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Abstract
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Genetic diversity of Trypanosoma cruzi populations and parasite transmission dynamics have been
well documented throughout the Americas, but few studies have been conducted in the Gran
Chaco ecoregion, one of the most highly endemic areas for Chagas disease, caused by T. cruzi. In
this study we assessed the distribution of T. cruzi lineages (identified by PCR strategies) in
Triatoma infestans, domestic dogs, cats, humans and sylvatic mammals from two neighboring
rural areas with different histories of transmission and vector control in northern Argentina.
Lineage II predominated among the 99 isolates characterized and lineage I among the six isolates
obtained from sylvatic mammals. Trypanosoma cruzi lineage IIe predominated in domestic
habitats; it was found in 87% of 54 isolates from Tr. infestans, in 82% of 33 isolates from dogs,
and in the four cats found infected. Domestic and sylvatic cycles overlapped in the study area in
the late 1980s, when intense domestic transmission occurred, and still overlap marginally. The
introduction of T. cruzi from sylvatic into domestic habitats is likely to occur very rarely in the
current epidemiological context. The household distribution of T. cruzi lineages showed that Tr.
infestans, dogs and cats from a given house compound shared the same parasite lineage in most
cases. Based on molecular evidence, this result lends further support to the importance of dogs and
cats as domestic reservoir hosts of T. cruzi. We believe that in Argentina, this is the first time that
lineage IIc has been isolated from naturally-infected domestic dogs and Tr. infestans.
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1. Introduction
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Trypanosoma cruzi has been classified in six discrete genetic subdivisions or lineages,
designated as T. cruzi I (TC I), T. cruzi IIa (TC IIa), T. cruzi IIb (TC IIb), T. cruzi IIc (TC
IIc), T. cruzi IId (TC IId) and T. cruzi IIe (TC IIe) (Tibayrenc, 2003; Brisse et al., 2001).
These lineages appear to be distributed differentially among triatomine bugs, vertebrate host
species and habitats in different geographical areas (Higo et al., 2004, Yeo et al., 2005).
Although all T. cruzi lineages cause human disease, some studies suggest that T. cruzi IIb,
IId and IIe are more likely to be associated with anthropic environments and chronic Chagas
disease patients, T. cruzi IIa and IIc to sylvatic environments, and T. cruzi I to both (Telleria
et al., 2006; Yeo et al., 2005). Although there is a wealth of studies on the genetic diversity
of T. cruzi populations, there has been a tendency to re-examine the available parasite
isolates. Therefore, there is a need for detailed studies of isolates at a single locality scale to
better understand the genetic diversity and transmission dynamics of T. cruzi (Miles et al.,
2003).
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Both domestic and sylvatic transmission cycles of T. cruzi occur in the Gran Chaco, a
hyperendemic region for Chagas disease extending over Argentina, Bolivia and Paraguay
(Gürtler, 2007). Natural infection by T. cruzi has been found in several local species of
sylvatic mammals (Carcavallo and Martínez, 1968; Ceballos et al., 2006; Diosque et al.,
2003; Yeo et al., 2005), whereas the putative sylvatic vectors have only been identified in
Bolivia (Noireau et al., 2000). In the Gran Chaco, the bug Triatoma infestans is the main or
single domiciliary vector; dogs, humans and chickens are usually the main blood meal
sources of domestic bugs, and dogs and cats are considered the most important domestic
reservoir hosts of T. cruzi (Minter, 1976; Gürtler et al., 1997, 2007a, b).
The identification of lineages, natural isolates and strains of T. cruzi has been conducted
using a plethora of biochemical and molecular markers (Macedo et al., 2004). In Argentina,
very few studies have attempted to type the local T. cruzi strains, and parasites have been
characterized mainly by multilocus enzyme electrophoresis (MLEE) (Montamat et al., 1987;
1992; 1996; De Luca d'Oro et al., 1993; Diosque et al., 2003). Parasite zymodemes reported
by De Luca d'Oro et al. (1993) were later analyzed by Barnabé et al. (2000) and reinterpreted as belonging to TC I, TC IIb and TC IId. Overall, T. cruzi II (TC II) was more
prevalent in the domestic environment, and sylvatic mammals were found infected with both
TC I and TC II (De Luca d'Oro et al., 1993). TC IIe was first reported in Argentina by
Diosque et al. (2003) and TC IIc by Ceballos et al. (2006).
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As part of a longitudinal study aimed at modeling the transmission dynamics and control of
T. cruzi in a well-defined rural area of northwestern Argentina, we have described the
prevalence of T. cruzi infection in two neighboring areas with different histories of vector
control and transmission intensity (Cardinal et al., 2006, 2007; Gürtler et al. 2007b). In this
study, we have assessed the occurrence and distribution of parasite lineages in domestic and
sylvatic hosts and vectors to establish whether domestic and sylvatic cycles of transmission
overlap or exist independently in these areas. We also examined the distribution of T. cruzi
