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A B S T R A C T

A cross-sectional study was conducted to determine the prevalence of canine trypanosomiasis in an endemic
community of Costa Rica. The indirect hemagglutination and indirect immunofluorescence assay yielded posi-
tive results in 6.4% (20/314) of canine samples analyzed; polymerase chain reaction (PCR) and light microscopy
yielded positive results in one dog. Subsequently, a longitudinal study was carried out with 55 negative T. cruzi
canines in the cross-sectional study. These dogs were divided into two groups: Group 1, which consisted of 25
individuals that lived in dwellings where triatomines were found in their homes; and Group 2, which consisted of
30 dogs that lived in dwellings where triatomines were not found during the previous study in their homes.
Seroconversion occurred in six dogs (10.9%) in Group 1 in the first months of the year (dry season); these dogs
remained seropositive until the end of the study. Only one of the six seropositive canines was also found positive
once in T. cruzi PCR. The analysis of the amplified T. cruzi sequences of dogs and triatomines showed that all of
them belonged to the TcI lineage. It is recommended that residents be made aware of the need to eliminate
vectors in their homes and their surroundings.

1. Introduction

Chagas disease or American trypanosomiasis is a zoonotic disease
caused by the protozoan Trypanosoma cruzi, which can infect humans as
well as domestic and wild animals (Galvao and Justi, 2015). This
parasite is transmitted by triatomine vectors of the order Hemiptera,
family Reduviidae, and subfamily Triatominae. They are hematopha-
gous and primarily nocturnal insects that feed on the blood of humans,
and of wild and domestic animals (Zeledón et al., 2016). Chagas disease
occurs primarily in Latin America, where it is endemic. In endemic
countries it is recommended to routinely evaluate dogs, which are one
of the principal domestic hosts. Under natural conditions dogs are in-
fected more frequently than humans, making it possible to use them as
sentinels to estimate the risk of infection in humans (Abad-Franch et al.,
2010; Barbabosa-Pliego et al., 2011; Greene, 2012; Castillo-Neyra et al.,
2015).

Until 2002, Chagas disease was not considered to be a public health
priority in Costa Rica. Now, however, reporting the disease in humans
is mandatory, and passive epidemiological surveillance is carried out,
as specified in the Standard for the Comprehensive Care of Chagas

Disease (Government of Costa Rica, 2012). However, it is not com-
pulsory to report the disease in animals, and there are no epidemiolo-
gical surveillance programs in canines in Costa Rica (Ministry of
Agriculture and Livestock, 2008).

Canine trypanosomiasis was reported for the first time in Costa Rica
in 1952 in a dog in San Rafael de Heredia, when the parasite was de-
tected in a blood smear (Berrocal-Avila et al., 1993). The dog was living
with a family that was also infected with the parasite. In 1993 another
case of acute trypanosomiasis was reported in San Rafael de Heredia in
a 9-month-old puppy that died suddenly. Cardiac lesions compatible
with T. cruzi were found during necropsy and histopathology; it was,
therefore, determined to be the cause of death. Vectors infected with
the parasite also were found in the dwelling in which this puppy lived
(Berrocal-Avila et al., 1993). In following years, two serological studies
have been conducted in San Rafael de Heredia, both of which yielded
positive results for T. cruzi in dogs (Montenegro et al., 2002; Lizundia
et al., 2014).

The use of indirect or serological diagnostic tests, such as indirect
hemagglutination (IHA), enzyme immunoassay (ELISA), or indirect
immunofluorescence assay (IFA), is recommended for detecting T. cruzi
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infection in dogs, since once they have been infected with the parasite
they will develop antibodies during the first 7 to 15 days post infection,
which can be detected throughout the rest of their lives (Tenney et al.,
2014). However, the use of at least two serological techniques is re-
commended to confirm a positive result (Ribeiro et al., 2012; Bautista-
López et al., 2016). Direct tests can also be used to detect the parasite,
including observation of parasitic phases using light microscopy or the
molecular polymerase chain reaction (PCR) technique (Telleria and
Tibayrenc, 2010; Tanowitz and Weiss, 2017).

