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Abstract.

We studied a small rural community of 411 inhabitants localized in the state of Campeche in the Yucatan

Peninsula, Mexico. In 44 collected triatomines captured inside the houses, human feeding source was revealed in 23 of
44 (52%) samples, and chicken feeding source was revealed in 16 of 44 (36%) samples. In a set of 29 triatomines, mouse
was the feeding source in 13 (44%) samples, and dog was the feeding source in 7 (24%) samples. Infection index with
Trypanosoma cruzi in collected triatomines was 38%, and all parasites belonged to discrete type unit I. Inhabitants
referred high contact with triatomine’s bite in 60 of 128 (47%) samples, but seroprevalence was 2.3% (3/128). Evidence
of electrocardiographic alteration compatible with Chagas disease was observed only in one asymptomatic seropositive
subject. In conclusion, Triatoma dimidiata in this region are preferentially infected with 7. cruzi I and feed on human
beings with relative high frequency, but seroprevalence and Chagas disease in humans is relatively low.

INTRODUCTION

Triatoma dimidiata is among the vector species of greatest
epidemiological significance in Chagas disease, widely distrib-
uted from Meso-America down to Colombia, Venezuela,
Ecuador, and northern Peru. 7. dimidiata varies enormously
in genetic traits, phenotypic traits, epidemiological impor-
tance, and behavior across its geographic range.? In the
Yucatan Peninsula of Mexico, cryptic species were found;
specimens from Yucatan should be considered as separate
species rather than 7. dimidiata.*> Several studies have shown
that the vector population in the domestic and peridomestic
cycles in the Yucatan Peninsula comes from sylvan stocks and
presents clear seasonality’. In this cycle of transmission,
several reservoirs are involved: infected Didelphys virginiana
and Peromyscus leucopus have been found in the sylvan cycle,
and in the peridomestic and domestic cycles, Canis familiaris,
Rattus rattus, Mus musculus, and humans have been found
at different rates.”” The precise epidemiological role of
T. dimidiata in human infection in the Yucatan peninsula
should be addressed.

In this work, we studied a small rural community of 411
inhabitants located in the state of Campeche in the Yucatan
Peninsula. Previous studies in this community indicated that
intradomestic infestation in the months between April and
June (months that correspond to hot and dry season) can
reach up to 53%, and the infection index can reach 20%;
however, the colonization index is below 5%.'°

The above data suggest that inhabitants of this commu-
nity could be at risk of Trypanosoma cruzi infection and
Chagas disease.

The goal of this work was to identify feeding sources in
triatomines vectors captured inside the houses, especially
human blood, in addition to determining lineages of 7. cruzi
in infected triatomines. Furthermore, we aimed at determin-
ing the presence of anti-7. cruzi IgG antibody and electro-
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cardiographic alterations compatible with Chagas disease in
volunteer inhabitants.

MATERIALS AND METHODS

Locality studied and triatomines collection. San Juan
Bautista Sakcabchen is a rural community surrounded by
bush located in the Yucatan Peninsula in the state of Campeche
(N 19°52'22", W 89°55'41") (Figure 1). Its population is
411 inhabitants,'" with very low migration. Houses are of various
types, ranging from wooden sticks and adobe blocks (localized
at the periphery of the village) to cement blocks and concrete
houses, and all are surrounded by large yards with poultry
(chickens and turkeys); dogs are the main pet (at least one per
house). Insects were collected with community participation.
For this purpose, we planned two workshops and individual
visits to households to provide information on Chagas disease
and the vector. Family members were instructed how to collect
triatomines found inside their houses. The collected triatomines
were placed in plastic vials and gathered during regular visits
every 2 weeks from March to May of 2010.

Identification of feeding sources in triatomines. All
triatomines were dissected, and their digestive tract content
was obtained. DNA was extracted using proteinase K digestion
and phenol-chloroform, and DNA was precipitated with
sodium acetate and ethanol. The DNA was kept at —70°C until
use. The identification of blood meal was done through two
approaches: a simple polymerase chain reaction (PCR) with a
set of specific primers and PCR-Heteroduplex (PCR-HDA).

We designed specific primers for cytochrome b gene for
identification of human and chicken DNA. The specific
primers for human DNA were 5 CAAATATCATTC
TGAGG 3' (ICOM) and 5' TGT-TGT-GAA-GTA-TAG-T 3
(IMAN), which produces an amplicon of 600 bp. For chicken
DNA, primers were ICOM and 5 GTGAGTATGAGAGT
TAA 3 (IGAL), which produces an amplicon of 260 bp. The
PCR consisted of 30 cycles: denaturalization at 94°C, align-
ment at 36°C, and extension at 72°C. The reaction was
performed in a volume of 50 uL using 1 pL. DNA sample. All
assays included positive control consisting of human and
chicken DNA, respectively. To check for specificity, each pair
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Ficure 1. Localization of studied village in the Yucatan Peninsula
of Mexico.

of primers was tested against mouse, rat, dog, opossum, cat,
and rabbit DNA.