lineages among bugs, dogs and cats at a household level. Based on previous evidence
(Cardinal et al., 2006, 2007; Gürtler et al., 2005, 2007a, b), we hypothesized that domestic
Tr. infestans and reservoir hosts from the same house compound would share the same
parasite lineages.
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2. Materials and methods
2.1. Study area
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Field studies were carried out in several villages centered in Amamá (27°12'33”S,
63°02'10”W), Province of Santiago del Estero, Argentina. The study area has been described
elsewhere (Ceballos et al., 2006; Gürtler et al., 2007b). Briefly, two areas were visited: i) the
core area, including Amamá and four neighboring villages (137 houses), and ii) the
periphery, including 186 houses grouped in 35 villages or settlements surrounding the core
area. The core area has been under sustained, community-based surveillance supervised
jointly by the University of Buenos Aires (UBA) research team and the National Vector
Control Program (NVCP) since 1992. The peripheral area, operating under the guidelines of
the “Plan Ramón Carrillo” program between 1993 and 1999 and variations of it thereafter,
experienced pulsed (mostly in 1993–1996 and in 2000–2001), non-supervised, communitybased insecticide applications promoted by NVCP (Cardinal et al., 2006, 2007). The
infestation and history of control of Tr. infestans varied widely between villages. All houses
were sprayed with pyrethroid insecticides by NVCP personnel in April 2004.
2.2. Triatomine collections
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Specimens were collected by timed manual collections, light-trapping and householders'
collections in different surveys from 2000 to 2006. Timed manual collections consisted of
searching for triatomine bugs in all bedrooms (one person) and peridomestic areas (two
persons) of all compounds using 0.2% tetramethrin (Icona, Buenos Aires, Argentina) for 30
min per compound (Gürtler et al., 2007b). Peridomestic structures included corrals for goats
or sheep, cows or horses and pigs, chicken coops, trees where chickens roosted, storerooms,
kitchens and other possible refuges for triatomines within the area of human activity. Timed
manual collections were performed in the core area in March and October 2000; in the core
and peripheral areas in October 2002, and during semi-annual monitoring surveys of both
areas (323 houses) after community-wide insecticide spraying in 2004. Light-trapping
collections were performed in March (late summer), July (winter) and November (spring)
2003, and in March 2004 (Vazquez-Prokopec et al., 2006); additional Tr. infestans were
collected from the peridomestic sites that surrounded the light-trap stations during those
surveys. Householders were encouraged to collect invading triatomines and were given
plastic bags to keep bugs until our next visit.
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All bugs were later identified to species and stage at the field laboratory and counted, as
described elsewhere (Cardinal et al., 2006). All live or moribund third to fifth instars and
adults of Tr. infestans were individually examined for T. cruzi infection within 10 days of
capture; Triatoma guasayana and Triatoma garciabesi bugs were examined separately in
pools of three insects from the same site. For examination, fecal drops were obtained by
abdominal compression and bug feces were diluted with saline solution and microscopically
examined at 220–400 × magnification. Infected bugs were shipped to the Instituto Nacional
de Parasitología “Dr. Mario Fatala Chabén” (Buenos Aires, Argentina) for parasite isolation.
2.3. Domestic animal surveys
Domestic and sylvatic animal processing was conducted according to the Institutional
Animal Care and Use Committee protocol No. 04223 at University of Illinois at UrbanaChampaign. A house-to-house census of all dogs was undertaken in all houses of the core
area in May 2000 and again in November 2002; the latter also included cats (Cardinal et al.,
2006, 2007). In the peripheral area, the census of dogs and cats was undertaken in three
surveys (November 2002, March and July 2003) totaling 103 houses from 17 villages and
two isolated settlements. Seropositive animals were examined by xenodiagnosis to confirm
T. cruzi infection and to isolate parasites. Xenodiagnosis was performed using 20–30
Int J Parasitol. Author manuscript; available in PMC 2011 July 26.
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laboratory-reared, third- or fourth-instar nymphs of Tr. infestans per animal (Gürtler et al.,
2007a). Bugs were provided by the insectary of the National Vector Control Coordination
based in Córdoba, Argentina. Pools of feces from five bugs that fed on a given animal were
examined for T. cruzi infection at 400 × magnification 30 and 60 days after feeding on the
study subject. Bugs from each positive pool were re-examined individually. Infectivity to
the vector was defined as the number of T. cruzi-positive bugs divided by the total number
of bugs fed on a given host and examined for infection at least once, excluding those bugs
that did not survive to the first examination, and was calculated for xenodiagnosis-positive
animals only.
2.4. Human parasites
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All processing of samples from humans was conducted according to the Institutional Human
