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Introduction

Diseases transmitted by vectors have increased in recent years due to climate change and
other reasons, they are the cause of millions of deaths worldwide [1]. Trypanosoma cruzi is
the etiological agent of Chagas disease. It is transmitted by blood-sucking insects belonging to
the subfamily Triatominae, which is distributed in the American continent and includes 141
species in 15 genera [2]. These vectors vary in their role in the transmission of Chagas disease
to humans, due to their preference for ecotypes, wild or domestic. The cycle of T cruzi has been
considered an important problem to establish and design control and surveillance strategies
[3]. In this sense the determination of the feeding source in insects (blood-meal sources) is
essential to identify sources of infection and risk factors involved in the transmission cycles
[4]. In triatomines, the methods used for this purpose include serological and others based on
molecular techniques. The serological methods, (the most used in the literature is the ELISA)
consume a lot of time because they require the preparation of specific antiserum for each
possible vertebrate host [5]. One of the molecular approaches that have proved to be useful
and potent is the heteroduplex assay of the mitochondrial cytochrome B gene (cyt b) [6]. This
technique can detect differences in the DNA sequences of this gene between species due to
differences in the electrophoretic profiles. More recently, other methods have been published
for the same purpose. High Resolution Melt (HRM) of the cyt b gene [7], proteomics-based
approaches using liquid chromatography in tandem with mass spectrometry to identify the
peptides of the hemoglobin specific to the host [8], a combination of two molecular techniques,
cloning and q PCR, from DNA obtained from the abdomen of the vector [9], sequence analysis
of two heminated PCR, followed by Restriction Fragment Length Polymorphism (RFLP)
[10].All these methods require the collection of vectors and taking them to the laboratory
for subsequent analysis. In this study, we validated an immunochromatographic assay, to
determine, using the dejections of the vector, if it has fed on human blood. The method was
compared with the heteroduplex assay of the mitochondrial cytochrome B gene (cyt b). The
results show that the test is specific and sensitive; it can determine the human feeding source
up to 62 days after the event, at that time with the same sensitivity and specificity as the
heteroduplex. The concordance index calculated by the coefficient k was almost perfect for
the samples from vectors fed with human blood between the two methods at both, 32 and
62 days.

Materials and Methods

This study was approved by the bioethics commission of the Hospital of the Benemérita
Autonomous University of Puebla, Mexico.

Study groups

We used specimens from a triatomine colony established in the laboratory of parasitology
and vectors of the Faculty of Biological Sciences of the Autonomous University of Puebla,
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which were kept in black plastic containers at a temperature of
27+2 °C and relative humidity (HR) of 70% * 2, optimal for the
development in laboratory conditions of these species (Martinez-
Ibarra et al, 2012) A total of 210 adult specimens of the species
Meccus pallidipennis Stal were selected and 7 groups were made
(30 in each group) or categories according to the feeding sources,
which were formed as follows: 1-human/ rabbit, 2-human /chicken
3-rabbit /chicken 4-chicken/ human 5-human, 6-chicken and
7-rabbit. The combinations of the categories were based on the
criteria of Schofield (1994) [11] it recognizes that triatomines can
have different sources of food at each stage of their development.

Human blood was obtained from 10 volunteers, which allowed
periodic feeding with pathogen-free insects. The volunteers were
asked for informed consentand a protocol review was carried out by
the ethics committee of the University Hospital of Puebla, according
to the standards for handling human samples of the Helsinki Code
and the World Health Organization (WHO). The pathogen-free
rabbits and chickens were obtained from the Bioterium of the
Benemérita Autonomous University of Puebla (BUAP), “Bernard
Claude”. The experiments with animals were approved by the
Committee of Ethics, Management and Care of laboratory animals
of the BUAP, according to the Mexican regulation for these purposes
(NOM-062-Z00-1999). For groups 1,2,3, and 4, the feeding at time
0 was with the blood of the species that appear first, followed by a
feeding every 15 days with the blood of the species after mentioned,
until completing 5, for a total of 60 days of experimentation. Group
5 received throughout the experiment feeding on human blood, 6
with chicken blood and 7 with rabbit blood.

Determination of human hemoglobin in triatomine
dejections

Under the biweekly diet, the triatomines were fed, according
to the groups and blood type. The dejections of the specimens
were collected individually at 32 and 62 days with 1ml pipettes
in 1.5mL eppendorf vials, the volume of the dejections were
completed at 310pL with phosphate-buffered saline pH 7.2
(PBS) and homogenized with the purpose of immunological
(immunochromatographic assay) and molecular (heteroduplex)
assay

A immunochromatographic assay

The SUMASOHF rapid test (International TecnoSUMA
immunoassay center, Havana Cuba) is used for the clinical
determination of occult blood in human feces. It is an immunoassay
sandwich used for the diagnosis of gastrointestinal diseases that
cause bleeding. It is using monoclonal and polyclonal antibodies for
the detection of human hemoglobin, with good sensitivity, positive
results can be observed immediately. The sample flows through
the absorbent device, the conjugate formed by a monoclonal anti-
human hemoglobin / colloidal gold antibody migrates through a
chromatographic process to the region of the sample where it will
bind to another anti-human hemoglobin monoclonal antibody and
this reaction produces a purple-pink band. In the absence of human
hemoglobin, no band will be produced in the positive reagent zone.

The results are read after 10 minutes, as recommended by the
manufacturer. The sensitivity is 100% and its specificity for human
hemoglobin has been verified with turkey, pig, bovine, equine,
pigeon, chicken, goat and rabbit hemoglobin. For the determination
of human hemoglobin in the stool, a volume of 100puL of the sample
was used.

b- immunochromatographic assay with dry stool

After feeding between days 30, to 40 days, dried triatomine
dejection was collected from the different groups, (5 samples from
each group, 35 total samples), 50mg were weighed individually
in eppendorf vials and dissolved in 200uL of PBS pH 7.2 for the
immunoassay.

c-heteroduplex

The same dejections from the vector, were used for the
extraction of DNA and the immunochromatographic assay.