PCR-HDA was carried out as previously reported.’?
Before carrying out the HDA, we performed a PCR with
DNA from bug abdomen samples using primers specific for
vertebrate cytochrome b, which generated a 383-bp form.
Only positive samples proceeded to HDA assay. Hetero-
duplex profiles were generated with PCR products from Sus
scrofa domesticus (pig) cytochrome b as hybridization driver.
In brief, 5-uL DNA samples were used in the PCR for cyto-
chrome b. In the heteroduplex assay, 12 pL driver DNA
amplification product and 12 pLL sample amplification product
were heated at 95°C for 2.5 minutes and immediately chilled
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Pig-rabbit
Pig-hen
Pg-sheep
Pig-dog
Pig-cat
Pig-caw
Pig-rat
Pig-horse
Pig-mouse
Pig-human

Ficure 2. PCR-HDA patterns for identification of meal source.
Heteroduplex profiles were generated with PCR products from
S. scrofa domesticus (pig) cytochrome b as hybridization driver and
analyzed in 10% acrylamide gels. Control heteroduplex patterns from
known species. Lanes 1-10: rabbit, hen, sheep, dog, cat, cow,
rat, horse, mouse, and human, respectively.

at 4°C for 15 minutes. The HDA patterns were analyzed in
10% acrylamide gels in Tris-borate-ethilen diamino tetra
acetic (EDTA) buffer and compared with standards obtained
with different DNAs from known species (Figure 2).

Identification of 7. cruzi infection and lineages in
triatomines. The digestive contents of captured triatomes
were analyzed by direct observation under the microscope
searching for flagellates and by PCR. The DNA was obtained
as mentioned above. To identify 7. cruzi DNA, we used
kinetoplast target as previously reported."”* The amplification
reaction was performed in a 50-uL volume containing 1- to 2-uL
DNA samples and 10 uM each primer: 121 (5 AAATAATG
TACGGGTGAG ATGCATGA 3) and 122 (5 GGTTCG
ATTGGGGTTGGTGTAATATA 3), which generated an
amplicon of 330 bp.

For T. cruzi typing, we used the miniexon gene to define
discrete type unit (DTU) as reported."* In brief, amplifi-
cation reaction was performed in a 50-uL volume contain-
ing 1- to 3-uL DNA samples and 10 uM each primer: 5
GTGTCCGCCACCTCCTTCGGGCC 3 (DTU1-), 5 CCTG
CAGGCACACGTGTGTGTG 3 (DTU 2), and 5 CCCCCC
TCCCAGGCCACACTG 3 (common to both DTU)—
30 cycles at 94°C for 30 seconds, 55°C for 30 seconds, and
72°C for 30 seconds. Amplicon of 350 bp identifies lineage I.

Identification of immunoglobulin G anti-T. cruzi in
humans. In 128 volunteers that accepted to enroll in this
study, we applied a risk questionnaire, took a blood sample,
and performed an electrocardiogram.

A homemade enzyme-linked immunosorbent assay (ELISA)
standardized technique was used.® In brief, a polystyrene plate
(Nunc polysorb plates, Thermo Fisher Scientific Inc., Waltham,
MA) was coated with 10 pg/mL protein of Mexican 7. cruzi
crude extract in alkaline-buffered solution. Human serum was
diluted at 1:400, and anti-human IgG-peroxidase conjugate
was used at 1:15,000 dilutions (Zymed Laboratory, Santa Cruz,
CA). The reaction was revealed by addition of O-
phenylendiamine and read at 490 nm in an automatic ELISA
reader (Biorad, Palo Alto, CA). The cutoff value was set as
follows: sera from 30 healthy volunteers previously tested
as negatives for anti-7. cruzi antibodies were analyzed for
their distribution. The mean of optical density (OD) of
seronegative healthy individuals plus 3 SDs was fixed to set
the cutoff. All healthy seronegative individuals had values clas-
sified as negative after the cutoff value was set (mean + 3 SD).

