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Preface to the Eighth Edition 
There have been some major changes in the management of the CDS Laboratory since the 
publication of the 7th edition. However despite these changes the development of the method 
and support to the CDS Users has continued uninterrupted.  Sadly Dr. Jeannette Pham has 
decided to retire but her role has been taken up by Dianne Rafferty who has returned to the 
CDS Laboratory after an absence of a number of years. Dianne has been joined by Julie 
Allerton, an experienced microbiologist and this team is providing a valuable service to the 
CDS users as well as undertaking a major project in reconciling the results of MIC 
determination by different techniques. The laboratory has been relocated to SEALS 
Microbiology at Kogarah and is supported bv A/Prof. Peter Taylor, the Director of Kogarah 
Microbiology and Chinmoy Mukerjee, the Laboratory Manager. Sadly, Dr. Peter Newton was 
forced to withdraw as an author because of pressure of his other duties in Wollongong but on 
a brighter note Dr. Pham is staying on as an author despite being on LSL. 
All sections of the Manual have been reviewed and a number of minor corrections, additions 
and deletions have been made. Major changes include a review of the section on quality 
assurance to ensure that CDS Test Method complies fully with TGA’s latest legislative 
requirements (2016) for in vitro devices (IVD). There has been a major change in the section 
on Neisseria. We have divided it into 2 sections, the first is aimed at routine laboratories and 
the second aimed at reference laboratories, the latter kindly provided by Prof. Monica Lahra. 
Note the section on testing yeasts has been deleted entirely because we no longer have the 
resources to update it. 

 
 

Syd Bell 
October 2016 
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1. Introduction 

The first published description of the CDS Test appeared in “Pathology” in 19751. Diagnostic 
laboratories in Australasia soon adopted the CDS and it became the most commonly used 
method of susceptibility testing in this country. Some years ago the CDS Users Group was 
formed and the feedback from this group stimulated and assisted in further development of 
the test. Since the original description of the CDS Test there have been, in addition to the 
published updates of the method, thirty-five CDS Newsletters that have been distributed to 
members of the CDS Users Group. 

Over time, several refinements have been introduced into the method and the scope of the 
CDS Test has been broadened to enable the vast majority of organisms encountered in a 
diagnostic laboratory to be tested using all of the currently available antimicrobials. Despite 
these changes the principles and requirements underlying the test remain the same. These 
includes: firstly, the requirement that before any antibiotic can be tested by the method, it 
must be calibrated, that is, the size of the zones of inhibition observed with each species must 
be correlated with quantitative values (MIC) and secondly, that in the performance of the test, 
the operator must adhere closely to the method, as described, thereby reproducing the 
conditions that pertained at the time of calibration. 
Whilst a section on quality assurance is included in the method, the operator should remember 
that the most effective single quality assurance measure is to follow the prescribed technique 
assiduously. There is no doubt that somebody will find a simpler or more effective way of 
performing one or more of the steps in the CDS Test. However, before any improvement can 
be incorporated into the method it is necessary to confirm that it does not disturb the 
correlation between zone size and MIC. 

1.1. Unique features and basis of the CDS Test 
Readers are referred to the original monograph on the CDS1, (reproduced on the CDS 
website), for a description of the theoretical basis of antibiotic disc testing. Some of the 
unique features of the CDS Test are described here and in the course of this it is hoped that 
the derivation of the CDS name will become evident. 

1.1.1. Calibration (C) of the Test 
As the "gold standard" of the antibiotic susceptibility of an organism is the minimum 
inhibitory concentration (MIC) of the antibiotic under test all the methods of susceptibility 
testing must relate to this value. Moreover, the MIC must be determined by an internationally 
standardised technique. Before any antibiotic or bacterial species is included in the CDS Test 
the test must be calibrated for that particular antibiotic and the targeted species. Calibration 
consists of plotting the zone sizes observed with a large number of strains of the species 
included in the CDS Test against the log MIC of each antibiotic. 

The agreed gold standard test is the agar dilution technique originally proposed by Ericsson 
and Sherris in 19712. The agar dilution method is still accepted by the WHO as the gold 
standard and it has considerable advantages over broth dilution, a technique that is used by 
other methods to determine the MIC. More recently some other methods of susceptibility 
testing have been using broth dilution as the quantitative technique to which the disc test is 
calibrated. This is a convenient technique, lends itself to greater automation and is supplied by 
commercial resources that have obtained an ISO 20776-1 standard for the method. We 
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the appropriate sterile diluent. The antibiotic dilutions should cover the range appropriate for each 
antibiotic and for the organisms tested. 
 
 
Preparation of antibiotic agar plates 
 
After the medium has cooled to 50°C, a 1 mL volume of the antibiotic solution is added  
to the 49 mL aliquot of molten medium. The bottle is gently inverted to thoroughly mix the 
contents before dispensing 25 mL into each of two Petri dishes which have been labelled 
with the appropriate antibiotic concentration.  Plates may be used on the same day or 
stored at 4°C for one day.  Prior to use, the plates are surface dried for 30 min at 35°C 
in an incubator. 
 
Preparation of the inoculum 
 
Bacterial strains are grown overnight on horse blood agar (chocolate agar is used for H.influenzae, 
Brucella agar is used for fastidious anaerobes) incubated at 35°C.  Cell suspensions are prepared in 
sterile 0.9% saline (saline containing 20% peptone water is used for fastidious bacteria) and the 
turbidity of the suspensions is adjusted to 0.8 using a spectrophotometer set at a wavelength of 640 
nm.  These suspensions thus contain 109cfu/mL.  Each suspension is diluted 100 fold using a 
standard 40 dropper Pasteur pipette that delivers one drop (0.025 mL) of the initial suspension into 
2.5 mL diluent. 
 
