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Scriptwriter Name: Rita Bhardwaj
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Lab Name and JoVE ID #: Antibiotic Susceptibility Testing on Plates and in Broth

Notes to authors are in italics and highlighted. 
Notes to video editor and videographer are in blue italics. 

Authors: Please wear proper personal protective equipment (gloves, lab coat, and eye protection) when you film your protocol. Since this video will be used in an educational setting, it is best to use “gold standard” safety practices and laboratory techniques. Thank you and we hope you have a positive filming experience.


Protocol 

2. Preparing Plates and Bacterial Suspension 

2.1. To begin, put on any appropriate personal protective equipment, including laboratory gloves and a lab coat [1-WIDE]. Next, sterilize the work space using 70% ethanol [2-MED-over-the-shoulder].
2.1.1.  Talent puts on their PPE. 
2.1.2.  Talent sprays the bench with 70% ethanol and wipes it down with a paper towel. 

2.2. Next, collect 15 mL of sterile Mueller-Hinton broth with 50% lysed horse blood and 20 mg/mL -NAD (pronunciation: beta-nicotinamide) and 5-8 Mueller-Hinton agar plates [1-MED-TXT]. 
2.2.1.  Talent places a labeled container of MH-F broth and labeled MHA plates ono the bench. TEXT: MH-F broth; MHA plates Video editor: Show “MH-F broth” when VO says “15 mL of sterile Mueller-Hinton broth with 50% lysed horse blood”. Show “MHA plates” when VO says “5-8 Mueller-Hinton agar plates” Authors: For your filming day, it is very important that all reagents/materials are labeled appropriately and that those labels are legible on camera. 

2.3. Now, to prepare a McFarland turbidity standard number 0.5, measure out 9.95 mL of 1% sulphuric acid solution [1-CU]. Then, add 50 µL of 1% barium chloride solution to the sulphuric acid solution [2-MED-over-the-shoulder].
2.3.1.  Talent adds 1% sulphuric acid solution to a tube. Video editor: Do not use take 1. Take 2 shows the talent measuring out way more acid solution into the tube that scripted, this will require a bit of creative editing. Show the talent pipetting into the tube once. You can also use footage from take 3, which shows the talent setting the pipette to the correct volume. 
2.3.2.  Talent adds1% barium chloride to the tube. Authors: Please ensure the two tubes containing the bacterial suspension and the turbidity standard are identical.

2.4. Vortex the solution well to obtain a turbid suspension [1-MED-over-the-shoulder]. Cover the tube with aluminum foil and set it aside [2-CU]. 
2.4.1.  Talent vortexes the solution.
2.4.2.  Talent covers the tube with foil and sets it aside. 

2.5. Next, dispense 1 mL of saline solution into a 15 mL tube [1-MED]. Use a sterile loop to scrape 6-8 colonies from the surface of the agar plate containing Streptococcus group G [2-CU]. Then, dispense them into the saline solution and vortex the tube  well [3-MED-over-the- shoulder].
2.5.1.  Talent adds 1 mL saline solution to a 15 mL tube.
2.5.2.  Talent picks up the plate containing bacterial colonies and scrapes off 6-8 colonies.
2.5.3.  Talent dispenses the colonies into the saline solution and vortexes the tube.   Video editor: This action was split into two takes . 

2.6. Now, place the bacterial suspension and McFarland turbidity standard side by side and compare them for turbidity equivalence [1-CU]. Add either additional saline or bacterial colonies [2-MED-over-the-shoulder] … until the bacterial suspension’s turbidity matches that of the standard [3-ECU].
2.6.1.  Talent holds the two tubes side by side. 
2.6.2.  Talent either adds in additional saline solution or dispenses bacterial colonies into the bacterial suspension
2.6.3.  Talent holds the two tubes side by side. Authors: Please ensure that they are the same this time

2.7. Once the desired turbidity is obtained, dip a sterile cotton tipped applicator into the bacterial suspension [1-CU]. To inoculate the MHA plate, swab the entire surface of the plate gently with a zig zag motion [2-ECU]. Next, label the bottom sides of the plates with the name of the bacteria and date [3-MED-over-the-shoulder].
2.7.1.  Talent places cotton-tipped applicator into bacterial suspension, then removes the lid of an MHA plate. Video editor: 2.7.1 – 2.7.3 were filmed in one take. 
2.7.2. Talent swabs the plate.
2.7.3.  Talent labels the bottom side of the plate. Authors: It is very important that these labels are legible. 

