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Abstract

Purpose of Review In Central America, most new human Trypanosoma cruzi infections (Chagas disease) are vector-
borne, primarily by native vector species. Given the importance of vector control in reducing Chagas disease incidence,
here, we provide an updated report on the recent advances and the latest research in vector ecology and control in
Central America. Our objective is to present a panorama of the current situation that includes vector control program
details, recent public health activities and academic research, and current challenges faced by each country and the
region as a whole.

Recent Findings With the elimination of the introduced species Rhodnius prolixus from the region, the primary vector
control challenge is control of native species that move between sylvan and domestic environments, namely Triatoma
dimidiata and Rhodnius pallescens. These species cannot be eliminated from domestic/peridomestic settings in a sus-
tainable way using insecticide alone, as residual members of domestic populations and/or sylvatic foci allow the species
to persistently reinfest following insecticide application. Implementation of integrated, multidisciplinary methods for
native vector species control has yielded promising results. In particular, projects using the Ecohealth method have been
scaled up and expanded to endemic areas in multiple countries through partnerships between international stakeholders
and ministries of health (MoHs). Additionally, the recent description of two new triatomine bug species that were once
classified as 7. dimidiata may help to tailor vector control methods to interspecies variations, and the discovery of a dark
morph of R. pallescens may provide further insight into vector control in Panama. Finally, associations between defor-
estation and vector 7. cruzi infection and abundance in Panama call attention to associations between human land use
change and Chagas disease risk.

Summary The elimination of R. prolixus contributed to significant reductions in human 7. cruzi infection incidence in Central
America over the past 20 years, but native vector species still pose a significant public health threat. New methods and
collaborations present promising solutions, but sustained partnerships, long-term commitment, and strong regional leadership
are required to see them through.
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IPCA Initiative for Chagas Disease Control in Central
America

IPCAM Initiative for Chagas Disease Control in Central
America and Mexico

IRS Indoor Residual Spraying

MoH Ministry of Health

PAHO  Pan American Health Organization

Introduction

With a combined population of approximately 47 million peo-
ple [1], Central America is small in size but rich in cultural and
ecological diversity; most of the region is considered a biodi-
versity hotspot [2, 3]. There are 18 triatomine bug species
described for the region ( [4]; Table 1), and six of them are
found exclusively in Central America and Mexico. The spe-
cies Rhodnius prolixus, R. pallescens, and Triatoma dimidiata
are responsible for most current Chagas disease cases in the
region, and the remaining species are primarily sylvatic.
Given the importance of vector control in reducing the burden
of Chagas disease, our objective in this report is to provide an
up-to-date, comprehensive review of the current entomologi-
cal situation of Chagas disease in Central America since it was
last formally reviewed [28]. This article is a companion piece
to Peterson et al. [29], which covers the current epidemiology
of Chagas disease in Central America.

Regional Overview

R. prolixus was once the most epidemiologically important
vector species in Guatemala, El Salvador, Honduras, and
Nicaragua, but the species was largely eliminated through
national vector control programs supported by the Initiative
for Chagas Disease Control in Central America (“IPCA,”
[30]), which was launched in 1998. R. prolixus is believed to
be an introduced species in Central America; populations were
exclusively domestic with no sylvatic population foci, making
regional elimination a realistic target [31]. The vector control
strategies used to eliminate R. prolixus were modeled after the
approach used in the Southern Cone against Triatoma
infestans (an approach that had come from malaria control
[32]): large-scale, three-phase campaigns consisting of a pre-
paratory phase in which multitudinous homes were inspected,
followed by an “attack phase,” in which indoor residual
spraying (IRS) occurred in infested homes, and concluding
with a surveillance phase. Between 2008 and 2012,
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Guatemala, Honduras, and Nicaragua were certified by
PAHO at the IPCA meetings for interruption of 7. cruzi trans-
mission to humans by R. prolixus, and Mexico, Costa Rica,
and El Salvador were certified for elimination of the species
between 2009 and 2011 (Mexico officially joined IPCA in
2012, and the acronym thereafter became “IPCAM”).
Estimated Chagas disease prevalence for the region decreased
from 7% in the 1980s [30] to 0.91% in 2010 [33-35]. In the
2018 annual meeting of IPCAM, Honduras and Nicaragua
were certified for the elimination of R. prolixus, and
Guatemala is likely to be certified in 2019 [36].

With R. prolixus largely eliminated from the region,
attention has turned to the native species 7. dimidiata,
which is currently the most important 7. cruzi vector
species in all of Central America except Panama.
T. dimidiata has proven more challenging to control than
R. prolixus; the ecological characteristics of T. dimidiata
are quite different from those of R. prolixus, which, in
Central America, was primarily rural, exclusively domes-
tic, and dispersed only passively. 7. dimidiata, in con-
trast, is found in both rural and urban areas, is highly
mobile from sylvan to domestic environments, disperses
both actively and passively, and is much more widely
distributed. Since the year 2000, national efforts to con-
trol 7. dimidiata in Guatemala, El Salvador, Honduras,
and Nicaragua have centered around the same IRS-based
control strategy used against R. prolixus. However,
T. dimidiata has shown a remarkable ability to reinfest
domestic areas following insecticide application [16°, 37,
38], and long-term evaluations have repeatedly shown
that IRS-based programs against 7. dimidiata are effec-
tive only in the short term [16e, 37, 39-41, 42+, 43],
even when followed by community-based surveillance
[44—46].

A particular challenge for the control of 7. dimidiata is
that the species displays tremendous behavioral variation
throughout its range, which has made it difficult to design
vector control methods tailored to the species. The behav-
ioral variability in combination with high levels of mor-
phological diversity has fueled debate about the status of
T. dimidiata as a single or multiple species (or subspe-
cies), and several hypotheses of the true systematics of
T. dimidiata have been proposed [47-50, 51¢]. Recently,
a genomic analysis revealed strong evidence that
T. dimidiata is indeed a species complex comprised of
three distinct species ( [52]; Fig. 1). The three species
are T. dimidiata and two new species, which have recently
been formally described as Triatoma mopan [5] and
Triatoma huehuetenanguensis ( [7]; formerly 7. sp. aff.
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Table 1

Vector information for each country in Central America, including recent findings and current challenges related to vector control and ecology

Country (no. Triatomine species reported”
of species)

Local names Recent advances

Current challenges

Belize (4°¢)  Rhodnius pallescens®, R. pictipes®,

Triatoma dimidiata*,
T. mopan®®

Guatemala
®) Panstrongylus geniculatus®,
R. prolixus*", T. dimidiata*™,
T nitida®,
T. huehuetenanguensis®,
T. ryckmani®

El Salvador  R. prolixus™", T. dimidiata*,
4) T ryckmani®, T. nitida

Honduras E. cuspidatusf, E. mucmnatusf,
9% P, geniculatus®,
P rufotuberculatusf,
R. prolixus*", T. dimidiata*,
T. huehuetenanguensis®®,
T. nitida®, T. ryckmani®

Nicaragua  E. cuspidatus”, P. geniculatus™,
9) P mfotuberculatus%,
R. pallescens”, R. prolixus™",
T dimidiata®, T. dispar%,
T, nitida®, T. ryckmani®

Eratyrus cuspidatus, E. mucronatus, chinche picuda,

chinch, bush * New cave-dwelling species,
chinch, chinch T. mopan, described in [5]
bug * T dimidiata collected in the Orange
Walk and Corozal districts [6]

» New species,

T huehuetenanguensis, described
in [7]

* Ecohealth methods resulted in
significant and sustained reduction
in 7. dimidiata feeding on humans,
% of T. cruzi-infected bugs, and in
house infestation indices; the latter
stayed below 2% for at least
3 years following last intervention
[8], and domestic infestation was
maintained at <3% and
peridomestic infestation at <2%
for 5 years beyond the last
insecticide spraying [9]

* T. dimidiata blood meal analysis
revealed that bugs had fed
predominantly on humans and
birds [12e, 13].

* Bugs collected from peridomestic
areas were significantly more
likely to be infected with 7. cruzi
than bugs collected from within the
house [12°].

* T ryckmani collected inside homes,
including sleeping areas [14]

* T ryckmani found with human
blood meals [14]

* T dimidiata captured in Honduras,
El Salvador, and Guatemala had
unique feeding preferences,
infestation/colonization patterns,
and 7" cruzi infection rates between
countries. Bugs in all countries fed
on humans at the same rate though
[12¢]

* Analyses of DNA extracted from
T. dimidiata collected in
Guatemala, El Salvador, and
Honduras revealed two T. cruzi
DTUs, geographic genetic
structure, blood meal sources, and
a diverse microbial community,
with 7. cruzi-infected bugs having
higher bacteria species richness
than uninfected bugs [15]

talaje, telepate
(names of the
nymphs)

chinche, chinche
picuda, chinche
pelona (nymphs
only)

chinche, chinche
picuda

chinche, chinche de e Infestation indices that had
Chagas decreased from 20.6 to 7.0%
between 2010 and 2014 had
recovered to 14.6% by 2016 [16¢]

* Monitor the movements of
T. dimidiata in domestic and
peridomestic areas

* Confirm/deny the presence of
Rhodnius in sylvan environments

* Sustained reduction of domestic
and peridomestic infestation and
colonization of 7. dimidiata

* Clarify epidemiological
importance of newly described
species

* Determine if there are other species
in the dimidiata species complex

* Train MoH staff to carry out
integrated vector control
measures

* Monitor domiciliation of
T. ryckmani [10] and T nitida [11]

* Sustained reduction of domestic
and peridomestic infestation and
colonization of 7. dimidiata

* Vector control in densely populated
housing developments

* Monitor domiciliation of
T ryckmani [14]

* Clarify if there are other species in
the 7. dimidiata species complex
in the country

* Sustained reduction of domestic
and peridomestic infestation and
colonization of 7. dimidiata

* Housing improvements with local
materials to prevent 7. dimidiata
infestation

* Assure institutional response to
community vector surveillance
when the capacity of local health
services is limited in new
decentralized control program
structure

 Maintain surveillance of 7. nitida
and other sylvan species in
departments where they have
been reported

* Clarify if there are other species in
the 7. dimidiata species complex
in the country

* Sustained reduction of domestic
and peridomestic infestation and
colonization of 7. dimidiata

* Clarify if there are other species in
T. dimidiata species complex
present in the country

* Monitor potentially invasive sylvan
species, such as 7. ryckmani and
P, geniculatus
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Table 1 (continued)

Country (no. Triatomine species reported” Local names Recent advances Current challenges
of species)
Costa Rica  Belminus costaricensis, Cavernicola chinche, chupa * T. cruzi-infected synanthropic * Update the current distribution of

(12) pilosa, E. cuspidatus,
Microtriatoma trinidadensis,
P, geniculatus®,
P, rufotuberculatus,
R. pallescens®, R. prolixus*",
T dimidiata*, T. dispar, T. nitida,
T ryckmani

sangre

Chinche, chinche
mamon, chinche
besador, chinche
de Chagas

Panama (11) Belminus herreri, C. pilosa,
E. cuspidatus, E. mucronatus,
M. trinidadensis, P. geniculatus®,
P. humeralis, P. rufotuberculatus,
R. pallescens*, T. dimidiata®,
T dispar

» New dark morph of R. pallescens
* R. pallescens found colonizing two

 Deforestation found to be associated

T. dimidiata infestation of
domestic and peridomestic
environments

* Investigate 7. dimidiata in
ecotourism areas

+ Update status of sylvatic
R. pallescens populations.