Replication of the inoculum 
 
The two suspensions prepared as described above are dispensed into wells of a Steer’s replicator. 
The probes deliver 0.004 mL of the suspensions to the surface of the agar plates.  For each 
organism, the inocula used contain 106 and 104 cfu. The control plate containing no antibiotic is 
inoculated first, followed by the remaining agar plates beginning at the lowest and progressing to 
the highest concentration of antibiotic.  The inoculated plates are incubated in appropriate 
conditions for eighteen hours or longer, depending on the growth requirement of tested organisms. 
Appropriate reference strains are also included as controls. 
 
Reading of the antibiotic minimum inhibitory concentration (MIC) 
 
The MIC is the concentration of antibiotic at which there is complete inhibition of growth of 10-4 

inoculum except when the antibiotic is known to select resistant variants at a high frequency.  A 
fine haze is ignored in the interpretation of the result. 
 

1.1.2. Dichotomous (D) separation 
The CDS Test divides and reports antibiotic susceptibilities simply into two categories, 
"susceptible" and "resistant". We do not recognise "intermediate" as a valid category in the 
CDS Test. The reasons that we advanced early in the development of the test and which are 
still valid, were that, when it varied, the susceptibility of the common pathogens to the then 
available antibiotics was distributed bi-modally. In those rare cases where some strains were 
less resistant than others we were able to demonstrate that no method of disc testing had 
sufficient precision to reliably define an “intermediate” group. Also in the present era of 
Evidence Based Medicine (EBM) the strongest case against reporting "intermediate" 
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susceptible strains. On the other hand, if the diffusion constant of the antibiotic is markedly 
reduced and it is not possible to increase the disc potency, e.g., vancomycin and polymyxin, 
then the zone cut-off point will need to be reduced. 
Where one species has a susceptible MIC different from that of the predominant species when 
tested against a particular antibiotic, the designer of the test has two choices. Either the 
susceptible zone size can be adjusted, e.g., gentamicin with Pseudomonas and the 
Enterobacteriaceae (4 mm), or the potency of the disc can be changed for that species alone, 
e.g., ampicillin with Haemophilus influenzae versus the Enterobacteriaceae (5 µg v/s 25 µg). 

1.1.5. Performance characteristics of the CDS Test 
In common with other laboratory tests an assessment can be made of the performance 
characteristics of the CDS Test. Statistics such as sensitivity, specificity and the predictive 
value of the CDS Test can be calculated by relating the test results to those obtained with a 
standard quantitative method. In susceptibility testing statistical sensitivity measures how well 
the test correctly identifies “true susceptible” strains whereas specificity refers to the ability of 
the test to correctly categorise “true resistant” strains. The CDS Test is designed to achieve 
maximum specificity, i.e., the conditions of the test are set to avoid reporting a resistant strain 
as susceptible. 

Laboratory tests rarely can achieve 100 per cent sensitivity and specificity. Similarly with the 
CDS Test it may be necessary to sacrifice some statistical sensitivity to achieve maximum 
specificity. In practical terms this means that with some calibrations a few marginally 
susceptible strains may not be correctly identified as such by susceptibility testing. With each 
calibration we also calculate the positive predictive value (PPV) of the test that measures the 
percentage of "true susceptibles" versus all susceptibles (true plus false) reported by the test. 
An acceptable calibration is one where the positive predictive value is over 98 per cent. 

References 
1 Bell, S.M. 1975. The CDS disc method of antibiotic sensitivity testing (Calibrated 

Dichotomous Sensitivity Test). Pathology. 7: No. 4. Suppl. 1-48. 

2 Ericsson, H.M. & Sherris, J.C. 1971. Antibiotic Sensitivity Testing Acta Path. 
Microbiol. Scand. 217: Suppl.  

3 Humphrey, J.H., & Lightbown, J.W. 1952. A general theory for plate assay of 
antibiotics with some practical applications. J. Gen. Microbiol. 7,129-43. 
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2.2. Methods 
The nine steps followed in performing the CDS Test are represented diagrammatically in 
Figure 2.1. Further details of particular aspects of the method, including preparations 
necessary before the performance of the actual test, are set out below: 

   

1. Stab a fresh colony with a 
straight wire. 

2. Rotate the straight wire in 
2.5 ml saline. 

3. Inoculate the pre-dried plate. 

   

4. Distribute inoculum by 
rocking. 

5. Remove excess inoculum. 6. Dry uncovered at room 
temperature (max. 30 min.). 

   

7. Load plate with antibiotic 
discs. 

8. Incubate for 18 hours. 9. Measure annular radii. 

Figure 2.1 Performance of the CDS Test. 
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2.2.1. Agar plates 

Media 
Prepare and handle dehydrated media strictly according to the manufacturer's instructions. 

Sensitest Agar: Oxoid Sensitest agar (CM409). 
Blood Sensitest Agar: Prepare and sterilise Oxoid Sensitest agar (CM409). Cool to 50°C and 

add defibrinated horse blood to a final concentration of 5% (e.g. 100 mL defibrinated 
horse blood to 2 L prepared agar). 

Haemophilus Test Medium: Prepare and sterilise Haemophilus Test Medium base (Oxoid 
CM898). Cool to 50°C and add fresh or deep frozen solutions of haematin and 
nicotinamide adenine dinucleotide (NAD) to a final concentration of 15 mg/L of each. 
Note: In-house prepared HTM must be used within 2 weeks of preparation. 

