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A B S T R A C T

In this study, the prevalence of T. cruzi infection was estimated in dogs and their owners from a rural community
in Mexico using serological techniques for chronic infection cases, qPCR for acute phase cases, and a combination
of both techniques to detect chronic and acute infections. Eighty-nine blood samples were collected from owners
and their dogs for obtaining serum and parasite DNA. Prevalence was calculated using (i) positive cases detected
in a serological test (ELISA and Western blot), (ii) positive cases detected in a qPCR test, and (iii) positive cases
detected by both techniques. Sensitivity, specificity, and predictive values were determined individually for
serology, qPCR and for both techniques used simultaneously. The prevalence observed varied: for serology, 25.8%
of the dogs and 7.9% of the owners were seropositive, while for qPCR 29.2% of the dogs and 10.1% of the owners
were identified as positive. Combination of serological and molecular techniques resulted in a prevalence of
38.2% for dogs and 12.4% for their owners. The sensitivity, specificity and predictive values calculated for both
techniques improved when both techniques were used simultaneously (sensitivity of 92.4% and specificity of
100% for infected dogs and sensitivity of 93.4% and specificity of 100% for infected owners). Combined use of
serological tests and qPCR allowed identifying a greater number of positive cases in dogs and their owners. This
strategy may help implement adequate and timely epidemiological surveillance of American trypanosomiasis in
order to prevent the appearance of new cases of Trypanosoma cruzi infections in endemic zones.
1. Introduction

Chagas disease, also known as American trypanosomiasis, is a
potentially life-threatening illness caused by the protozoan parasite
Trypanosoma cruzi. Chagas disease has been reported in humans and
domestic and peridomestic reservoirs mainly from rural and peri-urban
areas. Dogs, cats and synanthropic rodents are capable to maintain the
life-cycle of T. cruzi. These animals and particularly dogs, can play a key
role as amplifier hosts of T. cruzi in domestic transmission cycles covering
a broad diversity of ecoregions and triatomine species, throughout the
Americas (Gürtler & Cardinal, 2015). Chagas disease in Mexico is poorly
understood because there are no official programmes for vector control
in all of the endemic areas of the country (SSA, 2013). The techniques
proposed for the diagnosis are based on the detection of antibodies to
determine previous contact with the parasite (OPS, 2018). Molecular
im�enez-Coello).
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techniques such as PCR may help detecting T. cruzi in the acute phase of
the disease where trypomastigotes are present in blood samples. A
combination of serological tests and molecular tools may help improving
the accuracy of the epidemiological surveillance of this parasitic disease
in endemic areas such as the rural communities of the Neotropical region
of Mexico. Most rural communities have abundant populations of stray
dogs which could act as reservoirs of T. cruzi (Ortega-Pacheco et al.,
2007; Jim�enez-Coello et al., 2008, 2010b, 2015; Travi, 2019). Studies of
T. cruzi seropositivity have demonstrated a direct correlation between the
human infection and dog infection in the states of Mexico and Sonora
(Estrada-Franco et al., 2006; Arce-Fonseca et al., 2017). However, such
apparent association has not been confirmed in other parts of Mexico
(Jim�enez-Coello et al., 2010a). Combination of serological techniques for
the detection of individuals in the chronic phase of the disease (anti-
bodies), and molecular tools for the detection of the parasite in the acute
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phase (parasitemia) may help identifying correctly individuals infected
with T. cruzi in rural communities from endemic zones.

The aim of this study was to determine the prevalence of T. cruzi in
dogs and their owners using serological techniques for detection of
chronic cases, qPCR tests for detection of acute infection cases, and a
combination of both techniques to simultaneously detect chronic cases
and acute infections.

2. Materials and methods

2.1. Study population and blood sample collection

A cross-sectional study was performed in the rural community of
Molas, located at a distance of 16 km (10 miles) from Merida City,
Yucat�an, Mexico (20�48057.9600N, 89�37054.1200W). The climate of the
region is humid subtropical, with a rainy season during the summer
(Flores-Guido & Espejel-Carvajal, 1994). Blood samples were collected
from 89 dogs by venipuncture of the jugular vein and from their
respective owners by venipuncture of the cubital vein. Two blood sam-
ples were taken from each dog and owner: one using tubes without
anticoagulant to obtain serum and the other to preserve DNA from whole
blood (PAXgene Blood DNA Tubes, Qiagen, Hilden, Germany). Samples
were stored at �20 �C until processed in the laboratory.

