Student Handout for Kirby-Bauer Test 

Instructions

Objective:  determine the susceptibility of an organism to various antibiotics using the basic Kirby-Bauer disk diffusion method (the actual test has exact specifications which must be followed; these requirements are beyond the capability of work in this lab).
Prediction:  If a bacterium is susceptible to an antibiotic, then a zone of inhibition of a certain diameter will form around an antibiotic disk placed on a nutrient agar plate.  The size of the zone of inhibition is determined by the type of medium used, the solubility and rate of diffusion of the antibiotic, the amount of inoculum, as well as the effect of the antibiotic. If a bacterium is resistant to a particular antibiotic, then a smaller zone or no zone of inhibition will form around the antibiotic disk.  If a bacterial colony is somewhat susceptible (intermediate susceptibility) to an antibiotic, then the zone of inhibition will measure in-between that of a susceptible and resistant bacterium.

Materials needed per group (of 4-5 students):

· 5 nutrient agar plates

· Escherichia coli, Staphylococcus epidermidis, Mycobacterium smegmatis, Corynebacterium xerosis, Neisseria sicca broth cultures

· Sterile swabs

· Antibiotic disks: Penicillin, Streptomycin, Chloramphenicol, Erythromycin, Sulfamethoxazole-trimethoprim, Tetracycline

· Ethanol

· Forceps

· Permanent marker for marking on Petri dish

· Standard chart for interpreting antibiotic susceptibility

· Cleanup materials:  table disinfectant, handwashing soap, biohazard bag

First Lab Day

1. Clean your work area and disinfect with table disinfectant.

2. With permanent marker, label the bottom of one nutrient agar plate with your name, the date, the name of the organism.  Draw lines on the bottom of the plate to divide it into six sectors.

3. Swirl the contents of a broth culture gently (do not shake!) until it is equally murky throughout.  Using aseptic technique, dip a sterile swab into the broth tube and express any excess moisture by pressing the swab against the side of the tube.  

4. Inoculate a nutrient agar plate by streaking the entire surface of the agar.  You do not want to leave any unswabbed agar areas.  In the pictures below, you can see what happens when the plate is not swabbed correctly with even coverage of the bacterium over the entire agar. 
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5. After completely swabbing the plate, rotate the plate 1/3 of a turn and repeat the swabbing process.  It is not necessary to re-moisten the swab.  When finished with the second process, rotate the plate with 1/3 of a turn one last time and swab again.  Finish inoculating by making a pass around the circumference of the plate with the swab. Discard the swab in the biohazard bag.

6. Allow the surface to dry for about 5 minutes before placing antibiotic disks on the agar.

7. With sterile forceps (dipped in alcohol and flamed three times), apply the antibiotic discs to a separate sector on each plate, code side facing up.

8. Press each disc gently with sterile forceps so that it makes full contact with the agar surface.

9. Using a new sterile swab and nutrient agar plate, repeat steps 2-8 using the other cultures.

10. Invert the plates and incubate them at 37oC for 24 hours.

Second Lab Day


11. Remove the plates from the incubator and look for the presence of antibiotic activity—zones of inhibition surrounding a paper disk.  On the bottom of the Petri dish, place a metric ruler across the zone of inhibition, at the widest diameter.  Measure the diameter of the zone of inhibition in millimeters from one edge of the zone to the other edge.  See diagram.  

12. The disk diameter will actually be part of the zone of inhibition measurement.  If there is no zone at all, report it as 0—even though the disk itself is about 7 mm in diameter.

13. Zone diameter is reported in millimeters, checked against the zone diameter (mm) interpretation chart and the result reported as S (sensitive), R (resistant), or I (intermediate).  Record your results in the data table following.
Standard Antibiotic Sensitivity Chart

	ANTIMICROBIAL AGENT
	DISC CODE
	R = mm
or less
	I = mm
range
	S = mm
or more

	Amoxicillin (Staph)
	AMC
	19
	 
	20

	Amoxicillin (other bacteria)
	AMC
	13
	14-17
	18

	Ampicillin (Staph)
	AM
	28
	 
	29

	Ampicillin (other bacteria)
	AM
	11
	12-13
	14

	Carbenicillin (Pseudomonas)
	CB
	13
	14-16
	17

	Carbenicillin (other bacteria)
	CB
	17
	18-22
	23

	Cefoxatime
	CTX
	14
	 
	23

	Cephalothin
	CF
	14
	15-17
	18

	Chloramphenicol
	C
	12
	13-17
	18

	Erythromycin
	E
	13
	14-22
	23

	Gentamycin
	GM
	12
	13-14
	15

	Methicillin (used for Staph only)
	M (or DP)
	9
	10-13
	14

	Penicillin
	P
	28
	 
	29

	Streptomycin
	S
	11
	12-14
	15

	Sulfamethoxazole-trimethoprim
	SXT-TMP
	10
	11-15
	16

	Tetracycline
	TE
	14
	15-18
	19


Data Tables
	Antibiotic name
	E. coli
	Staphylococcus epidermidis

	
	zone diameter 
(mm)
	Sensitive (S), 
Resistant (R), or 
Intermediate (I)
	zone diameter 
(mm)
	Sensitive (S), 
Resistant (R), or
Intermediate (I)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	Antibiotic name
	Neisseria sicca
	Mycobacterium smegmatis

	
	zone diameter 
(mm)
	Sensitive (S), 
Resistant (R), or 
Intermediate (I)
	zone diameter 
(mm)
	Sensitive (S), 
Resistant (R), or
Intermediate (I)

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


	Antibiotic name
	Corynebacterium xerosis

	
	zone diameter 
(mm)
	Sensitive (S), 
Resistant (R), or 
Intermediate (I)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Conclusion Questions:

1. S. epidermidis and C. xerosis were sensitive to which antibiotics?

2. S. epidermidis and C. xerosis were resistant to which antibiotics?

3. E. coli and N. sicca were sensitive to which antibiotics?

4. E. coli and N. sicca were resistant to which antibiotics?

5. M. smegmatis is resistant to which antibiotics?  

6. M. smegmatis is sensitive to which antibiotics?

7. Based on the data you have gathered, which type bacterium (Gram negative? Gram positive? Acid fast?)  is resistant to a larger number of antibiotics?  Use data to support your answer.

8. Which antibiotic would you consider the “best,” given your current amount of information? Explain, using data to support your answer.

9. Streptomycin can damage the kidneys and the inner ear. Under what circumstances would you, as a doctor, consider prescribing streptomycin? Explain.

10. Suggest a reason why the different antibiotics were allowed different diameters of their zones of inhibition on the table of antibiotic sensitivity.

11. Describe how you could design an experiment to test your answer to question #8. Be sure to include the independent and dependent variables and a control in your description.

12. What is the clear area around each disk called?

13. How might a bacterium become resistant to penicillin?  Give two ways.

14. What would you do differently if you could do this experiment again?  How might you expand or continue this experiment?  What might work better?

15. Generally, the larger the zone size, the more ____________ the bacterium is to that antibiotic. 

16. What measurement units are used to measure the zone of inhibition sizes?

17. You may see bacterial colonies growing within the original zone of inhibition.  What do they represent?

Poor coverage with swab:


areas with no growth





Good coverage with swab: confluent growth
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