Chocolate Columbia Blood Agar: Prepare and sterilise Columbia Blood Agar Base (Oxoid 
CM331). Cool to 70°C and add defibrinated horse blood to a final concentration of 8% 
(e.g. 180 mL defibrinated horse blood to 2 L prepared agar base). Hold at 70°C for 
30 min to allow blood to chocolate. Cool to 50°C before pouring.  

Supplemented Brucella Medium Base: Prepare and sterilise Brucella Medium Base (Oxoid 
CM0169). Cool to 50°C and add defibrinated horse blood to a final concentration of 
5%, a fresh or deep frozen solution of haemin to a final concentration of 5 mg/L, and 
vitamin K to a final concentration of 1 mg/L. 

 Alternatively, small laboratories can purchase Brucella supplemented agar plate 
(PP2459, Oxoid) to test anaerobes. 

Plate preparation and storage 
1. Dispense 20 mL of agar into “90 mm diameter” Petri dishes. 

2. Store agar plates at 2-8°C for a maximum of 4 weeks in sealed containers, plastic bags or 
shrink-wrapped. 

3. Prior to use, surface dry the plates face down with the lid removed in an incubator at 
35-37°C. This will take approximately 1 hour in a fan-forced incubator or 2 hours in an 
ordinary incubator. 

4. Store dried plates at 4°C and use within 2 days of drying. 

NOTE: If commercial preparations, that comply with the specification of the above media, 
are used the manufacturers instructions must be followed in all respects. 
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2.2.2. Preparation of the inoculum 

The preferred method 
1. Use an overnight culture, preferably grown on blood agar, to prepare the CDS inoculum. 

With the straight wire, stab 1 colony (1 to 2 mm in diameter). Bacterial material should be 
visible on the tip of the straight wire. 

2. Inoculate the saline by rotating the straight wire at least 10 times with the tip in contact 
with the bottom of the tube. 

3. Mix up and down at least 10 times using a Pasteur pipette. With practice you should be 
able to see a faint turbidity in the saline suspension after mixing. 

Using a Spectrophotometer 
Prepare a suspension in 0.9% saline to achieve an absorbance of 0.15 at 640 nm (0.5 
McFarland Standard). Dilute the suspension 1 in 5 (1 part suspension, 4 parts saline) in 
normal saline to obtain the CDS suspension. 

Disposable plastic inoculating needles 
The CDS method of antimicrobial susceptibility testing stipulates that a nichrome wire with a 
diameter of 0.574 mm (B&S 23) be used to collect the inoculum and create the CDS 
suspension. Open flames and other heat sources for sterilisation of metal inoculating needles 
and loops are not always available in microbiology laboratories. Gas may not be available in 
small laboratories, and open flames may be a fire hazard and a source of particulate pollution, 
which may have consequences for occupational health and safety. Other methods of 
sterilisation have similar disadvantages. Disposable plastic inoculating loops are widely used 
in microbiology laboratories for convenience and/or safety. Sterile disposable plastic 
inoculating needles (regular size) from Copan Innovation™ were compared with the 
recommended nichrome wire1. The Copan inoculating needle has a protruding cylindrical tip 
with a diameter of 0.64 mm. The Copan needles, in general, produced a marginally higher 
inoculum than the wire, but the CDS method was sufficiently robust to accommodate this 
increase and no major discrepancies in zone sizes were found. 

Alternative methods for difficult organisms 
With some organisms, using the preferred method may not yield visible bacterial material on 
the tip of the wire. In these situations one of the following acceptable alternative methods can 
be used. 

SMALL COLONIES 
Stab 3-5 colonies (suitable for small colonies such as streptococci, haemophilus etc.). 

STICKY COLONIES 
Tease the colony apart and pick up bacterial material. 

TINY OR PINHEAD COLONIES 
Holding the straight wire at an angle of approximately 45°, move it in one direction along the 
edge of confluent growth until cellular material is just visible on the tip of the wire. 
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This is the least desirable method as the resulting inoculum may not be pure, but it may be 
necessary with Streptococcus milleri (anginosus) and Streptococcus pneumoniae. 

SCANTY SMALL / TINY COLONIES 
In situations where very few colonies of Streptococcus pneumoniae have grown on the 
primary culture media, CDS sensitivity testing can be performed by growing the 
pneumococcal suspension in a tube containing 3 mL peptone water (10 g of peptone plus 5 g 
sodium chloride in 1 L). To obtain the CDS inoculum of 107 cfu/mL, suspend 3 colonies 
(1 mm in diameter) or 6 colonies (0.5 mm in diameter) or 8 colonies (< 0.5 mm in diameter) 
in 3 mL peptone water and incubate at 35°C for 4 hours. The turbidity of the bacterial 
suspension should be visible to the naked eye. 

Inoculum preparation for specific organisms 

ANAEROBES 

The inoculum is prepared from a pure culture of the organism grown for 24-48 hours in an 
anaerobic atmosphere on any agar medium that will support its growth. Organisms are 
harvested from the surface of the agar and a bacterial suspension is prepared in 0.9% saline. 
The turbidity of the suspension is adjusted to an equivalent 0.5 McFarland standard. 
Alternatively the suspension can be adjusted to an absorbance of 0.15 using a 
spectrophotometer set at a wavelength of 640 nm.  

