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	PRINCIPLE

A. A standardized inoculum of the organism is swabbed onto the surface of a Mueller-Hinton agar plate. Filter paper disks impregnated with antimicrobial agents are placed on the agar. After overnight incubation, the diameter of the zone of inhibition around each disk is measured. The size of the zone is inversely proportional to the MIC of the qualitative report of susceptible, intermediate, or resistant can be obtained.

SPECIMEN (Prepare inoculum from four to five isolated colonies of similar colony morphology.

A. For direct colony suspension inoculum: use colonies grown overnight on non-selective medium (e.g., BAP or CHOC).

B. Subculture stock, frozen, or lyophilized isolates two times prior to testing.

MATERIALS

A. Media and Reagents

1. Mueller-Hinton Agar (150 or 100 mm; depth, approximately 4 mm); store at 2 to 8 degrees C.

2. Sterile NaCl, 0.9%, 5 ml or Water with Pluronics, 3 ml

3. Antimicrobial disks, store at -14 to 8 degrees C.

a. Maintain activity of beta-lactam class drugs, store at -14 degrees C or below in a frost-free freezer. Once opened, discard after 1 week of refrigeration.

b. Cefaclor, imipenen, and clavulanic acid combinations are the most labile drugs tested. Improved stability may be achieved by storing frozen until the day of testing.

B. Supplies

1. Sterile cotton tipped swabs

2. Sterile plastic pipettes

3. McFarland 0.5 turbidity standard

C. Equipment

1. Forceps

2. Ruler, metric

3. Movable light source

4. Black nonreflecting surface (e.g., black binder cover)

5. Vortex mixer

6. 35 degrees C aerobic incubator

7. Multidisk disk dispenser

8. Black permanent marker

STORAGE

A. Mueller-Hinton agar plates: Store at 2 to 8 degrees C when not in use.

B. Disks

1. Refrigerate the cartridges at 2 to 8 degrees C, or freeze at -14 to 20 degrees C until needed. Do not store the disks in a self-defrosting freezer. Sealed packages of disks that contain drugs from the beta-lactam class should be stored frozen, except for a small working supply, which may be refrigerated for at most one week. Some labile agents (e.g., imipenem, cefaclor, and clavulanic acid combinations) may retain greater stability if stored frozen until the day of use.

2. Remove the sealed packages containing disk cartridges from the refrigerator or freezer one to two hours before use, so they may equilibrate to room temperature before opening. This will minimize the amount of condensation that occurs when warm air contacts cold disks.

3. Once a cartridge of disks has been removed from its sealed package, place it in a tightly sealed, desiccated container for storage. If a disk-dispensing apparatus is used, it should be fitted with a tight cover and supplied with an adequate desiccant. Allow the dispenser to warm to room temperature before opening. Avoid excessive moisture by replacing the desiccant when the indicator changes color.

4. When not in use, refrigerate the dispensing apparatus containing the disks.

5. Use only those disks that have not reached the manufacturer’s expiration date stated on the label. Discard disks when they reach the expiration date.

PROCEDURE

A. Preparation of Supplies

1. Bring agar plates and canisters of disks to room temperature before use.

2. Agar plates may be removed from refrigerator and placed in a 35 degrees C aerobic incubator or laminar flow hood at room temperature with lids slightly ajar to evaporate excess moisture (usually ten to 30 minutes). Do not leave in incubator for longer than 30 minutes. The surface of the plate should be moist, but no droplets of moisture should be apparent on the surface of the medium or on the Petri dish covers when the plates are inoculated.

3. Bring disks to room temperature (at least one hour, if frozen; and at least 30 minutes, if refrigerated).

B. Inoculum Preparation: Direct Colony Suspension

1. Using a loop or sterile swab, transfer several colonies from a fresh (18- to 24-hour) nonselective agar plate to saline, TSB broth or water with Pluronics.