Indirect immunofluorescence was carried out as follows: a
drop of T. cruzi epimastigote suspension was air-dried on a slide.
Human experimental and control sera were then diluted at 1:32
(cutoff dilution) in phosphate saline buffer (PBS; 137 mM NaCl,
2.7 mM K(l, 4.3 mM Na,HPO,-7H,0, and 1.4 mM KH,PO,,
pH 7.4) and incubated in a humidified chamber for 30 minutes.
The slides were then washed and incubated with the conju-
gate anti-human immunoglobulin G (IgG) fluorescein for
30 minutes. After incubation, the slides were observed by
epifluorescent microscopy. If fluorescence of the parasites
was observed, the sample was scored as positive. In all assays,
positive and negative controls were included.

Identification of electrocardiographic abnormalities in
humans. As mentioned above, 128 volunteers were subjected
to an electrocardiogram study. A portable electrocardiograph
(Fukuda Denshi FX-2111) device was used. The electrocar-
diograms were analyzed by a cardiologist; special care was
placed on rhythm, conduction, and isquemia findings.



568 MONTEON AND OTHERS

Ethical considerations. The study is considered as low risk
according to the “Reglamento de la Ley General de Salud;
National Secretariat of Health Mexico.” A written consent
was obtained from all participants. The study was approved
by the Research Committee of the Laboratorio Estatal Salud
Publica Campeche (Public Health State Laboratory).

RESULTS

In San Juan Bautista Sakcabchen, two kinds of species were
found to be the most important peridomestic animals: chicken
and dogs. Insects were collected with community participa-
tion; the interest for the collection varied in the community,
but women were the most interested in the project for both
the bug collecting and also, the clinical and serological study.
A total of 44 bugs were collected intradomiciliary in the
period of 3 months, and 128 human volunteers were engaged
in the clinical and serological study. The bugs were identified
as T. dimidiata according to Lent and Wygodzinsky.'>

Using the simple PCR with specific primers for human cyt b
in the 44 collected bugs, we identified that 15 of 44 (34%)
triatomines fed on humans, and using a second approach, such
as PCR-HDA assay, in 15 samples, the DNA quality was
insufficient to perform heteroduplex hybridization; therefore,
only a set of 29 bugs gave a positive results. In the HDA in
this set of 29 samples, we identify human feeding source in
23 of 29 (79%) samples, which represents 8 more samples
in addition to the 15 samples detected using the simple
PCR. The overall triatomines fed on human were 23 of
44 (52%) (Figure 3 and Table 1). In the case of simple PCR
with specific primers for chicken, we were able to detect
16 of 44 (36%) triatomines fed on chickens, and using the
PCR-HDA in the set of 29 samples, 12 of 29 (41%) samples
were positive, which represents 4 samples less than the
16 samples detected with simple PCR. The HDA let us also
to identify mouse and dog feeding source in 13 of 29 (44%)
and 7 of 29 (24%) samples, respectively. We only took into
account those HDA patterns that correctly matched with
standards. The majority of bugs that had fed on mouse
(11/13), dog (6/7), and chicken (11/16) fed also on human
(Figure 3 and Table 1).

We found that 18 of 44 (38%) collected T. dimidiata
were infected with 7. cruzi and 100% of parasites belong to
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discrete type unit I using the miniexon gene (Figure 4 and
Table 1).

Although humans were a frequent feeding source and
T. dimidiata showed high rate of infection with 7. cruzi
(38%), the seroprevalence in human was lower than expected,;
only 3 of 128 (2.3%) volunteers were identified as carriers of
antibodies against 7. cruzi. Our sample consisted of 128 sub-
jects with a mean age of 47 years, and the most frequent
findings were ventricular hypertrophy (26/128; 28%) and
conduction or rhythm abnormalities (9/128; 7%); however,
only one seropositive subject presented electrocardiographic
alteration compatible with Chagas disease, and one more
subject presented ventricular hypertrophy, which is not com-
patible with Chagas disease. The other showed not alter-
ations (Table 2).

In addition, 60 of 128 (47%) participants had experienced
contact with triatomines’s bite, called chinchoma, character-
ized by erythema, itching, and induration that could last
1 week, which means that residents are very familiar with the
vector because of this nuisance.

DISCUSSION

T. dimidiata vector is widely distributed in Mexico and
expanding to Central and South America; it varies enor-
mously in genetic traits, phenotypic traits, epidemiological
importance, and behavior across its geographic range.'*

There are several epidemiological factors that may influ-
ence the risk of transmission to humans in which the vector is
directly involved. Natural infection rate is one important fac-
tor; several studies have reported a wide range of natural
infection in 7. dimidiata that varies from very low, such as
4%, to high natural infection, such as up to 34%.**'® For
example, low natural infection of 4% has been found in sylvan
populations of 7. dimidiata in the Yucatan state, Mexico,
whereas in the Peten, Guatemala, it can reach up to 25% in
sylvan populations.*'” In this work, we found natural infec-
tion of 38%; these data are similar to those results in the work
by Ramirez-Sierra and others,® which reported 34% natural
infection in a rural community in the Yucatan state, Mexico.

