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A B S T R A C T

The information in this protocol covers from the basic steps and material necessary to start a sand fly colony up
to the specific details which are important to the success of a Nyssomyia neivai colony. The greatest problems in
our colony of Ny. neivai were solved with specific care, for instance, using vermiculite and an adequate number
of adults in oviposition containers; the control of fungus with the exact amount of diet for the larvae and
humidity control; a second blood meal for females and control of the number of times animals are used for blood
meals. Currently, our colony is at F22 generation.

1. Introduction

The present protocol is the result of many attempts to start and
maintain a colony of Nyssomyia neivai, a vector of cutaneous leishma-
niasis in South America. Some scientific results which support this
protocol have already been published (Goulart et al., 2015). However,
we intend to help sand fly researchers by providing general and basic
information on the routines that may be useful for any sand fly species
and, more specifically, details of Ny. neivai which allowed the success of
our colony.

Observation is the key to the success of the colony and must be
undertaken continuously. Without effort and persistence, the colony
will not be successful. Probably, this is one of the reasons why, despite
the great epidemiological interest in this group of insects and the re-
levance of colonies for research, less than 10% of sand fly species have
been colonized in the laboratory (Volf and Volfova, 2011).

Since the seminal works of Barretto (1942) and Killick-Kendrick and
Killick-Kendrick (1991) up to Meneses et al. (2014), using digital
media, the efforts of many authors have contributed to improvement in
the knowledge on different sand fly species colonization. We highlight
the studies with Dampfomyia anthophora, Lutzomyia cruciata, Psathyr-
omyia shannoni, Micropygomyia vexator (Young et al., 1981); Phlebo-
tomus ariasi (Killick-Kendrick and Killick-Kendrick, 1987); Ph. papatasi

and Lu. longipalpis (Modi and Tesh, 1983); Nyssomyia intermedia (Rangel
et al., 1985; Rangel et al., 1986); Lu. longipalpis (Elnaiem and Ward,
1991; Elnaiem and Ward, 1992; Souza et al., 1999); Ph. papatasi, Ph.
argentipes, Ph. duboscqi and Lu. longipalpis (Lawyer et al., 1991); Migo-
nemyia migonei (Nieves et al., 1997); Ny. intermedia and Lu. longipalpis
(Wermelinger and Zanuncio, 2001); Pintomyia serrana (Santamaría
et al., 2002); Ny. intermedia and Ny. neivai (Andrade Filho et al., 2004);
and Ph. papatasi, Ph. duboscqi, Ph. sergenti, Ph. perniciosus, Ph. tobbi, Ph.
halepensis, Ph. arabicus, Ph. argentipes and Lu. longipalpis (Volf and
Volfova, 2011).

2. Material and methods

2.1. Collection of sand flies

The starting point of the colony is an expressive number of sand flies
collected from the field, allowing production of large quantities of eggs
in the laboratory. Collection of insects can be performed using Castro
aspirators, Shannon and/or light traps. Collected insects must be placed
into a previously prepared voile cage (30 × 30 × 30 cm). The cage is
wrapped in a transparent plastic bag, and two Petri dishes are placed:
one directly above the voile of the cage ceiling and the other on the
bottom of the plastic bag. Cotton soaked in water to maintain high
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Fig. 1. Cages for the maintenance of insects. (a) Petri dishes (arrows) inside the bag, (b) Plastic bags wrapping the cages to maintain humidity.

Fig. 2. Oviposition container with plaster of
Paris at the bottom and vermiculite.

Fig. 3. Different types of fungi proliferation
in the container (a) larvae (arrows) feeding
on fungi, (b) fungi to be removed from the
container.

Fig. 4. Sand fly pupae in different stages. (a)
From left to right: two dead pupae, adult
ready to emerge from the pupae, and normal
healthy pupae; (b) newly formed pupae.
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humidity (80%) must be placed in the Petri dishes. A piece of cotton
wetted in 30% sucrose solution is placed over the top of the cage, under
the superior Petri dish (Fig. 1). Attention should be paid not to soak the
cotton in the sucrose solution to the point of saturation since it can kill
the insects by adherence.

