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Summary

Key words

A survey of the fungi isolated from the digestive tract of Panstrongylus megistus
(insects vectors from Chagas' disease) used on xenodiagnosis was carried out.
Two hundred and fourteen fungal strains were isolated from 180 nymphs.
Aspergillus and Penicillium were the most predominant genera and some of their
species were new records concerning insects. A great reduction in the fungal
population was observed in the material that was positive for Trypanosoma cruzi.
Fungi, Triatomine, Xenodiagnosis, Panstrongylus megistus

Utilización de la flora fúngica del tracto digestivo de
Panstrongylus megistus (Reduviidae) para el diagnóstico
experimental de Trypanosoma (Schizotripanum) cruzi
Chagas, 1909
Resumen

Palabras clave

Se llevó a cabo un estudio de los hongos aislados del tracto digestivo de
Panstrongylus megistus (insectos vectores de la enfermedad de Chagas) que se
utilizan en el xenodiagnóstico. Se aislaron 214 cepas de hongos a partir de 180
ninfas. Los géneros más frecuentes fueron Aspergillus y Penicillium y algunas de
sus especies fueron nuevos registros en insectos. Se observó una importante
reducción de la población fúngica en el material que fue positivo para
Trypanosoma cruzi.
Hongos, Triatomas, Xenodiagnóstico, Panstrongylus megistus

Triatomine are obligatory hematophagous insects
and vectors of Trypanosoma cruzi the etiological agent of
Chagas' disease or American trypanosomiasis. This infection affects approximately five million people in Brazil
[1] and 16 to 18 million in Latin America [2]. Triatomine
are widely distributed all over the Americas (North,
Central and South), as well as in Africa, Asia and Oceania
[3], living in association with wild animals (marsupials,
rodents, primates, birds, etc) or in the surrounding or
domicile areas of human habitations. Therefore, the diffusion spectrum of the disease is very complex.

Dirección para correspondencia:
Dr. Aurea Moraes
Departamento de Micología
Fundacao Oswaldo Cruz-Instituto Oswaldo Cruz
Av. Brasil, 4365 - Manginhos
Rio de Janeiro - RJ, 21045-900, Brasil
Tel.: +55 21 598 4357
Fax: +55 21 590 3545
E-mail: aurea@gene.dbbm.fiocruz.br

Aceptado para publicación el 29 de Marzo de 2001
©2001 Revista Iberoamericana de Micología
Apdo. 699, E-48080 Bilbao (Spain).
1130-1406/01/10.00 Euros