The T. cruzi parasite has high genetic diversity and has recently been
classified in seven evolutionary lineages or Discrete Typing Units
(DTU), based on genotypic differences: TcI, TcII, TcIII, TcIV, TcV, TcVI
and TcBat (Muñoz-San Martín et al., 2017). However, very few corre-
lations have been observed between the distribution of these evolu-
tionary lineages and the clinical characteristics of the disease. The most
abundant and heterogeneous evolutionary lineage is TcI, which has
been reported in triatomine vectors as well as in humans and wild and
domestic animals, and this genotype has been found in both wild and
domestic cycles (Muñoz et al., 2013; Padilla et al., 2017). This lineage
has also been found in an opossum, a dog, eleven triatomines and three
humans in Costa Rica (Zuriaga et al., 2012).

Very few studies of canine trypanosomiasis have been carried out in
Costa Rica and no research has been conducted on T. cruzi infection in
dogs from endemic areas over time using serological and molecular

diagnosis, nor have the T. cruzi evolutionary lineages that are infecting
dogs in endemic areas been characterized. This is therefore the first
study carried out in a T. cruzi endemic community (Getsemaní) with the
objectives of determining the prevalence and occurrence of new cases
of T. cruzi in canines during a period of one year, confirming if the cycle
of infection of the parasite is active in this community, and character-
izing the evolutionary lineages present in dogs and vectors in the
community.

2. Methodology

2.1. Description of the study area

The study was carried out in the community of Getsemaní, part of
which is in the district of Santa Lucía in Barva and the other in Los
Ángeles in San Rafael of Heredia. The community is located in a peri-
urban area to the north of the city of Heredia. It is approximately
1240–1500m above sea level, and has an average temperature of
20.1 °C. Annual rainfall is approximately 2374mm, and the dry season
extends from December through April. It is a rocky area due to its
proximity to the Barva volcano. The main economic activities in the
area are coffee cultivation and animal husbandry (cattle and pigs), and
as a result it has large areas of pastures and forests (Moreno Álvarez
et al., 1998; Sandoval, 2011; Sandoval and Barrantes, 2012). This

Fig. 1. Distribution of the dwellings studied and T. cruzi-seropositive dogs in the community of Getsemaní 2015–2016.
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community was selected because it is considered endemic for Chagas
disease, based on the finding of vectors and reports of the disease in
humans and animals (Montenegro et al., 2002; Lizundia et al., 2014).

2.2. Type of study

A cross-sectional, observational and descriptive study was con-
ducted in 2015 to determine the prevalence and current status of canine
trypanosomiasis in Getsemaní. Subsequently, in 2016, a longitudinal,
observational and descriptive study was carried out with 55 dogs whose
T. cruzi tests had yielded negative results in 2015; they were monitored
for one year.

2.3. Sample type and size

The transversal study included 175 dwellings with dogs, in which
the residents were willing to participate in the project, out of a total of
423 houses in the community of Getsemaní. Blood samples were taken
from all dogs present in these dwellings (314), and triatomes were
sought for in the dwellings and their surroundings (Fig. 1).

In the longitudinal study, blood was collected from 55 dogs whose
T. cruzi tests had yielded negative results during the transversal study.
These dogs were examined four times during a year, at intervals of
approximately four months (January, May, September and December
2016). The sample was divided into two groups. Group 1 consisted of
25 T. cruzi-negative dogs who lived in 12 dwellings where infected
triatomines (Triatoma dimidiata) were found in the previous transversal
study in their homes (6) and surroundings (6); and Group 2, which
consisted of 30 dogs, also T. cruzi-negative, that lived in 16 dwellings
where triatomines were not found during the previous study in their
homes or surroundings, but which were living near the dogs of Group 1.

2.4. Data collection

To carry out the study, homeowners gave their informed consent,
and were contacted via telephone one week before to coordinate visits
for sampling and examination of the dogs. The study was also author-
ized by the Animal Welfare and Bioethics Commission of the School of
Veterinary Medicine of the Universidad Nacional of Costa Rica (No.
03–2014).