2.2. Obtaining of serum and DNA samples for the assays

Blood samples without anticoagulant were centrifuged at 440� g for
10 min to obtain the serum. For the PCR assay, DNA was obtained from
whole blood, using a commercial kit (DNeasy Blood & Tissue Kit®,
Qiagen), applying the modification described by Jalal et al. (2004).
Genomic DNA was analyzed for quality and quantity using a spectro-
photometer (Nanodrop® 2000, ThermoFisher Scientific, Massachusetts,
USA).

2.3. Serological analysis (ELISA and Western blot)

The commercial ChagaTest® kit (enzyme-linked immunosorbent
assay-ELISA, Wiener lab., Rosario, Argentina) was used as a screening
diagnostic test. The kit contains six recombinant antigens of specific
proteins from epimastigote and tripomastigote stages of different strains
of T. cruzi.

Human serum samples were examined to detected T. cruzi-specific
IgG antibody using the ChagaTest® following the manufacturerʼs in-
structions. Canine serum samples were tested using the ChagaTest® but
modified using a second antibody anti-dog IgG conjugated with HRP
(Jimenez-Coello et al., 2018). The ELISA procedure is described briefly:
canine serum was used in a dilution of 1:100 with kit diluents and placed
in ELISA plates. Then, a second species-specific antibody conjugated to
the enzyme horseradish peroxidase (HRP) (goat anti-dog lgG-HRP, Cat.
No. sc-2433, Santa Cruz Biotechnology, Texas, USA) was added using a
dilution of 1:5000. The color was developed with tetramethylbenzidine
and hydrogen peroxide substrates and reactions were stopped by acidi-
fication of the reaction medium. Plates were analyzed using an automatic
ELISA reader (VICTORX3 Multilabel Plate Reader, PerkinElmer, Massa-
chusetts, USA) and the optical density of the samples was measured with
a 450 nm filter. Dog serum samples previously validated as positive or
negative for T. cruzi infection were used as ELISA controls. Samples
positive in the ELISA test were confirmed with the Western blot tech-
nique (WB).

For the WB technique, total protein extracts of T. cruzi epimastigotes
of H4 strain were used as antigens (Laemmli, 1970). Total protein ex-
tracts were separated by electrophoresis in denatured polyacrylamide gel
at 10% (SDS-PAGE). Proteins were then transferred to nitrocellulose
membranes (Merck Millipore ®, Massachusetts, USA) (Towbin et al.,
1979). An absorber of transference 1� (0.25 mM Tris-HCl, 190 mM
glicine, 0.1% SDS, 20% methanol) was used at 80 V for 30 min in a cold
2

buffer. The membranes were blocked with TBST/milk (0.05% Tween 20,
10 mM Tris-HCl, pH 8, 150 mM NaCl, and 1% skimmed milk) for the
subsequent immunodetection (Towbin et al., 1979). Membranes were
coated with positive serum samples detected in the ELISA assay at a
dilution of 1:100 in TBST/milk (0.05% Tween 20, 10 mM Tris-HCl, pH 8,
150 m MNaCl, and 1% skimmed milk). Then, a second IgG antibody
species-specific for dog, conjugated to alkaline phosphatase (AP) (Cat.
No. sc-2434, Santa Cruz Biotechnology) at a dilution of 1:5000 in
TBST-milk was incubated. The strips were visualized using the Alkaline
Phosphatase Conjugate Substrate commercial kit (Bio Rad, Cat. No.
170-6432). Positive and negative for T. cruzi infection dog serum samples
were used as controls. Additional negative control using only the second
antibody conjugated to AP was incubated to discard nonspecific bind-
ings. Samples were considered positive for the WB technique when at
least one band different from the negative controls was observed
(Ramos-Ligonio et al., 2006).