Brumpt, in 1914 [4], developed a diagnostic test,
xenodiagnosis, that consisted of application of nymphs
bred in the laboratory, free from protozoan, on the skin of
the infected host, in order to make them infected with circulating forms of T. cruzi which, after multiplication in
the vector's digestive tract, can be easily identified by examination of its feces. Since then, researchers have been
made to increase the xenodiagnosis' credibility and efficacy for the human and animal chronic American trypanosomiasis [5].
The association with a microbial flora in the digestive tract of several insects groups, such as Lepidoptera,
Coleoptera, Isoptera, among others, is widely exemplified
by studies of insect-fungus interactions [6-9] so as a wide
variety of bloodsucking arthropods has been reported to
contain symbiotic microorganisms, among these are the
triatomine. In 1926, Duncan [10] discovered a Gram-positive bacillus in the gut of Rhodnius prolixus, later this bacteria was named Nocardia rhodnii in 1943 by Waksman
& Henrici [11] and since then researchers are trying to
stablish a consistent bacterial flora in Triatomine [12]. But
the association of Triatomine with fungi, has received little attention [13]. However, there are publications that
focus on the role of fungi in the biological control of some
triatomine species [14], but those studies were based on
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the use of fungi that had been isolated from other insects
or hosts.
The importance of the insect-fungus interaction in
the development of T. cruzi in the digestive tube of the
vector has not been investigated so far. However, Dias
[15] and Jandin [16] suggested that the presence of bacteria in the digestive tract of adult triatomine and nymphs
could reduce T. cruzi infection in the species
Panstrongylus megistus, Rhodnius prolixus and Triatoma
infestans.
The objectives of this study were to identify the
microfungi present in the digestive tract of P. megistus
used in xenodiagnosis, their distribution patterns and their
possible role in the development of T. cruzi.
MATERIAL AND METHODS
Triatomine and xenodiagnosis. The nymphs of
P. megistus were donated by the Laboratory of Triatomine
of the Department of Tropical Medicine, Oswaldo Cruz
Institute - FIOCRUZ (Rio de Janeiro - Brazil). The triatomine were kept at a temperature of 28 ˚C ± 1 ˚C and 75 %
air humidity, and hens (Gallus gallus) were used to feed
them once a week.
Nymphs of third and fourth instar were selected
after fasting from two to three weeks and, then separated
out into two groups. According to the xenodiagnosis technique described by Shenone [17] and Cerisola [18], mice
and dogs were used to feed the first group of nymphs.
Those animals were infected with the VLE 99 T. cruzi
strain, isolated from a chronic human tripanosomiasis
from an endemic area in Brazil. Hens (G. gallus) were
used to feed the second group and it was kept as control
group.
After 23 days from the first feeding, all the
nymphs, including the control group, were fed using
G. gallus in order to avoid a too long fasting. The dissection of the digestive tract was made after 22 days of the
second feeding [19-21].
In a fume hood, the nymphs were killed with chloroform and consecutively washed for 2 min each with 1 %
sodium hypochlorite, sterile distilled water, alcoholic iodine and 70 % alcohol. After this procedure, each group of
insects was dissected according to Lacombe & Rangel
[22] and the digestive tract removed. These digestive
tracts were macerated in 0.4 ml phosphate buffered saline
(PBS, Sigma, USA) and microslides containing macerated
samples of each digestive tract were observed under light
microscope to detect the presence of T. cruzi. The positive
and negative digestive tracts were separated and, then,
"pools" were carried out with 5 to 15 tracts each.
The same procedure was carried out with the
nymphs that did not undergo xenodiagnosis.
Processing and isolation. The "pools" were processed according to Lachaise et al. [23] and 0.2 ml of each
dilution were seeded on Petri dishes containing the following culture media (to which chloramphenicol was
added): PDA (Potato Dextrose Agar, Difco, USA); MEYE
[Malt extract, yeast extract (Difco) and agar (Merck,
Germany)] and YEPGA [Yeast extract, peptone (Difco),
glucose (Merck) and agar] and incubated at a room temperature ± 28 ˚C. During the first ten days, daily examinations were carried out in order to observe fungal growth
and to count colonies, followed by examinations every
three days until 21st day.
The isolated colonies were subcultured in PDA and
Malt extract (Difco) medium for identification. The
microscopic characteristics produced by the species were
studied using the technique of culture on slide. The mate-