HELICOBACTER PYLORI 

The inoculum is prepared in Brain Heart Infusion broth (NOT SALINE) using a 48 – 72 hour 
culture of Helicobacter pylori grown on blood agar or chocolate agar (chocolate Columbia 
blood agar) in a microaerophilic atmosphere at 35-37°C. The bacterial suspension should be 
adjusted to an equivalent 2.0 McFarland standard. Also, the suspension can be prepared by 
adjusting the absorbance to 0.3 using a spectrophotometer set at a wavelength of 640 nm. The 
inoculum gives a lawn of confluent growth (not semi-confluent). 

NEISSERIA 

The inoculum is prepared using an 18 to 24 hour culture from a suitable Neisseria growth 
medium. Suspend one 1.0 to 1.5 mm colony in 2.5 ml saline. If colonies are small (<1.0 mm 
in diameter) suspend 3 to 5 colonies. 

2.2.3. Inoculation of plates and application of discs 
1. Flood agar plate, rock the plate to distribute the suspension and remove excess with a 

Pasteur pipette. 
2. Remove the lid and place the plate, uncovered, on the bench to dry. This will usually take 

5 to 10 min. Plates must not be left longer than 30 min. 
3. Apply no more than 6 antibiotic/antifungal discs usually. In some circumstances an extra 

disc may be applied as in the case of testing erythromycin and clindamycin for inducible 
clindamycin resistance. 

NOTE: When testing Helicobacter pylori, apply only 3 discs per plate. With anaerobes, the 
inhibitory zone sizes around Timentin, meropenem and metronidazole might be very large 
and interfere with the reading of the inhibitory zones around neighbouring antibiotic discs. If 
necessary, repeat the test with fewer discs. 
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See Chapter 12 (Tables) for correct disc potencies and Section 3.3 (CDS-QANTAS checklist) 
for correct storage and handling of stock and in use antibiotic discs. 

2.2.4. Incubation of plates 
Plates are placed immediately in the incubator so that there is no prediffusion and incubated 
upside down to prevent dehydration of the agar. Most susceptibility tests are performed either 
on Sensitest agar at 35-37°C in air overnight, or on blood Sensitest agar at 35-37°C in 5% 
CO2 overnight. However there are a few exceptions: 

Anaerobes: Supplemented Brucella medium base at 35-37°C anaerobically for 24 hours. Slow 
growing organisms will require 48 hours of incubation. 

Campylobacter species: Blood Sensitest agar at 42°C in microaerophilic conditions. 
Haemophilus species: HTM agar at 35-37°C in 5% CO2 

Helicobacter pylori: Chocolate Columbia blood agar at 35-37°C in microaerophilic conditions 
for 72 hours. 

Neisseria gonorrhoeae: Chocolate Columbia blood agar at 35-37°C in 5% CO2 and > 80% 
humidity. 

Yersinia enterocolitica: Sensitest agar at 30°C in air. 

2.2.5. Organisms with special growth requirements 
Cysteine, thymidine or glutamine requiring strains of Enterobacteriaceae and pyridoxal 
requiring streptococci (named Abiotrophia defectives and Abiotrophia adiacens) can be tested 
by adding 5 drops of a sterile aqueous solution containing one of the following: cysteine 
(2000 mg/L), thymidine (5000 mg/L), glutamine (1000 mg/L) or pyridoxal (1000 mg/L) to 
2.5 mL of saline before inoculation. Sulphonamide and trimethoprim cannot be tested in the 
presence of thymidine. 

CO2 dependent staphylococci can be incubated in 5% CO2 at 35-37°C. The effect of CO2 on 
the zone sizes is not sufficient to influence the susceptibility test results.  

 

2.2.6. Reading the zones 
1. Measure the zones from the back of the plate where possible. 

2. Measure the annular radius (the shortest distance from the edge of the disc to the edge of 
confluent growth). This usually corresponds to the sharpest edge of the zone (Figure 
2.2). 
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3. Quality assurance 

Quality assurance (QA) measures in the CDS Test are incorporated in the method and 
references to these measures are included in each section of the description. The most 
important QA measures are strict compliance with the described CDS method and with the 
manufacturer’s directions for the use and storage of proprietary consumables. Many of the 
QA checks used in the CDS test since its introduction are now part of the general routine of 
NATA accredited laboratories; monitoring and documentation of refrigerator and incubator 
temperatures, stock batch numbers and receipt times. In this chapter we have included a 
trouble shooting guide or checklist to which we gave the catchy name “CDS-QANTAS” 
hoping that this would encourage laboratories to copy it and use it where necessary. 

 

3.1. Regulatory requirements for in-house in vitro diagnostic medical device 
(IVD) 

In the 7th edition we reported that, according to NATA, antibiotic susceptibility testing by the 
disc method is regarded as an in house IVD and as such Australian laboratories performing 
antibiotic susceptibility testing need to comply with the regulatory framework as laid down by 
the Therapeutic Goods Administration (TGA) by 30th June 2014. More recently, in March 
2016, TGA has issued an update “Regulatory requirements for in-house IVDs Version 2.0.”  
In this 8th edition we have retained as Appendix 1 the detailed explanation of the situation by 
NATA included in the 7th edition but added the update by TGA as Appendix 2 on the on-line 
version of the Manual. . In essence the susceptibility test must be contained in the list of in-
house IVDs put forward for accreditation and include the approximate date of introduction 
and a copy of the corporate validation procedure. Any modification of the procedure 
introduced since 2007 must be supported with a full validation report. More details of the 
regulatory requirements can be found on the TGA website at https://www.tga.gov.au/, then 
search for “in-house IVDs”. 
The CDS fully complies with these requirements as the method was introduced before 2007, 
the validation procedure is included in this edition (page 8) and any modification (application 
to a new antibiotic) is fully validated by the CDS Reference Laboratory. To ensure 
compliance with the TGA regulatory framework laboratories must maintain meticulous 
records of all aspects of testing including the results of the QC requirements of the CDS test 
as set out in this manual. 

