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Difference between 
Microbiology and other sections



Reproducibility

The reproducibility or precision of a microbiological test is reduced by two things:

1. Lack of homogeneity. A single sample from a patient may contain more than 

one organism. Repeat culturing may therefore isolate different organisms.

2. Lack of stability. As time passes, the microorganisms in a specimen multiply or 

die at different rates. Repeat culturing may therefore isolate different organisms. 

To improve precision, therefore, specimens should be tested as soon as possible 

after collection.



Very Major Error/ Discrepancy
• Reference test result resistant, method under comparison result sensitive.
• The patient might be inappropriately treated and die.

Major Error/ Discrepancy
• Reference test result sensitive, method under comparison result resistant.
• The patient will not be inappropriately treated but the category result is wrong.

Minor Error/ Discrepancy
• Reference test result intermediate, method under comparison result sensitive or resistant.
• Or vice versa.



Internal quality control

An internal quality control programme should be:

• practical

• realistic

• economical

An internal quality control programme should not attempt to evaluate 

every procedure, reagent, and culture medium on every working day. 

It should evaluate each procedure, reagent, and culture medium 

according to a practical schedule, based on the importance of each item 

to the quality of the test as a whole.



Internal Quality Control
Control Strains and maintenance 

Performance limits for Control Strains

Routine Testing for Control Strains

Frequency of Testing 

Control of Media 

Control of Antimicrobial Disks

Control of Inoculum 

Recognition of Atypical Results 



AST Methods

• agar disk diffusion method provides qualitative interpretive category 
results of susceptible, intermediate, and resistant

• microdilution and agar gradient diffusion methods provide a 
quantitative result, a minimum inhibitory concentration 
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Where errors can occur in susceptibility testing

• media

• antimicrobials

• inoculum

• incubation

• equipment

• interpretation



Performance Standards for Antimicrobial Disk 
Susceptibility Testing



Muller Hinton Agar 
Bacterial Strain 
Antimicrobial Disk 
Inoculum Preparation 
Performing the Disk Diffusion Test

Disk Diffusion 
Antimicrobial Susceptibility Test 



Muller Hinton Agar

pH

Moisture

Effects of Thymidine and Thymine

Effects of variation in divalent cations



pH
The pH of each batch of Müeller-Hinton agar should be checked when the medium is prepared.

The exact method used will depend largely on the type of equipment available in the laboratory.

The agar medium should have a pH between 7.2 and 7.4 at room temperature after gelling. If the

pH is too low, certain drugs will appear to lose potency (e.g., aminoglycosides, quinolones, and

macrolides), while other agents may appear to have excessive activity (e.g., tetracyclines). If the

pH is too high, the opposite effects can be expected. The pH can be checked by one of the following

means:

* Macerate a sufficient amount of agar to submerge the tip of a pH electrode.

* Allow a small amount of agar to solidify around the tip of a pH electrode in a beaker or cup.

* Use a properly calibrated surface electrode.



Moisture

If, just before use, excess surface moisture is present, the plates should be placed

in an incubator (35C) or a laminar flow hood at room temperature with lids ajar

until excess surface moisture is lost by evaporation (usually 10 to 30 minutes).

The surface 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.



Effects of Thymidine and Thymine
Media containing excessive amounts of thymidine or thymine can reverse the inhibitory effect of sulfonamides and

trimethoprim, thus yielding smaller and less distinct zones, or even no zone at all, which may result in false-

resistance reports. Müeller-Hinton agar that is as low in thymidine content as possible should be used. To evaluate a

new lot of Müeller-Hinton agar, Enterococcus faecalis ATCC 29212, or alternatively, E. faecalis ATCC 33186,

should be tested with trimethoprim/sulfamethoxazole disks. Satisfactory media will provide essentially clear,

distinct zones of inhibition 20 mm or greater in diameter. Unsatisfactory media will produce no zone of

inhibition, growth within the zone, or a zone of less than 20 mm.



Effects of variation in divalent cations

Variation in divalent cations, principally magnesium and calcium, will affect results of aminoglycoside and

tetracycline tests with P. aeruginosa strains. Excessive cation content will reduce zone sizes, whereas low

cation content may result in unacceptably large zones of inhibition. Excess zinc ions may reduce zone sizes of

carbapenems. Performance tests with each lot of Müeller-Hinton agar must conform to the control limits.



Quality control of Mueller-Hinton agar

• Test each new batch of MH agar to ensure that  all zones are within ranges.

• Particular problems:
– High or low concentrations of divalent cations (Ca2+, Mg2+) may  be indicated by inhibition zones for 

aminoglycosides with P.  aeruginosa ATCC 27853 below/above quality control limits,  respectively.

– Excess thymine and thymidine may be indicated by inhibition  zones for trimethoprim-sulfamethoxazole 
and E. faecalis ATCC  29212 below quality control limits.



MUELLER-HINTON Agar
Media proposed for testing the sensitivity of clinically important pathogens 

towards antibiotics or sulfonamides.



