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ABSTRACT. The aim of this study was to identify the infection prevalence of Trypanosoma cruzi in opossums and triatomines 
captured in urban areas of Campeche City, Mexico. We collected 25 specimens of marsupials of Virginia opossums (Didelphis virginiana) 
species showing a T. cruzi infection prevalence of 52% (13/25). Also, 36 specimens of Pic (Triatoma dimiata) vectors were collected, 
showing a T. cruzi infection prevalence of 41.6% (15/36). All T. cruzi isolates were TcI, which correspond to the predominant lineage 
in mammals of Mexico, irrespective of the mammalian host species or vector.
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RESUMEN. El objetivo del estudio fue identificar la prevalencia de infección con Trypanosoma cruzi en zarigüeyas (Didelphis 
virginiana) y Pic (Triatoma dimidiata) capturados en áreas urbanas de la ciudad de Campeche, México. Se colectaron 25 zarigüeyas 
con una prevalencia de infección con T. cruzi del 52% (13/25). También se colectaron 36 vectores de Pic con una prevalencia de 
infección del 41,6% (15/36) con T. cruzi. Todos los aislados de T. cruzi fueron TcI de acuerdo con la predominancia de este linaje en 
México independientemente del huésped mamífero o vector.

Palabras clave: Didelphis virginiana, Triatoma dimidiata, Trypanosoma cruzi, Enfermedad de Chagas. 

INTRODUCTION

Chagas disease is a public health issue in Latin America, 
affecting more than 8 million people who could experience 
cardiological manifestations of the disease (WHO 2010, 
Ribeiro et al 2012). The causal agent T. cruzi is transmit-
ted through the faeces of hematophagous insects of the 
Triatominae subfamily transmit the causal agent T. cruzi. The 
insects acquire the infection by feeding from wild infected 
mammals which in turn act as reservoirs, sustaining the 
cycle of infection. It has been demonstrated that T. cruzi 
can infect almost any mammal that is in contact with its 
vector. One of the main wild hosts –considered as primary 
reservoir of T. cruzi– is an ancestral marsupial belonging to 
the Didelphidae family (WHO 2002). Common opossum 
(Didelphis marsupialis) and Virginia opossum (Didelphis 
virginiana) are widely distributed in Mexico and currently 
considered sympatric (Gardner 1973). Opossum species 
are the main reservoirs that maintain the transmission in 
the wild; however, the destruction of their ecosystem has 

triggered urban adaptation processes increasing the risk of 
transmission and dispersion in areas where it cohabitates 
with the insect vector. 

Studies carried out in rural communities of Jalisco 
and Yucatan (Mexico) have shown the relevance of 
Virginia opossum as reservoir of T. cruzi, since the infec-
tion prevalence ranged from 24% up to 55% (Ruiz-Piña 
and Cruz-Reyes 2002, Villagrán et al 2011, Parada et al 
2013). However, there are not studies that show the role 
of these mammals in the transmission of T. cruzi in more 
urbanized areas. In Mexico, the infection by T. cruzi in 
humans has been recognised in the states where the vector 
and reservoirs are present. In Campeche State, there are 
records of Pic (Triatoma dimidiata) infected by T. cruzi, 
patients with Chagas myocardiopathy, and the presence 
of both opossum species as potential reservoirs, but there 
are no studies connecting the cases or determining the role 
of these mammals in maintaining the risk of the disease. 
Therefore, the main objective of this study was to identify 
the prevalence of T. cruzi in subpopulations of opossums 
and triatomines in Campeche City, Mexico.

MATERIAL AND METHODS

STUDY AREA

The survey was carried out in Campeche City, capital 
of homonymous state, which is located at 19°50’ latitude 
north and 90°32’ longitude west of the Yucatan Peninsula. 
It displays an annual average temperature and precipitation 
of 28 °C and 1,100 mm, respectively (INEGI 2009).
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Opossums captures were performed between March 
and June in twelve housing areas, which were selected 
beforehand based on surrounding vegetation criteria. 
Tomahawk traps set with mango and almonds as bait 
were placed at sunset and checked the next day early 
in the morning. 