From the literature, we can see that natural infection index
varies dramatically from one place to the other as well as
among triatomine species; for example, in Mexico, 7. barberi
can be found naturally infected from 15% to 72%.,'® and
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Ficure 3. Representative image of heteroduplex patters in bug sample collected inside domicile. Lanes 1-21, with exceptions of lanes 4 and 15,
show human pattern. Lanes 1-18, with exceptions of lanes 3, 4, 14, 15, and 16, are positive for mouse. Lanes 7, 8, 12, 16, and 17 are positive for hen.
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TaBLE 1

Feeding sources and 7. cruzi infection of intradomiciliated
T. dimidiata in a rural community of Campeche, Mexico

Triatomine T. cruzi Human Mouse Chicken Dog
number infection* blood blood blood blood
1 - + - - -
2 - + + - -
3 - + - - -
4 - + - - -
5 - + - - +
6 + + - - +
7 - - ND - ND
8 + - - +
9 - + + - +
10 + - - -
11 - ND - ND
12 + + - - -
13 - + + - -
14 - + + - -
15 + + - + -
16 + + - + -
17 - + - + -
18 - - ND - ND
19 + - ND + ND
20 - ND - ND
21 + - ND + ND
22 + + - + +
23 - + + + -
24 + - ND - ND
25 - + + + -
26 - - ND + ND
27 + - + - -
28 - - + + -
29 + + + - -
30 - + + + -
31 + + + -
32 + - ND + ND
33 - - ND - ND
34 + ND - ND
35 - - ND - ND
36 - - ND - ND
37 - - - - -
38 - - ND - ND
39 - + - + -
40 + - - - -
41 + + + -
42 + + - + -
43 + + + - -
44 - - ND - ND

Bugs were collected inside domicile; simple end-point PCR was applied to all 44 samples
collected using specific primers for human and chicken, whereas the PCR-HDA was applied
only to a set of 29 bugs in which vertebrate cytochrome b PCR gave positive results, as
mentioned in Materials and Methods. ND = not determined (vertebrate cytochrome b PCR
gave negative result).

*All T. cruzi were classified as DTU 1.

1 2 3 4 5 6

T. phyllosoma can be found naturally infected from 2% to
40%."° Additionally, T. sordida in Matto Grosso Do Sul, Brazil
can be found naturally infected as low as 0.1%.%° However,
there is no conclusive explanation for this behavior, but there
is a common idea that suggests that higher natural infection
increases the risk of 7. cruzi infection to human.

If the above assumption is reliable, then residents of San
Juan Bautista Sakcabchen would be at high risk to acquire
T. cruzi infection and Chagas disease, because in a previous
work in this community, it was reported that, in the months
between March and June, infestation index reached up to
53%, with infection index of 20%.'° However, colonization
was very low (less than 5%). These data may support the
notion that 7. dimidiata is rather a visiting vector than a
domiciliated vector.

In this study, we found that 47% of human participants
referred contact with triatomine’s bite. They describe the
inflammatory reaction to triatomine’s saliva (chinchoma) as
itchy rash that may last 1 or 2 weeks. If we consider the mean
age of participants to be 47 year old, and it is likely that they
were exposed several times to triatomine’s bite in their life.
Determining the feeding sources in triatomines trapped inside
houses may help us to infer the potential risk to acquire
T. cruzi infection by humans. We found that humans were
one of the principle feeding sources in collected triatomines
(52%; 23/44) (Table 1) followed by mice (44%), chickens
(36%), and dogs (24%) (Table 1). Notably, we observed
that, when mouse, dog, and chicken blood was identified in
T. dimidiata, human blood was also identified, suggesting that
the vector is able to disperse between peridomicile and domi-
cile sites to search for better host availability and accessibility
as previously reported.*!