2.4. Detection of T. cruzi through a real-time quantitative PCR

GAPDH gene was amplified by qPCR before the use of a DNA sample
in order to discard the presence of endogenous PCR inhibitors in each
sample. For detection of T. cruzi DNA qPCR assay was performed using
the primers TCZ-F (50-GCT CTT GCC CAC AMG GGT GC-30) and TCZ-R
(50-CCA AGC GGA TAG TTC AGG-30) in a real-time thermocycler
(CFX96TM, Bio-Rad, California, USA). The primers used detected a 195-
bp repeat sequence (satellite) present in T. cruzi DNA (Gonzalez et al.,
1984; Schijman et al., 2011). Each PCR reaction contained
1� QuantiTect SYBR-Green PCR Master Mix (Qiagen), 0.3 mM of the
specific primers (TCZ-F and TCZ-R), 2 μl of template DNA and
nuclease-free water to obtain a final volume of 20 μl. The amplification
was conducted under the following cycling conditions: denaturation at
95 �C for 15 min, followed by 50 cycles (95 �C for 10 s, 55 �C for 15 s and
72 �C for 10 s). After amplification, a melt curve was generated at
74–85 �C raising the temperature by 0.5 �C at each step. The melting
temperature (Tm) expected for T. cruzi amplicon was 81 �C. DNA from
dogs negative for T. cruzi infection and a master mix without DNA were
included as negative controls. qPCR assays were carried out in triplicates
and T. cruzi load was estimated by the absolute quantification method.
The standard curve was done using serial dilutions (1:10) of T. cruzi
epimastigotes of the H4 strain (genomic DNA) (1–1 � 107 parasite
equivalents/ml). Data were analyzed using the software Bio-Rad®
Manager 2.0 to determine the parasite load in the blood samples.

2.5. Statistical analysis

In order to perform an analysis in the absence of a reference standard
(gold standard), all known positive cases detected by the serological
(ELISA/WB) and/or qPCR techniques were combined to construct a
reference standard outcome (Rutjes et al., 2007). With the construct of
this reference standard, the sensitivity, specificity, positive and negative
predictive values, and accuracy of the serological techniques and qPCR
were calculated employing contingency tables in the WinEpiscope 2.0
software (Thrusfield et al., 2001). The contingency tables were used to
determine the significance of the differences in the estimated prevalence
between the serological and molecular techniques.

3. Results

3.1. Serological and molecular techniques

The prevalence estimated by the serological techniques was 25.8%
(23/89) for dogs and 7.9% (7/89) for their owners. Trypanosoma cruzi
DNAwas found in 29.2% (26/89) and 10.1% (9/89) of the blood samples
from dogs and owners, respectively. The combined prevalence calculated
with positive samples detected by ELISA/WB and/or qPCRwas 38.2% for
dogs and 12.4% for owners (Table 1). No significant differences were
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found in the prevalence calculated using positive cases detected by
ELISA/WB, qPCR and both techniques for both dogs and their owners
(P > 0.05); however, dogs presented a higher number of positive cases
compared to their owners (P < 0.001).

The overall mean parasite load in dogs was 14.8 � 11.1 parasite
equivalents/ml (range: 2.5–32.7 parasite equivalents/ml). Only 15 of 26
qPCR-positive dog samples were found to be positive by serological
techniques, the remaining 11 cases in the acute phase (with circulating
parasites) had no detectable antibodies. In the case of their owners, the
overall mean parasite load was 13.7� 8.4 parasite equivalents/ml (range:
5.4–33.0 parasite equivalents/ml) (Table 2). Regarding the qPCR-positive
samples, 5 of 9 samples were positive by serology and the remaining 4
cases in the acute phase were not detected by ELISA/WB (Table 2). In this
study, it was observed that serological techniques present a good detec-
tion threshold for cases of trypanosomiasis in humans and dogs, as long as
the parasite loads are higher (>21 parasite equivalents/ml). In cases with
low (1–10 parasite equivalents/ml) and medium (11–20 parasite equiv-
alents/ml) levels of parasitemia, the serological tests showed deficiencies
in detecting most of the positive cases.