Use Committee protocol No. 02171 at University of Illinois at Urbana-Champaign. The
study objectives were explained to house residents and all participants signed an informed
consent form. Human parasite isolates were obtained by natural xenodiagnosis (in 2006) or
by artificial xenodiagnosis (in 2007) of people seropositive for T. cruzi who sought medical
assistance from a volunteer medical team from Hospital Pirovano, Buenos Aires, Argentina.
Artificial xenodiagnosis was performed as described by dos Santos et al. (1995) with two
modifications: (i) 15 ml- plastic centrifuge tubes with their ends cut were used for collecting
heparinized blood, and the latex membrane was attached to the tubes by means of a rubber
o-ring; (ii) a copper tube was coiled around the centrifuge tubes containing the blood to
maintain it at 37°C; hot water running inside the tube was pumped by means of an electric
motor. Xenodiagnostic procedures were as described for domestic animals using 40 bugs for
each patient. Serological test procedures and results have been reported elsewhere (Gürtler
et al., 2007b). The mean age of study patients was 49 years (range, 21–79, n = 9) in 2006
and 44 years (range, 28–62, n = 6) in 2007.
2.5. Sylvatic mammal parasites
Sylvatic mammals were captured and examined for infection in several surveys from March
2003 to March 2007 (Ceballos et al., 2006). A total of 586 wild mammals from 17 different
species was examined for T. cruzi infection by xenodiagnosis using five (for rodents, cavids,
marmosets), 10 (for armadillos) or 20 (for skunks, opossums, foxes) laboratory-reared
uninfected Tr. infestans as described above. This study combines previously reported results
(Ceballos et al., 2006) and a total of 85 new captures performed in March 2007 with a total
effort of 2,252 National trap-nights and 1,062 Sherman trap-nights.
2.6. Parasite isolation
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Isolation procedures have been described (Lauricella et al., 2005). Feces from
xenodiagnosis-positive or naturally infected bugs were cultured in brain-heart-infusion
(BHI) nutrient agar-rabbit blood biphasic medium, and were also inoculated into 2–4 Balb-C
mice. Mice were euthanized 1 month p.i. and hemocultures performed. Cultures were kept at
28°C, 50% relative humidity and monitored microscopically for parasite growth bi-monthly
for 4 months. When at least 3 × 105 parasites/ml were reached, cultures were harvested and
cryopreserved. “Isolate” refers to cryopreserved T. cruzi parasites cultured from a naturally
infected individual.
2.7. PCR
DNA was extracted as described by Marcet et al. (2006). Infections with T. cruzi were
confirmed by kDNA-PCR amplification of the 330 bp fragment from the minicircle DNA of
the kinetoplastid genome using primers and cycling conditions published previously
(Schijman et al., 2003, Burgos et al, 2005). PCR tests were carried out under conditions that
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prevented DNA contamination. Each PCR run included 100 femtograms of T. cruzi DNA as
a positive control, and sterile distilled water instead of DNA as a negative control. Aliquots
of 12 μl of PCR products were visualized under u.v. light after electrophoresis in 2.5–4%
agarose gels containing ethidium bromide.
Trypanosoma cruzi lineages were identified in culture samples of each infected animal by
PCR strategies targeted to spliced-leader DNA, 18s rDNA, 24s alfa rDNA and A10 genomic
markers with the incorporation of Taq platinum polymerase (Invitrogen, USA) as described
by Marcet et al. (2006). Due to weak sensitivity of the A10 genomic marker, some isolates
could not be clearly identified as either TC IIb or TC IIe; these cases were identified as TC
IIb/e, but for the purpose of analyses we considered these as TC IIe. The current study
includes the T. cruzi populations typed from naturally infected T. infestans and sylvatic
mammals reported previously (Ceballos et al., 2006; Marcet et al., 2006) as well as 69 new
isolates.
2.8. Data analysis
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Lineage distribution among study areas, habitats and hosts was evaluated with two-tailed
Fisher's exact tests and χ2 tests depending on sample size. In order to avoid cells with low
expected frequencies, T. cruzi lineages with only one observation were grouped together.
Mixed infections including TC I and TC II were grouped together with TC I. To analyze the
household distribution of parasite lineages, isolates from domestic dogs, cats, Tr. infestans
and humans from the same house compound should be compared. However, given that only
two human isolates were obtained, human seropositivity for T. cruzi was used as a surrogate
variable to indicate the potential occurrence of a human source of parasites. The
relationships between dog infectivity to xenodiagnosis (the binary response variables),
parasite lineage and dog age were investigated using maximum likelihood logistic multiple
regression analysis in Stata statistical software (Stata 9.0, StataCorp, College Station,
Texas). Cluster effects on the probability of infecting bugs (due to subject) were allowed for.
The probability used for nominal statistical significance was 5%. The Wald test examined
the hypothesis that all regression coefficients are 0.

