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ABSTRACT: Among domestic animals, dogs are considered to be the major
reservoirs of trypanosomatids and, due to their proximity to man, the presence of
these parasites in dogs is an alert to actions aiming at triatomine control. Fifty dogs
(26 males and 24 females), aged from 2 months to 15 years, belonging to 30 chronic
Chagas’ disease individuals from 15 different municipalities in the western region of
São Paulo State, Brazil, were subjected to blood collection for the following tests:
artificial xenodiagnosis, blood culture, and Polymerase Chain Reaction (PCR). Fortythree (86%) out of 50 dogs were positive to at least one of the tests performed; 34
(68%) were positive to xenodiagnosis, 30 (60%) to blood culture, and 25 (50%) to
PCR for T. cruzi and/or T. rangeli. Although triatomines were not detected during the
intra and peridomiciliary inspections in the dog owners’ residences, the results
obtained demonstrate that there is a transmission cycle whereby triatomine vector
may be participating in the infection epidemiological chain.
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INTRODUCTION
Trypanosomiases, mainly induced by the flagellate protozoa Trypanosoma cruzi (8)
and T. rangeli (26), represent important infections for both humans and animals. T.
cruzi, when transmitted by bloodsucking triatomine insects (Hemíptera: Reduviidae),
causes Chagas’ disease, one of the major endemic zoonoses in the American
Continent, where 16 to 18 million infected individuals are expected to exist (31).
Among the main domestic mammals that are reservoirs of trypanosomatids, dogs are
actually behaving as natural sentinels in surveillance areas where campaigns for
vector controls have been held (7). They are also common victims and develop
pathological changes similar to those detected in humans (1, 16).
In the state of São Paulo, Brazil, in the early eighties, as a result of measures
adopted against triatomine vector, Triatoma infestans was virtually eliminated. Since
then, little is known about reservoir animals and trypanosome population that might
be circulating. This is true especially for municipalities of the western region of the
state, with an important history of Chagas’ disease and where many individuals were
chronically infected by T. cruzi.
The objective of the present paper was to study dogs belonging to chronic Chagas’
disease individuals from municipalities of the western region of São Paulo State, to
investigate the role of these animals as reservoirs of trypanosomatids of public health
interest such as T. cruzi and T. rangeli.

MATERIALS AND METHODS
Areas surveyed
Thirteen municipalities of the western region of São Paulo State, Brazil, were visited
from February to September 2001 (Figure 1).

Dog owners characteristics
The study included 30 individuals with chronic Chagas’ disease, routinely examined
at the Outpatient Clinic for Parenteral Transmission Diseases of Botucatu School of
Medicine, UNESP, and that lived in Botucatu and surrounding regions, São Paulo
State, Brazil.
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Dogs characteristics
The 50 animals studied (26 males and 24 females) belonged to 30 chronic chagasic
individuals. All the dogs were living with their owners, and most of them presented a
good general aspect. The animals ranged in age from 2 months to 15 years; 41 were
mongrels (24 from the urban zone and 17 from the rural zone), and nine were of
defined race and from the urban zone.

Sample collection
Blood samples (8 ml) were collected from the brachiocephalic and saphena veins of
each of the dogs in their homes for artificial xenodiagnosis, blood culture, and
Polymerase Chain Reaction (PCR).

Survey of Triatomines in the domiciles
On the occasion of visits to each domicile for dogs’ blood collection, the intra and
peridomicile were surveyed for the presence of triatomines (nymphs and/or adults) or
their signs by trained government employees, with special emphasis on the sites of
greater permanence of the dogs (Figure 2).

Artificial Xenodiagnosis
We used 5 ml of each blood sample for artificial xenodiagnosis, which involved 40
first-instar nymphs of the vector Dipetalogaster maximus, a species of Mexican
origin, maintained in the Laboratory of Tropical Diseases of the School of Medicine of
Botucatu, UNESP. Thirty days after feeding on the animal’s blood samples, all
insects were examined by the abdominal compression method and the feces were
prepared with buffered saline solution (PBS, pH 7.2) and observed under light
microscope at 250X to 400X magnification (6)

Blood culture
Plasma, leukocyte layer, and red blood cell sediment were obtained from 3 ml whole
blood without centrifugation and cultured on sterile liver infusion tryptose (LIT)
medium. The tubes were then incubated in an oven at 28-30°C and daily
homogenized. Readings of the tubes were performed every two weeks by removing
under a laminar flow hood a 5-µl aliquot, which was examined at 1000X
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magnification. The tubes were kept up to 120 days and, even when negative, were
processed for PCR. Positive samples were monthly replated to a new tube containing
sterile LIT medium and kept at 28-30°C until PCR.

