diagnosis
for given cardiac presentation (mean Likert score)

Cardiac presentation

= Presentation if patient is an imm igrant
from Mexico, Central or South America

AVblck Myocarditis Mural
thronbuspericardinl
effusion

Fig. 3 Percentage of respondents who have ever tested for Chagas disease and likelihood of including Chagas disease in the differential diagnosis
for associated cardiac conditions. Respondents were asked how likely they were to include Chagas disease on the differential for a given cardiac
finding. A follow-up question for each presentation then asked how likely Chagas disease would be on the differential for a patient who recently
immigrated from Mexico, Central or South America. Likert scale was coded from 1 to 5 (1 =strongly disagree, 2 =somewhat disagree, 3 =neither
agree nor disagree, 4 =somewhat agree, 5 =strongly agree). Respondents were more likely to include Chagas disease on the differential if the
patient was an immigrant from Mexico, Central or South America for each given symptom

Apical anawrysm
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Discussion

To our knowledge, this is the first study performed to
assess knowledge and comfort amongst pediatric cardi-
ologists regarding Chagas related heart disease. Overall,
our results demonstrate that pediatric cardiologists are
unfamiliar and uncomfortable with diagnosing and man-
aging Chagas related heart disease, while recognizing
their need to learn more.

A study in Los Angeles community centers found prev-
alence of T. cruzi to be as high as 4.7% of immigrants
from specific Latin American countries [22]. For chil-
dren who are immigrating from Chagas-endemic Latin
American countries, Chagas disease should be a serious
consideration for neonates and adolescents with com-
patible cardiac presentations. Expecting mothers from
endemic countries should also be recognized as high risk
to vertically transmit Chagas disease to their newborns.
Given that the U.S. lacks routine perinatal screening for
Chagas compared to Chagas-endemic Latin American
countries, U.S. providers must be at high alert as early
treatment could prevent development of cardiac seque-
lae. Our study found that Chagas disease was more fre-
quently considered in immigrants, but it was still unlikely
to be in the providers’ differential diagnosis overall. Also,
72% of respondents had never sent diagnostic testing for
Chagas disease despite a majority of our respondents
practicing in locations with high number of Latin Ameri-
can immigrants. Familiarity with Chagas disease did not
change with years of practice, which may indicate that
despite increases in immigration over the past few dec-
ades, consideration of Chagas disease for our patients has
not changed.

The AHA published a statement paper regarding Cha-
gas disease in 2018, with which only 7% of our respond-
ents were familiar [21]. This unfamiliarity is likely
multifactorial. Educational factors as well as low expe-
rience with this disease likely play a role. Traditional
teaching about Chagas disease informs providers that
the T. cruzi parasite is both endemic and limited to Latin
America. As immigration from Latin American countries
increase, improved provider awareness is needed. Lack
of awareness in our respondents likely results in less fre-
quent testing for Chagas disease, and may ultimately lead
to an underestimation of the true prevalence of Chagas
in the U.S. pediatric population. We did find that most of
our respondents were interested in learning more, with
many respondents asking for the answer key after com-
pleting the survey. Future steps for our study would be to
create and disseminate educational material especially in
areas of higher prevalence to help ensure quicker diagno-
sis and referral to appropriate care for patients.

The most important limitation of this study is our
low response rate of about 10%. This is likely due to
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unfamiliarity or lack of interest in the topic and possi-
bly the length of the survey. However, we believe that
the cardiologists who answered the survey were likely
to have more interest in Chagas disease. Another limi-
tation in our study was using a raffle as an incentive to
fill out the survey as it may have financially motivated
respondents. Overall, our results likely underestimate
the true lack of knowledge on this topic and there may
be an even greater need for education.

Conclusions

Pediatric cardiologists in the U.S. have seen very few
cases of Chagas disease, but very few have tested for it
or included it in their differential diagnosis. However,
most cardiologists agreed that learning more about
Chagas disease would be worth-while. Future stud-
ies involving a medical curriculum should focus on
increasing recognition, testing and early treatment of
Chagas in the U.S.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512872-021-01924-8.

Additional file 1: FigureS1: Complete survey sent to participants with
correct answers.

Additional file 2: FigureS2: Research Information Sheet.

Abbreviations
U.S.: United States; EKG: Electrocardiogram; AHA: American Heart Association.

Acknowledgements

We thank Dr. Sheba K. Meymandi MD (Center of Excellence for Chagas Disease
at Olive View-UCLA Medical Center) and Dr. Jaime Altcheh MD, PhD (Division
of Parasitology, Hospital de Nifios R. Gutierrez, Buenos Aires) for their expert
review of the questionnaire and manuscript.

Authors’ contributions

SM contributed to the study concept and design, questionnaire develop-
ment and implementation, analysis and interpretation of the data, and was
a major contributor to the manuscript. IM contributed to the study concept
and design, questionnaire development, analysis and interpretation of the
data, and was a major contributor to the written manuscript. NG contributed
to the questionnaire development, offered expert opinion and review of the
manuscript. JP contributed to the study concept and design, questionnaire
development and implementation, offered mentorship, expert opinion and
contributed to the manuscript. PP contributed to the study concept and
design, questionnaire development, offered mentorship and expert opinion,
secured funding and contributed to the manuscript. All authors read and
approved the final manuscript.

Funding

This study was funded by the Children’s Hospital Los Angeles Global Health
Education Track through the Department of Pediatrics. Funding of $300 was
provided for amazon gift card raffle incentive for the survey. The funding
body had no role in the design of the study, data collection, data analysis or
interpretation, nor in writing the manuscript.


https://doi.org/10.1186/s12872-021-01924-8
https://doi.org/10.1186/s12872-021-01924-8

Malhotra et al. BMC Cardiovasc Disord (2021) 21:116

Availability of data and materials
The datasets used and/or analyzed during the current study available from the
corresponding author on reasonable request.

Ethics approval and consent to participate

The Institutional Review Board at the Children’s Hospital Los Angeles approved
this study and the ethics committee waived the need for ethics approval. Par-
ticipants were provided a research information sheet and consent was implied
by voluntary participation in the study as approved by the Institutional Review
Board.

Consent for publication
Not applicable.

Competing interests
All authors have no competing interests to disclose.

Author details

! Division of Infectious Diseases at Children’s Hospital Los Angeles, 4650 Sun-
set Blvd MS #51, Los Angeles, CA 90027, USA. % Division of Cardiology at Chil-
dren’s Hospital Los Angeles, Los Angeles, CA, USA. > Epidemiologia Hospital de
Nifios Ricardo Gutierrez, Buenos Aires, Argentina. “ Keck School of Medicine,
University of Southern California, Los Angeles, CA, USA.

Received: 28 September 2020 Accepted: 18 February 2021
Published online: 02 March 2021

References

1. Centers for Disease Control and Prevention. Parasites—American Trypa-
nosomiasis (also known as Chagas Disease). Atlanta: Centers for Disease
Control and Prevention; 2019.

2. Bern C, Montgomery SP. An estimate of the burden of Chagas disease in

the United States. Clin Infect Dis. 2009;49(5):e52-4.

Radford J. Facts on US Immigrants, 2017. In: Pew Research Center; 2019.

4. Bennett C, Straily A, Haselow D, Weinstein S, Taffner R, Yaglom H, et al.
Chagas disease surveillance activities—seven states, 2017. MMWR Morb
Mortal Wkly Rep. 2018;67(26):738-41.

5. Nolan MS, Aguilar D, Brown EL, Gunter SM, Ronca SE, Hanis CL, et al.
Continuing evidence of Chagas disease along the Texas-Mexico border.
PLoS Negl Trop Dis. 2018;12(11):e0006899.

6. Cantey PT, Stramer SL, Townsend RL, Kamel H, Ofafa K, Todd CW, et al. The
United States Trypanosoma cruzi Infection Study: evidence for vector-
borne transmission of the parasite that causes Chagas disease among
United States blood donors. Transfusion. 2012;52(9):1922-30.

