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     INTRODUCTION 

 Chagas disease, or American trypanosomiasis, is caused by 
the protozoan parasite  Trypanosoma cruzi . This disease repre-
sents a major public health problem in Latin America, where 
the World Health Organization estimates that approximately 
60 million persons are at risk of infection and 9–12 million 
are infected. 1  In Mexico, Chagas disease is endemic in various 
regions, but it remains underreported. Thus, limited informa-
tion is available on the epidemiology of the disease. 2,  3  

 The state of Veracruz, Mexico, is one of the regions where 
the endemicity of  T. cruzi  infection is well established. It is 
located in the east-central part of Mexico and has a total pop-
ulation of 7 million persons; it is the third largest state of the 
country. It is divided into 11 sanitary jurisdictions. Several spe-
cies of Triatomines have been observed in Veracruz, including 
some with a high vectorial capacity, such as  Triatoma dimidiata  
or  T. pallidepennis . 4  Also, the presence of  T. cruzi  infection has 
been documented in various human populations. 

 According to a national seroprevalence survey in the late 
1980s, Veracruz was one of the states in Mexico with the 
highest seroprevalence in the general population (≤ 3.0%). 5  
 Trypansoma cruzi  infection has also been documented in 
blood donors in the sanitary jurisdiction of Orizaba, in cen-
tral Veracruz, 6  and cases of severe chronic chagasic cardiomy-
opathy have been observed in the jurisdiction of Poza-Rica 
in northern Veracruz. 7  Other studies of the distribution of 
infection in different sanitary jurisdictions of Veracruz indi-
cated that  T. cruzi  infection may be absent from the jurisdic-
tions of Coatzacoalcos, Orizaba, and Martinez de la Torre; the 
highest seroprevalences were observed in the northern juris-
dictions of Tuxpan and Panuco (2.8% and 1.6%, respectively) 
and the central jurisdiction of Cordoba (1.3%). 8  Furthermore, 

detection of  T. cruzi  infection in children less than 18 years 
of age (1.8–5.2%) suggested the presence of active transmis-
sion of the parasite in these same jurisdictions, 4  and anecdotal 
triatomine collections in the jurisdiction of Cordoba led us to 
suspect a high endemicity of Chagas disease in this area. The 
objective of our study was to update and refine seroepidemio-
logic data in central Veracruz. 

   MATERIALS AND METHODS 

  Study area.   The study was conducted in the municipalities of 
Tezonapa and Amatlan in the sanitary jurisdiction of Cordoba, 
and Tierra Blanca, in the jurisdiction of Cosamaloapan, in 
central Veracruz (18°36′N, 96°41′W) ( Figure 1 ). A total of 19 
rural localities were included: Caxapa, Colonia Agricola, El 
Otate, Laguna Chica, El Mirador, El Suspiro, Las Josefinas, 
La Joya, La Luna, Paraíso La Reforma, Rancho Nuevo, Raya 
Caracol, and San Agustín del Palmar from the municipality 
of Tezonapa; El Moral from the municipality of Amatlan; and 
Marquez Galindo, Paso Hachote, Paso Magueyito, Tamarindo 
and Vincente Guerrero from the municipality of Tierra Blanca 
( Table 1 ). These villages are at altitudes of 80–700 meters and 
are located at the junction of the coastal plains of Veracruz on 
the east and mountains of the Trans-Mexican volcanic belt on 
the west. 

        Sample collection and diagnosis.   In each village, general 
information on Chagas disease and the project was provided 
to households by research personnel during open meetings 
organized in the rural medical units through the Instituto 
Mexicano del Seguro Social–Oportunidades Social Program. 
Interested participants were given an appointment for their 
family at the medical unit for providing blood samples. 

 The day of the appointment, written informed consent was 
obtained from each volunteer, and research personnel col-
lected blood samples in vacutainers tubes. Serum was sepa-
rated by centrifugation at 1,200 ×  g  for 10 minutes and samples 
were stored at –70°C until used. A total of 654 serum samples 
were collected ( Table 1 ) and analyzed for  T. cruzi  infection 
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by using four different tests: two enzyme-linked immunosor-
bent assays (ELISAs) based on crude parasite extracts and 
a recombinant protein, respectively; an indirect immunoflu-
orescent (IIF) test; and Western blot analysis as described. 6  
Because it has been suggested that using tests based on local 
antigens could increase the sensitivity of the diagnosis, 9  we 
used both the Y reference strain and the local H1 strain. Cases 
were considered positive if ≥ 2 tests showed a positive result. 
A short questionnaire on knowledge of triatomines and gen-
eral clinical signs was also given to participants when blood 
samples were obtained. 