3.2. Reference strains 
The performance of a CDS Test with appropriate reference strains is a critical QA measure. 
An unsatisfactory result with a reference strain invalidates the results obtained with test 
strains. It is highly recommended that antibiotic susceptibility testing, with the relevant 
reference strain, be performed on the same day isolates are tested. In laboratories where 
antibiotic susceptibility tests are performed infrequently, all discs "in use" should be tested 
with the relevant reference strain at least once weekly. 
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Neisseria gonorrhoeae WHO C, WHO L, WHO L and WHO P may be obtained from: 

The WHO Collaborating Centre for STD 
and Neisseria Reference Laboratory 
Department of Microbiology 
The Prince of Wales Hospital 
Randwick NSW 2031 
Australia. 
Tel:  (02) 9382 9084 
Fax:  (02) 9398 4275 
Email: 
WHOCC.SYDNEY@health.nsw.gov.au 
 

 

3.2.2. Handling and storage of reference strains 
Upon receipt, immediately subculture reference strains onto suitable media as indicated 
below. 

Reference Strain Media 
Haemophilus influenzae  Chocolate agar 

Neisseria gonorrhoeae Chocolate agar 
Candida parapsilosis  Sabouraud Dextrose agar 

All other reference strains Blood agar 

Compliance with NATA Requirements 
The handling and storage of reference strains decribed below complies fully with NATA’s 
Technical Circular 24-January 2016,”The Maintenance of Microbiological Reference Culture 
Collections (MRCC)”. This document is included in the on-line version of the Manual as 
Appendix 3. 

-70°C Storage 
Storage at or below -70°C is the preferred method for maintaining a reliable stock of the 
reference organisms. Reference cultures used for quality assurance testing ideally should be 
no more than six passages removed from the received strain. 

PREPARATION 
On receipt, culture each reference strain on a suitable medium and incubate overnight. 
Following overnight incubation, prepare a heavy suspension of the organism in sterile nutrient 
broth supplemented with 20% glycerol in a cryogenic vial for storage at -70°C or in liquid 
nitrogen. Multiple suspensions may be created and stored concurrently as backups. These 
suspensions are one passage removed from the received reference strain. 

RECOVERY 
To recover a reference strain from storage, aseptically scrape a small sample of the in-use 
frozen suspension using the tip of a Pasteur pipette. Inoculate the scraping onto a suitable 
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medium and immediately return the frozen suspension to -70°C storage. After overnight 
incubation the recovered culture is now two passages removed from the received reference 
strain. 
The recovered culture, with the exception of Neisseria (see below) and anaerobes, may be 
used as a temporary stock culture for one week provided it is held at 4°C. Storage at 4°C 
lessens, but does not suspend, the probability of genetic change. Under no circumstances 
should 4°C stock cultures be re-incubated or allowed to stand at room temperature for a 
prolonged period following the initial overnight incubation. Fresh 4°C stock cultures can be 
prepared, by successive re-passaging of the 4°C stock culture at the end of each storage week, 
a maximum of three more times. 

After one week the expired 4°C stock culture should be discarded. These 4°C stock cultures 
are always between two and five passages removed from the received reference strain. 

FRESH WORKING CULTURES 
Quality assurance testing should always be performed from fresh 18 to 24 hours cultures. 
These can be prepared by subculturing from the 4°C stock cultures as required. These fresh 
working cultures will be at most six passages removed from the received QC reference strain. 

4°C storage 
Many smaller laboratories do not have -70°C or liquid nitrogen storage capability. With the 
exception of Neisseria gonorrhoeae (see below) and anaerobes, it is permissible for these 
laboratories to maintain reference strain stock cultures at 4°C with successive weekly 
re-passaging for a maximum of 30 weeks. 
Fresh working subcultures for quality assurance testing may be made from the 4°C stock 
culture throughout the week, but these should be discarded after use and must not be used for 
the re-passaging of 4°C stock culture. 

After 30 weeks the laboratory must reacquire the reference organisms from an external -70°C 
or below storage facility. 
Storage at 4°C will reduce bacterial metabolism and so will lessen, but not suspend, the 
probability of genetic change. Laboratories following this protocol need to be aware that this 
method is not optimal and they must be vigilant in monitoring the cultures for changes that 
may affect their reliability as reference organisms. 

Neisseria gonorrhoeae  
Neisseria gonorrhoeae will not remain viable if stored at 4°C, but can be stored at -70°C or 
below, as described above. The Neisseria Reference Laboratory (above) recommends that in 
the absence of -70°C storage facilities, Neisseria gonorrhoeae be stored on chocolate agar 
slopes under paraffin oil at 30 to 37°C for one month. Culture the received strain onto a 
chocolate agar slope and incubate in CO2 at 35 to 36°C. After 24 hours incubation cover the 
slope with sterile paraffin oil and store at 30 to 36°C for one month. Fresh working 
subcultures for quality assurance testing can be made as required throughout the month. 
New storage slopes can be prepared, from the previous slope at the start of each month for up 
to six months. After six months the laboratory must reacquire the reference organism from an 
external -70°C or below storage facility. As with 4°C storage, this method is not optimal and 
laboratories must be vigilant in monitoring the culture for changes that may affect its 
reliability as a reference organism. 
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Staphylococcus aureus NCTC 6574 

Date 
Annular radii (mm)1,2 

Sign Batch 
No. 

