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Abstract

Introduction: The present study was conducted to estimate the incidence of seropositivity to anti-Trypanosoma cruzi anti-
bodies and analyze potential risk factors in Colima, on the western coast of Mexico. Methodology: Longitudinal studies of 
209 subjects with negative serology in 1999 for anti-Trypanosoma cruzi antibodies by hemagglutination inhibition test were 
tested again in 2005. At the same time, 716 children under six years of age were surveyed serologically (total n = 925); the 
history of Trypanosoma cruzi infection was determined by the same hemagglutination inhibition test. The variables analyzed 
were age, sex, living in triatomine-infested places, type of community, quality of housing, presence of pets, and number of 
inhabitants per house. Results: Trypanosoma cruzi seropositivity in the period of six years was 22/925 cases, with a point 
prevalence of 2.73% and an adjusted rate of 7.3/1,000 person-years. The variable living in triatomine-infested areas showed 
association with seropositivity anti-Trypanosoma cruzi antibodies (RR: 5.5; 95% CI: 1.28-23.5). The remaining variables showed 
no significant association. Conclusions: This study confirms the active transmission of Chagas disease in Mexico´s west-
ern-central region, which merits greater epidemiological surveillance and vector control, particularly in localities infested with 
triatomines. (Gac Med Mex. 2017;153:179-84)
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Resumen

Introducción: El estudio se realizó para estimar la incidencia de la positividad a anticuerpos contra Trypanosoma cruzi y 
analizar los potenciales factores de riesgo en Colima, en el Occidente de México. Método: Estudio longitudinal de 209 
sujetos con serología negativa en 1999 para anticuerpos contra T. cruzi por hemaglutinación indirecta y examinados de 
nuevo en 2005. Al mismo tiempo fueron examinados serológicamente por el mismo método de hemaglutinación indirecta 
716 niños menores de 6 años (n total = 925). Las variables analizadas fueron edad, sexo, vivir en lugares infestados por 
triatominos, tipo de comunidad, calidad de vivienda, presencia de mascotas y número de habitantes por casa. Resultados: 
La seropositividad para anticuerpos contra T. cruzi en el periodo de 6 años fue de 22/925 casos, con una prevalencia de 
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frequent risk factors detected10,11. However, the associ-
ation of these variables directly with the incidence of 
human infection has not been sufficiently studied.

The state of Colima, located on the west central Pa-
cific coast of Mexico, is an area where the presence of 
Triatoma pallidipennis (Stäl) and T. longipennis (Ussing-
er) infected with TC in indoor spaces has been docu-
mented12. Also, as much as 2% of the human popula-
tion in Colima has resulted positive for anti-TC 
antibodies, which indicates transmission of the parasite 
in the region13. Unfortunately, in Mexico to date, there 
are no accurate estimates of the temporal distribution 
of ChD and if its incidence is increasing or decreasing. 
This information is significant because it would help 
health authorities to implement policies for vector con-
trol and systematic strategies to diminish the transmis-
sion of TC, but also would allow evaluating the risk of 
the disease around to other localities, including those 
where it has previously been eradicated. 

In order to estimate the incidence of seropositive 
anti-TC antibodies in the inhabitants of the state of Co-
lima, Mexico, and analyze the possible factors associ-
ated with its incidence, we followed up a cohort of the 
region´s population from 1999 to 2005. We also evalu-
ated seropositive anti-TC antibodies in children aged 
less than six years with the premise that they were TC 
seronegative at birth.

Material and methods

Study populations and design 

The study involved the follow-up of two cohorts of 
inhabitants of the state of Colima, located on Mexico’s 
Pacific coast (North 19º 31’ South 18º 41’ latitude, East 
103º 29’ West 104º 41’ longitude) with a population of 
650,555 inhabitants14. One of the cohorts was formed 
by a group of 209 previously studied subjects who 
participated in a survey conducted in Colima in 199913, 
who had tested negative for the presence of TC anti-
bodies and continued to live in areas that had previ-
ously been registered (Table 1). The second cohort 

Introduction

Infection by TC and its clinical outcome, Chagas dis-
ease (ChD), remains a serious public health problem in 
America even though some regions of South America 
have made important progress in its control1,2. Tradi-
tionally, ChD is considered a health problem character-
istic of rural regions in South America1. However, its 
transmission has been documented in both in Central 
and North America, including the southern United 
States3. While Andean and Southern Cone countries 
have made significant progress in the control of the 
disease4, other countries like Mexico have limited the 
application of control programs1.