The medium should have a level depth of 4.0 ± 0.5 mm (approximately 
25 mL in a 90 mm circular plate, 31 mL in a 100 mm circular plate, 71 mL 
in a 150 mm circular plate, 40 mL in a 100 mm square plate). 

For agar plates (commercially or in-house prepared) stored in plastic bags 
or sealed containers, it may be necessary to dry the plates prior to use . 
This is to avoid excess moisture, which may result in problems with fuzzy 
zone edges and/or haze within zones.

Preparation and storage of media 



Media for non-fastidious organisms

Organisms Medium

Enterobacterales  Pseudomonas spp.  

Stenotrophomonas maltophilia  

Acinetobacter spp.

Staphylococcus spp.

Enterococcus spp.

Aeromonas spp.

Mueller-Hinton agar



Media for fastidious organisms

Organisms Medium

Streptococcus pneumoniae

Streptococcus groups A, B, C and G  Viridans 

group streptococci  Haemophilus influenzae

Moraxella catarrhalis  Listeria monocytogenes  

Pasteurella multocida

Campylobacter jejuni and coli  

Corynebacterium spp.

Aerococcus sanguinicola and urinae  Kingella 

kingae

Mueller-Hinton agar + 5%  

mechanically defibrinated horse  

blood + 20 mg/L β-NAD

(MH-F)

Other fastidious organisms Pending



Reference Strains 



Antimicrobial Disks
Source of Disks 

COA

Lot number 

QC recommendation

Storage
*Refrigerate the containers at 8C or below, or freeze at -14C or below, in a 
nonfrost-free freezer until needed.  Sealed packages of disks that contain drugs from 
the ß-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.

*The unopened disc containers should be removed from the refrigerator or freezer 
one to two hours before use, so they may equilibrate to room temperature before 
opening.  This procedure minimizes the amount of condensation that occurs when 
warm air contacts cold disks. 



Loss of potency of antimicrobial agents in disks results in reduced inhibition 
zone diameters and is a common source of error. The following are essential:

Store disks, including those in dispensers, in sealed containers with a 
moisture-indicating desiccant and protected from light (some agents, 
including metronidazole, chloramphenicol and the fluoroquinolones, are 
inactivated by prolonged exposure to light).



Inoculum Preparation 

Turbidity Standard

Inoculum



Turbidity Standard
To standardize the inoculum density for a susceptibility test, a BaSO4 turbidity standard, equivalent to a 0.5 McFarland standard or its

optical equivalent (e.g., latex particle suspension), should be used. A BaSO4 0.5 McFarland standard may be prepared as follows:

1. A 0.5-ml aliquot of 0.048 mol/L BaCl2 (1.175% w/v BaCl2 . 2H2O) is added to 99.5 ml of 0.18 mol/L H2SO4 (1% v/v) with constant

stirring to maintain a suspension.

2. The correct density of the turbidity standard should be verified by using a spectrophotometer with a 1-cm light path and matched

cuvette to determine the absorbance. The absorbance at 625 nm should be 0.08 to 0.13 for the 0.5 McFarland standard.

3. The Barium Sulfate suspension should be transferred in 4 to 6 ml aliquots into screw-cap tubes of the same size as those used in

growing or diluting the bacterial inoculum.

1. These tubes should be tightly sealed and stored in the dark at room temperature.

2. The barium sulfate turbidity standard should be vigorously agitated on a mechanical vortex mixer before each use and inspected for a

uniformly turbid appearance. If large particles appear, the standard should be replaced. Latex particle suspensions should be mixed by

inverting gently, not on a vortex mixer

3. The barium sulfate standards should be replaced or their densities verified monthly.



It is recommended that a photometric device is used to adjust the density of 

the suspension. The photometric device must be calibrated against a 0.5 

McFarland standard according to the manufacturer’s instruction.

Alternatively, the density of the suspension can be compared visually to a 

0.5 McFarland turbidity standard. To aid comparison, compare the test and 

standard against a white background with black lines. 

Streptococcus pneumoniae is, preferably, suspended from a blood agar 

plate to the density of a 0.5 McFarland standard. When Streptococcus 

pneumoniae is suspended from a chocolate agar plate, the inoculum must 

be equivalent to a 1.0 McFarland standard 



Inoculum 
Direct Colony Suspension Method 

Can be used with all most organisms

Recommended method for testing the fastidious organisms:

Hemophillus spp

N.Gonorrhoeae

N.Meningitidis

Streptococci

Staphylococci for potential Meticilin or Oxacilin resistance

Growth Method 

Alternative method 

Sometime preferable when colony growth is difficult to suspend directly 

Used for non fastidious organisms ( except Staphylococci)

When fresh ( 24 hr ) colony are not available  



Direct Colony Suspension Method

1. As a convenient alternative to the growth method, the inoculum can be prepared by making a direct

broth or saline suspension of isolated colonies selected from a 18- to 24-hour agar plate (a

nonselective medium, such as blood agar, should be used). The suspension is adjusted to match

the 0.5 McFarland turbidity standard, using saline and a vortex mixer.

