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Oral transmission of Trypanosoma cruzi has gained relevance
because of its association with high morbidity and lethality
rates. This transmission route is responsible for maintaining
the infection of the parasite in sylvatic cycles, and human
cases have been associated mainly with the consumption of
food contaminated with triatomine feces or didelphid secre-
tions. Several ecological changes allow the intrusion of sylvatic
reservoirs and triatomines to the domestic environments with
subsequent food contamination. Here, high-resolution molecu-
lar tools were used to detect and genotype T. cruzi across hu-
mans, reservoirs, and insect vectors in 2 acute outbreaks of
presumptive oral transmission in eastern Colombia.
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Oral transmission of Trypanosoma cruzi is considered ancient,
allowing the circulation and maintenance of the parasite in the
sylvatic cycle of transmission. T. cruzi has been classified into 6
discrete typing units (DTUs), TcI-TcVI, and, within TcI, into 2
genotypes (domestic TcI [TcIDom] and sylvatic TcI). In humans,
this mechanism has been described in >1000 cases correspond-
ing to 138 outbreaks, with a fatality rate of 8%–35% across Latin
America [1, 2]. In Colombia, between 1992 and 2009, 11 out-
breaks were reported, with a lethality rate of 16.0% [3]. In
2014, 2 outbreaks occurred in the Colombian Orinoco region.

The aim of this study was to determine the possible sources
of oral transmission, by using molecular tools, during the out-
breaks that occurred in the municipalities of Restrepo, Meta De-
partment, and Paz de Ariporo, Casanare Department.

METHODS

A total of 70 patients with suspected T. cruzi oral infection,
along with 39 samples from reservoir organisms (opossums
and canines) and 23 samples from triatomines (Panstrongylus
geniculatus, Rhodnius pictipes, and Rhodnius prolixus) during
the 2 outbreaks were included. Patients were confirmed as in-
fected, using direct parasitological tests (thick blood smears),
serological tests (trypomastigote excreted-secreted antigen
[TESA] blot, enzyme-linked immunosorbent assay [ELISA], in-
direct immunofluorescence assay [IFA], or the hemagglutina-
tion inhibition test [HAI]), quantitative polymerase chain
reaction (qPCR) for detection and quantification of T. cruzi
DNA, clinical manifestations, and/or epidemiological links
[4]. T. cruzi genotyping was performed as previously reported
[5, 6]. Finally, in all qPCR-positive samples, amplification and
analysis by Microsat (a program for microsatellite analysis)
was performed using 7 microsatellite markers [7].

RESULTS

Restrepo Outbreak
This outbreak occurred in a family comprising 4 adults and 1
child, who visited Restrepo, including a farm, which contains
forests and savannas, as well as some restaurants located
along the road in Cumaral municipality, between February 13
and 16, 2014. The family returned to Bogota (the capital of Co-
lombia) afterward, where the 4 adults were hospitalized for fever
and edema. Thick blood smears were positive in 2 of 4 sympto-
matic patients. Results of conventional serological analyses,
TESA blots, and molecular tests were positive for the 4 sympto-
matic patients. The median parasite load was 6.2 equivalent
parasites/mL. The child was asymptomatic and had negative re-
sults of all diagnostic tests (Supplementary Table 1).

The fieldwork was focused on identification of food con-
sumed by the family. Diagnostic tests were performed on spec-
imens obtained from 15 human contacts, including farm
workers, all of which yielded negative results. In addition, sam-
ples from 3 opossums, 29 canines, and 20 triatomines from the
same house and neighboring farms were collected. T. cruzi
DNA was detected in both types of samples collected (blood
samples and samples from odoriferous secretion glands) from
3 opossums, in 27.5% of canines (8 of 29), and 85.0% of triato-
mines (17 of 20; 15 were P. geniculatus, and 2 were R. pictipes).
Genotyping revealed sylvatic TcI across all symptomatic
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patients and insects, 50.0% of canines, and 33.3% of opossums.
Additionally, TcIV was detected in reservoirs (33.3% of opos-
sums and 50.0% of canines); mixed infection with sylvatic
TcI/TcIII was detected in all P. geniculatus organisms, and
mixed infection with TcIDOM was detected in 33.3% of
opossums.

Paz de Ariporo Outbreak
Thirty-one samples from suspected acute cases, consisting of
workers at an oil well that is approximately 6 hours by car
from Paz de Ariporo, were collected. The oil well infrastructure
includes a camp of temporary facilities for workers’ accommo-
dation and a restaurant that all suspected cases used to visit on a
daily basis. The possible period of exposure via oral consump-
tion of infected food was estimated to be between February 15th
and March 30th, 2014.

On April 2nd, 2014, the first case was confirmed. This patient
was an employee who had spent 1 month living in the camp be-
fore the symptoms started. He presented with an approximately
20-day history of febrile illness and had positive results of a
blood smear and serological assays. Overall, we confirmed 30
symptomatic cases and that 2 patients died of acute myocarditis
(Supplementary Table S1). Thick blood smear was performed
for 23 patients, of whom 56.5% (13 of 23) had positive results.
Conventional serological tests were positive in 100.0% of cases
(30 of 30), and TESA blotting was conducted for 14 patients, all
of whom were positive for SAPA antigen (a serological marker
of acute infection). qPCR results were positive among 26 of 31
patients, and confirmation of T. cruzi infection among deceased

patients (2 of 31) was confirmed by detection of T. cruziDNA in
cardiac tissue obtained after death. In addition, 54 suspected
cases among workers from the camp and their contacts had
negative results of serological tests and qPCR. Blood samples
from 5 dogs, 2 opossums (in addition to odoriferous secretions),
and 3 R. prolixus organisms (collected under the mattresses of
the beds in the accommodation facilities) were collected. qPCR
results were positive among all samples from reservoirs and in-
sects. Sylvatic TcI was detected in 96.5% of the confirmed cases,
1 opossum, and 3 of 5 canines. TcIDOM genotype was found in
all R. prolixus, 1 canine, and one of the patients with confirmed
infection. Additionally, TcIV was detected in 1 opossum, and
TcIII was detected in 1 canine.

Microsatellite Analyses
Amplification of 7 loci in positive samples of the 2 outbreaks
was completed, and 19 alleles were found. The 2 loci that
showed greater variability were AAAT6 and TAT20, each with
4 different alleles. Ten homozygous alleles and 9 heterozygous
loci were detected across the 7 loci. Tree genetic distances based
on the neighbor-joining model showed a grouping trend of the
2 outbreaks in different clusters. For the Restrepo outbreak, the
grouping of human isolates was observed along with some vec-
tors, whereas for the Paz De Ariporo outbreak, the grouping of
human isolates was observed along with opossums and canines
(Figure 1).

The results of this analysis allow us to infer that the Restrepo
outbreak was possibly caused by the intrusion of triatomines
into the kitchen at the farm and subsequent contamination of

Figure 1. Microsatellite genetic distances tree obtained from the samples analyzed of the outbreaks studied. The red cluster (A) shows samples from opossums, canines, and
humans associated with the outbreak in Paz de Ariporo. The blue cluster (B) shows samples from opossums and canines involved in the outbreak in Restrepo. The yellow cluster
(C) shows samples from triatomines and humans associated with the Restrepo outbreak. The identifiers in the x-axis are as defined as follows: among the first letters, “Z”
denotes opossums, “C” denotes canines, “I” denotes triatomines, and “H” denotes humans; and among the second letters, “P” denotes the Paz de Ariporo outbreak, and “C”
denotes the Restrepo outbreak. This figure is available in black and white in print and in color online.
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food with triatomine feces, while the Paz de Ariporo outbreak
could be caused either by contamination of food with odorifer-
ous secretions from opossums or by contamination with saliva
from canines. Interestingly, both places had evidence of food
preparation in open environments. In the farm where the Re-
strepo outbreak took place, the utensils for food preparation
in the kitchen were exposed, favoring the contamination with
triatomine feces and/or secretions from didelphids. In Paz de
Ariporo outbreak, the presence of reservoirs near the restaurant
and oil well facilities was identified (Figure 2).

DISCUSSION

Acute infection was confirmed by observing the bands corre-
sponding to SAPA antigen on TESA blots. Additionally,
qPCR detected the parasite in reservoirs, insects, and heart tis-
sue from both patients who died, providing more information
for analysis of possible sources of infection. Regarding the res-
ervoirs, it is important that T. cruzi DNA was detected in all
samples of blood and odoriferous gland secretions from the
opossums, revealing didelphids as a potential source of infec-
tion; this reservoir has been described elsewhere as one of the
main sources of T. cruzi infection in outbreaks related to oral
transmission [1, 4, 8]. In addition, it is important to emphasize
that, in both outbreaks, specimens from dogs tested positive by
qPCR, indicating active transmission of the parasite from the
sylvatic to the domestic environment. The high positivity rate
found among triatomines, especially among secondary vectors
(P. geniculatus and R. pictipes), in Colombia and their participa-
tion in the Restrepo outbreak reaffirm the role of secondary

vectors in oral transmission and the higher risk of vector trans-
mission in areas where outbreaks occurred.

Genotyping revealed a similarity between the 2 outbreaks re-
garding the presence of the sylvatic TcI genotype, the genotype
most likely associated with oral transmission. In the Restrepo
outbreak, this genotype was present in vectors, reservoirs, and
humans. In the outbreak in Paz de Ariporo, the genotype was
observed only in reservoirs and humans, ruling it out as a pos-
sible source of infection. Additionally, detection of TcIV in
opossums and TcIII in P. geniculatus is consistent with previous
findings described in the literature [9, 10]. All DTUs detected
are from the sylvatic cycle of transmission, reaffirming the
role of these DTUs in oral transmission of the disease, because
infection in humans is accidental, owing to the intrusion of the
parasite into the domestic environment from the sylvatic cycle,
as described previously in other outbreaks in Colombia [10],
Venezuela, French Guyana, and Brazil [9, 11].

Microsatellite analysis, along with epidemiological informa-
tion, allows us to infer that the outbreak in Restrepo was caused
by possible contamination of food or beverages by triatomine
feces. Although it was not a case-control study, it is interesting
that the 4 confirmed cases and not the rest—the farm inhabi-
tants and the child—remembered having eaten arepa (corn
cake) and pineapple juice during the estimated exposure time.
Several outbreaks have been associated with juices potentially
contaminated with triatomines feces, such as açai and sugar
cane in Brazil, guava in Venezuela, palm wine in French Guy-
ana, and palm wine and tangerine juice in Colombia [11], to-
gether with in vitro tests that demonstrated survival of the

Figure 2. Geographical location of the outbreaks, and photographs of the places where the outbreaks occurred. A, Geographical location of the outbreaks in Paz de Ariporo
and Restrepo. B, Photographs of the setting of the Restrepo outbreak, showing the kitchen and food preparation containers exposed outdoors on the farm. C, Photographs of the
setting of the Paz de Ariporo outbreak, showing the areas of food preparation and food and beverage consumption near the oil well and in the presence of reservoirs (circled in
red). This figure is available in black and white in print and in color online.
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parasite for up to 240 hours in a variety of beverages containing
glucose [12]. Also, the vectors involved have been sylvatic and
mostly infected. In particular, P. geniculatus has been previously
associated with oral outbreaks in Colombia and Venezuela [10,
13]. Recent construction of housing in the forest in Restrepo has
potentially altered the habitat of P. geniculatus and led to its in-
trusion into domestic settings. In this case, P. geniculatus is the
vector most likely incriminated, because the specimens were
collected in the peridomiciliary environment, unlike R. pictipes,
specimens of which were collected in the extradomiciliary envi-
ronment. Additionally, opossums collected in this outbreak
were found 300 m from dwellings, decreasing the likelihood
of food contamination.

On the other hand, microsatellite analysis allowed us to infer
that the Paz de Ariporo outbreak probably occurred because of
the contamination of food or beverages by the reservoirs’ secre-
tions. The vectors in this outbreak were collected in bedrooms,
and TcIDOM was the predominant genotype. Canines have not
been previously involved in outbreaks of orally transmitted in-
fection; therefore, it is likely that the canine involved in this out-
break was in the acute phase of infection, as they are found
infected in nature, and the infection source is the same as in hu-
mans [14]. This, coupled with the presence of a few triatomines
in the area, allowed us to infer that infection could have involved
glandular secretions by opossums in the wellbore, as microsat-
ellite analyses of blood samples and odoriferous secretions
yielded positive results. It is believed that the increased presence
of opossums near the oil well by the time of the outbreak was
due to a period of extreme drought in the department of Casa-
nare and specifically in the municipality of Paz de Ariporo. This
drought killed about 20 000 animals in the area and caused
many of them to move from the sylvatic environment to the
oil well surroundings in search of food and water, given that
these were the only sources of water available in the area.
This, coupled with the facts that didelphids are considered syn-
anthropic reservoirs and that their presence in domestic habitats
is considered a marker of environmental changes [1], explains the
presence of opossums around the restaurant and specifically at
the site where water and food were stored (Figure 2). A high
rate of parasite infection among anal secretions from didelphids
in Brazil and Colombia has been described elsewhere, implicating
these secretions as a source of infection in several outbreaks of
orally transmitted infection [1, 4, 15].

Molecular tools, such as the microsatellite genotyping used to
analyze these 2 outbreaks, have demonstrated their value for
understanding the possible sources and mechanisms of
T. cruzi infection in such complex transmission cycles. The re-
sults indicate that food contamination was very likely in both
events, suggesting triatomine feces in the Restrepo outbreak
and opossums in the Paz de Ariporo outbreak as the potential
sources of infection. These findings also lead us to hypothesize

that the intensive environmental changes that have taken place
in these regions increased the likelihood of these outbreaks.

Supplementary Data
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