A clinical record was filled out during each visit, including in-
formation about the homeowner (name, address, geographic co-
ordinates, and a previously assigned house code), information about the
dog (name, breed, age, sex, use, management of the dog, travelling
information and a previously assigned code), and the results of the
clinical examination (temperature, heart rate, respiratory rate, capillary
refill time, mucous membrane color, hydration, heart sounds, size and
shape of lymph nodes, and attitude), to be able to evaluate possible
changes in the canines.

2.5. Collection of blood samples and bugs

Dogs were properly held and disinfected when blood samples were
taken, always under the supervision of a veterinarian. The samples
(approximately 4ml) were taken from the cephalic or saphenous veins,
1 ml of blood was placed in tubes without anticoagulant, and 3ml in
tubes with EDTA (sodium salt of ethylenediaminetetraacetic acid). All
tubes were labeled with the code previously assigned to the canine and
transported at 4 °C in a cooler to the laboratory, where serum was se-
parated by centrifugation (2000g for 10min), labeled, and frozen at
−20 °C. The blood samples with EDTA were centrifuged in the same
way to take a drop from the leukocyte layer, which was analyzed with a
light microscope; the rest of the sample was frozen at −20 °C until
molecular analysis was carried out.

During the cross-sectional study, a search for triatomines was car-
ried out in the 175 dwellings and their surroundings. A two-person

team searched for and collected bugs in all areas of each house with, on
average, one man-hour of search time spent. For peridomestic struc-
tures, the mean searching effort was also one man-hour. The insects
were collected manually, placed in plastic jars, and frozen at −20 °C
until they were processed using molecular techniques.

2.6. Microscopic observation

The drop from the leukocyte layer of the blood sample with EDTA
was placed on a glass slide, covered, and observed under a light mi-
croscope at a magnification of 10, 20 and 40 to determine the presence
of trypomastigotes in each sample.

2.7. Serological analysis

Sera were analyzed with a commercial IHA test from Wiener
Laboratories (“Chagastest HAI”, Rosario, Argentina). The IHA test was
performed following the protocol recommended by the manufacturer;
samples that showed inhibition of the hemagglutination in the 1:16
dilution was considered positive. These sera were subjected again to an
IHA test with serial dilutions (from 1:16 to 1: 4096) to determine the
final titer (Villegas, 2008).

A culture of T. cruzi epimastigotes in an exponential growth phase in
a liver infusion tryptose medium was used for the IFA slides. 25 μl
(1.3× 106 parasites/ml Locke solution) was placed in each of the wells
of the slides, dried at 37 °C for 15min, and fixed with pure acetone for
2min, after which they were kept at −20 °C until they were used. The
sera were diluted 1:32 in Phosphate Buffered Saline (PBS), and 25 μl
was placed in each of the wells. A positive control serum and a negative
control serum were also included on each slide. The slides were in-
cubated for 30min at 37 °C in a moist chamber and washed twice with
PBS for 10min, after which a conjugate was added (anti-dog IgG with
fluorescein; 0855325, MP Biomedicals®, diluted 1:40). They were then
incubated again for 30min at 37 °C in the moist chamber, two addi-
tional washings were carried out with PBS and the slides were observed
using an immunofluorescence microscope. Sera that showed fluores-
cence in the 1:32 dilution were considered positive. The positive sera
were subjected again to the IFA testing (dilutions of 1:32 to 1:4096) to
determine the final titer (Villegas, 2008).

2.8. Molecular analysis

DNA extraction from the blood of dogs and from the rectal ampoules
of the triatomines was carried out using the DNeasy Blood and Tissue
Kit (Qiagen®, Chatsworth, CA, USA), following the manufacturer's re-
commendations. The DNA was then used to amplify a segment of ap-
proximately 667 bp of the 18S rRNA gene, using nested PCR (Pinto
et al., 2015; Aleman et al., 2017). The primers that were used in the
first round were SSU4_F (5′-TGCCAGCACCCGCGGTAAT-3′) and
18Sq1R (5′-CCACCGACCAAAAGCGGCCCC-3′) (Pinto et al., 2015). The
primers used in the second round were SSU561F (5′-TGGGATAACAA
AGGAGCA-3′) and SSU561R (5′-CTGAGACTGTAACCTCAAAGC-3′)
(Noyes et al., 1999).