2. This approach is the recommended method for testing the fastidious organisms, Haemophilus spp ,

N. gonorrhoeae, and streptococci, and for testing staphylococci for potential methicillin or

oxacillin resistance.

Inoculum 



Inoculum 
Growth Method

The growth method is performed as follows

1. At least three to five well-isolated colonies of the same morphological type are selected from an agar plate culture.

The top of each colony is touched with a loop, and the growth is transferred into a tube containing 4 to 5 ml of a

suitable broth medium, such as tryptic soy broth.

2. The broth culture is incubated at 35C until it achieves or exceeds the turbidity of the 0.5 McFarland standard

(usually 2 to 6 hours)

3. The turbidity of the actively growing broth culture is adjusted with sterile saline or broth to obtain a turbidity optically

comparable to that of the 0.5 McFarland standard. This results in a suspension containing approximately 1 to 2 x 108

CFU/ml for E.coli ATCC 25922. To perform this step properly, either a photometric device can be used or, if done

visually, adequate light is needed to visually compare the inoculum tube and the 0.5 McFarland standard against a

card with a white background and contrasting black lines.



Performing the Disk Diffusion Test
Inoculation of Test Plates

1.Optimally, within 15 minutes after adjusting the turbidity of the inoculum suspension, a sterile

cotton swab is dipped into the adjusted suspension. The swab should be rotated several times and

pressed firmly on the inside wall of the tube above the fluid level. This will remove excess inoculum

from the swab.

•For Gram-negative bacteria, remove excess fluid by  pressing and turning the swab against the inside of 

the  tube to avoid over-inoculation.

•For Gram-positive bacteria, do not press or turn the swab against the inside of the tube.



2. The dried surface of a Müeller-Hinton agar plate is inoculated by streaking the swab over the entire

sterile agar surface. This procedure is repeated by streaking two more times, rotating the plate

approximately 60 each time to ensure an even distribution of inoculum. As a final step, the rim of the

agar is swabbed.

3. The lid may be left ajar for 3 to 5 minutes, but no more than 15 minutes, to allow for any excess

surface moisture to be absorbed before applying the drug impregnated disks.

NOTE: Extremes in inoculum density must be avoided . Never use undiluted overnight broth cultures or

other unstandardized inocula for streaking plates.



Performing the Disk Diffusion Test
Application of Discs to Inoculated Agar Plates

1. The predetermined battery of antimicrobial discs is dispensed onto the surface of the inoculated agar plate. Each disc

must be pressed down to ensure complete contact with the agar surface. Whether the discs are placed individually or

with a dispensing apparatus, they must be distributed evenly so that they are no closer than 24 mm from center to

center. Ordinarily, no more than 12 discs should be placed on one 150 mm plate or more than 5 discs on a 100 mm

plate. Because some of the drug diffuses almost instantaneously, a disc should not be relocated once it has come

into contact with the agar surface. Instead, place a new disc in another location on the agar.

2. The plates are inverted and placed in an incubator set to 35C within 15 minutes after the discs are applied. With

the exception of Haemophilus spp., streptococci and N. gonorrhoeae, the plates should not be incubated in an

increased CO2 atmosphere, because the interpretive standards were developed by using ambient air incubation, and

CO2 will significantly alter the size of the inhibitory zones of some agents.



To be able to detect inducible clindamycin resistance in 

staphylococci and streptococci, the erythromycin and 

clindamycin disks must be placed at a distance of 12-20 mm

from edge to edge for staphylococci and 12-16 mm from 

edge to edge for streptococci.

To avoid overlapping zones dispensed predictably small zones
( Gm, V ) next to those that give larger zones ( Cephalosporines)



Follow these instructions for disk diffusion:

• Use the inoculum suspension optimally within 15 minutes of preparation, 

and always within 60 minutes.

• Apply disks within 15 minutes of inoculation.

• Incubate plates within 15 minutes of disk application.

The 15-15-15 minute rule







Test/Report Groups 

group A are considered appropriate for inclusion in a routine, primary testing panel, as well as for routine reporting of results for the specific 
organism groups.

Group B includes antimicrobial agents that may warrant primary testing, but they may be reported only selectively, such as when the
organism is resistant to agents of the same antimicrobial class, as in group A. Other indications for reporting the result might include a selected 
specimen source (eg, a third-generation cephalosporin for enteric bacilli from CSF or trimethoprim-sulfamethoxazole for urinary tract isolates); a 
polymicrobial infection; infections involving multiple sites; cases of patient allergy, intolerance, or failure to respond to an antimicrobial agent in 
group A; or for infection control purposes or for infection prevention . 

Group C includes alternative or supplemental antimicrobial agents that may necessitate testing in those institutions that harbor endemic or 
epidemic strains resistant to several of the primary drugs (especially in the same class, eg, β-lactams); for treatment of patients allergic to primary 
drugs; for treatment of unusual organisms (eg, chloramphenicol for extraintestinal isolates of Salmonella spp.); or for reporting to infection control 
as an epidemiological aid. 

