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To establish integrated colonisation of vectors in semi-insectary conditions. The pure 

strains of mosquitoes (Aedes aegypti, Anopheles stephensi and Culex quinquefasciatus) 

were reared in similar semi- insectary/room conditions with exposure of natural 

light/darkness with front glass wall. One species of Sandfly (Phlebotomus argentipes) was 

reared inside the Biochemical Oxygen Demand (BOD) incubator at 26-280C, temperature 

and 72-80% relative humidity. Mosquito’s larvae were fed on yeast powder/fish food inside 
the tray having warm water at room temperature to avoid any contamination. Newly 

emerged adult females with male of An. stephensi and Cx. quinquefasciatus were exposed 

to a blood meal overnight and Ae. aegypti in day time. Fed females were kept in a cage with 

10% glucose solution-soaked cotton ball. In respect of rearing of sandflies gravid females 

were confined in rearing pots. Larval food prepared with rabbit chow, faeces and sand was 

provided to the sandfly larvae in powder form. Newly emerged adults were exposed to 

blood meal for oviposition. Under limited resources and common room conditions 

mosquito life cycle was continued whole year (2023-2024) by maintaining continued 

generations of 10-15 days life cycle. Six generations of life cycles (28-36days) were 

maintained for sandflies. The life cycle of mosquito vector of different diseases can be 

reared together in similar semi-insectary conditions for the training/study/experiment 

purposes in limited resources and their life cycle can be maintained throughout the year. 
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Introduction 

 
Vector borne diseases are severe public health challenges 

globally with emerging and re-emerging diseases like 

Malaria, Filaria, Dengue, Chikungunya, Zika, Japanese 

Encephalitis and Kala-azar and share 17 % of the 

communicable diseases globally, WHO (2017). The 

environmental factors along with social and demographic 

factors strongly influence the transmission pattern of the 

diseases. 
 

Maintenance of integrated insectary is required on the 

basis of response of public health, to develop better 

coordination between the sectors, community 

involvement. This study has been designed to maintain 

life cycle of different vectors for capacity building under 

semi-laboratory conditions. 
 

Materials and Methods 

 
Colonies of different species of mosquitoes and sandflies 

were maintained separately (Figure).  

 

Species of Mosquito colony 

 
1. Anopheles stephensi (source: collected from Indian 

Council of Medical Research-National Institute of 

Malaria Research, New Delhi, 2022) 

2. Culex quinquefasciatus: (Source: Delhi, 2021)  

3. Aedes aegypti: (Source: Delhi, 2021) 

 

Species of Sandfly Colony 

 
Sandfly: Phlebotomus argentipes (source: collected from 

Bihar, 2022-23) 
 

Rearing space 

Room-1: An. stephensi and Cx. quiquefasciatus 

Room-2: Aedes aegypti 

Room -3: sandfly (Phlebotomus argentipes) –inside BOD 

 
The aim of collection of mosquito and sandfly specimen 

is to maintain the purity of the colony. Specimens were 

collected either from field/ standard laboratory in 

eggs/larvae/adult stages and processed in the insectary 

accordingly.  
 

Essential requirements of materials for infra-structure of 

insectary:  

✓ The temperature (270C±2), Relative humidity >70% 

and Photo period as natural  

✓ The walls of the room are smooth and painted white 

colour 

✓  Prevention from exit/entry of any mosquito 

✓ Deionized/chlorinated/boiled water 

✓ Larval food (powder/liquid) 

✓ Washing area inside room 

✓ Sterilization of tray/bowl and food 

✓ Provision of thermometer for measuring water 

temperature inside the tray and separate hygrometer 

and thermometer for measuring room temperature 

and humidity 

✓ Register for recording each day Temp. & Humidity 

and generation  

✓ Metal and cloth cages: Four sizes: Large size 

(12”x12”x12”) and (30”x30”x30”), Medium (8” x 8” 

x 8”) and Small size (6” x 6” x 6”) 

✓ Small glass bottles for sucrose solution 

✓ Cotton. 

✓ Tissue paper roll 

✓ Tray/bowl white enamel/porcelain-coated metal tray 

(30x25x5cm for water depth upto 4 cm for 300 

larvae) and also of different sizes (Smaller and 

medium as per requirement 

✓ Pipette to collect Pupae  

✓ Mouth aspirator –to collect Adult  

✓ White mosquito tray cover nets 

✓ Small plastic/metal dishes for pupae 

✓ Larval food 

✓ Enamel or plastic bowl for egg collection 

✓ Rearing pot (7cm length & 7cm Diameter) for 

sandflies were prepared with plaster of Paris on 

porous base 

✓ Tray with lint cloth to keep sandfly rearing pots 

✓ Pots were examined regularly under dissecting stereo 

microscope for the feeding & survival of 

developmental stages.  

 

There are several common items and conditions were 

maintained (Table-1) 

 

The different stages of all mosquitoes and sandflies were 

maintained likewise as below:  

 

Eggs  
 

Fresh batch of Anopheles/Culex/ Aedes eggs were 

generated internally to avoid any contamination. In the 

case of collection of adult blood fed females of different 

species, the separate cage was used by keeping bowl 

filled with water on the base of cage and with provision 

of 10% glucose-soaked cotton ball on the top/ string of 
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the cage. The eggs were dispensed into water using filter 

paper to avoid them sticking to the edge of the rearing 

tray. The larval rearing tray was filled with deionized/de-

chlorinated/boiled water (4 Litres/2cm from the bottom). 

Eggs hatched between 24-48 hrs. Inspection of first instar 

larvae was made in bright light.  

 

The eggs of sandflies were kept in a pot with porous 

plaster of Paris as the sandfly immatures have a 

terrestrial life cycle unlike mosquitoes. The pots were 

kept in a BOD incubator for further development. The 

pots were placed on a wet lint cloth inside the BOD 

incubator. 

 

Larvae  
 

A pinch of yeast powder or fish food (aqua care) was 

provided in the larval tray. Around 200 larvae were 

reared under relaxed conditions of low larval density (1 

larva/ 5 ml) in each standard rearing tray (40 x 30 x 8 

cm). Both the quality and quantity of the diet were 

maintained considering their importance to the longevity 

and fecundity of the adult stage. Over feeding to the 

larvae was avoided. The first instar larvae required 

frequent food than the fourth instar. Regular check-up of 

rearing tray was made for the development of 

contaminations like algae/any deposition inside the trays 

as these can lead to mortality. Water was changed every 

day and dead larvae were removed from the trays.  

 

Larvae were handled gently during transfer from tray to 

tray. Overcrowding of larva was avoided as this may 

affect the larval development due to competition for food 

and cannibalism.  

 

The larval instars (1st instar, 2nd instar, 3rd instar & 4th 

instar) were maintained in the same pot. Autoclaved 

rabbit faeces & chow mixed with sand were given as 

food for the larvae, The larval pot were checked regularly 

for fungal formation to avoid contamination. 

 

Pupae  
 

Individual pupa was picked up and transferred into a 

small bowl (20-50 pupae) that was placed inside a 

suitable rearing cage for emergence of adult. Pupa is a 

non-feeding stage. The larval trays were checked daily 

for pupae. Separation of pupae from larvae was made 

simply by the use of a pipette or a fine-net spatula. 

Pupa of sandflies are non-feeding and non-motile and has 

a terrestrial life same as of the egg and larvae. 

Adult  
 

Glucose solution (10%) soaked in a cotton ball was 

placed on a wire stretched below the roof of the cage. 

Adults emerged overnight and matured within 24 hours. 

The peak mating activity was found after 2-3 days. The 

females were exposed to a blood meal. Replacement of 

the cotton ball was made every day. Gravid females laid 

their eggs on the second- third night after blood feeding. 

To facilitate oviposition, a bowl or petri dish 

with/without filter paper on sides of the bowl was placed 

inside the cage. On the following day, the bowl/petri dish 

was removed, and the eggs were transferred into a 

standard larval rearing tray. 

 

The adult sand flies emerged from the puparium were 

collected manually using an aspiration and were then 

released into the cage. The sandflies were fed similar to 

the mosquitoes. 

 

Results and Discussion 
 

During the maintenance of semi laboratory conditions 

temperature was maintained 25 – 28 0C and relative 

humidity 54 – 60 % (Table 1). The duration of life cycle 

was found almost equal in all seasons throughout the 

year for Aedes aegypti but different in other two species. 

The natural weather conditions were also interfering with 

penetration of natural light through the glass in the 

insectary. The diurnal rhythm for dawn and dusk of the 

insects was maintained naturally. These factors were 

according to the natural weather, however, in winter 

(November to February), the temperature was maintained 

by using a thermostat. There was not any adverse effect 

on the progeny due to low relative humidity. 