The persistence of TC infection in several regions 
could be explained in part because it is not easily iden-
tified since the acute infection is often limited to a non-
specific febrile event, which seldom arouses sufficient 
clinical suspicion to call for specific studies aimed at 
identifying the parasite. On the other hand, in its chron-
ic phase, ChD is usually characterized by cardiac or 
gastrointestinal manifestations that are often confused 
with other chronic degenerative diseases. Therefore, TC 
infection is often underreported and its epidemiologic 
surveillance is challenging. A review of the literature 
revealed that the average prevalence of TC infection in 
Mexico could reach 5.88%5, while the National Center for 
Epidemiological Surveillance of the Mexican Secretary of 
Health recorded only 3,551 cases during the period from 
2000 to 2010, or about a few hundred cases per year6.

Although TC can be transmitted through blood trans-
fusions, organ transplantation, laboratory accidents, 
ingestion of food contaminated with the parasite7,8 or 
transplacentally in neonates9, the main form of infection 
occurs through contact between humans and feces of 
the triatomine vector (Hemiptera, Reduviidae). Studies 
estimating the risk posed to persons living in commu-
nities infested by these insects and ChD’s subsequent 
development in humans, have demonstrated that to live 
in rural zone, with a low socioeconomic level, and a 
greater number of people per dwelling are the most 

punto de 2.73% y una tasa ajustada de 7.3/1000 personas-año. Vivir en áreas infestadas por triatominos mostró una asocia-
ción con la seropositividad de anticuerpos contra T. cruzi (riesgo relativo [RR]: 5.5; intervalo de confianza del 95% [IC 95%]: 
1.28-23.5). El resto de las variables no mostraron asociación significativa. Conclusiones: El presente estudio confirma la 
transmisión activa de la enfermedad de Chagas en la región centro-occidente de México, donde se requiere mayor vigilan-
cia epidemiológica y control del vector, en especial en las localidades infestadas por triatominos.

PALABRAS CLAVE: Tripanosomiasis americana. Enfermedad de Chagas. Trypanosoma cruzi. Colima.
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intra-domestic triatomine. These areas were defined as 
being villages in which at least two houses showed the 
presence of indoor triatomines. The longest time of ex-
posure per person was 72 months for the 1999-2005 
cohorts and the age in months of children six years or 
younger. Also, the following variables were recorded: 
rural or urban locality (less or more than 2,500 inhabi-
tants, respectively); complete or incomplete housing, 
based on the criteria suggested by De Andrade15; pres-
ence of pets (dogs or cats); and previous contact with 
triatomines. These data were obtained from previous 
surveys carried out at the time of the study in the select-
ed households and at least in five neighboring houses, 
by means of the man-hour method proposed by Schof-
ield16. Other potentially intervening variables recorded 
were: number of occupants per dwelling, age, sex, 

consisted of a group of 716 children under six years of 
age who were randomly selected from rural and urban 
populations of the state of Colima (Table 1). This selec-
tion was stratified according to the presence or ab-
sence of triatomines in the subjects’ homes. In addition, 
cord blood samples of a total of 165 newborns were 
taken from the same hospital unit headquarters of the 
investigators to verify the absence of neonatal TC in-
fection and to support the premise of seronegativity in 
the children’s cohort (all were seronegative by hemag-
glutination inhibition).

Variables studied

The exposure factor of the cohorts was defined as 
the time they had resided in an area infested with 

Table 1. Demographic characteristics of the people sampled in Colima, Mexico during 1999 throughout 2005 for detection of 
seropositivity to anti-T. cruzi antibodies (n = 925)

Cohort Male Female Mean age (years) Urban/Rural

Seronegative to T. cruzi in 1999 69 140 37.7 119/90

Children < 6 years old 358 358 2.4 385/331

Totals 427 498 10.4 504/421

Table 2. Association between seropositivity to T. cruzi and potential risk factors 

Variable Sampled 
subjects

Positive
Anti-T. cruzi 
antibodies

Exposure 
(months/ 
persons)

Rate ratio
(95% CI)

Wald´s
p

Female
Male

498
427

12
10

41.6
35.6

1.13
(0.5-2.6)

0.76

Age ≤ 6 years old
> 6 years

716
209

9
13

29.16
72.0

2.0
(0.85-4.7)

0.1

Rural settlement
Urban settlement

504
421

14
8

37.94
39.9

0.65
(0.27-1.55)

0.33

Residence in an infested 
locality with triatomine bugs
Without triatomine

498

427

20

2

46.5

29.85

5.5
(1.28-23.5)

0.021*

Incomplete housing
Complete housing

265
660

5
17

38.8
38.8

0.73
(0.27-1.98)

0.73

Blood transfusion Yes
Blood transfusion No

35
714†

1
21

60.62
39.68

0.63
(0.09-4.7)

