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Introduction
Chagass disease or American trypanosomiasis, is caused by 

the hemoflagellate parasite Trypanosoma cruzi and represent in 
Latin America one of the main neglected tropical diseases. It was 
described for the first time in 1909 by the Brazilian physician 
Carlos Chagas. Considering that the disease mainly affects people 
living in poverty in rural or peri-urban areas of Latin America, it 
has not received the necessary attention. In 1981 the prevalence 
in Latin America was around 20 million people and has decreased 
in 2005 to 8–10 million, thanks to the vector control campaigns 
implemented in the Southern Cone, as well as the screening of 

blood donations in endemic areas. For several years the disease 
was considered circumscribed to the American continent, 
from the south of the USA to the north of Argentina and Chile, 
especially associated to poor rural areas. The migration of people 
from endemic regions of Latin America has been the cause of 
infection with Chagas’ disease in non-endemic countries, mainly 
through blood transfusion, organ transplant and congenital 
transmission (from an infected mother to the newborn) [1]. This 
situation has drawn the attention of national health authorities 
in North America, Europe, Asia and Australia to establish more 
effective surveillance systems to prevent new cases of infections. 
The treatment available to date is poorly effective in the chronic 
phase of the disease and may produce in some cases, severe 
side effects due to toxicity of the drugs. In addition to lack of 
availability of the main drug for Chagas’ disease, benznidazole, 
it has shown to be ineffective against the parasite in the chronic 
phase with important side effects in treated patients. At the 
moment, diagnosis, management and control of Chagas disease in 
endemic and non-endemic areas represent many challenges such 
as the absence of effective treatment for chronic cases, and there 
is no reliable marker to assess the cure after treatment. During its 
life cycle, the parasite can be transmitted to humans by infected 
triatomine bugs through the contaminated feces (vectorial 
transmission) and is one of the major parasitic diseases of Latin 
America. Other less frequent ways of transmission include 
transmission through consumption of food or drink contaminated 
with feces of infected triatomine bugs (oral transmission) and 
sharing needles by drug addicts [2]. Clinically, Chagas’ disease 
can be divided into an acute phase and a chronic phase. The acute 
phase may involve symptoms as fever, headache, inflammation at 
the inoculation site (inoculation chagoma) or unilateral palpebral 
edema (Romana sign), splenomegaly and enlarged lymph nodes. 
Potential risk of mortality is associated with acute myocarditis 
and pericardial effusion. In most of the cases the acute phase 
resolves spontaneously in 2 to 4 months, after which the patient 
remains chronically infected. Majority of patients never develops 
symptoms and remain asymptomatic for decades. Some of them 
can develop symptoms characteristic of the chronic phase with 
cardiomyopathy, arrhythmias, megaesophagus and megacolon 
(megasyndromes). T. cruzi as specie shows a high genomic 
polymorphism which has been associated with wide variability 
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in biological and biochemical characters. The first attempt of 
classification divided T. cruzi into two major groups, TcI and TcII; 
TcII was further divided into five subgroups (also called discrete 
typing units or genotypes) designated TcIIa to TcIIe [3]. In 2009, 
a consensus was reached so the six major recognized lineages 
will be renamed TcI to TcVI [4]. The TcI and TcII genotypes 
probably diverged from the same ancestral origin, whereas the 
TcV and TcVI seem to be emerged from at least two hybridization 
events [5]. The origins of TcIII and TcIV are still in discussion. One 
theory proposes TcIII and TcIV as ancestral strains [6]. A second 
theory consider both genotypes as the result of hybridization 
between TcI and TcII, which after a long evolution process 
becomes homozygous lineages sharing genetic characters with 
TcI and TcII [5]. The TcI genotype is present from South USA to 
North of Argentina and Chile in both domestic and sylvatic cycles. 
TcI seems to have evolved with arboreal opossums and vectors 
of the triatomine tribe Rhodniini [7]. Didelphis spp. are found 
infected with TcI all across the American Continent, however 
TcI has also been found infecting many others mammals [8,9]. 
TcI is the main genotype in Chagasic patients, from the Amazon 
basin to the south of North America [9-13]. TcIII is particularly 
distributed in South America and basically restricted to sylvatic 
cycles. The natural hosts for TcIII are armadillos, mainly Dasypus 
novemcinctus [7,14]. TcII, TcV and TcVI are the main genotypes 
found in human infections at the southern cone of the Continent 
[6], and are the genotypes associated with the domestic vector 
Triatoma infestans. Megasindromes and cardiomyopathy have 
been associated with TcV and TcVI in chagasic patients from 
Argentina, Chile, Bolivia, and Brazil. Megasindromes is practically 
absent upwards the Amazon basin, where predominates the 
genotype TcI [15,16]. In Bolivia and Argentina TcV is the most 
common genotype in newborn from mother with Chagas’ disease. 
TcIV is found in South, Central and North America in several 
natural hosts. The sylvatic hosts include primates, arboreal 
mammals, rodents and terrestrial marsupials [7,17]. For decades 
very few cases of human infections with TcIV were identified, 
but recently an important prevalence of TcIV has been reported 
in chagasic patients in Venezuela [9]. In the present study we 
have identified the genotype of 95 T. cruzi isolates obtained 
from the same number of chronic chagasic patients in Venezuela. 
All patients come from different regions of the country and the 
clinical evolution of 30 of them was analyzed with the aim to 
elucidate any possible relationship between the genotype of the 
infecting parasites and the progression of the disease. In same 
way, the biological behavior of two isolates representatives of 
the genotypes found in humans, were studied in mice with the 
intention of investigate if there was any correlation with the 
clinical condition observed in the infected patients.