Expiry 
Date P 0.5 

8.7–13.5 
FOX 10 
7.1–10.1 

E 5 
8.0–10.8 

TE 10 
11.3–14.4 

OX 1 
7.4–10.4 

CIP 2.5 
9.2–12.4 

2.11.06 12 9 9.5 12 9 11 

JJ

PP  
12345 7/7/07 

9.11.06 11 8.5 10 12.5 9.5 11.5 

GG

FF  
12345 7/7/07 

          
          

          

          
1. Please circle zone sizes outside the acceptable interval.  
2. If an annular radius lies outside the acceptable interval on two consecutive testings, retest using a new 

cartridge from the same batch. If the annular radii from the new cartridge also lie outside the acceptable 
interval discontinue use of this batch. 

 

Figure 3.1 Sample quality assurance sheet for antibiotic discs. 

3.3. CDS-QANTAS checklist 
The CDS Quality Assurance Notations when Testing Antimicrobial Susceptibility checklist is 
used in “trouble shooting” to define problems revealed by the results observed with the 
appropriate reference strains in internal QA i.e. the annular radius of the zone of inhibition is 
not within the acceptable range (see Section 12.3, Table 12.3.a to d). QA is performed with 
the reference organisms under the conditions described in Section 3.1. If the QA fails, go 
through the checklist carefully to define the problem. 
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CDS-QANTAS CHECKLIST 
Organism tested………………………………………… 

[Y / N] 

Medium Appropriate medium used [    ] 
 “90 mm diameter” Petri dish used [    ] 
 Dehydrated media used within expiry date [    ] 
 Manufacturer's instructions followed [    ] 
 20 ml of medium in Petri dish [    ] 
 4.0 ± 0.2 mm depth of medium (measured externally 

below meniscus) 
[    ] 

 Poured plates are stored at 2-8°C [    ] 
 Plates used within 4 weeks of preparation [    ] 
Inoculum 0.56 mm diameter wire used  [    ] 
 Plastic inoculating needle from Copan Innovations 

(Cat No: 176CS20) 
[    ] 

 Colony sampled less than 36 hours old [    ] 
 Material visible on tip of wire [    ] 
 Tip of wire not pointed  [    ] 
 Tip of wire not corroded [    ] 
 Wire allowed to cool before stabbing colony [    ] 
 Homogeneous suspension [    ] 
 Suspension turbidity visible [    ] 
 Whole plate flooded [    ] 
 Excess suspension removed [    ] 
 Flooded plate should dry within 15 min [    ] 
Antibiotic discs Stock discs stored at or below -20°C [    ] 
 Discs in use stored at 4°C with active desiccant [    ] 
 Packaging of discs not damaged [    ] 
 Discs used within expiry date [    ] 
 Dispenser at room temperature before opening [    ] 
 Desiccant in dispenser active* [    ] 
 Positions in dispensers not shared [    ] 
 Correct disc potencies [    ] 
 No more than 6 discs on plate (usually) [    ] 
 Antibiotic discs applied within 30 min of flooding [    ] 
 Discs flat on medium [    ] 
Incubation conditions Correct incubation temperature [    ] 
 Correct atmosphere of incubation and humidity [    ] 
 Incubated overnight (minimum16 hours) [    ] 
 No more than 5 plates per stack when possible [    ] 
Measuring zones of 
inhibition 

Homogeneous lawn of growth [    ] 
Satisfactory growth of organism [    ] 

 Measured from edge of disc [    ] 
 Measured to edge of confluent growth [    ] 
 Measured from back of plate (where possible) [    ] 
 Not measured adjacent to another antibiotic disc [    ] 
 Check antibiotics with 2 or 4 mm cut-off [    ] 
* Timentin, Augmentin, and Tazocin discs are highly susceptible to inactivation by humidity and 

ambient temperature. These discs need to be stored at a low temperature (4°C or -20°C) with an 
active desiccant (Bacto Lab. Ph: 02 9602 5499, Merck Microbiology. Ph: 1800 335 571). 
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in New York in 2004. These strains will exhibit either no zone or a zone of light growth right 
up to the edge of a vancomycin 5 µg disc. 

Vancomycin intermediate Staphylococcus aureus (VISA/GISA) 
MRSA with reduced susceptibility to vancomycin and teicoplanin, known as VISA or GISA 
(vancomycin or glycopeptide intermediate S. aureus) have been described overseas5.  These 
strains do not have the same mechanism of resistance to glycopeptides that occurs in 
Enterococcus faecalis and Enterococcus faecium. Electron microscopy has revealed a 
thickened cell wall that traps glycopeptide molecules thereby blocking access to the target 
site. The MIC of vancomycin determined by agar dilution for such strains was between 4 and 
8 mg/L.  