0.65

Domestic animals
No domestic animals

432
224‡

17
5

47.8
41.9

0.64
(0.23-1.75)

0.39

Habitants per house ≥ 4
Habitants per house < 4

334
308§

12
10

47.9
45.5

1.05
(0.45-2.43)

0.9

Associations were analyzed by means of univariate Poisson regression.
*Significance test: χ2 = 8.27, p= 0.004. †Whether or not 176 subjects had received blood transfusions could not be determined. ‡Recorded in 656 houses. §Number of 
permanent inhabitants reported was 642 persons.
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For the cohort of 716 children under six years of age, 
358 were female and 358 were male, with an average 
age of 2.4 years (95% CI: 2.27-2.51) and an average ex-
posure period of 29.16 months/person (95% CI: 27.7-
30.6). In this group, the seropositive anti-TC antibodies 
rate was 9/716 cases (1.25%; 95% CI: 0.43-2.0), which 
resulted in an incidence of 0.51% per year of exposure. 
It should be noted that there were three positive cases 
of anti-TC antibodies among 402 children younger than 
two years of age.

The incidence adjusted for months of exposure 
seemed somewhat higher in adults compared to chil-
dren, but this difference was not significant (RR: 2.0; 
95% CI: 0.85-4.7; p = 0.1). Finally, as specified in the 
section of material and methods, no positive case of 
anti-TC antibodies was found in the newborns that were 
tested in the study.

Importantly, we found that of the 925 total individuals 
studied, 498 resided the entire time in communities with 
intra-domiciliary triatomine infestation, and thus were 
exposed, while 427 lived in areas without triatomines. 
The triatomines found were of the same species iden-
tified in the 1999 survey (T. pallidipennis and T. lon-
gipennis). The localities that were positives for triato-
mines and cases of TC infection were located within 
a region of approximately 25 km in diameter, in the 
center of the state. Table 2 shows the results of se-
ropositive anti-TC antibodies rates adjusted for expo-
sure (living in a locality with triatomines), and its as-
sociation with potential risk factors assessed by 
univariate Poisson regression. The different variables 
included sex, type of settlement, housing quality, pres-
ence of domestic pets, transfusions, and self-reported 
contact with triatomines.

Secondarily a subgroup of 661 people was surveyed 
specifically for the occurrence of febrile symptoms for 
more than 10 days in the previous five years. Of this 
subgroup, 12 reported having had this febrile event, of 
which four tested positive for anti-TC antibodies. The 
association between the febrile symptoms and anti-TC 
antibodies was very significant, even after adjusting for 
exposure time (RR: 7.62; p = 0.0002).

Discussion

This study confirms that TC is actively transmitted in 
Colima, Mexico. Indeed, the presence of at least three 
children under the age of two years with anti-TC antibod-
ies, as well as an incidence of 7.3 cases per 1000 per-
sons per year, reveal that transmission continues to be 
active in the region, which differs considerably from the 

previous history of fever for more 10 days, and having 
received a blood transfusion. The number of occupants 
per dwelling and age were expressed as continuous 
variable, while the other variables were coded into di-
chotomous nominal scales. The dependent variable was 
the presence of antibodies to TC by the hemagglutina-
tion inhibition test (HAI) with Chagatest kit, Wiener labo-
ratory, considering a dilution ≥ 1:16 with mercaptoetha-
nol, according to the manufacturer’s specifications17, with 
the aim to determine the change of seronegative to se-
ropositive and not to diagnose the clinical disease.

Statistical analysis

The crude incidence rate was calculated with its cor-
responding 95% confidence interval (95% CI), based 
on the subjects who tested seropositive for anti-TC 
antibodies over the total number of subjects sampled 
and adjusted for the duration of exposure. The associ-
ation between anti-TC antibodies (positive seropreva-
lence) and the rest of the variables was explored by 
adjusting the total exposure time for months/person or 
months/age and was analyzed by means of Poisson 
univariate regression, estimating the rate of transmis-
sion and its relative risk and respective 95% CI. The 
Wald’s p-value and χ2 were used to assess statistical 
significance using the PEPI 2 software18.

Ethics

The study was approved by the Institutional Commis-
sion for Research and Bioethics of the Secretary of 
Health of the State of Colima, and each participant 
signed an informed consent for participation in the 
study. The TC seropositive subjects were sent to the 
Secretary of Health for confirmation of ChD and its 
treatment.