3. Results
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In total 2,243 Tr. infestans, 697 domestic dogs, 109 cats, 586 wild mammals and 612
humans were examined for T. cruzi infection between years 2000 and 2007 (Table 1).
Trypanosoma cruzi infection was detected in 94 Tr. infestans, 57 domestic dogs, five cats,
five opossums and one skunk. The overall prevalence of T. cruzi was 0.8% among 586
sylvatic mammals examined for infection. In the 2007 survey, only one infected opossum
was found; xenodiagnosis-negative sylvatic mammals included 15 Galea musteloides, five
Didelphis albiventris, two Tolypeutes matacus, 18 Ctenomys sp., one Pecarí tajacu, six
Chaetophractus villosus, two Thylamys pusilla, seven Chaetophractus vellerosus, 11
Sigmodontine mice (eight Graomys griseoflavus, two Calomys musculinus and one Calomys
callosus), one Lagostomus maximus, 15 Conepatus chinga and one Lycalopex gymnocercus.
In humans, seropositivity to T. cruzi was 5.2% (n = 346) in 2006 and 5.3% (n = 266) in 2007
(Gürtler et al., 2007b). A xenodiagnosis-positive seropositive patient was found in 2006
(11.1%, n = 9) and another in 2007 (16.7%, n = 6).
A total of 110 (79%) isolates was successfully cryopreserved from 140 parasite-positive
individuals whose samples were cultured; T. cruzi lineages were identified from 99 of these
(Table 1). Trypanosoma cruzi isolates were particularly difficult to obtain from seropositive
humans, most probably because chronic adult infections have a very low parasitemia, and
from dead triatomines (which frequently yielded contaminated cultures).
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Both the core and the peripheral area shared all lineages identified (Table 2). The
distribution of lineages between areas was not significantly different (χ2 = 0.1, degrees of
freedom (df) = 1, P > 0.90). TC II was the predominant lineage (89%, n = 99) followed by
TC I (9%). Two mixed infections with both lineages were found. TC IIe was the most
prevalent TC II lineage (Table 2). The two main parasite lineages (TC I and TC II) were
significantly associated to main habitat type (Fisher's exact test, P < 0.0001); TC II lineages
predominated in domestic or peridomestic habitats (94%, n = 93) whereas TC I was found in
five (83%) of six infected hosts in sylvatic habitats. TC II was found in 50 (93%) Tr.
infestans, 31 (94%) dogs, in all four cats, and in both human isolates. TC I was identified in
samples from three Tr. infestans bugs and in one dog, and as a mixed infection with TC II in
one Tr. infestans specimen and in one dog (Table 2).
3.1. Lineage distribution among hosts
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Most of the infected Tr. infestans detected were collected in domiciles (67%, n = 54);
infected bugs were less frequently found in peridomestic kitchens and storerooms (22%) or
corrals (6%). Three infected adult Tr. infestans caught by light-traps near a peridomestic
goat corral were TC IIe. In domestic or peridomestic Tr. infestans, TC IIe predominated
(67%) over TC IIb/e (20%) and TC I (6%) (Table 2). TC IIe was significantly overrepresented among isolates from bugs (χ2 = 70.1, df = 2, P < 0.0001). TC IIc, TC IId and a
mixed infection of TC I and TC IIb/e were found in one bug each. The distribution of T.
cruzi lineages departed significantly from randomness in dogs (χ2 = 39.5, df = 2, P <
0.0001). Among the 33 isolates from dogs, TC IIe was the most prevalent (82%), followed
by TC IIc (9%) (Table 2). TC I and TC IIb/e were found in one isolate each (3%), and in one
dog TC I co-occurred with TC IIe. Two dogs that were examined twice (in 2000 and 2002)
presented the same isolate TC IIe on both occasions. All four cats were infected with TC IIe
and the two human isolates were TC IId (Table 2).
TC IIc was found in three dogs and one Tr. infestans (5% of the domestic isolates) (Table 2).
Fig. 1 illustrates the band pattern of the PCR products yielded by these isolates in agarose
gel electrophoresis after ethidium bromide staining. Both the absence of amplification of the
300 or 350 bp fragment of the intergenic region of the mini-exon genes reported by Brisse et
