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1 Abstract

Chagas disease is a neglected tropical disease, endemic to Ecuador, caused by the Trypanosoma cruzi
parasite that is transmitted mainly by the feces of infected Triatomines. In Ecuador the main vector is
Rhodnius ecuadoriensis which is distributed in several provinces of the country. More than 40% of
these insects have T. cruzi as part of their intestinal microbiota. For this reason, the objective of this
research was to characterize the intestinal microbiota of R. ecuadoriensis. The methodology used for
this research was based on active wild collection. The intestinal contents and subsequently the DNA
were extracted from the collected insects (adults and nymphs V), as well as the insects kept alive in the
CISeAL. Finally, the samples were analyzed by metagenomics extensions based on the different
selected criteria. The intestinal microbiota of Rhodnius ecuadoriensis presents a marked divergence
between insects raised in the laboratory and wild collected. This difference is observed in all stages
and is similar between insects from Loja and Manabi. A large loss of microbial symbionts is observed
in laboratory-bred insects.

2 Introduction

Chagas disease or American trypanosomiasis is a zoonotic disease, classified in 2005 as a neglected
tropical disease (1) and is an endemic disease in 21 Latin American countries. Initially, the cases were
mainly concentrated in rural areas but now, most of the reported cases, occur in urban areas, due to
population movement (1). This causes the spread of the parasite in non-vectorial ways and its extension
to other countries around the world. In Ecuador, as in many other countries where the disease is
endemic, it is caused by Trypanosoma cruzi infection, which is transmitted by a strict hematophagous
insect of the Triatominae subfamily, through feces or urine contaminated by the parasite (2).

The Pan American Health Organization (PAHO) (1) reports that approximately 70 million of people
can contract Chagas disease, more than 6 million of people already suffer from it, and there are 30,000
new cases each year. At the national level, a seroprevalence of 0.65% was estimated in the South
Andean region, 1.75% in the Amazon region, and 1.99% on the Coast Central (3).
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In Latin America, more than 150 species of Triatomines have been reported (4), while in Ecuador, 16
different species of these insects have been recorded. Among them, 13 have epidemiological relevance
(5,6), highlighting Rhodnius ecuadoriensis as the main vector of the disease (7,8). It is widely
distributed in provinces such as Santo Domingo de los Ts&chilas, EI Oro, Guayas, Los Rios and
Manabi, on the coast and in the temperate valleys of Loja, in the Andean Sierra, as well as in northern
Peru (9-11).

The presence of R. ecuadoriensis in several provinces of Ecuador is of extremely importance for the
public health of the country. In addition to the i) ecological alterations, ii) permanent or transitory
variations, iii) disturbances of the characteristics of the ecosystem, as a consequence of internal or
external actions, by human activity, they have shifted the frontier of transmission cycles. This
displacement goes from being sylvatic to peridomiciliary and domiciliary (12).

The main problem is due to the fact that triatomines are obligate hematophagous in all their stages of
development, that is, they need to feed on vertebrate blood to complete their cycle. Triatomines feed
on various blood sources, including T. cruzi infected mammals, which serve as reservoirs for the
disease and a form of vector propagation to humans (13).

Rhodnius ecuadoriensis is widely distributed in various environments. Its blood source from domestic
animals in the coastal provinces and in the highlands of southern Ecuador up to northern Peru, added
to its synanthropic strength, make it one of the main vectors of T. cruzi in the country (14). Their
infection rates with T. cruzi exceed 40% (15,16). Therefore, this species is a priority for entomological
surveillance.

When the Rhodnius ecuadoriensis feed on an infected host with T. cruzi, ingests trypomastigotes which
become epimastigotes, which multiply and colonize strictly the midgut of the insect to finally end up
as metacyclic trypomastigotes in the hindgut and spread through the insect's feces, converting to T.
cruzi in part of the insect's gut microbiome (17-19).

The set of these microorganisms that develop and reside in symbiosis with a host is considered the
microbiome; in the case of the intestinal microbiome, it consists of several members of various
kingdoms such as bacteria, fungi, viruses, archaea and protozoa (20). These microbial communities are
highly dynamic, they evolve throughout the life of the host and in insects a close evolutionary
relationship between the microbiome-insect is known, although the real extent of the associations is
mostly unknown (21). Current evidence reveals that these microorganisms act as behavior modulators,
protectors against possible pathogens, support nutrition, facilitate essential compounds and more
essential functions for insects than are currently known (21,22).

The microbiota can be classified by its location as “endosymbiont” for microorganisms found inside
the insect body or “ecto-symbiont” for microorganisms found on the outside of the insect (21). In the
same way, those microorganisms that may or may not live in association with the insect can be
subclassified as: i) “facultative” or “obligate” for those that strictly need to associate with the insect to
survive, ii) “commensal” for the microorganisms that obtain a benefit from the insect without causing

11
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any damage, and iii) “Parasites” are those microorganisms that get benefits from their association with
the insect (21).

The digestive system of R. ecuadoriensis is an ecological niche for many endo-symbiont
microorganisms (23). The intestinal microbiota varies according to the triatomine species (24). In
addition, it is influenced by factors such as: i) the type of blood diet, ii) environmental conditions, iii)
the presence of competitors such as Trypanosoma cruzi is capable of modulating the insect's immune
response in its favor (25). In contrast, some bacterial genera are capable of competing with the parasite
for the ecological niche (26). In addition, some bacteria present trypanolytic activities (25,27).

However, there are some studies on the intestinal microbiota in another species of triatomines (28,29).
An in the case of Rhodnius. ecuadoriensis ecology studies, life cycle, feeding and defecation patterns,
behavior studies, molecular and phenotype research have been conducted (9,16,30,31). However, there
IS no previous study on the characterization of the intestinal microbiota in R. ecuadoriensis, despite its
importance as the main vector of Chagas disease in Ecuador. Therefore, understanding the interactions
between the intestinal microbiota of R. ecuadoriensis and T. cruzi is essential for the epidemiology of
the disease in the country and, in this way, to be able to propose possible strategies to interrupt the
transmission cycle in endemic areas (14,32-34).

Therefore, with this study we want to answer the following questions: i) if there are characteristic
bacterial genera of Rhodnius ecuadoriensis, ii) if there are differences between the microbiota of
parasitized triatomines and those not parasitized with T. cruzi, iii) if there are differences between the
intestinal microbiota of sylvatic triatomines versus those that were reared in the laboratory and, finally,
iv) whether the intestinal microbiota of the insect inhibits the development of T. cruzi.

3 Methodology

3.1 Study area

This study was conducted in three rural communities with high presence of Rhodnius ecuadoriensis in
Ecuador. Two communities, Guara (1064-1450 meters above sea level [masl]) and Bellamaria (1000
1384 masl), belongs to Calvas County in Loja province. These communities presents five vegetation
zones: deciduous forest, semi-deciduous forest, lowland green forest, cloud forest, and dry forest of
shrubs mountain (16). The third community was Caja Fuego (~100 masl), Portoviejo County, in
Manabi province, it has a climate between dry subtropical and humid tropical. In addition, it will cover
six vegetation zones: deciduous forest, semi-deciduous forest, low mountain green forest, cloud forest,
dry montane shrub forest and tropical savannah (15).

12
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Figure 1. Map of Ecuador. Caja Fuego community, Coastal Region where Manabi Province belongs,
and Bellamaria and Guara communities, southern Andean Region, where Loja Province belongs.

3.2 Triatomine collection

The collection of triatomines will be carried out with collection permits 002-171C-FAU-
DNBAPVS/MA, 010-IC-FAU-DNBAPVS/MA and MAAE-DBI-CM-2021-0185, in the coastal
province of Manabi and in the Andean province of Loja in Ecuador respectively, where it has been
reported the presence of R. ecuadoriensis. During the day, domiciles and peridomiciles were searched
for triatomine using the one-man-hour method as previously described in Grijalva et al. (12) and
conducted by two-person skilled teams (30 min in domestic habitats and the 30 min in peridomestic
habitats) from the national vector control programs under the supervision of project personnel. While,
in the sylvatic habitats the searches were conducted in mammal and bird nests located in trees, bushes
and piles of rocks as indicated by Grijalva and Villacis (14) and Villacis et al. (30). Live and dead
insects were collected, and then were transported by the mobilization permits number MAAE-
CMARG-2020-0178 from Loja and Manabi in sterile vials to the Center for Research for Health in
Latin America (CISeAL). Details of place of capture (domicile, peridomicile or sylvatic species,
number of insects found dead or alive, and insects’ developmental stages and sex (of adults) were
performed using a dichotomous key by Lent and Wygodzinsky (35).

13
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3.3 Laboratory triatomines

The insects were maintained under controlled conditions of humidity, temperature and photoperiod
described by Villacis et al. (31) and the insects were periodically fed with human blood meal every 15
days with Hemotek membrane feeding system (Hemotek Ltd., Blackburn, UK) for 45 minutes (36,37).

3.4 Extraction of Intestinal Contents (1.C.)

Each insect was placed in a sterile tube at -20°C for 20 min, rinsed with 70% ethanol and sterile distilled
water to remove dirt and accompanying microbiota (38). Immediately, the intestinal contents would be
extracted under aseptic conditions in a laminar flow chamber, a transverse cut was made at the genitalia
tip with a sterile scalpel. With the aid of a variable volume micropipette and sterile filter tips, hindgut
and feces were removed.

3.5 DNA extraction and PCR amplification

DNA extraction was performed using the ZymoBIOMICS DNA Microprep Kit based on the protocol
established by the manufacturer with the following variations: The intestinal content was recovered
directly in the lysis solution and 10ul of proteinase K was added, with incubation at 55°C for 50 min
at 300 rpm. DNA concentration was measured using Nanodrop 2000 (ThermoScientific). The Bacterial
16S DNA was amplified with the primers F27 and R1492, used the GoTaq Flexi DNA Polymerase kit
and dNTP Mix of the Promega. Amplification starts with 5 min of initial denaturation at 95°C, 35
cycles of (1 min of denaturation at 95°C, 1 min of hybridization at 59°C, 1 min elongation at 72°C) and
10 min final elongation at 72°C according to (39). Similarly, for the amplification of DNA of
Trypanosoma cruzi were used the primers TcZ1 and TcZ2 with 3 min of initial denaturation at 95°C,
40 cycles of (20 sec of denaturation at 95°C, 15 sec of hybridization at 59°C, 30 sec elongation at 72°C)
and 7 min final elongation at 72°C (40). Finally, a 1.5% agarose electrophoresis was performed to
confirm the presence of DNA.

3.6 Metagenomics Amplicon

Amplicon sequencing was performed using extracted gDNA previously quantifed by Nanodrop 2000c
(Thermo Fisher Scientific, Waltham, MA, EE. UU). From each triatomine pool, libraries were
constructed with primers targeting the hypervariable regions V3-V4 of the 16S ribosomal DNA.
Primer pairs wused were 341F: (5-CCTACGGGNGGCWGCAG-3') and 805R: (5'-
GACTACHVGGGTATCTAATCC-3"). Amplicons were sequenced on Illumina MiSeq platform by
Biosequence S.A.S, located in the city of Quito, Ecuador.

3.7 Bioinformatic analysis

Using the Fastq files of each pool, a quality and filtering process was carried out to guarantee the
taxonomic classification. For the taxonomic classification, an implementation of a high-performance
algorithm of the Ribosomal Database Project (RDP) classifier described by Wang Q (41) was used.
The database used is RefSeq RDP 16S v3, based on a set of FASTA files from:

14
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https://benjjneb.github.io/dada2/training. 16S rRNA gene sequences with DADA2 format for bacteria
and archaea (Version 2). After this, the analysis of the Shannon diversity index for genera and species
was conducted with the following formula H' = - i*S p iIn(p i).

4 Results

The intestinal content of Rhodnius ecuadoriensis inoculated in non-differential culture media to
demonstrate the presence of bacteria, obtaining little bacterial growth after 48 hours at 28+3°C only in
blood agar (Not shown). The PCR results visualized by electrophoresis of all wild insects (n=45) to
detect T cruzi showed that 41.66% of the insects collected in Loja and 25.57% of the insects collected
in Manabi were infected with T. cruzi as part of their intestinal microbiota (Not shown).

4.1 Bacteria genus composition of Rhodnius ecuadoriensis wild collected.

A total of 45 Rhodnius ecuadoriensis collected at the wild and grouped in 6 pools according to their
stage and location included in this study, on average the predominant bacterial genera in the intestines
were Corynebacterium 20%, Eikenella 14.09%, Rhodococcus 11.65%, Williamsia 5.80%,
Enterococcus 3.95. %, Staphylococcus 2.53% and Yokenella 2.39%. (The "Other" category in this
graph is the sum of all Genera with less than 1% abundance). The main species identified in the
intestines were Corynebacterium glycinophilum 23.66%, Eikenella corrodens 20.14%, Williamsia
serinedens 8.39%, Enterococcus faecalis 5.68%, Corynebacterium terpenotabidum 4.02%,
Rhodococcus marinenascens 3.90%, Staphylococcus xylosus 2.35 %, Snodgrassella alvi 1.34% (Figure
2).

15
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= Arsenophonus ® Corynebacterium = Eikenella
® Rhodococcus = Williamsia = Yokenella
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m Snodgrassella ® Propionibacterium ® Phyllobacterium
= Gordonia ® Lactococcus Povalibacter
m Unclassified at Genus level = Other

Figure 2. Bacterian’s microbiota (bacteria genus) composition of nymphs and adults of wild R.
ecuadoriensis.

*Stage: Nymph V (NV), Females (F), Males (M)

4.2 Comparison of the microbiota Bacteria’s (genus of bacteria) of R. ecuadoriensis bacteria
wild collected vs. raised in the laboratory.

Comparison of the intestinal microbiota R. ecuadoriensis bacteria wild collected (6 pools) and those
raised in the laboratory (6 pools). The groups of insects wild collected present a greater diversity of
genera, on average the most abundant bacterial genera were Corynebacterium 20%, Eikenella 14.09%,
Rhodococcus 11.65%, Williamsia 5.80%, Enterococcus 3.95. %, Staphylococcus 2.53% and Yokenella
2.39%. The composition of the intestinal microbiota is considerably different in insects raised in the
laboratory, on average the most abundant genera were Arsenophonus 89.07% and Corynebacterium
3.14%. (The "Other" category in this graph is the sum of all Genus with less than 1% abundance)

16



214

215
216

217
218

219

220
221
222
223
224
225

226

227

Wild
90% I !
80%
70%
60%
50%
40% =
30%
20%
10%
0%
M F NV M F NV
Loja Loja Loja Manabi Manabi Manabi
® Arsenophonus m Corynebacterium
= Williamsia = Yokenella
= Morganella m Snodgrassella
= Bacillus = Vibrio
Photorhabdus Lactococcus
= Other

F NV M F NV
Loja Loja Manabi Manabi Manabi

® Rhodococcus
Staphylococcus
Tsukamurella

® Gordonia

m Unclassified at Genus level

= Eikenella

m Enterococcus

® Propionibacterium
Phyllobacterium

m Povalibacter

Figure 3. Comparison of the microbiota Bacteria’s (genus of bacteria) of nymphs and adults of R.
ecuadoriensis wild collected and raised in the laboratory.

*Stage: Nymph V (NV), Females (F), Males (M)

Table 1. Shannon diversity index for Genera and Species

The table shows the Shannon index of the bacterial genera and species present in wild Rhodnius
ecuadoriensis and raised in the laboratory. The wild insects, in general, have a moderate diversity of
genera and species, with an index greater than 1. However, the nymphs V (NV) from Loja have a low
diversity of genera, with an index less than 1. Likewise, the female (F) from Manabi have a low
diversity of species, with an index less than 1. On the other hand, the insects raised in the laboratory
for both, Loja and Manabi have low or very low diversity, with indices less than 1 and 0.5 respectively.

Wild Laboratory
Genera Species Genera Species
M F NV M F NV M F NV M F NV
Loja 149 168 0.76 123 148 0.98 036 053 032 031 042 0.27
Manabi 1.66 1.18 1.15 1.4 094 161 09 056 039 083 046 0.36

*Stage: Nymph V (NV), Females (F), Males (M)
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228

229 4.3 Distribution of bacterial genera in absence and presence of the parasite, Trypanosoma
230 cruzi.

231  Comparison of the intestinal microbiota of R. ecuadoriensis with T. cruzi as part of its microbiota, on
232  average the genera Corynebacterium 32.85%, Williamsia 15.59, Eikenella 7.69%, Enterococcus
233 5.01%, Yokenella 3.63% and Povalibacter 1.23% were the most abundant. Insects that did not have T.
234 cruzi as part of their microbiota had the genera Eikenella 29.37%, Rhodococcus 12.99,
235  Corynebacterium 11.18%, Yokenella 5.12%, Enterococcus 3.91% Morganella 2.38% Snodgrasella
236  1.89%, Phyllobacterium 1.69% and Propionibacterium 1.43% as the most abundant genera. (The
237  "Other" category in this graph is the sum of all Genus with less than 1% abundance).

238

T.oruzi - [ [ I
Toorwzi+ N B =

0% 20% 40% 60% 80% 100%
m Arsenophonus m Corynebacterium Eikenella ® Enterococcus
Morganella Other m Phyllobacterium m Povalibacter
m Propionibacterium m Rhodococcus m Snodgrassella m Staphylococcus
239  EUnclassified at Genus level m Williamsia Yokenella

240  Figure 4. Distribution of bacterial genera in absence and presence of Trypanosoma cruzi.
241

242 5 Discussion

243  We present a pioneer study of the bacterial intestinal microbiota characterization using pools for
244 extension metagenomics that allows the analysis of a greater number of sequences of Rhodnius
245  ecuadoriensis in less time and low cost. In comparation with traditional methodology and isolation in
246  culture media, which present various biases such as limited number of culturable bacteria, the specific
247  nutritional requirements and conditions necessary for their growth in the laboratory. In this way, a
248  greater panorama of the intestinal bacterial symbionts of Rhodnius ecuadoriensis was obtained,
249  providing valuable information of the biology of the insect and the vector transmission of Trypanosoma
250  cruzi.

251  The different insect groups (stages, habitats and province) have a unique bacterial microbiota, with a
252  combination and bacterial diversity that are not found in other insects, the representative genera of this
253 study being Arsenophonus, Corynebacterium, Eikenella, Rhodoccoccus, Williamsia, Yokenella,
254  Enterococcus and Staphylococcus, which represent more than 60% of the bacterial microbiota of R.
255  ecuadoriensis. In this study he results showed a differentiation between bacterial genera in the different
256  stages of wild insects in accordance with Mufioz, et al. (42) this confirm that the digestive system of
257  Rhodnius ecuadoriensis is a dynamic microhabitat and its microbiota is directly related with the i)
258  insect stage, ii) the environmental conditions where they come from, where it develops and the
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presence of certain microbial groups based on what was mentioned by Guarneri & Schaub (43); Gurung
et al. (20); Dumontiel, et al. (44); Lewis & Lizé (45).

If we compare between the wild insects with the insect raised in the laboratory, the results indicate an
evident divergence between the bacterial communities with a predominance of the Arsenophonus genus
with an average of 97.76% in Males, 89.83% in Females and 94.76% in NV from Loja. Likewise
75.14% in Males, 87.90% in Females and 93.02% in NV from Manabi, in contrast, their wild
counterparts do not exceed 10% in accordance with what Gupta & Nair (21) proposes. We suggest that
there are several ways in which these insects can acquire their intestinal microbiota, starting with
hatching, contact with environmental microorganisms, hemophagy, coprophagy, cannibalism as
mentioned by Guarneri & Schaub (43); Marcia et al. (46). It is presumed that the main reasons for the
loss of diversity are i) due to the lack of contact with microorganisms, other than their own and those
of their congeners, ii) the controlled environmental conditions, ii) the type of food and the way in which
they feed and, iv) a depression of the insect's immune system is suspected to be the causes of the low
diversity of bacteria in the intestine of insects raised in the laboratory. That is the reason that only wild
insects provide real information on the bacterial intestinal microbiota of R. ecuadoriensis.

On the other hand, contrary to what was expected, Wolbachia genus could not be identified in any
sample analyzed. Wolbachia is one of the most studied bacterial genera and widely distributed in
different insects. It is known that it can modify the behavior of the insect in its environment,
convenience to favor its transmission (45). In contrast, all groups have the Arsenophonus genus, which
has mechanisms similar to Wolbachia to favor its transmission, as indicated by Lewis & Lizé (45). The
presence in all insects of Arsenophonus confirms that it is an endosymbiont genus that is transmitted
by a mixed route (47), suggesting that the high colonization rate in laboratory insects may be due to
prolonged, repetitive exposure and lack of contact with other competing microorganisms, which would
explain their wide abundance in reared insects in the laboratory (45).

As proposed by Ravi Durvasula et al. (48) , Corynebacterium is a symbiotic bacterium of triatomines,
it supplies pantothenic acid to the nymphs and is necessary for the development and maturation of the
triatomines, which agrees with its greater presence in wild NV nymphs. On the other hand, is very
interesting find the presence of the genus Xenorhabdus in all the samples analyzed due to this bacterium
is a symbiont of nematodes of the family Steinernematidae (Rhabditida), which are known as obligate
endopathogens of insects, as indicated by Ruiz Laparra, (49). Similarly, the genus Lactococcus is only
present in adult insects, both males and females, on the contrary, the genus Nocardia is only found in
NV nymphs.

The genus Rhodococcus was found in 14 of 16 pools of samples in various proportions, confirming
that Rhodococcus is a symbiont of R. ecuadoriensis as proposed by Rodriquez et al. (50). The same
way, a relevant species Rhodococcus rhodnii symbiont of Rhodnius prolixus was found in 5 groups
analyzed, it has been reported that this transformed bacteria produces cecropin A, which greatly
reduces the parasite load of T. cruzi in the insect and supplies the insect with vitamin B (51,52).

In addition to this, the results show the presence of the genera Citrobacter, Klepsiella and Pantoea,
which are nitrogen-fixing bacteria, as mentioned by Gurung et al. (20), which supply the host insects
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with this element. On the other hand, the results indicate that the species Serratia marcescens is present
in 6 groups of samples, reported as a symbiont of hematophagous insects by Vieira et al. (53), some
strains intrinsically possess trypanolytic activity as indicated by Rodriguez-Ruano et al. (17) giving
light to future research routes to control the transmission of T. cruzi.

Rodriguez-Ruano et al. (17) describes Arsenophonus triatominarum as a bacterial symbiont in other
triatomine species; this bacterium is closely related to Triatoma infestans. On the other hand, in the
samples analyzed, found in all samples the presence of Arsenophonus nasoniae, which raises an
interesting question: ¢lIs the species Arsenophonus nasoniae a natural symbiont of Rhodnius
ecuadoriensis?

The information presented is a general overview of the bacterial intestinal microbiota of the insect, the
other microbial kingdoms and the interactions between the different kingdoms and the insect must be
taken into consideration. Guarneri & Schaub, (43), report the presence of various fungi in the intestine
of triatomines, this research did not focus on the characterization of these microorganisms, but their
importance is part of the microbiota of Rhodnius ecuadoriensis, so the roles that they play as symbionts
of R. ecuadoriensis could be considered (20) for future research.

Likewise, the intestinal microbiota of insects is not made up only of bacteria and fungi; other biological
entities that are equally or more abundant are the viruses (54-56). In this case bacteriophages (viruses
that infect bacteria), are known that these have a direct impact on bacterial populations which implies
direct consequences on their host; the role of interactions between phages and insects is still unknown
(57,58).

On the other hand, the literature indicates that Triatoma virus is the only virus that affects triatomines
so far, due to i) its high specificity, ii) easy transmission, iii) high pathogenicity in triatomines, iv) its
inability to infect other vertebrates, which, makes it a good candidate for the biological control of
triatomines as indicated by Susevich et al. (56); Valles et al., (57). However, the tests carried out by
Marti et al. (58) on Rhodnius ecuadoriensis indicate that it does not affect this species, research focused
on this biological entity can lead to the possibility of modifying it and being able to make it selective
for more species of triatomines.

The microorganisms found in the insect's exoskeleton will not be the same as those found inside the
intestines. Likewise, it will vary according to the different intestinal structures; a clear example is the
development of Trypanosoma cruzi that passes through various tissues/organs of the insect, where it
gradually evolves while taking coming into contact with the normal microbiota of the insect, with the
one that competes for nutrients and the opportunity to implant (59-61).

Insects have an immune system which gives them protection against pathogens and keeps their
symbionts in balance. Naturally, the insect has resistance against the parasite as indicated by Mwangi
etal. (62); Abreu et al. (63); Weiss et al. (61) but in the same way the parasite has strategies to modulate
the immune response of the insect in its favor, such as the production of nitrite/nitrate, allowing it to
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establish itself as proposed by Fredensborg et al. (64); Orantes et al. (56); Buarque et al. (65); Soares
et al. (18).

The outcome of the microbiota of the insects infected with T. cruzi indicates a variation in distribution
and abundance between insects that have T. cruzi as part of their microbiota and those that do not. This
may occur because native bacteria compete for space and resources. Orantes et al. (56) mentions that,
in the midgut, an anaerobic environment, bacteria can regulate extracellular glucose levels to facilitate
or prevent the colonization of competitors such as T. cruzi and by the interaction between insects and
microbiota-parasite (18). However, more research needs to carry out in this area.

Knowledge regarding the bacterial intestinal microbiota of triatomines has increased, we know that the
associations between symbiont bacteria and the host are varied and necessary for the correct
development of the insect (66). Nevertheless, at the moment, we do not know the symbioses between
bacteria and the competition that exists between them within the insect, in the same way with the rest
of the members of the microbiota such as fungi, archaea, protozoa and viruses as mentioned by Gurung
et al. (20). Without leaving aside the immune system of R. ecuadoriensis this responsible for regulating
these bacterium communities and protecting the insect from pathogenic microorganisms as mentioned
by Buarque et al. (65). On the other hand, the implications for the insect of the microbiota present in
the exoskeleton must be considered since these may fulfill some type of symbiotic role for the insect
that is still unknown.

The environmental changes that we currently experience can aggravate infectious diseases transmitted
by vectors. The increase in temperature allows vectors to expand in colder areas, considering the
feeding habits of triatomines, which make them potential vectors of other pathogenic microorganisms.
Howell et al. (67); Vieira et al. (53) mention that the bacterium Serratia marcescens and the genera
Corynebacterium, Clostridium and Bartonella are important human opportunistic bacteria and in this
study their presence was found as symbionts of Rhodnius ecuadoriensis. Similarly, Orantes et al. (56)
reports the presence of the following pathogenic nematodes Angiostrongylus, Heligmosomoides,
Haemonchus, Parastrongyloides and Strongyloides. On the other hand, evidence shows that
triatomines are also potential vectors of other types of infectious agents of clinical importance, such as
the Hepatitis B virus. By feeding on a source of infected blood, insects can transmit the virus up to 6
weeks after accidental inoculation as presumed by Vieira et al. (53); Silverman, (68). However, more
research needs to be conducted on these types of interactions since the lack of current information
limits their understanding.

According to Pietri et al. (69), other hematophagous insects considered pests are increasingly resistant
to chemical control methods. Currently, there is no information on chemical resistance of R.
ecuadoriensis, but we could experience similar situations in the near future. In addition,, the use of
chemical insecticides causes a great environmental impact on human and animal health (48,70),for that
reason, research based on bio-controllers is an increasingly present need.

The Rhodnius ecuadoriensis microbiota is a fundamental piece of its biology and therefore in the
transmission of Chagas disease. It is necessary to knowhow it interacts with its host, the interactions
between the intestinal microbiota and Trypanosoma cruzi. However, the lack of current information
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about the different microbial kingdoms that make up the gut microbiota makes it difficult to reach a
definitive conclusion. More research is needed to determine how different groups interact with each
other and how this affects triatomine.

5.1 Limitations

Given the sample pool methodology, individual information on the insects is lost, in the same way
bacteria that present a very low abundance are underestimated, there is still no information on the
insects from the other provinces of Ecuador and Peru.

Conflict of Interest

The authors declare that the research was conducted in the absence of any commercial or financial
relationships that could be construed as a potential conflict of interest.

Author Contributions

Juan Francisco Villacis

Address: Calle Pambacienda s/n y San Pedro del Valle, Campus Nayén, Centro de Investigacion para
la Salud en América Latina, Pontificia Universidad Catdlica del Ecuador, Quito, Ecuador

E-mail: j_franciscovl7@hotmail.com / jfvillacis@puce.edu.ec
Andrea Lopez

Address: Calle Pambacienda s/n y San Pedro del Valle, Campus Nayén, Centro de Investigacion para
la Salud en América Latina, Pontificia Universidad Catdlica del Ecuador, Quito, Ecuador

E-mail: aclopezrosero@hotmail.com
Juan José Bustillos

Address: Calle Pambacienda s/n y San Pedro del Valle, Campus Nayén, Centro de Investigacion para
la Salud en América Latina, Pontificia Universidad Catdlica del Ecuador, Quito, Ecuador

E-mail: juanjobustillos4@gmail.com
Matias Cadena

Address: Calle Pambacienda s/n y San Pedro del Valle, Campus Nayon, Centro de Investigacion para
la Salud en América Latina, Pontificia Universidad Catdlica del Ecuador, Quito, Ecuador

E-mail: mlcadena@puce.edu.ec
Cesar A. Yumiseva

Address: Calle Pambacienda s/n y San Pedro del Valle, Campus Nayén, Centro de Investigacion para
la Salud en América Latina (C1SeAL), Pontificia Universidad Catédlica del Ecuador, Quito, Ecuador

Telephone: +593 (2) 2991408; Fax: +593 (2) 2991689; E-mail: cayumiseva@puce.edu.ec
Mario J. Grijalva.

22



425
426

427
428
429

430
431
432
433
434
435
436

437
438
439

440

441
442
443

444
445
446
447

448
449
450
451

452
453
454

455
456
457

458
459
460
461

Address: 333 Irvine Hall, Ohio University, Athens, OH 45701.
Telephone: +1 (740) 593-2192; Fax: +1 (740) 597-2778; E-mail: grijalva@ohio.edu

Anita G. Villacis
Address: Calle Pambacienda s/n'y San Pedro del Valle, Campus Naydn, Centro de Investigacion para
la Salud en América Latina (CISeAL), Pontificia Universidad Catdlica del Ecuador, Quito, Ecuador

Telephone: +593 (2) 2991735; Fax: +593 (2) 2991689; E-mail: agvillacis@puce.edu.ec
“ Corresponding Author: Anita G. Villacis; agvillacis@puce.edu.ec

Funding
Financial support was received from Pontificia Universidad Catdlica del Ecuador (Fondo publicalo)

Acknowledgments

| want to acknowledge to the inhabitants of the visited communities and the personnel of the Ministry
of Health who participated in the collection of the triatomines. Also, thanks to Santiago Cadena who
is in charge in the maintenance of the triatomine colonies.

6 References

1. World Health Organization. Chagas disease (also known as American trypanosomiasis)
[Internet]. 2023 [cited 2023 Nov 26]. Available from: https://www.who.int/news-room/fact-
sheets/detail/chagas-disease-(american-trypanosomiasis)

2. Schaub GA. An Update on the Knowledge of Parasite—Vector Interactions of Chagas Disease.
Res Rep Trop Med [Internet]. 2021 May 28 [cited 2023 Nov 26];12:63—-76. Available from:
https://www.dovepress.com/an-update-on-the-knowledge-of-parasitevector-interactions-of-
chagas-di-peer-reviewed-fulltext-article-RRTM

3. Dumonteil E, Herrera C, Martini L, Grijalva MJ, Guevara AG, Costales JA, et al. Chagas
Disease Has Not Been Controlled in Ecuador. PLoS One [Internet]. 2016 Jun 1 [cited 2023 Nov
26];11(6):e0158145. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0158145

4. Justi SA, Galvdo C. The Evolutionary Origin of Diversity in Chagas Disease Vectors. Trends
Parasitol [Internet]. 2017 Jan 1 [cited 2023 Nov 26];33(1):42-52. Available from:
http://www.cell.com/article/S1471492216301969/fulltext

5. Chaboli Alevi KC, de Oliveira J, da Silva Rocha D, Galvdo C. Trends in taxonomy of chagas
disease vectors (Hemiptera, reduviidae, triatominae): From linnaean to integrative taxonomy.
Vol. 10, Pathogens. MDPI; 2021.

6. Anabel Padilla N, Moncayo AL, Keil CB, Grijalva MJ, Villacis AG. Life Cycle, Feeding, and
Defecation Patterns of Triatoma carrioni (Hemiptera: Reduviidae), Under Laboratory
Conditions. J Med Entomol [Internet]. 2019 Apr 16 [cited 2023 Nov 26];56(3):617-24.
Available from: https://dx.doi.org/10.1093/jme/tjz004

23


mailto:grijalva@ohio.edu

462
463
464
465
466

467
468
469
470
471

472
473
474
475

476
477
478
479
480

481
482
483
484

485
486
487
488

489
490
491
492

493
494
495

496
497
498
499

500
501

l\' frontiers

10.

11.

12.

13.

14.

15.

16.

Villacis AG, Dujardin JP, Panzera F, Yumiseva CA, Pita S, Santillan-Guayasamin S, et al.
Chagas vectors Panstrongylus chinai (Del Ponte, 1929) and Panstrongylus howardi (Neiva,
1911): Chromatic forms or true species? Parasit Vectors [Internet]. 2020 May 6 [cited 2023 Nov
26];13(1):1-21. Available from:
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-020-04097-z

Abad-Franch F, Paucar C A, Carpio C C, Cuba Cuba CA, Aguilar V HM, Miles MA.
Biogeography of Triatominae (Hemiptera: Reduviidae) in Ecuador: implications for the design
of control strategies. Mem Inst Oswaldo Cruz [Internet]. 2001 [cited 2023 Nov 26];96(5):611—
20. Available from:
https://www.scielo.br/j/mioc/a/CTGzmpLbnyWzQV6CdS6cyWL/?lang=en

Grijalva MJ, Palomeque FS, Villacis AG, Black CL, Arcos-Teran L. Absence of domestic
triatomine colonies in an area of the coastal region of Ecuador where Chagas disease is endemic.
Mem Inst Oswaldo Cruz [Internet]. 2010 [cited 2023 Nov 26];105(5):677-81. Available from:
https://www.scielo.br/j/mioc/a/wbv9699mQPyzPLDbY sschHg/?lang=en

Abad-Franch F, Paucar C A, Carpio C C, Cuba Cuba CA, Aguilar V HM, Miles MA.
Biogeography of Triatominae (Hemiptera: Reduviidae) in Ecuador: implications for the design
of control strategies. Mem Inst Oswaldo Cruz [Internet]. 2001 [cited 2023 Nov 26];96(5):611—
20. Available from:
https://www.scielo.br/j/mioc/a/CTGzmpLbnyWzQV6CdS6cyWL/?lang=en

Aguilar VHM, Abad-Franch F, Racines VJ, Paucar CA. Epidemiology of Chagas disease in
Ecuador. A brief review. Mem Inst Oswaldo Cruz [Internet]. 1999 [cited 2023 Nov
26];94(SUPPL. 1):387-93. Available from:
https://www.scielo.br/j/mioc/a/lv3BMTWRKzkPF3zNx9MsjPOwN/?lang=en

Grijalva MJ, Palomeque-Rodriguez FS, Costales JA, Davila S, Arcos-Teran L. High Household
Infestation Rates by Synanthropic Vectors of Chagas Disease in Southern Ecuador. J Med
Entomol [Internet]. 2005 Jan 1 [cited 2023 Nov 26];42(1):68-74. Available from:
https://dx.doi.org/10.1093/jmedent/42.1.68

Cantillo-Barraza O, Bedoya SC, Xavier SCC, Zuluaga S, Salazar B, Vélez-Mira A, et al.
Trypanosoma cruzi infection in domestic and synanthropic mammals such as potential risk of
sylvatic transmission in a rural area from north of Antioquia, Colombia. Parasite Epidemiol
Control. 2020 Nov 1;11:e00171.

Grijalva MJ, Villacis AG. Presence of Rhodnius ecuadoriensis in sylvatic habitats in the
southern highlands (loja province) of ecuador. J Med Entomol [Internet]. 2009 May 1 [cited
2023 Nov 26];46(3):708-11. Available from: https://dx.doi.org/10.1603/033.046.0339

Grijalva MJ, Villacis AG, Moncayo AL, Ocafa-Mayorga S, Yumiseva CA, Baus EG.
Distribution of triatomine species in domestic and peridomestic environments in central coastal
Ecuador. PLoS Negl Trop Dis [Internet]. 2017 Oct 6 [cited 2023 Nov 26];11(10):e0005970.
Available from: https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0005970

Grijalva MJ, Villacis AG, Ocafia-Mayorga S, Yumiseva CA, Moncayo AL, Baus EG.
Comprehensive Survey of Domiciliary Triatomine Species Capable of Transmitting Chagas

24



502
503
504

505
506
507

508
509
510

511
512
513
514

515
516
517

518
519

520
521
522
523

524
525
526

527
528
529
530

531
532
533
534
535

536
537
538
539

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Disease in Southern Ecuador. PLoS Negl Trop Dis [Internet]. 2015 Oct 6 [cited 2023 Nov
26];9(10):e0004142. Available from:
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0004142

Rodriguez-Ruano SM, Skochova V, Rego ROM, Schmidt JO, Roachell W, Hypsa V, et al.
Microbiomes of North American triatominae: The grounds for Chagas disease epidemiology.
Front Microbiol. 2018 Jun 13;9(JUN):366454.

Soares TS, Buarque DS, Queiroz BR, Gomes CM, Braz GRC, Araujo RN, et al. A Kazal-type
inhibitor is modulated by Trypanosoma cruzi to control microbiota inside the anterior midgut of
Rhodnius prolixus. Biochimie. 2015 May 1;112:41-8.

Csete M, Lev BI, Pereira ME. An influenza virus model for Trypanosoma cruzi infection:
interactive roles for neuraminidase and lectin. Curr Top Microbiol Immunol [Internet]. 1985
[cited 2023 Nov 26];117:153-65. Available from:
https://link.springer.com/chapter/10.1007/978-3-642-70538-0_8

Gurung K, Wertheim B, Falcao Salles J. The microbiome of pest insects: it is not just bacteria.
Entomol Exp Appl [Internet]. 2019 Mar 1 [cited 2023 Nov 26];167(3):156—70. Available from:
https://onlinelibrary.wiley.com/doi/full/10.1111/eea.12768

Gupta A, Nair S. Dynamics of Insect—Microbiome Interaction Influence Host and Microbial
Symbiont. Front Microbiol. 2020 Jun 26;11:545024.

Dillon RJ, Dillon VM. THE GUT BACTERIA OF INSECTS: Nonpathogenic Interactions.
https://doi.org/101146/annurev.ento49061802123416 [Internet]. 2003 Dec 3 [cited 2023 Nov
27];49:71-92. Available from:
https://www.annualreviews.org/doi/abs/10.1146/annurev.ent0.49.061802.123416

Pocheville A. The ecological niche: History and recent controversies. Handbook of Evolutionary
Thinking in the Sciences [Internet]. 2015 Jan 1 [cited 2023 Nov 26];547-86. Available from:
https://link.springer.com/chapter/10.1007/978-94-017-9014-7 26

Arias-Giraldo LM, Mufioz M, Hernandez C, Herrera G, Velasquez-Ortiz N, Cantillo-Barraza O,
et al. Species-dependent variation of the gut bacterial communities across Trypanosoma cruzi
insect vectors. PLoS One [Internet]. 2020 Nov 1 [cited 2023 Nov 26];15(11):e0240916.
Available from: https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0240916

Castro DP, Moraes CS, Gonzalez MS, Ratcliffe NA, Azambuja P, Garcia ES. Trypanosoma
cruzi Immune Response Modulation Decreases Microbiota in Rhodnius prolixus Gut and Is
Crucial for Parasite Survival and Development. PLoS One [Internet]. 2012 May 4 [cited 2023
Nov 26];7(5):e36591. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0036591

Batista KKS, Vieira CS, Figueiredo MB, Costa-Latgé SG, Azambuja P, Genta FA, et al.
Influence of serratia marcescens and rhodococcus rhodnii on the humoral immunity of rhodnius
prolixus. IntJ Mol Sci [Internet]. 2021 Oct 2 [cited 2023 Nov 26];22(20):10901. Available from:
https://www.mdpi.com/1422-0067/22/20/10901/htm

25



540
541
542
543

544
545
546
547

548
549
550
551
552

553
554
555
556

557
558
559

560
561
562
563

564
565
566
567
568

569
570
571

572
573

574
575
576
S77

l\' frontiers

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Garcia ES, Castro DP, Figueiredo MB, Azambuja P. Immune homeostasis to microorganisms
in the guts of triatomines (Reduviidae): a review. Mem Inst Oswaldo Cruz [Internet]. 2010 [cited
2023 Nov 26];105(5):605-10. Available from:
https://www.scielo.br/j/mioc/a/kj83XFcS3FqSX6mZ5m5TmJF/

Kieran TJ, Arnold KMH, Thomas JC, Varian CP, Saldafia A, Calzada JE, et al. Regional
biogeography of microbiota composition in the Chagas disease vector Rhodnius pallescens.
Parasit Vectors [Internet]. 2019 Oct 29 [cited 2023 Nov 26];12(1):1-13. Available from:
https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-019-3761-8

da Mota FF, Marinho LP, de Moreira CJC, Lima MM, Mello CB, Garcia ES, et al. Cultivation-
Independent Methods Reveal Differences among Bacterial Gut Microbiota in Triatomine
Vectors of Chagas Disease. PLoS Negl Trop Dis [Internet]. 2012 May [cited 2023 Nov
26];6(5):e1631. Available from:
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0001631

Villacis AG, Marcet PL, Yumiseva CA, Dotson EM, Tibayrenc M, Breniére SF, et al. Pioneer
study of population genetics of Rhodnius ecuadoriensis (Hemiptera: Reduviidae) from the
central coastand southern Andean regions of Ecuador. Infection, Genetics and Evolution. 2017
Sep 1;53:116-27.

Villacis AG, Arcos-Teran L, Grijalva MJ. Life cycle, feeding and defecation patterns of
Rhodnius ecuadoriensis (Lent &amp; Leon 1958) (Hemiptera: Reduviidae: Triatominae) under
laboratory conditions. Mem Inst Oswaldo Cruz. 2008;103(7):690-5.

Ocafna-Mayorga S, Bustillos JJ, Villacis AG, Pinto CM, Breniére SF, Grijalva MJ. Triatomine
Feeding Profiles and Trypanosoma cruzi Infection, Implications in Domestic and Sylvatic
Transmission Cycles in Ecuador. Pathogens 2021, Vol 10, Page 42 [Internet]. 2021 Jan 7 [cited
2023 Nov 26];10(1):42. Available from: https://www.mdpi.com/2076-0817/10/1/42/htm

Gumiel M, Da Mota FF, Rizzo VDS, Sarquis O, Castro DP De, Lima MM, et al.
Characterization of the microbiota in the guts of Triatoma brasiliensis and Triatoma
pseudomaculata infected by Trypanosoma cruzi in natural conditions using culture independent
methods. Parasit Vectors [Internet]. 2015 Apr 24 [cited 2023 Nov 26];8(1):1-17. Available
from: https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-015-0836-z

Villacis AG, Grijalva MJ, Catalda SS. Phenotypic variability of rhodnius ecuadoriensis
populations at the ecuadorian central and southern Andean region. J Med Entomol. 2010 Nov
1;47(6):1034-43.

Lent H, Wygodzinsky P. Revision of the Triatominae (Hemiptera, Reduviidae), and their
significance as vectors of Chagas’ disease. Bull Am Mus Nat Hist. 1979;163(3):123-520.

Gysin G, Urbano P, Brandner-Garrod L, Begum S, Kristan M, Walker T, et al. Towards
environmental detection of Chagas disease vectors and pathogen. Scientific Reports 2022 12:1
[Internet]. 2022 Jun 14 [cited 2023 Nov 26];12(1):1-13. Available from:
https://www.nature.com/articles/s41598-022-14051-x

26



578
579
580

581
582
583
584

585
586
587
588
589

590
591
592
593
594

595
596
597
598

599
600
601

602
603
604
605

606
607
608
609
610

611
612

613
614
615

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Luis Costa-da-Silva A, Oliveira Carvalho D, Burini Kojin B, Lara Capurro M. Implementation
of the Artificial Feeders in Hematophagous Arthropod Research Cooperates to the Vertebrate
Animal Use Replacement, Reduction and Refinement (3Rs) Principle. 2014;

Montoya-Porras LM, Omar TC, Alzate JF, Moreno-Herrera CX, Cadavid-Restrepo GE. 16S
rRNA gene amplicon sequencing reveals dominance of Actinobacteria in Rhodnius pallescens
compared to Triatoma maculata midgut microbiota in natural populations of vector insects from
Colombia. Acta Trop. 2018 Feb 1;178:327-32.

Heuer H, Krsek M, Baker P, Smalla K, Wellington EMH. Analysis of actinomycete
communities by specific amplification of genes encoding 16S rRNA and gel-electrophoretic
separation in denaturing gradients. Appl Environ Microbiol [Internet]. 1997 [cited 2023 Nov
26];63(8):3233—41. Available from: https://journals.asm.org/doi/10.1128/aem.63.8.3233-
3241.1997

Moo-Millan JI, Arnal A, Pérez-Carrillo S, Hernandez-Andrade A, Ramirez-Sierra MJ, Rosado-
Vallado M, et al. Disentangling Trypanosoma cruzi transmission cycle dynamics through the
identification of blood meal sources of natural populations of Triatoma dimidiata in Yucatan,
Mexico. Parasit Vectors [Internet]. 2019 Nov 29 [cited 2024 Jan 17];12(1):1-11. Available
from: https://parasitesandvectors.biomedcentral.com/articles/10.1186/s13071-019-3819-7

Wang Q, Garrity GM, Tiedje JM, Cole JR. Naive Bayesian classifier for rapid assignment of
rRNA sequences into the new bacterial taxonomy. Appl Environ Microbiol [Internet]. 2007 Aug
[cited 2023 Nov 26];73(16):5261-7. Available from:
https://journals.asm.org/doi/10.1128/AEM.00062-07

Mufoz-Benavent M, Pérez-Cobas AE, Garcia-Ferris C, Moya A, Latorre A. Insects’ potential:
Understanding the functional role of their gut microbiome. J Pharm Biomed Anal. 2021 Feb
5;194:113787.

Guarneri Alessandra A. and Schaub GA. Interaction of Triatomines with Their Bacterial
Microbiota and Trypanosomes. In: Guarneri Alessandra and Lorenzo M, editor. Triatominae -
The Biology of Chagas Disease Vectors [Internet]. Cham: Springer International Publishing;
2021. p. 345-86. Available from: https://doi.org/10.1007/978-3-030-64548-9 15

Dumonteil E, Ramirez-Sierra MJ, Pérez-Carrillo S, Teh-Poot C, Herrera C, Gourbiere S, et al.
Detailed ecological associations of triatomines revealed by metabarcoding and next-generation
sequencing: implications for triatomine behavior and Trypanosoma cruzi transmission cycles.
Scientific Reports 2018 8:1 [Internet]. 2018 Mar 7 [cited 2023 Dec 10];8(1):1-13. Available
from: https://www.nature.com/articles/s41598-018-22455-x

Lewis Z, Lizé A. Insect behaviour and the microbiome. Curr Opin Insect Sci. 2015 Jun 1;9:86—
90.

Teotonio IMSN, Dias N, Hagstrém-Bex L, Nitz N, Francisco AF, Hecht M. Intestinal microbiota
— A modulator of the Trypanosoma cruzi-vector-host triad. Microb Pathog. 2019 Dec
1;137:103711.

27



616
617
618

619
620
621

622
623
624

625
626
627
628
629
630
631

632
633
634
635

636
637
638

639
640
641

642
643
644
645

646
647
648
649

650
651
652
653
654

l\' frontiers

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Nadal-Jimenez P, Parratt SR, Siozios S, Hurst GDD. Isolation, culture and characterization of
Arsenophonus symbionts from two insect species reveal loss of infectious transmission and
extended host range. Front Microbiol. 2023 Feb 1;14:1089143.

Durvasula R V., Sundaram RK, Kirsch P, Hurwitz I, Crawford C V., Dotson E, et al. Genetic
transformation of a Corynebacterial symbiont from the Chagas disease vector Triatoma
infestans. Exp Parasitol. 2008 May 1;119(1):94-8.

Ruiz Laparra EA. Determinacion molecular de diferentes especies de la microbiota intestinal de
Triatoma dimidiata (Latreille, 1811) (Hemiptera: Reduviidae), mediante secuenciacion de nueva
generacion. [Guatemala]: Universidad de San Carlos de Guatemala; 2019.

Rodriguez J, Pavia P, Montilla M, Puerta CJ. Identifying triatomine symbiont Rhodococcus
rhodnii as intestinal bacteria from Rhodnius ecuadoriensis (Hemiptera: Reduviidae) laboratory
insects. Int J Trop Insect Sci [Internet]. 2011 May [cited 2023 Dec 10];31(1-2):34-7. Available
from: https://www.cambridge.org/core/journals/international -journal-of-tropical-insect-
science/article/abs/identifying-triatomine-symbiont-rhodococcus-rhodnii-as-intestinal-
bacteria-from-rhodnius-ecuadoriensis-hemiptera-reduviidae-laboratory-
insects/ECE8CE0948AE18A5FOEO0C299A04C3BCB

Lage JL Da, Fontenelle A, Filée J, Merle M, Béranger JM, Almeida CE, et al. Hematophagous
triatomine bugs feed also on plants and express functional amylase. bioRxiv [Internet]. 2023
Mar 3 [cited 2023 Nov 26];2023.03.03.530934. Available from:
https://www.biorxiv.org/content/10.1101/2023.03.03.530934v1

Kollien AH, Schaub GA. The development of Trypanosoma cruzi in triatominae. Parasitology
Today [Internet]. 2000 Sep 1 [cited 2023 Nov 27];16(9):381-7. Available from:
http://www.cell.com/article/S0169475800017245/fulltext

Vieira CB, Praca YR, Bentes KL da S, Santiago PB, Silva SMM, Silva G dos S, et al.
Triatomines: Trypanosomatids, Bacteria, and Viruses Potential Vectors? Front Cell Infect
Microbiol. 2018 Nov 16;8:418677.

Garcia-Cruz JC, Huelgas-Méndez D, Jiménez-Zufiiga JS, Rebollar-Juarez X, Hernandez-
Garnica M, Fernandez-Presas AM, et al. Myriad applications of bacteriophages beyond phage
therapy. PeerJ [Internet]. 2023 Apr 21 [cited 2023 Nov 26];11:e15272. Available from:
https://peerj.com/articles/15272

De Sordi L, Lourenco M, Debarbieux L. The Battle Within: Interactions of Bacteriophages and
Bacteria in the Gastrointestinal Tract. Cell Host Microbe [Internet]. 2019 Feb 13 [cited 2023
Nov 26];25(2):210-8. Available from:
http://www.cell.com/article/S1931312819300587/fulltext

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 [Internet]. 2018 Oct 1 [cited 2023 Nov
26];12(10):e0006730. Available from:
https://journals.plos.org/plosntds/article?id=10.1371/journal.pntd.0006730

28



655
656
657
658

659
660
661
662

663
664
665
666

667
668
669

670
671
672

673
674
675

676
677
678
679

680
681
682
683

684
685
686

687
688
689

690
691
692
693

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Vallino M, Rossi M, Ottati S, Martino G, Galetto L, Marzachi C, et al. Bacteriophage-host
association in the phytoplasma insect vector euscelidius variegatus. Pathogens [Internet]. 2021
May 1 [cited 2023 Nov 26];10(5):612. Available from: https://www.mdpi.com/2076-
0817/10/5/612/htm

Kirsch JM, Brzozowski RS, Faith D, Round JL, Secor PR, Duerkop BA. Bacteriophage-Bacteria
Interactions in the Gut: From Invertebrates to Mammals. https://doi.org/101146/annurev-
virology-091919-101238 [Internet]. 2021 Sep 29 [cited 2023 Nov 26];8:95-113. Available
from: https://www.annualreviews.org/doi/abs/10.1146/annurev-virology-091919-101238

Lanan MC, Rodrigues PAP, Agellon A, Jansma P, Wheeler DE. A bacterial filter protects and
structures the gut microbiome of an insect. The ISME Journal 2016 10:8 [Internet]. 2016 Feb
12 [cited 2023 Nov 26];10(8):1866-76. Available from:
https://www.nature.com/articles/ismej2015264

Balczun C, Meiser CK, Schaub GA. Triatomines as Vectors of American Trypanosomiasis.
2012 [cited 2023 Nov 26];275-99. Available from:
https://link.springer.com/chapter/10.1007/978-3-642-28842-5 12

Weiss B, Aksoy S. Microbiome influences on insect host vector competence. Trends Parasitol
[Internet]. 2011 Nov 1 [cited 2023 Nov 26];27(11):514-22. Available from:
http://www.cell.com/article/S1471492211000833/fulltext

Mwangi VI, Martinez EG, Leda RL, Catunda MESLA, Dias A de S, Padron Antonio Y, et al.
Resisting an invasion: A review of the triatomine vector (Kissing bug) defense strategies against
a Trypanosoma sp infection. Acta Trop. 2023 Feb 1;238:106745.

Abreu AP de, Teston APM, Massago M, Lucas da Silva HF, Ferreira EC, Fernandes N de S, et
al. Experimental infection of Rhodnius robustus Larrousse, 1927 (Hemiptera, Reduviidae,
Triatominae) with Trypanosoma cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae) IV.
Exp Parasitol. 2022 Jan 1;232:108197.

Fredensborg BL, Kalvalid IFi., Johannesen TB, Stensvold CR, Nielsen H V., Kapel CMO.
Parasites modulate the gut-microbiome in insects: A proof-of-concept study. PLoS One
[Internet]. 2020 Jan 1 [cited 2023 Dec 10];15(1):e0227561. Available from:
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0227561

Buarque DS, Gomes CM, Aradjo RN, Pereira MH, Ferreira RC, Guarneri AA, et al. A new
antimicrobial protein from the anterior midgut of Triatoma infestans mediates Trypanosoma
cruzi establishment by controlling the microbiota. Biochimie. 2016 Apr 1;123:138-43.

Krishnan M, Bharathiraja C, Pandiarajan J, Prasanna VA, Rajendhran J, Gunasekaran P. Insect
gut microbiome — An unexploited reserve for biotechnological application. Asian Pac J Trop
Biomed. 2014 May 1;4:516-21.

Howell AA, Versoza CJ, Cerna G, Johnston T, Kakde S, Karuku K, et al. Phylogenomic analyses
and host range prediction of cluster P mycobacteriophages. G3 Genes|Genomes|Genetics
[Internet]. 2022 Nov 4 [cited 2023 Nov 26];12(11). Available from:
https://dx.doi.org/10.1093/g3journal/jkac244

29



694
695
696

697
698
699
700

701
702

703
704

l\' frontiers

68.

69.

70.

Silverman AL, Qu LH, Blow J, Zitron IM, Gordon SC, Walker ED. Assessment of hepatitis B
virus DNA and hepatitis C virus RNA in the common bedbug (Cimex lectularius L.) and kissing
bug (Rodnius prolixus). Am J Gastroenterol. 2001 Jul 1;96(7):2194-8.

Pietri JE, Potts R. Effects of NF-kB Signaling Inhibitors on Bed Bug Resistance to Orally
Provisioned Entomopathogenic Bacteria. Insects 2021, Vol 12, Page 303 [Internet]. 2021 Mar
30 [cited 2023 Nov 26];12(4):303. Available from: https://www.mdpi.com/2075-
4450/12/4/303/htm

World Health Organization. Pesticide residues in food [Internet]. 2022 [cited 2023 Nov 27].
Available from: https://www.who.int/news-room/fact-sheets/detail/pesticide-residues-in-food

30



705
706
707

708
709

710
711
712
713

714

715
716
717
718
719

720
721

722

723
724
725
726
727

728

729
730

731
732
733

734
735
736
737

738
739
740

Guidelines Frontiers

Author guidelines
General standards
Article type

Frontiers requires authors to select the appropriate article type for their manuscript and to comply
with the article type descriptions defined in the journal's 'Article types' page, which can be found
under the 'About journal' menu in 'For authors' on every Frontiers journal page. Please pay close
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They can help to improve the grammar, syntax, and flow of your manuscript prior to submission.
Frontiers authors will receive a 10% discount by visiting the following link: editage.com/frontiers.

The Charlesworth Group
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Language style

The default language style at Frontiers is American English. If you prefer your article to be formatted
in British English, please specify this on the first page of your manuscript. For any questions
regarding style, Frontiers recommends authors to consult the Chicago Manual of Style.

Search engine optimization (SEO)
There are a few simple ways to maximize your article's discoverability and search results.

Include a few of your article's keywords in the title of the article

Do not use long article titles

Pick 5-8 keywords using a mix of generic and more specific terms on the article subject(s)
Use the maximum amount of keywords in the first two sentences of the abstract

Use some of the keywords in level 1 headings

CrossMark policy

CrossMark is a multi-publisher initiative to provide a standard way for readers to locate the current
version of a piece of content. By applying the CrossMark logo Frontiers is committed to maintaining
the content it publishes and to alerting readers to changes if and when they occur.

Clicking on the CrossMark logo will tell you the current status of a document and may also give you
additional publication record information about the document.

Title

The title should be concise, omitting terms that are implicit and, where possible, be a statement of the
main result or conclusion presented in the manuscript. Abbreviations should be avoided within the
title.

Witty or creative titles are welcome, but only if relevant and within measure. Consider if a title meant
to be thought-provoking might be misinterpreted as offensive or alarming. In extreme cases, the
editorial office may veto a title and propose an alternative.
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Authors should avoid:

e titles that are a mere question without giving the answer

e unambitious titles, for example starting with "Towards," ‘A description of,' ‘A characterization of’
or 'Preliminary study on’

e vague titles, for example starting with 'Role of', 'Link between', or 'Effect of' that do not specify
the role, link, or effect

¢ including terms that are out of place, for example the taxonomic affiliation apart from species
name.

For Corrigenda, General Commentaries, and Editorials, the title of your manuscript should have the
following format.

e 'Corrigendum: [Title of original article]’
e General Commentaries:
‘Commentary: [Title of original article]’
'Response: Commentary: [Title of original article]’
o 'Editorial: [Title of Research Topic]'

Authors and affiliations

All names are listed together and separated by commas. Provide exact and correct author names as
these will be indexed in official archives. Affiliations should be keyed to the author's name with
superscript numbers and be listed as follows:

e Laboratory, Institute, Department, Organization, City, State abbreviation (only for United States,
Canada, and Australia), and Country (without detailed address information such as city zip codes
or street names).

Example: Max Maximusl
1 Department of Excellence, International University of Science, New York, NY, United States.

Correspondence

The corresponding author(s) should be marked with an asterisk in the author list. Provide the exact
contact email address of the corresponding author(s) in a separate section.

Example: Max Maximus*
maximus@iuscience.edu

If any authors wish to include a change of address, list the present address(es) below the
correspondence details using a unique superscript symbol keyed to the author(s) in the author list.

Equal contributions

The authors who have contributed equally should be marked with a symbol () in the author list of
the doc/latex and pdf files of the manuscript uploaded at submission.

Please use the appropriate standard statement(s) to indicate equal contributions:
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Equal contribution: These authors contributed equally to this work

First authorship: These authors share first authorship

Senior authorship: These authors share senior authorship

Last authorship: These authors share last authorship

Equal contribution and first authorship: These authors contributed equally to this work and

share first authorship

e Equal contribution and senior authorship: These authors contributed equally to this work and
share senior authorship

e Equal contribution and last authorship: These authors contributed equally to this work and

share last authorship

Example: Max Maximus 1}, John Smith21 and Barbara Smithl
TThese authors contributed equally to this work and share first authorship

Consortium/group and collaborative authors
Consortium/group authorship should be listed in the manuscript with the other author(s).

In cases where authorship is retained by the consortium/group, the consortium/group should be listed
as an author separated by a comma or 'and’. The consortium/group name will appear in the author list,
in the citation, and in the copyright. If provided, the consortium/group members will be listed in a
separate section at the end of the article.

For the collaborators of the consortium/group to be indexed in PubMed, they do not have to be
inserted in the Frontiers submission system individually. However, in the manuscript itself, provide a
section with the name of the consortium/group as the heading followed by the list of collaborators, so
they can be tagged accordingly and indexed properly.

Example: John Smith, Barbara Smith and The Collaborative Working Group.

In cases where work is presented by the author(s) on behalf of a consortium/group, it should be
included in the author list separated with the wording for' or ‘on behalf of." The consortium/group
will not retain authorship and will only appear in the author list.

Example: John Smith and Barbara Smith on behalf of The Collaborative Working Group.
Artificial intelligence

These guidelines cover acceptable uses of generative Al technologies such as Large Language
Models (ChatGPT, Jasper) and text-to-image generators (DALL-E 2, Midjourney, Stable Diffusion)
in the writing or editing of manuscripts submitted to Frontiers.

Al use by authors

Authors should not list a generative Al technology as a co-author or author of any submitted
manuscript. Generative Al technologies cannot be held accountable for all aspects of a manuscript
and consequently do not meet the criteria required for authorship.
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If the author of a submitted manuscript has used written or visual content produced by or edited using
a generative Al technology, this use must follow all Frontiers guidelines and policies. Specifically,
the author is responsible for checking the factual accuracy of any content created by the generative
Al technology. This includes, but is not limited to, any quotes, citations or references. Figures
produced by or edited using a generative Al technology must be checked to ensure they accurately
reflect the data presented in the manuscript. Authors must also check that any written or visual
content produced by or edited using a generative Al technology is free from plagiarism.

If the author of a submitted manuscript has used written or visual content produced by or edited using
a generative Al technology, such use must be acknowledged in the acknowledgements section of the
manuscript and the methods section if applicable. This explanation must list the name, version,
model, and source of the generative Al technology.

We encourage authors to upload all input prompts provided to a generative Al technology and
outputs received from a generative Al technology in the supplementary files for the manuscript.

Abstract

As a primary goal, the abstract should make the general significance and conceptual advance of the
work clearly accessible to a broad readership. The abstract should be no longer than a single
paragraph and should be structured, for example, according to the IMRAD format. For the specific
structure of the abstract, authors should follow the requirements of the article type or journal to
which they're submitting. Minimize the use of abbreviations and do not cite references, figures or
tables.

For clinical trial articles, please include the unique identifier and the URL of the publicly-accessible
website on which the trial is registered.

Keywords
All article types require a minimum of five and a maximum of eight keywords.
Text

The entire document should be single-spaced and must contain page and line numbers in order to
facilitate the review process. The manuscript should be written using either Word or LaTeX. See
above for templates.

Nomenclature

The use of abbreviations should be kept to a minimum. Non-standard abbreviations should be
avoided unless they appear at least four times, and must be defined upon first use in the main text.
Consider also giving a list of non-standard abbreviations at the end, immediately before the
acknowledgments.

Equations should be inserted in editable format from the equation editor.

Italicize gene symbols and use the approved gene nomenclature where it is available. For human
genes, please refer to the HUGO Gene Nomenclature Committee (HGNC). New symbols for human
genes should be submitted to the HGNC here. Common alternative gene aliases may also be
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reported, but should not be used alone in place of the HGNC symbol. Nomenclature committees for
other species are listed here. Protein products are not italicized.

We encourage the use of Standard International Units in all manuscripts.

Chemical compounds and biomolecules should be referred to using systematic nomenclature,
preferably using the recommendations by the International Union of Pure and Applied Chemistry
(IUPAC).

Astronomical objects should be referred to using the nomenclature given by the International
Astronomical Union (IAU) provided here.

Life Science ldentifiers (LSIDs) for ZOOBANK registered names or nomenclatural acts should be
listed in the manuscript before the keywords. An LSID is represented as a uniform resource name
(URN) with the following format: urn:Isid:<Authority>:<Namespace>:<ObjectID>[:<Version>]

For more information on LSIDs please see the '‘Code’ section of our policies and publication ethics.

Sections

The manuscript is organized by headings and subheadings. The section headings should be those
appropriate for your field and the research itself. You may insert up to 5 heading levels into your
manuscript (i.e.,: 3.2.2.1.2 Heading Title).

For Original Research articles, it is recommended to organize your manuscript in the following
sections or their equivalents for your field.

Introduction
Succinct, with no subheadings.

Materials and methods

This section may be divided by subheadings and should contain sufficient detail so that when read in
conjunction with cited references, all procedures can be repeated. For experiments reporting results
on animal or human subject research, an ethics approval statement should be included in this section
(for further information, see the 'Bioethics' section of our policies and publication ethics.)

Results
This section may be divided by subheadings. Footnotes should not be used and must be transferred to
the main text.

Discussion

This section may be divided by subheadings. Discussions should cover the key findings of the study:
discuss any prior research related to the subject to place the novelty of the discovery in the
appropriate context, discuss the potential shortcomings and limitations on their interpretations,
discuss their integration into the current understanding of the problem and how this advances the
current views, speculate on the future direction of the research, and freely postulate theories that
could be tested in the future.
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replaced during typesetting according to Frontiers' journal style. For graphs, there must be a self-
explanatory label (including units) along each axis.

For LaTeX files, figures should be included in the provided PDF. In case of acceptance, our
production office might require high-resolution files of the figures included in the manuscript in EPS,
JPEG or TIF/TIFF format.

To upload more than one figure at a time, save the figures (labeled in order of appearance in the
manuscript) in a zip file and upload them as 'Supplementary Material Presentation.’

Please note that figures not in accordance with the guidelines will cause substantial delay during the
production process.

Captions

Captions should be preceded by the appropriate label, for example 'Figure 1." Figure captions should
be placed at the end of the manuscript. Figure panels are referred to by bold capital letters in
brackets: (A), (B), (C), (D), etc.

Image size and resolution requirements

Figures should be prepared with the PDF layout in mind. Individual figures should not be longer than
one page and with a width that corresponds to 1 column (85 mm) or 2 columns (180 mm).

All images must have a resolution of 300 dpi at final size. Check the resolution of your figure by
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Chemical structures

Chemical structures should be prepared using ChemDraw or a similar program. If working with
ChemDraw please use our ChemDraw template. If working with another program please follow the
guidelines below.
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Table requirements and style guidelines

Tables should be inserted at the end of the manuscript in an editable format. If you use a word
processor, build your table in Word. If you use a LaTeX processor, build your table in LaTeX. An
empty line should be left before and after the table.

Table captions must be placed immediately before the table. Captions should be preceded by the
appropriate label, for example Table 1." Please use only a single paragraph for the caption.

Ensure that each table is mentioned in the text and in numerical order.

Large tables covering several pages cannot be included in the final PDF for formatting reasons.
These tables will be published as supplementary material.

Tables which are not according to the above guidelines will cause substantial delay during the
production process.

Accessibility

We encourage authors to make the figures and visual elements of their articles accessible for the
visually impaired. An effective use of color can help people with low visual acuity, or color
blindness, understand all the content of an article.

These guidelines are easy to implement and are in accordance with the W3C Web Content
Accessibility Guidelines (WCAG 2.1), the standard for web accessibility best practices.

Ensure sufficient contrast between text and its background
People who have low visual acuity or color blindness could find it difficult to read text with low
contrast background color. Try using colors that provide maximum contrast.

WC3 recommends the following contrast ratio levels:

e Level AA, contrast ratio of at least 4.5:1
e Level AAA, contrast ratio of at least 7:1
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You can verify the contrast ratio of your palette with these online ratio checkers:

e WebAIM
e Color Safe

Avoid using red or green indicators
More than 99% of color-blind people have a red-green color vision deficiency.

Avoid using only color to communicate information

Elements with complex information like charts and graphs can be hard to read when only color is
used to distinguish the data. Try to use other visual aspects to communicate information, such as
shape, labels, and size. Incorporating patterns into the shape fills also make differences clearer; for an
example please see below:
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Supplementary material

Data that are not of primary importance to the text, or which cannot be included in the article because
they are too large or the current format does not permit it (such as videos, raw data traces, and
PowerPoint presentations), can be uploaded as supplementary material during the submission
procedure and will be displayed along with the published article. All supplementary files are
deposited to figshare for permanent storage and receive a DOI.

Supplementary material is not typeset, so please ensure that all information is clearly presented
without tracked changes/highlighted text/line numbers, and the appropriate caption is included in the
file. To avoid discrepancies between the published article and the supplementary material, please do
not add the title, author list, affiliations or correspondence in the supplementary files.

The supplementary material can be uploaded as:

data sheet (Word, Excel, CSV, CDX, FASTA, PDF or Zip files)
presentation (PowerPoint, PDF or Zip files)

image (CDX, EPS, JPEG, PDF, PNG or TIF/TIFF),

table (Word, Excel, CSV or PDF)

audio (MP3, WAV or WMA)

video (AVI, DIVX, FLV, MOV, MP4, MPEG, MPG or WMV).

Technical requirements for supplementary images:

e 300 DPIs
e RGB color mode.

For supplementary material templates (LaTeX and Word), see our supplementary material templates.
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Vancouver reference style (numbered)

Reference examples for Frontiers’ journals using the Vancouver referencing system can be found
below. For more examples of citing other documents and general questions regarding the VVancouver
reference style, please refer to Citing Medicine.

In-text citations in the VVancouver reference style should be numbered consecutively in order of
appearance in the text and identified by Arabic numerals in parenthesis.

Use square brackets for physics and mathematics articles.

The abbreviation ‘Ref” should not be used, e.g.: [e.g., (1)] should NOT read [e.g. Ref. (1)].

Style for comparing a citation should follow the number format, e.g. [cf. (1)]. The same applies
when using ‘see’, e.g. [see (46)].

References should be numbered and listed chronologically, according to the order they appear in
the text.
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