 

On an average 15 trays were used for each species of 

mosquitoes daily with daily average adult emergence up 

to 30 to 40 in number. Daily pupal formation for Aedes 

aegypti, Anopheles stephensi & Culex quinquefasciatus 

is 53,38 & 32 respectively. The newly emerged adults 

were kept inside the cage having stretched string inside 

with 10% glucose solution soaked in cotton. The 

mosquitoes were exposed for blood feeding overnight 

except Aedes aegypti. The blood fed females were kept in 

a separate cage having water in a bowl at the bottom of 

the cage for egg laying. Each day laid eggs were 

transferred in the rearing tray with water. The bowls for 

egg laying was lined with filter paper along the inner 

circumference for Anopheles stephensi and Aedes aegypti 

and was stored in case of Ae. aegypti if eggs were 
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required to keep for a longer period up to six months to 

regenerate. 

 
The emergence of adults from pupal stage was 90% to 

92% in case of Ae. aegypti and Cx. quinquefasciatus. The 

adult emergence rate of An. stephensi was found to be 

86% to 88%. In case of Ae. aegypti and An. stephensi, 

almost all eggs hatch into the larval stages, however 

some rafts of eggs of Cx. quinquefasciatus could not 

hatch. Hatching rate in Cx. quinquefasciatus was 

recorded up to 90%. 

 
For the rearing of aquatic stages for Ae.aegypti and Culex 

quinquefasciatus i.e. Eggs, Larval stages (1st instar, 2nd 

instar, 3rd instar and 4th instar) and pupae, tap water is 

stocked for 24 to 36 hours. However, in the rearing 

process of developmental stages of An. stephensi, boiled 

tap water at room temperature for 24 to 36 hours were 

used (Table:1).  

 
In the rearing of sandflies inside the BOD incubator 

having controlled temperature (27-280C) and relative 

humidity (80%) was maintained. The rearing pots were 

examined regularly under dissecting stereo microscope 

and larval food (Rabbit chow crushed with sand) was 

provided. Within one month (28-36 days) the life cycle 

of the sandfly was completed. Six generations of P. 

argentipes were maintained with feeding on blood meal. 

Gravid females were confined for egg laying inside the 

rearing pot (Table-2).  

 
There are several methods for rearing and colonisation of 

mosquitoes as per the need of the laboratory. Generally 

one or two species are being cultured in the standard 

insectary for mass rearing for different studies like 

insecticide susceptibility test, molecular, immunological 

studies. In the insectary of the institution three important 

vector species of mosquitoes Anopheles stephensi, Culex 

quinquefasciatus and Aedes aegypti are being colonised 

including one sandfly vector of Kala-azar i.e. 

Phlebotomus argentipes.  

 
The main objective of colonisation of these mosquitoes 

and sandflies is to support capacity building of the 

National and academic program by training the students 

(Medical, Nursing, others) to show live life cycle to 

visitors from different parts of the country and abroad; 

training to technical staff, officers working on vector 

surveillance and control. Several Guidelines and 

Standard Operating Procedures are available for mass 

rearing of mosquitoes and sandflies. The mass rearing of 

Anopheles mosquitoes in Ethiopia is being conducted 

inside an advanced insectary Biosafety Arthropod-IV 

(BSA-IV) by Ababa (2017).  

 

The guidelines for mass rearing of Anopheles mosquitoes 

have been reported in Vienna for different tests in the 

laboratory including the bionomics of the vector (Guide 

line, 2017). Laboratory colonisation and maintenance of 

An. atroparvus in Spain is being maintained for some 

laboratory tests as per requirements following the 

important steps of rearing mosquitoes by Brinberg et al., 

(2020). Generally insectary rooms are being maintained 

at 26-280C and the humidity is more than 70% with a 12 

hour day/night cycle with artificial light by Das et al., 

(2007). In the present study, the rearing of An. stephensi, 

Cu quinquefasciatus and Aedes aegypti are being 

maintained in the insectary-room with provision of 

natural light conditions through the provision of two side 

glass walls. The room temperature (25-280C) and 

Relative Humidity (54-60%) were being maintained. The 

room temperature in winter was managed up to optimal 

range by using a thermostat and in summer often use of a 

centralised vent/cooler.  