Vancomycin susceptible staphylococci have a sharp edged zone of inhibition of > 2 mm in 
annular radius around vancomycin 5 µg and teicoplanin 15 µg discs. VISA strains produce a 
hazy edged zone of inhibition of < 2 mm in annular radius around vancomycin and 
teicoplanin discs. i.e., there is fine growth at the edge of the zones of inhibition. This effect is 
more apparent with teicoplanin than vancomycin. If in doubt, incubate the plates for a further 
24 hours (Plate 13.4.C). 

h-VISA 
A small percentage of cells in the bacterial population of some MRSA isolates have reduced 
susceptibility to vancomycin but the MIC for the population, as determined by the standard 
agar dilution technique, remains low (2 mg/L6). These strains are referred to as hetero or h-
VISA.  Detection of this sub-population with reduced susceptibility can be difficult. H-VISA 
strains will not be readily detected during routine laboratory susceptibility testing using the 
CDS. Test after 24 or 48 hours of incubation. Exposed to a vancomycin concentration 
gradient, cells with reduced susceptibility may multiply and become visible after 48 to 72 
hours of incubation. It is important to be aware that if treatment with a glycopeptide has 
failed, h-VISA may be present. In this situation, isolates should be referred to a specialised 
laboratory. 

4.5.8. Erythromycin, clindamycin and Staphylococcus aureus 
S. aureus resistant to erythromycin are primarily (98%) of the MLSB phenotype (either 
constitutive or inducible) and are therefore also resistant to clindamycin and lincomycin 
(Plate 13.4.D). The remaining 2% possess an efflux mechanism that does not confer 
resistance to clindamycin. See section 4.7. 

4.5.9. Coagulase negative staphylococci (CNS) 
In determining methicillin susceptibility for coagulase-negative staphylococci (excluding 
S. saprophyticus) consider only the zone around the oxacillin 1 µg disc; ignore the zone 
around the cefoxitin 10 µg disc. Note: S. saprophyticus is excluded from the following 
discussion. 

Methicillin susceptible CNS 
Methicillin susceptible (mecA gene negative) coagulase negative staphylococci (excluding 
S. saprophyticus) have a zone of inhibition around oxacillin 1 µg with an annular radius of 
> 6 mm (usually between 7 and 10 mm). These isolates are reported as susceptible to 
methicillin. 
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apart (edge to edge) shows a flattening of the clindamycin inhibitory zone adjacent to the 
erythromycin disc (Plate 13.4.D) 

The isolate has inducible clindamycin resistance (ICR positive) and is reported as resistant 
to erythromycin and clindamycin. ICR positive streptococci, corynebacteria, anaerobes 
and staphylococci can be detected in this way. 
Exposing S. aureus with this inducible iMLSB phenotype to clindamycin gave rise to a 
high frequency of resistant mutants (10-5 to 10-6). The MIC of clindamycin for these 
mutants was 16 mg/L. 

4. The isolate shows resistance to erythromycin but appears susceptible to clindamycin with 
no flattening of the inhibitory zone adjacent to an erythromycin disc. 

The isolate is of the M phenotype and is ICR negative. There is efflux of erythromycin 
and other macrolides but not clindamycin from the cell. The isolate is reported as resistant 
to erythromycin and all other macrolides but susceptible to clindamycin. 
Clindamycin therapy may be successful under certain clinical circumstances. 

The M phenotype is uncommon in S. aureus and MRSA, occurring in only 1 to 2% of 
erythromycin resistant strains, the remainder being of the cMLSB or iMLSB phenotypes 
and therefore resistant to all macrolides and clindamycin. Consequently, there is no need 
to routinely test for the M phenotype (by adjacent disc testing as described above) with 
S. aureus and MRSA isolates. However, adjacent disc testing can be performed where the 
mechanism of resistance is of interest (cMLSB, iMLSB or M phenotype). 

5. The isolate appears susceptible to erythromycin but resistant to clindamycin. 
This is the rare LSA phenotype, described in S. agalactiae. The mechanism of resistance 
is unknown9. 
Further information on the phenotypes of clindamycin susceptibility can be found in 
Newsletter 17. 
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results of antibiotic susceptibility testing before initiating treatment. The choice of antibiotic 
is made empirically and based on the epidemiological data gathered by the reference centre.  

Note 1 Section 6.2 below is supplied in its entirety by Prof. Monica Lahra of the Neisseria 
Reference Laboratory, Microbiology Department, Randwick. Comments or questions about 
the contents of this section should be addressed to the Neisseria Reference Laboratory.  
 
Note 2 In section 6.2 the results of “CDS testing” are reported in at least 3 categories based on 
zone sizes. Strictly speaking these tests are not CDS Tests where, by definition, it only reports 
zones sizes dichotomously as susceptible or resistant. For the sake of expediency some 
licence has been granted to the reference laboratory to modify the CDS in this way but this 
does not indicate support for the wider application of this modification or any other 
modifications outside the reference laboratory. 

6.2 Testing by the Reference Laboratory 

 Application of the CDS to Neisseria gonorrhoeae and Neisseria meningitidis 
This section is intended to provide a guide for testing and interpreting antimicrobial 
susceptibility testing in a diagnostic setting for antibiotics clinically relevant to the treatment 
of gonococcal and meningococcal disease. 
 
Laboratory surveillance to monitor antimicrobial resistance in N. gonorrhoeae and N. 
meningitidis from invasive meningococcal disease cases is performed by National Neisseria 
Network (NNN): the Australian Gonococcal Surveillance Programme (AGSP)1, and the 
Australian Meningococcal Surveillance Programme (AMSP)2, The NNN is a collaboration of 
jurisdictional reference laboratories, in co-operation with private and public sector 
laboratories3. For epidemiological and public health reasons, laboratories are requested to 
refer all N. gonorrhoeae isolates to the appropriate jurisdictional Neisseria Reference 
Laboratory.  

METHODS 

Minimum Inhibitory Concentration 

The determination of Minimum Inhibitory Concentration (MIC) by the agar plate dilution 
method is the gold standard for determining the category of susceptibility of N. gonorrhoeae 
and N. meningitidis3,4. 
 