3.2. Comparation between techniques

Table 3 provides the sensitivity (%), specificity, positive and nega-
tive predictive values (%), and accuracy (%), and their respective 95%
confidence intervals (95% CI) for the use of serology (ELISA/WB), qPCR
and both techniques to identify dogs and owners infected with T. cruzi
in the rural community studied. The sensitivity observed for each
technique varied between dogs and humans. The main variation on the
sensitivity between both diagnostic techniques was observed in
humans, the values for qPCR being higher. The specificity and positive
predictive values were equal for both techniques in both species
(100%). For the false negative cases, a higher variation was also
observed in human samples and the qPCR resulted in a lower value.
When both techniques were used combined for the detection of positive
cases, all of the calculated values improved with respect to the values
obtained from the techniques used individually. The negative predictive
Table 1
Prevalence and number of Trypanosoma cruzi infection cases diagnosed by ELISA an
(qPCR) (acute cases) in dogs and their owners from a rural community in southern M

Chronic and acute cases detected by serological and molecular techniques

No. of samples examined (N)
No. of positive cases (ELISA/WB)
No. of positive cases (qPCR)
No. of positive cases (ELISA/WB þ qPCR)
Prevalence calculated for ELISA/WB results, % (n/N)
Prevalence calculated for qPCR results, % (n/N)
Prevalence calculated for ELISA/WB þ qPCR results, % (n/N)

Note: Different superscript letters (a and b) in a row indicate significant differences (
Abbreviations: n, no. of positive cases; N, no. of samples examined.

Table 2
Parasite load of Trypanosoma cruzi (parasite equivalents/ml) in blood samples of dogs a
positive cases using real-time PCR (qPCR) and the proportion of these cases detected

Parasite load levela qPCR positive cases

Dogs
Low 14
Medium 2
High 10
Overall 26

Humans
Low 3
Medium 5
High 1
Overall 9

a Low, 1–10 parasite equivalents/ml; medium, 11–20 parasite equivalents/ml; high
b Range (Mean � SD) parasite equivalents/ml.

3

values (true negatives) were better estimated than those obtained with
each technique individually.

4. Discussion

In the present study, we compared the prevalence of T. cruzi estimated
with the combined use of serological (ELISA/WB) and a molecular
detection technique (qPCR) compared with both methods used in isola-
tion, to identify positive cases of T. cruzi infection in dogs and their
owners.

Most studies exploring the prevalence of T. cruzi in humans, dogs or
other parasite reservoirs have been based on serological tests such as WB,
immunofluorescence antibody test (IF), ELISA, indirect hemagglutina-
tion test (IHA) (Jim�enez-Coello et al., 2015; Ballesteros-Rodea et al.,
2018). However, one of the limitations of serological tests in humans and
dogs is that they only detect exposure to the parasite (chronic phase) and
do not provide evidence regarding possible recent infections in which it
is not possible to detect an immune response (acute phase) (Bahia et al.,
2002; Basso, 2013; Cardillo et al., 2015). The acute phase cases can be
diagnosed with qualitative techniques in which the presence of the
parasites in the blood is confirmed under light microscope in stained
samples of blood or by concentration techniques, such as examination of
microhematocrit (CFSPH, 2017). The main limitation is the threshold of
detection, as infections with low parasite loads may not be identified by
the laboratory technician leading to a false negative result. Likewise, the
clinical signs are unnoticed by the infected person, so diagnosing new
cases of infection can be difficult. The diagnosis in the acute phase of the
infection would provide timely treatment that would help eliminate the
parasite and reduce cardiac complications associated with severe acute
infections (Menezes et al., 2011).