The PCR reaction was carried out in a final volume of 25 μl, adding
approximately 1 μl (10 ng) of DNA from the sample, 12.5 μl DreamTaq™
PCR Master Mix 2× (ThermoScientific, USA), 0.5 μl each of the two
primers in each round (16 μM) and 11 μl of nuclease-free water
(ThermoScientific, USA) (Noyes et al., 1999). A sample isolated from a
vector and previously confirmed as positive for T. cruzi by sequencing
(GenBank MH020170) was used as a positive control; Nuclease-free
water (ThermoScientific, USA) was used as a negative control. The
nested PCR followed a touchdown protocol, which was used in both
rounds (Murphy and O'Brien, 2007; Aleman et al., 2017).

Electrophoresis of all the products of the second round was per-
formed in 1% agarose gels (Noyes et al., 1999), using GelRed for DNA
staining, and was carried out in an electrophoresis chamber at 100 V for
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30 to 40min. The GenRuler 100 bp DNA Ladder Plus (Fermentas®) was
used as a molecular weight marker. Bands that showed a molecular
weight of approximately 667 bp (Aleman et al., 2017) were considered
positive for T. cruzi and sent to Macrogen Inc. (Seoul, South Korea) to
be purified and sequenced.

The partial sequences obtained were edited using the BioEdit
Sequence Alignment Editor® program (Hall, 1999); they were compared
with the database of the National Center for Biotechnology Information
(NCBI) using the BLASTn algorithm, and the alignments were made
using the MUSCLE program (Edgar, 2004). The partial sequences ob-
tained and edited were deposited in GenBank.

A phylogenetic tree was constructed using the MEGA 7 program
(Molecular Evolutionary Genetics Analysis) with all partial sequences
edited (Kumar et al., 2016). The Kimura 2-parameter sequence evolu-
tion model (Kimura, 1980) with a gamma distribution was used. In
addition, the analysis used the Neighbor-Joining method, and 1000 re-
samplings (bootstrapping) were used as a statistical test.

The partial sequences of Trypanosoma erneyi (JN040989) and
Trypanosoma dionisii (FJ001662) deposited in GenBank were used as
external groups to construct the phylogenetic tree. The sequences used
to determine the T. cruzi evolution lineage were: TcI (FJ001631), TcII
(AF301912), TcIII (AF303660), TcIV (AY491761), TcV (AF228685),
TcVI (AF245383), and TcBat (KT829450).

2.9. Spatial analysis

Using spatial methods (geographic positioning systems, geographic
information systems and remote sensing systems) the distribution of the
seropositive dogs to T. cruzi in Getsemaní was determined. Briefly,
geographical coordinates of dwellings were taken, and the results of
serological assays recorded. Subsequently, this information was trans-
ferred to a software of geographic information systems (ArcGis), and a
thematic map elaborated.

3. Results

Of the 314 dogs examined in the cross-sectional study, 20 (6.4%)
yielded positive results in serological tests; they showed antibody titers
ranging from 1:64 to 1:128 in IHA and 1:32 to 1:512 in IFA.
Seropositive canines were found in 14 dwellings throughout the com-
munity (Fig. 1). In addition, in eight (57.1%) of the 14 dwellings with
seropositive dogs, triatomines (T. dimidiata) were found inside the
houses or in their surroundings. Trypomastigotes were only found by
light microscope in the blood sample of one canine (0.3%), which also
yielded positive results in PCR. The blood sample came from a 2-month
old puppy, whose serum sample yielded negative results in both ser-
ological tests; therefore, it was classified as a case of asymptomatic
acute trypanosomiasis.

A total of 21 (12.0%) dwellings were found infested with triato-
mines, that were located mainly in peridomestic places (n=12), like
wooden accumulations and dog cages. In seven dwellings the insects

were found intra-domicile, in bedrooms and in one mechanical work-
shop, and in two houses the insects were found intra- and peridomici-
liar. All 101 triatomines found in Getsemaní were classified as Triatoma
dimidiata (Lent & Wygodzinsky, 1979), and 82.2% (n=83) were found
positive by PCR to T. cruzi. The infected insects were found in 12 homes
(Argüello, 2018).