* Clarify if there are other species in
the dimidiata species complex
present in the country

animals and triatomine bugs in
peri-urban and rural areas, and in
an area of heavy ecotourism
[17-21]

* Develop an integrated control
strategy for R. pallescens

* Further investigate and define the
risk posed by new palm species
found to harbor R. pallescens

discovered [22]
new palm species [23¢]
with increase vector abundance

and 7. cruzi infection in
R. pallescens [24, 25]

*Species reported in [26], unless specified otherwise. *Primary vector of 7. cruzi to humans. °Occasional, secondary or emerging vector of 7. cruzi to
humans. ® One specimen of R. pallescens reported in 1931. Its presence in Belize needs to be confirmed. © Just one specimen of R. pictipes ever reported.
Needs to be confirmed. ¢ [5]. ~Not a native species, and currently believed to be eliminated from the country. © [7]. The presence of
T. huehuetenanguensis in Honduras still needs to be confirmed. " [27]. % Sporadically invades intradomestic areas (pers. comm., Dr. Empatriz Lugo,

Nicaragua MoH Laboratory of Entomology)

dimidiata). In addition to being genomically distinct from
T dimidiata sensu stricto (s.s), 7. huehuetenanguensis has
also been found to be a biological species, as it was in-
fertile when crossed with 7. dimidiata s.s [53].

Taken together, these findings could have implica-
tions for Chagas disease risk and control and may par-
tially explain the behavioral variation found among dif-
ferent populations of 7. dimidiata. Studies are underway
to further describe the ecological characteristics of each
species, namely their geographic ranges, habitat and
feeding preferences, and 7. cruzi competence and infec-
tion burdens. An ecological understanding of each spe-
cies will allow disease control interventions to be
adapted to the appropriate vector species (e.g., barriers
to house entry to prevent seasonal intrusion vs. wall
plastering to counter colonization by resident popula-
tions [54, 55]), and it may also help to focus scarce
resources where 7. cruzi transmission risk is highest.

Country by Country Reports

In the following reports, please note that in general discussion
we will use “T. dimidiata” to refer to all three members of the
T. dimidiata species complex, since the exact distribution of
each species is still being determined.

@ Springer

Belize
Overview

T dimidiata is the primary Chagas disease vector species in
Belize, where it is distributed throughout all six administrative
districts [56]. Low human population density and well-
preserved forests have contributed to 7. dimidiata being pri-
marily sylvatic in the country, and Chagas disease is consid-
ered a low risk [57], with domestic infestation by T dimidiata
being only seasonal. However, it is believed that human en-
croachment into previously undisturbed areas may be contrib-
uting to increases in 7. dimidiata domestic infestation [6, 58],
and 7. cruzi seropositive blood units have been found in all six
districts [59]. The Cayo and Toledo districts have the highest
reported 7. dimidiata infestation, colonization, and dispersion
indices [6, 58, 60]. These districts include the current national
capital, and three of the four highest populated cities in the
nation.

The current national vector control program primarily deals
with the prevention and control of mosquito-borne infections.
There is no chemical control program dedicated to
T. dimidiata, but IRS for malaria control in rural communities
sometimes reduces 7. dimidiata infestations (K. Bautista, pers.
comm.). Despite the fact that 7. dimidiata has never been a
vector control target in Belize (K. Bautista, pers. comm.), the
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10 mm

Fig. 1 The three described species of the Triatoma dimidiata species
complex. a Triatoma huehuetenanguensis, b Triatoma mopan, and ¢
Triatoma dimidiata. All species shown to scale (10 mm). Photos by
Silvia Justi and Raquel Lima-Cordén, and reproduced with permission
from the authors (Lima-Cordon RA et al. [7], Figure 7, https://doi.org/10.
3897/zookeys.820.27258.figure7)

country was certified as free of 7. cruzi transmission to
humans by 7. dimidiata at the IPCAM meeting in 2012 [60].

Recent Activities

Since 2006, two surveys of 7. dimidiata in Belize have been
published covering the Cayo and Toledo districts [58] and the
Orange Walk and Corozal districts [6]. The studies, both of
which used community-based collection methods, calculated
dispersion and infestation indices. In Cayo and Toledo, dis-
persion indices (number of villages with 7. dimidiata/total
number of villages sampled) of 100% and 89% were found,
respectively [58]. Infestation indices (number of infested
houses/total number of houses sampled) were upwards of
43% in both districts, and colonization indices (number of
houses with nymphs/total number of houses sampled) were
22% in Cayo and 11% in Toledo. T. cruzi infection prevalence
in the bugs was 23% and 32% in Cayo and Toledo,

respectively [58]. Household infestation was found to be sea-
sonal, and associated with peak activity in the late dry season
(April-June). In Corozal and Orange Walk, infested houses
were dispersed widely throughout both districts, and disper-
sion indices were 60% and 48%, respectively. Average
T. dimidiata infestation index was 15% in Corozal, and 18%
in Orange Walk [6]. Risk factors associated with infestation
were proximity to street lights and presence of dogs [6]. All
bugs collected from domestic areas in Corozal and Orange
Walk were adults, suggesting invasion, but not colonization.

In addition, the only specimens of the newly described
species 7. mopan are from a single cave in the Cayo district
of Belize, known as the Rio Frio Cave. Interestingly, one of
the earliest reports of 7. dimidiata in Belize originated from
the same cave [57], which is within the Mountain Pine Ridge
Forest Reserve. The area experiences a large amount of hu-
man traffic, as it is a common tourist attraction that is regularly
visited by local school groups, and the bugs are known to be
active during the day in the presence of human activity. At
night, guards sleep in the cave to protect it against vandalism,
resulting in human blood meals being available for the bugs
both day and night [61]. In preliminary studies of specimens
collected in the cave, more than half of the bugs had fed on
humans, and some of the specimens were infected with
T cruzi [5, 61]. The estimated probability of vector-borne
T. cruzi transmission upon a single contact is very low [62],
but not impossible, and ongoing studies will help to clarify
any human health risks associated with 7. mopan.

Guatemala
Overview

Eight species of triatomine bugs are distributed throughout
most of Guatemala ( [11]; Table 1), including the newly de-
scribed species, 1. huehuetenanguensis. R. prolixus was the
most epidemiologically important species in the country, but
with its elimination, 7. dimidiata is now the most important
vector species. At least one million people in Guatemala live
in 7. dimidiata-endemic areas spanning 15 departments [63,
64], but the current national vector control program is active in
just 10 departments [65]. Program activities consist of vector
surveillance, residual insecticide application to infested domi-
ciles (data in Table 2), house improvements, and blood bank
screening. House improvements occur mainly in the depart-
ments of Jutiapa and Chiquimula, which have the highest
levels of infestation, and are considered as hotspots of
T. cruzi transmission to humans.

Chagas disease is a low national health priority in
Guatemala, and mosquito-borne diseases such as dengue fever
are better known, garner more media coverage, and are gen-
erally prioritized over Chagas disease. Insecticide supply
shortages are frequent, such that when a focus of R. prolixus
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Vector control data by country

Table 2
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2017

2016

2015

No. of positive houses (no. No. of houses

No. of houses
inspected

No. of positive houses (no. No. of houses

No. of houses
colonized)

inspected

No. of positive houses (no. No. of houses

colonized)

No. of houses
inspected

sprayed

colonized)

sprayed

sprayed

8753* na 9645%"

na

8419*

Not available (na) na

Belize

504

18,311
44,274
99,241

682

621

19,853
50,767

1122

8880

Guatemala®

37,376
3246
574

1769 (81)
1870
na

53,614
6004

na

3654 (875)

2982
na

40,284
14,971

na

1489 (295)
4444

38,705

Honduras®

164,179
na

El Salvador® 67,630

Nica.raguad Not available (na) na

463, 64, 66]. b [27]. € [67]. d [68]. *Number of houses sprayed for malaria prevention and control by the malaria control unit. All houses sprayed are in rural areas that are endemic for 7. dimidiata. Since

Belize has no dedicated Chagas disease program, there are no vector control records specific to Chagas disease. (K. Bautista, pers. comm.). “No. of houses sprayed in 2018: 9496. Data for Costa Rica and

Panama were not available

was discovered in 2015, insecticides had to be obtained from
Honduras [69]. At the 2018 [IPCAM meeting, Guatemala was
encouraged to prepare for a 2019 certification for the elimina-
tion of R. prolixus as a public health problem [36], which
might allocate a few more resources toward Chagas disease
control in the short term in order to obtain the certification, but
in the long term, it may add to a general sentiment that with the
elimination of R. prolixus, Chagas disease is no longer a prob-
lem [70].

Recent Activities

Recent projects using multidisciplinary approaches have
yielded promising results for 7. dimidiata control in the coun-
try. These types of approaches (often called the Ecohealth
approach [71]) take into account the cultural, epidemiological,
and ecological disease transmission scenarios in a given area
to identify and sustainably eliminate different risk factors, of-
ten while improving the quality of life in the local community.
In one study using the Ecohealth approach, Monroy et al. [55,
72] collaborated with villagers and local health personnel in
four villages to design a Chagas disease control program that
centered around house improvements, but also included refor-
estation with native trees, chicken coop construction, and
chicken vaccination, in addition to a single insecticide appli-
cation. The program resulted in reductions in 7. dimidiata
infestation that were similar to other villages in which insec-
ticides alone had been applied, but more economical [73, 74]
and sustainable [8, 9, 55]. Between 2012 and 2014, the project
was expanded to five communities in the department of
Chiquimula, and 7. dimidiata infestation rates were reduced
by a factor of 4 [75]. In another study in the Jutiapa depart-
ment, the network underlying 7. cruzi transmission in local
domestic and peridomestic environments was characterized
in order to find new T. dimidiata control targets that could
complement the application of insecticide (in this study, the
approach was called “eco-social-bio” [76]). The authors found
that, in addition to the habitat and food sources provided by
villagers (blood meals from humans and chickens were de-
tected in 50% and 64% of bugs, respectively), 7. dimidiata
commonly inhabited rodent nests in roof tiles and fed on both
rats (24% of bugs) and mice (21% of bugs), some of which
were infected with 7. cruzi (17% of mice and 43% of rats).
Additionally, nymphs were found in human sleeping quarters
that had fed on both rodents and humans, and the rodents, in
turn, were being sustained by fruit trees located in the patio.
By providing a picture of the local epidemiological network
that was both directly and indirectly sustaining transmission,
several opportunities for interrupting 7. cruzi transmission to
humans were identified.

Building on the success of these projects, in 2017, the
Alliances for Chagas Elimination in Central America project
(“Proyecto Alianzas” in Spanish) was initiated in Guatemala
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with the objective of eliminating Chagas disease transmission
in remaining hotspots in Central America. The project, which
is a collaboration between several international donors, health
agencies, research institutions, and the Guatemala MoH, is
centered around using an integrated approach that strengthens
multiple aspects of Chagas disease control, diagnosis, and
treatment in a sustainable way, while also aiming to improve
quality of life [77]. The Ecohealth approach is a central part of
the vector control component, for which the aim is to increase
the number of homes that are protected from 7. cruzi trans-
mission by T. dimidiata, as measured by reduced levels of
intradomiciliary infestation and fewer infections in children.
The Alliances project is currently being piloted in the munic-
ipality of Comapa, Jutiapa, after which the project is to be
scaled up and implemented in 48 more villages in Jutiapa
[77], and later in other Central American countries.

Honduras
Overview

Eight triatomine species are described for Honduras ( [26, 78];
Table 1), and a ninth species, the recently described
T huehuetenanguensis, is expected to be present, but remains
to be confirmed. The most endemic departments in the coun-
try are Comayagua, Copan, Choluteca, El Paraiso, Francisco
Morazan, Intibuca, La Paz, Lempira, Ocotepeque, Olancho,
Valle, and Yoro, where three triatomine species, R. prolixus,
T. dimidiata, and T. nitida, have been found infesting domestic
areas. In 2003, the Honduran MoH began a national vector
control program targeting R. prolixus [79, 80], and in 2010,
the species was found for the last time in four villages in the
Intibuca and El Paraiso departments [80]. In 2011, Honduras
was certified for the interruption of 7. cruzi transmission by
R. prolixus, and in 2018, the country was certified for elimi-
nation of the species.

