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	ANTIMICROBIAL SUSCEPTIBILITY TESTING:  GENERAL CONSIDERATIONS


PURPOSE:  Determination of the antimicrobial susceptibilities of significant bacterial isolates is one of the principle functions of the clinical microbiology laboratory.  The main objective of susceptibility testing is to predict the outcome of treatment with the antimicrobial agents tested.  The implication of the result ‘susceptible’ is that there is a high probability that the patient will respond to treatment with that antimicrobial agent.  The result ‘resistant’ implies that treatment with the antimicrobial agent is likely to fail.  The further aim of susceptibility testing is to guide the clinician in the selection of the most appropriate agents for a particular clinical problem.  The clinical microbiology laboratory should perform susceptibility testing only with pathogens for which well-standardized methods are available and for pathogens whose resistance pattern is known or suspected to be a clinical problem.  For uncommon or fastidious bacteria simple routine test methods have not been standardized or are not recommended because they are likely to yield inaccurate results.  Testing of such organisms may be performed in reference laboratories by reference MIC methods under special circumstances.
PROCEDURE:        
1. Follow Clinical and Laboratory Standards Institute (CLSI) standards for routine antimicrobial susceptibility testing.

2. Make certain common susceptibility test systems are used for their intended indications only.  Follow manufacturer’s instructions precisely.
3. Perform susceptibility tests on clinically relevant bacteria only.
4. Report only those antimicrobial agents appropriate for the specific bacterium isolated and body site from which the organism was isolated.  Routinely report only drugs that are on the formulary.  Additional antimicrobial agents may be reported for the specific organism and corresponding body site upon request.
5. Ensure that susceptibility results reported for a specific isolate are consistent with the identification of the isolate and verify any organism with an abnormal sensitivity result.  Any organism with an abnormal sensitivity result should be checked for purity.
6. Test quality control in the identical manner of patient isolates.
7. Isolates resistant to routinely tested antimicrobials may be sent to an outside reference laboratory if additional testing is needed.
8. Antimicrobial reporting protocols will be reviewed on an annual basis with the Infectious Disease Physician, Pharmacy and the Infection Control Officer, to insure clinical relevance of antimicrobial reporting and help minimize overuse of broad spectrum agents.
9. Antimicrobial resistance pattern information follows.
RESISTANCE PATTERNS THAT ARE RARE OR HAVE NOT BEEN DETECTED:

Organism






Drug
Members of Enterobacteriaceae



Imipenem, meropenem and carbapenem-Intermediate (I) and Resistant ( R)
Staphylococcus aureus




Vancomycin, teicoplanin and linezolid- I or R

Coagulase negative Staphylococcus



Vancomycin or Linezolid- I or R

Enterococcus faecalis




Ampicillin or penicillin and linezolid- R









Quinupristin-dalfopristin- Sensitive (S)

Enterococcus faecium




Linezolid-R

Beta Hemolytic Streptococcus



Ampicillin or penicillin- I or R









Third generation cephalosporin- I or R









Linezolid- I or R









Vancomycin- I or R

Viridans Streptococcus




Linezolid and Vancomycin – I or R

Haemophilus influenza




Third generation cephalosporin – I or R









Aztreonam – I or R









Carbapenen – I or R









Fluoroquinolone – I or R

Neisseria gonorrhoeae




Third generation cephalosporin – R

Neisseria meningitidis




Third generation cephalosporin – R

Any organism





Resistant to all agents routinely tested

INTRINSICALLY RESISTANT PHENOTYPES
Enterobacteriacea:


Genus/species





Most strains are resistant to


Cedecea species




Polymyxins, ampicillin and cephalothin


Citrobacter amalonaticus



Ampicillin


Citrobacter freundii




Cephalothin, cefazolin and ampicillin


Citrobacter diversus




Cephalothin and carbenicillin


Edwardsiella tarda




Colistin


Enterobacter cloacae




Cephalothin, cefazolin and ampicillin


Enterobacter aerogenes




Cephalothin, cefazolin and ampicillin


Enterobacter species




Cephalothin, cefazolin and ampicillin


Escherichia hermannii




Ampicillin and carbenicillin


Hafnia alvei





Cephalothin


Klebsiella pneumoniae




Ampicillin and carbenicillin


Proteus mirabilis




Polymyxins, tetracycline and nitrofurantoin


Protues vulgaris





Polymyxins, ampicillin, nitrofurantoin and tetracycline


Morganella morganii




Polymyxins, ampicillin and cephalothin


Providencia rettgeri




Polymyxins, cephalothin, nitrofurantoin and tetracycline


Providencia species




Polymyxins, nitrofurantoin and ampicillin


Serratia marcescens




Polymyxins, cephalothin and nitrofurantoin









Intrinsically resistant to penicillin, colistin and cephalothin


Serratia fonticola




Ampicillin, carbenicillin and cephalothin


Serratia species





Polymyxins and cephalothin

NonEnterobacteriae including Pseudomonas aeruginosa:


Genus/species





Most strains are resistant to


Acinetobacter baumannii,



Ampicillin, cefazolin, cephalothin,

 
Aeromonas,





cefoxitin, cefotetan, cefmetazole


Burkholderia cepacia


Pseudomonas aeruginosa


Stenotrophomonas maltophilia


Acinetobacter baumannii



Ticarcillin, mezlocillin, piperacillin,


Burkholderia cepacia




Gentamicin


Stenotrophomonas maltophilia


Stenotrophomonas maltophilia



Imipenim, meropenem


Pseudomonas aeruginosa



Trimethoprim-sulfamethoxazole

1.  Escherichia coli and Klebsiella species may be clinically resistant to therapy with penicillins, cephalosporins or 

aztreonam despite in vitro susceptibility to some of these agents.  If Extended Spectrum Beta-Lactamase (ESBL) 

positive, report all penicillins, cephalosporins and aztreonam as resistant.  ESBL resistance patterns are due to the 

AMPc gene.

                        2.  Enterobacter/Citrobacter/Serratia species may develop resistance during prolonged therapy with third 



      generation cephalosporins,  Isolates initially testing as susceptible may become resistant within three to four 


                   days of therapy.  Repeat testing is warranted.

                        3.  Cephalothin may be used to represent cephapirin, cephradine, cephalexin, cefaclor and cefadroxil.



      Cefazolin, cefuroxime, cefpoxidime, cefprozil and laracarbef should be tested individually because some 

                        organisms may be susceptible to these agents.  Due to hospital formulary, if there is a variation in patterns within

                        the same generation, report out the more resistant interpretation.

4.  Salmonella and Shigella may appear to be susceptible in vitro to first and second generation cephalosporins.  
First and second generation cephalosporins are not effective in vivo and should not be reported as susceptible.

5.  Enterobacteriacea are exclusively sensitive to imipenem.  If imipenem appears resistant, check organism for 

purity.  Manually verify growth in imipenem well on MicroScan panel and repeat testing.  Do not report result in 

computer.  Any organism repeating as a resistant must be sent to an alternate laboratory for testing.

Pseudomonas species and other nonfermentors:
During prolonged therapy with all classes of antibiotics, resistance may develop three to four days after initiation of

Therapy.

Staphylococcus:

1.  For MRSA’s and CNS all penicillins, cephems, other beta lactams and imipenem may appear active in vitro but 

should be reported as resistant.

2.  Resistance during prolonged therapy with quinolones may develop.  Repeat testing within three to four days.

3.  Multidrug resistance is more frequent in Staphylococcus haemolyticus, Staphylococcus edpdermidis, S. hominis

and S. aureus than other staphylococcus species.

4.  When erythromycin is resistant, change clindamycin to resistant.  The isolate may develop clindamycin resistance 

during therapy due to ERM-mediated resistance.

Enterococcus:

Cephalosporins, aminoglycosides, clindamycin and SXT may appear active in vitro but are not effective clinically.

Do not report as susceptible.

Streptococcus:

1.  Streptococcus pneumoniae:  An isolate that is susceptible to penicillin can be considered susceptible to ampicillin,

amoxicillin, amox-clavulanic acid, amp/sulbactam, cefaclor, cefdinir, cefepime, cefetamet, cefixime, cefotaxime,

ceprozil, ceftibuten, ceftriaxone, ceftrizoxime, imipenem and loracarbef for approved indications.

2.  Streptococcos species other that S. pneumoniae:  Susceptibility testing of penicillins and other beta lactams is not

necessary.  No resistant strains have been isolated.

Gram-negative glucose non-fermenters/slow glucose fermenters:  
1.  Organisms in this category (complete list is found in Dade Behring Operator’s Manual section 5-2 to 5-3) will not be reported with an automated sensitivity report generated from the Autoscan.  The comment:  “validated testing methods not available-isolate held for one week if further work up is needed”  will be added to the comment section of the laboratory report.  Exceptions (organisms that may be reported with an automated sensitivity report) follow:  Acinetobacter baumannii/

Acinetobacter haemolyticus, Acinetobacter lwoffii and Pseudomonas aeruginosa.
2.  In addition, Aeromonas species and Plesiomonas species should not have an automated sensitivity reported.  The 
comment:  “validated testing methods not available- isolate held for one week if further work up is needed” will be 

added to the comment section of the laboratory report.

3.  Stenotrophomonas maltophilia should have Trimethoprim/sulfavethoxozole reported as the drug of choice for 

Treatment.  Report the automated sensitivity result.

4.  A request for further work up on an orgamism with no validated sensitivity testing methods will be subcultured

And sent to the reference laboratory.

Other miscellaneous information:

1.  Tetracycline is representative for all tetracyclines and results can be applied to doxycycline and minocycline.

Certain organisms may be more susceptible to minocycline and doxycycline than tetracycline.

2.  Erythromycin may be used to predict resistance/susceptible patterns for azithromycin, clarithromycin and

dirithromycin.