3. Determining Minimum Inhibitory Concentration (MIC) Using E-test Strips

3.1. To begin, take out a Penicillin G E-test strip, holding it by the edge with forceps [1-CU]. Gently, place the strip into the center of the freshly swabbed MHA plate and replace the lid [2-CU].
3.1.1.  Talent takes out an E-strip for Penicillin G, holding it by the edge with forceps. 
3.1.2.  Talent places strip onto plate and puts the lid on the plate. 

3.2. Repeat the strip placement process with a second plate and a Gentamicin E-test strip [1-CU]. Then, incubate the plates at 37°C for 18 to 20 hours [2-MED].  
3.2.1.   Talent takes out Gentamicin E-strip, places it onto the center of a second MHA plate and covers the plate with the lid. 
3.2.2.  Talent transfers the plates to incubator and shuts the door.

3.3. To determine the results of the E-test, collect the first plate that contains the E-strip Penicillin G E-test strip [1-MED]. Now, determine the point where the inhibition zone intersects with the antibiotic strip [2-CU]. 
3.3.1.  Talent carries the plate to the bench and sets it down.
3.3.2.  Show detail of the plastic strip on the plate.

3.4. Read the corresponding numerical value on the scale. This value represents the MIC value of Penicillin G [1-CU-TXT]. Determine the MIC value for Gentamicin in the same manner [2-CU-TXT].
3.4.1.  Show detail of the plastic strip on the Penicillin G plate. Then, talent uses their finger or forceps to point out the MIC value. TEXT: MIC value for Penicillin G = 0.094 µg/mL
3.4.2.  Show detail of the plastic strip on the Gentamicin plate. Then, talent uses their finger or forceps to point out the MIC value. TEXT: MIC value for Gentamicin = 8 µg/mL

4. Synergy Testing Using the E-test: Cross-Approach

4.1. To begin, inoculate an MHA plate with Streptococcus group G strain bacteria [1-CU]. Label the bottom of the plate with the name of the bacteria, antibiotics to be used, and the date [2-MED-over-the-shoulder].
4.1.1.  Talent swabs an MHA agar plate.  
4.1.2.  Talent labels the bottom side of the agar plate using a permanent marker.

4.2. Now, place an E-test strip for the antibiotic of interest in center of the plate [1-CU-TXT]. Then, hold the second test strip at a 90-degree angle to the first strip and locate its MIC mark [2-CU]. Gently lay the second E-strip over the first at the point where the two MIC values intersect [3-CU]. 
4.2.1.  Talent places the first strip on the plate TEXT: Note: A known MIC value is a pre-requisite for this test 
4.2.2.   Talent holds the second strip over the first, crossing the first strip at a 90-degree angle. Video editor: 4.2.2 and 4.2.3 were filmed in one take. Also, this footage may not be sufficient to cover the VO as it is. Briefly freeze-frame before the talent lays the second strip over the first to cover VO. 
4.2.3.  Talent gently places the second strip over the first.

4.3. Once the strips are placed, do not move them [1-ECU-TXT]. Next, incubate the plates at 37 °C for 18 to 20 hours [2-WIDE]. 
4.3.1.  Show detail of the plate with intersecting E-strips. TEXT: Repeat the test 2 more times, as demonstrated 
4.3.2.  Talent transfers the three plates to an incubator and shuts the door. 

5. Synergy Testing: Non-Cross Approach

5.1. After inoculating two MHA plates with Streptococcus group G strain bacteria [1-CU-TXT], place an E-test strip for one antibiotic, on the surface of one plate [2-MED]. Then, place an E-test strip for the other antibiotic on the second plate, as demonstrated [3-CU].
5.1.1.  Talent inoculates one MHA plate with bacteria. The other plate should be previously prepared and visible in the shot. TEXT: A known MIC value is a prerequisite for this test
5.1.2.  Talent places one strip on one of the plates. 
5.1.3.  Talent places a different strip on the other plate. 

5.2. Using a plastic inoculation loop, mark the MIC value of each antibiotic on the surface of its respective plate [1-CU]. Next, cover the plates and incubate them at the room temperature for 1 hour [2-MED-over-the shoulder]. After this, use forceps to remove the E-strips [3-CU].
5.2.1.  Talent uses an inoculation loop to mark the location of each strip’s MIC value on the surface of each plate.  
5.2.2. Talent covers the plates with the lids and sets a timer for 1h.
5.2.3. Talent removes the E-strips and replaces the lids.