T dimidiata is now the most epidemiologically important
species in Honduras, and the species has been reported in 17
of 18 national departments. Domestic invasion of 7. nitida is
occasionally reported in a few departments, but the species is
considered insignificant as a Chagas disease vector [68]. The
average domestic infestation index in endemic areas has de-
clined from 21.9% in 2004 [81] to 3.5-7.2% between 2014
and 2016 [27], and the current vector control program consists
of community-based surveillance, entomological surveys, and
insecticide spraying of infested houses ( [27]; Table 2). The
Honduran MoH has been an innovator in finding ways to
overcome limited resources when formulating Chagas disease
control strategies (e.g., the use of rapid diagnostic tests, train-
ing local village residents to carry out insecticide application,
among others), but a 2012 reorganization and decentralization
of the national Chagas disease control program has made it
challenging for national and local leadership to assure

institutional response to community vector surveillance when
the capacity of local health services is limited [45, 82]. House
improvements, which are particularly important for sustaining
reductions in vector infestation, are a critical area to strengthen
in the current program. At the field level, house improvement
has been promoted by the MoH and implemented by commu-
nities in collaboration with local governments, national insti-
tutes (e.g., The Honduran Social Fund/Fondo Hondurefio de
Inversion Social, [FHIS]), research institutions, and NGOs.
Local governments in some endemic areas are able to obtain
and distribute materials such as tin roofs and sand to use for
plastering cracked mud walls, but the majority of endemic
communities remain at high risk of vector infestation.

Recent Activities

Between 2011 and 2014, a multinational project using the
Ecohealth approach [75] resulted in 690 house improvements
being carried out in 12 Lenca ethnic group settlements in
Honduras. The settlements had previously been infested by
R. prolixus and had later become infested with 7. dimidiata.
It was found that dogs played an important role in the local
T cruzi transmission cycle, while humans did not [12¢], and
infestation indices of 7.0-9.7% were found [83]. All infested
homes were constructed using adobe, and in an analysis using
models to predict domestic triatomine infestation, the most
important predictive factors were house wall material and bi-
ological signs of insect presence. The authors found that the
models were much better at predicting the absence of infesta-
tion than at predicting the presence of infestation, and inter-
estingly, reduced models (to identify dominant causes) were
not supported, further suggesting that integrated approaches
with multiple targets are needed to control infestation by na-
tive vector species.

El Salvador
Overview

Three species of triatomine bugs are found throughout all 14
departments of El Salvador. R. prolixus was once widely dis-
tributed as well, which is believed to have been introduced to
Central America from bugs that escaped from a laboratory
colony in San Salvador, El Salvador, around 1915 [31]. In
1955, the first entomological survey was carried out in 137
rural localities throughout the 14 departments of El Salvador.
An average triatomine bug domestic infestation index of
26.3% was found, with similar numbers of R. prolixus and
T. dimidiata [33]. From the 1950s to the 1970s, houses in
low altitudes were repeatedly sprayed with insecticides for
malaria control, which is thought to have reduced triatomine
infestation as well [82]. In 1976, all vector control and re-
search activities in the country were halted, due to the
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Salvadoran Civil War, and when studies resumed in 1995,
R. prolixus had disappeared from the country. A number of
factors, including the malaria control activities and the re-
placement of palm thatch roofs with tin roofs, are thought to
have indirectly contributed to the elimination of R. prolixus in
El Salvador [84]. Between 2003 and 2009, the MoH evaluated
houses in all areas where R. prolixus had been found through-
out the country, and did not find any specimens [33]. In 2010,
El Salvador was certified at the IPCA meeting for elimination
of R. prolixus as a public health problem, the first country in
the Americas to be certified for elimination of a Chagas dis-
ease vector species [85].

The most important 7. cruzi vector species after the disap-
pearance of R. prolixus became T. dimidiata, which was
targeted in a national vector control program beginning in
2003. The program undertook the same three-phase,
insecticide-based approach that was used in neighboring
countries against R. prolixus, and the national infestation in-
dex declined from 19.4% in 2004 to 2.2% in 2012 [81].
Nonetheless, 7. dimidiata is still widely distributed in the
country and continues to persistently infest and reinfest human
dwellings. The problem is believed to be exacerbated by the
high population density of the country—over six million peo-
ple live in an area of 21,000 km? [86]. Dense housing devel-
opments with limited peridomestic space [82] are thought to
facilitate 7. dimidiata colonization by providing different
blood meal sources tightly clustered within and between
homes [82]. In these areas, the elimination of vector infesta-
tion and associated risk factors is challenging, because it re-
quires improvements to be made to each house in a given
sector, necessitating a collective effort. El Salvador has
established operational programs in these areas that are carried
out by vector control personnel and health promoters, but
activities are largely dependent on the capacity of each local
health office, facility, or staff, which influences outcomes
[45].

The current national Chagas disease control program in El
Salvador consists of active and passive (i.e., community) vec-
tor surveillance, distribution of promotional materials for
house improvements, obligatory notification of all entomolog-
ical activities and human cases to a central health information
database, blood bank screening, and antiparasitic treatment
with follow-up. Active vector surveillance is carried out by
local health promoters who inspect homes for triatomine bugs
and advise residents on changes that can be made in the do-
micile to reduce infestation risk. Infested homes are sprayed
with insecticides if the bugs are found to be infected with
T. cruzi (recent data is found in Table 2). At the departmental
health office, a vector control team monitors and supports
these field operations. The Health Research Center
(CENSALUD) at the University of El Salvador has carried
out some housing improvement projects in collaboration with
the MoH, but there is no regular program. In many endemic
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areas, Chagas disease control often competes with better-
known, mosquito-borne diseases for both financial and human
resources. Currently, when older, experienced Chagas disease
vector control personnel retire, they are not necessarily re-
placed. Complicating matters further is that access to commu-
nities in some endemic areas is quite limited, due to violence
and gangs. As a consequence, health workers and vector con-
trol operations cannot be carried out there, leaving the popu-
lations in these communities unattended.

Recent Activities

In 2010, the species Triatoma ryckmani was first reported in
the department of Achuachapan [§87] and was subsequently
captured in five other departments. The species had been
found to be capable of colonizing artificial environments in
Guatemala [10], but it was believed to be strictly sylvatic in El
Salvador. However, a recent study found specimens with hu-
man blood meals in domestic settings (including beds and
sleeping areas) in the departments of Santa Ana, La Union,
Usulutan, San Miguel, and Morazan between 2011 and 2016
[14]. The sample size of the study was small (N = 69), but the
findings provide preliminary evidence of the emergence of
T ryckmani as a potential secondary Chagas disease vector
in El Salvador.

Nicaragua
Overview

The primary Chagas disease vector species in Nicaragua is
T dimidiata, one of nine triatomine bug species described
for the country (Table 1). A 19981999 entomological survey
found T. dimidiata in all departments except the two
Caribbean Coast Autonomous Regions, which were not sur-
veyed [88], and in 2017, the species was reported by commu-
nity residents in 14 of 19 departments [68]. R. prolixus was
once found throughout eight departments in Nicaragua, but
chemical control successfully eliminated the species from
the country [89], and R. prolixus was last reported in the
Matagalpa department in 2013 [90]. Nicaragua was certified
for interruption of 7. cruzi transmission to humans by
R. prolixus in 2011 and for elimination of the species as a
public health problem in 2018 [36]. R. pallescens was at one
time considered a secondary vector in the departments border-
ing Costa Rica [91-93], but results from recent entomological
and serological surveys have led the MoH to disregard the
species as a vector of epidemiological importance [60, 94].
After the successful control of R. prolixus, the Nicaraguan
MoH began a control program that targeted 7. dimidiata in the
northern departments of Esteli, Jinotega, Madriz, Matagalpa,
and Nueva Segovia. In 2009-2010, the MoH inspected
12,195 randomly selected houses in the five departments
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and found an average domestic infestation index of 6.7% [60,
90]. After a spray campaign, the index declined to below 5%
in all five departments [43], and a community-based surveil-
lance system was rolled out in 2013 to sustain the reduction
[46]. During the first 6 months of 2014, the surveillance sys-
tem detected 1957 houses with 7. dimidiata, and health per-
sonnel visited more than 80% of infested homes to provide
advice to the residents and apply insecticides when necessary
[90]. The surveillance system was subsequently incorporated
into the national guidelines and scaled up to the national level.

Researchers later investigated the sustainability of the vec-
tor control program in the department of Esteli and found that
infestation indices that had decreased from 20.6 to 7.0% be-
tween 2010 and 2014 had increased to 14.6% by 2016 [16¢].
The results demonstrated that although the 7. dimidiata con-
trol program in Nicaragua was successful in the short term, the
primarily insecticide-based vector control approach used was
ineffective for sustaining reductions of 7. dimidiata infestation
over the long term [16¢, 43, 46]. The same study also found
that application of sublethal levels of agricultural insecticide
by villagers to their own houses (to control multiple types of
vermin, not necessarily triatomines) at least once a month was
associated with reduced odds of 7. dimidiata reinfestation
compared with houses that did not apply insecticide [16°].
The practice of using agricultural insecticide to control vermin
in and around the home is common in rural, agricultural areas
of Nicaragua and other Central American countries, suggest-
ing that in these areas, villagers may be capable of sustaining
vector control in their own homes. More research is needed
though to understand if the practice actually prevents
T’ dimidiata domestic infestation/reinfestation.

Recent Activities

Data from the national Chagas disease control program indi-
cate that the capacity of community-based vector surveillance
is weakening in Nicaragua. In 2017, 873 houses were report-
edly infested by 7. dimidiata in 14 out of 19 departments (data
in Table 2 [68];). These numbers reflect a noticeable decrease
in house infestation reporting rates in comparison with 2014
when nearly 2000 houses were reported with 7. dimidiata in
five departments within 6 months. The decrease likely reflects
a diminished capacity of vector surveillance to detect house
infestation as opposed to an actual decrease in vector infesta-
tion levels, given there have been no large-scale control activ-
ities for 7" dimidiata since 2014. Although community-based
surveillance has been found to be ineffective at sustaining
reductions in 7. dimidiata domestic infestation to under 5%,
it is still an effective way to identify high-risk areas at a rela-
tively low cost [16¢]. Submission of triatomine bugs caught
inside the home to the local health post has been found to
improve vector detection probabilities in the presence of na-
tive vectors [95], and the national program should keep

encouraging community residents to bring triatomine bugs
found in and around their homes to the nearest health
facilities.

Costa Rica
Overview

Costa Rica has the highest triatomine species richness in
Central America, with 12 species described (Table 1 [4];).
The country was certified for the elimination of R. prolixus
in 2011 [85], although the species had only been sparsely
distributed in the northwest province of Guanacaste and had
not been seen in decades [31]. After the elimination of
R. prolixus, T. dimidiata was the only triatomine species in
Costa Rica that regularly infested human homes, making it the
most important Chagas disease vector species. 7. dimidiata is
widely distributed throughout Costa Rica, where it is found in
domestic, peridomestic, and sylvan environments [96]. A
small number of Chagas disease cases in Costa Rica have been
attributed to R. pallescens [91, 96-98] and Panstrongylus
geniculatus [91], but neither species is domiciliated; rather,
both species tend to visit human homes opportunistically,
attracted by artificial light [78, 91, 96]. There is no active
vector control program in Costa Rica, but the MoH surveils
passively, with home inspections carried out in response to
reported domestic vector infestation, and insecticide applica-
tion if the home is found to be colonized [99].