	
	ANTIMICROBIALS REPORTED
	
	
	
	

	ORGANISM
	WOUND
	URINE
	Blood
	CSF
	

	Enterobacteriacea
	Ampicillin
	Ampicillin
	Ampicillin
	Ampicillin
	

	 
	Cefazolin 
	Cefazolin
	Cefazolin
	 
	

	 
	Gentamicin
	Gentamicin
	Gentamicin
	Gentamicin
	

	 
	Amikacin
	Amikacin
	Amikacin
	Amikacin
	

	 
	Piperacillin-tazobactam
	Piperacillin-tazobactam
	Pip-tazo
	Pip-tazo
	

	 
	Cefepime
	Cefepime
	Cefepime
	Cefepime
	

	 
	Ceftriaxone
	Ceftriaxone
	Ceftriaxone
	Ceftriaxone
	

	 
	Levofloxacin
	Levofloxacin
	Levofloxacin
	 
	

	 
	Trimethoprim-sulfamethoxazole (T/S)
	Trimethoprim-sulfa
	T/S
	T/S
	

	 
	Ceftazidime
	Ceftazadime
	Ceftazadime
	Ceftazadime
	

	 
	 
	Nitrofurantoin
	 
	Cefotaxime
	

	 
	 
	 
	 
	 
	

	Sal/Shig
	 Wounds                       Intestinal
	 
	 
	 
	

	 
	                                       Isolates
	 
	 
	 
	

	 
	Ampicillin                   Ampicillin
	Ampicillin
	Ampicillin
	Ampicillin
	

	 
	Levofloxacin             Levofloxacin
	Levofloxacin
	Levofloxacin
	 
	

	 
	Ceftriaxone                    T/S
	Ceftriaxone
	Ceftriaxone
	Ceftriaxone
	

	 
	Chloramphenicol
	Chloramphenicol
	Chloramphenicol
	Chloramphenicol
	

	 
	T/S
	T/S
	T/S
	T/S
	

	 
	 
	 
	
	 
	

	Pseudo
	Ceftazidime
	Ceftazidime
	Ceftazidime
	Ceftazidime
	

	aeruginosa
	Gentamicin
	Gentamicin
	Gentamicin
	Gentamicin
	

	 
	Amikacin
	Amikacin
	Amikacin
	Amikacin
	

	 
	Cefepime
	Cefepime
	Cefepime
	Cefepime
	

	 
	Levofloxacin
	Levofloxacin
	Levofloxacin
	 
	

	 
	Imipenem
	Imipenem
	Imipenam
	Imipenem
	

	 
	Piperacillin-tazobactam
	Piperacillin-tazobactam
	Pip-tazo
	Pip-tazo
	

	 
	Ciprofloxacin
	 
	 
	 
	

	 
	 
	 
	 
	 
	

	Pseudo
	Ceftazidime 
	Ceftazidime
	Ceftazidime
	Cefazidime
	

	species &
	Gentamicin
	Gentamicin
	Gentamicin
	Gentamicin
	

	other 
	Amikacin
	Amikacin
	Amikacin
	Amikacin
	

	non-Enterobacteriaceae
	Cefepime
	Cefepime
	Cefepime
	Cefepime
	

	 
	Levofloxacin
	Levofloxacin
	Levofloxacin
	 
	

	 
	Imipenem
	Imipenem
	Imipenem
	Imipenem
	

	 
	Pip-tazo
	Pip-tazo
	Pip-tazo
	Pip-tazo
	

	 
	T/S
	T/S
	T/S
	T/S
	

	 
	 
	 
	 
	 
	

	Staph
	Azithromycin
	 
	Azithromycin
	 
	

	 
	Clindamycin
	 
	Clindamycin
	 
	

	 
	Cefazolin
	 
	 
	 
	

	 
	Oxacillin 
	Oxacillin 
	Oxacillin 
	Oxacillin
	

	 
	T/S
	T/S
	T/S
	T/S
	

	 
	Vancomycin
	Vancomycin
	Vancomycin
	Vancomycin
	

	 
	Rifampin
	Rifampin
	Rifampin
	Rifampin
	

	 
	Levofloxacin
	Levofloxacin
	Levofloxacin
	 
	

	 
	Gentamicin
	Gentamicin
	Gentamicin
	Gentamicin
	

	 
	 
	Nitrofurantoin
	 
	 
	 

	 
	 
	 
	 
	 
	

	ENTEROCOCCUS
	Penicillin
	Penicillin
	Penicillin
	Penicillin
	

	 
	Linezolid
	Linezolid
	Linezolid
	Linezolid
	

	 
	Vancomycin
	Vancomycin
	Vancomycin
	Vancomycin
	

	 
	Gentamicin
	Gentamicin
	Gentamicin
	Gentamicin
	

	 
	 
	Levofloxacin
	 
	 
	

	 
	 
	Nitrofurantoin
	 
	 
	

	 
	 
	Tetracycline
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