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Abstract
Chagas disease, caused by the protozoan Trypanosoma cruzi (T. cruzi), although discovered more than a century ago, is still a not
very well-elucidated aspect. Individuals in the chronic phase of the disease may present asymptomatic clinical form or symp-
tomatologies related to the cardiac, digestive systems, or both (mixed clinical form). SNPs (single nucleotide polymorphisms)
have been identified as important markers because they constitute about 90% of the variation in the human genome. One of them
is localized to the ACAT-1 gene (cholesterol acyltransferase 1) (rs1044925) and has been linked to lipid disorders. Some studies
have suggested the interaction between T. cruzi and the lipid metabolism of the host. Therefore, the objective of the present study
was to evaluate the association between the ACAT-1 gene rs1044925 SNP in relation to clinical manifestations in patients with
chronic Chagas disease. A total of 135 individuals with chronic Chagas disease, 86 (63.7%) asymptomatic individuals and 49
(36.3%) symptomatic patients (22 with cardiac clinical form, 18 with digestive form and 9 with mixed form) participated in the
study. To evaluate the polymorphism, the PCR-RFLP technique were used. There was a significant difference and a higher
frequency of AA and AC genotypes (p = 0.047 and p = 0.016, respectively) of the ACAT-1 gene in asymptomatic chagasic
individuals. The result suggests a protective character of the AA and AC genotypes of the rs1044925 SNP in relation to the
presence of symptomatic clinical manifestations of the disease in chronic chagasic individuals.
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Introduction

Chagas disease caused by the protozoan Trypanosoma cruzi is
still endemic in many countries (Andrade et al. 2014).

According to the World Health Organization, it is estimated
that eight million people around the world are infected and the
infection has spread to non-endemic regions (WHO 2013). In
the USA, for example, about 300,000 people are infected
(CDC 2006). In Brazil, it is estimated that between two and
three million people have acquired the disease and 600,000
have symptoms related to the chronic phase (Bello Corassa
et al. 2017).

The disease has two clinical phases: acute and chronic. In
the acute phase, individuals present high parasitemia and non-
s p e c i f i c s ym p t om s s u c h a s m a l a i s e , f e v e r ,
hepatosplenomegaly, and atypical lymphocytosis (Bern
2015). After 2 to 4 months, individuals enter the chronic phase
of the disease and may present asymptomatic clinical form or
symptomatologies related to the cardiac, digestive systems, or
both (mixed clinical form) (Dutra et al. 2009).

Approximately 70% of the infected individuals have an
undetermined clinical form of the disease (Rassi et al. 2012)
and presents no abnormalities in physical and radiological
exams or symptoms of the disease (Dias et al. 2016).
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The cardiac clinical form, which affects approximately
20% of the infected individuals, corresponds to the most seri-
ous manifestation of the disease and may promote arrhyth-
mias, thromboembolism, and heart failure in these patients
(Rassi et al. 2009).

On the other hand, the digestive clinical form involves
mainly damage to the esophagus and colon with consequent
megaesophagus and megacolon. The most common manifes-
tations of this clinical form are as follows: mild achalasia,
motility disorders, dysphagia, and regurgitation (Bern 2015).

A small percentage of chronic chagasic patients (2–5%)
present clinically for both digestive and cardiac manifestations
of the disease and are referred to as mixed or cardiodigestive
form (Rassi et al. 2010). One of the most intriguing questions
of the disease’s chronic phase is the fact that leads individuals
to present different clinical manifestations. So far, the main
factor responsible for individuals developing and not devel-
oping symptoms of the disease is not known. Information on
human genetic predisposition has progressed greatly in recent
years and the search for host molecular markers are potential
targets for explaining susceptibility in some infections
(Burgner et al. 2006).

One type of marker widely used in genetic studies com-
prises the single nucleotide polymorphisms (SNPs), which
result in an exchange of one nucleotide for another in a
DNA sequence (Beuzen et al. 2000). They represent for about
90% of the variation in the human genome (Collins et al.
1998) and have a frequency of more than 1% in the human
population (Guerra and Yu 2006). Because they are fairly
common, these polymorphisms have been extensively inves-
tigated. Some studies have already demonstrated the role of
these polymorphisms in susceptibility to some common dis-
eases such as diabetes and cancer (London et al. 1997; Marcus
et al. 2000; Altshuler et al. 2000) and progression to severe
forms of infectious diseases such as malaria (McGuire et al.
1994) and leprosy (Moraes et al. 2004).