In the longitudinal study, the presence of trypomastigotes in blood
samples was not observed using light microscopy in either of the two
groups in any of the four periods (January, May, September and
December 2016) during which the dogs were studied. Of the 25 canines
analyzed in Group 1 in the longitudinal study (T. cruzi-negative canines
that lived in dwellings where triatomines were found), three dogs were
found to be seropositive in the first visit (January 2016), and three
other dogs were found to be seropositive in the second visit (May 2016)
– an incidence rate of 24% (6/25) was determined in Group 1. The six
seropositive canines were detected in a total of four houses (Fig. 1): two
of them with only one seropositive dog each, and two others with two
seropositive dogs each. Four of these six dogs did not have a defined
breed, one was an American Staffordshire Terrier, and another was a
Cocker Spaniel. In addition, four were females and two males, and five
were young adults between 1 and 6 years old, while the other dog was
geriatric, 14 years old.

Throughout the study, the six dogs that displayed seroconversion
showed normal values for temperature, heart rate, respiratory rate,
capillary filling time, and pink mucous membranes; all of them were
hydrated, alert, and docile. One dog (Dog 2) had enlarged popliteal
lymph nodes in two of the exams (May and September of 2016), and
another (Dog 4) had abnormal heart sounds (a heart murmur)
throughout the study. All six dogs were housed in homes as pets, were
not used for hunting and slept outside the house at night. In addition,
all the houses had a patio or large green areas and the dogs did not
leave their home areas.

These dogs remained seropositive through the end of the study, with
antibody titers ranging from 1:64 to 1:1024 in IHA and 1:128 to 1:1024
in IFA (Table 1). It was not possible to study one dog throughout the
study, since it died of poisoning. The other 19 dogs in Group 1 remained
negative throughout the follow-up year, as did the 30 canines in Group
2 (T. cruzi-negative dogs living in houses where no triatomines were
found previously).

Of the 55 dogs analyzed during 2016 in the community of
Getsemaní, only one (Dog 2), that belonged to Group 1, was found to be
T. cruzi-positive by PCR (Table 1 and Fig. 2) on the second sample taken
(May 2016), and also showed seroconversion and an increase in the size
of its popliteal lymph nodes. In the third exam (September 2016), Dog 2
continued to show an increase in the size of its popliteal lymph nodes,
but PCR results were negative, while antibodies were detected through
the end of the study. Its popliteal lymph nodes were of normal size in
the fourth exam (December 2016).

Triatoma dimidiata were found in all the houses in which dogs ser-
oconverted during the longitudinal study (houses 4, 5, 7 and 22). The
PCR analysis determined these triatomines positive for T. cruzi (Fig. 2).

Table 1
Serological results of the six dogs that displayed seroconversion during the longitudinal study in Getsemaní community.

House Dog September 2015a January 2016 May 2016 September 2016 December 2016

IHA IFA IHA IFA IHA IFA IHA IFA IHA IFA

4 1 – – – – + (1:512) + (1:1024) + (1:512) + (1:512) + (1:512) + (1:1024)
4 2b – – – – + (1:128) + (1:256) + (1:512) + (1:512) + (1:1024) + (1:512)
5 3 – – + (1:512) + (1:512) + (1:1024) + (1:512) + (1:512) + (1:512) + (1:512) + (1:512)
7 4 – – + (1:64) + (1:256) + (1:128) + (1:256) + (1:64) + (1:128) + (1:64) + (1:256)
7 5 – – + (1:128) + (1:128) + (1:64) + (1:128) NA NA NA NA
22 6 – – – – + (1:1024) + (1:1024) + (1:1024) + (1:512) + (1:1024) + (1:256)

a Results of the transversal study. IHA: indirect hemagglutination, IFA: indirect immunofluorescence. NA: Not analyzed, due to death.
b PCR positive in the May 2016 evaluation.
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The amplified PCR-positive canine blood samples (puppy from the
transversal study and Dog 2 from the longitudinal study), and PCR
positive triatomines from houses 4, 5, 7 and 22 (in which dogs ser-
oconverted during the longitudinal study), were sent to Macrogen Inc.
to be purified and sequenced. The partial sequences obtained showed a
100% (638/638 bp) nucleotide identity among them, and 100% (638/
638 bp) nucleotide identity with the isolated sequence of a rodent in
Texas, USA (LT220278). In addition, they showed a 98% (586/589)
nucleotide identity with the sequence obtained from a bat in Brazil
(FJ001631), which belonged to the TcI lineage.