Materials and Methods
Patients population

We chose 30 chronic chagasic patients that attended the 
cardiology unit at the Institute of Tropical Medicine and were 
positive with parasitological test through xenodiagnostic. Each 
patient had positive serology for Chagas’ disease. With the aim to 
evaluate the clinical evolution of the patients, each of them were 

selected based on the availability of clinical history and attended 
regularly the cardiology unit, at least once a year.

Parasites and DNA extraction

T. cruzi isolates were obtained from each chagasic patient and 
just after the initial growth of the parasites in culture medium, 
an aliquot of each isolate was preserved in liquid nitrogen. The 
remaining cells were immediately used for DNA extraction, and 
selected isolates were additionally cloned as previously reported 
by Carrasco, et al. [9].

Molecular typing of T. cruzi isolates

For the genotyping of T. cruzi isolates we used the PCR-
RFLP technique reported by Westenberger, et al, Rozas, et al., 
Carrasco, et al. [5,9,18]. The selected genes for PCR amplification 
were GPI (glucose phosphate isomerase), glycoprotein 72 (gp72) 
and the intergenic region of heat shock protein 60 (HSP60). The 
restriction enzymes used for the digestion of amplified products 
were Hha I, Taq I and EcoR V respectively. PCR and digestion 
products were separated by electrophoresis in 2.5% agarose gel 
and visualized with ethidium bromide staining under UV light, as 
reported by Carrasco et al. [9].

Clinical conditions of chagasic patients

In order to assess the Chagas’ disease stage for each patient, 
we have considered the standard parameters to evaluate every 
case. Patients with cardiac pathologies not associated to Chagas’ 
disease were not included in this study. According to the clinical 
information and following the classification reported by Garcia 
et al. [19], the stage of the chagasic patients were designated as 
Chagas I, II and III, as follows:

Chagas I (ChI): ELISA positive test (IgG), xenodiagnostic 
positive test, no evidences of cardiac damage (cardiopathy). 
Prognosis of life conditions of patient as normal population.

Chagas II (ChII): ELISA positive test (IgG), xenodiagnostic 
positive test, evidence of myocardial damage, in general no 
further symptoms presents.

Chagas III (ChIII): ELISA positive test (IgG), xenodiagnostic 
positive test, severe cardiac damage and congestive cardiac 
failure.

Biological behavior of TcI and TcIV isolates in murine 
model

One isolate representative of TcI genotype (X10462) and one 
representative of TcIV genotype (X11494) were used to infect 
NMRI. Two groups of mice were inoculated via intraperitoneal 
(ip) with trypomastigote forms of T. cruzi corresponding with 
one the genotypes under study. We also have included a control 
group inoculated i. p. with sterile saline solution. In order to 
study the virulence and pathogenicity of each genotype, we 
have evaluated the following parameters: pre-patent period, 
parasitemia, mortality, histopathological damage and tissue 
tropisms, following the methodology reported by Brener Z., 
Carneiro, et al. , Devera, et al. and Toledo, et al. [20-23].
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Results
Genotypes of T. cruzi isolates and clinical evolution of 
chagasic patients