rial was colored with 10 % KOH for the representatives
with dark pigmentation and with Amann's lactophenol
with cotton blue for the hyaline isolated representatives
and observed under a Nikon model Labophot light
microscope. Species identification was made according to
Ellis [24,25]; Pitt [26,27], Raper & Fennell [28],
Christensen & Raper [29-31] and Samson [32,33].
Representative cultures of the species studied were
preserved in PDA under mineral oil and added to the
Fungal Culture Collection of the Department of Mycology
(IOC) - FIOCRUZ.
RESULTS
In this work, 180 fourth instar nymphs of P. megistus were selected. Six xenodiagnosis tests were made
using 20 to 30 nymphs each one. Among 140 nymphs
which were fed using the infected animals, 75 of them
development the T. cruzi in their digestive tract (53 %) but
65 remained unable to colonize or multiply the T. cruzi
(47 %). There were not T. cruzi in the digestive tract of
the control group of 40 nymphs.
From 180 nymphs processed, 214 fungal strains
were isolated, including 197 from the nymphs which were
fed using the infected animals. One hundred eighty-five
strains were isolated from nymphs which were negative
for the protozoan, and only 12 were from the positive ones
(Table 1). Seventeen strains were isolated from the control
group (Table 2).
The isolated microfungi were classified into 13
genera and 37 species. The genera found and their respective species numbers were: Aspergillus 12, Penicillium 10,
Cladosporium three, Curvularia, Fusarium and Trichoderma two for each, Acremonium, Alternaria, Botrytis,
Colletotrichum, Paecilomyces and Ulocladium one species each. Some isolates ones remained sterile after several attempts made to induce sporulation and are here
referred to as Mycelia sterilia. The most frequent species
were Penicillium corylophilum, Aspergillus fumigatus and
Aspergillus awamori.
DISCUSSION
The samples of P. megistus used in xenodiagnosis
in naturally and experimentally infected mammals have
presented a high density of parasites, as well as one of the
highest positive indices in relation to other samples of
other species. Based on this, their routine use in xenodiagnosis is recommended [34-36].
Among the fungi isolated from the digestive tract
of P. megistus, a predominance of the genera Aspergillus
and Penicillium could be observed in the nymphs fed
using infected dogs and mice, but in the control group, the
genera Curvularia and Trichoderma were the predominant. In the specialized literature, Aspergillus and
Penicillium appear widely related to different types of
insects such as bees [6,37], termites [38], mosquitoes
[9,39], beetles [40] and Lepidoptera [8] as well as in triatomine [13,41]. The predominance of the genera
Curvularia and Trichoderma in the control group specimens was due to the use of only one feeding source for
those nymphs.
New records are cited for the first time in this work
since Penicillium lividum, Penicillium steckii, Aspergillus
auratus, Aspergillus candidus, Aspergillus janus,
Curvulatia clavata, Botrytis alli, Ulocladium botrytis and
Paecilomyces variotii have never been reported associated
with insects in the literature. Cladosporium cladosporioides, Fusarium oxysporum and Fusarium solani are proven
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Table 1. Isolated fungi from the digestive tract of Panstrongylus megistus nymphs used in the xenodiagnosis tests.
______________________________________________________________________________________________________________________________
Xenodiagnosis
tests

Isolated fungi from nymphs
__________________________________________________________________________________________________________________________________
Positivesa

Negativesb

______________________________________________________________________________________________________________________________
1

No fungal growth

Paecilomyces variotii (1)

2

Botrytis alli (1)

Alternaria alternata (1), Penicillium corylophilum (1)

3

Cladosporium herbarum (2), Colletotrichum sp. (1),
Ulocladium botytis (1)

Cladosporium cladosporioides (1), Cladosporium musae (3),
Aspergillus fumigatus (7), Aspergillus niger (4), Mycelia sterilia (2)

4

No fungal growth

Aspergillus candidus (1), Aspergillus kanagawaensis (2),
Cladosporium cladosporioides (1), Mycelia sterilia (1),
Penicillium corylophilum (23), Penicillium decumbens (5),
Penicillium fellutanum (9), Penicillium implicatum (2),
Penicillium janthinellum (23), Penicillium waksmanii (8),
Trichoderma pseudokoningi (1)

5

No fungal growth

Aspergillus awamori (14), Aspergillus fumigatus (2),
Aspergillus janus (5), Aspergillus kanagawaensis (1),
Aspergillus ochraceus (1), Fusarium oxysporum (1),
Paecilomyces variotii (5), Penicillium corylophilum (5),
Penicillium implicatum (1), Penicillium janthinellum (6),
Penicillium purpurogenum (1), Penicillium waksmanii (4)

6

Aspergillus auratus (1), Aspergillus awamori (2)
Aspergillus fumigatus (2), Aspergillus sydowi (1)
Curvularia brachyspora (1)

Acremonium sordidulum (1), Aspergillus aureolatus (1),
Aspergillus awamori (2), Aspergillus flavus (4), Aspergillus ochraceus (2),
Aspergillus niger (2),Aspergillus terreus (7), Fusarium solani (2)
Penicillium citrinum (1), Penicillium corylophilum (20), Penicillium steckii (1)
______________________________________________________________________________________________________________________________
a = 75 digestive tracts; b = 65 digestive tracts; ( ) = number of isolated strains.