al. (2001) as well as the amplification of a 250 bp band reported by Yeo et el. (2005) were
observed.
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To assess the occurrence of variation in the distribution of T. cruzi lineages among hosts
within the same region we compared our results (2000–2007) with data collected in Santiago
del Estero Province in the late 1980s (De Luca D'Oro et al. 1993) and in Chaco Province
over 1999–2001 (Diosque et al. 2003) (Table 3). Given the low numbers of humans and
opossums sampled and the homogeneity of results, for these host species we pooled our data
with the Chaco data and compared these with data published by De Luca D'Oro et al.
(1993). Statistically significant differences were found for humans (Fisher's exact test, P =
0.046) but not for opossums (P = 0.26). In the comparison between more recent data from
Santiago del Estero and Chaco, the distribution of T. cruzi lineages differed significantly
between both studies in Tr. infestans (TC I, TC IId and TC IIe, χ2 = 22.7, df = 2, P < 0.0001)
but not in dogs (TC IIe vs all other lineages, P = 1.0).
3.2. Household distribution of T. cruzi lineages
In order to analyze the household distribution of T. cruzi lineages, we focused on 11 houses
(marked with an “a” in Table 4) where parasite lineages were identified from bugs and from
at least one dog or cat. In nine (82%) of these houses, 35 of 36 vectors and all 21 dogs or
cats with parasites isolated had the same lineage (TC IIe). In house 1, TC IIe was identified
in six domestic Tr. infestans and in the only dog infected with T. cruzi (of 10 dogs examined
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for infection) as well as in the three flight-dispersing adult Tr. infestans caught by light-traps
in the respective peridomicile (Table 4).
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In the core area under sustained surveillance, TC IIc was only found in a 10-year-old dog
which had been found seropositive for T. cruzi before the massive insecticide spraying
campaign in 1992. In the area under pulsed control actions, TC IIc was found in an adult Tr.
infestans collected in a storeroom where chickens roosted (in a house with no domestic dogs
or cats), and in two dogs aged 5 and 7 years living in houses 19 and 20 at the same village
which had been born to the same female dog (dead at the time of the surveys) (Table 4).
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In the area under sustained surveillance, TC I was identified in two peridomestic adult Tr.
infestans (of 97 bugs examined for infection) collected from houses 8 and 9 where no
potential domestic source of TC I was identified among 14 dogs or cats examined for
infection; only three seropositive adult people (of 17 examined for antibodies) resided
permanently in those (Table 4). TC I was also identified (mixed with TC IIe) in a dog aged
12 years which had been found seropositive to T. cruzi before the 1992 campaign (Table 4).
In the area under pulsed control action, TC I was found in two adult Tr. infestans captured
inside domiciles of houses 17 and 14, and in a two-year-old dog living in a house (house 22)
which had no bugs in April 2004 (Table 4). At house 17, one TC IIe-infected dog was found
in 2003 and one bug infected with TC IIe was collected 1 year later. At house 14, one
female Tr. infestans was found with a mixed infection of TC I and TC IIb/e (probably TC
IIe) whereas no putative domestic source of TC I was found among four TC IIe-infected
dogs or cats.
3.3. Infectivity to the vector
The infectivity to bugs of two xenodiagnosis-positive, seropositive humans was 6.7% in
2006 (n = 30 bugs examined) and 2.5% (n = 40) in 2007, respectively, and did not differ
significantly between surveys (Fisher's exact test, P > 0.5) despite different types of
xenodiagnosis having been applied. A higher infectivity to bugs was found in cats (50.0%, n
= 38 bugs examined) and dogs (54.4%, n = 612). The infectivity to bugs of infectious
seropositive dogs examined by xenodiagnosis was not significantly associated with parasite
lineage nor the age of dog (Wald χ2 = 2.6, df = 3, number of observations = 533, P > 0.5).