Results

The total crude incidence for the two cohorts was of 
2.37% (95% CI: 1.4-3.3), based on 22/925 cases, which 
when adjusted for exposure corresponded to 7.3 cases 
per 1000 persons per year. The cohort of adult subjects 
who were previously seronegative in 1999 that was stud-
ied included 209 individuals, of which 140 were woman 
and 69 were men, with an average age of 37.7 years (95% 
CI: 34.9-40.5) and an exposure time of 72 months/person 
(period 1999-2005). The seropositive anti-TC antibodies 
rate in the group was 13/209 (6.22%; 95% CI: 2.9-9.5), 
corresponding to 1.03% cases per year of follow-up. 
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the vector to insecticides26. This study suggests that 
entomological surveillance, epidemiologic and control 
measures should focus on communities where triatomi-
nes have been detected in intra-household conditions, 
regardless of the physical conditions of the home or the 
socioeconomic status of its inhabitants.

On the other hand, our study showed no association 
at the individual level of TC infection with any of the vari-
ables such as age, sex, having received transfusions, 
presence of pets, or contact with triatomines, except in 
cases of resident sites infested with triatomines.

Association between seropositive anti-TC antibodies 
and fever of long duration should alert clinical suspicion 
of Chagas disease as a possibility in the differential 
diagnosis of fever in communities infested with triatom-
ines, which needs to be studied further.

Confirming the active transmission of TC in Colima, 
in the western coast of Mexico, by identifying newly 
acquired seropositive anti-TC antibodies in patients, 
requires the implementation of intensive control mea-
sures, as is contemplated by the Official Mexican Nor-
mativity for monitoring and controlling vector-borne dis-
eases27, especially in the communities where the 
presence of intra-household triatomines has been iden-
tified, since currently there are no formal active pro-
grams for triatomine control.

To date, Chagas disease is considered a problem of 
low priority in Mexico. However, the persistence of foci 
of active transmission, such as the one we described 
in Colima, should alert the health authorities about the 
possibility of persistence and re-emergence of this se-
rious health problem. This situation has been stressed 
by some authors5,22,23,25 who urge to make a wide na-
tional revision of the strategies to be used for the control 
of Chagas disease in Mexico28. Furthermore, it is im-
perative to follow-up and provide treatment to patients 
infected with TC, in spite of the absence of symptoms, 
because the medical treatment in this phase could halt 
the progression of chronic disease2.

Finally, containment of TC infection in Mexico would 
not only reduce the socioeconomic burden of this dis-
ease on the system, but would also make an important 
contribution to the global eradication initiative of this 
disease.
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idea that Chagas disease is undergoing a process of 
remission and, thus, a low priority in Mexico’s health pro-
grams. With this information and considering that Colima 
has a population of 650,555 inhabitants14, our results 
allow us to estimate that at least 4,500 people could be 
infected each year and of these, 900 may develop some 
form of chronic disease, which may well be diagnosed 
as cardiopathy caused by some other etiology.

The hemagglutination inhibition test used to detect an-
ti-TC antibodies in our study has a sensitivity of 74.9% 
and specificity of 99.2%19. Thus, the expected 25% false 
negatives suggested that our incidence data are very 
likely underestimated, whereas virtually all subjects test-
ing positive were true positive. Therefore, a single HAI 
test is highly reliable as a screening test for TC infection, 
information that coincides with other studies20-23, al-
though additional tests would be required for confirmato-
ry diagnosis of Chagas disease and treatment, as WHO 
recommended24. The absence of seropositive anti-TC 
antibodies in newborns suggest that vertical transmission 
is very rare in Mexico, and in turn indicates that virtually 
100% of children surveyed in this study were seronega-
tive at birth and the infection observed was recent.

The exposure factor investigated, i.e. living in locali-
ties with the presence of triatomines within households, 
has been documented to be highly associated with the 
incidence of TC infection, regardless of whether the 
households were located in rural or urban areas2. Fur-
thermore, the quality of housing did not prove to be a 
significant causal factor of TC infection. Previous stud-
ies show that the presence of intra-domestic triatomine 
and people testing seropositive is geographically limit-
ed to a small area in the central part of the state of 
Colima12,13. On this occasion, we were able to confirm 
the new cases of seropositive anti-TC antibodies only 
in the same localities where it had previously been 
identified. The very specific geographic area infested 
by the vector and, therefore, the localized transmission 
of TC could be explained by the tendency of T. pal-
lidipennis and T. longipennis to occupy small patches 
within specific geographic areas rather than in more 
diffuse geographically distributed regions. However, 
this assumption of clustering in triatomine populations 
deserves a more detailed exploration. 

Importantly, although TC infection has been associat-
ed with poverty in marginalized rural areas in Mexico, 
living in a town infested with triatomines appears to place 
the population at a greater risk of acquiring TC than other 
risk factors, including poverty, incomplete housing, and 
having more than three persons per household, as sug-
gested by other authors8,11,22,25, as well as resistance of 
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