5.3. Next, collect one of the plates and an E-test strip for the other antibiotic [1-MED]. Hold the E-test strip over the imprint left by the first strip and locate the point where the MIC value on the E-strip aligns with the marked line [2-ECU]. Gently place the strip at this intersecting point [3-CU].
5.3.1.  Talent collects one of the plates and an E-test strip for the other antibiotic. 
5.3.2.  Talent holds the strip over the plate, without actually placing the strip onto the plate. Videographer: Try to capture sufficient detail of the imprint left by the strip that was previously on the plate and the marked line. 
5.3.3.  Talent gently places the strip at the appropriate intersection point on the plate.

5.4. Repeat this process for the second plate [1-CU]… and incubate both plates at 37C for 18 to 20 hours [2-MED-over-the-shoulder].
5.4.1.  Talent places a strip at the appropriate intersection point on the second plate. Note: This should be analogous to the final step performed to the first plate in 5.3.3. You do not need to film this entire process. 
5.4.2.  Talent places the two plates in the incubator and shuts the door. 

6. MIC Determination Using Broth Dilution 

6.1. First, obtain a bacterial suspension with an established bacterial concentration [1-MED]… and dilute the culture in MH-F broth to achieve an OD600 of 0.003 [2-MED-TXT]. 
6.1.1.  Talent putting a cuvette in spectrophotometer. 
6.1.2. Talent adds MH-F broth to the culture. TEXT: Bacterial concentration: 105 – 106 CFU/mL

6.2. Next, weigh out 16 mg of Penicillin G and 128 mg of Gentamicin [1-MED-over-the-shoulder]. Transfer each weighed dry antibiotic into two 15 mL conical tubes [2-CU]. 
6.2.1.  Talent weighs out the antibiotics. Video editor: This was mis-slated as 6.2.2.
6.2.2.  Talent transfers contents from weigh boats into the containers. 

6.3. Add 10 mL of distilled water to the each of the conical tubes and mix well by vortexing [1-CU-TXT]. Label the tubes with the antibiotic name and concentration [2-MED]. 
6.3.1.  Talent adds the required volume of water to each container and vortexes. TEXT: Antibiotic stock solution- 1.6 mg/mL of Penicillin G and 12.8 mg/mL of Gentamicin 
6.3.2. Talent labels both the containers. Authors: These labels should be legible. 

6.4. Performing the assay in triplicate, add 400 µL of the working bacterial solution into the first wells of three rows of a 96-well microtiter plate [1-CU-TXT]. Next, add 200 µL of the working bacterial solution in MH-F broth to the wells of the three rows [2-MED- over-the-shoulder]. 
6.4.1.  Talent adds 400L bacterial solution to the first wells of three rows. TEXT: 105-106 cfu/mL 
6.4.2. Talent adds 200L of bacterial solution to the rest of the wells of the given rows.

6.5. Now, to generate a 2-fold serial antibiotic dilution, first add 4 µL of antibiotic stock to the first well, generating a 100-fold dilution [1-CU]. Sequentially transfer 200 µL of bacteria/antibiotic solution to each well, beginning from the first well through the second to last well in each row [2-CU]. Ensure proper mixing by pipetting 2-3 times after every transfer [3-ECU]. Discard the final 200 µL of bacteria/antibiotic solution [4-CU]. 
6.5.1.  Talent adds 4 L antibiotic stock solution in the first row.
6.5.2.  Using a multichannel pipette, talent sequentially transfers 200L of bacteria/antibiotic solution from first well to the second well in the first row. Video editor: 6.5.2 – 6.5.34 were filmed in one take. 
6.5.3.  Talent mixes the transferred volume by pipetting 2-3 times and continues the process till the second last well is reached. 
6.5.4.  Talent discards the 200L solution from the second last well. 

6.6. Repeat this assay with Gentamicin using the same plate and incubate at 37 °C for 24 hours without shaking [1-MED].
6.6.1.  Talent places the plate in the incubator and shuts the incubator door. 