Group U (“urine”) includes certain antimicrobial agents (eg, nitrofurantoin and certain quinolones) that are used only or primarily for treating 
UTIs. These agents should not be routinely reported against pathogens recovered from other infection sites. An exception to this rule is for 
Enterobacteriaceae in Table 1A, in which cefazolin is listed as a surrogate agent for oral cephalosporins. Other antimicrobial  agents with broader 
indications may be included in group U for specific urinary pathogens (eg, Enterococcus and ciprofloxacin).

Group O (“other”) includes antimicrobial agents that have a clinical indication for the organism group but are generally not candidates for 
routine testing and reporting in the United States. 

Group Inv. (“investigational”) includes antimicrobial agents that are investigational for the organism group and have not yet been approved by 
the FDA for use in the United States. 









Redefining susceptibility testing 
categories S, I and R.

2019



SIR – the old definitions

Resistant

Intermediate
Uncertain effect.

Buffer zone for technical variation.
For a high dose.

Where concentrated for pharmacokinetic reasons.

Susceptible



SIR - new definitions 2019

Susceptible        

Normal 
exposure

Increased
exposure

Resistant



With the modified definition of the ”I-category”….

….the only difference between ”S” and ”I” is the amount of
drug at the site of the infection necessary to achieve an 

adequate clinical response.

The term ”intermediate” is replaced by the term

”Susceptible, increased exposure” but the abreviation in 
reports is still ”I”.









The testing categories are defined as follows: 

Routine test: disk diffusion or broth or agar dilution MIC tests for routine clinical testing 

Supplemental (not routine) test: test that detects susceptibility or resistance to a drug or drug class by method other 
than routine disk diffusion or broth or agar dilution MIC and does not need additional tests to confirm susceptibility or 
resistance 
– Some supplemental tests identify a specific resistance mechanism and may be required or optional for reporting 
specific clinical results

Screening test: test that provides presumptive results; additional testing typically only needed for a specific result (eg, 
only if screen is positive)  

Surrogate agent test: test performed with an agent that replaces a test performed with the antimicrobial agent of 
interest and is used when the agent of interest cannot be tested due to availability or performance issues (eg, surrogate 
agent performs better than the agent of interest)   

Equivalent agent test: test performed with an agent that predicts results of closely related agents of the same class and 
increases efficiency by limiting testing of multiple closely related agents. Equivalent agents are identified by: 
– Listing equivalent agents with an “or” . “Or” indicates cross-susceptibility and cross-resistance is nearly  complete (very 
major error)



Supplemental (not routine) test: test that detects susceptibility or resistance to a drug or drug class by method other 
than routine disk diffusion or broth or agar dilution MIC and does not need additional tests to confirm susceptibility or 
resistance 
– Some supplemental tests identify a specific resistance mechanism and may be required or optional for reporting 
specific clinical results





Screening test: test that provides presumptive results; additional testing typically only needed for a specific result 
(eg, only if screen is positive)  





Equivalent agent test: test performed with an agent that predicts results of closely related agents of the same class and 
increases efficiency by limiting testing of multiple closely related agents. Equivalent agents are identified by: 
– Listing equivalent agents with an “or” in Tables 1 and 2. “Or” indicates cross-susceptibility and cross-resistance is nearly  
complete (very major error)
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1397زمستان –دوره سی و دوم 

انتروباکتریاسه از کشت ادرار 

1754تعداد ازمایشگاهها 



Antibiotic Group Expected Result No Lab Correct Results%

Amikacin B S 602 74

Amoxi Clav B S 50 14

Ampicillin A R 489 96

Cefazolin U S 401 43

Cefipime B S 142 96

Ceftriaxone B S 625 91

Cephalexine O R 78 37

Cephalotin O R 115 44

Ciprofloxacine B S 1321 85

Fosfomycin U S 12 91

Gentamycin A S 1171 88



Antibiotic Group Expected Result No Lab Correct Results%

Imipenem B S 390 83

Nalidixic acid O S 524 3

Nitrofurantoin U R 1194 12

Norfloxacine O S 240 92

Ofloxacine O S 126 92

Piperacilin O R 33 84

Piperacilin sulbactam B S 23 86

Tobramycin A S 86 88

Trimetoprim U R 42 95

Trimetoprimsulsometaxazol B R 873 94



1399تابستان –دوره سی و ششم 

سالمونلا از نمونه گاستروانتریت 



Antibiotic Group Expected Result No Lab 

Ampicilin A R 847

Ceftazidime O S 420

Cefixime C S 453

Chloramphenicol C R 238

Ciprofloxacin B I 1416

Imipenem B S 363

Meropenem B S 69

Trimetoprim sul B R 1109



Antibiotic No Lab incorrect used

Nalidixic Acid 434

Nitrofurantoin 487

Gentamycin 849

Azitromycin 102



General Comments 

The susceptibility of P. aeruginosa isolated from patients with cystic fibrosis can be reliably determined by disk diffusion or dilution methods but may 
need extended incubation for up to 24 hours before reporting as susceptible. 

