Supplemental Material

Proposed Test Method for the Evaluation of Efficacy of Contact Lens Multipurpose Solutions against Acanthamoeba trophozoites and cysts

Principle

To evaluate the amoebicidal effectiveness of marketed contact lens (CL) multipurpose solutions (MPS) against strains of Acanthamoeba known to cause Acanthamoeba keratitis by inoculating the solutions with axenically grown Acanthamoeba castellanii and Acanthamoeba polyphaga trophozoites and cysts at various times.

To study the effects of these solutions against A. castellanii and A. polyphaga trophozoites, trophozoites will be grown in PYG-712 media with additives at 25oC and harvested prior to encystment.

To study the effects of these solutions against A. castellanii and A. polyphaga cysts, trophozoites will be inoculated onto non-nutrient amoeba saline (NNAS) agar and incubated at 30oC for 2-3 weeks to allow time for encystment.

Methods

Materials and Equipment

Live organisms:

· Acanthamoeba castellanii ATCC 50370

· Acanthamoeba polyphaga ATCC 30461

· Enterobacter aerogenes ATCC 15038 or 13048  

Consumables:

· Disposable hemacytometer

· Flat-bottom tissue culture treated 12-well plates with lids - sterile

· Flat-bottom tissue culture treated 6-well plates with lids - sterile

· 100 x 15 mm petri dishes - sterile

· 15 and/or 50 mL glass or polypropylene centrifuge tubes – sterile (Note: tubes of an appropriate material, which are compatible with the ingredients, should be used. For MPS containing hydrogen peroxide the optimal disc and solution parameters should be determined before experiments are performed.)
· 500-1,000mL (or larger) flask for growing E. aerogenes - sterile

· Serological pipettes

· Pipette tips of various sizes up to 1mL – sterile

· 75cm2 cell culture treated flasks with vented lid – sterile

· 1.5-2.0 mL centrifuge tubes – sterile

· 1.5-2.0mL screw cap cryo tubes - sterile

· 0.22µ filter – sterile

· Dimethyl sulfoxide (DMSO)

· Freezing container to lower temperature -1oC/minute – or equivalent

· Sealable plastic bags or tubs for storing plates in incubator

Equipment:

· -70oC (or lower) freezer or liquid nitrogen storage

· Biosafety cabinet – minimum of BSL-2

· Autoclave

· Inverted Microscope

· Upright Microscope

· Refrigerator (2-8oC)

· 25oC incubator   

· 30oC incubator

· 35oC water bath

· Centrifuge to spin 15 and/or 50 ml centrifuge tubes

· Microcentrifuge

· Shaker – for use in incubator when growing E. aerogenes

Optional:

· Bench liners with non-porous lining

· Clear Sealing film for 12-well & 6-well plates

· Parafilm to seal petri-dishes

· Repeater pipette and tips

Media and Reagents

1) ATCC Medium PYG-712 with additives (PYG-712) Taken from American Tissue Culture Collection (ATCC) at http://www.atcc.org/~/media/F7CFD291FAEC4B26AF234A3A9256C1A3.ashx
2) ATCC Medium 1323 Page’s Amoeba Saline (PAS).  Taken from American Type Culture Collection (ATCC) at http://www.atcc.org/~/media/8701AED5B834447CBD141ABEDB494DD9.ashx
3) Non-Nutrient Amoeba Saline (NNAS) agar (or Page’s Amoeba Saline Agar) – recipe from Shoff &

Eydelman, 2012, Eye & Contact Lens, vol.38, Number 6, November 2012, p.363-367.

4) Trypicase Soy Broth (TSB)

· Any commercially prepared media made as indicated on label.

5) Dey Engley (D/E) Neutralizing Broth

· BD Difco or equivalent D/E Neutralizing Broth – prepare as indicated on label

6) 12.5µg/mL chlorhexidine – make up enough for all time points the same day you start the 

     procedure 

· All chlorhexidine solutions must be stored in glass or polypropylene and stored away from light in tinted or foil wrapped bottle.