Urban and peri-urban cases of 7. dimidiata infestation and
Chagas disease are relatively well documented in Costa Rica,
with 45% of acute cases registered between 2003 and 2018
being from metropolitan or suburban areas of the capital city
of San Jose [100], and 90% of chronic cases between 2014
and 2018 being reported from the San Jose province [101].
Zeledon et al. [102, 103] found infestation indices upwards of
44% in communities less than 10 miles from San Jose, and
more recently, a colonization index of 67% was found in a
peri-urban area of Heredia province, described below [104].
T. dimidiata is known to be an urban and rural species
[105-108], and there are mentions of the species in the capital
cities of Guatemala, El Salvador, Nicaragua, and Honduras
[33]. However, there are few published studies of urban
T. dimidiata infestation in Central America [16¢, 105], and
most reports are opportunistic findings [105]. It is possible
that data in Costa Rica are biased toward better detection in
urban areas due to more available services in those areas.
Regardless, the presence of urban vector-borne 7. cruzi trans-
mission to humans carries implications for disease control, as
it necessitates approaches that are adapted to urban communi-
ties (e.g., denser housing, different cultural practices and atti-
tudes than in rural areas). Urban infestations in Costa Rica
often occur in settlements of poorly constructed homes built
on deforested or recently converted land in the peripheries of
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cities, where a 7. cruzi transmission cycle with a native vector
species is already established [109]. Zeledon and Rojas [102]
were able to reduce domestic and peridomestic infestations in
a peri-urban area of Costa Rica by modifying the domestic and
peridomestic environments to eliminate artificial ecotopes,
similar to integrated approaches used to control 7. dimidiata
in other countries [55]. The authors found that the bugs quick-
ly returned if the modifications were not sustained [103].

Recent Activities

Studies continue to find 7. cruzi-infected synanthropic ani-
mals and triatomine bugs in peri-urban and rural areas
[17-20, 104, 110], as in prior studies [105, 111-114], suggest-
ing that the zoonotic T cruzi cycle in the region is well
established. A 2015 entomological survey of 7. dimidiata in
a peri-urban community in Heredia province found
T’ dimidiata in 12% of houses surveyed, with 67% of positive
houses being colonized, as mentioned above, and 55% of bugs
infected with 7. cruzi, including bugs collected in bedrooms
[104].

In the Monteverde region, an ecotourism destination that
receives around 250,000 international tourists a year [115],
researchers found white-nosed coatis infected with 70 cruzi
[19], and in another study in the region, 7. cruzi-infected
T dimidiata were collected from sylvatic, peridomestic, and
domestic environments [18]. Additionally, 7. cruzi-infected
bats were found in Costa Rican national parks for the first time
[21]. Interestingly, all 7. cruzi-infected white-nosed coatis and
bats were asymptomatic [19, 21]. Although isolated preva-
lence studies do not capture spatiotemporal variability, what
can be gleaned from these studies is that host and vector spe-
cies capable of maintaining 7. cruzi infection are present in
and around human homes and areas of human use in Costa
Rica, including ecotourism destinations. The probability of
acquiring 7. cruzi infection upon a chance contact with a
triatomine bug is very low [62], but an American tourist was
infected with 7' cruzi after vacationing in an ecotourism area
in Costa Rica in 2008 [116].

Panama
Overview

There are 11 triatomine bug species identified in Panama
(Table 1), with R. pallescens, T. dimidiata, and
P geniculatus being most associated with human 7. cruzi in-
fection [117]. These species have the widest geographical dis-
tribution, spanning most of country’s ten provinces.
R. pallescens is considered to be the most important Chagas
disease vector species in the Panama, where it inhabits Atfalea
butyracea palms, which are often found in close proximity to
human homes. The palms have a self-contained microclimate,
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which regulates R. pallescens abundance in the palm crowns,
especially in rural deforested landscapes, which are common
in the country [118]. High 7. cruzi infection prevalences have
been found in R. pallescens populations, with one study
reporting 7. cruzi infection in 80-90% of adult specimens
collected from human homes [119].

The only domiciliated vector species in Panama is
T dimidiata, which is also found in sylvan environments in
the country. The species is most associated with Chagas dis-
ease in temperate mountainous regions of Panama, such as the
northern parts of the Veraguas province in western Panama
[120]. In a recent study of four communities in the Veraguas
province, 24.6% of T. dimidiata collected in domestic envi-
ronments had fed on humans, and 21.4% of specimens col-
lected were infected with 7. cruzi [120]. P. geniculatus is a
relatively common visitor to human homes in peri-urban and
suburban sites adjacent to forested areas, and the species has
repeatedly been found infected with 7. cruzi [121]. Most
Chagas disease vector research in Panama is focused on just
T. dimidiata and R. pallescens, and there is a need for a revival
of the vector distribution and ecology studies that took place
in the latter half of the twentieth century [117] in order to
understand contemporary distribution and abundance patterns
of other triatomine bug species in the rapidly changing land-
scapes of Panama.

Panama has never had a formal national Chagas disease
control program, and the country is categorized by PAHO as
one of four endemic countries in Latin America for which the
interruption of vector-borne transmission of 7. cruzi to
humans is not a formally declared public health goal [122].
However, Chagas disease studies, including routine passive
and active surveillance for triatomine infestation and in en-
demic communities, are carried out by members of the
Gorgas Memorial Institute for Health Studies (ICGES), in
collaboration with the Panama MoH (called MINSA) and
the National Technical Commission for the Prevention and
Control of Chagas disease, Leishmaniasis and Other
Neglected Diseases. The ICGES supports further eco-
epidemiological studies in endemic communities as well,
and other vector surveillance occurs through projects at re-
search institutions in Panama funded by the National
Department of Science, Technology and Innovation
(SENACYT).

Recent Activities

Recent studies have found links between 7. cruzi transmission
and deforestation, which is widespread in Panama, and con-
tinuing at relatively high rates in some areas. In a series of
studies of 7. cruzi vectors and hosts across a land use gradient,
researchers found that deforestation was a risk factor for in-
creased abundance of R. pallescens [24], and higher 7. cruzi
infection frequency in the species [25]. The authors also found
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that trypanosome infection patterns in R. pallescens changed
in different land use types [123], and deforestation/forest
fragment-associated loss of species diversity and changes in
the mammal community structure favored increased abundance
of human-adapted wildlife species that are highly competent for
T’ cruzi [25]. Preliminary results of a follow-up study to identify
the main 7' cruzi reservoir species in deforested areas have
found opossums (Didelphis marsupialis) to be a main reservoir
for 7. cruzi. Opossums are highly competent 7. cruzi hosts that
serve as links between sylvatic and domestic 7 cruzi cycles in
numerous Chagas-endemic regions. These results suggest that
deforestation and forest fragmentation are important drivers of
increased vector abundance, 7. cruzi infection and Chagas dis-
ease risk in humans.

Other ongoing studies have identified a potentially novel
triatomine subspecies and new vector habitats, suggesting that
contemporary human 7. cruzi infection risk may be more geo-
graphically widespread in Panama than previously believed.
A dark chromatic variation of R. pallescens was recently iden-
tified in a mountainous region of the Veraguas Province,
which was recently found to be a new endemic focus for
T cruzi [120]. The bugs had a T. cruzi prevalence of 14.3%
(single infections) and a 7. rangeli prevalence of 22.2% (sin-
gle infections), and 28.6% of bugs were infected with both
parasite species [22]. Phylogenetic studies are in process to
clarify the systematics of the chromatic variant in order to
determine if it is a color morph, or a new species or
subspecies.

Specimens of two palm species were found harboring
R. pallescens populations, revealing new habitats for the vec-
tor beyond the A. butyracea palm. The first species,
Acrocomia aculeata (coyol palm), was infested with
R. pallescens in the Los Santos Province in the Azuero
Peninsula, which was the first report of R. pallescens in the
region. A total of 62 R. pallescens and 1 Eratyrus cuspidatus
were collected from 23% (19/83) of A. aculeata palms
searched, and 67% of bugs collected were infected with
T cruzi (all R. pallescens [23¢]). The second palm species,
Elaeis oleifera, was found infested with R. pallescens in the
Panama Oeste province. E. oleifera is a native species of oil
palm used mainly for medicinal purposes by local popula-
tions. Out of 60 palms searched, 13 (21.7%) were infested
with R. pallescens, and some of the bugs were infected with
T cruzi (unpublished data, ICGES). In both palm species,
adults and nymphs were found, suggesting colonization.

Concluding Remarks

Although the elimination of R. prolixus from Central America
contributed to significant reductions in the incidence of human
T. cruzi infection in the region, national and regional leaders
and must still continue to emphasize the importance of

controlling native vector species, namely 7. dimidiata and
R. pallescens, which still pose a significant public health
threat. Effective vector control is especially critical for the
success of national programs working to expand medical in-
terventions in endemic areas, such as screening of pregnant
women [124] and treatment coverage [122]. For these pro-
grams to be successful, it will be imperative that patients live
in a home that is not and will not be infested with the vector in
order to avoid reinfection with 7. cruzi after medical interven-
tion [125].

The seriousness of 7. dimidiata in particular should not be
underestimated considering that human blood meals, acute
cases, and domestic infestation by 7. dimidiata are found in
every country in the region, unequivocally indicating a risk.
IRS-based vector control strategies reduced 7. dimidiata do-
mestic infestation to some degree, but in multiple regions, the
reductions were unsustainable, and IPCAM has acknowl-
edged that integrated approaches are needed [36]. The
Ecohealth approach has been designated by MoHs as a best
practice [75], as it is considered less costly and more sustain-
able than repeated insecticide application for suppressing
T dimidiata infestation over the long term, although it has
yet to be fully applied to R. pallescens. Regardless of the
chosen approach, development and implementation of effec-
tive native species control measures in Central America will
require sustained effort, commitment, and resources from
multiple entities over the long term, and it remains to be seen
if current efforts will translate to significantly reduced human
T. cruzi infection burden in the region.

Acknowledgements The authors thank Mr. Kim Bautista for providing
information and data for Chagas disease in Belize, and reviewing the
Belize portion of the manuscript; Erick Campos Fuentes of INCIENSA
for providing information about Chagas disease in Costa Rica; and
Doctor Andrea Urbina for reviewing parts of the manuscript. Dr.
Saldafia is a member of the Sistema Nacional de Investigacion (SNI),
SENACYT, Panama.

Compliance with Ethical Standards

Conflict of Interest The authors declare that they have no conflict of
interest.

Human and Animal Rights and Informed Consent  This article does not
contain any studies with human or animal subjects performed by any of
the authors.

References

Papers of particular interest, published recently, have been
highlighted as:
* Of importance

1. Central Intelligence Agency. The world factbook 2016-17.
Washington, D.C.; 2016.

@ Springer



Curr Trop Med Rep

10.

11.

12.

13.

15.

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GA, Kent
J. Biodiversity hotspots for conservation priorities. Nature.
2000;403:853-8.

Brummitt N, Lughadha EN. Biodiversity: where’s hot and where’s
not. Conserv Biol. 2003;17:1442-8.

Galvao C, Carcavallo R, Rocha DDS, Jurberg J. A checklist of the
current valid species of the subfamily Triatominae Jeannel, 1919
(Hemiptera, Reduviidae) and their geographical distribution, with
nomenclatural and taxonomic notes. Zootaxa. 2003;202:1.

Dorn PL, Justi SA, Dale C, Stevens L, Galvao C, Lima-Cordon R,
et al. Description of Triatoma mopan sp. n. from a cave in Belize
(Hemiptera, Reduviidae, Triatominae). Zookeys. 2018;775:69—
95.

Caranci AT. Geographic Distribution and Bionomics of Triatoma
dimidiata (Reduviidae: Triatominae) in Northern Belize, Central
America [PhD]. [Bethesda, Maryland, USA]: Uniformed Services
University; 2016.

Lima-Cordén RA, Monroy MC, Stevens L, Rodas A, Rodas GA,
Dorn PL, et al. Description of Triatoma huehuetenanguensis sp.
n., a potential Chagas disease vector (Hemiptera, Reduviidae,
Triatominae). ZK. Pensoft Publishers. 2019;820:51-70.

Pellecer MJ, Dorn PL, Bustamante DM, Rodas A, Monroy MC.
Vector blood meals are an early indicator of the effectiveness of
the ecohealth approach in halting Chagas transmission in
Guatemala. Am J Trop Med Hyg. 2013;88:638—44.

Lucero DE, Morrissey LA, Rizzo DM, Rodas A, Garnica R,
Stevens L, et al. Ecohealth interventions limit triatomine reinfes-
tation following insecticide spraying in La Brea, Guatemala. Am J
Trop Med Hyg. 2013;88:630-7.

Monroy C, Marroquin R, Rodas A, Rosales R, Jaenson TGT.
Dispersion and colonization of Triatoma ryckmani (Hemiptera:
Reduviidae) in artificial environments in a semiarid region of a
Chagas disease endemic area in Guatemala. Acta Trop. 2004;91:
145-51.

Tabaru Y, Monroy C, Rodas A, Mejia M, Rosales R. The geo-
graphical distribution of vectors of Chagas’ disease and popula-
tions at risk of infection in Guatemala. Medical Entomology and
Zoology. 1999;50:9-17.

Lima-Cordén RA, Stevens L, Ortiz ES, Rodas GA, Castellanos S,
Rodas A, et al. Implementation science: epidemiology and feeding
profiles of the Chagas vector Triatoma dimidiata prior to
Ecohealth intervention for three locations in Central America.
PLoS Negl Trop Dis. 2018;12:e0006952 In this work, re-
searchers identified regional variation in Chagas disease epi-
demiological scenarios with 7. dimidiata as the primary vector
species. Epidemiological characteristics that are unique to
each country are identified and described, including bug feed-
ing preferences on humans.

Diaz Cruz SJ. Caracterizacion de habitos alimentarios en Triatoma
dimidiata mediante la técnica de PCR forense en el municipio de
Texistepeque, departamento de Santa Ana [Internet] [Bachelor of
Science ]. University of El Salvador; 2017. Available from: http://
ri.ues.edu.sv/id/eprint/13951/.

Castillo Ayala K. Triatoma ryckmani (Zeledon y Ponce, 1972;
Hemiptera: Reduviidae) en ambientes domiciliares de El
Salvador [Internet]. Congreso Nacional sobre la Enfermedad de
Chagas ; July 8th and 9th, 2016. Available from: http://www.
cienciaytecnologia.edu.sv/eventos_realizados/Presentaciones%
20del%20Congreso%20de%20Chagas%20en%20PDF/t.
ryckmani%20en%20ambientes%20domiciliares %20de%20SV.
pdf. Accessed 20 Feb 2019.

Orantes LC, Monroy C, Dorn PL, Stevens L, Rizzo DM,
Morrissey L, et al. Uncovering vector, parasite, blood meal and
microbiome patterns from mixed-DNA specimens of the Chagas
disease vector Triatoma dimidiata. PLoS Negl Trop Dis. 2018;12:
€0006730.

@ Springer

16.¢

17.

18.

19.

20.

21.

22.

23..

24.

25.

26.

27.

Yoshioka K, Provedor E, Manne-Goehler J. The resilience of
Triatoma dimidiata: An analysis of reinfestation in the
Nicaraguan Chagas disease vector control program (2010—
2016). PLoS One. 2018;13:¢0202949 In this work, the failure
of insecticide-based control measures to sustainably reduce 7.
dimidiata infestation in Nicaragua is presented and analyzed.
It is one of the only studies of Chagas disease in Nicaragua in
recent years.

Bonilla MC, Herrero-Acosta MV, Urbina-Villalobos A, Dolz G.
Deteccion de anticuerpos contra Trypanosoma cruzi en caninos de
Costa Rica. Revista Ciencias Veterinarias 2018;1.

Zuriaga MA, Blandon-Naranjo M, Valerio-Campos I, Salas R,
Zeledon R, Bargues MD. Molecular characterization of
Trypanosoma cruzi and infection rate of the vector Triatoma
dimidiata in Costa Rica. Parasitol Res. 2012;111:1615-20.
Mehrkens LR, Shender LA, Yabsley MJ, Shock BC, Chinchilla
FA, Suarez J, et al. White-nosed coatis (Nasua narica) are a po-
tential reservoir of Trypanosoma cruzi and other potentially zoo-
notic Pathogens in Monteverde, Costa Rica. J Wildl Dis. 2013;49:
1014-8.

Bonilla M, Di Mare-Hering MI, Castro-Vazquez RM, Dolz G.
Especies de Trypanosoma presentes en animales silvestres de
Costa Rica [Internet]. 2018. Available from: https://www.
researchgate.net/publication/327351158 Especies_de
Trypanosoma_presentes_en_animales_silvestres_de Costa_Rica.
Accessed 25 Jan 2019.

Rubi R, Urbina A, Dolz G, Acosta MH. Murci¢lagos generalistas
de Costa Rica: descripcion macro-ambiental de sitios de captura,
caracteristicas del hospedero y caracterizacion molecular de
Leishmania spp. 'y Trypanosoma spp [Internet]. 2017. Available
from: https://www.researchgate.net/publication/325177542
Murcielagos generalistas_de Costa Rica descripcion
macroambiental de sitios de captura caracteristicas_de
hospedero_y caracterizacion molecular de Leishmania spp y
Trypanosoma_spp. Accessed 18 Jan 2018.

Saldafia A, Santamaria AM, Pineda V, Vasquez V, Gottdenker NL,
Calzada JE. A darker chromatic variation of Rhodnius pallescens
infected by specific genetic groups of Tiypanosoma rangeli and
Trypanosoma cruzi from Panama. Parasit Vectors. 2018;11:423.
Rodriguez 1G, Saldaia A, Gonzalez K, Pineda V, Perea M,
Santamaria AM, et al. Trypanosoma cruzi infection in Rhodnius
pallescens (Heteroptera: Reduviidae) infesting coyol palms in the
dry arch of Panama. J] Med Entomol. 2018;55:691-700 In this
work, R. pallescens infected with 7. cruzi is described for the
first time in the Azuero Peninsula region of Panama.
Additionally, the species was found infesting a palm species
in which it had never before been found, as it had been found
only infesting A. butryacea palms. The findings suggest that R.
pallescens may be more widely distributed in Panama than
previously believed.

Gottdenker NL, Calzada JE, Saldana A, Carroll CR. Association
of anthropogenic land use change and increased abundance of the
Chagas disease vector Rhodnius pallescens in a rural landscape of
Panama. Am J Trop Med Hyg. 2011;84:70-7.

Gottdenker NL, Chaves LF, Calzada JE, Saldana A, Carroll CR.
Host life history strategy, species diversity, and habitat influence
Trypanosoma cruzi vector infection in changing landscapes.
Giirtler RE, editor. PLoS Negl Trop Dis. 2012;6:¢1884.

Mata Somarribas C, Calvo Fonseca N. Morfologia distintiva y
clave pictorica para la subfamilia Triatominae (Hemiptera:
Reduviidae) en América Central. Instituto Costarricense de
Investigacion y Ensefiaza en Nutricion y Salud (INCIENSA);
2015.

Unidad de Vigilancia de la Salud, Secretaria de Salud, Gobierno
de la Republica de Honduras. Décimo Octava Reunion de la
Comision Intergubernamental (CI) de la Iniciativa de los Paises


http://ri.ues.edu.sv/id/eprint/13951/
http://ri.ues.edu.sv/id/eprint/13951/
http://www.cienciaytecnologia.edu.sv/eventos_realizados/Presentaciones%20del%20Congreso%20de%20Chagas%20en%20PDF/t.ryckmani%20en%20ambientes%20domiciliares%20de%20SV.pdf
http://www.cienciaytecnologia.edu.sv/eventos_realizados/Presentaciones%20del%20Congreso%20de%20Chagas%20en%20PDF/t.ryckmani%20en%20ambientes%20domiciliares%20de%20SV.pdf
http://www.cienciaytecnologia.edu.sv/eventos_realizados/Presentaciones%20del%20Congreso%20de%20Chagas%20en%20PDF/t.ryckmani%20en%20ambientes%20domiciliares%20de%20SV.pdf
http://www.cienciaytecnologia.edu.sv/eventos_realizados/Presentaciones%20del%20Congreso%20de%20Chagas%20en%20PDF/t.ryckmani%20en%20ambientes%20domiciliares%20de%20SV.pdf
http://www.cienciaytecnologia.edu.sv/eventos_realizados/Presentaciones%20del%20Congreso%20de%20Chagas%20en%20PDF/t.ryckmani%20en%20ambientes%20domiciliares%20de%20SV.pdf
https://www.researchgate.net/publication/327351158_Especies_de_Trypanosoma_presentes_en_animales_silvestres_de_Costa_Rica
https://www.researchgate.net/publication/327351158_Especies_de_Trypanosoma_presentes_en_animales_silvestres_de_Costa_Rica
https://www.researchgate.net/publication/327351158_Especies_de_Trypanosoma_presentes_en_animales_silvestres_de_Costa_Rica
https://www.researchgate.net/publication/325177542_Murcielagos_generalistas_de_Costa_Rica_descripcion_macroambiental_de_sitios_de_captura_caracteristicas_de_hospedero_y_caracterizacion_molecular_de_Leishmania_spp_y_Trypanosoma_spp
https://www.researchgate.net/publication/325177542_Murcielagos_generalistas_de_Costa_Rica_descripcion_macroambiental_de_sitios_de_captura_caracteristicas_de_hospedero_y_caracterizacion_molecular_de_Leishmania_spp_y_Trypanosoma_spp
https://www.researchgate.net/publication/325177542_Murcielagos_generalistas_de_Costa_Rica_descripcion_macroambiental_de_sitios_de_captura_caracteristicas_de_hospedero_y_caracterizacion_molecular_de_Leishmania_spp_y_Trypanosoma_spp
https://www.researchgate.net/publication/325177542_Murcielagos_generalistas_de_Costa_Rica_descripcion_macroambiental_de_sitios_de_captura_caracteristicas_de_hospedero_y_caracterizacion_molecular_de_Leishmania_spp_y_Trypanosoma_spp
https://www.researchgate.net/publication/325177542_Murcielagos_generalistas_de_Costa_Rica_descripcion_macroambiental_de_sitios_de_captura_caracteristicas_de_hospedero_y_caracterizacion_molecular_de_Leishmania_spp_y_Trypanosoma_spp

Curr Trop Med Rep

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

de Centroamérica y México (IPCAM) para la Interrupcion de la
Transmision Vectorial, Transfusional y Atencion Médica de la
Enfermedad de Chagas. Décimo Octava Reunion de la Comision
Intergubernamental (CI) de la Iniciativa de los Paises de
Centroamérica y México (IPCAM) para la Interrupcion de la
Transmision Vectorial, Transfusional y Atencion Médica de la
Enfermedad de Chagas; Tegucigalpa Honduras, 29 al 31 de
Octubre de 2018.

Ponce C. Current situation of Chagas disease in Central America.
Mem Inst Oswaldo Cruz. 2007;102:41-4.

Peterson JK, Yoshioka K, Hashimoto K, Caranci A, Gottdenker N,
Monroy C, et al. An update on the epidemiology of Chagas dis-
ease in Central America. Current Tropical Medicine Reports. 2019
Organizacion Panamericana de la Salud. Informe de la primera
reunioén de la comision intergubernamental de la iniciativa de
Centroamerica y Belize para la interrupcion de la transmision vec-
torial de la enfermedad de Chagas por Rhodnius prolixus ,
disminucion de la infestacion domiciliaria por Triatoma dimidiata
, y eliminacion de la transmision transfusional del Tiypanosoma
cruzi. 1999. Report No.: OPS/HCP/HCT/145/99.

Zeledon R. Some historical facts and recent issues related to the
presence of Rhodnius prolixus (Stal 1859) (Hemiptera:
Reduviidae) in Central America. Entomologia y Vectores.
2004;11:233-46.

Dias JCP. Evolution of Chagas disease screening programs and
control programs: historical perspective. Glob Heart. 2015;10:
193-202.

Organizacion Panamericana de la Salud. La enfermedad de
Chagas en El Salvador, evolucion historica y desafios para el
control. San Salvador, El Salvador.: OPS.; 2010.

