PART II - TEACHING GUIDE

ANTIMICROBIAL SUSCEPTIBILITY TESTING

INTRODUCTION  ( 5 min.)

ATTENTION:

MOTIVATION:

OVERVIEW:

13a. Describe antimicrobial susceptibility testing procedures to include principle, interpretation and quality control measures.
  (1)   Diffusion test (Kirby-Bauer)

  (2)   Dilution tests (automated; microdilution)

  (3)  Broth disk Procedure for Anaerobes

  (4)  Minimum inhibitory and cidal concentrations (MIC, MBC)

  (5)  Schlicter test

  (6)  Epidemiological use of antibiograms

  (7)  Beta-Lactamase test

ANTIMICROBIAL SUSCEPTIBILITY TESTING

BODY  (     min.)

PRESENTATION:

13a. Describe antmicrobial susceptibility testing procedures to include principle, interpretation and quality control measures.

  (1)  Disc Diffusion Test - Kirby Bauer

    (a)  A procedure standardized by NCCLS

      1  Used for rapidly growing aerobic organisms  i.e. Staphylococcus spp. and the  Enterobacteriaceae  

      2  Mueller Hinton media in 150 X 15 mm petri plates is the media of choice

      3  Discs are standardized for each antibiotic

        a  In vitro test of antibiotic against the patient organism

        b  Compares with "in vivo" dosage of antibiotic given to patient

    (b)  Test Preparation

      1  Media (Inoculation)

        a  TSB - a simple nutrient broth in which most organism grow well

        b  Mueller Hinton broth is used for Haemophilus

      2  Select several well isolated colonies and use to inoculate the appropriate broth

      3  Inoculate to proper turbidity and incubate about 1 hr so organisms are in log (growth) phase

      4  MacFarland Standard

        a  A barium sulfate or barium chloride turbidity standard is used

        b  Use the 0.5 standard which equals approximately 108 orgs/ ml. (0.5 MacF = 108 orgs/ml)  

          1  Compare broth with this standard

          2  Dilute if broth is too turbid

          3  Incubate further if turbidity is too light/or add more bacteria

      5  Inoculate RT Mueller Hinton plate with a sterile swab to four planes so a smooth layer of even growth will result

      6  Placement of discs

        a  Discs should be at RT when stamped onto plate 

          1  Antibiotic discs should be kept frozen for 20oC or below for long terms storage

          2  The disc dispensers are stored in the refrigerator with dessicating capsules at 2o-8oC

        b  Space evenly.  A maximum of 12 discs may be used per plate

        c  Incubate at 35oC in an aerobic incubator, 18 - 24 hours

    (c)  Interpretation

      1  Organism begins to grow at the same time the antibiotic diffuses from the disc

        a  Concentration of drug decreases as it diffuses

        b  Organism grows in a smooth lawn unless the concentration of drug is sufficient to inhibit it - zone develops

      2  Measure zones in mm using a caliper, ruler, or template and record zone sizes

        a  Compare with standard charts

        b  Zone sizes are determined, carefully standardized, and updated regularly by  NCCLS

      3  Reporting

        a  Sensitive or susceptible - the standardized concentration of antibiotic will inhibit  the growth of the organism so the drug is suitable for use

        b  Resistant - the drug is not effective against the organism and should not be used for patient therapy

          1  NCCLS has determined some  organisms do not respond in vivo no matter  what the in vitro test results are so the report should always be resistant

          2  The physician should be notified if report slip indicated patient on a drug that  tests as resistant

        c  Intermediate

          1  Each hospital decides if this category is to be used

          2  Indicates that the drug may be suitable under certain conditions 

          3  Antibiotic will work against the organism but a higher concentration of drug is needed

    (d)  Variation of Test Procedures

      1  Turbidity too light

        a  Organism undergrows on plate

        b  May be reported as a false sensitive

      2  Turbidity too heavy

        a  Organism overgrows antibiotic

        b  May be reported as a false resistant

      3  Incubation in CO2
        a  pH of Mueller Hinton may change

        b  Zone sizes may be affected

      4  Discs used directly from refrigerator

        a  Diffusion of drug is delayed

        b  Organism may overgrow - false resistant

    (e)  Fastidious organisms such as Streptococci and Haemophilus

      1  Enriched media

        a  Mueller Hinton base with sheep blood for the Streptococci

        b  Haemophilus requires chocolatized blood

      2  Antibiotics used may differ

        a  NCCLS dictates that only ampicillin and vancomycin will be reported for  enterococci

        b  Ampicillin, chloramphenicol and cefotaxine are the only drugs reported for Haemophilus

    (f)  Quality Control of Disc Diffusion Tests - Should be conducted at least NCCLS  recommendations

      1  Organisms to be used - ATCC strains of S. aureus, E. coli and P. aeruginosa are used  routinely

        a  Staphylococcus aureus - A "Seattle strain" of S. aureus is used which is sensitive  to both ampicillin and penicillin

        b  E. coli - a standard strain of E. coli is used which is sensitive to all common antibiotics

        c  Pseudomonas aeruginosa - the standard strain of P. aeruginosa is sensitive only  to Carbenicillin and the amino- glycosides - Gentamicin, Tobramycin and Amikacin