The SNP rs1044925 (A/C) is located on the ACAT-1 (cho-
lesterol acyltransferase 1) gene and has been extensively in-
vestigated in lipid disorders. This gene encodes the ACAT-1
enzyme that is responsible for esterification of intracellular
cholesterol (Chang et al. 1993) and has been related to the
formation of foam cells in macrophages, which is a character-
istic of the first stages of atherosclerotic lesions (Li et al. 2006).

With regard to this polymorphism, Wu et al. (2010)
found that in a population of China, the AC and CC geno-
types of rs1044925 were associated with low levels of total
cholesterol and LDL-C in women, when compared to the
AA genotype. In another study, the AC and CC genotypes
were associated with increased systolic pressure in
smokers (Yin et al. 2012). The rs1044925 SNP AC and
CC genotypes were also associated with higher levels of
total cholesterol, HDL-C, and ApoAI in the serum of men
with hypercholesterolemia (Wu et al. 2012).

These studies demonstrate the role of the ACAT-1 gene
rs1044925 SNP and its relationship to some disorders that
prone a risk for cardiovascular disease. In addition, some stud-
ies have suggested that there is an interaction between T. cruzi
and the lipid metabolism of the host (Miao and Ndao 2014).

To date, no study has investigated this SNP in individuals
with Chagas disease. Therefore, the present study aims to
evaluate the role of the rs1044925 SNP of the ACAT-1 gene
in patients with and without clinical manifestations of the
disease.

Material and methods

Study subjects

A total of 135 individuals that attended at the Tropical
Diseases Outpatient Clinic of Botucatu Medical School
(UNESP), in the interior of the State of São Paulo, Brazil,
were evaluated. Botucatu is located between 22° 53′ 09″ to
the south and 48° 26′ 42″ to the west.

The included individuals were of both sexes and ranged in
age from 36 to 83 years, presenting different clinical forms of
chronic Chagas disease. In order to confirm the diagnosis of
Chagas disease, it was verified positivity for T. cruzi serolog-
ical tests using the Chemiluminescence, Indirect
Immunofluorescence, and Hemagglutination assay.

Subjects with undetermined clinical form were classified
by the absence of symptoms of the disease and normal results
in conventional electrocardiogram examinations, radiological
study of the thorax, esophagus, and colon.

Individuals with cardiac clinical form were classified by
electrocardiogram abnormalities (mainly non-specific alter-
ations of the ventricular repolarization followed, left atrial
overload, prolonged QTc interval, low QRS complex voltage,
atrial fibrillation, atrioventricular block, branch block, and si-
nus tachycardia) (Souza et al. 2013). Changes in echocardio-
gram examinations may also be observed, such as the pres-
ence of intracavitary thrombi, pericardial effusion, enlarge-
ment of the cardiac chambers, atrioventricular valve regurgi-
tation, and impairment of left ventricular systolic function
(Dias et al. 2016).

The classification of the digestive form of the disease main-
ly involves changes in the esophagus and colon. The results of
chest X-ray in PA or profile (to check the presence of achala-
sia), contrasting the esophagus radiography, radiography of
the abdomen, and contrast radiography of the colon-barium
enema examinations were evaluated (Dias et al. 2016).

Subjects with a mixed (cardiodigestive) form of the disease
were classified due to the presence of changes in the cardiac
and digestive clinical form of the disease, concomitantly.

The study subjects were divided into two groups: group 1
consisting of chronic Chagas individuals with an
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asymptomatic form of Chagas disease and group 2 consisting
of chronic chagasic symptomatic individuals with clinical,
cardiac, digestive, and mixed forms of the disease.

The results of the exams were verified by consulting the
patients’ medical records and, from this, information was col-
lected from individuals: naturalness, origin, age, weight and
height (in order to calculate body mass index), and comorbid-
ities for characterization of the sample.

Exclusion criteria

From this study, pregnant women were excluded.