2. Vortex for 15-20 seconds to mix.

3. Adjust turbidity to equal 0.5 McFarland or adjust to read 0.05 on the MicroScan Turbidometer.

C. Inoculum Preparation:  Log-phase method
1. Pick 3 to 5 isolated colonies to 4.0 to 5.0 ml of broth.
2. Incubate at 35C for 2 to 6 hour until growth reaches the turbidity at or above that of a McFarland 0.5 standard.
D. Inoculation of Agar Plate for either the log-phase or direct colony suspension method
1. Label each patient test plate with accession number, isolate number, source, organism name, date and time of set-up.

2. Within 15 minutes of adjusting turbidity, dip a sterile cotton swab into the inoculum and rotate against the wall of the tube above the liquid to remove excess inoculum.

3. Swab entire surface of agar plate three times, rotating plate approximately 60 degrees between streaking to ensure even distribution. Avoid hitting the sides of the plate to avoid aerosols. Finally, run swab around the edge of the agar to remove any excess moisture.

4. Allow inoculated plate to stand for 3 to 15 minutes before applying disks.

E. Application of Disks

1. Apply disks to agar surface with dispenser or manually with a sterile forceps.

2. Apply gentle pressure with sterile forceps or needle to ensure complete contact of disk with agar (some dispensers are self-tamping).

3. Do not place disks closer than 24 mm from center to center.

a. No more than 12 disks on 150-mm plate

b. No more than 5 disks on 100-mm plate

4. DO NOT relocate a disk once it has made contact with agar surface. Instead, place a new disk in another location on the agar.

5. Place disks that give predictably small zones (e.g., gentamicin and vancomycin) next to those that give larger zones (e.g., cephalosporins) in order to avoid overlapping zones. 

6. Using a BAP divided into halves, using a 1 mcl loop, inoculate a purity plate for each of the isolates using the suspension in the inoculum. Incubate purity plates at 35 degrees C, aerobically overnight 

F. Incubation

Avoid placing disks too close to the edge of the plate, the zones may not be fully round with some drugs.
1. Invert plates and incubate within 15 minutes of disk application.

2. Incubate for 16 to 18 hours at 35 degrees C (testing at temperatures above 35 degrees C may not detect methicillin-resistant staphylococci) in an aerobic incubator.

a. Incubate all staphylococci that are susceptible to penicillinase-stable penicillins (e.g., oxacillin) or vancomycin after 16 to 20 hours for an additional 4 to 8 hours (total of 24 hours.

b. Incubate all enterococci that are susceptible to vancomycin after 16 to 20 hours for an additional 4 to 8 hours (total of 24 hours).

G. Reading Plates

1. Read plates only if lawn of growth is confluent or nearly confluent.

2. Translucent media (Mueller-Hinton Agar)

a. Hold inverted plate a few inches above a black nonreflecting surface.

b. Illuminate plate with reflected light.

c. Using a millimeter ruler held on the back of the plate to measure (as judged by the unaided eye) the diameter of inhibition to the nearest whole millimeter.

d. For staphylococci with penicillinase-stable penicillins (oxacillin, methicillin, nafcillin) and vancomycin and for enterococci with vancomycin

1) Use transmitted light; hold plate between your eye and light source.

2) Examine closely; consider ANY growth as resistant.

e. The zone margin should be considered the area showing no obvious, visible growth that can be detected with the unaided eye. Ignore faint growth of tiny colonies that can be detected only with a magnifying lens at the edge of the zone of inhibited growth. However, when discrete colonies grow with a clear zone of inhibition, the test should be repeated with a pure culture or subculture of a single colony from the primary culture plate. If discrete colonies continue to grow within the zone of inhibition, measure the colony-free inner zone.

f. Strains of Proteus spp. may swarm into areas of inhibited growth around certain antimicrobial agents. Ignore the thin veil of swarming growth in an otherwise obvious zone of inhibition.

g. With trimethoprim and the sulfonamides, antagonists in the medium may allow some slight growth; therefore, disregard slight growth 20% or less of the lawn of growth), and measure the more obvious margin to determine the zone diameter.