   Enzyme-linked immunosorbent assays.   As described, we 
used  T. cruzi  crude extracts and a recombinant protein for 
ELISAs. 6  For the crude extract, parasites (epimastigotes) of 
the Y and H1 strains were cultured in liver infusion tryptose 
medium supplemented with 10% fetal calf serum. Because 
results obtained with the Y and the H1 strains as antigens 
were identical, only data corresponding to the H1 strain are 
presented. Briefly, logarithmic phase parasites were harvested 
by centrifugation at 1,000 ×  g  for 10 minutes at 4°C. The parasite 
pellet was suspended in 500 μL of phosphate-buffered saline 
(PBS) (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na 2 HPO 4 , and 

 T able  1 
  Demographic details of studied villages and samples, Mexico  

Municipality Village

Population No. sampled

Total M F < 18 Years of age Total M F < 18 Years of age

Colonia Agrícola M. A. Muñoz 412 198 214 188 7 2 5 3
El Mirador 222 118 104 99 18 3 15 9
El Otate 239 126 113 117 13 1 12 0
El Suspiro 437 196 241 174 86 19 67 27
La Luna 70 31 39 38 18 3 15 10
Laguna Chica 1,755 848 907 728 3 1 2 2

Tezonapa Las Josefinas 656 307 349 259 51 16 34 19
Paraíso la Reforma 1,945 916 1,029 754 40 11 29 12
Rancho Nuevo 994 485 509 410 35 20 15 15
Raya Caracol 477 224 253 228 27 12 16 8
San Agustin del Palmar 1,140 529 611 422 8 2 6 3
La Joya 254 124 130 108 29 10 19 13
Caxapa 1,801 893 908 804 52 25 27 26

Amatlán de los Reyes El Moral 208 98 110 62 12 1 11 1
Paso Magueyito 332 165 167 128 80 26 54 33
Vincente Guerrero 150 72 78 62 89 31 57 33

Tierra Blanca Marquez Galindo 347 167 180 147 33 11 22 17
Paso Achote 85 39 46 23 31 11 20 3
Tamarindo 301 140 161 117 22 4 18 2

Total 11,825 5,676 6,149 4,868 654 209 444 236

 F igure  1.    Mexico (bottom left), the state of Veracruz (center), and the study area (inset). White area corresponds to the state of Veracruz, light 
gray to the state of Oaxaca, and dark gray to the state of Puebla, with lines delimitating the respective municipalities, including Amatlan, Tezonapa, 
and Tierra Blanca. Black circles indicate the position of the indicated villages.    
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1.4 mM KH 2 PO 4 , pH 7.4) and lysed by cycles of freezing 
(–70°C) and thawing (25°C). The solution was centrifuged at 
10,000 ×  g  for 20 minutes at 4°C. The resulting supernatant 
(extract) was used as crude antigen extract. Protein con-
centration was determined by the Bradford method. 

 For the recombinant MBP::TcHSP70 protein, the TcHsp70 
cDNA insert (GeneBank accession no. AY576621) was cloned 
into the  Eco  RI site of the expression vector pMAL-C2 (New 
England BioLabs, Ipswich, MA) resulting in the plasmid 
pMAL-Hsp70. The plasmid was used to transform  Escherichia 
coli  DH5-a, and the fusion protein MBP::TcHSP70 was 
induced and purified according to the manufacturer’s instruc-
tions. Polystyrene plates (Costar Corporation, Cambridge, 
MA) were coated with recombinant protein (2 mg/mL) or 
 T. cruzi  crude antigen extracts (2 mg/mL) in carbonate buffer, 
pH 9.6, and incubated overnight at 4°C. Unbound antigen was 
discarded and plates were blocked with 200 μL of PBS con-
taining 5% non-fat milk for 2 hours at 37°C. Plates were incu-
bated with 50 μL of serum samples (1:200 dilution); each plate 
also included positive and negative control serum samples. 