P. aeruginosa may develop resistance during prolonged therapy with all antimicrobial agents. Therefore, isolates that are initially susceptible may 
become resistant within 3 to 4 days after initiation of therapy. Testing of repeat isolates may be warranted. 

The dosage regimens shown in the comments column below are those necessary to achieve plasma drug exposures (in adults with normal renal and 
hepatic functions) on which breakpoints were derived. When implementing new breakpoints, it is strongly recommended that laboratories share this 
information with infectious diseases practitioners, pharmacists, pharmacy and therapeutics committees, infection control committees, and the 
antimicrobial stewardship team. 

M100-2021
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1398پاییز  –دوره سی و چهارم 

1716تعداد ازمایشگاهها 

سودومونا از کشت زخم 



Antibiotic Group Expected Result No Lab Correct Results%

Amikacin B R 1155 93

Cefepime B I 509 12.3

Ceftazidime A S 927 84

Ciprofloxacine B R 1399 96

Doripenem B R 2 0

Catifloxacine O R 4 75

Gentamycin A R 1411 94

Imipenem B R 917 88

Levofloxacin B R 174 98

Meropenem B R 265 98

Ofloxacin O R 137 96

Piperacilin O R 241 60

Piperacilin tazobactam A R 141 25

Tobramycin A R 332 96



Antibiotic No Lab incorrect used

Ampicilin 165

Azitromycin 81

Ceazolin 126

Cefixim 322

Cefotaxim 262

Ceftizoxim 140

Cephalexin 78

Ceftriaxon 412

Colistin 69

Antibiotic No Lab incorrect used

Nalidixic acid 221

Nitrofurantoin 338

Norflpxacin 215

Tetracyclin 108

Trimetoprim 404

Vancomycin 38

Penicilin 49

Erythromycin 28

Amoxicilin 57



1399زمستان   –دوره سی و هشتم  

سودومونا از کشت ادرار 



Antibiotic Group Expected Result No Lab 

Amikacin B S 1153

Azteronam B S 22

Cefepime B S 411

Ceftazidime A S 787

Ciprofloxacine B S 1498

Gentamycin A S 1452

Imipenem B S 867

Levofloxacin B S 219

Meropenem B S 280

Piperacilin tazobactam A S 138

Tobramycin A S 311



Antibiotic No Lab incorrect used

Nalidixic acid 252

Nitrofurantoin 449

Norfloxacin 271

Trimetoprim 393



General Comments

For staphylococci when testing chloramphenicol, clindamycin, erythromycin, linezolid, tedizolid, and tetracycline by broth microdilution MIC, trailing 
growth can make end-point determination difficult. In such cases, read the MIC at the lowest concentration where the trailing begins. Tiny buttons of 
growth should be ignored . With trimethoprim and the sulfonamides, antagonists in the medium may allow some slight growth; therefore, read the end 
point at the concentration in which there is =80% reduction in growth as compared to the control 

Historically, resistance to the penicillinase-stable penicillins has been referred to as “methicillin resistance” or “oxacillin resistance.” MRSAs are 
those strains of S. aureus that express mecA or another mechanism of methicillin resistance, such as changes in affinity of penicillin-binding proteins for 
oxacillin (modified S. aureus strains).

Most oxacillin resistance is mediated by mecA, encoding the PBP2a (also called PBP2'). Isolates that test positive for mecA or PBP2a should be 
reported as oxacillin resistant.



Oxacillin-resistant S. aureus and CoNS (MRS), are considered resistant to other β-lactam 
agents, ie, penicillins, β -lactam combination agents, cephems (with the exception of 
the cephalosporins with anti-MRSA activity), and carbapenems. 

Routine testing of urine isolates of Staphylococcus saprophyticus is not advised, 
because infections respond to concentrations achieved in urine of antimicrobial 
agents commonly used to treat acute, uncomplicated UTIs (eg, nitrofurantoin, 
trimethoprim ± sulfamethoxazole, or a fluoroquinolone).

