3. Opaque Media (Mueller-Hinton w/ Sheep Blood Agar)

a. Remove cover of agar plate.

b. Illuminate plate with reflected light.

c. Measure diameter of inhibition zone at agar surface to nearest whole millimeter.

d. When testing hemolytic organisms, measure the diameter of the zone of inhibition of growth and not the zone of inhibition of hemolysis.

4. Additional considerations

a. Disregard swarming of Proteus spp. and measure the edge of the obvious inhibition under the veil of swarming.

b. Discrete colonies growing within the zone of inhibition may represent a mixed culture or resistant variants: subculture a single colony from the primary culture plate, reidentify, and retest for susceptibility. If the discrete colonies are still apparent, measure the colony-free inner zone.

REPORTING RESULTS

A. Interpretation

1. Use criteria specified by CLSI as outlined in sections of this manual for the appropriate organism group.

B. Reporting

1. See AST Reporting Manual

C. Important Reporting Rules

1. Report methicillin-, oxacillin-, or nafcillin-resistant staphylococci as resistant to all beta-lactam antimicrobial agents (including bet-lactam-beta-lactamase inhibitor combinations, all cephems, all penicillins, and carbapenems) regardless of results of in vitro susceptibility testing.

2. If test organisms require a nonstandardized method, add notation to report that susceptibility testing has been performed by a nonstandardized method (e.g., small-colony variant of Staphylococcus aureus performed on Mueller-Hinton w/ Sheep Blood Agar, or if CO2 incubation is used for organisms other than Haemophilus spp., Neisseria gonorrhoeae, Streptococcus pneumoniae, or Streptococcus spp.).

QUALITY CONTROL

A. QC strains

1. Escherichia coli  ATCC 25922

2. Staphylococcus aureus ATCC 25923

3. Pseudomonas aeruginosa ATCC 27853

4. Escherichia coli ATCC 35218

5. Enterococcus faecalis ATCC 29212

B. Monitoring Accuracy

1. Test QC strains by following routine procedure, and record results in QC Log book. Record lot numbers and expiration dates of disks and agar.

2. Refer to CLSI Document M100-S25, Table 4A, pp.146-148 for Quality Control Ranges for Nonfastidious Organisms.

3. Compare to expected results. Note any out-of-control result and document; proceed with corrective action, if necessary.

C. Daily QC Testing

1. Unless 30-day proficiency has been documented to reduce frequency of testing to weekly, monitor performance of the test system by testing appropriate QC strains each day susceptibility testing is performed on patient isolates.

2. QC testing is in control if, for each antimicrobial agent-organism combination, no more than 1 out of 20 consecutive results is outside acceptable range.

3. If any more than 1 of 20 results is out of control, proceed with corrective action.

D. Weekly QC Testing

1. Frequency of QC Testing

a. QC testing can be reduced from daily to weekly providing a laboratory can document proficiency in performing this test by either using the 20- to 30- day plan or the 3 x 5 replicate plan.

b.  Proficiency in performing QC testing is confirmed if for each antimicrobial agent-organism combination no more than 1 of 20 results are outside accuracy limits. Weekly QC testing may then be initiated.

c. If 2 or 3 results of the 20 are out of control, continue testing for a total of 30 days. If no more than 3 of 30 results are outside accuracy limits, proficiency is demonstrated, and weekly testing can be initiated.

d. If >4 results are out of control, proficiency is not demonstrated and daily QC must be continued.  Take corrective action.

e.  3 x 5 replicate plan: Perform testing of the QC strain in triplicate each day for 5 days (yields 15 results).   Use 3 separate inoculum preparations for each replicate per day.  If 0 or 1 of the results is out of control, proficiency is demonstrated and weekly QC can be initiated.

i. If 0 or 1of 15 results is out of control, proficiency is demonstrated and weekly testing can be initiated.

ii. If >=4 of 15 results are out of control, proficiency is not demonstrated and daily QC must be continued.  Take corrective action.

iii. If 2 or 3 of the 15 results are out of control, test another 3 replicates fro 5 days (15 more results).

iv. If 2 or 3 of the total 30 results are out of control,, proficiency is demonstrated and weekly testing can be initiated.

v. If >= of the total 30 results are out of control, proficiency is not demonstrated and daily QC must be continued. Take corrective action.