 Further washing steps were conducted and a peroxidase-
labeled goat anti-human IgG antibody (Pierce, Rockford, IL) 
was added at a 1:5,000 dilution in PBS/0.05% Tween 20 and 
incubated for 1 hour at room temperature. After eight washes, 
100 μL of 2,2,-azino-bis (3-ethylbenzthiazoline)-6-sulphonic 
acid (Zymed, South San Francisco, CA) was added as substrate 
and the reaction was allowed to proceed for 20 minutes at room 
temperature. The reaction was stopped with 2% sulfuric acid, 
and absorbance was read at 415 nm with an ELISA microplate 
reader (Multiscan MS; Labsystems, Vantaa, Finland). 

   Indirect immunofluorescent assay.    Trypanosoma cruzi  
epimastigotes from the H1 strain (1 × 10 6  parasites) were 
placed on glass slides, blocked with a goat serum (diluted 1:50 
in PBS). Slides were incubated with human serum diluted 
1:50 in PBS in a moist chamber at room temperature for 
30 minutes and washed for 5 minutes in PBS. Positive and 
negative serum samples were used as controls. Fluorescein-
labeled anti-human IgG (Pierce) was added to each slide 
and incubated at room temperature for 30 minutes. Slides 
were then washed in PBS, coverslips were added, and slides 
examined at 400× magnification by fluorescent microscopy. 
Results were determined on the basis of fluorescence of the 
organisms in each sample. 

   Western blotting analysis.   Western blot was carried out as 
described. 6  Briefly, crude antigen extract from the Y strain was 
separated by electrophoresis in a 10% sodium dodecyl sulfate–
polyacrylamide gel and electroblotted onto a nitrocellulose 
membrane (Bio-Rad, Hercules, CA) at 80 volts a 4°C for 
1 hour. The membrane was blocked with 5% (weight/volume) 
solution of nonfat milk powder and washed with TBST buffer 
(50 mM Tris-HCl, pH 7.4, 150 mM NaCl, 0.05% Tween 20). 
The nitrocellulose membrane was cut into strips that were 
individually incubated (2 hours at 37°C) with 1 mL of human 
serum diluted 1:100 in TBST/2% skim milk. Control strips were 
incubated with positive and negative serum samples. Each 
strip was washed three times with TBST and subsequently 
incubated with alkaline phosphatase–labeled goat anti-human 
IgG (Pierce). The strips were then washed as above and the 
immune complexes were developed with nitrotetrazolium 
blue and 5-bromo-4-chloro-3-indolyl phosphate. The reaction 
was stopped with water. Positive, negative, and secondary 
antibody controls were included in each experiment. 

   Data analysis.   All proportion data are presented with 
their 95% confidence intervals (CIs). Proportion data were 
compared by using Fisher’s exact tests, and the kappa index 
was calculated when applicable. The relationship between 
age and seroprevalence rate was assessed by chi-square test 
and by regression analysis. All villages were georeferenced 
and a spatial database of serologic results was created in 
ArcView 3.2 (Environmental Systems Research Institute, 
Redlands, CA) to produce seroprevalence maps. A Google 
Earth satellite image was used as a background map layer 
and for a general representation of land cover. Additional 
spatial data on altitude, vegetation type/land use, soil humidity, 
average rainfall, and average temperature were obtained from 
the Instituto Nacional de Estadistica y Geografía (INEGI) 
and used to extract environmental information correspond-
ing to the studied villages. The relationships between envi-
ronmental and serologic data were assessed by using Fisher’s 
exact test. 

    RESULTS 

 A total of 654 serum samples were collected from mostly 
women (61%). Age of participants ranged from 1 to 92 years. 
All 654 samples were tested for antibodies against  T. cruzi . 
A total of 110 samples with ≥ 2 positive test results, corre-
sponding to an overall seroprevalence of 16.8% (95% CI = 
14.2–19.9%) ( Table 2 ). One hundred five samples had positive 
results for three tests, and 44 had positive results for all four 
tests. Only one sample had a positive result for only one test 
(IIF). The agreement between the two ELISAs and the IIF 
was excellent (extract ELISA versus recombinant ELISA, 
κ = 0.99 ± 0.005; extract ELISA versus IIF, κ = 0.96 ± 0.01; and 
recombinant ELISA versus IIF, κ = 0.95 ± 0.02). The agree-
ment was much lower with the Western blotting assay, which 
showed limited sensitivity because it confirmed only 44 of 
the 110 samples that had positive results for the tests (extract 
ELISA versus Western blotting, κ = 0.56 ± 0.05 ( Table 2 ). 