Thirty (30) T. cruzi isolates obtained from chagasic patients 
were analyzed with the PCR-RFLP technique, showing that 22 
(73.3%) patients were infected with TcI and 8 (26, 3%) with TcIV 
Table 1 & 2. The patients come from 15 States (n= 24), including 
the main endemic areas of the country, in a geographical 
extension that range from the western, central to the eastern 
parts of Venezuela. This means that we have included in our study 
patients with Chagas disease from regions all across the country 
(Table 1). With the aim to evaluate the development of Chagas’ 
disease in each patient we have considered the initial and last 
information available in the clinical history of each patient at the 
Cardiology Unit. All patients were evaluated by electrocardiogram 
(EEC), echocardiogram (ECO), chest ray (RX) and Holter. As a 
result of the clinical study we found that of 14 patients initially 
classified as Chagas I, 1 of them evolved to Chagas II in 17 years. 

In the same way, from 11 patients initially classified as Chagas 
II, 6 of them evolved to Chagas III in a period of 4 to 10 years 
(Table 1). It is important to notice the 5 patients were diagnosed 
as Chagas III since the initial clinical evaluation. When we look 
at the genotypes of the T. cruzi infecting the patients, we found 
that from 13 patients with the clinical condition of Chagas I, 6 of 
them were infected with TcI and 7 with TcIV (n= 13). In the case 
of patients with Chagas II, 5 were infected with TcI and 1 with 
TcIV (N= 6). It is very important to highlight that 11 patients with 
Chagas III were infected only with TcI Table 1& 2.

According to Table 1, no clear association was observed 
between the age and sex of the patients with the clinical condition 
of the Chagas’ disease. As can be seen in Table 2, there is a clear 
relationship between the evolution of the clinical condition in 
chagasic patients and severity of the Chagas’ disease with the 
genotype of the infecting parasites. As can be seen in Table 3, the 
chi square shows that the clinical condition of chagasic patients 
is associated with the T. cruzi genotype. In the same way, Odds 
ratio reveals that patients infected with TcI have higher risk of 

Isolate Geographical origin 
(State) Age Sex Genotype ICC FCC Period of Study

X8120 Tachira 46 F TcI ChIII ChIII 1997-2001 
X11881 Anzoategui 33 M TcI ChIII ChIII 1990-2008 
X11834 Monagas 50 M TcI ChIII ChIII 2003-2007 
X10682 CB. Colombia* 46 F TcI ChIII ChIII 2003-2005 
X11541 Mérida 53 M TcI ChIII ChIII 2003-2005 
X10462 Vargas 51 F TcI ChII ChIII 1999-2003 
X11250 Merida 41 M TcI ChII ChIII 1994-2003 
X8396 Portuguesa 40 F TcI ChII ChIII 1999-2008 
X8104 Miranda 54 F TcI ChII ChIII 2005-2009 
X9354 Sucre 72 M TcI ChII ChIII 1993-2001 

X11713 Lara 55 M TcI ChII ChIII 2002-2008 
X11272 Portuguesa 55 M TcIV ChII ChII 1999-2004 
X11833 Portuguesa 58 F TcI ChII ChII 2002-2006 
X11704 Anzoategui 59 F TcI ChII ChII 2003-2008
X10827 Guárico 61 M TcI ChII ChII 2004-2007 
X12914 Miranda 55 F TcI ChII hII 2004-2010 
X10868 Carabobo 45 F TcI ChI ChII 1990-2007 
X11302 Sucreá 51 M TcI ChI ChI 2003-2004 
X12256 Trujillo 51 M TcI ChI ChI 1998-2006 
X11006 Cojedes 63 F TcI ChI ChI 2000 
X11124 Dtto Federal 59 F TcI ChI ChI 2003-2007 
X11804 Portuguesa 51 M TcI ChI ChI 1991-2002 
X10141 Trujillo 61 M TcI ChI ChI 1992-2007 
X11494 Guárico 48 M TcIV ChI ChI 2002-2004 
X12087 CB. Colombia* 52 F TcIV ChI ChI 2002-2007 
RM24 Portuguesa 30 M TcIV ChI ChI 2004-2010 
X9196 Miranda 65 F TcIV ChI ChI 2001 

X11048 Lara 66 F TcIV ChI ChI 1999-2007
X8196 Cojedes 66 F TcIV ChI ChI 1998-2002 
X9513 Aragua 60 M TcIV ChI ChI 2001-2002 

Table 1: Clinical condition of chagasic patients and T. cruzi genotypes.