World Health Organization. Chagas disease in Latin America: an
epidemiological update based on the 2010 estimates. Wkly
Epidemiol Rec. 2015;6:33—44.

Organizacion Panamericana de la Salud. Estimacion cuantitativa
de la enfermedad de Chagas en Las Américas. 2006. Report No.:
OPS/HDM/CD/425-06.

Organizacion Panamericana de la Salud. Conclusiones y
Recomendaciones de la décimo octava reunion de la Comision
Intergubernamental (CI) de la Iniciativa de los Paises de
Centroamérica y Mexico (IPCAM) para la Interrupcion de la
Transmision Vectorial, Transfusional, y Atencion Médica de la
Enfermedad de Chagas. Tegucigalpa, Honduras; Octubre de
2018.

Hashimoto K, Cordon-Rosales C, Trampe R, Kawabata M.
Impact of single and multiple residual sprayings of pyrethroid
insecticides against Triatoma dimidiata (Reduviidae:
Triatominae), the principal vector of Chagas disease in Jutiapa,
Guatemala. Am J Trop Med Hyg. 2006;75:226-30.

Dumonteil E, Ruiz-Pina H, Rodriguez-Félix E, Barrera-Pérez M,
Ramirez-Sierra MJ, Rabinovich JE, et al. Re-infestation of houses
by Triatoma dimidiata after intradomicile insecticide application
in the Yucatan Peninsula. Mexico Mem Inst Oswaldo Cruz.
2004;99:253-6.

Nakagawa J, Hashimoto K, Cordén-Rosales C, Abraham Juarez J,
Trampe R. Marroquin Marroquin L. The impact of vector control
on Triatoma dimidiata in the Guatemalan department of Jutiapa.
Ann Trop Med Parasitol. 2003;97:288-97.

Nakagawa J, Cordon-Rosales C, Juarez J, Itzep C, Nonami T.
Impact of residual spraying on Rhodnius prolixus and Triatoma
dimidiata in the department of Zacapa in Guatemala. Mem Inst
Oswaldo Cruz. 2003;98:277-82.

Manne J, Nakagawa J, Yamagata Y, Goehler A, Brownstein JS,
Castro MC. Triatomine infestation in Guatemala: spatial assess-
ment after two rounds of vector control. Am J Trop Med Hyg.
2012;86:446-54.

42..

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Juarez JG, Pennington PM, Bryan JP, Klein RE, Beard CB,
Berganza E, et al. A decade of vector control activities: Progress
and limitations of Chagas disease prevention in a region of
Guatemala with persistent Triatoma dimidiata infestation.
Attardo GM, editor. PLoS Negl Trop Dis. 2018;12:¢0006896 In
this work, the extensive Chagas disease control efforts in a
critical Chagas disease transmission hotspot in Guatemala
are summarized and discussed, in addition to providing new
data.

Yoshioka K, Nakamura J, Pérez B, Tercero D, Pérez L, Tabaru Y.
Effectiveness of large-scale Chagas disease vector control pro-
gram in Nicaragua by residual insecticide spraying against
Triatoma dimidiata. Am J Trop Med Hyg. 2015;93:1231-9.
Hashimoto K, Zuniga C, Nakamura J, Hanada K. Integrating an
infectious disease programme into the primary health care service:
a retrospective analysis of Chagas disease community-based sur-
veillance in Honduras. BMC Health Serv Res [Internet]. 12/2015
[cited 2018 Jun 18];15. Available from: http://bmchealthservres.
biomedcentral.com/articles/10.1186/s12913-015-0785-4.
Accessed 7 Feb 2019.

Hashimoto K, Ziniga C, Romero E, Morales Z, Maguire JH.
Determinants of health service responsiveness in community-
based vector surveillance for Chagas disease in Guatemala, El
Salvador, and Honduras. PLoS Negl Trop Dis. 2015;9:¢0003974.
Yoshioka K, Tercero D, Pérez B, Nakamura J, Pérez L.
Implementing a vector surveillance-response system for chagas
disease control: a 4-year field trial in Nicaragua. Infectious
Diseases of Poverty [Internet]. 12/2017 [cited 2018 Sep 20];6.
Available from: http://idpjournal.biomedcentral.com/articles/10.
1186/s40249-016-0225-7

Dorn PL, Monroy C, Curtis A. Triatoma dimidiata (Latreille,
1811): a review of its diversity across its geographic range and
the relationship among populations. Infect Genet Evol. 2007;7:
343-52.

Marcilla A, Bargues MD, Ramsey JM, Magallon-Gastelum E,
Salazar-Schettino PM, Abad-Franch F, et al. The ITS-2 of the
nuclear tDNA as a molecular marker for populations, species,
and phylogenetic relationships in Triatominae (Hemiptera:
Reduviidae), vectors of Chagas disease. Mol Phylogenet Evol.
2001;18:136-42.

Dorn PL, Calderon C, Melgar S, Moguel B, Solorzano E,
Dumonteil E, et al. Two distinct Triatoma dimidiata (Latreille,
1811) taxa are found in sympatry in Guatemala and Mexico.
PLoS Negl Trop Dis. 2009;3:¢393.

Monteiro FA, Peretolchina T, Lazoski C, Harris K, Dotson EM,
Abad-Franch F, et al. Phylogeographic pattern and extensive mi-
tochondrial DNA divergence disclose a species complex within
the Chagas disease vector Triatoma dimidiata. PLoS One. 2013;8:
e70974.

Dorn PL, de la Ria NM, Axen H, Smith N, Richards BR,
Charabati J, et al. Hypothesis testing clarifies the systematics of
the main Central American Chagas disease vector, Triatoma
dimidiata (Latreille, 1811), across its geographic range. Infect
Genet Evol. 2016;44:431-43 This was the first study to statis-
tically test hypotheses generated in prior studies on the evolu-
tion and systematics of Triatoma dimidiata. Testing was car-
ried out using new datasets with a large taxon sample
representing the whole geographic range of 7. dimidiata. The
best supported hypothesis revealed that 7. dimidiata is likely
composed of at least three species—7. dimidiata sensu strictu,
and two new cryptic species, which were later described as 7.
huehuetenanguensis and T. mopan.

Justi SA, Cahan S, Stevens L, Monroy C, Lima-Cordén R, Dorn
PL. Vectors of diversity: genome wide diversity across the geo-
graphic range of the Chagas disease vector Triatoma dimidiata

@ Springer


http://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-015-0785-4
http://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-015-0785-4
http://idpjournal.biomedcentral.com/articles/10.1186/s40249-016-0225-7
http://idpjournal.biomedcentral.com/articles/10.1186/s40249-016-0225-7

Curr Trop Med Rep

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

sensu lato (Hemiptera: Reduviidae). Mol Phylogenet Evol.
2018;120:144-50.

Garcia M, Menes M, Dorn PL, Monroy C, Richards B, Panzera F,
et al. Reproductive isolation revealed in preliminary crossbreeding
experiments using field collected Triatoma dimidiata (Hemiptera:
Reduviidae) from three ITS-2 defined groups. Acta Trop.
2013;128:714-8.

Waleckx E, Gourbiére S, Dumonteil E. Intrusive versus domicil-
iated triatomines and the challenge of adapting vector control
practices against Chagas disease. Mem Inst Oswaldo Cruz.
2015;110:00-00.

Monroy C, Castro X, Bustamante DM, Pineda SS, Rodas A,
Moguel B, et al. An ecosystem approach for the prevention of
Chagas disease in rural Guatemala. In: Charron DF, editor.
Ecohealth research in practice: Innovative applications of an eco-
system approach to health. Ottawa, New York: Springer; 2012. p.
153-62.

Organizacion Panamericana de la Salud. Informe de la tercera
reunion de la comision intergubernamental de la iniciativa de
Centroamérica y Belice para la interrupcion de la transmision
vectorial de la enfermedad de Chagas por Rhodnius prolixus,
disminucion de la infestacion domiciliaria por Triatoma dimidiata,
y eliminacion de la transmision transfusional del 7rypanosoma
cruzi. 2001.

Petana WB. American trypanosomiasis in British Honduras. X.
Natural habitats and ecology of Triatoma dimidiata (Hemiptera,
Reduviidae) in the El Cayo and Toledo districts, and the preva-
lence of infection with Trypanosoma (Schizotrypanum) cruzi in
the wild-caught bugs. Ann Trop Med Parasitol. 1971;65:169-78.
Polonio R, Ramirez-Sierra MJ, Dumonteil E. Dynamics and dis-
tribution of house infestation by Triatoma dimidiata in central and
southern Belize. Vector Borne Zoonotic Dis. 2009;9:19-24.
Herrera M. Chagas disease surveillance among blood donors
Belize, 2010-2016. Belize Ministry of Health; 2017.
Organizacion Panamericana de la Salud. Informe de la XIV
Reunion de la Comision Intergubernamental de la Iniciativa de
los Paises de Centroamérica (IPCA) para la Interrupcion de la
Transmision Vectorial, Transfusional y Atencion Médica de la
Enfermedad de Chagas. Ciudad de Belice, Belice; Noviembre
13-14, 2012.

Stevens L, Monroy MC, Rodas AG, Dom PL. Hunting, swim-
ming, and worshiping: human cultural practices illuminate the
blood meal sources of cave dwelling Chagas vectors (Triatoma
dimidiata) in Guatemala and Belize. PLoS Negl Trop Dis. 2014;8:
e3047.

Nouvellet P, Dumonteil E, Gourbiére S. The improbable transmis-
sion of Trypanosoma cruzi to human: the missing link in the dy-
namics and control of Chagas disease. PLoS Negl Trop Dis.
2013;7:¢2505.

Ministerio de Salud Publica y Asistencia Social, Centro Nacional
de Epidemiologia, Departamento de Vigilancia Epidemioldgica.
Memoria de labores 2017. Guatemala Ministerio de Salud Publica
y Asistencia Social.

Ministerio de Salud Publica y Asistencia Social, Centro Nacional
de Epidemiologia, Departamento de Vigilancia Epidemiologica.
Memoria de labores 2016. Guatemala Ministerio de Salud Publica
y Asistencia Social.

Solorzano Ortiz E, Monroy Escobar MC, Carrillo Amaya KA,
Ziniga C, Bazzani R. Situacion actual de la enfermedad de
Chagas en Centro América y Mexico. Laboratorio de
Entomologia Aplicada y Parasitologia, Universidad de San
Carlos de Guatemala, International Development Research
Center; Guatemala, 2016.

Ministerio de Salud Publica y Asistencia Social, Centro Nacional
de Epidemiologia, Departamento de Vigilancia Epidemiologica.

@ Springer

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

Memoria de labores 2015. Guatemala Ministerio de Salud Publica
y Asistencia Social; 2015.

Ministerio de Salud Gobierno de El Salvador. Enfermedad de
Chagas, casos agudos, El Salvador 2014-2017. Décimo Octava
Reunién de la Comision Intergubernamental (CI) de la Iniciativa
de los Paises de Centroamérica y México (IPCAM) para la
Interrupcion de la Transmision Vectorial, Transfusional y
Atencion Médica de la Enfermedad de Chagas; 29 -31 de
Octubre de 2018. Tegucigalpa, Honduras.

Nicaragua Ministerio de Salud. Antecedentes, situacion actual,
avances hacia la eliminacion y perspectivas de control de la
Enfermedad de Chagas en Nicaragua. Décimo Octava Reunion
de la Comision Intergubernamental (CI) de la Iniciativa de los
Paises de Centroamérica y México (IPCAM) para la
Interrupcion de la Transmision Vectorial, Transfusional y
Atencion Médica de la Enfermedad de Chagas; 29 -31 de
Octubre de 2018. Tegucigalpa, Honduras.

Monroy C. Universidad de San Carlos de Guatemala. Triatoma
dimidiata. Su situacién como vector y su control. Décimo Octava
Reunién de la Comision Intergubernamental (CI) de la Iniciativa
de los Paises de Centroamérica y México (IPCAM) para la
Interrupcioén de la Transmision Vectorial, Transfusional y
Atencion Médica de la Enfermedad de Chagas; 29 -31 de
Octubre de 2018. Tegucigalpa, Honduras.