7. Data Analysis and Results: Broth Microdilution 

7.1. To determine the results of the broth microdilution test for Penicillin G, first locate the wells that exhibit no visible bacterial growth – indicated by a lack of turbidity [1-ECU]. 
7.1.1.  Show detail of the finished microdilution plate. Video editor: Emphasize the wells for Penicillin G that contain clear liquid. These are the wells that don’t have bacteria growing in them. Authors: In your post shoot notes, please tell us which wells correspond to each antibiotic. This is important. 
	
7.2. From these wells, identify the well with the lowest antibiotic concentration. This represents the MIC value of Penicillin G for the tested bacteria [1-ECU-TXT]. The MIC value Gentamicin can be determined using the same assay and technique [2-ECU-TXT].
7.2.1.  Use 7.1.1. TEXT: MIC value for Penicillin G = 0.12 µg/mL Video editor: Emphasize the well for Penicillin G that is clear and next to a non-clear well. To clarify – this well will have a neighboring well that is clear and a neighboring well that is cloudy. If you need clarification when you are making the rough cut, you may ask Rita.
7.2.2.  Use 7.1.1. TEXT: MIC value for Gentamicin = 8 µg/mL Video editor: Emphasize the well for Gentamicin that is clear and next to a non-clear well. To clarify – this well will have a neighboring well that is clear and a neighboring well that is cloudy. If you need clarification when you are making the rough cut, you may ask Rita. 

8. Data Analysis and Results: Synergy Testing

Lower Third TEXT: Non-Cross Test

8.1. To determine the results of the non-cross test, collect the first plate, which contains a Penicillin G E-strip [1-MED]. Then, determine the point where the growth inhibition zone intersects with the antibiotic strip [2-ECU].
8.1.1.  Talent places the Penicillin G non-cross test on the bench. Authors: For this section, it is crucial that these plates are clearly labeled. 
8.1.2.  Show detail of the plate. Video editor: Emphasize this point. See results storyboard for clarification on where this point is. 

8.2. The corresponding value on the scale represents the MIC value for Penicillin G in combination with Gentamicin. In this example, the MIC value in combination is 0.064 µg/mL [1-ECU].
8.2.1.  Use 8.1.2. Video editor: Emphasize the corresponding number on the scale on the E-strip. 

8.3. Now, collect the second plate, which contains the Gentamicin E-strip, and determine the MIC value in combination as previously demonstrated [1-ECU-TXT].
8.3.1.  Show detail of the plate containing the Gentamicin E-strip. TEXT: MIC value for Gentamicin in combination = 4 µg/mL

8.4. To evaluate the effect of combination, first calculate the Fractional Inhibitory Concentration, or FIC, for Penicillin G by dividing the MIC in combination by the MIC of the antibiotic alone [1-LM]. Repeat this process for Gentamicin [2-LM].
8.4.1.  See Storyboard
8.4.2.  See Storyboard 

8.5. Then, calculate the FIC index using the equation shown here [1-LM]. A two-fold reduction in the MIC value in combination yields an FIC index value that is less than or equal to 0.5 and demonstrates synergy between Penicillin G and Gentamicin [2-LM].
8.5.1.  See storyboard
8.5.2.  See storyboard

8.6. In this case, the calculated FIC value is 1.18, which is greater than 0.5. Thus, the results do not demonstrate synergy between Penicillin G and Gentamicin against Streptococcus strain G [1-LM].
8.6.1.  See storyboard

Lower Thirds TEXT: Cross-Test
 
8.7. To determine the results of the cross test, first determine the point where the growth inhibition zones intersect with their respective E-strips [1-ECU]. 
8.7.1.  Show detail of the finished cross test plate. 

8.8. Read the numerical value on each E-test strip that corresponds to this intersection point [1-ECU]. These values represent the MIC value in combination for Penicillin G and Gentamicin [2-ECU-TXT].
8.8.1.  Use 8.7.1. 
8.8.2.  Use 8.7.1. Add TEXT: MIC value of Penicillin G in combination – 0.064 µg/mL; MIC of Gentamicin in combination = 3 µg/mL

8.9. Next, to evaluate the effect of the combination, calculate the FIC index using the equation shown here [1-LM]. In this example, the calculated FIC value is 1.05, which is greater than 0.5. This means that Penicillin G and Gentamicin do not act synergistically against Streptococcus strain G [2-LM].
8.9.1.  See Storyboard
8.9.2.  See Storyboard