ICC=Initial Clinical Condition, FCC=Final Clinical Condition. 
*CB Colombia = Colombian border with Venezuela at Tachira State
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develop Chagas II and Chagas III when compared to patients no 
infected with to this genotype. According to Table 3, it suggest 
that TcI is the genotype associated with the more severe clinical 
condition (χ2 = 9.71; p = 0.0099 ) and the Odds ratio shows that 
there is 18.6 times more probability to develop severe stage of 
Chagas disease with TcI in relation with TcIV. This last genotype 
seems to be associated with the mild phase of the Chagas’ disease 
(Chagas I).

Infections of mice with TcI and TcIV genotypes

With the purpose to compare the biological behavior of 
each genotype in murine models, we have inoculated i.p. three 
groups of NMRI mice. One group with the isolate X10462, 
representative of TcI genotype; a second group with the isolate 
X11494, representative of TcIV genotype; and a third group was 
inoculated with saline solution. Table 4 shows the results when 
NMRI mice were infected with either TcI or TcIV genotypes. It 

is quite clear that the isolate X10462, belonging to TcI genotype 
was highly virulent, with lethality of 100% in this mice strain. It 
is very important to notice that this isolate was obtained from a 
chagasic patient who was Chagas II in 1999 and in a period of 4 
years evolved to Chagas III (Table 1). On the other site, the isolate 
X11494 showed very low infectivity and virulence. Even after 6 
month of observation, this TcIV isolate did not kill any mice and 
scarce amastigote nests were detected in skeletal muscle (data 
not shown). The isolate X11494 was obtained from a chagasic 
patient with the clinical condition of Chagas I (Table 1). Another 
important result that reveals the pathogenic capacity of the TcI 
isolate, was the extensive damage generated in cardiac muscle 
of this mice, as shown in Figure 1a. In contrast, Figure 1b shows 
that TcIV isolate did not produced any apparent damage in the 
cardiac muscle.

Discussion
The geographical distribution of the six T. cruzi genotypes 

(TcI to TcVI) in the American Continent, have particular 
characteristics for some genotypes. For instance, TcII, TcV and 
TcVI are the main genotypes found in the Southern Cone of South 
America, implicated in human infection and apparently associated 
to megasyndromes and congenital transmission. TcIII seems to 
be restricted to sylvatic cycle and it appears to be distributed 
only in South America. TcI is widely distributed through the 
American Continent, circulating in domestic and sylvatic cycles. 
However, human cases of infections with TcI are predominant 
from the Amazon Basin to South of USA. Similarly, TcIV shows a 
wide distribution in the American Continent, but very few cases 
of human infections with this genotype had been reported and 
it was thought to be mainly associated to sylvatic cycle [24]. In 
the past, very limited studies have reported the identification of 
T. cruzi genotypes (former zymodemes or lineages) from human 
in Venezuela [24,25]. These studies were focused on few cases 

Genotype ChI ChII ChIII Total

TcI 6(20%) 5(16.66%) 11(36.66%) 22 (73.3%)

TcIV 7(23.33%) 1(3.33%) 0 (0%) 8 (26.7%)

Total 13(43.33%) 6(20%) 11(36.66%) 30 (100%)

Tabla 2: Clinical Condition.

Genotype *No symptomatic **Symptomatic Total

TcI 6 16 22

TcIV 7 1 8

Total 13 17 30

Table 3: Chi square (X2) and Odds ratio for T. cruzi genotypes and clinical 
condition of chagasic patients.

Odds ratio = 18,6; X2 = 9,21 (p=0,0099)
*No symptomatic = ChI; **symptomatic = ChII or ChIII

Isolate Genotype Parasitema

Pre-patent 
Period
(days)

Highest 
Parasitemia (in 

5ul) Virulence Mortality
Histopatholy

I/O       O/P

X10462 TcI Patent 5 26.5x103 High 100% 5/5        4/5

X11494 TcIV Sub-patent n.d. n.d. Low 0% 4/5        1/5

Table 4: Biological behavior of TcI and TcIV genotypes in NMRI mice.

 I/O: Inflammation infiltrates per organ; O/P: organs infected with parasites; n.d. = not detected in peripheral blood samples by microscope examination.

A B

200µm

200µm

Figure 1: Cardiac muscle of NMRI mice infected with TcI and TcIV. 
Cardiac muscle of NMRI mouse infected with:
A) X10462 isolate, showing amastigotes nest (arrow) and very intense inflammatory infiltrates with cardiac fiber destruction. 
B) X11494 isolate, showing absence of amastigote nest and scarce inflammatory infiltrates. Magnification = 350x.



Page 5 of 6Citation: Carrasco, H. J, Nessi, A. J., Londono, J. C., Rodriguez, A. E., Moleiro, F. & Mendoza, I. (2013). Molecular Epidemiology of 
Chagas disease in Venezuela. SOJ Microbiol Infect Dis, 1(1), 6. DOI: http://dx.doi.org/10.15226/sojmid.2013.00101

Molecular Epidemiology of Chagas disease in Venezuela Copyright: 
© 2013 Carrasco, H. J.

or a particular region of the country. Up to date, no relationship 
or association of genotypes with the clinical condition of chronic 
chagasic patients have been reported in Venezuela. A clear and 
well supported identification of T. cruzi genotypes circulating 
in Venezuela have been reported by Carrasco et al. [9]. The 
researcher have identified only TcI and TcIV in humans, beside 
there were able to identify TcIII genotype in natural reservoirs and 
sylvatic triatomine bugs. In the present study we have studied in 
a retrospective way, the clinical evolution of 30 chronic chagasic 
patients that attended the outpatient service of the Cardiology 
Unit at the Institute of Tropical Medicine, in Caracas, Venezuela. 
According to the clinical histories and medical examination of 30 
patients, we found that 11 of them were Chagas III (33.66%), and 
through molecular techniques we found that the infecting T. cruzi 
belong to the TcI genotype. 5 patients were diagnosed to be at the 
Chagas II stage (16.66%) and being infected with TcI. One patient 
at the Chagas II stage (3.33%) was infected with TcIV. This means 
that 16 symptomatic patients (Chagas II and Chagas III) were 
infected with TcI and only one symptomatic patient (Chagas II) 
was infected with TcIV. It is important to notice that none of the 
patients infected with TcI had no other co-infection. When we 
look at the no symptomatic patients, 6 were infected with TcI 
(20%) and 7 with TcIV (23.33%). Using this information, when 
we analyzed if there is any relationship between the genotype and 
the clinical stage of Chagas disease we found a clear association 
between the TcI genotype and symptomatic condition, with χ2 = 
9.71 (p = 0.0099). The Odds ratio shows that there are 18.6 more 
probabilities to develop pathology in the chronic phase when 
the infection is caused by TcI genotype in comparison when the 
infection is caused by TcIV. As far as to our knowledge this is 
the first time that a representative number of cases of Chagas’ 
diseases all across the country, where the clinical conditions 
of chronic chagasic patients have been associated with the 
genotype of infecting T. cruzi isolate in Venezuela. The biological 
behavior of two isolates representative of TcI and TcIV genotypes 
in NMRI mice, showed that TcI genotype was more virulent and 
pathogenic when compared with the TcIV genotype. One relevant 
characteristic of both isolates was the fact that TcI isolate was 
obtained from a chronic chagasic patient that presented the more 
severe condition of the disease (Chagas III), while the TcIV isolate 
was obtained from a chagasic patient at the no symptomatic 
stage of the disease (Chagas I). We found similar behaviors 
of others isolates belonging to TcI and TcIV isolates in murine 
model that could be associated with the clinical conditions of the 
chagasic patients (data not shown; Nessi, et al., manuscript in 
preparation), reinforcing the results shown in the present study. 
With the aim to analyze the population composition of the TcI 
isolate used in the present study, It was cloned using the technique 
reported by Yeo, et al. [26], and each clone subpopulation was 
characterized by the RAPD technique, showing that TcI isolate 
was very homogenous in their population compositions (data not 
shown), so it can be rule out that the behavior of the TcI isolate 
is due to different subpopulation of T. cruzi. Finally, in this study 
we have presented clear evidence that demonstrated that TcI 
genotype is associated with the more severe clinical condition 
and prognosis of Chagas’ disease in Venezuela. These results 

might have important medical and epidemiological implications, 
in particular with the surveillance, prevention, diagnosis and 
control campaigns of Chagas’ disease in Venezuela.
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