Abad-Franch F, Diotaiuti L, Gurgel-Gongalves R, Giirtler RE.
Certifying the interruption of Chagas disease transmission by na-
tive vectors: cui bono? Mem Inst Oswaldo Cruz. 2013;108:251-4.
Charron DF. Ecohealth research in practice: innovative applica-
tions of an ecosystem approach to health. Ottawa, New York:
International Development Research Centre ; Springer; 2012.
Monroy C, Bustamante DM, Pineda S, Rodas A, Castro X, Ayala
V, et al. House improvements and community participation in the
control of Triatoma dimidiata re-infestation in Jutiapa, Guatemala.
Cadernos de Satde Publica. 2009;25:S168-78.

Méndez M. Evaluaciéon de la Relacion Beneficio-Costo al
comparar intervenciones tradicionales y ecosistémicas realizadas
para el control de los vectores de la enfermedad de Chagas en la
aldea La Brea, a lo largo de diez afios. Primera parte, comprende el
periodo del 2000 al 2004. Evaluacion Ex ante. Facultad de
Ingenieria, Universidad de San Carlos ; Guatemala, Marzo de
2008.

Méndez M. Evaluacion de la Relacion Beneficio-Costo al
comparar intervenciones tradicionales y eco sistémicas realizadas
para el control de los vectores de la enfermedad de Chagas en la
aldea La Brea, a lo largo de diez afios. Segunda parte, comprende
el periodo del 2005 al 2009. Facultad de Ingenieria, Universidad
de San Carlos ; Guatemala Noviembre 2009.

Preventing Chagas in Central America through simple home im-
provements [Internet]. International Research Development
Center (IRDC). 2016 [cited 2019 Feb 6]. Available from: https://
www.idrc.ca/en/article/preventing-chagas-central-america-
through-simple-home-improvements. Accessed 1 Feb 2019.
Bustamante DM, De Urioste-Stone SM, Juarez JG, Pennington
PM. Ecological, social and biological risk factors for continued
Trypanosoma cruzi transmission by Triatoma dimidiata in
Guatemala. PLoS One [Internet]. 2014;9. Available from: https://
doi.org/10.1371/journal.pone.0104599

Alliances for Chagas elimination in Central America [Internet].
IDRC - International Development Research Centre. 2019 [cited
2019 Feb 7]. Available from: https://www.idrc.ca/en/project/
alliances-chagas-elimination-central-america. Accessed 18 June
2018.

Lent H, Wygodzinsky Z. Revision of the Triatominae (Hemiptera,
Reduviidae), and their significance as vectors of Chagas’ disease.
Bull Am Mus Nat Hist. 1979;163:1-520.


https://www.idrc.ca/en/article/preventing-chagas-central-america-through-simple-home-improvements
https://www.idrc.ca/en/article/preventing-chagas-central-america-through-simple-home-improvements
https://www.idrc.ca/en/article/preventing-chagas-central-america-through-simple-home-improvements
https://doi.org/10.1371/journal.pone.0104599
https://doi.org/10.1371/journal.pone.0104599
https://www.idrc.ca/en/project/alliances-chagas-elimination-central-america
https://www.idrc.ca/en/project/alliances-chagas-elimination-central-america

Curr Trop Med Rep

79.

80.

81.

82.

3.

84.

8s.

86.

87.

88.

89.

90.

91

92.

93.

Organizacién Panamericana de la Salud/Secretaria de Salud
Honduras. Plan estratégico nacional de Chagas 2003-2007
[Internet]. Tegucigalpa: OPS/ Secretaria de Salud Honduras.;
2003. Available from: https://www.paho.org/hg/dmdocuments/
2011/Plan-estrategico-Nac-chagas-2003-2007.pdf. Accessed 18
June 2018.

Secretaria de Salud de Honduras, Direcciéon General de
Promocion de la Salud, Programa Nacional de Prevencion y
Control, de la Enfermedad Chagas y la Agencia de Cooperacion
Internacional del Japon (JICA). Informe final del proyecto de
control de la enfermedad de Chagas fase 2 (2008-2011)
[Internet]. Tegucigalpa, Honduras; 2011. Available from: https://
www.jica.go.jp/project/honduras/0701409/04/pdf/oritect fase2
01.pdf. Accessed 8 Nov 2013.

Japanese International Cooperation Agency. Buenas précticas en
el control de la enfermedad de Chagas en Guatemala, El Salvador,
Honduras y Nicaragua 2000-2014 [Internet]. 2014. Available
from: http://c3.usac.edu.gt/lenap.usac.edu.gt/public_html/wp-
content/uploads/2014/03/Buenas-Practicas-Chagas-GUT-ELS-
HON-NIC-2000-2014-para-Web.pdf. Accessed 6 Feb 2018.
Hashimoto K, Yoshioka K. Surveillance of Chagas disease.
Advances in parasitology. Elsevier; 2012. p. 375-428.
Bustamante Zamora DM, Hernandez MM, Torres N, de Abrego V,
Monroy Escobar MC, Ziiniga C, et al. Information to act: house-
hold characteristics are predictors of domestic infestation with the
Chagas vector Triatoma dimidiata in Central America. Am J Trop
Med Hyg. 2015;93:97-107.

Cedillos RA, Romero JE, Sasagawa E. Elimination of Rhodnius
prolixus in El Salvador, Central America. Mem Inst Oswaldo
Cruz. 2012;107:1068-9.

Hashimoto K, Schofield CJ. Elimination of Rhodnius prolixus in
Central America. Parasit Vectors. 2012;5:45.

Central Intelligence Agency. El Salvador. The World Factbook
2016-17. Washington, D.C.; 2016.

Ministerio de Salud El Salvador. Vigilancia y Control de la
Enfermedad de Chagas. El Salvador 2014 [Internet]. Miniforo
CYTED IBEROEKA; May 29-30, 2014. San Salvador, El
Salvador. Available from: http://www.cienciaytecnologia.edu.sv/
miniForo/Ing.%20Jose%20Eduardo%20Romero%20Chevez%
20.pdf. Accessed 28 jan 2019.

Lugo E, Marin F. Resultados de una encuesta entomoldgica de
triatominos (Heteroptera:Reduviidae) realizada en 15
departamentos de Nicaragua, 1998-1999. Revista Nicaragiiense
de Entomologia. 2005;65:1-12.

Yoshioka K, Tercero D, Pérez B, Lugo E. Rhodnius prolixus en
Nicaragua: distribucion geografica, control y vigilancia entre 1998
y 2009. Rev Panam Salud Publica. 2011;30:439-44.

Ministerio de Salud, Nicaragua (MINSA), Agencia de
Cooperacion Internacional de Japon (JICA). Informe final del
proyecto para el fortalecimiento de las actividades de vigilancia
y control de la enfermedad de Chagas en Nicaragua (2009-2014)
[Internet]. 2014. Available from: https://www.jica.go.jp/project/
nicaragua/001/materials/ku57pq0000126ws5-att/informe_final
proyecto_chagas.pdf. Accessed 7 Feb 2019.

Zeledon R, Marin F, Calvo N, Lugo E, Valle S. Distribution and
ecological aspects of Rhodnius pallescens in Costa Rica and
Nicaragua and their epidemiological implications. Mem Inst
Oswaldo Cruz. 2006;101:75-9.

Marin F, Lugo E, Valle S, Zeledon R. Notes on Rhodnius
pallescens , Triatoma ryckmani and four other species of
triatomines from Nicaragua. Ann Trop Med Parasitol. 2006;100:
181-6.

Zeledén R, Ponce C, Méndez-Galvan JF. Epidemiological, social,
and control determinants of Chagas disease in Central America
and Mexico - Group discussion. Memorias do Instituto Oswaldo
Cruz 2007;102:45-6.

94.

9s.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Nicaragua Ministerio de Salud. Resumen de Avances 2012
Nicaragua. XV Reunion de la Comision Intergubernamental
(CI) de la Iniciativa de los Paises de Centroamérica y México
(IPCAM) para la Interrupcion de la Transmision Vectorial,
Transfusional y Atencion Médica de la Enfermedad de Chagas;
22 de Octubre de 2013. Ciudad de Mexico, Mexico.
Abad-Franch F, Vega MC, Roloén MS, Santos WS, Rojas de Arias
A. Community participation in Chagas disease vector surveil-
lance: systematic review. PLoS Negl Trop Dis [Internet]. 2011;5.
Available from: https://doi.org/10.1371/journal.pntd.0001207.
Zeledon R, Ugalde J, Paniagua L. Entomological and ecological
aspects of six sylvatic species of triatomines (Hemiptera,
Reduviidae) from the collection of the National Biodiversity
Institute of Costa Rica, Central America. Mem Inst Oswaldo
Cruz. 2001;96:757-64.

Zeledon R, Morales JA, Scally M, Torres J, Alfaro S, Gutiérrez H,
et al. Hallazgo de Rhodnius pallescens Barber, 1932 (Reduviidae:
Triatominae) en Palmeras (Attalea butyracea) en el norte de Costa
Rica. Boletin de Malariologia y Salud Ambiental. Instituto de
Altos Estudios en Salud Publica Dr. Arnoldo Gabaldon;
2006;46:15-20.

Marin RE, Vargas M. Rhodnius pallescens (Hemiptera:
Reduviidae) in Costa Rica. ] Med Entomol. 1986;23:333.

Costa Rica Ministerio de Salud. Norma de atencion integral de la
enfermedad de Chagas [Internet]. 2012. Report No.: CIE-10:B57.
Available from: http://www.inciensa.sa.cr/vigilancia_
epidemiologica/Protocolos Vigilancia/37269%20Norma%
20Atencion%20Integral %20de%201a%20Enfermedad %20de%
20Chagas.pdf.Accessed 22 Jan 2019.

CNRP-INCIENSAS. Casos agudos de Enfermedad de Chagas.
Costa Rica 2003-2018, CNRP. 2018.

Costa Rica Ministerio de Salud. Memoria Institucional 2014—
2018. San Jose, Costa Rica: El1 Ministerio; 2018.

Zeledon R, Rojas JC. Environmental management for the control
of Triatoma dimidiata (Latreille, 1811), (Hemiptera: Reduviidae)
in Costa Rica: a pilot project. Mem Inst Oswaldo Cruz. 2006;101:
379-86.

Zeledon R, Rojas JC, Urbina A, Cordero M, Gamboa SH, Lorosa
ES, et al. Ecological control of Triatoma dimidiata (Latreille,
1811): five years after a Costa Rican pilot project. Mem Inst
Oswaldo Cruz. 2008;103:619-21.

Argiiello-Saenz M, Herrero MV, Urbina A, Dolz G. Infestacion
domiciliar y peridomiciliar de Triatoma dimidiata, vector de la
enfermedad de Chagas, en una comunidad periurbana en
Heredia, Costa Rica. Escuela Medicina Veterinaria, Universidad
Nacional de Costa Rica; 2015. Available from: https://www.
researchgate.net/publication/283346394 1 _Arguello-Saenz M_
Herrero_ MV_Urbina_A_Dolz_G_Infestacion_domiciliar_y_
peridomiciliar_de Triatoma dimidiata vector de la
enfermedad_de Chagas en una comunidad periurbana en
Heredia_Costa_Rica. Accessed 18 June 2018.

Zeledon R, Calvo N, Montenegro VM, Lorosa ES, Arévalo C. A
survey on Triatoma dimidiata in an urban area of the province of
Heredia, Costa Rica. Mem Inst Oswaldo Cruz. 2005;100:507—12.
WHO Expert Commitee on the Control of Chagas disease (2000:
Brasilia B. Control of Chagas disease: second report of the WHO
expert committee. WHO Technical Report series. 2002;

Ponce C. Elimination of the vectorial transmission of Chagas dis-
ease in Central American countries: Honduras. Mem Inst Oswaldo
Cruz. 1999;94(Suppl 1):417-8.