IDENTIFICATION OF OPOSSUMS

Basic information was registered for all mammals, such 
as the color on the tail base and age (adult or juvenile) 
and the sequence of premolar and molar eruption as well 
as dental wearing (Petrides 1949).

BLOOD EXTRACTION

It was carried out by cardiac punction (5 mL); in order 
to perform the procedure the animals were previously 
anesthetised with a mixture of 0.25 mg/kg xylazine and 
25 mg/kg ketamine (Pietrzak and Pung 1998). Following 
blood extraction, opossums were marked on the right ear 
and liberated after observing total recovery. The blood sam-
ples (2 mL) were centrifuged and the obtained serum was 
placed on vials and maintained at –70 °C until processing. 

FRESH SAMPLE PREPARATION

A drop of blood with anticoagulant was added onto 
a glass slide with isotonic saline solution, mixed and 
observed by light microscopy.

Isolation of T. cruzi: All samples from heart blood (3 
mL) were cultured in Liver Infusion Tryptose medium 
(LIT), enriched with hemin, 10% fetal bovine serum, and 
de-complemented at 56 °C. All cultures were incubated 
at 28 °C.

MOLECULAR AND SEROLOGICAL DIAGNOSIS

The serological diagnosis was performed using ELISA 
(Voller et al 1979), with modifications to determine T. 
cruzi antibodies in opossums. The antigen for ELISA 
testing was prepared by means of a mixture of epimas-
tigotes (Luquetti et al 2009) of three strains of T. cruzi 
(total extract) isolated from triatomines captured in the 
city of Campeche from a previous study. The mixture 
was cultivated in LIT media until logarithmic phase was 
reached, lysed and centrifuged posteriorly. The assay 
was carried out on polystyrene 96 well plates (Nunc) 
sensibilised with 200 µL of solution containing 0.5 µg/
µL of the carbonated buffered total extract at pH 9.6; 
working serums were diluted 1:20 and the IgG Goat Anti-
Opossum HRP conjugate at 1:1000 (Alpha Diagnostic 
International); O-Phenylenediamine Assay Chromogenic 
substrate was added. The reaction was stopped by adding 
50 µL of H2SO4 2.5 N and read in ELISA (Biotek) reader 
at 490 nm absorbance.

DNA EXTRACTION

Five milliliters from the culture were centrifuged at 
13,000 x g, the pellet was resuspended in 1000 µL TE 
buffer (10 mM Tris-HCL, pH 8.0, 10 mM EDTA) with 
50 µL Proteinase K at a concentration of 20 mg/mL and 
incubated at 56 °C overnight. The extraction from the lysed 
product was performed with Phenol:Chloroform:IsoAmyl 
alcohol (25:24:1); for DNA precipitation 3 M sodium acetate 
and absolute ethanol were added (Sambrook et al 1989). 

PCR Technique was used for the molecular determina-
tion of T. cruzi isolates. The amplification of an intergenic 
region of the mini-exon gen was carried out using a mixture 
of 2 oligonucleotides and a common sequence present 
in both lineages of T. cruzi. The oligonucleotides used 
were: TC1: 5’-GTGTCCGCCACCTCCTTCGGGCC; 
TC2: 5’-CCTGCAGGCACACGTGTGTGTG; TCC: 
5’-CCCCCCTCCCAGGCCACACTG in 50 μL reaction 
mixture containing 1ng/μL DNA, 5 μL 10× buffer, 1 mM 
MgCl2, 2.5 mM each dNTPs (Sigma-Aldrich, St. Louis, 
MO, USA), 100 pmol of each primers, and 0.5 U/μL 
Taq DNA polymerase (Invitrogen, Carlsbad, California, 
USA). Thermal profile with modifications in Eppendorf 
thermocycler was 94 °C/l0 min; 35 cycles of 94 °C/30 s,  
55 °C/30 s, 72 °C/30 s; and a final extension at 72 °C/10 min. 
Amplification products were analysed by electrophoresis 
in 1.5% agarose gels. These oligonucleotides amplify a 
300 and 350 base pairs band for T. cruzi Lineage II and  
T. Cruzi Lineage I, respectively (Souto et al 1996).