1398تابستان –دوره سی و سوم 

1700تعداد ازمایشگاهها 

ر استافیلوکوک کواگولاز منفی کشت ادرا



Antibiotic Group Expected Result No Lab Correct Results%

Amikacin B S 271 85

Amoxi Clav B S 25 64

Ampicilin A R 249 67

Amp Sulbac A S 3 66

Azitromycin A S 243 83

Ceoxitin A S 323 96

Cephalexin O S 161 89

Cephalotin O S 130 95

Ciprofloxacin B S 1124 92

Claritromycin A S 6 100

Clindamycin A S 459 90

Doxycyclin B R 134 81

Erythromycin A S 529 80



Antibiotic Group Expected Result No Lab Correct Results%

Gentamycin A S 986 94

Levofloxacin C S 54 98

Linezolid B S 32 100

Nitrofurantoin U S 1170 97

Norfloxacin O S 259 95

Ofloxacin O S 126 93

Piperacilin A R 715 90

Piperacilin tazobactam B S 3 100

Sulfonamid U S 2 50

Trimetoprim U S 51 86

Trimetoprim sulfometaxazol A S 1172 86

Vancomycin B S 376 61



Antibiotic No Lab incorrect used

Cefazolin 112

Cefixime 175

Cefotaxim 153

Ceftazidim 63

Ceftriaxon 230

Ceftizoxim 67

Doxycyclin 134

Imipenem 98

Kanamycin 12

Nalidixic acid 141

Rifampin 59

Tetracyclin 418



1399پاییز  –دوره سی و هفتم  

استافیلوکوک کشت زخم  



Antibiotic No Lab incorrect used

Cefazolin 142

Cefixime 162

Cefotaxim 119

Ceftriaxon 230

Levofloxacin 109

Nalidixic acid 95

Nitrofurantoin 502

Norfloxacin 119

Ofloxacin 126

Vancomycin 466



General Comments

WARNING: For Enterococcus spp., aminoglycosides (except for high-level resistance testing), cephalosporins, 
clindamycin, and trimethoprim-
sulfamethoxazole may appear active in vitro, but they are not effective clinically, and isolates should not be reported as 
susceptible.

Synergy between ampicillin, penicillin, or vancomycin and an aminoglycoside can be predicted for enterococci by 
using a high-level aminoglycoside (gentamicin and streptomycin) test 









1398زمستان –دوره سی و پنجم 

777تعداد ازمایشگاهها 

انتروکوک از کشت ادرار 



Antibiotic Group Expected Result No Lab Correct Results%

Ampicilin A R 424 90

Ciprofloxacin U R 618 87

Doxycyclin O R 59 83

Erythromycin O R 183 93

Levofloxacin U R 88 88

Linezolid B S 41 95

Nitrofurantoin U S 620 81

Penicilin A R 359 95

Rifampin O R 19 84

Vancomycin B R 429 87



Antibiotic No Lab incorrect used

Amikacin 135

Amoxicilin 54

Azitromycin 47

Ceazolin 53

Cefixim 89

Cefotaxim 68

Ceftazidim 38

Ceftriaxon 107

Cephalotin 39

Chloramphenicol 40

Clindamycin 40

Gentamycin 367

Imipenem 69

Nalidixic acid 77

Norfloxacin 119
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Tests for Carbapenemases in Enterobacteriaceae and Pseudomonas aeruginosa 

Institutional infection control procedures or epidemiological investigations may necessitate identification of 
carbapenemase-producing Enterobacteriaceae and P. aeruginosa. Such testing is not currently recommended for 
routine use. 
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Footnotes

The penicillin disk diffusion zone-edge test was shown to be more sensitive than nitrocefin-based 
tests for detection of ß-lactamase production in S. aureus.The penicillin zone-edge test is 
recommended if only one test is used for ß-lactamase detection. However, some laboratories may 
choose to perform a nitrocefin-based test first and, if this test is positive, report the results as positive 
for ß-lactamase (or penicillin resistant). If the nitrocefin test is negative, the penicillin zone-edge test 
should be performed before reporting the isolate as penicillin susceptible in cases in which penicillin 
may be used for therapy (eg, endocarditis)

For S. lugdunensis, tests for ß-lactamase detection are not necessary because isolates producing a ß-
lactamase will test penicillin resistant  (MIC >0.12 µg/mLand zone diameters <29 mm). 





























Reading guide 

EUCAST disk diffusion method for antimicrobial

susceptibility testing 

Version 8.0 

January 2021 





Transmitted light 

Reflected light 





The growth should be confluent and  evenly 
spread over the plate

Plates should look like this.. ..and NOT like this!



Reading Plates and Interpreting Results

* 16 to 18 hours of incubation

* If the plate was satisfactorily streaked, and the inoculum was correct, the zones of inhibition will be uniformly

circular The diameters of the zones of complete inhibition (as judged by the unaided eye) are measured, including the

diameter of the disc.

* Zones are measured using sliding calipers or a ruler, which is held on the back of the inverted petri plate.

* The petri plate is held a few inches above a black, nonreflecting background and illuminated with reflected light.

* If blood was added to the agar base (as with streptococci), the zones are measured from the upper surface of the

agar illuminated with reflected light, with the cover removed.

* If the test organism is a Staphylococcus or Enterococcus spp , 24 hours of incubation are required for vancomycin

and oxacillin,

* Transmitted light (plate held up to light) is used to examine the oxacillin and vancomycin zones for light growth

of methicillin- or vancomycin- resistant colonies, Any discernable growth within zone of inhibition is indicative of

methicillin or vancomycin resistance.



Reading zones 

• Read MH plates from the back against a dark background

illuminated with reflected light. 

• Read MH-F plates from the front with the lid removed

illuminated with reflected light. 



With glycopeptide susceptibility tests on Enterococcus spp. resistant 

colonies may not be visible until plates have been incubated for 24 h. 

However, plates may be examined after 16-20 h and any resistance 

reported, but plates of isolates appearing susceptible must be re-

incubated and reread at 24 h.

If cefoxitin is tested against Staphylococcus spp., read the zone 

diameters with reflected, not transmitted, light.