4. Discussion
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We believe this is the first study in which a sizable number of parasite isolates obtained
from vectors and different host species in the same households have been characterized
using molecular methods. The household distribution of T. cruzi lineages showed that bugs,
dogs and cats from a given house compound shared the same parasite lineage in most cases.
Based on molecular evidence, this result lends further support to the importance of dogs and
cats as domestic reservoir hosts of T. cruzi given their high infectivity and frequent contact
with domestic bugs (Cardinal et al., 2007; Gürtler et al., 2007a, b). Households harboring
infected dogs or cats were observed and predicted to be at greater risk of transmission
(Cohen and Gürtler, 2001; Gürtler et al., 2005), but molecular evidence of the links between
bugs and host species at the household level were lacking. In a similar study in Chaco
province, different lineages were found infecting dogs and humans (Diosque et al., 2003).
This pattern was explained mainly by host selection of lineages (i.e. clonets), but the cooccurrence of parasite lineages at the household level was not assessed. The household is
where the domestic transmission of T. cruzi by Tr. infestans is most intense (Cohen and
Gürtler, 2001). Here we provide molecular evidence showing that human habitations may
also be a source of TC IIe-infected bugs dispersing by flight toward peridomestic sites and
beyond (Vazquez-Prokopec et al., 2006). This pattern may arise if recombinant strains in
humans (i.e. those which might arise from genetic exchange during drug selection in the
Int J Parasitol. Author manuscript; available in PMC 2011 July 26.
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human host) had the enhanced capacity to spread within a household given the close
proximity of other members of the family, Tr. infestans and domestic household animals.
Further studies combining serological, parasitological and molecular methods at the
household scale are essential for a better understanding of parasite transmission dynamics.
The overall distribution of T. cruzi lineages among vectors and reservoir hosts was similar in
two neighboring rural areas with different histories of vector control and transmission
intensity. TC II predominated in domestic habitats and TC I in sylvatic ecotopes. Coinciding
with our findings, TC IIe and TC I were the predominant lineages typed by MLEE in
domestic and sylvatic habitats, respectively, in a rural endemic area in Chaco Province
located some 150 km north-east from that which we studied (Diosque et al. 2003). Unlike
our study, TC IId predominated in bugs from Chaco Province. The predominance of lineage
I among isolates from sylvatic habitats is probably due to the role of opossums as the major
local sylvatic reservoir host of T. cruzi (Schweigmann et al. 1999) and to the absence of T.
cruzi infection among armadillos. Opossums have consistently been found infected almost
exclusively with lineage I throughout the Chaco region and the Americas (Barnabé et al.,
2000; Ceballos et al., 2006; Diosque et al., 2003; Wisnivesky-Colli et al., 1992; Yeo et al.,
2005). Armadillos, especially Dasypus novemcinctus, are sylvatic hosts of T. cruzi II in the
Paraguayan Chaco (Yeo et al., 2005) but they are very rare in the study area. The absence of
T. cruzi infection in other armadillo species examined further explains the observed pattern.
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In the core area under sustained vector control, half of the infected dogs had already been
found infected before the insecticide spraying campaign conducted in 1992. Therefore, T.
cruzi isolates from those (TC I, TC IIc and TC IIe) most likely represented parasite strains
circulating a decade before. Conversely, parasites from native dogs born after the insecticide
spraying campaign, with stable local residence in the core area, represented the strains
currently circulating in the area. All five of these dogs were found infected with TC IIe, and
four of these were compatible with vertically acquired infections (Cardinal et al., 2006).
Coincidentally, TC IIe was also the predominant lineage found in Tr. infestans in the core
area.
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Previous studies showed that lineage TC IId (or its zymodeme equivalent) predominated
among human isolates from Santiago del Estero and Chaco provinces and in a large set of
human isolates from Argentina and Bolivia (Brenière et al., 2002; Burgos et al., 2007;
Diosque et al., 2003; Montamat et al., 1992). TC IId was also frequently identified in human
isolates from Paraguay (Chapman et al., 1984), and was the prevalent lineage detected in
peripheral blood samples from congenital Chagas disease patients in Argentina (Burgos et
al., 2007). Moreover, TC IId has been found in peripheral blood of patients with Chagas
disease and AIDS, whereas other lineages such as TC IIb and TC IIe were found in heart,
brain and skin lesions (Burgos et al., 2006, 2007; A.G. Schijman, unpublished data). In our
study, the two human isolates identified were typed as TC IId. Given that T. cruzi natural
populations display different tissue tropism in mammalian hosts (Macedo et al., 2004;
Burgos et al., 2005, 2008) we cannot reject the possibility that TC IIe can also cause human
infection and disease despite displaying low degrees of parasitemia as determined by
xenodiagnosis.
In this study we found a low percentage of positive xenodiagnosis among seropositive
humans, but not among seropositive dogs examined concurrently. Human parasites were
obtained in 2006 by natural (direct) xenodiagnosis and in 2007 by artificial xenodiagnosis.
Neither the xenodiagnosis-positive rate nor the infectivity to bugs differed significantly
between 2006 and 2007 despite different types of xenodiagnosis having been applied. A
previous serological and xenodiagnosis survey in the Amamá study area conducted in the
early 1990s with the same procedures used herein showed that only 29.3% of seropositive
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humans were xenodiagnosis-positive, and their infectivity to bugs was very low (~3%)
(Gürtler et al., 1996). In our previous xenodiagnosis survey and in others (e.g. Hoff et al.,
1979) conducted in unselected, well-defined human populations, the proportion of
seropositive persons with detectable parasitemia declined with age. Therefore, the low
xenodiagnosis-positive rate for humans recorded in our study area in recent years could be
due to the absence of seropositive children and teenagers (range of patients, 21–79 years
old) in the study. The overall xenodiagnosis-positive rate for seropositive humans was
13.3% (two of 15), which is closer to previous estimates for the same age group (15.2%) in
the early 1990s.
The distribution of T. cruzi lineages among vectors and hosts should be interpreted
cautiously since many biological characteristics of the strains, such as differential host
