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Abstract. Transmission risk of Chagas disease has been associated with human-vector contacts and triatomines
colonizing dwellings, but alternative scenarios, independent of domestic colonization, are poorly documented. In the pre-
sent work, we estimated the frequency of human blood meals in triatomines from domicile, peridomicile, and sylvatic
environments in two endemic regions in Ecuador. Blood meal origins were identified by sequencing a cytb gene frag-
ment. Human blood meals were detected in 42% of the triatomines among 416 analyzed, including 48% of sylvatic tria-
tomines (both adults and nymphs). In triatomines from domicile and peridomicile, Trypanosoma cruzi infection rate was
. 20%, and reached 48% in sylvatic triatomines. Human is a common source of blood for triatomines whether they live
in or near dwellings in both regions, and the high rate of T. cruzi infection represents an important risk of transmission of
Chagas disease. Consequently, control strategies should also take into account possible nondomestic transmission.

Triatomines are obligatory hematophagous insects that
transmit the parasite Trypanosoma cruzi causing Chagas
disease (CD) in humans. Although triatomine populations
that adapt and colonize human dwellings are more likely to
contribute to human infection with T. cruzi, the presence of
human blood in sylvatic triatomines has challenged the idea
of human transmission restricted to indoors.1–3

In coastal and southern Ecuador, seroprevalence data indi-
cates active transmission of CD.4 Eight species have been
identified as vectors in domiciliary and peridomiciliary environ-
ments (Panstrongylus chinai, Panstrongylus rufotuberculatus,
Panstrongylus howardi, Rhodnius ecuadoriensis, Triatoma
carrioni, Triatoma dimidiata, and Triatoma dispar).5–8 All these
species, except T. carrioni and T. dimidiata, have been also
collected in sylvatic environments.9,10

After the collection of triatomines in Manab�ı province (cen-
tral coastal region [CC]) and Loja province (southern high-
land region [SH]) in Ecuador, numerous human blood meals,
that are currently analyzed, have been previously identified,
and we proposed new scenarios of vectorial transmission11

(Figure 1).
Briefly, of 507 analyzed triatomines, 416 blood meals (one

per individual) were identified, 40.9% were human blood
(N5170), and the 337 remaining ones were from other mam-
mals than human (27%), birds (31%), amphibians (0.5%),
and reptiles (0.5%).11 The blood meals were detected using
DNA isolated from the intestinal contents by the sequencing
of a cytb gene fragment amplified according to previously
reported conditions12 and biosafety protocols were applied
to avoid contamination by handling. Forward and reverse
sequences of each sample were edited and corrected with
MEGA version 6 (https://www.megasoftware.net/). Consen-
sus sequences were compared with the ones of cytb in Gen-
Bank and those with an identity and cover $ 95% were

retained. For the other samples, no sequences were obtained
(N553) or they were unreadable with several ambiguities
that can be explained by mixture of sequences (N5 7), or the
sequence did not match with 95% identity with any sequence
of Genbank (N531).
The 170 corrected sequences identified as fragments of

human cytb (99% were from forward and reverse strands)
varied from 121 base pair (bp) to 304 bp. To detect diversity
among them, an alignment of 164 bp long was performed
with 94 of these sequences, the other sequences being
smaller, using MEGA version 6 and DnaSP version 5 soft-
ware (http://www.ub.edu/dnasp/). Shorter alignment would
decrease genetic information and possibly observed diver-
sity. Two variable nucleotide positions were found, and four
different haplotypes were identified. The most common hap-
lotype gathers 62 sequences (H2), the second one 21
sequences (H1); both were present in domestic, peridomes-
tic, and sylvatic environments (see below the description of
the environments). In addition, 8 (H3) and 3 (H4) sequences
represented the two less frequent haplotypes, H3 was pre-
sent in peridomestic and sylvatic habitats, and H4 only in the
sylvatic one.
Human blood was detected in all five species of collected

triatomines in both geographic areas (38.1% in SH and
45.9% in CC) and in all environments: domicile (45/83,
54.2%), peridomicile (47/171, 27.5%), and sylvatic (78/162,
48.1%) (Figure 1). Domiciliary triatomines were collected
indoors, in structures such as bed, crack of walls, cardboard
boxes, posters, and others; peridomiciliary ones were col-
lected in different structures (chicken nests, piles of wood,
roof tiles, bricks, shed, corral, and others) located in the peri-
domicile defined as the space around the house, delimited
by a fence or not, where pile of materials and domestic ani-
mal shelters are placed, and used by the inhabitants.13

Finally, triatomines collected outside domestic and perido-
mestic areas were considered to be collected in sylvatic
environment of different level of anthropization from crops to
forest; collections were mostly done in rodent nests (squirrel
nests found in trees).
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FIGURE 1. Geographical origin of the 170 triatomines with human blood meals. The triatomines were from domestic, peridomestic, and sylvatic envi-
ronments in five localities in central costal region (CC) and six localities in southern highlands (SH) regions in Ecuador. This figure appears in color
at www.ajtmh.org.

FIGURE 2. Histogram of the geographical, species, and environmental distribution of identified human blood meals. Percentage of triatomines with
human (black area) and nonhuman (stripped area) blood meals, per Ecuadorian regions, vector species (P. h: P. howardi, P. c: P. chinai, P. r: P.
rufotuberculatus, R. e: R. ecuadoriensis, and T. c: T. carrioni) and collection environments (D: domicile, P: peridomicile, and S: sylvatic). The num-
ber above the columns indicates the number of triatomines.
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Figure 2 summarized the distribution of the human blood
meals per geographic areas, vector species, and environ-
ments. In CC, in P. howardi, the two individuals from domi-
cile and 18.2% from the peridomicile (N511) presented
human blood meals. In SH, the few tested blood meals from
P. rufotuberculatus (N51) and T. carrioni (N52) collected in
domiciles, had also human blood. For P. chinai, similar pro-
portion of human blood meal was found in bugs collected in
domiciles and peridomiciles (46.8% [N547], and 50%
[N54], respectively). For R. ecuadoriensis, the principal spe-
cies widely distributed in both regions, human blood meals
were detected from all environments. In domiciles frequen-
cies were 20% (N55) in CC and 65.4% (N526) in SH; how-
ever, no significant differences were found (Fisher’s Exact
Test, P50.083). In peridomiciles, where this species is very
abundant, significant differences were found between CC
(38.3%, N560) and SH (20.8%, N596) (Fisher’s Exact
Test, P50.015). Unexpectedly, in sylvatic environments,
human blood meals were found in high proportions, and sig-
nificant differences were found between specimens from SH
(41.5%, N5 94) and CC (57.4%, N568) (Fisher’s Exact
Test, P50.033). Only R. ecuadoriensis were collected in the
sylvatic environment (N5162) and human blood was
detected in 70% of the collection points. These collection
points were classified according to their distance to the
nearest house in three categories, , 100 m (N519),
101–200 m (N525) and . 200 m (N526). The percentage
of collection point with at least one triatomines with human
blood meal range from 68% to 73% and no significant differ-
ence of frequencies was observed between the three cate-
gories of distance (Fisher’s Exact Test, P50.89). Addition-
ally, of the 49 houses where human blood meals was
detected, 42.9% had their closeness house infested (pres-
ence of at least one triatomine), while in the group of collec-
tion point where no human blood was detected only 19.1%
were close to an infested house, but the difference between
the two groups was not significant (Fisher’s Exact Test,
P50.064).

For the 170 triatomines with human blood meals, Table 1
summarizes the numbers of infected specimens with T. cruzi
according to their stage, species, and place of capture
(region, habitat). A total of 65.9% were positive for T. cruzi.
The infection reached 69.8% in R. ecuadoriensis (N5139),
and 41.7% for P. chinai (N524); some specimens of all
other species (P. howardi, P. rufotuberculatus, and T. car-
rioni) were found infected, but sample sizes are too small for
the evaluation of their percentage. Overall, the analyzed
samples, infection rates were also important in triatomines
collected in domiciles (53.3%, 24/45), in peridomiciles (83%,
39/47), and in sylvatic (62.8%, 49/78) environments. Both
adults and nymphs presented a high T. cruzi infection rates
(. 70% in CC and. 57% in SH).
Overall, the high percentage of triatomines with human

blood meal (40.7%) and their high infection rate with T. cruzi,
indicated that human is a more important feeding source
than previously thought, so it exists a high risk of parasite
transmission to humans. In the domestic environment, triato-
mines with human blood meals are expected because it is
well known that the transmission of CD arises when coloni-
zation or occasional entering of triatomines occurs.14 In peri-
domestic and sylvatic environments, the presence of human
blood meals poses the question on how these triatomines
(adults and nymphs) are getting in contact with humans. As
mentioned above, triatomines were mostly collected in
chicken nest in the peridomicile, and in squirrel nest in the
sylvatic environment. We suggest three scenarios. The first
one is the dispersion of triatomines from peridomestic and
sylvatic environments to indoors. Indeed, the presence of
open spaces between the walls and roof facilitates the
access of insects from outside to indoors.15 In addition, lay-
ing hens are frequently installed against the wall of the house
or very close (, 50 m distance) allowing triatomine disper-
sion by flying or walking to the house. Interestingly, in
Manab�ı province (CC region) part of the hot spot density of
R. ecuadoriensis in sylvatic environment was previously
reported nearby houses (, 50 m).9 Moreover, dispersal of

TABLE 1
T. cruzi infection rates of the 170 triatomines where human blood meal was detected

Triatomine species/environment

CC SH

TotalAdults Nymphs Total CC Adults Nymphs Total SH

n Tc (%) n Tc (%) n Tc (%) n Tc (%) n Tc (%) n Tc (%) n Tc (%)

P. chinai – – – – – – 6 1 (16.7) 18 9 (50.0) 24 10 (41.7) 24 10 (41.7)
Domicile – – – – – – 6 1 (16.7) 16 7 (43.8) 22 8 (36.4) 22 8 (36.4)
Peridomicile – – – – – – – 2 2 (100.0) 2 2 (100.0) 2 2 (100.0)
P. howardi 3 2 (66.7) 1 1 (100.0) 4 3 (75.0) – – – 4 3 (75.0)
Domicile 2 2 (100.0) – – 2 2 (100.0) – – – 2 2 (100.0)
Peridomicile 1 0 (0.0) 1 1 (100.0) 2 1 (50.0) – – – 2 1 (50.0)
P. rufotuberculatus – – – – – – 1 1 (100.0) – 1 1 (100.0) 1 1 (100.0)
Domicile – – – – – – 1 1 (100.0) – 1 1 (100.0) 1 1 (100.0)
R. ecuadoriensis 30 23 (76.7) 33 23 (69.7) 63 46 (73.0) 44 31 (70.5) 32 20 (62.5) 76 51 (67.1) 139 97 (69.8)
Domicile – 1 1 (100.0) 1 1 (100.0) 13 7 (53.8) 4 4 (100.0) 17 11 (64.7) 18 12 (66.7)
Peridomicile 15 11 (73.3) 8 6 (75.0) 23 17 (73.9) 12 12 (100.0) 8 7 (87.5) 20 19 (95.0) 43 36 (83.7)
Sylvatic 15 12 (80.0) 24 16 (66.7) 39 28 (71.8) 19 12 (63.2) 20 9 (45.0) 39 21 (53.8) 78 49 (62.8)
T. carrioni – – – – – – – 2 1 (50.0) 2 1 (50.0) 2 1 (50.0)
Domicile – – – – – – – 2 1 (50.0) 2 1 (50.0) 2 1 (50.0)
Total 33 25 (75.8) 34 24 (70.6) 67 49 (73.1) 51 33 (64.7) 52 30 (57.7) 103 63 (61.2) 170 112 (65.9)
Domicile 2 2 (100.0) 1 1 (100.0) 3 3 (100.0) 20 9 (45.0) 22 12 (54.5) 42 21 (50.0) 45 24 (53.3)
Peridomicile 16 11 (68.8) 9 7 (77.8) 25 18 (72.0) 12 12 (100.0) 10 9 (90.0) 22 21 (95.5) 47 39 (83.0)
Sylvatic 15 12 (80.0) 24 16 (66.7) 39 28 (71.8) 19 12 (63.2) 20 9 (45.0) 39 21 (53.8) 78 49 (62.8)
CC5 central coastal region; SH5 southern highland region; Tc (%)5 number of samples positive for T. cruzi (infection rate). Bold values represent the total samples and T. cruzi infection rates

by species.
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adult triatomines could be explained by light attraction.16

The second scenario is triatomine–human contact during
outdoor activities of inhabitants. Although, the contact of
humans with sylvatic triatomines has been associated to an
expansion for human settlements2 or by accidental contact
with humans (e.g., during camping),1 the risk of transmission
might be also related with activities in the field (e.g., farming,
sheltering cattle, etc.).3 Nevertheless, anthropological stud-
ies are needed to determine if people have contact with
triatomines during outdoor activities and which of those
activities could constitute a major risk of transmission. The
third scenario is related to the cleptohematophagy behavior
of triatomines that has been previously reported under
experimental conditions.17 In this study, human blood meals
were detected in R. ecuadoriensis nymphs collected too far
from any house to assume that they had walked to the house
to feed and then returned to their refuge. In this case, feed-
ing on adult congeners gorged with human blood would be
a rational explanation of human blood presence in nymphs.
However, further experiments need to be carried out to
assess this behavior in R. ecuadoriensis.
This study reinforces the importance of including other

variables such as the influence of seasonality in triatomine
behavior and human activities that could increase
human–vector interactions. Considering local conditions is
key to evaluate and propose integral control and prevention
measures. Although spraying has an effect on decreasing
domestic triatomine populations, it might not be the main
strategy to prevent the transmission of CD in Ecuador. In
these areas, previous studies reported 5.7% in CC and
3.6% seroprevalence rates4; however, the high frequency of
human blood meals observed in this study suggests numer-
ous contacts between inhabitants and vectors, and a possi-
ble underestimation of CD cases. This is in agreement with
previous statements of, among others, the need of more
research for a better understanding of triatomine transmis-
sion scenarios.18
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