This preparation avoids mortality of the insects during transporta-
tion from the field to the laboratory. It is important to have air-con-
ditioning, an air humidifier, a wind curtain, and a controlled photo-
period provided in the breeding room of the insects.

2.2. Blood feeding

Our studies demonstrated BALB/c mice as good options for Ny.
neivai blood sources in laboratory conditions. Latex gloves must be
avoided when manipulating animals or any colony material, since latex
repels Ny. neivai (personal observation). Blood-feeding and colony
maintenance should be carried out inside an air-conditioned room,
26 ± 1 °C, 12:12 (L:D) photoperiod, and 80–90 % humidity. In our
laboratory, several attempts to maintain Ny. neivai in BOD incubators
were made, however this species did not adapt to that environment.

The mouse should be weighed and the anaesthetic dosage calcu-
lated: Xylazine 2% (0.05 mL/200 mg) and Ketamine 10% (0.20 mL/
200 mg). Anaesthetics are applied intramuscularly with a 1 mL short
needle insulin syringe. This dose lasts for one hour. The mouse is then
moved back to the maintenance mouse box and observed (Erhardt
et al., 1984). The mouse should be placed in a Petri dish inside the cage
to prevent urine and faeces touching the bottom tissue. In high insect
density situations, two or three mice are required or the sand flies
should be separated into more cages.

It has been noticed that female Ny. neivai which have fed on the
same animal several times die before oviposition. Repeated bites evoke
the production of antibodies by the host causing female mortality
(Ghosh and Mukhopadhyay, 1998). However, further studies should
evaluate the exact number of times the same animal can be used for
blood feeding.

A second blood meal improved the number of adults in the colony.
This procedure helps the maintenance and growth of Ny. neivai insect
numbers. Success in third blood meals is rare.

Regarding the routine of the Ny. neivai colony, between five and ten
couples (blood-fed females and an equal number of males) is the ideal
number of insects in each oviposition container (Goulart et al., 2015).

2.2.1. Ethics statement
The animal work was conducted according to the Guidelines for

Animal Experimentation of the Conselho Nacional de Controle de
Experimentação Animal (CONCEA). This study was approved by the
Committee of Animal Experiments (CEUA) of the Universidade Estadual
Paulista, UNESP, Araraquara (protocol number 54/2016).

2.3. Oviposition and breeding containers

A circle is cut at the bottom (2.5 cm diameter) and in the lid (4 cm
diameter) of a 145 mL polystyrene container with thin curve tip scis-
sors. Plaster of Paris is prepared as described by the manufacturer, and
poured into the bottom of the container so the plaster leaks out of the
circle, forming a thin layer of plaster on the outer bottom of the con-
tainer. The container should be allowed to dry and cool and after one
hour the process is complete.

A piece of voile tissue (12 × 12 cm) should be cut and a small
opening made at its center for transportation of the insects. The voile
tissue is then placed together with the lid, closing the container. A piece
of cotton is sufficient to close the hole at the center of the tissue,
maintaining the insects inside the container (Fig. 2).

Field-caught sand flies are fed on mice and blood-fed females may
be individualised, without males, in a rearing container with plaster of
Paris at the bottom and 30% sucrose solution. The oviposition

containers are moved to plastic boxes with two layers of wetted paper
towel at the bottom. The plastic boxes are kept in drawers or cabinets to
maintain the larvae in the dark through their life cycle to the adult
phase. The layer of plaster of Paris on the containers touches the wetted
paper towel of the plastic boxes, maintaining high humidity inside the
oviposition containers.

Five days after oviposition the female is removed and specifically
identified. Eggs of the same species are transferred to a 145 mL con-
tainer (up to 300 eggs). A small amount of vermiculite should be added
to the container (Fig. 2). A small piece of cotton wetted with 30% su-
crose solution is placed over the voile lid and should be changed every
48 h.

The following information can be written on the oviposition con-
tainers: date, insect generation, and number of blood-fed females.