The above data, in addition to the infection index of
triatomines trapped inside houses of 38%, may suggest that
high risk of 7. cruzi infection to humans could exist in this
community, but seroprevalence against 7. cruzi in the popu-
lation revealed only 2.3% (3/128). This seroprevalence is low
compared with other endemic regions, such as the states of
Chiapas and Oaxaca in Mexico (their seroprevalence is
above 10%),%* and exceptionally high 67% and 32% in some
communities of Oaxaca and Chiapas, respectively.”?* The
seroprevalance of 2.3% was similar to the seroprevalance
found in those regions in which 7. dimidiata is reported
as the main vector; for example, in Veracruz and San Luis
Potosi, Mexico, the seroprevalence is 5.2% and 6.5%,
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Ficure 4. Lineage identification of Trypanosoma cruzi found in the intestine of Triatoma dimidiata. Representative image of PCR products
using specific primers for 7. cruzi miniexon gen: lane 1, blank; lane 2, CL-Brener strain; lanes 3-10, triatomine’s faces 3-10; lane 11, DTU 1 Ninoa

mexican strain.
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TABLE 2

Electrocardiogram findings and serology anti-7. cruzi in 128 volunteers in San Juan Bautista Sakcabchen, Campeche, Mexico

Ventricular hypertrophy (%) Conduction alteration (%) Rhythm alteration (%) Normal ECG Some ECG abnormality
36/128 (28%) 9%/128 (7%) 41/128 (3%) 87/128 (68%) 42/128 (32%)
Positive serology 1/36 (6.2%) 0/9 (0%) 1/4 (25%) 1/87 (1.1%) 3/128 (2.3%)
Triatomine’s bitef 5/36 (14%) 09 (0%) 1/4 (25%) 25/87 (28%) 60/128 (47%)

The sample consisted of 110 females and 18 males. The mean age was 45.8 years. There were subjects with more than one electrocardiogram (ECG) alteration. The age in seropositive cases was

over 50 years. ECG.

*The conduction alterations recorded were incomplete right and left bundle branch blockage and auricule-ventricule blockage (A-V block).
TRhythm alterations included sinusal bradycardia, ventricular extrasystoles, and sinusal tachycardia.

i Volunteers referred triatomine’s bite by anamnesis.

respectively.!®?®  Exceptionally high seroprevalence is

observed in some areas of Veracruz, where it can reach up
to 16.8%.® For the Yucatan peninsula, there is no available
update on the seroprevalence surveys in rural communities,
although seroprevalence in urban blood donors indicates
low human infection between 0.7% in the Yucatan State
and 0.5% in Campeche State.?”?

There are several possible explanations for this low trans-
mission of 7. cruzi despite the high infestation index reached
in some months of the year, high contact with triatomines’s
bite, and relatively moderate natural infection of triatomines.
On one hand, it has been reported that 7. dimidiata is a poor
vector, because their defecation time after taking a meal is
30 minutes.'® In our experience, we observed even longer
times. Another additional possibility is the amount of meta-
cyclic forms in feces. We observed experimentally that
metacyclogenesis in 7. dimidiata is moderate, reaching up to
30% and clearly influenced by the strain of 7. cruzi, because
in some cases, metacyclogenesis is only 7%.%

On the other hand, the high frequency of poultry (chickens
and turkeys) in this community may contribute to reduce the
risk of transmission of 7. cruzi infection, because the avian
complement lyses trypomastigotes in an antibody-independent
manner.”” Some findings supporting this idea was reported
by Cecere and others®; they found that, in areas where
insects fed on chickens, there is a reduction in the prevalence
of T. cruzi in humans. In addition, vectors that feed on mam-
mals have higher rate of 7. cruzi infection than when they feed
on birds.'**?

The low metacyclogenesis, long-delayed defecation time,
and relatively moderate infection index may explain, in part,
the low effective transmission to human caused by the need
of several exposures to get infected.

The above hypothesis could help us to explain the low
human infection found in this community, because there were
only three seropositive individuals; only one case presented
electrocardiographic findings compatible with Chagas dis-
ease, but he was considered asymptomatic. However, we do
not discard the presence of Chagas disease in the region,
because in a recently published paper, it was reported that
chronic cardiomyopathy Chagas disease represents 14% of
the dilated cardiopathy patients cared for at the General Hos-
pital of the state of Campeche®®; however, its frequency is
lower compared with other regions of Mexico.>*>°

In regard to the differences in sensitivity between simple
PCR and PCR-HDA, this difference might be because PCR-
HDA was carried out using five times more DNA sample
than the simple PCR, especially to detect human DNA. The
low detection of chicken blood using HDA compared with
simple PCR is probably because the driver primer used in the
heteroduplex assay was based on the pig, a mammal leading

to less successful heteroduplex annealing; another possibility
may exist that some chicken positive results could be, in fact,
from turkey, because we did not check specificity between
these species.

In conclusion, 7. dimidiata seems to be a low competency
vector in the Yucatan region, but it shows a wide range of
feeding preferences, including humans; however, low trans-
mission of 7. cruzi to humans does exist.
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