· Make stock solution of 5mg chlorhexidine/mL

· 0.5g chlorhexidine + 100mL dIH2O

· Autoclave at 121oC for 15 minutes

· store at 2-8oC

· From 5mg/mL chlorhexidine stock, make a 1:100 dilution by adding 0.5 mL of 5mg/mL chlorhexidine + 49.5 mL NNAS = 50 mL of 50µg/mL

· Make a 1:1 dilution by adding 25 mL of 50µg/mL chlorhexidine + 25 mL NNAS = 50 mL of 25µg/mL

· Make a 1:1 dilution by adding 25 mL of 25µg/mL chlorhexidine + 25 mL NNAS = 50 mL of 12.5µg/mL

7) Catalase solution (added to D/E Neutralizing Broth for hydrogen peroxide CL solutions) –

     make up the day you start the procedure and use for all time points

· Catalase from bovine liver (lyophilized powder with 2,000-5,000 u/mg protein) from Sigma or equivalent 

· Dissolve 10mg catalase into 10 mL NNAS to make a 2,000-5,000 U/mL catalase solution

· Filter sterilize the solution using a 0.22µ filter

· Add the 10mL sterile catalase solution to 90 mL D/E broth to give an approximate 200-500 U catalase/mL

· Aseptically add 9mL of catalase/D/E broth solution to each 15mL or 50mL sterile PP centrifuge tube

· Store at 2-8oC. (Note: Solution should be used only the day of the experiment and for all time points)

Test Samples

Aliquots of MPS are taken directly from the product container immediately prior to testing.  Each MPS is from the same lot and not used beyond 3 months of opening.  Positive (12.5µg/mL chlorhexidine) and negative (PAS) controls are used at each time point.   

Culture maintenance

Maintain A. polyphaga, A. castellanii, and E.aerogenes as recommended by the culture collection.  Cultures should be 5 passes or less removed from the depository stock, with each pass being a subculture of the previous pass.

Isolation of Acanthamoeba

1. Trophozoites

a. Trophozoites will be harvested, counted, and diluted immediately prior to use on the same day.

b. Inoculate Acanthamoeba (from actively growing culture or from 0.5mL stock tube from freezer which has been immediately thawed at 35oC) into 10-15 mL of PYG-712 in a 75cm2 cell culture treated flask with vented lid.

c. Incubate at 25oC.  

d. If Acanthamoeba is coming from frozen stock, inoculate and incubate as above, but replace PYG-712, without removing trophozoites, every 1-3 days depending on growth.

i. Before confluent growth, remove media with a serological pipette.  (This helps remove floating cysts that have not excysted.)

ii. Add fresh PYG-712 and remove trophozoites from flask bottom by scraping from flask or hitting the flask on a countertop to detach trophozoites.  (Trophozoites are easily detached.)

iii. Using a serological pipette, place trophozoites in a new cell culture treated flask and incubate again at 25oC.  

iv. Proceed as below, for when Acanthamoeba is not coming from frozen stock.

e. If Acanthamoeba is not coming from frozen stock, harvest within 48 hours, prior to confluent growth and before differentiation into cysts.

1. Using a serological pipette, remove PYG-712 while trophozoites are still attached to the bottom.

2. Gently wash 10-15 mL of PAS over the bottom of the plate and then remove and discard the wash liquid.  (This will remove unattached amoeba and more of the PYG-712.)

3. Again add 10-15 mL of PAS and remove trophozoites from flask by scraping from bottom of flask or hitting the flask on a countertop to detach trophozoites.  (Trophozoites are easily detached.)

4. Place contents into a 15 or 50-mL PP centrifuge tube and spin for 10 minutes at 4,000 x g or less.  (Centrifugation should be carried out at refrigerated or room temperature.  Lower speeds may require longer time.)

5. Remove supernatant using a serological pipette while leaving pellet and wash again with 10-15 mL PAS.  Vortex to break up pellet.

6. Repeat steps 4-5 and re-suspend pellet in PAS. (Usually re-suspend in approximately 2-3 mL of PAS)

7. Count in a hemacytometer and adjust concentration to 2.0 x 105 – 2.0 x 106 trophozoites/mL in PAS.

2. Cysts

a. Cysts may be harvested up to 7 days prior to use if stored in PAS at 2-8oC.  (Make sure to vortex well before use since cysts tend to clump)

b. Grow Acanthamoeba as stated above for trophozoites, including harvesting before differentiation into cysts, washing, and diluting in PAS.

1. Inoculate NNAS-agar petri dishes with trophozoites diluted in PAS.  (Add approximately 1-1.5 mL of trophozoites/petri dish.) 

2. Incubate plates at 30oC for 2-3 weeks to allow sufficient time for all trophozoites to encyst due to lack of food.  Plates may be sealed with parafilm, in a sealed baggie, or inside a plastic tub for safety.  

3. Harvest amoeba by flooding plate with approximately 5 mL of PAS and gently scraping the surface of the plate.

4. Using a pipette, transfer the liquid to a 15 or 50-mL PP centrifuge tube.  Do this for all plates.  (You may combine the contents of several plates into one centrifuge tube if needed.)