      There was no significant sex bias in infection rates, although 
men tended to be slightly more infected than women (19.3% 
in men versus 16.2% in women;  P  = 0.37, by Fisher’s exact test). 
The questionnaire also indicated that significantly more sero-
positive participants (78.5%, 95% CI = 69.8–85.2%) were able 
to identify triatomine bugs, compared with the seronegative 
persons (66.0%, 95% CI = 61.7–70.0%  P  = 0.007, by Fisher’s 
exact test). Similarly, 71.6% (95% CI = 62.4–79.2%) of sero-
positive participants reported having seen triatomines inside 
or around their house compared with 48.5% (95% CI = 44.2–
52.7%) of seronegative persons ( P  < 0.0001, by Fisher’s exact 
test). None of the clinical signs investigated, including fever, 
headache, myalgia, vomiting, or chest pain, was associated 

 T able  2 
  Summary of serologic test results, Mexico *   

Test No. positive/no. tested

Extract ELISA 106/652
Recombinant ELISA 110/654
Indirect immunofluorescent test 105/654
Western blotting 46/654
Two tests 110/654
Three tests 105/654
Four tests 44/654

  *   ELISA = enzyme-linked immunosorbent assay.  
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with seropositivity, except tachycardia, which was more 
frequent in seropositive participants (29.1% versus 20.6%;  
P  = 0.041, by Fisher’s exact test). 

 Analysis of the geographic distribution of  T. cruzi  infection 
indicated that no case was detected in any of the five villages 
from the municipality of Tierra Blanca; infection was concen-
trated in 11 of 13 villages from the municipality of Tezonapa 
and in the village of El Moral in Amatlán ( Figure 2 ), with an 
overall seropositivity of 28.9% (95% CI = 24.6–33.7%). The 
highest infection rates were observed in the villages of Caxapa 
(61.5%, 95% CI = 47.9–73.5%) and Las Josefinas (40%, 95% 
CI = 27.6–53.9%). This important difference between the 
municipalities of Tezonapa and Tierra Blanca could be attrib-
uted to environmental factors such as vegetation type/land 
use and soil humidity, and possibly to the geographic separa-
tion of the two areas by mountains ( Figure 2 ). The absence of 
 T. cruzi  infection in Tierra Blanca was strongly associated with 
the lack of forest and more humid soils, and the high infec-
tion rates in Tezonapa were associated with the presence of 
evergreen tropical forest ( P  = 0.002, by Fisher’s exact test) and 
drier soils ( P  = 0.002, by Fisher’s exact test). Conversely, alti-
tude, average rainfall, and temperature did not vary signifi-
cantly among villages and were not associated with differences 
in seroprevalence rates. Also, a greater proportion of inhab-
itants from Tezonapa knew triatomines compared with those 
from Tierra Blanca (79.4% versus 48.5%;  P  < 0.001, by Fisher’s 

exact test), and a greater proportion of them reported seeing 
triatomines inside or around their house (71.8% versus 22.5%; 
 P  < 0.001, by Fisher’s exact test). 

  Further stratification of participants from the municipality 
of Tezonapa indicated a significant difference in infection rate 
according to age (χ 2  = 19.2, degrees of freedom = 6,  P  = 0.004) 
( Figure 3 ). Strikingly, infection rate was significantly higher 
in children, reaching up to 45.3% (95% CI = 34.5–56.6%) in 
those 1–10 years of age and lower in adults (16.6–22.9% in 
those > 20 years of age). Infection rates were significantly cor-
related with age (r 2  = 0.915,  P  = 0.004, by second-order polyno-
mial regression). The youngest seropositive patient was 2 years 
of age and the oldest patient was 69 years of age. Infection rate 
in women of reproductive age (15–45 years of age) was 34.3% 
(36 of 141, 95% CI = 19.0–33.1%). Cases of household aggre-
gation of  T. cruzi  infection were detected (siblings, mother–
child, father–child), representing up to 25.2% of all cases of  
T. cruzi  infection (27 of 107, 95% CI = 18.0–34.2%). 

