Plasmodium falciparum infections in mosquitoes and infection phenotype determination

The purpose of this procedure is to infect Anopheles mosquitoes with blood-borne P. falciparum parasites.  Proper precautions must be taken while performing this procedure in a BSL2 facility and proper attire including gloves and lab coat must be worn at all times.  This protocol outlines the preparation of blood-borne gametocytes, mosquito blood feeding via a membrane feeder and infection phenotype determination through quantification of oocysts on the midgut.  For this protocol, you will need a culture of P. falciparum gametocytes with known gametocytemia.  Other materials you will need include: plastic 15 mL conical tubes, human serum and blood (O+), tissue culture pipet tips, pipetman, sterile glass pasteur pipets, water bath heated to 37oC, centrifuge, parafilm or other membrane, circulating water bath, glass membrane feeders, rubber tubing to fit feeders, mosquito cups, 10% bleach, ice bucket, glass petri dish and cover, glass slides, fine-tip forceps, paper towels, 1X sterile PBS, 0.2% mercurochrome, 12-well glass slide, light microscope, counter (optional).  
A. Preparation of gametocyte culture:
1. Bring fresh human blood and serum to 37oC in a water bath.  
2. In a fume hood under sterile conditions, pipet 1 mL of warm blood into an eppendorf tube.  Spin the blood in a centrifuge for 5 minutes at 2200 rpm.  Erythrocytes should be pelleted; remove and discard the clear serum.  Wash erythocytes with an equal volume of new serum 3 times to obtain the whole blood for the gametocytes.
3. Retrieve the gametocyte culture from the CO2 incubator or candle jar. This culture should be maintained on RPMI media and fed to the mosquitoes on day 16 of the culture.  To determine the gametocytemia % (on day 16 of the culture) make a thin smear on a glass slide with one drop blood and perform a Geimsa stain. Determine the number of gametes in a field of the parasite culture. It is usually in the range of 2 - 4%. Then calculate what volume of whole blood you will need to achieve the desired final % gametocytemia (0.3 -1 %).

4. Remove most of the media from your gametocyte culture using a pipet, taking care not to disturb or suck up the parasites (parasites will appear as black while the media will be light pink/red).  Pipet the rest of the media and parasites into a 15 ml falcon tube.  Spin in a centrifuge for 5 minutes at 2200 rpm.  Parasites and erythrocytes will pellet, remove and discard media supernatant without disturbing parasites.
5. Combine parasites with the volume of prepared whole blood (from step A2) to give you the desired final gametocytemia according to previous calculations.  Pipet to mix thoroughly. (~1 minute)

This is now the sample you will feed to your mosquitoes. Keep at 37oC in a water.
B. Feeding mosquitoes :
1. Put your Anopheles mosquitoes (~30-50) into wax-lined cardboard cups covered with mesh netting secured by a rubber band or cardboard lid supplied with cup.  We use a battery-operated aspirator for this step. 
2. Prepare the circulation water bath by inserting nozzles on either side of glass feeders to rubber tubing. Connect as many feeders as you need in a series; one end of the series should be connected by tubing to the circulator of the water bath (the part that pushes water through the feeders), the other end of the series should consist of rubber tubing submerged in the bath to allow the circulated water to empty back into bath. Turn on the bath until the water is about 37oC and the water is circulating through the feeders and back to the bath. This is essential to keep the blood warm and keep the parasites alive.  
3. Prepare the membrane (we use small squares of stretched parafilm) by stretching around the glass membrane feeder, using pressure to seal tightly to the feeder opening.  This membrane will mimic the skin. 
4. Place one feeder membrane-side down onto each mosquito cup and secure feeders using clamps or tape.  The membrane should sit flush with the net so mosquitoes can access it from inside the cup.

5. Carefully pipette parasite-blood meal (from step A5) into the neck of the feeder, making sure the blood goes all the way through the neck into the reservoir, contacting the membrane so the mosquitoes can access the blood.  We use about 200 μl of blood per feeder but this can vary.
6. Allow mosquitoes to feed, we allow them to feed for ~30 minutes (variable depending on experiment—for most experiments occasionally monitoring how many have already taken a meal by looking at the blood content in the abdomen).
7. After feeding, remove feeders from the mosquito cups.  Turn off the water bath and disconnect feeders from tubing.
8.  Remove the membrane and soak feeders in 10% bleach to decontaminate and rinse with water.  Place contaminated material (membranes, paper towels, gloves, etc) into a small biohazard bag and deposit in a large biohazard receptacle. 

9. Anesthetize mosquitoes by placing cups in refrigerator or cold room. Once mosquitoes are fully anesthetized, transfer them on a petri dish embedded in an ice bucket and sort mosquitoes, looking carefully at the abdomens for any sign of a blood meal and discard those that did not feed. Some mosquitoes will be fully engorged while others will show a narrow band of ingested blood; all are acceptable as “fed”.  Put the fed mosquitoes back into the cardboard cups. 
10. Provide a sugar meal (a piece of cotton soaked in 10 % sucrose) to mosquitoes and incubate under normal insectary conditions for 7 days. Everyday the mosquitoes should be monitored for the mortality rate and also the cotton should be made wet with the sucrose, so that they are not deprived of food. It is better to also put a paper towel soaked in distilled water to keep the mosquitoes moist. These mosquitoes are P. falcipraum infected, so all care must be taken so that no mosquitoes can escape from the cup. It is best to put the cups in a small cage so as to have double protection.
C. Dissecting mosquito midguts and estimating oocyst loads:
1. Aspirate mosquitoes (from step B) from cardboard cups using a battery-operated aspirator.  Anesthetize mosquitoes which are inside the removable aspirator reservoir by moving to a cold room or burying the reservoir in ice for at least 5 minutes or until mosquitoes stop moving.
2. Transfer anesthetized mosquitoes from reservoir to a glass petri dish embedded in ice.  Spread the mosquitoes to a single layer and cover with a plastic petri dish lid.  Mosquitoes that can not be accommodated on the dish remain in the reservoir which is returned to cold room or ice.
3. Using fine-tip forcep, transfer a single mosquito from dish to 100 ul PBS contained on a glass slide mounted under dissection microscope.  Leave others covered in chilled petri dish.

4. Hold mosquitoes at the thorax and the posterior abdomen using fine-tipped forceps.  Pull the body apart until midgut is exposed.  Use forceps to remove excess tissue from gut.   The gut looks like a white, sac-like body.  Remove excess tissue from the gut.  Mount the gut in one well of a 12-well glass slide and immerse in 5-10 μl of 0.2% mercurochrome.  Squash the carcass and discard on damp paper towel.  Continue for other mosquitoes until 12-well slide is full.  Cover the mounted guts with a glass coverslip.
5. Examine guts under light microscope, looking for round oocysts that stain bright pink against the clear/faint pink gut tissue. Count oocysts, record and continue to next sample.  Continue for all mosquitoes of all experimental treatments.
6. When finished, wipe slide clean with paper towel.  Place paper towel with guts and paper towel with carcasses into small biohazard bag and put in trash.  Gloves are worn throughout procedure and also care taken not to let any infected mosquitoes escape.
NOTE: There can be some variations in the Plasmodium infection and infection phenotype determination and different lab may follow different techniques. Additional references are as follows: 
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