Guzman-Tapia Y, Ramirez-Sierra MJ, Dumonteil E. Urban infes-
tation by Triatoma dimidiata in the City of Mérida, Yucatan,
Meéxico. Vector Borne Zoonotic Dis. 2007;7:597—-606.
Chinchilla M, Castro A, Reyes L, Guerrero O, Calder6o N,
Arguedas O, Troyo A. Enfermedad de Chagas en Costa Rica:
Estudio comparativo en dos épocas diferentes. Parasitologia

@ Springer


https://www.paho.org/hq/dmdocuments/2011/Plan-estrategico-Nac-chagas-2003-2007.pdf
https://www.paho.org/hq/dmdocuments/2011/Plan-estrategico-Nac-chagas-2003-2007.pdf
https://www.jica.go.jp/project/honduras/0701409/04/pdf/oritect_fase2_01.pdf
https://www.jica.go.jp/project/honduras/0701409/04/pdf/oritect_fase2_01.pdf
https://www.jica.go.jp/project/honduras/0701409/04/pdf/oritect_fase2_01.pdf
http://c3.usac.edu.gt/lenap.usac.edu.gt/public_html/wp-content/uploads/2014/03/Buenas-Practicas-Chagas-GUT-ELS-HON-NIC-2000-2014-para-Web.pdf
http://c3.usac.edu.gt/lenap.usac.edu.gt/public_html/wp-content/uploads/2014/03/Buenas-Practicas-Chagas-GUT-ELS-HON-NIC-2000-2014-para-Web.pdf
http://c3.usac.edu.gt/lenap.usac.edu.gt/public_html/wp-content/uploads/2014/03/Buenas-Practicas-Chagas-GUT-ELS-HON-NIC-2000-2014-para-Web.pdf
http://www.cienciaytecnologia.edu.sv/miniForo/Ing.%20Jose%20Eduardo%20Romero%20Chevez%20.pdf
http://www.cienciaytecnologia.edu.sv/miniForo/Ing.%20Jose%20Eduardo%20Romero%20Chevez%20.pdf
http://www.cienciaytecnologia.edu.sv/miniForo/Ing.%20Jose%20Eduardo%20Romero%20Chevez%20.pdf
https://www.jica.go.jp/project/nicaragua/001/materials/ku57pq0000126ws5-att/informe_final_proyecto_chagas.pdf
https://www.jica.go.jp/project/nicaragua/001/materials/ku57pq0000126ws5-att/informe_final_proyecto_chagas.pdf
https://www.jica.go.jp/project/nicaragua/001/materials/ku57pq0000126ws5-att/informe_final_proyecto_chagas.pdf
https://doi.org/10.1371/journal.pntd.0001207
http://www.inciensa.sa.cr/vigilancia_epidemiologica/Protocolos_Vigilancia/37269%20Norma%20Atencion%20Integral%20de%20la%20Enfermedad%20de%20Chagas.pdf
http://www.inciensa.sa.cr/vigilancia_epidemiologica/Protocolos_Vigilancia/37269%20Norma%20Atencion%20Integral%20de%20la%20Enfermedad%20de%20Chagas.pdf
http://www.inciensa.sa.cr/vigilancia_epidemiologica/Protocolos_Vigilancia/37269%20Norma%20Atencion%20Integral%20de%20la%20Enfermedad%20de%20Chagas.pdf
http://www.inciensa.sa.cr/vigilancia_epidemiologica/Protocolos_Vigilancia/37269%20Norma%20Atencion%20Integral%20de%20la%20Enfermedad%20de%20Chagas.pdf
https://www.researchgate.net/publication/283346394_1_Arguello-Saenz_M_Herrero_MV_Urbina_A_Dolz_G_Infestacion_domiciliar_y_peridomiciliar_de_Triatoma_dimidiata_vector_de_la_enfermedad_de_Chagas_en_una_comunidad_periurbana_en_Heredia_Costa_Rica
https://www.researchgate.net/publication/283346394_1_Arguello-Saenz_M_Herrero_MV_Urbina_A_Dolz_G_Infestacion_domiciliar_y_peridomiciliar_de_Triatoma_dimidiata_vector_de_la_enfermedad_de_Chagas_en_una_comunidad_periurbana_en_Heredia_Costa_Rica
https://www.researchgate.net/publication/283346394_1_Arguello-Saenz_M_Herrero_MV_Urbina_A_Dolz_G_Infestacion_domiciliar_y_peridomiciliar_de_Triatoma_dimidiata_vector_de_la_enfermedad_de_Chagas_en_una_comunidad_periurbana_en_Heredia_Costa_Rica
https://www.researchgate.net/publication/283346394_1_Arguello-Saenz_M_Herrero_MV_Urbina_A_Dolz_G_Infestacion_domiciliar_y_peridomiciliar_de_Triatoma_dimidiata_vector_de_la_enfermedad_de_Chagas_en_una_comunidad_periurbana_en_Heredia_Costa_Rica
https://www.researchgate.net/publication/283346394_1_Arguello-Saenz_M_Herrero_MV_Urbina_A_Dolz_G_Infestacion_domiciliar_y_peridomiciliar_de_Triatoma_dimidiata_vector_de_la_enfermedad_de_Chagas_en_una_comunidad_periurbana_en_Heredia_Costa_Rica
https://www.researchgate.net/publication/283346394_1_Arguello-Saenz_M_Herrero_MV_Urbina_A_Dolz_G_Infestacion_domiciliar_y_peridomiciliar_de_Triatoma_dimidiata_vector_de_la_enfermedad_de_Chagas_en_una_comunidad_periurbana_en_Heredia_Costa_Rica

Curr Trop Med Rep

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

latinoamericana [Internet]. 12/2006 [cited 2018 Oct 7];61.
Available from: http://www.scielo.cl/scielo.php?script=sci_
arttext&pid=S0717-77122006000200007 &Ing=en&nrm=
iso&tlng=en. Accessed 18 June 2018.

Lizundia R, Picado A, Cordero M, Calderén A, Deborggraeve S,
Montenegro VM, et al. Molecular and serological rapid tests as
markers of Trypanosoma cruzi infection in dogs in Costa Rica.
Trop Parasitol. 2014;4:111-4.

Zeledon R, Solano G, Burstin L, Swartzwelder JC.
Epidemiological pattern of Chagas’ disease in an endemic area
of Costa Rica *. Am J Trop Med Hyg. 1975;24:214-25.
Montenegro VM, Jiménez M, Dias JCP, Zeledon R. Chagas dis-
ease in dogs from endemic areas of Costa Rica. Mem Inst Oswaldo
Cruz. 2002;97:491-4.

Calder6N-Arguedas O, Troyo A, Castro A, Guerrero O,
Chinchilla M. Infestacion por vectores de la Enfermedad de
Chagas en cuatro zonas endémicas de la meseta central de Costa
Rica. Parasitologia latinoamericana [Internet]. 07/2002 [cited
2018 Oct 13];57. Available from: http://www.scielo.cl/scielo.
php?script=sci_arttext&pid=S0717-77122002000300002&Ing=
en&nrm=iso&tlng=en. Accessed 17 Jan 2018.

Chinchilla M. Hallazgo de dos nuevos reservorios de la
Enfermedad de Chagas en Costa Rica. Acta Med Costarric.
1966;9:165-6.

Ferguson L. Tourism development and the restructuring of social
reproduction in Central America. Rev Int Polit Econ. 2010;17:
860-88.

Carter YL, Juliano JJ, Montgomery SP, Qvarnstrom Y. Acute
Chagas disease in a returning traveler. Am J Trop Med Hyg.
2012;87:1038-40.

Meéndez E, Sousa OE. Identificacion y distribucion de los
triatominos de Panama (Hemiptera: Reduviidae: Triatominae).
Rev Med Panama. 1979;4:258-80.

Padukone A. Relationships between microhabitat characteristics
and the abundance of a Chagas disease vector, Rhodnius
pallescens, in Central Panama [Bachelor of Science]. Princeton
University; 2016.

Calzada JE, Pineda V, Montalvo E, Alvarez D, Santamaria AM,
Samudio F, et al. Human trypanosome infection and the presence
of intradomicile Rhodnius pallescens in the western border of the
Panama Canal, Panama. Am J Trop Med Hyg. 2006;74:762-5.

@ Springer

120. Saldafia A, Pineda V, Martinez I, Santamaria G, Santamaria AM,
Miranda A, et al. A new endemic focus of Chagas disease in the
northern region of Veraguas Province, Western Half Panama,
Central America. PLoS One. 2012;7:e34657.

121. Sousa OE. Anotaciones sobre la enfermedad de Chagas en
Panama. Frecuencia y distribucion de Trypanosoma cruzi'y
Trypanosoma rangeli. Rev Biol Trop. 1972;20:167-79.

122.  Roberto Salvatella, Programa Regional de Chagas, Organizacion
Panamaericana de Salud (ops)/Organizaciéon Mundial de Salud
(OMS). Informe del estado de avances 2017-2018 de la
situacion epidemiologica y de control de la Enfermedad de
Chagas. Renovacidén de metas y objetivos de IPCAM:
prevencion, control y atencion médica de la enfermedad de
Chagas. Décimo Octava Reunion de la Comision
Intergubernamental (CI) de la Iniciativa de los Paises de
Centroamérica y México IPCAM) para la Interrupcion de la
Transmision Vectorial, Transfusional y Atencion Médica de la
Enfermedad de Chagas; 29 al 31 de Octubre de 2018.
Tegucigalpa, Honduras.

123.  Gottdenker NL, Chaves LF, Calzada JE, Peterson JK, Santamaria
A, Pineda V, et al. Trypanosoma cruzi and Trypanosoma rangeli
co-infection patterns in insect vectors vary across habitat types in a
fragmented forest landscape. Parasitology Open [Internet]. 2016
[cited 2019 Jan 21];2. Available from: http://www.journals.
cambridge.org/abstract S2055709416000091. Accessed 7 Feb
2019.

124.  Pan American Health Organization. EMTCT plus. Framework for
elimination of mother-to- child transmission of HIV, syphilis, hep-
atitis B, and Chagas. Washington, D.C.: PAHO; 2017.

125.  Moriana S, Ortiz G, Fanjul G. Breaking the silence: an opportunity
for patients with Chagas disease [Internet]. Chagas Disease Global
Coalition; 2016 Aug. Available from: http://www.
coalicionchagas.org/documents/5415804/5524305/breaking+
the+silence report/65091404-85¢f-4796-bebb-64¢120a26216.
Accessed 7 Feb 2019.

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-77122006000200007&lng=en&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-77122006000200007&lng=en&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-77122006000200007&lng=en&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-77122002000300002&lng=en&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-77122002000300002&lng=en&nrm=iso&tlng=en
http://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-77122002000300002&lng=en&nrm=iso&tlng=en
http://www.journals.cambridge.org/abstract_S2055709416000091
http://www.journals.cambridge.org/abstract_S2055709416000091
http://www.coalicionchagas.org/documents/5415804/5524305/breaking+the+silence_report/65091404-85cf-4796-bebb-64c120a26216
http://www.coalicionchagas.org/documents/5415804/5524305/breaking+the+silence_report/65091404-85cf-4796-bebb-64c120a26216
http://www.coalicionchagas.org/documents/5415804/5524305/breaking+the+silence_report/65091404-85cf-4796-bebb-64c120a26216

	Chagas Disease in Central America: Recent Findings and Current Challenges in Vector Ecology and Control
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Regional Overview
	Country by Country Reports
	Belize
	Overview
	Recent Activities

	Guatemala
	Overview
	Recent Activities

	Honduras
	Overview
	Recent Activities

	El Salvador
	Overview
	Recent Activities

	Nicaragua
	Overview
	Recent Activities

	Costa Rica
	Overview
	Recent Activities

	Panama
	Overview
	Recent Activities


	Concluding Remarks
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance



