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First report of the bacterial microbiota in the gut of Panstrongylus Chinai vector of Chagas
disease in Southern Ecuador
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te and primarily
21 countries across

Abstract.- Chagas disease (CD), caused by the Trypanosoma crygi
transmitted by blood-sucking insects of the Triatominae subfamily. E
the Americas, CD is found mostly in rural areas but is increasingly sp¥§
to migration. In Ecuador, 16 triatomine species have been idgagified, including Panstrongylus
chinai, which acts as a secondary vector in Loja province. Wiy ticides have been the primary
method for controlling CD, there is a need for improved stra to prevent its spread. This study
examined the bacterial microbiota of P. chinai (lab-rg
communities in Loja province. A total of 63 domi nits (DUs) were examined, with an
infestation index of 7.9 %. The study analyzed 12 Er®g/Mi individuals collected from the DUs and
50 from laboratory colonies for bacterial co . The intestine and DNA were extracted,
performing molecular detection of 7. cruzi b d sequencing the bacterial 16S region. The
results showed the presence of 7. cruzi in a follgCted sample and Staphylococcus genus, specifically
S. saprophyticus (75%) and S. equorum ?These findings improve our understanding of the P.
chinai microbiota and offer valuable ins for developing new strategies to control CD.

4

Key words: Control, Ecuadqy, @ota, parasite, triatomines

Resumen.- La Enferme ¢ Chagas (ECh) es causada por el parésito Trypanosoma cruzi y
transmitida, principalmefjte,Jpor insectos hematodfagos de la subfamilia Triatominae. Endémica en
21 paises de Améri Ch se encuentra principalmente en areas rurales, sin embargo, se esta
extendiendo a regio rbanas debido a la migracion. En Ecuador se han identificado 16 especies
de triatomino llos Panstrongylus chinai, vector secundario en la provincia de Loja. Si bien
los insectic'@n sido el método principal para controlar la ECh, es necesario mejorar las
estrat z@a prevenir su propagacion. Este estudio examiné la microbiota bacteriana de P. chinai

dos en laboratorio y recolectados) de tres comunidades rurales de la provincia de Loja.
inaron un total de 63 unidades domiciliarias (UD), con un indice de infestacion del 7,9 %.
El estudio analizé 12 individuos de P. chinai recolectadas en las viviendas y 50 de colonias de
laboratorio para determinar su composicion bacteriana. Se extrajo el intestino y el ADN,
realizdndose la deteccion molecular de 7. cruzi mediante PCR y secuenciando la region bacteriana
16S. Los resultados mostraron la presencia de 7. cruzi en una muestra colectada y el género
Staphylococcus, especificamente S. saprophyticus (75%) y S. equorum (25%). Estos hallazgos nos
permiten mejorar la comprension de la microbiota de P. chinai y ofrecer informacion valiosa para
desarrollar nuevas estrategias de controlar la ECh.

Palabras clave: Control, Ecuador, microbiota, parasito, triatominos



53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
&9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

REMCB Formato de modalidad nota cientifica

Introduction
Panstrongylus chinai is distributed in Ecuador and Peru (Patterson et al. 2009). In Ecuador, this
species is found in domestic and peridomestic environments in Loja and El Oro provinces (Grijalva
et al. 2015). Panstrongylus chinai is a competent vector of 7. cruzi, transmitting the parasite via
defecation during or after feeding at all life stages. This species takes approximately 12 months to
complete its development (Mosquera et al. 2016). Chagas disease, also known as American
trypanosomiasis, is caused by the parasite Trypanosoma cruzi, and primarily transmitted through
the feces of blood-feeding insects from the Reduviidae family, subfamily Triatominae (Coura 2013).
A total of 151 triatomine species have been identified worldwide (Justi and Galvao 2017), with 16
species documented in Ecuador (Abad-Franch et al. 2001). Triatoma dimidiata and dnius
ecuadoriensis are the main vectors in Ecuador, however, the genus Panstrongylus h e
increasingly important due to its spread into human habitats (Villacis et al. 2020).

Currently, the main method to control triatomine population is through the usin ecticides.
However, it has been observed that several triatomine have developed resista elet al. 2013),
making it necessary to find a new method to control this disease. One of thgée gltSwatives is the use

of the indigenous intestinal microbiota of these vectors. Furthermore, s Mcreasing evidence
that the insect gut microbiota may affect the ability of pathogens e and persist in the
vector or alter the vector's competence to transmit pathogens to the an host (Waltmann et al.

2019). The microbiota includes a wide variety of commensal, pathegenic, or mutualistic species that
affect the reproduction, nutrition and immune system of th (Kieran et al. 2019). The gut
microbiota in triatomines is crucial for the transmission an ence of 7. cruzi to humans, with
the parasite potentially affecting the microbiota's composj a Mota et al. 2012). Understanding
this microbiota is vital for developing new research a c%l strategies, which requires molecular
diagnostic methods to accurately identify and anaI}Q icroorganisms present in triatomines.

in the wild (Waltmann et al. 2019), whefc they also acquire non-symbiotic or host-associated
microbes from blood meals (Engel an 2013). Studying the microbiota of both lab-raised
and wild triatomines is important for un anding their behavior and ecological roles.

Triatomines acquire their intestinal microbes S@l through coprophagy, both in laboratory and

Culture-dependent methods ‘(X derestimate the diversity of bacterial species in natural
conditions, as they focus i on cultivable bacteria while overlooking non-cultivable taxa
(Oliveira et al. 2018). Re on-culture-based studies have begun to explore the gut microbiota of
triatomines, but the bact@ialmicrobiota of P. chinai has not been documented in either lab-raised
or wild insects. This aims to describe the gut bacterial microbiota of P. chinai (lab-raised and
wild insects) usi ular identification techniques.

Materials r@thods
Study, a@ d collection of Panstrongylus chinai.- Fieldwork for Panstrongylus chinai

urred in three rural communities in Calvas county, Loja province: Guara (1064—1450
haquizhca (888—1323 masl), and Bellamaria (1000—1384 masl) (Figure 1). Triatomines
wereSollected from domestic and peridomestic habitats (DUs) using the one-man-hour method
described by Grijalva et al. (2015) under permit MAAE-DBI-CM-2021-0185, then transported to
the CISeAL insectary, PUCE, Quito under permit MAAE-CMARG-2020-0178. Specimens were
identified and classified by Lent and Wygodzinsky’s (1979) key. Entomological indices such us: 1)
infestation index, density, crowding, and colonization rate were calculated (WHO 2002).

Panstrongylus chinai colonies.- Panstrongylus chinai colonies were maintained under controlled
conditions temperature (24 + 6°C), humidity (70 = 10%), and photoperiod (12 [L:D] h) as described
Villacis et al. (2008), and periodically fed defibrinated human blood via the Hemotek system
(Durden et al. 2023). The colonies, originating from 2009 and 2011, corresponded to 11 and 13
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generations, respectively, as described by Moquera et al. (2016) in relation to the P. chinai life
cycle.

Intestinal extraction of Panstrongylus chinai.- Intestinal extractions were performed on 12
individuals (6 males, 1 female, 4 nymph V, and 1 nymph IV), as well as 50 individuals from
colonies (10 individuals per stage, ranging from nymph III to nymph V, and adults, both female and
male), following the sterilization procedure outlined by Gumiel et al. (2015), which incorporated a
flow chamber, micropipettes, and filter tips to minimize contamination. Extracted intestines in 200
uL of sterile PBS were stored at -20 °C until DNA extraction.

Microbial cultures.- During the extraction process, cultures were performed on blood ag he
only purpose to confirm the presence of bacteria within the intestinal content, not for gé®nt ion
purposes. The incubation temperature was 37+2°C and the growth was checked affer 24 and
hours.

DNA extraction.- For the DNA extraction, DNAzol reagent from th rand was used
according to the manufacturer's instructions. Subsequently, the DN were subjected to
quantification and purity evaluation using a NANO2000 (Thermo Sci op instrument.

Molecular detection of 7. cruzi and Amplification of the region.- 7. cruzi detection
employed PCR with TCZ1/TCZ2 primers (Moser et al. 198 Promega kit was utilized for
creating the reaction mixture, and the thermocycler settings @ initial denaturation at 95°C for a

xtension step at 72°C for 10 minutes.
Followed by electrophoresis on 2% agarose gels s ith SYBR Safe. In the same way the 16s
region was amplified using primers 27F/R14
involved an initial denaturation at 95°C for
minute at 95°C, annealing for 1 minute
extension step of 10 minutes at 72°C w@
n

the electrophoresis gel were Sanger sequ

es, followed by 35 cycles of denaturation for 1
5%C, and extension for 1 minute at 72°C. A final
ormed (Da Mota et al. 2012). The positive samples in

g.

Bioinformatic analysis.- The s were sent to Biosequence S.A.S in Quito, Ecuador, for
Sanger amplicon sequenci % sequences were then analyzed using Geneious Prime 2023.2.1
and compared with BLAétps://blast.ncbi.nlm.nih. gov/Blast.cgi) to identify the closest matches

based on sequence si%'

Results Q
Entomologicad es and natural infection with Trypanosoma cruzi.- In the three communities,
Guara, Chz igcita, and Bellamaria, a total of 63 domestic units (DUs) were examined. Among

ere infested with Panstrongylus chinai, resulting in an infestation index of 7.9%. A

gs were collected (density = 0.2 bugs / DUs searched, crowding = 2.4 bugs / infested

onization index = 20% DUs with nymphs) (Table 1). In total, 12 P. chinai specimens from

these®ommunities were analyzed for 7. cruzi infection using PCR, with only one sample testing
positive, representing 8.33%.

Presence of bacteria in the culture media.- In the culture media, the growth of whitish, round,
creamy-looking colonies were observed at 24 hours. At 48 hours the growth of these same colonies
and the appearance of punctate white colonies was observed (data no show).

Bacterial composition of Panstrongylus chinai.- A total of 12 samples collected in the DUs and
50 individuals from laboratory colonies were analyzed. A total of 13 samples were selected to
amplify the 16S gene on the agarose gel. Of these amplified samples, 8 samples were from the field
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and 5 samples were from the laboratory. These selected samples went through Sanger sequencing
and bioinformatic analysis. After bioinformatic analysis, only four samples showed corresponding
alignments Staphylococcus genus. The dominant species was S. saprophyticus with 75% and S.
equorum with 25% (Table 2). We observed that S. saprophyticus predominates in both, field and
laboratory insects, and it predominates in both, adults and nymphs (NIV) (Table 2). Unfortunately,
the 7. cruzi sample presented no amplification in the 16S region, thus it was not possible to analyze
the microbiota.

Discussion

The research identified a low infestation of Panstrongylus chinai in DUs across three compagnities
in Calvas County. Only adult specimens of this species were found in domestic envi ts,
suggesting that these adults are likely attracted to lights in the DUs, similar to the P.

howardi in Manabi province (Villacis et al. 2015). Our findings showed that ce@actenal
dapted to
s(Da Mota et
1zed by bacteria,
¥ & Schaub 2021).
1r microbiota and 7.

ory insects and could also

species were predominant in triatomines, suggesting that their microbial communit
their specific insect hosts, however, the predominant bacterial species vary b
al. 2012). While triatomines consume sterile blood, their intestines are quic
likely acquired through contact with vertebrate skin during feeding
Cannibalism and coprophagy are the primary ways these insects tr
cruzi, which may be essential for maintaining the microbiota in labo
play a key role for field insects (Diaz et al. 2016). O

In this study, we found that Staphylococcus sp. was the onl)é rial genus present, in contrast to
another research that identifies Staphylococcus, Serratia, acter, Burkholderia-Caballeronia-
Paraburkholderia, and Bacteroides as the five mo cant genera in triatomine intestinal
microbiota (Hu et al. 2020; Villacis et al. 2024). ominance of Staphylococcus suggests it
may play crucial roles in the insect’s physiology, %laﬂy in survival and reproduction (Oliveira
et al. 2018). This genus has also been found i m tomine species like Panstrongylus megistus
(Schaub 2020) and Meccus pallidipennis (fim@nez et al. 2021), and isolated from Triatoma spp.
(Mann et al. 2020). One of the Staph s species identified was Staphylococcus equorum,
initially isolated from horses (Schleife%l. 1984) and subsequently found in cow’s milk with
mastitis as well as in goats (Meu et al. 1996). It has also been detected in clinical materials
(Alcaraz et al. 2003). Unde;s (@the origins of these microorganisms is significant because
some P. chinai were colle m communities where cattle are present in the peridomestic
environment (Grijalva et %

Staphylococcus sapr@zcus was detected in both field and laboratory insects, indicating that this
species may havg a istent association with P. chinai. Additionally, S. saprophyticus has been
isolated from stinal tracts and feces of nymphs and adults of Triatoma dimidiata (Lopez-
Ordofiez et a@&. Similar to our findings, S. saprophyticus was also identified in a laboratory-
raised VI, ever, Lopez-Ordofiez et al. (2018) isolated two bacterial species, S. saprophyticus
and S. rum, in both field and laboratory insects.The bacterial diversity in P. chinai is low but
co t, with Staphylococcus as the dominant genus, similar to other triatomine species. This
suggwts that Staphylococcus may serve as a symbiont for the insect. However, further research is
needed, especially given P. chinai’s role as a secondary vector of Chagas disease in the southern
Andean region of Ecuador. Studying the impact of S. saprophyticus and S. equorum on P. chinai
could be important for exploring the potential of its microbiota as a biological control for 7. cruzi.

Understanding the gut bacterial microbiota of Panstrongylus chinai offers promising avenues for
developing targeted and sustainable vector control strategies. These include: 1) Paratransgenesis,
where genetically modified symbiotic bacteria express molecules that block Trypanosoma cruzi
development (Beard et al. 2001). ii) Microbiota manipulation, through the introduction of probiotic
strains that compete with the parasite (Weiss & Aksoy 2011). iii) Use of selective antibiotics or
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natural compounds, which alter microbiota composition and reduce vector fitness (Wang et al.
2024). iv) Identification of microbial biomarkers to monitor infection or physiological status in field
populations (Oliveira et al. 2018). v) Disruption of essential symbiosis, targeting bacteria critical for
vector survival or reproduction (Sassera et al. 2013). These approaches demonstrate how
microbiota-based strategies can complement traditional control methods for Chagas disease vectors.

This study had several limitations: 1) Unknown blood sources of field-collected P. chinai, as host
details were not available despite most specimens being gathered from domestic environments. ii)
Only 12 P. chinai individuals were collected, limiting the sample size. iii) Insufficient data on
triatomine insects from other provinces in Ecuador and Peru. iv) The study used Sanger se cing
for bacterial 16S rRNA, however next-generation sequencing could offer a more com ive
analysis of the microbiota species present. Despite these limitations, their potential in C the
results is outweighed by the consistency of the findings, which offer valuable insighfs—egpecially
as this is the first study of the gut microbiota of Panstrongylus chinai, a second or in the
southern north of Ecuador.

Conclusion

This research, investigated Panstrongylus chinai, a vector of Trypa @ uzi, in the context of

Chagas disease transmission in Ecuador. Utilizing molecular techniqué®the study characterized the

gut bacterial microbiota of P. chinai specimens collected domestic and peridomestic

environments in Loja province. Results demonstrated a E station rate and revealed a
T

microbiota composition dominated by Staphylococcus speci icularly S. saprophyticus and S.
equorum. These findings suggest a potential role of t erial species in the physiological
processes and survival of the insect vector. This @phasizes the importance of vector
microbiota in shaping innovative strategies for con@ hagas disease.
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FIGURES

Figure 1. Map of the three rural communities where Panstrongylus chinai were collected (Guara,
Chaquizcha and Bellamaria), Calvas, Loja province (grey points).

TABLES

Table 1. Entomological indices of Panstrongylus chinai in three rural communities (Guara,
Chaquizhca and Bellamaria) in the southern region of Ecuador. DUs: Domiciliary Units. @

Table 2. BLAST sequences percent identity of the bacterial microbiota Qs within
Panstrongylus chinai collected in field and laboratory-reared, and percent tdphylococcus
genus.