The simultaneous use of serological tests (ELISA/WB) and qPCR
allowed identifying a higher prevalence of individuals infected with
T. cruzi (both dogs and their owners) in comparison with cases detected
using either serology or qPCR. The use of both approaches allowed the
detection of chronic infection cases, which present antibodies (serology),
as well as acute-phase infection cases (with parasitemia). ELISA/WB and
d confirmed by Western blot (WB) technique (chronic cases) and real-time PCR
exico

Dogs Humans

89 89
8 2
11 4
15 5
25.8 (23/89)a 7.9 (7/89)b

29.2 (26/89)a 10.1 (9/89)b

38.2 (34/89)a 12.4 (11/89)b

P � 0.05).

nd owners from a rural community from southern Mexico that were diagnosed as
by ELISA and Western blot (WB) technique

Parasite loadb Cases detected by ELISA/WB (%)

2.5–8.7 (5.2 � 1.7) 5 (35.7)
19.6–20.1 (19.9 � 0.4) 1 (50.0)
22.9–32.7 (27.4 � 3.5) 9 (90.0)
2.5–32.7 (14.8 � 11.1) 15 (57.7)

5.4–7.6 (6.6 � 1.1) 0 (0)
10.0–18.1 (14.0 � 3.1) 4 (80.0)
33.0 1 (100)
5.4–33.0 (13.7 � 8.4) 5 (55.6)

, >21 parasite equivalents/ml.



Table 3
Sensitivity (%), specificity (%), positive and negative predictive values (%), and accuracy (%) and their respective 95% confidence intervals resulting from the use of
serological techniques (ELISA þ Western blot, ELISA/WB), real-time PCR (qPCR) and both techniques to identify chronic and acute cases of dogs and owners infected
with Trypanosoma cruzi in a rural community from southern Mexico

Serological techniques (ELISA/WB) qPCR Combined

Dogs
Sensitivity (%) 67.6 (51.9–83.4) 76.5 (62.2–90.7) 92.4
Specificity (%) 100 100 100
False positive (%) 0 0 –

False negative (%) 32.4 (19.1–49.2) 23.5 (12.4–40.0) –

Predictive value (positive) (%) 100 100 100
Predictive value (negative) (%) 83.3 (74.3–92.3) 87.3 (79.1–95.5) 95.5
True prevalence (%) 38.2 (28.1–48.3) 38.2 (28.1–48.3) –

Apparent prevalence (%) 25.8 (16.7–34.9) 29.2 (19.8–38.7) –

Accuracy (%) 87.6 (80.8–94.5) 91.0 (85.1–97.0) 96.6
Humans
Sensitivity (%) 63.6 (35.2–92.1) 81.8 (59.0–100) 93.4
Specificity (%) 100 100 100
False positive (%) 0 0 –

False negative (%) 36.4 (15.2–64.6) 18.2 (5.1–47.7) –

Predictive value (positive) (%) 100 100 100
Predictive value (negative) (%) 95.1 (90.5–99.8) 97.5 (94.1–100) 99.1
True prevalence (%) 12.4 (5.5–19.2) 12.4 (5.5–19.2) –

Apparent prevalence (%) 7.9 (2.3–13.5) 10.1 (3.8–16.4) –

Accuracy (%) 95.5 (91.2–99.8) 97.8 (94.7–100) 98.9
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the qPCR had high specificity to detect T. cruzi, first by identifying an-
tibodies that recognize different polypeptide fractions in the complex
antigenic mixtures of parasite antigens, and secondly by amplification of
DNA of parasites present in the blood samples (Brasil et al., 2010; Tor-
res-Gutierrez et al., 2015). However, the sensitivity of these techniques is
variable because positive results are influenced by the stage of infection
of the individual sampled. Some variability in the sensitivity values be-
tween serological techniques and qPCRwas observed in the present study
(Table 3); however, when the results from both techniques were com-
bined, the sensitivity improved up to 93.4% for humans and 92.4% for
dogs. The use of both techniques increases the probability to identify
correctly a non-infected dog (95.5%) and a non-infected human (99.1%).
This improvement in the detection was observed in 11 dog samples and 4
human samples that were negative for the ELISA/WB techniques, but
positive for the qPCR technique. The latter suggests that these individuals
were in the acute phase of the disease, therefore have not yet developed a
measurable immune response (IgG) (Kierszenbaum et al., 1993). The
same situation occurs in the case of the molecular technique, where 8 dog
samples and 2 human samples that were negative for the qPCR test were
positive for serology, indicating chronic infection of the hosts and thus,
the lack of circulating parasites in the peripheral blood.

