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problem. An estimated 8 million people are infected
and over 20 million live in areas at risk. In Mexico, the
problem is under reported and no epidemiological data
by the different States indicating true prevalence for this
infection is available. During the chronic phase, 30% of
infected patients may develop chagasic cardiomyopathy
(CCM), characterized by different types of alterations
of cardiac function. Objective: To describe cardiac
abnormalities in Trypanosoma cruzi seropositive
subjects in the endemic areas. Material and methods:
This is a descriptive cross-sectional study with non-
random sampling. In our project the endemic area was
considered for Trypanosoma cruzi using the Epi Info
statistical program (Stat Calc) to calculate the number
of subjects to study by means of a sample of 1 033
subjects aged 2-90 years. Prior informed consent or
parental consent, implementation of a survey, a 5 mL of
blood sample free from anticoagulant was taken from the
cubital vein to detect anti-Trypanosoma cruzi by ELISA,
recombinant ELISA, hemagglutination indirect (HAI),
indirect immunofluorescence (IFI) and Western blot
(using the enzyme superoxide dismutase iron as antigen).
Those subjects who were positive in two or more tests
were chosen for electrocardiogram (EKG) and an
echocardiogram (ECO) with portable devices. Results:
Of the 1 033 participants, 84 between 6 and 88 years
tested positive for Trypanosoma cruzi. In the analysis
of data with echocardiograms and electrocardiograms,
47 subjects over 26 years (56%), presented right bundle
branch block or left bundle block (RBBB/LBBB), changes
in the diameters of the right ventricle or left ejection
fraction accounting of 70%. In subjects under 26 years

de salud publica. Se estima que aproximadamente 8
millones de personas estan infectadas y 20 millones
viven en areas de riesgo de infectarse. En México
el problema esta subestimado y se carece de datos
epidemioldgicos por estado del pais que indiquen una
prevalencia real de este padecimiento. Durante la fase
cronica, el 30% de los pacientes infectados pueden
desarrollar miocardiopatia chagasica (MCC), que se
caracteriza por presentar diferentes alteraciones de la
funcion cardiaca. Objetivo: Describir las alteraciones
cardiacas en sujetos seropositivos para Trypanosoma
cruzi de areas endémicas. Material y métodos: Es un
estudio con disefio transversal descriptivo, con muestra
no probabilistica. En nuestro proyecto, se considero
una zona endémica a Trypanosoma cruzi, mediante el
programa estadistico Epi Info (Stat Calc), para estimar
el nimero de sujetos a estudiar, obteniéndose una
muestra de 1 033 sujetos de edades entre 2 a 90 afios.
Previo consentimiento informado, y aplicacion de una
encuesta, se punciond la vena cubital, obteniéndose una
muestra sanguinea de 5 mL, sin anticoagulante, para
buscar anticuerpos anti-Trypanosoma cruzi mediante,
ELISA, ELISA recombinante, hemaglutinacion indirecta
(HAI), inmunofluorescencia indirecta (IFI) y Western-
Blot (usando la enzima superdxido dismutasa de hierro
como antigeno). Los sujetos reactivos a dos o mas
pruebas fueron seleccionados para la realizacion de
un electrocardiograma (EKG) y un ecocardiograma
(ECO) con equipos portatiles Resultados: De los 1 033
participantes, 84 entre 6 a 88 afios resultaron positivos
para Trypanosoma cruzi. En el analisis de los hallazgos
ecocardiograficos y electrocardiograficos en los 47 sujetos
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there were electrocardiographic changes (RBBB/
LBBB). Conclusion: 8.13% were seropositive
for Trypanosoma cruzi with ventricular
conduction system and morphological alterations.

BACKGROUND

hagas disease is caused by the

hemoflagellate parasite Trypanosoma cruzi
(T. cruzi), and constitutes a major public health
problem in Latin America. It is estimated that
20 million people live in endemic regions and
are at risk for the disease and approximately
8 million more are infected. Thirty percent
of the infected subjects will develop systemic
alterations, mainly cardiac abnormalities." 2

At present, Chagas disease is a public health
concern worldwide, mainly because of the
migratory phenomenon of people traveling from
endemic areas to non-endemic areas. Infected
subjects have been identified in Spain, France,
Italy, the United States of America, Australia and
Sweden.? Chagas disease is transmitted by two
main pathways: by a triatominae vector or as a
result of parasite-infected blood transfusion.*>

Recent studies have considered other
mechanisms of transmission for the parasite, such
as organ transplant, transplacentally, laboratory
accidents, and oral ingestion.® T. cruzi expresses
the enzyme neuraminidase, which acts upon the
sialic acid groups of glycosphingolipids located
in the membranes of the autonomous system
conduction fibers, endocardium endothelial
cells and blood vessels.” The chronic myocarditis
produced by this parasite leads to a multifocal
and disseminated process of fibrosis and
necrosis, which are related to the complex
and multifactorial effects of the parasite in the
organism. These processes probably interact with
each other to generate the disease many years
after the initial infection.®

In the rural environment, the main route
of transmission is through the vector, which
is favored by the living conditions of the
inhabitants, such as inadequate housing, close
contact with domestic animals (dog, cat, pig
and birds), dry stone walls and large grasslands
across the country roads.>?
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mayores de 26 afios (56%) presentaron bloqueo de
rama derecha o izquierda del haz de His (BRDHH/
BRIHH). Conclusion: El 8.13% fueron seropositivos
para Trypanosoma cruzi con cambios morfoldgicos
ventriculares y del sistema de conduccion del haz de His.

The main mechanism of infection is when
the insect vector feeds from the blood of the
people or animals and defecates on the skin.
This promotes the entrance of the protozoon
located in the feces through the conjunctiva,
mucosa or superficial lesions in the skin. Primary
or acute stage lasts for approximately 4 to 8
weeks, and only during this period the flagellated
parasite can be found in blood. Symptoms may
progress unnoticed in most cases; and during
the second stage, known as indeterminate,
serologic tests reveal anti-T.cruzi antibodies,
exposing the infection.’® During the chronic
stage, from 10 to 20 years after the infection,
the progression of the disease is manifested by
the presence of cardiac alterations detected in
30% of the adults by electrocardiogram (EKC)
and echocardiogram ECO), often in productive
age (38 to 42 years old)."1/12

The pathogenic mechanism has not been
established, although the alterations observed in
this stage are due probably to the damage inflicted
by the parasite during the acute phase and to
the generation of autoimmune complexes that
generate the disease (dilated cardiomyopathy)
several years after the acute phase.’3

The main organs affected are the heart,
particularly the myocardium, generating
cardiomegaly and changes in the electrical
conduction system such as right bundle branch
block (RBBB) or left bundle branch block (LBBB)
and in the digestive tract dilatation of the esophagus
and colon. Visceral alterations are usually present
in certain endemic regions, particularly Brazil,
Chile and Argentine, and it is postulated that
these changes are for the parasite tropism toward
the viscera (viscerotropism). The megaesophagus
is accompanied by hypersalivation, dysphagia,
pain and regurgitation; on the other hand,
the megacolon is accompanied by chronic
constipation and intestinal obstruction."

The electrocardiogram (EKG) and
echocardiogram (ECG) evaluations in seropositive

Rev Mex Cardiol 2017; 28 (1): 4-9

www.medigraphic.com/revmexcardiol



Camacho-Calderdn N et al. Cardiac abnormalities in Trypanosoma cruzi seropositive patients in the State of Querétaro, México

patients have made possible the identification
of the disease stage, and the adoption of the
necessary clinical and therapeutic approaches
in order to improve the overall quality of life.’*

MATERIAL AND METHODS

A cross-sectional design was conducted in
an endemic area of Querétaro, Mexico for T.
cruzi. A total of 1 033 subjects were included.
Written informed consent was obtained from
all individuals or parental consent in the
case of minors. This study was approved by
the Committee of Bioethics and Research
of the University of Querétaro, Mexico. The
subjects were tested to detect anti-T. cruzi and
cardiac evaluation with electrocardiogram and
echocardiogram with portable equipment.
Serologic determinations. Serum samples were
analyzed by conventional serological techniques as
follows: a) ELISA, by using antigenic fractions of T.
cruzi epimastigote forms (Biomerieux®, Argentina);
b) recombinant ELISA, a test that employs 6
types of antigenic fractions from epimastigotes
and trypomastigotes (Wiener Lab.®, Argentina);
c) indirect hemaglutination, with sensitized
erythrocytes with fractions from trypomastigote
extracts (Wiener Lab.®, Argentina); d) indirect
immunofluorescence, with epimastigote forms of
the Y strain from Brazilian origin; and, e) Western-
Blot, employing the iron superoxide dismutase
as antigen, a detoxifying enzyme secreted by the
parasite and present in the Trypanosomatidae
family that acts as a defense mechanism for the
superoxide radicals generations.'>1°
Cardiologic evaluation. Surface
electrocardiogram tracing was obtained'1”
Echocardiography was performed with Toshiba
Sonolayer SSH-60® portable equipment with a
2.5 and 3.75 MHz transducer (Japan, Tokyo) with
the subject in the left lateral decubitus position.
The transthoracic echocardiography study
was performed according with conventional
echocardiographic views in order to detect any
morphological alteration, particularly apical
aneurism at the apex of the left ventricle (LV)."”
Echocardiography was performed in M and
2D modes to measure the ejection fraction of the
LV that was calculated from the LV end-diastolic
and end-systolic volumes.'8 It was measured
the diastolic diameter of the right ventricle, the

diastolic diameter of the posterior wall and the
systolic diameter of the interventricular septum.

Statistical analysis: Descriptive statistical
analysis was performed.

RESULTS

Of 1 033 subjects, 84 between 6 and 88 were
positive tested for T. cruzi. The 56% (47) had
abormalities relating to conduction system,
RBBB or LBBB. All of them had RBBB or
LBBB, diastolic dysfunction grades Il and IlI
and increased left ventricular volumen. In the
case of T. cruzi seronegative subjects, 37% had
diastolic disfunction. The 56% of seropositive
subjects had cardiac sintomatology (See Figure 1
and 2). Figure 3 shows the frequency of cardiac
abnormalities in seropositive and seronegative
subjects for T. cruzi, where diastolic dysfunction
predominates. In the age group of 26-50 years,
most of the cardiac abnormalities ocurred in T.
cruzi seropositive subjects (Table 7).
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Figure 1. Percentage of cardiac alterations in T. cruzi
seronegative subjects.

90 1
80 1

]
o

56

o

44

Percentage
N W b O O
o O O o

—
o

With Without
cardiac signs cardiac signs

Figure 2. Prevalence of cardiac alterations in T. cruzi
seropositive subjects.
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Figure 3. Prevalence of cardiological signs in T. cruzi seropositive and seronegative

subjects.

Table I. Distribution of the different cardiac

abnormalities in seropositive subjects to T. cruzi.

Age groups
(years) Cardiac abnormalities

6-25 RBBB, LBBB, LV 1, | LV
26-50 RBBB, LBBB, RV 1, cardiac
insufficiency
51-80 RBBB, 1 RV, diastolic dysfunction

According to age, in the group up to 25
years conduction system abnormalities were
predominant. In young adult to elderly, heart
failure and ventricular diastolic dysfunction
grades Il and Ill were found.

DISCUSSION

Dilated cardiomyopathy is the most frequent
complication of Chagas disease, and can
be prevented with an early diagnosis and
monitoring with EKG and ECG evaluations; in
addition to an adequate treatment according
to the severity of the disease.'?2? In this regard,
the conventional serologic techniques to detect
anti-T. cruzi antibodies are highly useful tools.

According to the international normativity
(WHO/PAHO), the treatment is indicated at

pediatric age in the presence of anti-T. cruzi
circulating antibodies. In addition close clinical
and therapeutic monitoring are recommended
in order to avoid the progress of systemic
alterations.?

At non-pediatric ages (older than 15 years),
the seropositive subjects presented a high
variety of alterations, ranging from RBBB and
LBBB, cardiac insufficiency and an increase or
decrease on the LV.

Cases between 26 to 50 years old, we
detected the most characteristic signs of
the chronic stage of Chagas disease: RBBB,
LBBB, diastolic dysfunction and right cardiac
insufficiency. These individuals are in productive
age, and represent the group with a higher risk
at this stage of the disease.

These findings are in accordance with
the described by Pinto-Diaz,'" Puigbo'? and
Manzullo,?? that reported that the age group
between 38 and 42 years has a higher risk
of complications. This age group is at risk for
sudden death occurs in 2 of each 1 000 persons
per year.?3 In summary, cardiac alterations are
late complications of T. cruzi infection, specific
of the chronic phase, and mainly manifested in
subjects in reproductive age."" In the age group
of 51 to 88 years, RBBB, diastolic dysfuction,
cardiac insufficiency and an increase in the LV
were the more relevant findings.

The sociodemographic and epidemiological
characteristics of the disease in the subjects of
this study, allowed us to identify elements that
commonly associated with cardiac alterations
reported in other studies in different hospitals
or even in other countries like Argentina and
Brazil .20:23

In this study, we found a higher proportion of
cardiac alterations in seropositive subjects born
and raised in a rural poor and endemic region
and localities with extreme weather, tropical or
subtropical, where almost all of them cohabit with
domestic animals like dogs, cats, chicken and pigs;
animals identified as T. cruzi reservoirs.??

Migration from rural to urban regions is
remarkable, and migrants usually are employed
in primary activities. This could be relevant
on the development of cardiomyopathy, by
the increased demand in physical activity
required in these activities. In addition to other
environmental factors that can contribute to
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Table II. Annual approximated costs of medical expenses

for patients with Chagas cardiopathy in three different scenarios.

(Vallejo M et al, 2002).
Hospital Care
Costs* Minimal Maximal Mean
Low 3000.85 5950.28 4463.24
Middle 3381.05 6630.48 4843.44
High 8 138.71 11 088.14 9601.10
*In US dollars ($).

the development of the cardiomyopathy, like
industrial pollution, hazardous waste, etcetera.??

On this regard, it is imperative to avoid
health risks mainly in transfusion medicine
and to comply with the Mexican Official Norm
(NOM-003-SSA2-1993) and the WHO criteria
related to donation of blood elements requiring
universal serological evaluation of voluntary
donors from endemic areas.?3

If anti-T. cruzi antibodies are detected
the infection will be confirmed and these
subjects should be followed up with EKG,
echocardiography and chest radiograph every
year. Damage to heart muscle due course in
children should be identified and prevent
complications and to avoid or delay cardiac
complications either by mechanic (cardiac
pacemakers, artificial heart valves, etc.) or
pharmacological treatment.?324

The social and economic implications of the
subject with Chagas disease and heart damage
are diverse. One is that it is economically active
population with limited resources and without
social and political representation. Another
aspect is that most are men with family. This
situation can lead the family to move to urban
areas for medical attention, thus impacting on
the budget considered for social welfare.?! The
public institution will provide for the assistance
and medications, but it will not cover the surgical
interventions required by the patients with
cardiomiopathy. In addition, it must consider
the high cost of medical care and its impact on
the health sector over the years of life lost. In
this case is a preventable and treatable infection

when diagnosed early and avoid the chronic
stage of the disease. According to Vallejo et al.
(2002) in which there are three posible scenarios
of average expenditure in patients with Chagas s
disease, would mean the verage cost of 4 843.44
dollars with a minimum of 4 463.24 and a
maximum of 9 601.10 dollars?! (See Table II).

We found cardiac alterations in seropositive
subjects from rural populations in the state of
Querétaro. In this regard, a periodic control in
patients from T. cruzi endemic regions should
be performed to evaluate systemic damage and
the level of circulating antibodies. Therefore,
we consider this parasitic disease as a health
priority for our state, representing an 8% of
infection in this geographic region.'®

These results suggest a major importance on
the directed search for the mechanisms related
in the evolution of the disease, considering that
some seropositive individuals may display severe
manifestations as severe dysrhythmias and even
sudden death. In this regard, it is necessary
to establish health programs for prevention,
diagnosis, and clinical and therapeutical follow
up in patients infected with the parasite.?

The present results represent the detection
and findings of cardiac abnormalities own
Chagas infection in a rural community.

Knowledge of the prevalence in the state
demostrate the importance of prevention, early
diagnosis to prevent progression of the disease
and improve the prognosis of infected subjects.

CONCLUSION

Our results demonstrated by serology and
cardiological findings Chagas infection in an
endemic rural population. The elevated prevalence
of these cardiac signs in seropositive individuals
in working and reproductive age, stresses the
importance of promoting programs for prevention,
early diagnosis and an adequate treatment in this
group of risk. An annual longitudinal evaluation
with serologic, clinical and imaging studies is
recommended to evaluate the progression and
prognosis of the disease in all seropositive patients.

Acknowledgements

The authors wish to thank all participants
in the study for their collaboration and

Rev Mex Cardiol 2017; 28 (1): 4-9

www.medigraphic.com/revmexcardiol



positive attitude during all procedures. A
special recognition to the members of the
Entomological Task Force, Medical Units
from Cadereyta, Jalpan, Coldn, EI Marqués,
Tolimén, Huimilpan and Pinal de Amoles, from
the health system of the state of Querétaro.
Finally, we acknowledge the Cardiology Unit
of the General Hospital of the ISSSTE of
Querétaro for their support in the logistics and
for performing the electrocardiograms and
continuous monitoring of the affected patients.

Conflict of interest

The authors declare that they have no conflict
of interest.

REFERENCES

1. Rossi MA, Tanowitz HB, Malvestio LM, Celes MR,
Campos EC, Blefari V et al. Coronary microvascular
disease in chronic chagas cardiomyopathy including
an overview on history, pathology, and other proposed
pathogenic mechanisms. PLoS Negl Trop Dis. 2010;
4: e674.

2. Diaz L, Torres R, Gonzélez Cl. Expresion diferencial
entre estadios de Trypanosoma cruzi en el aislamiento
de un paciente con cardiomiopatia Chagasica
crénica de zona endémica de Santander, Colombia.
Biomédica. 2011; 31: 503-513.

3. Schmunis GA, Zicker F, Pinheiro F, Brandling-Bennett
D. Risk for transfusion-transmitted infectious diseases
in Central and South America. Emerg Infect Dis. 1998;
4:5-11.

4. DiasJC, Schofield C. The evolution of chagas disease
(American Trypanosomiasis) control after 90 years since
Carlos Chagas discovery. Mem Inst Oswaldo Cruz.
1999; 94: 103-121.

5. Ramsey M, Ordonez R, Cruz-Celis A, Alvear AL, Chavez
V, Lopez R et al. Distribution of domestic triatominae
and stratification of Chagas disease transmission in
Oaxaca, Mexico. Med Vet Entomol. 2000; 14: 19-30.

6. Rios JF, Arboleda M, Montoya AN, Alarcén EP, Parra
CJ. Probable brote de transmision oral de enfermedad
de Chagas en Turbo, Antioquia. Biomédica. 2011; 31:
185-195.

7. Elizari MV. La miocardiopatia Chagdsica. Perspectiva
histérica. Medicina. 1999:59:25-40.

8. Morris S, Tanowitz H, Wittner M, Bilezikian J.
Pathophysiological insights into the cardiomyopathy
of Chagas’ disease. Circulation. 1990; 82: 1900-1909.

9. Curtode Casas S, Carcavallo UR, Galindez Cl. Factores
bioclimaticos e zonas de vida. En: Carcavallo RU, Girén
IG, Jurberg ), Lent H (editors). Atlas of Chagas’ disease
vectors in the Americas. Rio de Janeiro, Brasil: Editora
Fiocruz; 2000, pp. 800-838.

10. Dias E, Laranja FS, Miranda A, Nobrega G. Chagas’
disease: a clinical, epidemiologic, and pathologic study.
Circulation. 1956; 14: 1035-1060.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Camacho-Calderdn N et al. Cardiac abnormalities in Trypanosoma cruzi seropositive patients in the State of Querétaro, México 9

Pinto Dias JC. Doenca de Chagas en Bambui, Minas
Gerais, Brasil. Estudo clinico epidemiolégico a partir da
fase aguda entre 1940 e 1982. Thesis. Belo Horizonte.
1982.

Puigh6 JJ, Nava Rhode JR, Carcia Barrios H, Gil
Yépez C. Cuatro anos de estudio longitudinal de una
comunidad rural con endemicidad chagésica. Bol
Oficina Sanitaria Panam (OSP). 1969; 66: 112-120.

. Tanowitz HB, Machado FS, Jelicks LA, Shirani J,

Campos de Carvalho AC et al. Perspectives on
Trypanosoma cruzi-induced heart disease (Chagas
disease). Prog Cardiovasc Dis. 2009; 51: 524-539.
Gimenez L, Mitelman J, Conzalez C, Palacios K, Burgos
AN. Alteraciones de la dispersién del QT y la fraccién
de eyeccion en pacientes chagasicos. Relampa. 2007;
20: 74-78.

Sanchez B, Montedn V, Reyes PA, Espinoza B.
Standardization of micro-enzyme-linked immunosorbent
assay (elisa) and western blot for detection of Trypanosoma
cruzi antibodies using extracts from Mexican strains as
antigens. Arch Med Res. 2001; 32: 382-388.
Villagran ME, Marin C, Rodriguez-Gonzalez |,
De Diego JA, Sdnchez-Moreno M. Use of an iron
superoxide dismutase excreted by Trypanosoma cruzi
in the diagnosis of Chagas disease: Seroprevalence in
rural zones of the state of Querétaro, México. Am J
Trop Med Hyg. 2005; 73: 510-516.

Rosenbaum MB, Alvarez AJ. The electrocardiogram in
chronic Chagasic myocarditis. Am Heart J. 1955; 50:
492-527.

Mancuso FJ, Almeida DR, Moisés VA, Oliveira WA,
Mello ES, Poyares D et al. Left atrial dysfunction
in chagas cardiomyopathy is more severe than in
idiopathic dilated cardiomyopathy: A study with real-
time three-dimensional echocardiography. ] Am Soc
Echocardiogr. 2011; 24: 526-532.

Califf RM. Key issues for global cardiovascular
medicine. Lancet. 2009; 374: 508-510.

Gontijo ED, Galvao LM, Eloi-Santos S. Chagas disease:
criteria of cure and prognosis. Mem Inst Oswaldo Cruz.
1999; 94: 357-362.

Vallejo M, Montenegro P, Reyes PA. ¢Cudnto cuesta la
atencion de la cardiopatia chagasica crénica? Costos
directos en un hospital de cardiologia. Arch Cardiol
Mex. 2002; 72: 129-137.

Manzullo EC, Chuit R. Risk of death due to chronic
chagasic cardiopathy. Mem Inst Oswaldo Cruz. 1999;
1:317-320.

Organizacién Mundial de la Salud (WHO). Atencién
primaria de salud, incluido el fortalecimiento de
los sistemas de salud. Consejo Ejecutivo. 2009;
Documento EB124.R8: 1-4.

Rassi A Jr., Rassi A, Little WC. Chagas heart disease.
Clin Cardiol. 2000; 23: 883-889.

Correspondence to:

Maria Elena Villagran-Herrera

Calle Clavel Nam. 200, Col. Prados de la
Capilla, 76170. Santiago de Querétaro,
Querétaro, México.

Phone: + 52 1-92-12-00 Ext. 6235
E-mail: mevh@uag.mx

Rev Mex Cardiol 2017; 28 (1): 4-9

www.medigraphic.com/revmexcardiol