PCR was performed for the amplification of specific cytochrome
b fragments using the primers ctb1 and ctb2 [6]. The heteroduplex
profiles were generated with Sus scrofa domesticus (pork)
cytochrome b PCR products as a hybridization conductor and
analyzed by electrophoresis in a 10% polyacrylamide gels in Tris
borate-EDTA buffer (Bosseno et al, 2008,) [12]. The heteroduplex
profiles of the samples were compared with those obtained from
DNA from Homo sapiens (human), Gallus gallus domesticus (chicken)
and Orcytolagus cuniculus (rabbit). Strict protocols and controls
were used in all PCR assays to prevent and detect contamination.
DNA extraction, amplification and product analysis were performed
in separate laboratory areas dedicated to these purposes. Negative
water control was included in each set of extraction and PCR
reactions as contamination control. To evaluate the concordance
between the two techniques when determining whether the vectors
had been fed with human blood at the selected times, 32 and 62
days, we used the kappa index (k), which represents the proportion
of agreements observed beyond the chance [13,14].

Experiments with adult specimens captured in natural
conditions in peri and intrahuman domicile

150 adults M. mazzotti specimens captured by workers and
entomologists in the Sanitary Jurisdiction of the State of Oaxaca
and 200 specimens of M. pallidipennis, adults, collected in southern
areas of the state of Puebla, were kept in plastic containers with
corrugated paper to simulate the habits of the organisms. All the
specimens were fed with rabbit blood, 5 days after their capture
and 15 days later. After the second feeding, the dejections were
taken for studies with the immunochromatographic assay.

Discussion

The immunochromatographic assays for fecal occult blood
detection are well accepted in laboratories and in the literature as a
method for the detection of human hemoglobin [15]. Several studies
have shown its usefulness in the detection of adenomas and colon
cancer, only exceeded in sensitivity and specificity by the stool DNA
test, but with the advantage of its low cost [16-18]. We selected the
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SUMASOHF test for our study because of its adequate sensitivity,
it is capable of specifically detecting human hemoglobin at low
concentrations, 10ug per gram of stool. In the total samples of the
dejections of triatomine fed with human blood, their presence was
detected at 32 days, not at 62 days, which is probably, because at
this time the concentration of hemoglobin is below the sensitivity
of the test. This problem could be solved with an immunoassay with
a higher level of sensitivity [19]. In the heteroduplex in the cases of
vectors fed with human blood at 32 days and 62 days, we found some
cases where detecting the presence of human blood was practically
impossible, especially in the case that the vectors had fed on other
species after feeding with human hemoglobin, a situation that had
already been reported by other authors. When the insects have fed
on more than one species, the application, and analysis are difficult
and complex [7]. However, the concordance index calculated by the
coefficient k was almost perfect for the samples from vectors fed
with human blood between the two methods at both times, 32 and
62 days (almost perfect, 0.81-1.0) [14].

The immunochromatographic assay was useful up to 40 days
of feeding with human blood in the case of using dry dejections
from the vectors, which makes it a useful method for studies in
peri domicile and intradomicile, where sometimes the dejections
of the vectors are observed. In two states of Mexico where there
is a high prevalence of Chagas disease (Ramsey et al 2015) two
different species of triatomines were collected in the peridomicile
and the domicile and we verified that the test is useful for more
than one vector species of the disease. In conclusion, the occult
blood immunochromatographic assay is useful to determine in
field conditions, simply and quickly, if the vectors of Chagas’ disease
are being fed by the residents of the place, so that the competent
authorities take epidemiological and vector control measures.

Result

At 32 days, in all the droppings of the samples collected from
groups 1, 2, 4 and 5 (total of useful samples, 108) we found the
presence of human hemoglobin in the immunochromatographic
assay. The droppings of groups 3, 6 and 7 yielded negative results
(total of samples analyzed 81).

By heteroduplex, it was determined thatin 105 of the triatomous
droppings samples from groups 1,2, 4 and 5 the presence of human
DNA was detected. In three of the samples, two from group 1
(human / rabbit) and one from group 2 (human / chicken) it was
impossible to verify the presence of human DNA. The concordance
index found between the two techniques in relation to the human
food source was 32 days after ......... Table 1

In the heteroduplex analysis of the samples from groups 3
(rabbit/hen), 6 hen and 7 rabbit (total useful samples 81) the
feeding source could be determined with certainty. At 62 days,
in the feces of the vectors of the groups fed with human blood
according to the experimental design, (groups 1,2,4 and 5) with
the immunochromatographic assay, we detected the presence of
human hemoglobin in 98 of the total samples useful (102 samples),
while in the heteroduplex we found the presence of human DNA

in 91 of the 102 useful samples, for a concordance index of ..........
Table 1.

Table 1: Contingency table between heteroduplex
and immunochromatographic assay at 32 days of
experimentation.

Heterodiplex Total
Positive Negative
Inmuno Assay Positive 105 3 108
Negative 0 0 0
Total 105 3

In the samples of dry excrement, dissolved in PBS, in all those
belonging to insects fed with human blood, (20 in total) it was
possible to determine human hemoglobin. In the experiments
carried out with triatomines captured in the environment under
natural conditions, we found 62 positive for human blood in the M
mazzotii captured in the state of Oaxaca and 45 positive in the M
pallidipennis captured in the south of the state of Puebla, Mexico.
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