For colony maintenance, after oviposition, live insects are trans-
ferred to a cage for a second blood meal and dead insects are removed
with tweezers or box-cutters to avoid fungi proliferation. A round end
brush is used to move the eggs on the walls of the containers to the
bottom. Despite the high humidity, eggs laid on the walls of the con-
tainer may desiccate.

2.4. Larvae feeding

An artificial diet is prepared with a 1:1:1:1 mix of rabbit faeces,
rabbit food, fish food, and vegetable soil as described in Goulart et al.
(2015). This mix is transferred to 15 mL Falcon tubes, autoclaved, and
left to dry in a desiccation stove for a couple of hours. To assure that
only fine powder will be offered to the larvae, a small piece of voile
tissue is fixed with a rubber band to close the Falcon tube. The tube
needs to be shaken to decompress the artificial diet. The tube should be
closed with its own regular lid after the diet is utilised. The tubes can be
autoclaved again after two or three months.

Larvae will start to emerge from the tenth day after oviposition, thus
a small amount of artificial diet should be added on the ninth day.

2.5. Humidity precautions

Oviposition relies on humidity. Ideal humidity ranges from 70 to
80%. After oviposition, the humidity should be reduced to 70% inside
the plastic boxes. Droplet formation on the container walls can kill
larvae and must be removed with a paper towel. The paper towels at the
bottom of the organizer can be changed to further decrease humidity, or
the cover of the organizer can be opened, for a short time, to dissipate
the excess humidity.

2.6. Fungi proliferation

Several fungi species can appear inside the containers. In con-
taminated containers, it is worth moving the larvae to new, con-
taminant free containers. Alcohol 70% wash solution, paper towels, and
a cigarette lighter must be kept to sterilize the pin probes used on the
containers contaminated with fungi.

Larvae can feed on some filamentous, cottony white fungal species
that do not need to be removed (Fig. 3a). Pin probes should be used to
mash the fungi and release larvae from their hyphae. The procedure
must also be performed with pupae, as the emerged insect can be killed
by the fungi hyphae (Fig. 3b).

Shaking the container lightly with the vermiculite helps to break
down the fungi hyphae without damaging the larvae and pupae. This
procedure must be avoided with first instar larvae due to their fragility.

Pathogenic microorganisms can promote mortality of larvae and
pupae and these must be immediately removed. Containers presenting
high larvae mortality should be washed in 70% alcohol and discarded.

The plastic boxes and paper towels on the bottom can become
contaminated and must be washed or changed as necessary or at least
once per week.
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2.7. Pupation

The development date of the first pupae should be noted on the lid
of the container since it helps keep track of the colony and the next
steps to be taken.

It is of great importance to learn how to identify pupae that are
empty, whole, dead, newly formed, and ready to hatch. When adults are
ready to emerge from the pupae the wing region becomes black (Fig. 4).

Newly formed pupae display white colour, changing to yellow-or-
ange colour after a few hours which is maintained for at least seven
more days (Fig. 4).

Empty containers should be cleaned with flat-end brushes and a
sponge to remove dirt and then left to dry to be reutilized.

2.8. Adult emergence

Maintenance routine days are usually Monday, Wednesday, and
Friday. On Fridays, a small piece of cotton wetted in 30% sucrose so-
lution is placed over the voile tissue of the containers with the presence
of pupae to provide food for adults which will likely emerge on the
same day or at the weekend.

The cotton should be removed on Mondays, as the newly emerged
adults will be transferred to new cages during the week, properly
identified with the insect generation and date of emergence. The cotton
piece wetted in 30% sucrose solution, Petri dishes with cotton soaked in
water, and the plastic bag wrapping the cage are essential to handle the
adults of the colony. Both cotton and Petri dishes should be changed
every week to avoid fungi proliferation.

Five to seven days after emergence, adults are ready for experi-
mentation or blood feeding. Empty cages should be cleaned in three
steps: i) immersion in chlorine bleach diluted in water (5%); ii) ob-
servation of the removal of the dirt by the solution; iii) washing in
running water.
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