The prevalence of infection in dogs estimated in this study is similar
to the prevalence of 29.9% reported by Carrillo-Peraza et al. (2014) using
a rapid serological test in the same rural community (Molas). However,
the prevalence reported here is higher than that reported in other studies
conducted in the same region of Mexico. Thus, the prevalence calculated
using the results of WB, IFI and PCR endpoint in dogs of another rural
community (Tunkas) was 9.8%, while in the urban area of Capital city of
Yucatan, the prevalence was 17.3% (Jim�enez-Coello et al., 2008). In
other countries, such as Argentina and Panama, the prevalence of
infection in dogs was 60% and 11.1%, respectively (Gürtler et al., 2007;
Pineda et al., 2011).

The present study showed that the prevalence of T. cruzi in dogs and
their owners is similar to those reported for other parts of Yucat�an and
other states of M�exico. Jim�enez-Coello et al. (2010a) reported a preva-
lence of 34% in dogs and 8% in their owners from the south of M�erida,
Yucatan, using IFI and WB. Similar prevalence relation, i.e., 21% in dogs
and 7.1% in their owners was reported by Estrada-Franco et al. (2006) in
central Mexico using ELISA, IFI and IHA. In Venezuela, the seropreva-
lence of infected dogs and infected people living in the same household
were 83.2% and 17.8%, respectively (Crisante et al., 2006), and although
several dogs were classified as acute cases, no molecular examination
4

was carried out to confirm this status in the study of Crisante et al.
(2006). The above data suggest that dogs play an important role in the
maintenance and transmission of T. cruzi to people living in close asso-
ciation with dogs, and that complementary molecular studies would
provide a better epidemiological picture of the situation.

Although the seroprevalence in most of studies that include dogs and/
or humans may be of epidemiological importance, the real prevalence
may be underestimated because the acute phase (new infections and re-
infections) has not been detected by serological techniques. The use of
PCR as a complementary test for the diagnosis of Chagas disease is
important due to its capacity for the detection of T. cruzi DNA (Gilber et
al., 2013; Moreira et al., 2013; Abras et al., 2018). The combination of this
technique with the serological tests allows the detection of cases in which
parasitaemia is very low or when the infection is recent, thus improving
the epidemiological surveillance of Chagas disease (Piron et al., 2007;
Schijman et al., 2011; Seiringer et al., 2017; Rodrigues-dos-Santos et al.,
2018). Parasite load can explain the efficacy of serological and molecular
detection of the parasite, and it is advisable to include whenever possible
this analytical evaluation in epidemiological surveys. The importance of
this combination could be observed in the present study when 11 infected
dogs were false negative for serology, which can contribute to the
persistence of T. cruzi by becoming reservoirs of this parasite and more
worrying in the case of four people which were infected but were not
identified by serological tests, which, due to not being treated promptly,
would suffer the effects of this parasite in the medium- and long-term.
Therefore, it is advisable to include, whenever possible, the use of mo-
lecular tests alongside serological tests in epidemiological surveys.

Although the differences in prevalence estimated in the present study
based on the results of the serological tests, qPCR and combined tech-
niques were not statistically significant, the detection of higher number
of infected human cases in the community using both techniques should
be an encouragement to the health center services of countries to adopt
this approach to improving the surveillance system in order to provide a
timely medical service and reduce the impact of American trypanoso-
miasis on the health of the human population. This improvement in
surveillance may help evaluate the effectiveness of official programmes
aimed at reducing the presentation of new cases of this disease.

5. Conclusions

The combined use of serological techniques and qPCR allowed us to
identify highest prevalence of T. cruzi in humans and dogs compared to
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the use of only one of these screening tools. The larger number of cases
can be the result of the combined detection of cases in the acute phase
(qPCR) and in the chronic phase (ELISA/WB) of the disease. In the acute
phase cases, low parasite load was associated with negative serology. The
use of ELISA/WB and qPCR tests in combination improved the sensitivity
and specificity of the screening method for humans and dogs. This
approach may allow improving the quality of the epidemiological studies
in both hosts.
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