    DISCUSSION 

 The purpose of the study was to update epidemiologic 
information for  T. cruzi  infection in central Veracruz. Serum 
samples were tested with four diagnostic tests (two ELISAs 
[total extract and recombinant protein], IIF, and Western blot-
ting. Concordance among the two ELISAs and the IFF was 

 F igure  2.    Geographic distribution of  Trypanosoma cruzi  infection in central Veracruz, Mexico. Circles are proportional to the number of serum 
samples analyzed in each village as indicated on the bottom right scale. Red areas in the pie charts represent the proportion of  T. cruzi -seropositive 
patients, which is also indicated for villages with seropositive patients. Background image shows a satellite image of the area with blues lines indi-
cating rivers and yellow lines indicating boundaries of the municipalities. This figure appears in color at  www.ajtmh.org .    
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high, which ensured high reliability of the results. Conversely, 
Western blotting appeared to have a low sensitivity because 
it confirmed only a limited proportion of the cases with posi-
tive results for other tests. This low performance of Western 
blotting has been observed in a previous study in the state of 
Morelos, Mexico, in which only 20% of ELISA-positive cases 
were confirmed by Western blotting, 10  and in a study with 
samples from blood donors in Orizaba, Veracruz, Mexico. 6  
This finding may be caused by poor recognition of denatured 
antigens, and suggests that Western blotting may not be an 
appropriate method for the confirmation of  T. cruzi  infection. 
Nonetheless, the high concordance between tests based on 
the Y and H1 strains, which belong to different lineages, is in 
agreement with results of studies that showed excellent per-
formance of tests based on a variety of antigen sources with 
serum from patients in Mexico. 11,  12  

 On the basis of ≥ 2 positive test results, we detected an aver-
age seroprevalence of  T. cruzi  infection of 16.8% (95% CI = 
14.2–19.9%) in the study area, which is considerably higher 
than previous estimates. Seroprevalence rates of 1.3% and 
1.8% in the general population and children (< 18 years of 
age), respectively, have been reported in the jurisdiction of 
Cordoba, although sample sizes were much smaller and geo-
graphic locations were not specified and may have been dif-
ferent. 4,  8  Interestingly, no cases have been detected in children 
from the jurisdiction of Cosamaloapan, 4  and our data appear 
to confirm this observation because we did not detect cases 
in the municipality of Tierra Blanca in the jurisdiction of 
Cosamaloapan. However, we found a concentration of high 
seroprevalence rates in the jurisdiction of Cordoba, particu-
larly in the municipality of Tezonapa, which had an average 

seropositivity of 28.9%. Such a high  T. cruzi  infection rate 
would be among the highest rates reported in Mexico 3  and 
suggests the existence of a hyperendemic zone. 

 We found that  T. cruzi  infection was strongly associated 
with ecologic characteristics of the Tezonapa Valley, which is 
delimited by mountains on the eastern, northern, and west-
ern sides and by Laguna Temascal, Oaxaca, on the southern 
side. Villages in this valley are surrounded by open fields 
for agriculture and large and numerous patches of ever-
green tropical forest, and the soil is dry. These characteris-
tics appear to differ markedly from those in Tierra Blanca, 
where no cases of  T. cruzi  infection have been detected, 
and no patches of tropical forest are present. Villages there 
are surrounded by fields and pastures, and the soil is more 
humid. The association of  T. cruzi  infection with ecologic fac-
tors can be interpreted as a strong indicator of vector trans-
mission. This finding is consistent with reports of inhabitants 
of Tezonapa, most of whom (71.8%) mentioned having seen 
triatomines inside or around their house. Only a few did so 
in Tierra Blanca (22.5%), which strongly suggests differences 
in vectorial exposure between the two municipalities. Several 
species of triatomines have been reported in Veracruz, the 
most abundant being  T .  dimidiata , 4  and preliminary bug col-
lections indicate that this species is the main vector in the 
region (Ramos-Ligonio A et al., unpublished data). House 
infestation rates of approximately 15% have been reported 
for the jurisdiction of Cordoba, with a colonization index 
> 70%, 4  which indicates the presence of a small proportion 
of heavily colonized houses. Nonetheless, no vector control 
programs have been implemented in the region. 