selection, histotropism and lineage selection during parasite culture, could be affecting the
observed patterns. Not working with clones may also have biased our results, since there is
evidence that mixed infections with two lineages may only be revealed when clones are
genotyped (Montamat et al., 1992, Yeo et al., 2005, 2007) or when parasites are typed
directly from fecal samples (Bosseno et al., 1996; Marcet et al., 2006) or from other clinical
specimens (Burgos et al., 2007, 2008). Resident host individuals not examined for infection
or who had disappeared shortly before the surveys may also have contributed to the
observed household distribution of lineages in an unknown way.
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Previous studies based on MLEE concluded that domestic and sylvatic transmission cycles
of T. cruzi overlapped partially throughout Argentina including rural areas within the Chaco
region (Wisnivesky-Colli et al., 1992; De Luca d'Oro et al., 1993; Diosque et al., 2003). In
the late 1980s, when intense domestic transmission of T. cruzi was prevalent and
widespread, sylvatic mammals (opossums, ferrets and skunks) were sometimes found
infected with TC IId, which also infected domestic dogs and Tr. infestans in Santiago del
Estero (Wisnivesky-Colli et al., 1992; De Luca d'Oro et al., 1993). In such an
epidemiological context of intense transmission, the observed distribution of lineages was
probably a spillover of parasite strains from domestic into sylvatic habitats. This has also
been observed in Brazil (Diotaiuti et al., 1995).
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We believe that in Argentina, this is the first time that TC IIc has been isolated from
naturally infected domestic dogs and from Tr. infestans. The current finding of
predominantly sylvatic-associated lineages (i.e. TC I and TC IIc) in domestic vectors and
reservoir hosts from the core and peripheral areas lends further support to the existence of
marginal overlap between transmission cycles, though in a different epidemiological context
and with much lower transmission. Sylvatic triatomines or mammals invading artificial
ecotopes and synanthropic mammals (i.e., rats, mice, domestic dogs and cats) or humans
visiting natural foci may introduce sylvatic parasites into the domestic environment
(Barreto, 1975; Diotaiuti et al., 1995). Opossums frequently approach human dwellings and
may serve as a bridge host between the sylvatic and the domestic environment (Diotaiuti et
al., 1995, Schweigmann et al., 1999). However, given the sharp decline in the abundance
and prevalence of T. cruzi in opossums in the study area (Ceballos et al., 2006), such
introductions seem unlikely at present. If opossums acquired T. cruzi infection from
domestic sources, parasite lineages other than TC I would infect opossums as shown in the
past (Wisnivesky-Colli et al. 1992; De Luca d'Oro et al. 1993). The remarkable finding of a
TC I-infected opossum in 2007, when the domestic and peridomestic abundance of Tr.
infestans was very low or nil and no T. cruzi infection in bugs had been detected since the
2004 insecticide spraying (Gürtler et al., 2007b), further suggests the occurrence of a lowlevel, independent sylvatic transmission cycle in the area.
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The putative sylvatic vector of T. cruzi in Argentina has not been identified (Ceballos et al.,
2006), and Tr. infestans has been the only species found infected with T. cruzi in our study
area in over a decade (Gürtler et al., 2007b; Marcet et al., 2006; Schijman et al., 2006).
However, the recent finding of sylvatic colonies of Tr. infestans (Ceballos et al.,
unpublished data) and the collection of T. cruzi-infected Tr. infestans in light-traps
(Vazquez-Prokopec et al., 2006) suggest the possibility of parasite introduction by flying
bugs. Infected Tr. infestans dispersing from sylvatic colonies may account for the five adult
bugs found infected with TC I or TC IIc in households where no potential domestic source
of these lineages was detected. Nevertheless, more human isolates from the study houses are
needed to assess their eventual contribution as sources of TC I or TC IIc. Future studies on
the blood meals of the bugs may cast some light on the putative sources of infection.
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Dogs, cats and rodents could mediate the introduction of sylvatic T. cruzi lineages into the
domestic environment. Although cats were frequently reported to stray and hunt in the forest
(Cardinal et al., 2006), their current contribution to such introduction appears to be
negligible because the few cats that were infected had TC IIe. Moreover, no infection was
found among 162 rodents examined for T. cruzi during 2002–2007 (Ceballos et al., 2006;
this study) despite rodent infections being common in Bolivia, Chile and Brazil (Cortez et
al., 2006, Herrera et al., 2007; Rozas et al., 2007). Dogs could become infected with TC I or
TC IIc while visiting the forest or hunting, since dogs were reported to kill opossums in this
area (Schweigmann et al., 1999). In the core area, the two dogs infected with TC I or TC IIc
had already been found infected before 1992, when intense transmission of T. cruzi occurred
and transmission cycles overlapped to some extent. In the peripheral area, the three TC I- or
TC IIc-infected dogs were reported to be hunters (suggesting a possible oral route of
infection), but this mechanism of transmission is unlikely to occur given the current very
low prevalence of T. cruzi in sylvatic mammals (0.8%).
In conclusion, domestic and sylvatic cycles of T. cruzi transmission overlapped in our study
area in the late 1980s and still overlap in the area, although marginally. The introduction of
T. cruzi from sylvatic into domestic habitats would rarely occur in the current
epidemiological context. Based on evidence provided by the molecular identification of
lineages, the role of domestic dogs as major domestic reservoirs of T. cruzi in the Chaco
region has been reinforced. For improved control during surveillance, T. cruzi transmission
control programs should consider including strategies to prevent infected dog-vector
encounters such as insecticide-impregnated collars for infected animals, parasiticidal drug
treatment, or targeted insecticide spraying of houses with infected animals.
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Amplification of the intergenic region of the mini-exon genes of Trypanosoma cruzi. with
primers TCC and TC 1; lanes (1–3) negative controls: (1) M5631, reference strain of TC IIc;
(2) CanIII, reference strain of TC IIa; (3) X-10, reference strain of TC I; lanes (4–5)
negative controls; lane (6) domestic dog TC IIc, with no amplification; lanes (7–10) TC IIc,
yielding the 250 bp band pattern ; (7) peridomestic Tr. infestans; (8–9) domestic dogs; (10)
Conepatus chinga, skunk; (11) CL Brener, reference strain of TC IIe; (12) 100 bp ladder.
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Isolation was not achieved because all xenodiagnosis bugs were negative.

e
One Didelphis albiventris opossum was examined in two different capture occasions.

d

c
Trypanosoma cruzi lineage from one specimen was directly identified from feces without isolation.

A subset of houses were surveyed (n = 74).

b

Examined by direct microscopy (triatomines), serology (humans), serology and xenodiagnosis (dogs, cats and sylvatic mammals).

a

nd = not done.

Sylvatic mammals

Humans

Cats

Dogs

Periphery
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4.1 (923)

Core

October 2002

March 2003–March 2004

0.8 (390)
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October 2000b

3.9 (357)
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May 2000

% infected (N° examined)a

Triatomines
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Date of survey

Host

100 (1)
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-
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100 (9)

71 (7)

60 (15)

82 (11)

100 (29)c

100 (2)

nd
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% genotyped (N° isolates)

Trypanosoma cruzi infection in Triatoma infestans, sylvatic and domestic hosts, parasite isolation attempts and lineage identification.
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Total

9

1

C. chinga

5d

3

1

D. albiventris

1
1

2

Tr. infestans

1

1

Humans

Cats

Dogs

Tr. infestans

67

27

4

15

9

12a

IIe

6

IIb/e

1b

II

12

5

1

1

2

1c

1

I+IIe
14

Total

99

1

5

37

1

4

19

17

1

1

IId

Humans

1

IIc

0

2

I

Cats

Dogs

Host

Parasites were isolated twice from the same individual on different capture occasions.

d

c
TC I+TC IIb/e.

Lineage identified directly from feces.

b

Includes two dogs with parasites isolated in 2000 and 2002; TC IIb/e and TC IIe were identified in 2000 and TC IIe in 2002.

a

Sylvatic

Under sustained surveillance

Domestic

Under pulsed control actions

Area

Habitat

Lineages

Distribution of Trypanosoma cruzi lineages among habitats, hosts and study areas in Santiago del Estero, Argentina.
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3

1

7

7

TC I

1

4

17

TC IId

14

14

TC IIe

Diosque et al., 2003

c
Includes TC IIc, mixed infections with TC I and TC IIe, TC II and TC IIb/e.

Includes domestic cats, ferrets and skunks.

b

Only data for Santiago del Estero were included.

a

2

Otherb

7

Dogs

1
8

3

TC IId

Humans

15

TC I

Triatoma infestans

Opossums

Host

de Luca D'Oro et al., 1993a

1

3

5

TC I

2

1

TC IId

4

28

47

TC IIe

This study

1

4

3

Otherc

Geographic and temporal variations of the distribution of T. cruzi lineages among hosts in Santiago del Estero and Chaco Province, Argentina
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Under pulsed control actions

Under sustained surveillance

Area
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0/1

1/16

TC IIe (1)

24
25

-

6/48

ne

TC IIe (4)

19a

2/5

23

TC IId (1)

18a

3/43

22

TC I (1), TC IIe (1)

17a

1/3

0/5

TC IIe (1)

16a

12/19

21

TC IIe (10)

15a

12/30

2/15

TC I+TC IIb/e (1), TC IIe (4)

14ae

2/44

20b

TC IIb/e (1)

13ae

4/13

1/24

TC IIe (4)

11
12ad

TC IIb/e (1)

2/60

TC I (1)

10

9

0/1
1/37

TC I (1)

0/1

6

8

0/1

5

7

0/43

13/77

5/12

11/41

N° infected / N° examined

4

TC IIe (3)

TC IIe (1)

2a
3a

TC IIe (9)c

T. cruzi lineage

1ab

House

Triatoma infestans

TC IIe (1)

ni

TC IIe (1)

TC I (1)

TC IIe (1)

TC IIc (1)

TC IIc (1)

TC IIe (2)

TC IIe (1)

TC IIb/e (1)

TC IIe (1)

TC IIe (3)

TC IIe (2)

TC IIe (3)

ni

TC IIe (1)

TC IIc (1)

TC I + TC IIe (1)

TC IIe (1)

TC IIe (1)

TC IIe (3)

TC IIe (2)

TC IIe (1)

T. cruzi lineage

1/3

1/2

1/1

1/2

1/3

1/3

3/4

2/3

2/3

1/4

2/4

3/3

2/4

3/5

1/7

1/3

0/6

0/7

2/5

2/8

1/4

2/5

7/9

2/4

1/10

N° infected / N° examined

Dogs

Household distribution of Trypanosoma cruzi lineages in humans, domestic dogs, cats and Triatoma infestans during 2000–2007, Santiago del Estero,
Argentina.
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TC IIc (1)
TC II (1)
TC IIe (1)
TC IIe (1)
TC IIe (2)

27
28
29
30
31
1/32

2/33

1/5

3/5

1/6

1/3

2/6

N° infected / N° examined

nd

nd

nd

nd

0/2

0/3

0/1

N° infected / N° examined

TC IId was identified from one seropositve resident of the house.

e
TC IIe was identified from the only cat infected from this house.

TC IIe was identified from the two cats infected from this house.

d

c
TC IIe was identified in three dispersing bugs caught by light-trapping in the peridomicile as well as in six domestic bugs.

b

Mark the 11 houses referred to in text

a

Numbers in brackets are individuals infected with each named lineage. nd = not examined for infection; ne = house not inspected for infestation; ni = not isolated (isolation from an infected or seropositive
animal could not be achieved)..

TC IIe (1)

TC IIb/e (1)

32

T. cruzi lineage

26

NIH-PA Author Manuscript
House

T. cruzi lineage
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Area

Dogs
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Triatoma infestans
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