2. Weekly QC testing is in control if all zones are within specified accuracy limits. If any result is out of control, proceed with corrective action.

3. Document proficiency each time a new antimicrobial agent is added to testing protocols. Save records documenting proficiency indefinitely.

4. Perform QC testing each time a new lot or new shipment of agar or disks is put into use.

5. Refer to CLSI Document M100-S25, Table 4C, pp.152-154 for a Reference Guide to Quality Control Frequency.
E. Corrective Action

1. Out-of-Control Result Due to an Obvious Error

a. If out-of-control results occur for obvious reasons, document the reason and retest the strain on the day that the error is observed. If the repeated result is within range, no further corrective action is required.

b. Obvious reasons for out-of-control results include:

1) Use of the wrong disk

2) Use of the wrong control strain

3) Obvious contamination of the strain

4) Inadvertent use of the wrong incubation temperature or conditions.
2. Out-of-Control Result NOT Due to an Obvious Error

a. Immediate Corrective Action: If no obvious reason for the out-of-control result is apparent, immediate corrective action is required.

1) Test the out-of-control antimicrobial agent/organism combination on the day the error is observed and monitor for a total of five consecutive test days. Document all results.

2) If all five zone diameter measurements for the antimicrobial agent/organism combination are within the acceptable ranges, no additional corrective action is necessary.

3) If any of the five zone diameter measurements are outside the acceptable range, additional corrective action is required.

4) Daily control tests must be continued until final resolution of the problem is achieved.

5) Investigate possible procedural problems (review measurement of zones, standardization of inoculum, storage and expiration dates of reagents, incubation conditions, equipment, and maintenance and purity of control strain).

b. If necessary, obtain a new quality control strain (either from freezer storage or a reliable source) and new lots of materials (including new turbidity standards), possibly from different manufacturers. If the problem appears to be related to a manufacturer, contact and provide the manufacturer with the test results. It is also helpful to exchange quality control strains and materials with another laboratory using the same method. Until the problem is resolved, it may be necessary to use an alternate test method.

c. Once the problem is corrected, documentation of satisfactory performance for another 20 or 30 consecutive days is required in order to return to weekly quality control testing.

d. Refer to CLSI Document M100-S25, Table 4D, Disk Diffusion: Troubleshooting Guide for further suggestions for corrective action and resolution of our-of-range QC issues.
Reporting Patient Results When Out-of-Control Tests Occur

1) Whenever an out-of-control result occurs or corrective action is necessary, careful assessment of whether to report patient test results should be made on an individual patient basis, taking into account if the source of the error, when known, is likely to have affected relevant patient test results.

2) Options to consider include suppressing the results for an individual antimicrobial agent; retrospectively reviewing individual patient or cumulative data for unusual patterns; and using an alternate test method or a reference laboratory until the problem is resolved

e. Verification of Patient Test Results

1) Multiple test parameters are monitored by following the quality control recommendations described in this standard. However, acceptable results derived from testing quality control strains do not guarantee accurate results when testing patient isolates. It is important to review all of the results obtained from all drugs tested on a patient’s isolate prior to reporting the results. 

2) This should include but not be limited to ensuring that

a) the antimicrobial susceptibility result are consistent with the identification of the isolate;

b) the results from individual agents within a specific drug class follow the established hierarachy of activity rules (e.g, third-generation cephalosporins are more active than first- or second-generation cephalosporins against Enterobacteriaceae);

c) the isolate is susceptible to those agents for which resistance has not been documented (e.g., vancomycin and Streptococcus spps.) and for which only”susceptible” interpretive criteria exist in M100.

3) Unusual or inconsistent results should be verified by checking for the following:

a) accurate zone measurements

b) transcription errors

c) contamination of the test

d) use of a defective agar plate (e.g., too thick or too thin)

e) improper disk placement (e.g., inadequate contact with the agar

f) previous results on the patient (e.g., Did the patient have the same isolate with an unusual antibiogram previously?)

4) Unusual or inconsistent antimicrobial results may necessitate repeat susceptibility testing and/or identification procedures to confirm initial results.  This confirmation may involve repeat testing, use of alternative testing methods, or sending the isolate to a reference laboratory.

PROCEDURAL NOTES
A. Thymidine Content: Sulfonamides and Trimethoprim

1. Blood components (other than horse blood) contain thymidine. Since thymidine acts as an antagonist and results in decreased activities of trimethoprim, sulfonamides, and trimethoprim-sulfamethoxazole, do not test these drugs on Mueller-Hinton supplemented with 5% sheep blood or anything else that may contain excessive levels of thymidine unless thymidine QC is performed.

2. Sometimes, unsupplemented Mueller-Hinton agar contains enough antagonist (thymidine) to allow the organism to grow through several generations before inhibition by sulfonamides and/or trimethoprim. Disregard the resulting light haze, and read for 80% or more inhibition.

3. This haze of growth may also be encountered when a direct colony suspension is used to prepare the inoculum. This light growth is often due to the antagonistic properties being transferred from the non-selective plate into the inoculum broth with organisms.

LIMITATIONS

1. QC Strains

a. The presence of a double zone around an imipenem disk with Pseudomonas aeruginosa ATCC 27853 or Staphylococcus aureus ATCC 25923 appears to be medium dependent (related to the zinc content of the agar; try a different lot of Mueller-Hinton agar.

b. If Pseudomonas aeruginosa ATCC 27853 begins to show decreased susceptibility to the extended-spectrum penicillins, mutation may have occurred as a result of maintaining the isolate by continual passage. Use a fresh isolate.

c. Control limits for nafcillin, oxacillin, and methicillin on 5% sheep blood-supplemented Mueller-Hinton agar may be slightly smaller (2 to 3 mm) than those listed for unsupplemented. Test isolates may also be affected.

2. Periodic monitoring of personnel who perform these tests aids in minimizing variability in the reading and interpretation of endpoints. All involved lab personnel should independently read and record selected tests. Compare these results with those obtained by a designated experienced reader.

B. Media

1. Just before use, appropriate agar plates may be removed from refrigerator and placed in a 35 degrees C aerobic incubator with plate lids slightly ajar so that excess moisture can evaporate. Do not leave in the incubator for more than 30 minutes.

C. Common Sources of Error

1. Clerical error in transcribing data.

2. Failure(s) in technical performance of test

a. Reader error in measuring zone diameters

b. Inoculum too heavy or too light

c. Failure to vortex turbidity standard

3. Failure(s) in test materials

a. Variability in the performance of Mueller-Hinton agars.

b. Loss of disk potency (improper handling or storage in the laboratory or defective disks).

c. Contamination or other changes in the control strain.

d. Failure(s) in equipment

1) Refrigerators, freezers, incubators, pipettes, etc.

LIMITATIONS OF THE PROCEDURE

A. This method is standardized only for those listed in the current CLSI performance standards.

REFERENCE

Performance Standards for Antimicrobial Disk Susceptibility Tests; Approved Standard—Ninth Edition, CLSI, January 20, M2-A9 and M100-S16.

Isenberg, Henry et al, Clinical Microbiology Procedures Handbook, ASM, Washington, D.C., 2004, Vol. 2, pages 5.1.1 to 5.1.7.



- 1 -
PAGE  

- 9 -