Preparation of canine blood samples in LIT medium for the PCR technique
The trypanosomes isolated by blood culture and kept in LIT medium at 28-30°C as
well as negative cultures were washed in sterile PBS, pH 7.2, and centrifuged twice
at 1000 rpm for 10 min. The sediments obtained were stored in microtubes at -20°C
until DNA extraction (19).

DNA extraction
A 250-µl aliquot of each blood sample in LIT medium was added to 250 µl of
extraction buffer according to the extraction protocol described by Da Silva and
Langoni (9). Two aliquots of the aqueous phase, 300 µl and 200 µl, were removed
from each sample and extracted once with a phenol:chloroform:isomylic alcohol
solution (25:24:1) prior to precipitation with sodium acetate and ethanol. Each pellet
obtained after centrifugation was resuspended in 50 µl ultrapure water. The DNA
extracted from the samples was not quantified.

PCR conditions
The P35 and P36 primers (25) were used for amplification of the kDNA minicircle
fragments. In this reaction, the resulting products present are 330 base pairs (bp)
long, corresponding to the amplification of the fragment containing a specific region
of the kDNA minicircle of T. cruzi, (28), which may also anneal and amplify with
kDNA minicircles of T. rangeli. The Y strain of T. cruzi, kindly provided by the Institute
of Tropical Medicine of São Paulo, was used as a positive control of the reaction,
while TNE (Tris-NaCl-EDTA) and the control MIX of PCR were used as negative
controls. Five µl samples of 100 bp of DNA ladder were used as molecular weight
standards. The amplifications were performed in a total volume of 50 µl containing 5
µl PCR buffer (50 mmol KCl, 10 mmol Tris-HCl), 1.5 µl MgCl2 (1.5 mmol), 8.0 µl
dNTP solution (1.25 mmol), 0.3 U Taq-polymerase, 10 pmol of P35 primer (5’AAATAATGTACGGGGGAGATGCATGA–3’),

10

µl

of

P36

primer

(5’-

GGGTTCGATTGGGGTTGGTGT–3’), 10 µl of the extraction product of each sample,
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and 15.2 µl of ultrapure water. All reagents used were from Invitrogen®. PCR was
started in a thermocycler (M. J. Research PTC-200) under the following conditions: 1
cycle at 96°C for 2 min, denaturation, primer annexation and lengthening in 30 cycles
for 1 min each at 94, 60, and 72°C for 10 min (3). The reaction products were
subjected to 2.5% agarose gel electrophoresis in 0.5X Tris-borate-EDTA buffer (TBE)
and the gel was stained with ethidium bromide for one hour (Figure 3).

Statistical analysis
The following two aspects were considered: influence of the patient characteristics
(sex, age range, and origin) on the test results; comparison of the positivity
proportions by the χ2 test, with calculation of κ, z and p, where z is the standard
normal factor. The significance level was set at p<0.05 in all analyses (22).