The phylogenetic relationships between the sequences obtained
from dogs and bugs in Getsemaní community, with the sequences ob-
tained from a US rodent (LT220278) and a bat from Brazil (Lineage TcI,
FJ001631) are presented in Fig. 3, the sequences of Getsemaní were
clearly determined belonging to the TcI lineage of T. cruzi, with a
bootstrap value of 97% and deposited in Gen Bank under accession
numbers MH045194.1 to MH045199.1).

4. Discussion

The finding of 20 serologically positive dogs in the transversal study
and the detection of seroconversions in dogs in the longitudinal study
confirmed that the T. cruzi infection cycle continues to be active in the
community of Getsemaní (Nieto et al., 2009), and that dogs have had
contact with the parasite. The T. cruzi seroprevalence of 6.4% (20/314)
found in dogs in the transversal study and the finding of seropositive
dogs to T. cruzi in 14 dwellings makes it possible to estimate the risk of
infection of the humans living in this endemic area. These results can be
used to increase awareness of the importance to report canines' infec-
tions as part of epidemiological surveillance programs to control human
cases (Abad-Franch et al., 2010; Barbabosa-Pliego et al., 2011; Greene,
2012; Castillo-Neyra et al., 2015).

Serological techniques are considered the most appropriate tests for
the diagnosis of Chagas disease, since antibodies can be detected
around 7 to 15 days after infection and persist for the rest of the lives in
infected individuals, or for as long as these individuals remain infected
(in case of humans that can be treated) (Nieto et al., 2009; Rodrigues
and Borgues-Pereira, 2010; Tenney et al., 2014).

The use of light microscopy to detect parasitic forms of T. cruzi is
recommended in cases in which there are clinical or epidemiological
suspicions of an acute phase, since a greater amount of trypomastigotes
circulating in blood can be observed during the first weeks after in-
fection (Vega and Náquira, 2006; Abras et al., 2017). The puppy found
to be positive using light microscopy and PCR in the transversal study,
in which antibodies against the agent or clinical signs were not found,
indicates that the puppy had been recently infected and was in an acute
phase of infection.

The finding of a PCR-positive dog in May 2016 in the longitudinal
study with enlarged popliteal lymph nodes and which was found in the
following examination to be PCR-negative but serologically positive,
indicates that the dog was possibly ending the acute phase in May, and
by the time of the next examination had entered to the indeterminate
phase. This phase is characterized by a reduction of parasitemia due to
intracellular infection of cardiac cells, where the parasite continues
replicating itself for many years without causing evident clinical signs
(Vega and Náquira, 2006; Abras et al., 2017).

The same genetic variant of the T. cruzi parasite, the TcI lineage,
was observed in both vectors and dogs in Getsemaní community, which
agrees with previous studies that reports this lineage to be the most
common in Central America (Zuriaga et al., 2012; Dorn et al., 2017).
The finding of TcI in sympatric vectors and in dogs needs further studies
in order to identify genotypic differences using more appropriate gene
markers and assays with better sensitivity that could contribute to
elucidate population dynamics (Izeta-Alberdi et al., 2016).

It was found that dwellings with vectors and seropositive canines
were distributed throughout Getsemaní community, and that the dis-
tribution of triatomines and seropositive canines were coinciding with
each other. Furthermore, in the longitudinal study dogs seroconverted
only in dwellings in which triatomines had previously been found,
showing that this represents a risk for infection for humans and do-
mestic animals (Eloy and Lucheis, 2009).

In the longitudinal study, all canines seroconverted during the first
months of the year, which is the dry season in Getsemaní community
(Moreno Álvarez et al., 1998; Sandoval, 2011; Sandoval and Barrantes,
2012). This is consistent with findings from studies in Mexico that re-
ported that populations of T. dimidiata were more abundant during the
dry season, which has been associated with greater colonization of
dwellings by these insects (Dumonteil et al., 2002). However, further
studies should be carried out to confirm that these two factors – the
vector-host relationship and the dry season – are risk factors for T. cruzi
infection in the dogs in Getsemaní community.

The treatment of infected canines is controversial because no ve-
terinary drugs are registered against T. cruzi and experimental studies
have shown that Nifurtimox and Benznidazole cause multiple side

Fig. 2. Electrophoretic analysis of T. cruzi-positive canine and triatomine
samples using PCR. MM: Molecular weight marker (GenRuler 100 bp DNA
Ladder Plus, Fermentas®), C+: Positive control, triatomine (GenBank
MH020170) 1: Puppy, cross-sectional study (GenBank MH045194), 2: Dog 2,
longitudinal study (GenBank MH045195), 3: Triatomine, House 4 (GenBank
MH045196), 4: Triatomine, House 5 (GenBank MH045197), 5: Triatomine
House 7 (GenBank MH045198), 6: Triatomine House 22 (GenBank
MH045199), C-: Negative control.

Fig. 3. Phylogenetic tree based on the 638 bp sequences of the 18S rRNA gene
from the samples of dogs and bugs infected with T. cruzi from the community of
Getsemaní.
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effects (vomiting, nausea, convulsions), due to toxicity in dogs (Greene,
2012). Furthermore, only an initially decrease of the parasitic load was
recorded with Benznidazole (Santos et al., 2016). Infected canines that
present cardiac symptomatology need to be treated with supportive
therapy (medication for cardiac function, bronchodilators, and diuretics
among others), nevertheless, the prognosis in these animals is reserved,
since they usually develop the chronic phase and die suddenly (Greene,
2012).

For these reasons it is important to educate the population in en-
demic areas to treat their dogs in a prophylactic way, using systemic
insecticides (Fluranaler or others) to avoid triatomines feeding on in-
fected dogs, as well as to avoid infection of negative dogs by infected
triatomines, and to interrupt the transmission cycle (Abad-Franch et al.,
2010; Greene, 2012). Finally, since the congenital transmission of T.
cruzi has a high rate, an important recommendation should be also to
avoid reproduction of infected females (Greene, 2012; Berrizbeitia
et al., 2013; Rodrigues, 2015). The population of Getsemaní is therefore
advised to remain alert to the appearance of vectors in their homes, to
implement the entomological surveillance protocols that have been
established in the country, and to follow the prophylactic measures
recommended for dogs.

In addition to the presence of the hematophagous vector (T. dimi-
diata) in dwellings, other risk factors include the ways in which the
dwellings are constructed, their proximity to coffee plantations or va-
cant lots, and the accumulation of materials in or around the dwellings
(Government of Costa Rica, 2012). These factors are present in many of
the dwellings in Getsemaní, given that the main activities in the area
are agriculture (Moreno Álvarez et al., 1998; Sandoval, 2011; Sandoval
and Barrantes, 2012). Changes in the environment of houses infested
with triatomines have been successful and turn out to be also a good
way of permanent control, less expensive, more sustainable and rea-
listic, than using fumigation with insecticides (Zeledón et al., 2008). For
example, eliminating the wooden accumulations, avoiding the use of
lights in the peridomiciliary area, not allowing pets to sleep outside the
house and preventing the pests of synanthropic animals.

5. Conclusions

The appearance of new serologically T. cruzi-positive dogs in this
study indicates that the cycle of infection of the parasite is active in the
community of Getsemaní. It was shown that cases of canine trypano-
somiasis were higher in the group of canines that were living in
dwellings with infected vectors, which could also represent a risk of
infection for people living in these dwellings. It is recommended that
residents be made aware of the need to eliminate vectors in their homes
to reduce the incidence of infections among their dogs and to instruct
them about the need to treat their infected dogs to interrupt the
transmission cycle. It is also recommended that the residents of
Getsemaní and other endemic communities of Costa Rica be educated
and informed about the contents of the Standard for the Comprehensive
Care of Chagas Disease (Government of Costa Rica, 2012).
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