      2  Twice weekly testing is required

        a  All Recorded QC results will be maintained for a period of 2 years

        b  All QC results must agree within 2 SD

  (2)  Dilution Tests

    (a)  Minimum Inhibitory Concentration determine the minimum concentration of antibiotic that  will inhibit any organism

      1  Use of MICs - MICs aid the physician in determining which of the susceptible drugs can be used in the lowest concentration thus eliminating unnecessary cost or toxicity  for the patient.  Other uses include: 

        a  defining levels of susceptibility for drugs vs organism

        b  In studies of new antimicrobial drugs

        c  Confirmation of susceptibility or resistance of antibiotics

        d  Confirmation of resistance patterns

  (3)  Broth Disk Procedure for Anaerobes

    (a)  Thioglycollate broth with disks

      1  Five milliliter aliquots of broth are prepared in tubes

      2  To obtain initial anaerobesiosis, the broth is boiled and cooled

      3  Add regular antimicrobial disks

      4  A drop of culture from a prepared broth is added to each tube

      5  One tube is left uninoculated with bacteria and is used as a control

      6  Incubate tubes for 2 hours at room temperature (Broth maintains anaerobic properties)

      7  The organism is recorded as resistant if the turbidity is 50% or more than that of the  control

  (4)  Minimum inhibitory and cidal concentration (MIC,MBC)

    (a)  Methods for MICs - Many acceptable methods in kit form are available

      1  Macro Methods - The earliest methods for MICs utilized standard tubes, disks and 5 ml aliquots of a test broth.  These were unwieldly at best and micro methods were devised

      2  Micro Methods - Plates with large numbers of wells in a 5 x 8 inch or smaller size have  become standard and are entirely effective 

      3  The MIC will allow less than 0.1% of the orginial inculum to survive

      4  The lowest concentration of agent that allow less than 0.1% of growth is called the   MBC.  Another name for this is Minimum Lethal Concentration.

    (b)  Automated Methods - Computerized systems where the inoculated plated are incubated, read and results are printed out in hard copy have been devised and are routinely used. 

      1  Follow manufacturer's instructions

      2  Quality Control procedures will be designated by the manufacturer and the appropriate  ATCC organisms will be indicated

  (5)  Bactericidal Levels

    (a)  Schlicter test

      1  The serum cidal level uses patients serum collected prior to drug administration  (Trough level), to measure activity of patient’s serum against specific pathogens

      2  Serum collected at the time antibiotic has  reached it's highest level in the blood is   called (Peak cidal)

      3  The dilution at which the organism fails to grow is the bactericidal level

    (b)  Serum Killing Level - is a synonym for the Schlicter test or bactericidal level

    (c)  The patient's life depends on the accuracy of this test which is a tube dilution test

    (d)  Good technique and sterility must be maintained 

    (e)  The MBD is the minimum bactericidal dilution and is the dilution at which no growth occurs  when the tube contents are plated.  This generally is the same as the cidal level

  (6)  Epidemiological use of antibiograms

    (a)  The epidemiologist maintains a close relationship with the laboratory

      1  Problem isolates ie. Salmonella require immediate notification and monitoring

      2  Identifications and sensitivity is carried out

      3  A list of working antibiotics against recurring pathogenic isolates is maintained and checked for possible trends

      4  Community acquired diseases - most be reported to proper health authorities and checked for:

        a  possibility of epidemic consequences

        b  Type of isolate and sensitivity

        c  Any abnormal resistant strains

    (b)  Nosocomial Infections - Hospital acquired

      1  Infections that occur after hospital entry are quickly identified and a sensitivity is  performed

      2  A list of recent nosocomial infections is always monitored

      3  Checking for trends in type of organism and sensitivity is maintained

  (7)  Beta-Lactamase test

    (a)  Some organisms produce Beta-Lactamase, an enzyme bound to the bacteria cell wall. The cell wall must be ruptured to demonstrate the enzyme

      1  Some bacteria, such as H. influenzae and N. gonorrhoeae release Beta-Lactamase from the cell wall

      2  Beta-Lactamase is performed so that penicillin therapy is not recommended or continued

      3  Commercially prepared paper disks incorporated penicillin and an indicator

        a  Beta-Lactamase reacts with penicillin G at a pH of 8.5, if Beta-Lactamase is present thereaction with penicillin G will produce penicilloic acid

        b  Bromcresol purple is the indicator used in this procedure.  Penicillioc acid if  produced will cause a color change from violet to yellow

        c  Yellow color is considered positive for this procedure.  Penicillin would not be the drug of choice

CONCLUSION  ( 5 min.)

SUMMARY:

13a. Describe antimicrobial susceptibility testing procedures to include principle, interpretation and quality control measures.

  (1)  Diffusion test (Kirby-Bauer)

  (2)  Dilution tests (automated; microdilution)

  (3)  Broth disk Procedure for Anaerobes

  (4)  Minimum inhibitory and cidal concentrations (MIC, MBC)

  (5)  Schlicter test

  (6)  Epidemiological use of antibiograms

  (7)  Beta-Lactamase test

ASSIGNMENT:

REMOTIVATION:

CLOSURE:

