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Abstract
The identifying of the preferred breeding sites of sand fly immature forms is
quite important to the understanding of the vector’s biology and the development of more effective control strategies for leishmaniasis. In the present
study, it was analyzed experimentally; the potential of dog feces of serving as
breeding substrate to Lutzomyia longipalpis. Two situations were tested: 1)
the life cycle of the insects from larvae to adults, 2) the whole cycle from
adults to adults. Our results demonstrated for the first time that: 1) L. longipalpis can be easily bred in dog feces, suggesting that it could represent a potential raising substrate to immature forms for this species; 2) L. longipalpis
larvae are able to make galleries on a substrate, literally burying themselves in
this to function also as a shelter; 3) from the previous information that dogs
infected with Ancylostoma caninum can present dodecanoic acid in their
feces, we suggested that this substrate may be particularly more attractive to
L. longipalpis females seen that this molecule is the same component of their
oviposition pheromone, which is produced by the accessory glands and secreted onto the eggs; 4) after the copulation the males may landing on the
substrate and continued beating the wings intermittently until the death in a
similar behavior also noticed in other situations associated to kairomones response or pheromone production. Therefore, we suggested that it is very
likely that dog excrements could serve as an important breeding substrate for
L. longipalpis in endemic areas of visceral leishmaniasis in the New World.
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1. Introduction
The leishmaniasis are diseases caused by several species of parasitic protozoan of
the genus Leishmania. They affect around 350 million people in 88 countries and
can cause basically, two types of clinical manifestations, either cutaneous or visceral.
In the cutaneous diseases, the patients show skin lesions that eventually
progress to healing or evolve to serious symptoms, showing either a diffuse form
or severe mucocutaneous injuries, depending on the parasite species involved.
In the visceral leishmaniasis, the parasites infect chiefly the bone marrow, liver
and spleen and as a result, the patients develop a hepatosplenomegaly that may
lead to death.
The main vectors of leishmanias are blood-sucking sandflies (Diptera: Psychodidae) belonging respectively two genera, Phlebotomus in the Old World,
and Lutzomyia in the New World.
In Brazil and Latin America, the Leishmania infantum is the causative agent
of visceral leishmaniasis and its most important insect vector species is the Lut-

zomyia longipalpis.
L. longipalpis presents a wide geographical distribution, found from southern
Mexico (20˚N) to Argentina (27˚S). It has been identified in diverse ecological
conditions including anthropic habitats, showing a high capability of dispersion
and adaptation.
Conversely, dispersion studies also have shown that the movements of L. lon-

gipalpis individuals can be spatially focal and collections carried out in urban
areas indicated that the complete life cycle of L. longipalpis occurs in peridomicile habitats [1].
Besides, studies on the flight range with this species, they agree with those
above statements, showing that they exhibit a little dispersion activity in urban
areas and effectively tends of remaining at the same site due to the presence of
shelter and food [2].
Sandflies, differently from mosquitoes do not reproduce in water; they complete the life cycle in microhabitats exhibiting specific conditions like, organically rich moist soils, a relative high humidity and low levels of light [3].
Habitats colonized by immature forms of sandflies are typically organically
rich moist soils, such as, the rain forest floor described for Lutzomyia interme-

dia, L. umbratilis, L. whitmani in the Amazon; L. gomezi, L. panamensis, L. trapidoi in Panama, or dirtied soil of animal shelters for L. longipalpis in South
America, Phlebotomus argentipes in India; P. chinensis in China; P. ariasi, P.
perfiliewi, P. perniciosus in Europe.
Emerging stages of P. langeroni and P. martini in Africa, P. papatasi in Eurasia and L. longipalpis in South America, have been observed in a wide range of
ecotopes, and many species utilize rodent burrows as breeding sites, even though
the importance of this niche is unclear. Larvae of some species have been found
out in seemingly specific niches for instance, L. ovallesi on buttress roots of trees
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in Panama; P. celiae in termite hills in Kenya; P. longipes and P. pedifer in caves
and among rocks in East Africa [4].
Toting up the competence of sandflies to utilize organic matter for completing
its life cycle, some species were already described as breeding in dry excreta of
small domestic animals and the L. longipalpis can also be optimally bred in the
laboratory utilizing a food with rabbit feces in its composition [5].
The L. longipalpis shows a close relationship with the canids that are the principal mammal hosts of L. infantum, as in the sylvatic as well as at the domestic
habitats.
Dogs play a key role on the maintenance of the parasite in nature acting as
source of infection and amplification hosts. Furthermore, in endemic areas the
infection of dogs precedes the human cases [6].
Anyway based on the low dispersion capacity of L. longipalpis in urban areas,
the behavior of those insects remain at the same site due to the presence of shelter and food and their competence to reproduce in mammal feces in addition to
the well-known close relationship with dogs.
In the present study, we examined under experimental conditions the potential of the dog feces as a breeding substrate to L. longipalpis.

2. Material and Methods
2.1. The Insects
The sand flies for all the experiments were supplied from the colony of the Laboratório de Biologia Molecular de Parasitas e Vetores from Instituto Oswaldo
Cruz and they had never any previous contact with dog feces.

2.2. Substrates
As a substrate were utilized fresh feces pellets (2.0 cm diameter) from a five years
old pug breed dog. The animal was maintained in a kennel since was born and it
was duly vaccinated and dewormed. The kennel is in one area free from sandflies
and leishmaniasis.
For the experiments, two conditions were observed:
1) Respectively 20 larvae from each stage from the first to fourth were put all
together in plastic pots measuring 12 cm in diameter 8 cm in height. The insects
were disposed around the substrate pellets taking care of avoiding artificial interactions.
The experiments proceeded with the immature forms lasted 40 days, from the
onset after they were placed on the pot until end, when all of them became adult.
2) Adults, 20 females and 20 males were placed inside of the same type of pots
were a pellet substrate had been previously positioned.
All the experiments were carried out in triplicate at room temperature and
performed inside of a styrofoam box 20 × 28 × 18 cm, properly lined with black
cardboard to keep a darkness inside.
A 40 megapixel Microsoft camera equipped with Carl Zeiss lenses was used to
DOI: 10.4236/ojas.2018.84028
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record the experiments make use of the time-lapse photography technics.
The same equipment was also used for filming the adult insect behavior.
The Fs showed, were some frames selected from the sequence of pictures from
the original movie.
All the experiments were performed at darkness.

3. Results
3.1. Assays with the Immature Forms
Ten minutes after the beginning the tests, some larvae have already been seen
near the substrate, increasing to several following 2 hours and 30 minutes
(Figure 1).
Four hours later than tests started, several larvae were already seen around
and onto the pellet with some partially buried in it. It was also possible to observe some holes made by the insects (Figure 2).

Figure 1. A top view from the pot showing in the center a dog feces pellet with some larvae surrounding it closer, at 2 hours and 30 minutes after the first contact.

Figure 2. A detail of the same material at about four hours after, showing a little bit more
larvae nearby the pellet, with some that have scaled it and can be seen already partially
buried (arrows), magnification ×6.
DOI: 10.4236/ojas.2018.84028
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Around nine hours, the same behavior was observed with an increasing of the
number of insects, as around as well as onto the substrate (Figure 3).
At twenty-four hours, it can be seen a great quantity of immature forms covering almost completely the pellet and several of them were partially buried in
the substrate forming galleries. At this time, it is also possible to see a growing
white fungus on the pellet (Figure 4).
After just about two days (42 hours), the white fungus reached the maximum
of growing, with an uncountable number of larvae completely occupying the
substrate at several levels and most of them were eating the fungus (Figure 5).
Almost five days (117 hours) after the first contact with the substrate, the
fungus was totally eaten, some galleries in the outer limits began to collapse and
the few pupae have emerged (Figure 6).

Figure 3. At nine hours, there was a great quantity of larvae surrounding the dog feces,
with several already colonizing different sites of the top and some tunneling (arrows),
magnification ×6.

Figure 4. At twenty four hours, the substrate was totally colonized by larvae, but there are
still numerous surrounding it. At that time, it is also possible to observe a white fungus
growing (arrows), magnification ×8.
DOI: 10.4236/ojas.2018.84028
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Figure 5. Around two days, the white fungus reached the maximum of growing and several larvae were eating it, magnification ×8.

Figure 6. After five days, the first pupae appeared, at certain distance of the substrate
(arrows), magnification ×8.

In the succeeding days, the number of pupae increased widely and most of
them left the substrate and move out to the peripheral areas. The substrate was
almost totally disintegrated leaving few fragments of the initial material where
several remaining larvae still were feeding on it. Vestiges of the last collapsed
galleries were still observed.
Along with this material, there were residues and the excrements of the larvae,
as can be seen around fifteen days (361 hour) (Figure 7).
Finally, in the course of forty days the life cycle was completed, producing a
great number of adult insects.

3.2. Assays with the Adult Insects
The experiments with adults lasted for fifty days to complete the whole cycle,
here the immature forms originated from the eggs laid by the females showed
the same behavior as observed in the previous tests initiated with larvae.
Otherwise among the adults it was observed a not yet recorded behavior until
now, when males subsequently the courtship, they landed on the substrate and
remained on the same place beating the wings intermittently until the death
(Figure 8).
DOI: 10.4236/ojas.2018.84028
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Figure 7. Close to fifteen days, almost all the larvae have already completed the pupation
with only some eating the remaining substrate. Note some vestiges of the last collapsed
galleries (arrows), magnification ×8.