RESULTS
Forty-three out of the 50 dogs (86%) were positive to at least one of the three
performed tests when considered as a whole (xenodiagnosis and/or blood culture
and/or PCR). Twenty-three were male and 20 were female, with no statistical
difference related to sex (Fisher: p>0.10) (Table 1).
Blood culture positivity was higher among males (χ2=6.461; p<0.05) (Table 2). No
age range effect (χ2=0.293; p>0.50) was observed on this result.
No sex, age range or origin effect was found in the xenodiagnosis (χ2=0.642; p>0.50;
χ2=0.476; p>0.50; χ2=0.848; p>0.10) or PCR results (χ2=0.321; p>0.50; χ2=2.632;
p>0.10; χ2=0.802; p>0.10).
Forty-three dogs (86%) tested positive to one or more of the three diagnostic tests,
with the following age range distribution: 10 (83.3%) out of the 12 dogs in age range I
(from 0 months to 2 years), 17 (89.4%) out of the 19 dogs in age range II (from 2 to 4
years), and 16 (84.2%) out of the 19 dogs in age range III (older than 4 years) (Table
3).
Thirty (90.9%) out of the 33 dogs from the urban zone and 13 (76.4%) out of the 17
dogs from rural areas were positive to xenodiagnosis and/or blood culture and/or
PCR. No significant correlation was detected between origin and positivity to
xenodiagnosis and/or blood culture and/or PCR (Table 4).
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With respect to the concordance or reproducibility between pairs of techniques, 24
dogs were positive to both xenodiagnosis and blood culture and 10 were negative to
both tests, with a concordance rate of 68% (κ=0.3103; ∆κ=0.1393; z=2.23; p<0.05).
Although significant, the concordance between the two methods was weak.
Twenty-one dogs were positive to both xenodiagnosis and PCR and 12 were
negative to both tests, with a concordance rate of 66% (κ=0.32; ∆κ=0.1319; z=2.43;
p<0.05). The concordance between the two methods, although significant, was weak.
Eighteen dogs were positive to both blood culture and PCR and 13 were negative to
both tests, with a concordance rate of 62% (κ=0.24; ∆κ=0.1386; z=1.73; p>0.10).
Twenty-two dogs were positive to xenodiagnosis, blood culture and PCR and seven
were negative to all the three tests, with a concordance rate of 58% (κ=0.16;
∆κ=0.1131; z=1.41; p>0.10) (Table 5).
The weak concordance or reproducibility between xenodiagnosis and/or blood
culture and PCR was expected since xenodiagnosis and blood culture have the
ability to detect any trypanosomatid, in contrast to PCR, since specific primers for T.
cruzi and T. rangeli were used in the present study.
Eighteen (36%) out of the 50 dogs were positive to xenodiagnosis and/or blood
culture but negative to PCR, which exclusively detected T. cruzi and/or T. rangeli,
indicating the presence of infection by trypanosomatids other than T. cruzi or T.
rangeli (Table 5).
The search for vectors inside or around the domiciles visited did not detect any
triatomines in these areas.
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Table 1: Influence of sex of 50 dogs living in the residence of patients with the
chronic form of Chagas’ disease examined at the Outpatient Clinic for Diseases of
Parenteral Transmission, UNESP, on the occurrence of positivity to xenodiagnosis
and/or blood culture and/or PCR.
Xenodiagnosis/Blood culture/PCR
SEX

Number of positive
dogs

Proportion

TOTAL

Male

23

0.8846

26

Female

20

0.8333

24

TOTAL

43

0.8600

50

Statistics: p>0.10 (Fisher)
Note: No significant association between sex and a positive result of xenodiagnosis
and/or blood culture and/or PCR was observed.

Table 2: Influence of sex of 50 dogs living in the residence of patients with the
chronic form of Chagas’ disease examined at the Outpatient Clinic for Diseases of
Parenteral Transmission, UNESP, on the occurrence of positivity to blood culture.
Blood culture
SEX

Number of positive
dogs

Proportion

TOTAL

Male

20

0.7692

26

Female

10

0.4167

24

TOTAL

30

0.6000

50

Statistics: χ2=6.461; p<0.05
Note: There was a significant correlation between sex and the result of blood culture,
with a significantly higher positivity among males.
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Table 3: Influence of age range of 50 dogs living in the residence of patients with the
chronic form of Chagas’ disease examined at the Outpatient Clinic for Diseases of
Parenteral Transmission, UNESP, on the occurrence of positivity to xenodiagnosis
and/or blood culture and/or PCR.
Xenodiagnosis/Blood culture/PCR
AGE

Number of positive

RANGE

dogs

I

Proportion

TOTAL

10

0.8333

12

II

17

0.8947

19

III

16

0.8421

19

TOTAL

43

0.8600

50

I – dogs aged 0 months to 2 years; II – dogs aged 2 years to 4 years; III – dogs older
than 4 years
Statistics: χ2=0.312; p>0.50
Note: There was no significant correlation between age range and positivity to
xenodiagnosis and/or blood culture and/or PCR.

Table 4: Influence of origin, according to the residence zone, of 50 dogs living in the
residence of patients with the chronic form of Chagas’ disease examined at the
Outpatient Clinic for Diseases of Parenteral Transmission, UNESP, on the
occurrence of positivity to xenodiagnosis and/or blood culture and/or PCR.
Xenodiagnosis/Blood culture/PCR
ORIGIN

Number of positive
dogs

Proportion

TOTAL

Urban

30

0.9091

33

Rural

13

0.7647

17

TOTAL

43

0.8600

50

Statistics: p>0.10 (Fisher)
Note: There was no significant correlation between origin and positivity to
xenodiagnosis and/or blood culture and/or PCR.
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Table 5: Agreement between the results obtained by xenodiagnosis and blood
culture in relation to the results obtained by PCR for T. cruzi and/or T. rangeli for 50
dogs living in the residence of patients with the chronic form of Chagas’ disease
examined at the Outpatient Clinic for Diseases of Parenteral Transmission, UNESP.
PCR
Xenodiagnosis/

Positive

Negative

TOTAL

Positive

22

18

40

Negative

3

7

10

TOTAL

25

25

50

Blood culture

PCR: Polymerase chain reaction
Proportion of agreement: p=29/50=0.58=58%
Statistics: κ=0.16; Uκ=0.1131; z=1.41; p>0.10
Note: The agreement between the xenodiagnosis and blood culture tests in relation to
PCR was very weak and non-significant.

Figure 1: Maps showing the location of the studied area in the western region of São
Paulo State, Brazil.
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Figure 2: Government employee searching for triatomines during a visit to the
peridomicile of a dog belonging to a patient with chronic Chagas’ disease, in the
studied area.
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Figure 3: Results of the amplification of fragments of the kDNA minicircle of T. cruzi
and/or T. rangeli by PCR, in ten blood samples of the 50 dogs studied, belonging to
individuals with chronic Chagas’ disease. Electrophoresis on 2.5% agarose gel
stained with ethidium bromide showing the 330 bp fragment derived from minicircles
of T. cruzi and/or T. rangeli. P: Molecular weight standard (100 bp DNA ladder INVITROGEN®); Line 1: positive control (T. cruzi Y strain); Line 12: negative control
(Tris-NaCl-EDTA - TNE); Line 13: negative control (MIX – PCR); Lines 3, 4, 5, 6, 9,
10, and 11: positive samples for T. cruzi and/or T. rangeli; Lines 2, 7, and 8: negative
samples.