Strains of Proteus spp. may swarm into areas of inhibited growth around certain antimicrobial agents. With Proteus

spp., the thin veil of swarming growth in an otherwise obvious zone of inhibition should be ignored.

When using blood-supplemented medium for testing streptococci, the zone of growth inhibition should be measured,

not the zone of inhibition of hemolysis.

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.



In case of double zones, or distinct colonies within zones, check for purity and 

repeat the test if necessary. 

For Stenotrophomonas maltophilia with trimethoprim-sulfamethoxazole, an 

isolate showing any sign of inhibition zone = the susceptible breakpoint should 

be reported susceptible. Note that there may be substantial growth within zones. 

Read as no zone only if there is growth up to the disk and no sign of an 

inhibition zone.

For Aeromonas spp. with trimethoprim-sulfamethoxazole, read the obvious zone 

edge and disregard haze or growth within the inhibition zone. If there is an 

obvious inner zone edge, read the inhibition zone as the inner zone.



For Enterobacterales with ampicillin, ampicillin-sulbactam and amoxicillin 

clavulanic acid, Ignore growth that may appear as a thin film producing an inner 

zone on some batches of Mueller-Hinton agar.

For Staphylococcus aureus with benzylpenicillin, examine the zone edge closely from 

the front of the plate with the plate held up to light (transmitted light). Isolates with 

inhibition zone diameters = the susceptible breakpoint, but with sharp zone edges 

should be reported resistant. 

When using cefoxitin for the detection of methicillin resistance in Staphylococcus 

aureus, measure the obvious zone, and examine zones carefully in good light to detect 

colonies within the zone of inhibition. These may be either a contaminating species or 

the expression of heterogeneous methicillin resistance.



For enterococci with vancomycin, examine the zone edge closely from the 

front of the plate with the plate held up to light (transmitted light). Fuzzy 

zone edges and colonies within zone indicate vancomycin resistance and 

should be investigated further. Isolates must not be reported susceptible 

before 24 h incubation. 



Reading zones

E. coli

Ciprofloxacin

S. aureus

Erythromycin

S. pneumoniae

Rifampicin

• Zone edges should be read at the point of complete  inhibition as judged by 

the naked eye with the plate held  about 30 cm from the eye.

Examples:

CoNS

Trimethoprim



Colonies within zone 
• In case of distinct colonies within zones, check for purity and repeat the test if necessary.  

• If cultures are pure, colonies within zones should be taken into account when measuring the diameter.

Reading of zones with colonies within the zone



Colonies within zone

• In case of distinct colonies within zones, check for purity and repeat the test if necessary.  

• If cultures are pure, colonies within zones should be taken into account when measuring the diameter.

Reading of zones with colonies within the zone. 



Swarming

• For Proteus spp., ignore swarming and read inhibition of growth. 



Double zones 

• In case of double zones, check for purity and repeat the test if necessary.  

• If cultures are pure, read the inner zone.

Reading of double zones.



Fuzzy zone edges 
Enterobacterales 

Reading of zones with fuzzy zone edges for Enterobacterales.



Fuzzy zone edges  
Staphylococci 

Reading of zones with fuzzy zone edges for staphylococci. 



ß-haemolysis 
• Tilt the plate back and forth to better differentiate between haemolysis and growth.  

• ß-haemolysis is usually free from growth. 

S. pyogenes                                          Streptococcus group C



a-haemolysis 
• Tilt the plate back and forth to better differentiate between haemolysis and growth.

There is usually growth in the

whole area of a-haemolysis.
For some organisms, there is additional

a-haemolysis without growth.

Tilt the plate to differentiate between haemolysis and growth. 



Trimethoprim and trimethoprim-sulfamethoxazole

• Ignore haze or faint growth up to the disk within a zone with otherwise clear zone edge. 



Stenotrophomonas maltophilia 

and 

trimethoprim-sulfamethoxazole

• An isolate showing any sign of inhibition zone = the susceptible breakpoint should be reported susceptible. 

Note that there may be substantial growth within zones. 



Enterococci and vancomycin 
– Vancomycin-susceptible enterococci exhibit sharp zone edges and do not exhibit colonies in the inhibition zone. 

– If the zone edge is fuzzy, if colonies grow within the zone or if you are uncertain, investigate further even if the 

zone diameter is = 12 mm.  