 Although  T. dimidiata  can be found in a wide diversity of 
habitats, 13  it seems to be more frequently associated with 
woodland/forest areas than with agricultural land, 14  which may 
explain the difference between Tezonapa and Tierra Blanca. 
As in previous studies, 15,  16  further analysis of additional fac-
tors should enable identification of a greater number of envi-
ronmental determinants of entomologic and  T. cruzi  infection 
risk in this region. Based on a population of 52,000 persons, 
our seroprevalence data indicate that there may be > 10,000 
 T. cruzi -infected patients in Tezonapa. 

 Analysis of various sub-population groups identified other 
important features of the epidemiology of  T. cruzi  infection. 
First, there was no sex bias in infection in this region because 
men and women were equally infected. More importantly, we 
observed a strong association with age, with infection rates in 
younger children > 45% in the municipality of Tezonapa. This 
finding is clear evidence of active and ongoing  T. cruzi  trans-
mission in this area. Such alarming data should warrant rapid 
implementation of Chagas disease control programs. Such 
high infection rates in children have been reported previously 
in the Chaco province, Argentina, and in Bolivia, 17–  20  where 
Chagas disease control has proven to be challenging. 21  

 The observation that children were more than twice as 
likely to be infected than persons in older age groups was 
rather unexpected because it is contrary to most other studies, 
which show an increase in infection rates with age. 22–  24  Such 
an increase is usually attributed to the cumulative exposure 
to infected vectors, which increases with age. A high infec-
tion rate in children may result from congenital transmission 
and/or high vectorial exposure. Women of reproductive age in 
Tezonapa had a seroprevalence of  T. cruzi  infection of 34.3%, 
which suggests that congenital transmission may contribute 

 F igure  3.    Distribution of  Trypanosoma cruzi  infection in Tezonapa, 
Mexico by age groups. The population was stratified according to the 
indicated age groups and infection rates are shown as mean ± 95% 
confidence interval. Numbers on the top of the error bars refer to the 
number of samples for each group. Seroprevalence rates were signifi-
cantly associated with age (r 2  = 0.915,  P  = 0.004, by second-order poly-
nomial regression), as indicated by the regression line and its 95% 
confidence area (dotted lines).    
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significantly to the elevated infection rate in children. On the 
basis of a vertical transmission rate ≤ 10%, 25  we may expect up 
to 3.4% of newborns to be congenitally infected, and possibly 
more in case of family clustering. 26  Based on a total of 1,000 
birth per year, this would correspond to approximately 35 
infected newborns per year in the municipality of Tezonapa. 
Again, this finding would be much higher than what has been 
reported in northern Veracruz, where no cases of congeni-
tal transmission were detected despite a seroprevalence of 
 T. cruzi  infection in pregnant women of 3.5%. 27  

 Importantly, identification of a large proportion of cases 
of family aggregation (27% of seropositive persons) suggests 
that some households are more affected than others. However, 
this finding may be caused by an infected mother transmit-
ting  T. cruzi  to several of her children, or to a family living in 
a heavily infested/colonized house, or both. Although our data 
do not enable discrimination between these scenarios, the high 
seroprevalence observed suggests that both processes may be 
occurring in the region. 

 It is unclear why children would be at greater risk of 
vectorial transmission than adults in this population, but 
differences in daily activities or sleeping habits leading to dif-
ferences in vector exposure may account for this observation. 
Alternatively, lower seroprevalence in adults may be caused 
by a higher death rate of seropositive persons or conversely 
to a loss of seroreactivity after spontaneous cure of the infec-
tion. 28  This finding may also be caused by a potential selection 
bias because participants were mostly women and children. 
Additional studies should help clarify these issues. 

 In conclusion, we reported an average seroprevalence of 
 T. cruzi  infection of 16.8% in central Veracruz and identified 
the municipality of Tezonapa as a potential hyperendemic 
region, with seroprevalence rates ≤ 45% in young children. 
Such a high transmission rate is likely associated with congen-
ital and vector transmission, and further studies should help 
identify the respective contribution of both processes. Also, 
the magnitude of  T. cruzi  infection rate in this region calls for 
the urgent implementation of extensive epidemiologic surveil-
lance activities and Chagas disease control programs. 

 Received November 11, 2009. Accepted for publication March 6, 
2010. 
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