DETECTION OF T. CRUZI IN TRIATOMINES

Triatomines were captured in households and sur-
roundings with the participation of the inhabitants and 
researchers. The insects captured were placed in labeled 
flasks, and identified to species using the keys of Lent 
and Wigodzinsky (1979). The determination of T. cruzi 
infection in the collected Pic was performed directly by 
observing the faeces under light microscope (40X). The 
trypanosome identification was confirmed applying the 
same PCR protocol as for the opossums. 

ETHICAL ASPECTS

The opossums capture and management was performed 
following the Mexican Official Norm NOM-062-ZOO-1999 
and NOM-059-SEMARNAT-2010 under previous approval 
of the Ethical Committee of the General Hospital of Medical 
Specialties “Dr. Javier Buenfil Osorio” from Campeche 
City, number of document 05-EXT-13.

RESULTS AND DISCUSSION

A total of 25 opossums were captured in 9 out of 12 
residential areas in Campeche City, where Virginia opos-
sum was the solely species found. Ten juvenile (40%) 
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and 15 (60%) adults composed the capture; among them 
there were sixteen females, 7 males and 2 undetermined. 
Up to 31.25% (5/16) of females had an offspring of 3 to 
9 individuals. 

Prevalence of infection with T. cruzi was 52% (13/25). 
By serological diagnosis (table 1) and hemoculture 13 
opossums tested were positives. On the other hand, parasites 
were detected only in six samples by light microscopy, 
suggesting low levels of parasitemia (Brown et al 2010). 
We consider that the high prevalence found in a mono-spe-
cies in this case, increase the role of Virginia opossum as 
reservoir of T. cruzi and the consequent morbidity of the 
disease in humans. Similar prevalence of infection, 53.9% 
and 55%, were reported recently in Virginia opossum 
from Yucatan, Mexico (Ruiz-Piña and Cruz-Reyes 2002, 
Parada et al 2013). Other studies from Louisiana and 
Florida in USA reported a prevalence of 60% and 52%, 
respectively (Brown et al 2010, Houk et al 2010), which 
confirms that the opossums act as T. cruzi reservoirs in 
several geographic zones. 

One of the offspring of a female opossum infected 
with T. cruzi was tested by direct search of T. cruzi, blood 
culture, PCR and ELISA; results were negative. 

Regarding the infection per age class, we found that 
adults had a higher prevalence (84.61%) than juveniles 
(15.38%) with females displaying the highest rate 61.5%, 
although there was no significant difference (table 1). These 
results agree with other studies reported from tropical areas 
such as Yucatan (Parada et al 2013) and Venezuela (Telford 
and Tonn 1982). Similar prevalence were found in Georgia 
and Florida (Brown et al 2010) with significant differences 
and it is likely that the wider sample size influenced their 
results in comparison to our study.

Most of the opossums infected were captured during 
the dry season, probably because their activities increase 
during that time of the year, which was also observed by 
Ruiz-Piña et al (2002). The high infection prevalence and 
the detectable parasitosis are a potential infection risk for 
vectors as well as other mammals including man. 

This is the first time that a study of T. cruzi infection 
in its natural reservoirs is being carried out in an urban 
area in this region; similar studies had been previously 
performed in rural areas only. Our findings suggest 
that from the public health perspective, there might be 
a moderate risk of infection in the city, considering the 
presence of the opossum in most of the localities studied 
with the Pic vector.

On other hand, the ADN amplification of all T. cruzi 
isolates obtained from opossums generated a 350 bp 
(figure 1), which corresponded to T. cruzi Lineage I sim-
ilar to the predominance of TcI found by Bosseno et al 
(2002) in 7 Mexican isolates of opossums from 3 other 
Mexican states. 