Table 2. Isolated fungi from the control group.
____________________________________________________________
Nymphs
Isolated Fungi
____________________________________________________________
Pool 1a
Pool 2b

Curvularia clavata (7), Trichoderma harzianum (5)
Aspergillus sydowi (1), Penicillium corylophilum (2)
Penicillium lividum (1)
c
Pool 3
Aspergillus aureolatus (1)
____________________________________________________________

a = 10 digestive tracts; b = 15 digestive tracts; c = 15 digestive tracts; ( ) = number of isolated strains.

entomopathogenic species for several insects groups such
as Lepidoptera, Coleoptera, among others, according to
Roberts & Humber [42], but none of the examined triatomine showed signs of fungal infections.
In the studies carried out by Friend & Smith [43]
we can observe that triatomine physiology contributes to
the possible colonization and establishment of the fungal
population. The digestive process of triatomine is slow
(± two weeks), which is sufficient time for the adhesion of
the conidium. Furthermore, during feeding and some time
after ingestion, the stomach and its wall undergo a "plasticization" which causes a greater hydration of the area, a
factor that is also important for the fungi development.
Another factor is the existence of only two enzymes
found, up to now, in the whole digestive tract of those
insects, ATPase in the salivary glands and proteinase in
the stomach, which are not efficient in the digestion of the
fungal wall, which is basically composed of chitin and
glucans [44].
Some studies [15,16] indicated that triatomine perhaps have a mutual symbiotic association with microorganisms which synthesize vitamins of complex B which are
deficient in the blood. These associations, however, would
not be obligatory and could happen only when triatomine
are under inadequate nutritional conditions. This is, possibly, the reason why several researchers failed to
demonstrate the presence of a constant microbial flora in
the digestive tract of triatomines [43,45,46].
Schlein et al. [9] observed, in several Phlebotomus
species from endemic areas for leishmaniasis, that the

insects that presented fungi in their digestive tract did not
contain any protozoan form. Similarly, in our study a
great reduction in the fungal population was observed in
the material positive for T. cruzi. In three of the six-xenodiagnosis tests carried out there was no fungal growth in
the positive material (Table 1). Besides the insects are different models, the Schlein's work was a point to leads us
to speculate that perhaps the presence of fungi in the
intestinal tract of triatomine has an influence on T. cruzi
colonization. Various studies have already been done
regarding bacterial flora in the digestive tract of triatomines [12], however none of these relate this flora with possible interference in the development of the protozoan, nor
has any variation in the flora been observed in relation to
the presence or absence of same. So the different qualitative and quantitative distributions of some fungus species in
the digestive tract of the nymphs negative to the T. cruzi
(Table 1) lead us to think of the possibility that those
fungi may be inhibitors of the parasite growth.
Despite the variations noted in our results, various
points should be taken into consideration. One of these is
the competion that exists between the microorganisms for
the nutrients, even though their survival in a hostile environment is already an indication of adaptation to or corelationship with the environment. Another important
point is the immune system of the insect itself. Mello and
collaborators [47], observed that the presence of T. cruzi
in the hemolymph of R. prolixus activates various components of the insect's immune system, but that this activaion does not occur when Escherichia coli have been
inoculated, with the system remaining de-activated. Thus,
the presence of T. cruzi perhaps leads the insect's immune
system to attack the fungi present as well, causing a
reduction in the population of these fungi.
Further studies are needed, using in vitro and in
vivo models with germ-free insects to verify the type of
association between fungi and insects, and the possible
role of the fungus as a barrier to protozoan colonization.
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