Ethics committee

All individuals accepted to participate in the study by signing
the Informed Consent Term applied at the time of the consul-
tation. The study was approved by the Research Ethics
Committee of the Faculty of Medicine of Botucatu—
UNESP (CEP—Opinion no. 1,576,662).

Calculation of body mass index

In relation to anthropometric data, the weight in kilograms
(kg) and height in centimeters (cm) were considered. The
following formula was used to calculate the body mass index
(BMI): weight / height × height.

The classification for adults (20 to 59 years) was applied
using the following values: < 18.5 were classified as low
weight; ≥ 18.5 and < 25 eutrophy; ≥ 25 and < 30 were over-
weight and ≥ 30 were classified as obese. For the elderly (>
60 years), the classification of the values was ≤ 22 for those
with low weight, > 22 and < 27 eutrophic, and ≥ 27 over-
weight (Ministério da Saúde 2004).

Blood collection and leukocytes isolation

Five milliliters of peripheral blood was collected from the
study subjects, and after centrifugation of 15 min at
15,000 rpm, the separation of the WBC was performed.
In this portion of the blood was added 1 mL of red cell
lysis buffer (RCLB (pH: 7.6 1X: 10 mM Tris; 5 mM
MgCl2 and 10 mM NaCl) and centrifugation performed
at 15,000 rpm for 10 min. The supernatant was discarded
and the pellet stored at − 20 °C.

DNA extraction

DNA extraction was performed with the PureLink®Genomic
DNA Mini Kits K182001 (Invitrogen, Carlsbad, USA) ac-
cording to the manufacturer’s recommendations and the
DNAwas quantified in NanoVue Plus spectrophotometer ap-
paratus (GE Healthcare, Little Chalfont, Buckinghamshire,
UK).

Polymerase chain reaction

Forward primers 5′-TATATTAAGGGGATCAGAAGT-3′ and
reverse 5′-CCACCTAAAAACATACTACC-3′ were used for
the ACAT-1 gene.

Polymerase chain reaction (PCR) was performed in a final
volume of 25 μl containing 2.5 μl of genomic DNA, 10 pmol
of each primer, 1.0 unit of Taq polymerase, and 1.0 mM of
MgCl2, 500 μM of dNTPs. Cycles were performed according
to Wu et al. (2010) with some modifications. Initial denatur-
ation at 95 °C for 5 min, 35 cycles with denaturation at 95 °C
for 45 s, annealing at 55 °C for 1 min, extension at 72 °C for
50 s, and final cycle at 72 °C for 10 min. Verification of the
amplified product was performed on 2% agarose gel to ob-
serve the 389 bp fragment.

Restriction enzyme digestion

For analysis of the ACAT-1 gene SNP (rs1044925), 10 μL of
the amplified PCR product and 0.5 μL of restriction enzyme
RsaI-Rhodopseudomonas sphaeroides (New England
BioLabs, Boston, MA, USA-R0167S) were used for digestion
at 37 °C overnight. The results of the digested samples were
checked on 2% agarose gel and visualized in ultraviolet trans-
illuminator. The size of the bands for each genotype is as
follows: AA—389 bp; AC—389, 279, and 110 bp; and
CC—279 and 110 bp (Table 1).

Statistical analysis

For the analysis of the age group of the participants, the mean
and standard deviation and Student’s t test for independent
samples were performed (Zar 1999). Comparison between
general patient data, genotypes, and allelic frequencies was
performed using the Goodman association test, supplemented
with multiple comparisons between and within multinomial

Table 1 Relation of genes and as
respective restriction enzymes,
enzyme cleavage site, and
genotypes surveyed in patients
with chronic symptomatic and
asymptomatic Chagas disease

Gene/SNP Restriction enzyme Enzyme cutting site Genotypes

ACAT-1 (rs1044925) RsaI 5′...GT↓AC...3′3′...CA↑TG...5′ AA—389 bp;

AC—389, 279 e 110 bp;

CC—279 e 110 bp
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populations (Goodman 1964, 1965), considering the 5% level
of significance. Allelic frequencies were tested for Hardy-
Weinberg equilibrium.

Results

Sample characterization

The 135 chagasic patients came mainly from the interior of
São Paulo State (SP), Brazil. Only two individuals were from
Siqueira Campos, Paraná. Patients were grouped by
microregions of São Paulo State, except for two individuals
previously mentioned, from Paraná State. The microregions,
in particular, correspond to the patient’s origins, mainly:
Itapeva (45), Botucatu (33), Avaré (31), and Ourinhos (13)
(Fig. 1). All individuals are Brazilian and natural from cities
of São Paulo, Minas Gerais, Paraná, Pernambuco, Bahia,
Alagoas, and Mato Grosso States. Among them, 18 patients
were from Itaporanga (SP), 14 from Itaí (SP), and 9 from
Taquarituba (SP) (Fig. 2).

Of the 135 chagasic patients included in the study, 86
(63.7%) were asymptomatic and 49 (36.3%) were symptom-
atic. In the group of symptomatic individuals, 22 (44.9%)
presented cardiac form of the disease, 18 (36.7%) individuals
presented digestive form, and nine (18.4%) individuals had
mixed form of the disease.

Among the asymptomatic patients, 46 (53.5%) were men
and 40 (46.5%) were women; in the symptomatic group, 23
(46.9%) were men and 26 (53.1%) women. The mean age in

the group of asymptomatic individuals was 59.0 ± 8.0 years
(mean ± standard deviation) and in the symptomatic group,
61.5 ± 9.1 years. There was no significant difference between
sex and mean age between groups (p > 0.05).

In relation to the body mass index, 48.8% of the asymp-
tomatic individuals and 36.7% of the symptomatic individuals
were overweight.

Of the 135 patients included in our study, 98 (72.6%) had
comorbidities such as hypertension, hypercholesterolemia, di-
abetes, or association between them.

Among the asymptomatic individuals, 57 (58.2%) had co-
morbidities. Fifteen patients (26.3%) had hypercholesterol-
emia and 24 (42.1%) had an association of more than one
comorbidity. Among the symptomatic individuals, 41
(41.8%) individuals had comorbidities. Eleven (26.9%) were
hypertensive and 24 (58.5%) had comorbidity associations
(Table 2). There was no significant difference when compar-
ing all variables of “BMI” and “comorbidities” between the
groups (p > 0.05).

ACAT-1 gene rs1044925 SNP genotyping

For the rs1044925 SNP genotypes, the samples were present-
ed in Hardy-Weinberg equilibrium. Regarding the results of
the polymorphism genotypes of ACAT-1 gene among the
groups, there was a higher frequency of the genotypes AA
and AC in asymptomatic individuals compared with symp-
tomatic individuals (p = 0.047 and p = 0.016). There was no
significant difference between the CC genotype when com-
pared between the two groups (p > 0.05). There was also no

Fig. 1 Origin of chronic chagasic patients grouped by microregions of the State of São Paulo, Brazil, genotyped for ACAT-1 gene*, *Except for two
patients from Siqueira Campos, Praná, Brazil
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significant difference between the AA, AC, and CC genotypes
when compared within the groups (p > 0.05) (between asymp-
tomatic individuals and between symptomatic individuals)
(Table 3). We evaluated the following parameters associated

with cholesterol metabolism: total cholesterol, HDL, and tri-
glycerides. Of these, only the relationship between the pres-
ence of the A allele with high cholesterol levels was statisti-
cally significant using the ANOVA test (p < 0.05).

Fig 2 Relation of the place of birth of chronic chagasic patients genotyped for the ACAT-1 gene according to the Brazilian States

Table 2 Distribution of sex,
mean age and standard deviation,
body mass index, and
comorbidities of 135 chronic
chagasic patients subdivided by
asymptomatic and symptomatic
clinical form, from different
Brazilian municipalities

Clinical forms (n = 135)

Asymptomatic (n = 86) Symptomatic (n = 49) p value

Sex n (%)

Male 46 (53.5) 23 (46.9) p > 0.05

Female 40 (46.5) 26 (53.1) p > 0.05

Total n (%) 86 (100) 49 (100)

Mean age and standard deviation 59.0 ± 8.0 years 61.5 ± 9.1 years p > 0.05

Body mass index n (%)

Underweight 3 (3.5) 4 (8.2) p > 0.05

Normal range 27 (31.4) 17 (34.7) p > 0.05

Overweight 42 (48.8) 18 (36.7) p > 0.05

Obese 14 (16.3) 10 (20.4) p > 0.05

Total n (%) 86 (100) 49 (100)

Comorbidities n (%)

Hypertension 12 (21.1) 11 (26.9) p > 0.05

Hypercholesterolemia 15 (26.3) 5 (12.2) p > 0.05

Diabetes 6 (10.5) 1 (2.4) p > 0.05

Associated comorbidities 24 (42.1) 24 (58.5) p > 0.05

Total 57 (58.2) 41 (41.8)

Goodman’s association test considering the level of significance of 5%. p value: comparison of response catego-
ries (columns) within the group (rows). The Student’s t test was applied for independent samples
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Regarding the allelic frequencies, there was no significant
difference between the A and C alleles when compared to and
within the groups of asymptomatic and symptomatic individ-
uals (p > 0.05) (Table 4). The results were shown as AA, AC,
and CC genotypes in agarose gel photo (Fig. 3).

Discussion

Chagas disease still raises debate, mainly regarding the differ-
ent clinical manifestations that chagasic individuals exhibit in
the chronic phase. It is believed that factors such as environ-
ment, parasite, and genetic factors of the host can contribute to
the severity of the disease (Menezes et al. 2016).

In the present study, chronic chagasic patients came mainly
from microregions of São Paulo State, such as Itapeva,
Botucatu, Avaré, and Ourinhos (Fig. 1). These individuals
are native from several states in Brazil, mainly in the interior
of São Paulo State, such as Itaporanga, Itaí, and Taquarituba
(Fig. 2). These regions correspond to the flow of care from the

Ambulatory of Tropical Diseases in Botucatu and are inserted
in an area endemic for Chagas disease.

The mean age in the group of asymptomatic individuals
was 59 years and in the symptomatic group, 61.5 years, with
no significant difference between these groups. The mean age
of Chagas chronic patients suggests the role of the efficacy of
Chagas disease vector control programs in the country, which
began in the mid-1950s (Pereira and Navarro 2013). However,
this factor does not rule out the occurrence of vectors contam-
inated by T. cruzi, since these campaigns were mainly aimed
at combating the vector Triatoma infestans (Fitarelli and Horn
2009; Moraes-Souza and Ferreira-Silva 2011; Abad-Franch
et al. 2013). In São Paulo State, there are other secondary
species of triatomines with potential for infectivity, such as
Panstrongylus megistus and Triatoma sordida (SUCEN -
Superintendência de Controle de Endemias 2017).

In addition, as individuals age, there is greater susceptibil-
ity to comorbidities, independent of infection with Chagas
disease (Alves et al. 2009). In the present study, 66.3% of
the asymptomatic chagasic patients presented some comor-
bidity associated with the infection. The same was observed
in 83.7% of symptomatic chagasic patients. Of the total of 135
chagasic patients, 24 (58.5%) of the symptomatic and 24
(42.1%) asymptomatic had an association of more than one
comorbidity, in addition to T. cruzi infection. It is believed that
about 88% of the world’s population aged 65 years and over
present at least one chronic disorder (Wolff et al. 2002).
Individuals who present more than one comorbidity are more
prone to physical inactivity and greater occurrence of adverse
drug interactions due to polypharmacy (Wolff et al. 2002).

In the group of asymptomatic individuals, 21.1% had hy-
pertension and 26.3% had hypercholesterolemia. In the group

Table 3 Distribution of ACAT-1 genotypes according to asymptomatic
and symptomatic patients with chronic Chagas disease, coming from
different Brazilian municipalities

ACAT-1 genotypes Clinical forms n (%)

Asymptomatic Symptomatic Total

AA 34 (63.0) Ba 20 (37.0) Aa 54 (40.0)

AC 43 (66.2) Ba 22 (33.8) Aa 65 (48.1)

CC 9 (56.3)Aa 7 (43.7) Aa 16 (11.9)

TOTAL 86 (63.7) 49 (36.3) 135 (100)

Goodman’s association test considering the level of significance of 5%.
Capital letters: comparing response categories (columns) within the group
(rows), where B > A and AB does not differ from A and B. Lower case
letters: group comparison (rows) fixed to response category (column),
being b > a and ab does not differ from a and b

Table 4 Distribution of allelic frequencies of the ACAT-1 gene
according to asymptomatic and symptomatic patients with chronic
Chagas disease, coming from different Brazilian municipalities

ACAT-1 alleles Clinical forms n (%)

Asymptomatic Symptomatic

A 97 (56.1) Aa 76 (43.9) Aa

C 55 (56.7) Aa 42 (43.3) Aa

TOTAL 152 118

Goodman’s association test considering the level of significance of 5%.
Capital letters: comparing response categories (columns) within the group
(rows), where B > A and AB does not differ from A and B. Lower case
letters: group comparison (rows) fixed to response category (column),
being b > a and ab does not differ from a and b

Fig 3 Genotyping of rs1044925 polymorphism in theACAT-1 gene. Line 1:
100bpmarkee ladder:Lines2,4,5, and7;AAgenotype (389bp);Lines3and
6:ACgenotype(389,279,and110bp);Line8:CCgenotype(279and110bp)
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of symptomatic individuals, 26.9% were hypertensive and
12.2% had hypercholesterolemia. In a study conducted by
Vicco et al. (2014), a higher frequency of hypertension was
found in individuals with Chagas disease (34%) when com-
pared to individuals without the infection (13%).
Hypertension was also associated with heart failure in
chagasic patients (Vicco et al. 2014). In another study, of
878 chagasic patients, 37% had arterial hypertension, mainly
individuals with cardiac involvement and > 45 years of age
(Guariento et al. 1998). Gurgel and Almeida (2007) analyzed
the records of individuals submitted to necropsy and found
that of 101 chagasic patients, 33 (32.7%) were hypertensive.

In the present study, 17% of chagasic patients (regardless of
presence / absence of clinical symptoms) had hypertension.
This portion is lower when compared to the studies cited
above, which may be justified by the fact that this disorder
is influenced by several factors such as obesity, alcoholism,
sex, and age, among others (Gurgel and Almeida 2007).
Moreover, the prevalence of hypertension may vary among
populations, although the factors that influence these discrep-
ancies are not yet known (Lacruz et al. 2015). However, we
observed that this data is similar when compared to the general
population in the country in which it is estimated that there are
20% of hypertensive individuals (Passos et al. 2006).

Regarding diabetes, it was found in 5.2% of 135 chagasic
patients of the present study. Santos et al. (1999) observed that
among 362 chagasic women, there was a prevalence of 10.5%
of diabetes mellitus.

The comorbidities found in the present study (hyperten-
sion, hypercholesterolemia, and diabetes) are considered risk
factors for the development of cardiac conditions such as
myocardial infarction (Boysen et al. 1988) and atherosclerosis
(Kannel and Sytkowski 1987). In addition to the disorders
caused by chronic chagasic cardiomyopathy, this clinical form
may increase the risk of infarction in these individuals (Malik
et al. 2015).

However, the impact of these morbidities on disease pro-
gression is uncertain. The chronic disorders of these elderly
individuals, chronic chagasic infection, and their severe clin-
ical forms emphasize the importance of special attention in
these patients.

Other information raised in the present study is about BMI.
Although no significant difference was found between the BMI
and the studied groups, a prevalence of 32.6% of chagasic
patients with eutrophy was observed, 44.4% were overweight,
and 17.8% were obese in the group of asymptomatic and
symptomatic individuals. Geraix et al. (2007) found a preva-
lence of 62.1% obese in chagasic patients.

According to theMinistry of Health, it is estimated that there
are 60% of obese people in the country (Ministério da Saúde
2017). The BMI of individuals may vary according to the study
population since they involve environmental, psychosocial,
and physiological factors (Kopelman 2000). As with the

previously mentioned morbidities, overweight and obesity are
considered risk factors for the development of cardiovascular
diseases as well as increased blood pressure, cholesterol, and
glucose (Poirier et al. 2006; Van Gaal et al. 2006).

In the present study, a significant difference was observed
between the AA and AC genotypes of the ACAT-1 gene
rs1044925 SNP among asymptomatic and symptomatic
chagasic individuals. This data suggests a protective character
in the pathogenesis of the disease among the carriers of these
genotypes.

There is no data regarding the SNP allele frequencies in the
Brazilian population, specifically. However, according to the
1000 Genomes Database (https://www.ncbi.nlm.nih.gov/snp/
rs1044925#frequency_tab), the global frequencies for the
alleles are C = 0.267 and A = 0.733. For the American
population, the frequencies are C = 0.28 and A = 0.72.

Accordingly, in a study carried out with a population of
China, the AC and CC genotypes of rs1044925 were associated
with low levels of total cholesterol, LDL-C, and ApoB in wom-
en when compared to the AA genotype (Wu et al. 2010). AC
and CC genotypes were also associated with increased systolic
pressure in smokers (Yin et al. 2012). In another study, the AC
and CC genotypes of the rs1044925 SNP were associated with
higher levels of total cholesterol, HDL-C, and ApoAI in the
serum of men with hypercholesterolemia (Wu et al. 2012).

In the present study, 14.9% of chagasic patients with hy-
percholesterolemia were observed in both groups. In the liter-
ature, only a clinical data survey was found in which the
prevalence of hypercholesterolemia was observed in chronic
Chagas patients treated in the same outpatient clinic of the
present study, in which 22.7% of hypercholesterolemia was
found among 66 chagasic patients studied (Geraix et al. 2007).

Cholesterol is an important molecule, constituent of cell
membranes that are involved in several physiological process-
es, such as maintenance of membrane fluidity, bile acid me-
tabolism, and steroid hormones (Rudel and Shelness 2000;
Ikonen 2008). The excess of free cholesterol can be harmful
to the cells, so it is necessary to convert them into cholesterol
esters that are organized into drops of cytoplasmic lipids
(Chang et al., 1993; Rogers et al. 2015). It is known that these
lipid droplets are involved in several inflammatory processes
(Weller et al. 1999; Bandeira-Melo et al. 2002).

Recent studies have evaluated the role of host lipid metab-
olism in T. cruzi infection (Miao and Ndao 2014). Johndrow
et al. (2014) found increased levels of intracellular cholesterol
in heart tissues of a late stage individual with the cardiac form
of Chagas disease, a fact that was not observed in heart tissue
of an individual who died due to ischemic heart disease. They
also found increased LDL in the pancreas and heart of animals
infected with a chronic T. cruzi strain 90 days post infection.
Fernandes et al. (2007) also found that cholesterol depletion in
T. cruzi infected cells and infecting forms (trypomastigote)
and non-infective (amastigotes) in vitro resulted in the

Parasitol Res (2019) 118:2343–2351 2349

https://www.ncbi.nlm.nih.gov/snp/rs1044925#frequency_tab
https://www.ncbi.nlm.nih.gov/snp/rs1044925#frequency_tab


decreased invasion of these parasites, which was recovered
after cell cholesterol plenum.

On the other hand, Nagajyothi et al. (2014) observed that
mice infected with T. cruzi (acute phase strain) and submitted to
a high-fat diet showed decreased parasitemia and increased
survival rate compared to mice with regular fat diet. It was also
observed that the morphological alterations of the heart of mice
submitted to rich diet and fat were less pronounced in compar-
ison with the animals that maintained a regular diet of fat.

These studies suggest cholesterol involvement in T. cruzi
infection. However, much of the literature refers to the acute
phase of infection. Differences are also observed regarding the
role of cholesterol in the pathogenesis of Chagas disease. In
the present study, we evaluated total cholesterol, HDL, and
triglycerides. We observed a relationship between the pres-
ence of the A allele with high cholesterol levels. Individuals
homozygous for A (AA) or heterozygous for A (AC) appar-
ently have higher levels of triglycerides, but not significant.
We believe that the presence of Adenine in SNP rs1044925 is
associated with elevated cholesterol and this elevation may be
associated with the increase in triglycerides.

Conclusion

In the present work, we found a higher frequency between AA
and AC genotypes in asymptomatic chagasic individuals
when compared to symptomatic individuals. This result sug-
gests that the carriers of these genotypes have a protective
character for the development of clinical manifestations of
the disease in the chronic phase. This data is unprecedented
and can bring great contributions to a better understanding of
the pathogenesis of the disease and clinical follow-up of the
patients. Further studies should be carried out in order to eval-
uate the importance of lipid metabolism in the infection and to
clarify the functional role of this polymorphism in the clinical
manifestation of chagasic individuals in different populations.
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