 

There are 90 colonies representing 21 distinct 
Phlebotomine sand fly species in 35 laboratories in 
18 countries worldwide. The sandfly colony of Lutzomyia 

longipalpis was established in USA. The materials and 

methods used by various sand fly workers differ, dictated 

by the availability of resources, cost or manpower 

constraints rather than choice. Sand flies are necessary 

for experimental study of their biology, behaviour and 

mutual relations with disease agents and for testing new 

methods of vector control. They are indispensable in 

genetic studies and controlled observations on the 

physiology and behaviour of sand flies, neglected 

subjects of high priority. Colonies are of particular value 

for screening insecticides. Colonized sand flies are used 

as live vector models in a diverse array of research 

projects, including xenodiagnosis, that are directed 

toward control of leishmaniasis and other sand fly-

associated diseases by Phillip et al., (2017).  

 

Rearing of sandfly P. argentipes was developed at Bihar 

to conduct various studies like species identification, 

xenodiagnoses etc. using BOD incubator to maintain the 

life cycle at controlled environmental conditions (Puja et 

al., 2017). In the present study six generations of P. 

argentipes was maintained keeping the rearing pots 

inside the BOD incubator.  
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Table.1 Common items for integrated rearing of mosquitoes and sandflies 
 

Item Species of Mosquito Sandfly 

An. stephensi Ae. aegypti Cx.quinquefasciatus P.argentipes 

Adult feeding cage 
    

Larval food (yeast powder in 

water) 
   

 X 

Larval food (solid-rabbit 

faeces) 

X X X 
 

Water storage(Bucket) 
   

 X 

Water Tray  

(Immature stages-development) 
   

 X 

Pots with cap (Immature stages 

development) 

 X  X  X 
 

Thermostat 
    

Room-Hygrometer 
    

Room 
   

 X 

BOD incubator 
    

Room Temperature 27-280C 27-280C 27-280C 27-280C 

Relative Humidity >70% >70% >70% >70% 

 

Table.2 Annual output of Mosquitoes rearing 
 

Mosquito Species No. of Pupa Temperature Relative Humidity 

Total 

Annual 

Number 

Monthy 

Average 

Range Annual 

Average 

Range Annual 

Average 

Range 

Aedes aegypti 19105 1592.08 221 to 

4783 

28.17 25 to 31 54.25 36 to 81 

Culex 

quinquefasciatus 

11529 960.75 170 to 

2081 

24.80 21 to 27 59.66 47 to 82 

Anopheles stephensi 13765 1147.08 292 to 

3329 

24.78 21 to 27 60.31 41 to 81 

 

 

Table.3 Maintenance of different generations of Phlebotomus argentipes inside BOD incubator at controlled 

temperature (27°C -28°C) and Relative Humidity >70% inside laboratory. 
 

Generation Egg laying 

(Date) 

Larval period 

started 

(Date) 

Pupal 

Period started  

(Date) 

 Adult 

Emergence 

Started (Date) 

Duration of life 

cycle 

F1 22.10.2023 27.10.2023 14.11.2023 28.11.2023 36 days 

F2 05.12.2023 11.12.2023 26.12.2023 02.01.2024 28 days 

F3 08.01.2024 12.01.2024 30.01.2024 05.02.2024 28 days 

F4 29.01.2024 05.02.24 22.02.2024 28.02.2024 31 days 

F5 04.03.2024 09.03.2024 28.03.2024 03.04.2024 30 days 

F6 09.05.2024 25.05.2024 12.06.2024 20.06.2024 33 days 
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Mosquito colony 

 (a)   (b) 

 
 

 

Sandfly colony 

(c )   (d)  
  

 

 

Figure.1 Rearing of mosquito and sandfly in semi laboratory condition. (a) Mosquito larval rearing tray; (b) 

Adult mosquito/sandfly rearing cage; (c) Sandfly rearing; (d) Larva of sandfly 
 

Different stages of sandflies were demonstrated to 

students and employees during their visit and also were 

supplied for study purposes to the different organizations 

including medical colleges. Rearing of sandflies and 

mosquitoes in such a nodal organization of vector borne 

disease in India is very useful in dissemination of 

knowledge to the students and technical persons concern 

with the control of vector borne diseases throughout the 

country and abroad. The entomological museum of the 

institution having global vector specimens is also a main 

focus on training and teaching purposes; unique in the 

Asia region. 
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