Figure 8. Some males that had landed the substrate and were beating the wings.

4. Discussion
More than a century has been passed since leishmaniasis was discovered and
there is still a lack of effective information about the preferred breeding sites of
sand flies immature forms.
Thus, all the information concerning this subject can be very useful for the
developing of further control strategies.
Our results demonstrated for the first time that L. longipalpis could be easily
bred in dog feces, suggesting that it could represent a potential raising substrate
to immature forms for this species in endemic areas of visceral leishmaniasis.
Principally in peri-urban and urban environments, where the dogs are abundant
and the transmission of Leishmania infantum exhibits a focal pattern [1] [7].
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Actually, it is probable that even in the sylvatic habitats the canid feces could
also have some importance on the life cycle of sand flies, since most canids select
specific places to lay their feces for territory scent marking [8] and it was already
observed some of those places also serving as breeding sites of sand flies [4].
We also observed a behavior that had not previously been described in plebotomines, which consisted of the larvae making galleries in the substrate, literally
burying themselves in this to function also as a shelter.
Animal feces are the microhabitat for an abundant and diversified arthropod
fauna [9] [10] [11] [12].
Among the coprophagous community, the dipteran are the most important
decaying agents of the dung pats [10] [12] [13] [14]. Dung breeding Diptera are
generally the most diverse group in cattle dung pats [11] [12] [14] [15], and several genera, including: Musca, Haematobia, Tabanus, Chrysops, Stomoxys
among others are of veterinary importance [16] [17].
Dog excrement was already suggested as a highly productive fly-breeding medium, which may be present in considerable quantity in residential areas. It is
very attractive to many species of flies and usually becomes heavily infested with
fly larvae [18].
So, concerning to the L. longipalpis it is quite probable that they could breed
in those substrates, because most areas where the visceral leishmaniasis is endemic, they correspond to poor communities sometimes with a great number of
free-ranging dogs and there is no precaution about the removal of their waste.
In fact, specifically for the L. longipalpis under certain conditions, dog feces
could be a more attractive breeding substrate, because in hookworm (Ancylostoma caninum), a very common nematode infecting dogs, which lay the eggs in
the mammal host feces. One of the major compounds prevailing in viable and
non-viable ova is the dodecanoic acid [19].
Coincidentally, the dodecanoic acid is the same component of the oviposition
pheromone of L. longipalpis that is produced by the accessory glands and secreted onto the eggs. This pheromone attracts and/or stimulates gravid females
for egg-laying [20].
One more subject related to the experiments with the larvae, included their
behavior with the white fungus that have grown on the substrate. They eaten the
whole fungus about 13 hours after it started to grow and there was no apparent
harmful effects.
The importance of microorganisms on the diet of sand flies was already studied [21], suggested that fungi can represent an important alimentary complement for Lutzomyia intermedia, after observing that larva of this species usually
feed on fungi. They also proposed it is possible that, as detritivores they can obtain nutrients from fungi.
Peterkova-Koci1 et al. (2012) recorded in L. longipalpis that although bacteria
are not essential for a successful development, they might affect the oviposition
and larval development [22]. Furthermore, different bacteria may influence the
development of the insects at various degrees. Rhizobium radiobacter for examDOI: 10.4236/ojas.2018.84028
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ple, can even survive the pupation and colonize the digestive tract of newly
emerged females.
Telleria et al. (2013) suggested that L. longipalpis modulates defensin expression upon bacterial and Leishmania infection, with patterns of expression that
are distinct among bacterial species and routes of infection [23].
Another significant aspect was the dispersion of most fourth instar larvae radially from the substrate before pupation. Such behavior could take place also in
nature and in this case, the sites where the adults emerge would not necessarily
be the same where the larval stages had developed.
In the experiments carried out with adult insects, it was observed an unprecedented behavior among the males. Under these conditions, several insects after
landed on the substrate they started beating their wings intermittently, lasting
until the death and remained on the same places. It is quite probably, such behavior occurred after mates, because there were already a great number of eggs on
the flask walls.
A similar comportment called wing flapping was already observed before in L.
longipalpis, associated with response to kairomones or pheromone production
[24] [25].

5. Conclusion
Anyway, the sand flies biology principally concerning the places where the immature forms progress their development, still remains a very complex puzzle
with apparently many pieces still lacking. Therefore, the confirmation of the
possibility of dog feces serve as a breeding substrate to L. longipalpis in the endemic areas of visceral leishmaniasis, it could represent one more piece to solve
it.
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