5. Spin tubes for 10 minutes at 4,000 x g or less.  (Centrifugation should be carried out at refrigerated or room temperature.  Lower speeds may require longer time.)

6. Remove supernatant with a serological pipette and add 10-15 mL of PAS to rinse pellet.  Vortex briefly to break up pellet. 

7. Repeat steps 5-6 to wash pellet 2x and re-suspend pellet in PAS.

8. Count in a hemacytometer and adjust concentration to 2.0 x 105 – 2.0 x 106 cysts/mL in PAS.  (Be careful to vortex well since cysts have a tendency to clump.)

Preparation of Bacterial Suspension & Bacterial Plates

1. The bacterial suspension will be used to inoculate NNAS-agar plates, and 6 and 12-well plates.

2. For each test solution and each time period, you will need five NNAS-agar bacterial petri dishes, one 6-well bacterial plate, and one 12-well bacterial plate.  For the neutralization controls, you will need 5 NNAS-agar bacterial petri dishes for both time 0 and the manufacturer’s recommended soak time (MRST). 

3. Inoculate 500-1,000 mL of TSB with E. aerogenes and incubate overnight at 30oC with gentle shaking.

4. To harvest bacteria, centrifuge at 4,000 x g for 10 minutes in sterile centrifuge tubes.

5. Remove supernatant, add PAS to wash pellet, vortex, and spin again.

6. Repeat step 5 above to rinse 2x and re-suspend pellet in PAS.  (You do not want any leftover TSB to add nutrients).

7. Use a spectrophotometer and dilute bacteria to a concentration of OD600 = 0.7 – 0.9 in PAS.

8. Store bacterial suspension at 2-8oC for up to 14 days before use.  Make sure to vortex bacteria before use since it will settle.  

9. Inoculate NNAS-agar bacteria plates:

a. Add 3 drops (~150µl) of bacterial suspension to each petri dish. 

b. Spread with an “L” shaped spreader and allow to dry before closing.

c. Store plates in a plastic sleeve at 2-8oC or at room temperature for use within 1-3 days.

d. Refrigerated plates must be allowed to come to room temperature before use.

e. Important: time from harvesting of bacteria to use of bacterial plate must not exceed 14 days.

10. Inoculate 6 and 12-well bacterial plates (Note: no agar is used in these plates):

a. Plates are to be inoculated within 1-3 days prior to use and stored at room temperature.

b. Add 1 mL of bacterial suspension to each well of a 6-well plate and replace lid.

c. Add 600µl of bacterial suspension to each well of a 12-well plate and replace lid.

d. Store plates with lids on in a closed cabinet, a plastic bag, or in a tub at room temperature for use within 1-3 days.  (Important: You want to make sure that plates do not start drying out.)

e. Important: Time from harvesting of bacteria and use of bacterial plate must not exceed 14 days.

Procedure

The procedure closely follows procedures described by Beattie et al. (2003) and Shoff and Eydelman (2012), and uses a MPN table from Beattie et al. (2003).

Procedural Note:  All experiments should be performed in triplicate.
Overview:  Each test will consist of the chosen MPS, a positive control solution (12.5µg/mL chlorhexidine), and a negative control solution (PAS).  Each test solution will be inoculated with a known concentration of amoeba (cysts or trophozoites) and tested for efficacy at time 0, the MRST, 8 hours, and 24 hours.  At each time period, an aliquot will be removed and placed in neutralizing broth to neutralize the MPS or control solution.  Between time periods, the test solutions containing the amoeba will be stored in the dark at room temperature.  Serial dilutions will be conducted and plated out in the presence of bacteria to enable growth of viable amoeba.  Plates will be incubated for 2 weeks at 30oC and scored for the presence or absence of amoeba growth.  Results will be analyzed using the MPN table from Beattie et al. (2003).  Note: Only the results of the 6 and 12-well plates are used to calculate an approximate MPN.  See Figure 1. 

1. Label NNAS-agar bacterial petri dishes and 6-well and 12-well bacterial plates.  You will need 5 NNAS-agar bacterial petri dishes, one 6-well and one 12-well bacterial plate per test solution and time period.

2. Label 15 ml tubes containing 9mL of your neutralizing broth.  You will need one tube for each test solution at each time period. (Note: MPS containing hydrogen peroxide requires neutralizing broth that contains catalase)
3. Label 15 ml tubes containing 9mL PAAS.  You will need one tube for each test solution at each time period.  (This is to make your 1:100 dilution)

4. Label a sterile 15 or 50 ml tube for each MPS and control solution.  To each tube add 9.9 g of the appropriate MPS or control.  (Note: For MPS containing hydrogen peroxide a 50 ml tube may be acquired to accommodate the 9.9 ml of MPS plus a neutralization disc)
5. One tube at a time, add 100µl of trophozoites or cysts at a concentration of 2.0 x 105 - 2.0 x 106 amoeba/mL to the PP tube containing the 9.9 g of test solution to create a concentration of 2.0 x 103 - 2.0 x 104 amoeba/mL (Note: this is a 1:100 dilution).  Continue with steps 6-7 for each tube before starting another tube. 
6. Immediately vortex the tube to evenly distribute the organisms in the MPS or control solution.

7. Immediately remove 1mL of the inoculated solution and put in a sterile tube containing 9mL of D/E neutralizing broth.  (This will be your time 0 sample and is your 1:10 dilution.)

8. Immediately vortex the tube containing the D/E broth and your MPS or control solution.  Continue with steps 5-8 for all of the other solutions and controls while the previous tube(s) are incubating.

9. Let the time 0 (1:10 dilution) tubes sit at room temperature for a minimum of 10 minutes and a maximum of 1 hour for neutralization.  

10. While the tubes in step 9 are incubating, place the initial tubes containing the controls or MPS with amoeba in the dark at room temperature.  (You will need these later for your different time points)

11. After 10 minutes, you will work with one time 0 (1:10 dilution) tube individually again, starting with the first tube you processed.  (Important: Make sure that no tube sits longer than 1 hour before being processed.)
12. Vortex the time 0 (1:10 dilution) tube and aliquot out the following:

a. 1mL to each of 5 NNAS-agar bacterial plates.  

b. 1mL to a tube containing 9 mL of PAS.  (This is now your 1:100 dilution)

i. Vortex.

ii. To a 6-well bacterial plate: Aliquot 1 mL of your 1:100 dilution to each of 5 wells (see diagram below).  Replace lid.

iii. To a 12-well bacterial plate: 

1. Aliquot 100 µl of your 1:100 dilution to each of 5 wells of a 12-well bacterial plate. (See diagram below).  Replace lid.

2. Aliquot 10 µl of your 1:100 dilution to each of 5 wells. (See diagram below).  Replace lid.

13. Repeat step 12 for each 1:10 and 1:100 dilution tube.

14. Once finished, petri plates may be sealed with parafilm, placed in a sealed plastic bag, and/or placed in a sealed tub.  The tops of 6 and 12-well plates may also be sealed with a sealing film to help prevent desiccation or just stored inside plastic bags or a sealed tub. 

15. Incubate plates at 30oC.

16. Repeat steps 6-13 for each time period at the specified interval.  (Since the tubes from all time points but time 0 have been sitting, make sure to vortex the tube well before aliquoting into the neutralizing broth.)

17. After 2 weeks, remove plates from incubator and observe under an inverted microscope for the presence or absence of growth.    

18. Score plates as a “0” for no growth and a “1” for growth for each solution, time period, and dilution as follows:

a. Petri plates – add up the number of plates showing growth out of your 5 plates.  This is your value for your 1:10 (or 10-1) dilution.  

b. 6-well plates – add up the number of wells showing growth out of your 5 wells.   This is your 1:100 (or 10-2) dilution.

c. 12-well plates with 100µL/well – add up the number of wells showing growth out of your 5 wells.  This is your 1:1,000 (or 10-3) dilution.

d. 12-well plates with 10µL/well – add up the number of wells showing growth out of your 5 wells.  This is your 1:10,000 (or 10-4) dilution

e. Your value for each dilution will be between 0 and 5

f. Using the MPN table, you use your values from the 6 and 12-well plates to come up with an approximate concentration of amoeba/mL.  In the MPN table:

i. The “1” column refers to the 1mL of 1:100 dilution

ii. The “0.1” column refers to the 0.1mL (or 100µL) of 1:100 dilution

iii. The “0.01” column refers to the 0.01mL (or 10µL) of 1:100 dilution

iv. The petri plates containing 1mL of the initial 1:10 dilution are only used to determine whether or not you have total kill.

v. For example, if MPS-A at time 8 hours has 4 out of 5 wells with growth in the 6-well plate, 3 out of 5 wells with growth in the 100µL/well of the 12-well plate, and 0 out of 5 wells with growth in the 10µL/well of the 12-well plate; your score would be 430.  This would be an MPN of 2.7 and an approximate concentration of 250 amoeba/mL at time 8 hours.