DISCUSSION
The frequency of trypanosomatids infection among the dogs PCR positive for T. cruzi
and/or T. rangeli may suggest that there may have been somehow an active
transmission of these trypanosomatids to the dogs. It is possible that the dogs
studied here were actually infected by triatomine vectors as were humans by
contamination of abraded skin or conjunctiva with infected feces and urine of the
vector insect, or even of the oral mucosa when the insect enters the mouth (37).
However, in the absence of triatomines, as observed in the present study, we should
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still consider the possibility of trypanosomatid transmission by rodents and other wild
animals such as opossums, which get increasingly closer to the peridomicile and/or
domicile in search for shelter and food, mainly due to ecologic disequilibrium (4, 5,
23, 24). Thus, in the present study we observed that dogs from the urban zone had
higher rates of infection than dogs from the rural zone, as determined by blood
culture and PCR. These results may suggest that the circulation of trypanosomatids
is increasingly closer to urban centers.
Although the vector was not detected in the domiciles visited, the probability of
finding some triatomines in the regions studied cannot be ruled out. Actually, despite
the success in the control of T. infestans in Brazil, Chile, and Uruguay (12, 32-36),
there should be continuous vigilance about its presence, as it was shown by the
detection of 109 T. infestans specimens at focal points in peridomiciliary
constructions on a farm located in Paulinea, São Paulo State, Brazil. The risk of
occupation of the areas submitted to control action by wild species of triatomines still
exists, possibly leading to important changes in the epidemiology of Chagas’ disease
(10). With the deactivation of the Program for the Control of Chagas’ Disease in
Brazil starting in the mid-eighties, the prophylactic actions have become less
effective, with a consequent concrete possibility of intradomiciliation of triatomines
(21).
In Brazil, both T. cruzi and T. rangeli were detected naturally infecting dogs and
marsupials, respectively (18, 20, 24). The simultaneous presence of T. rangeli and T.
cruzi in the same geographic region permits the occurrence of single or mixed
infections both in vertebrate and invertebrate hosts (17), impairing differential
diagnosis of infection with the two species. Specific differentiation between T. cruzi
and T. rangeli is of great practical importance since, although T. rangeli is not
pathogenic to vertebrate hosts, when infecting humans it induces an immune
response with cross-reactivity with T. cruzi, representing a barrier to the serologic
diagnosis of human Chagas’ disease in areas where these parasites coexist (13).
The P35 and P36 primers used for PCR in the present study were originally designed
for amplification of the kDNA minicircle of T. cruzi (25) and have been used for the
assessment of etiologic treatment of Chagas’ disease in countries such as Bolivia or
in areas of Brazil where the presence of T. rangeli has not yet been reported in
humans (27). However, the use of these primers in countries where mixed infections
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with T. cruzi and T. rangeli are present in vectors and in vertebrate hosts may
complicate the diagnosis. The amplification profile obtained in mixed infections
depends on the proportion of parasites present in the blood sample or in the
intestinal content of the vector, and the detection of the amplification profile for a
trypanosome species may mask the presence of another species (28, 29). The 330
bp fragment of T. rangeli and the proximity of these two sets of fragments on the
agarose gel used in the present study may have created difficulties for a specific
diagnosis in mixed infections, since the detection of typical T. rangeli bands may not
permit the visualization of an infection coexisting with T. cruzi (28).
With respect to blood culture, the use of LIT medium at 26-28°C favors the
development not only of T. cruzi but also of all trypanosomes whose development
ends in the posterior portion of the vector (15), as in the case of T. rangeli. In the
present study, blood culture proved to be a good diagnostic method, with 60%
sample positivity, in agreement with Barbosa et al. (4), who obtained 20% to 60%
positivity in blood cultures with or without previous blood centrifugation. Similarly,
Fernandes et al. (11) obtained 53% positivity and observed that reduced
manipulation of the blood samples increased the positivity of blood culture. Those
results agree with the method good performance in this study, in which blood
centrifugation was not performed either, but as it was observed for xenodiagnosis,
blood culture is also a limited method for the precise distinction between T. cruzi and
T. rangeli simply by direct observation under microscope, since these species can
even be confused with other trypanosomatids.
Although trypanosomatids were detected by xenodiagnosis in 68% of the dogs
studied and, by blood culture, in 60%, the agreement between the results obtained
with the two methods, although significant, was weak or marginal. Similarly, the
agreement between xenodiagnosis and PCR, although significant, was weak or
marginal. These results may be due to the difference in the sensitivity levels of the
diagnostic techniques used, leading to different results even when the techniques are
performed by the same person and all the procedures inherent to the various
laboratory techniques are observed. In addition, since only specific primers for T.
cruzi and T. rangeli were used, the lack of agreement between xenodiagnosis and
blood culture and PCR was expected.
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In an experimental study, Araujo et al. (2) detected positivity to PCR in 100% of dogs
infected with T. cruzi after 5 to 12 years. For dogs with infection lasting more than 10
years, many repetitions of PCR and a larger number of procedures for DNA
extraction were needed. The need to repeat PCR procedures to insure a diagnosis of
chronic T. cruzi infection indicates that this method, at present, should not be used
and interpreted in a separate manner as a single and conclusive tool for the
diagnosis of trypanosomiasis in dogs. In the present study, from the dogs with a
negative PCR result but a positive xenodiagnosis and/or blood culture, corresponding
to 18 of the 50 animals studied (36%), only four were in age range III (more than 4
years old). This observation may indicate that, even if the dogs presented
trypanosomatids other than T. cruzi or T. rangeli at that time, and if PCR had been
repeated later using new samples, positivity for these species might have been
detected not only in the animals in this age range, but also in the animals in age
ranges I and II.
In the blood culture test, male dogs showed significantly higher positivity than
females. Concerning occurrence of infections related to sex, Grossman (14) reported
that the incidence and severity were higher in males, in agreement with a study by
Williams et al. (30) reporting nine fatal cases of trypanosomiasis affecting dogs, eight
of which were male.

CONCLUSION
The high frequency of trypanosomatids infection among dogs belonging to individuals
with chronic Chagas’ disease in this study could be pointing to a transmission cycle
whereby the triatomine vector may be involved, although it was not detected in the
domiciles visited. Maybe these results should be considered as an alert to the need
of surveillance programs for Chagas’ disease transmission in the studied area.
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