This TcI Lineage association with the Didelphis species 
has been demonstrated by several data analysis (Matthew 
et al 2005). The predominance of T. cruzi Lineage I in 
Mexico is not limited to just marsupials; it has also being 
found in humans and vectors (Ruíz-Sánchez et al 2005, 
Gómez-Hernández et al 2011). Our findings contrast with 
those from South American countries were T. cruzi lineage 
II is the main genotype associated with human infections 
(domestic cycle) (Bosseno et al 2002).

On the other hand a total of 36 Pic vectors were cap-
tured mainly in the household surrounding areas, from 

Table 1. Results of the opossum tested for T. cruzi parasites by 
light microscopy, hemoculture and serological diagnosis.

Stage Sex Light 
Microscopy Hemoculture ELISA

O.D.

Adult Male – + 0.325

Adult Male + + 0.406

Adult Female – + 0.436

Adult Female + + 1.092

Adult Male – + 0.428

Adult Female + + 0.944

Adult Male – + 0.659

Adult Female – + 0.999

Adult Female – + 1.281

Juvenil Female + + 0.298

Juvenil Female + + 0.270

Adult Male + + 2.418

Adult Female – + 2.752

O.D. = Optical Density
Cutoff: 0.216.

Figure 1.  Electrophoresis in 1% agarose gel: Lane 1, MWM 
100 bp; Lanes 2-10, samples of DNA from different isolates of 
de T. cruzi; Lane 11, positive control (Ninoa TcI Strain); Lane12, 
Negative control (water).
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which 17 were males, 17 females and 2 were nymphs of 
the fifth stage. The search of the parasite in triatomines 
faeces resulted in a total infection prevalence of 41.66 
(15/36), confirmed by the PCR method as T. cruzi. From 
this 29.41% (5/17) were males and 58.82% (10/17) were 
females. The months reporting higher capture, registering 
66% (24/36), were those corresponding to the dry season 
(March-April). This is the only arthropod vector reported 
for the Campeche state, which seems to be more abundant 
during the dry season, as reported by Ruiz Piña and Cruz-
Reyes (2002) and Hernández et al (2010). Activities of 
both reservoirs coincide on the dry season. 

In conclusion, Virginia opossum and Pic coexist in ur-
banized areas of Campeche City, both with high prevalence 
of individuals infected with T. cruzi, were the dissemina-
tion of Chagas disease may reach its peak during the dry 
months. As a result, an emerging public health risk could 
be establish for the population of Campeche City. These 
findings should be taking into account whether a vector 
control program is enforced.

ACKNOWLEDGEMENTS

This study was financially supported by the Universidad Autónoma 
de Campeche, and the PRODEP (Programa para el Desarrollo del 
Profesorado) grant no. 10266.

REFERENCES

Bosseno MF, C Barnabé C, Magallón E, Lozano F, Ramsey J, et al. 
2002. Predominance of Trypanosoma cruzi Lineage I in Mexico. J 
Clin Microbiol 40, 627-632.

Brown EL, Roellig DM, Gompper ME, Monello RJ, Wenning KM, et al. 
2010. Seroprevalence of Trypanosoma cruzi among eleven potential 
reservoir species from six states across the Southern United States. 
Vector-Borne Zoonot 10, 757-763.

Gardner AL. 1973. The systematics of the genus Didelphis (Marsupialia: 
Didelphidae) in North and Middle America. Special Pub Mus Texas 
Tech Univ 4, 1-81.

Gómez-Hernández C, Rezende-Oliveira K, Nogueira GA, Nascentes G, 
Rocha L, et al. 2011. Molecular characterization of Trypanosoma 
cruzi Mexican strains and their behavior in the mouse experimental 
model. Rev Soc Bras Med Tro 44, 684-690.

Hernández JL, Rebollar-Téllez EA, Infante F, Morón A, Castillo A. 2010. 
Indicadores de infestación, colonización e infección de Triatoma 
dimidiata (Latreille) (Hemiptera: Reduviidae) en Campeche, México. 
Neotrop Entomol 39, 1024-1031.

Houk AE, Goodwin DG, Zajac AM, Stephen CB, Dubey JP, et al. 2010. 
Prevalence of antibodies to Trypanosoma cruzi, Toxoplasma gondii, 
Encephalitozoon cuniculi, Sarcocystis neurona, Besnoitia darlingi, 

and Neospora caninum in North American opossums, Didelphis 
virginiana, from Southern Louisiana. J Parasitol 96, 1119-1122.

Instituto Nacional de Estadística Geografía e Informática. 2009. 
Prontuario de información geográfica municipal de los Estados 
Unidos Mexicanos, Campeche. INEGI, México.

Lent H, Wygodzinsky P. 1979. Revision of the Triatominae 
(Hemiptera:Reduviidae) and their significance as vectors of Chagas 
disease. Bull Am Mus Nat Hist 163, 125-520.

Luquetti AO, Espinoza B, Martínez I, Hernández-Becerril N, Ponce C, 
et al. 2009. Performance levels of four Latin American laboratories 
for the serodiagnosis of Chagas disease in Mexican sera samples. 
Mem I Oswaldo Cruz 5, 797-800.

Matthew Y, Acosta N, Llewellyn M, Sánchez H, Adamson S, et al. 2005. 
Origins of Chagas disease: Didelphis species are natural hosts of 
Trypanosoma cruzi I and armadillos hosts of Trypanosoma cruzi 
II, including hybrids. Int J Parasitol 3, 225-233.

Parada J, Hernández SF, Ruiz HA, Escobedo FJ, Medina S, et al. 2013. 
Trypanosoma cruzi infection in Didelphis virginiana in relation 
to population parameters and variables associated with presence 
in rural community dwellings in Yucatan, Mexico. EcoHealth 10,  
31-35.

Petrides GA. 1949. Sex and age determination in the opossum. J Mammal 
30, 364-378.

Pietrzak S, Pung O. 1998. Trypanosomiasis in raccoons from Georgia. 
J Wildlife Dis 34, 132-136.

Ribeiro AL, Nunes MP, Teixeira MM, Rocha MO. 2012. Diagnosis 
and management of Chagas disease and cardiomyopathy. Nat Rev 
Cardiol 9, 576-589. 

Ruiz-Piña HA, Cruz-Reyes A. 2002. The opossum Didelphis virginiana 
as a Synantropic Reservoir of Trypanosoma cruzi in Dzidzilché, 
Yucatán, México. Mem I Oswaldo Cruz 97, 613- 620.

Ruíz-Sánchez R, León MP, Matta V, Reyes PA, López R, et al. 2005. 
Trypanosoma cruzi isolates from Mexican and Guatemalan acute 
and chronic chagasic cardiopathy patients belong to Trypanosoma 
cruzi I. Mem I Oswaldo Cruz 100, 281-283.

Sambrook J, Fritsch EF, Maniatis T. 1989. Molecular cloning: a laboratory 
manual. Cold Spring Harbor Press, Cold Spring Harbor, NY, USA.

Souto RP, Fernandes O, Macedo AM, Campbell DA, Zingales B. 1996. 
DNA markers define two major phylogenetic lineages of Trypanosoma 
cruzi. Mol Biochem Parasit 83, 141-152.

Telford SR Jr, Tonn RJ. 1982. Dinámica de Trypanosoma cruzi en po-
blaciones de un reservorio primario, Didelphis marsupialis, en los 
llanos altos de Venezuela. B Ofic Sanit Panam 93, 341-364.

Villagrán ME, Martínez-Ibarra JA, De Diego JA. 2011. Pathological 
alterations and prevalence of Trypanosoma cruzi in opossums from 
western Mexico. B Malariol Salud Amb 51, 87-88.

Voller A, Bidwell DE, Bartlett A. 1979. The enzyme linked immnunosorbent 
assay (ELISA). A guide with abstracts of microplate applications. 
Dynatech Europe, London, UK.

WHO, World Health Organization. 2002. Control of Chagas disease. 
Tech Rep Ser WHO Nº 905.

WHO, World Health Organization. 2010. First WHO Report on 
Neglected Tropical Diseases: Working to Overcome the Global 
Impact of Neglected Tropical Diseases. WHO, Geneva, Switzerland,  
Pp 1-172.