Controls

1. Positive control solution consists of 12.5µg/mL of chlorhexidine as prepared in the Media and Reagents section above.  If there is at least a 3 log kill by 8 hours, the positive control is satisfactory. 
2. Negative control solution consists of PAS as prepared in the Media and Reagents section above.  If there is no significant kill by 24 hours incubation, the negative control is satisfactory.
3. Neutralization of MPS
(See Figure 2)
a. D/E Neutralizing Broth will be the default MPS neutralizer, but each MPS must be individually tested to determine that this neutralizer is effective against that specific MPS.  Other neutralizers may be utilized, but all must be shown effective against the tested solution.
i. Neutralization tests must be carried out concomitantly with each test procedure, regardless if the neutralizing solution has been previously shown to be effective.
ii. MPS containing hydrogen peroxide require the addition of catalase to the D/E Neutralizing Broth. (see Media and Regents section above)
iii. Neutralizing tests will also be conducted on both positive and negative controls.
b. Neutralization Test Procedure
                             Note:  For each neutralizing test procedure, you will need 10 petri dishes per solution  

                             being tested; 5 for use at time 0 and 5 for use at the manufacturers recommended 

                            soaking time.  If solutions being tested have different soaking times make sure to have 

                            enough positive and negative controls for time 0 and each manufacturer recommended 

                            soak time.

i. Must be started on the day the test procedure is begun.  
ii. Either trophozoites or cysts of the appropriate species of amoeba will be used.  Therefore, if testing the solutions against A. polyphaga cysts, then the neutralizing test will be conducted using A. polyphaga cysts. 
iii. Make up a 1 x 103 – 1 X 104 amoeba/mL preparation in PAS.  Trophozoite preparations must be made the day of use, while cysts preparations can be made up to 7 days in advance and stored at 2-8oC.  Important: Vortex the amoeba preparation immediately prior to use.  Cysts have a large tendency to clump and must be vortexed heavily.
iv. Inoculate 1mL of MPS into 9mL of D/E broth neutralizer (or other appropriate neutralizer) in a sterile PP tube and vortex.  
v. Repeat the above step for each MPS (including controls).
vi. Allow to sit at room temperature for 10 minutes.  Important: Do not let solutions sit much longer than the 10 minutes since you want to confirm your 10 minute incubation time is sufficient for solution neutralization. 
vii. Doing each tube individually, add 100µl of the 1 x 103 – 1 X 104 amoeba/mL preparation in PAS to give a final concentration of 10-100 amoeba/mL.
viii. Vortex.
ix. Immediately take off 1mL aliquots and inoculate 5 petri dishes (NNAS agar with E. aerogenes), each with a 1mL aliquot.
x. Repeat steps vii – ix for each MPS and control solution.
xi. Once finished, petri plates may be sealed with parafilm, placed in a sealed plastic bag, and/or placed in a sealed tub to prevent desiccation.
xii. Incubate plates at 30oC.
xiii. After 2 weeks, remove plates from incubator and observe under an inverted microscope for the presence or absence of growth.    
xiv. Score plates as a “0” for no growth and a “1” for growth for each solution and time period.
xv. For the neutralizer to show efficacy, all petri dishes must show amoeba growth.  Any plates yielding no growth indicate that the neutralizer was not effective and another neutralizer must be utilized. 
References

(1) 
Beattie T, Seal D, Tomlinson A, McFadyen A, Grimason A. Determination of Amoebicidal Activities of Multipurpose Contact Lens Solutions by Using a Most Probable Number Enumeration Technique. J Clin Microbiol 2003;41(7):2992-3000.

(2) 
International Organization for Standardization. Ophthalmic optics-Contact lens care products-Microbiological requirements and test methods for products and regimens for hygienic management of contact lenses. ISO 14729. International Organization for Standardization, Geneva, Switzerland 2001.

  (3)  Shoff ME, Eydelman MB. Strategies to Optimize conditions for Testing Multipurpose Contact Lens Solution Efficacy Against Acanthamoeba. Eye & Contact Lens. 2012;38:363-367.                                                                                                                             

 (4)   ATCC Medium: 1323 Page’s Amoeba Saline. (Accessed June 1, 2016). Retrieved from http://www.atcc.org/~/media/F7CFD291FAEC4B26AF234A3A9256C1A3.ashx (5)  ATCC Medium: 712 PYG w/ Additives. (Accessed June 1, 2016). Retrieved from http://www.atcc.org/~/media/F7CFD291FAEC4B26AF234A3A9256C1A3.ashx
[image: image1.emf]

[image: image2.emf]
Page 1 of 11