Quality Control 

of 

Antimicrobial Susceptibility Test 



routine quality control strains
Organism Culture collection numbers Characteristics

E. coli ATCC 25922; NCTC 12241

CIP 7624; DSM 1103

CCUG 17620; CECT 434

Susceptible, wild-type

E. coli

ATCC 35218; NCTC 11954

CIP 102181; DSM 5923

CCUG 30600; CECT 943

TEM-1 β-lactamase  

producer

P. aeruginosa ATCC 27853; NCTC 12903

CIP 76110; DSM 1117

CCUG 17619; CECT 108

Susceptible, wild-type

S. aureus ATCC 29213; NCTC 12973

CIP 103429; DSM 2569

CCUG 15915; CECT 794

Weak β-lactamase  

producer

E. faecalis ATCC 29212; NCTC 12697

CIP 103214; DSM 2570

CCUG 9997; CECT 795

Susceptible, wild-type



routine quality control strains
Organism Culture collection numbers Characteristics

S. pneumoniae ATCC 49619; NCTC 12977

CIP 104340; DSM 11967

CCUG 33638

Reduced susceptibility to  

benzylpenicillin

H. influenzae ATCC 49766; NCTC 12975

CIP 103570; DSM 11970

CCUG 29539

Susceptible, wild-type

Campylobacter

jejuni

ATCC 33560; NCTC 11351

CIP 702; DSM 4688

CCUG 11284

Susceptible, wild-type



strains for detection of specific  resistance mechanisms
(extended QC)

Organism Culture collection numbers Characteristics

K. pneumoniae
ATCC 700603; NCTC 13368

CCUG 45421; CECT 7787

ESBL producer (SHV-18)

S. aureus NCTC 12493
Oxacillin hetero-resistant,

mecA positive

E. faecalis

ATCC 51299; NCTC 13379

CIP 104676; DSM 12956

CCUG 34289

High-level aminoglycoside  

resistant (HLAR) and  

vancomycin resistant (vanB  

positive)

H. influenzae

ATCC 49247; NCTC 12699

CIP 104604; DSM 9999

CCUG 26214

Reduced susceptibility to β-

lactam agents due to PBP  

mutations (BLNAR)













Frequency of Quality Control Testing 

Monitor the overall performance of the test system using the QC 

limits by testing the appropriate QC strains each day the test is 

performed or, if satisfactory performance is documented test the 

QC strains weekly. 

The weekly QC testing option is not applicable when disk diffusion 

tests are performed less than once a week. QC testing should be 

performed each test day for disk diffusion tests performed less 

than once a week.





Monitoring test performance
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Daily Testing

Performance is satisfactory for daily QC testing when no 

more than three out of 30 results obtained on consecutive 

test days for each antimicrobial agent/organism combination 

are outside the acceptable limit 

















Out-of-Control Result Due to Identifiable Error



Out-of-Control Result With No Error Identified

Immediate Corrective Action

• Test the out-of-control antimicrobial agent/organism combination on the day the error is observed and/or as soon as a new working 

culture or subculture is available. Monitor for five consecutive test days. Document all results. 

– If all five zone diameter measurements for the antimicrobial agent/organism combination are  within the acceptable ranges, no

additional corrective action is necessary.

– If any of the five zone diameter measurements are still outside the acceptable range, additional corrective action is required 

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

Additional Corrective Action

When immediate corrective action does not resolve the problem, the problem is likely due to a system error rather than a random 

error.

If necessary, obtain a new QC strain (either from freezer storage or a reliable source) and new lots of materials (including new turbidity 

standards), possibly from different manufacturers. It is also helpful to exchange QC strains and materials with another laboratory 

using the same method in order to determine the root cause of unexplained system problems. 

If a problem is identified and corrected, documentation of satisfactory performance for another five days is required to return to 

weekly QC testing. If a problem is not identified, but results go back into control without any specific corrective action, documentation 

of satisfactory performance for another 20 or 30 consecutive test days is required in order to return to weekly QC testing 









Reporting Patient Results When Out-of-Control Tests Occur 

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. Considerations

may include, but are not limited to:

• Size and direction of error (eg, slightly or significantly increased zone size, slightly or significantly

decreased zone size).

• Is the patient result close to the interpretive breakpoint?

• Results with other QC organisms.

• Results with other antimicrobial agents. 

• Is the QC strain/antimicrobial agent an indicator for a procedural or storage issue (eg, inoculum

dependent, heat labile)?







Selection of Safe Antibiotic 
for Pregnancy



Group B : No Risk in Controlled animal studies

All Cephalosporines
All Erythromycines except Erythromycin Estolate
Azithromycin but not Claritromycin
All Penicilines
Clindamycin
Nitrofurantoin before 36 weeks 
Trimetoprime sulfamethoxazole ( two trimester only )



Group C : Small Risk in controlled animal Studies 

Imipenem
All Fluoroquinolones ( cartilage damage risk ) 
Claritromycin
Trimetoprime ( may be use a part of SXT in second 
trimester )
Vancomycine
Chloramphenicol
Gentamycine



Group D : Strong evidence of Risk to Human Fetus 

Amikacin 
Kanamycin
Streptomycin
Tobramycin
Trimetoprime sulfamethoxazole ( Third trimester ) 
All Tetracyclines
Nitrofurantoin ( Third trimester ) : hemolytic aenemia , related to 
immature liver and G6PD deficiency 



Antibiotic Selection for Children 

Penicilines ( AMX , PG) 
Beta Lactamase inhibitor ( AMX- Clavulonic , Augmentin ) 
Cephalosporines
Azitromycin , Erythromycin 
Trimethoprim sulfamethoxazole 
Cephalexine



References 



Thank you for your attention 