7. Verani JR, Montgomery SP, Schulkin J, Anderson B, Jones JL. Survey of
obstetrician-gynecologists in the United States about Chagas disease.
Am J Trop Med Hyg. 2010;83(4):891-5.

8. Edwards MS, Stimpert KK, Bialek SR, Montgomery SP. Evaluation and
management of congenital Chagas disease in the United States. J Pediatr
Infect Dis Soc. 2019;8(5):461-9.

w

Page 7 of 7

9. Dodd RY, Groves JA, Townsend RL, Notari EP, Foster GA, Custer B, et al.
Impact of one-time testing for Trypanosoma cruzi antibodies among
blood donors in the United States. Transfusion. 2019;59(3):1016-23.

10. Edwards MS, Abanyie FA, Montgomery SP. Survey of pediatric infectious
diseases society members about congenital Chagas disease. Pediatr
Infect Dis J. 2018;37(1):e24-7.

11. Dyer O. Undiagnosed Chagas disease is causing sudden cardiac deaths,
warns American Heart Association. BMJ. 2018;362:k3658.

12. Salazar-Schettino PM, Cabrera-Bravo M, Vazquez-Antona C, Zenteno E,
Alba-Alvarado M, Gutierrez ET, et al. Chagas disease in Mexico: report
of 14 cases of Chagasic cardiomyopathy in children. Tohoku J Exp Med.
2016;240(3):243-9.

13. Salazar PM, Rojas G, Bucio M, Cabrera M, Garcia G, Ruiz A, et al. Seropreva-
lence of Trypanosoma cruzi antibodies and associated risk factors among
the population under 18 years of age in Veracruz, Mexico. Rev Panam
Salud Publica. 2007,22(2):75-82.

14. Martinez F, Perna E, Perrone SV, Liprandi AS. Chagas disease and heart
failure: an expanding issue worldwide. Eur Cardiol. 2019;14(2):82-8.

15. Rojas LZ, Glisic M, Pletsch-Borba L, Echeverria LE, Bramer WM, Bano A, et
al. Electrocardiographic abnormalities in Chagas disease in the general
population: a systematic review and meta-analysis. PLoS Negl Trop Dis.
2018;12(6):e0006567.

16. Gebrekristos HT, Buekens P. Mother-to-child transmission of Trypanosoma
cruzi. ) Pediatr Infect Dis Soc. 2014;3(Suppl 1):536-40.

17. Alarcén A, Morgan M, Montgomery SP, Scavo L, Wong EC, Hahn A, et al.
Diagnosis and treatment of congenital Chagas disease in a premature
infant. J Pediatr Infect Dis Soc. 2016;5(4).e28-31.

18. Messenger LA, Bern C. Congenital Chagas disease: current diag-
nostics, limitations and future perspectives. Curr Opin Infect Dis.
2018;31(5):415-21.

19. Moscatelli G, Moroni S, Garcia Bournissen F, et al. Longitudinal follow
up of serological response in children treated for Chagas disease. PLoS
Negl Trop Dis. 2019;13(8):e0007668. https://doi.org/10.1371/journ
al.pntd.0007668.

20. Freilij H, Altcheh J. Congenital Chagas'disease: diagnostic and clinical
aspects. Clin Infect Dis. 1995;21(3):551-5. https://doi.org/10.1093/clini
ds/21.3.551.

21. Pereira Nunes MC, Beaton A, Acquatella H, Bern C, Bolger AF, Echeverria
LE, et al. Chagas cardiomyopathy: an update of current clinical knowl-
edge and management: a scientific statement from the American Heart
Association. Circulation. 2018;138(12):E169-209.

22. Meymandi SK, Forsyth CJ, Soverow J, Hernandez S, Sanchez D, Montgom-
ery SP, et al. Prevalence of Chagas disease in the Latin American-born
population of Los Angeles. Clin Infect Dis. 2017;64(9):1182-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1371/journal.pntd.0007668
https://doi.org/10.1371/journal.pntd.0007668
https://doi.org/10.1093/clinids/21.3.551
https://doi.org/10.1093/clinids/21.3.551

	Current knowledge of Chagas-related heart disease among pediatric cardiologists in the United States
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