The CDS-applied Etest® MIC method5 has been validated by the WHO Collaborating Centre 
for STD, and Neisseria Reference Laboratory, Sydney. For a link to this method see 
http://www.sciencedirect.com/science/article/pii/S0732889316300955. 

 

CDS Disc Diffusion Method  

CDS testing of N. gonorrhoeae and N. meningitidis using the AGSP and AMSP method and 
interpretive criteria is performed as described in section 2.2, with the modification of 
Chocolate Columbia Blood Agar as the testing media and incubated 18-24 hours at 36°C ± 
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Non-fastidious, non-Enterobacteriaceae Gram Negative Group:  Including Achromobacter 
sp., Chromobacter sp. and B. bronchoseptica can be tested as outlined in the Pseudomonas, 
Burkholderia & Chryseobacterium species (Table 12.1.b). 
  
Actinobacillus sp., Aggregatibacter sp., Cardiobacterium, Capnocytophaga, Eikenella, 
Kingella and other fastidious Gram negative organisms: The interpretation of AST results is 
extrapolated from those of Pasteurella sp. They are tested on Blood Sensitest Agar, in an 
atmosphere of 5% CO2 using the discs calibrated for Pasteurella sp. Slow growing organisms 
may require a suspension adjusted to an equivalent 0.5 McFarland standard instead of the 
standard inoculum of 107 cfu/mL. 
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12.3. Quality assurance 
Table 12.3.a. Reference strains: Gram Positive Organisms 

Antibiotics, disc potencies and acceptable zones of inhibition for reference strainsa 
Antibiotic reported Disc potency (µg) Annular radii (mm) b 
Enterococcus faecalis POW 1994     (Blood Sensitest, CO2 35°C) 
Ampicillin 5  5.9 – 9.2 
Chloramphenicol 30  6.3 – 8.7 
Doxycycline 30  7.0 – 11.0 
Fosfomycin 200  7.1 – 10.7 
Gentamicin 200  6.6 – 9.9 
Linezolid 10  6.6 – 9.0 
Nitrofurantoin 200  6.1 – 8.7 
Streptomycin 300  5.4 – 7.9 
Tetracycline 10          7.0  – 10.2 
Tigecycline 15  6.6 – 9.5 
Teicoplanin 15  3.1 – 5.3 
Vancomycin 5  2.0 – 3.7 

   
a Reference strain testing must be performed: (i) In conjunction with the clinical isolate, or at least 

once weekly; (ii) When a new batch of medium is used; (iii) When a new batch of discs is used. 
b The acceptable range (95% confidence limits) is the mean ± 2 standard deviations. The mean was 

derived from > 120 measurements with different operators using different batches of both agar 
and discs. It is statistically acceptable to use one hundred measurements to represent the “normal 
distribution” and this gives a confidence limit of 95%, meaning an in-built MU of 5% for the test. 
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Table 12.3.a. Reference strains: Gram Positive Organisms cont. 
Antibiotics, disc potencies and acceptable zones of inhibition for reference strainsa 

Antibiotic reported Disc potency (µg) Annular radii (mm) b 
 
Staphylococcus aureus NCTC 6571     
(Sensitest, air 35°C) 

  

Amoxycillin c 2  9.1 – 11.9 
Ampicillin 5  12.1 – 18.1 
Benzylpenicillin 0.5 u  8.7 – 13.5 
Cefoxitin 10  7.1 – 10.1 
Ceftaroline 5  10.5 – 14.1 
Cephalexin  100  10.7 – 15.5 
Chloramphenicol 30  7.8 – 11.4 
Ciprofloxacin 2.5  9.2 – 12.4 
Clindamycin 2  8.5 – 12.9 
Cotrimoxazole 25  10.1 – 13.3 
Erythromycin 5  8.0 – 10.8 
Fusidic acid 2.5  8.6 – 12.6 
Gentamicin 10  6.6 – 9.4 
Kanamycin  50  7.8 – 9.6 
Linezolid 10  7.9 – 13.1 
Marbofloxacin d 5  8.9 – 11 
Moxifloxacin 2.5  10.9 – 14.5 
Mupirocin 5  7.4 – 12.2 
Neomycin d 30  8.1 – 12.9 
Nitrofurantoin 200  6.7 – 10.3 
Novobiocin d 5  6.1 – 12.5 
Oxacillin 1  7.4 – 10.4 
Quinupristin/Dalfopristin 15  9.2 – 12.4 
Rifampicin 1  9.3 – 12.5 
Rifampicin c 5  12.7 – 15 
Teicoplanin 15  3.4 – 6.1 
Tetracycline 10  11.3 – 14.4 
Tigecycline 15  10.3 – 13.2 
Trimethoprim 5  8.5 – 11.3 
Vancomycin 5  2.8 – 4.9 

a Reference strain testing must be performed: (i) In conjunction with the clinical isolate, or at least once 
weekly; (ii) When a new batch of medium is used; (iii) When a new batch of discs is used. 

b The acceptable range (95% confidence limits) is the mean ± 2 standard deviations. The mean was derived 
from > 120 measurements with different operators using different batches of both agar and discs. It is 
statistically acceptable to use one hundred measurements to represent the “normal distribution” and this gives 
a confidence limit of 95%, meaning an in-built MU of 5% for the test. 

c Amoxycillin 2 µg and rifampicin 5 µg are used for the susceptibility testing of H. pylori only. 
d Antibiotic used in veterinary medicine only. 
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 Table 12.3.b. Reference strains: Gram Negative Organisms cont. 
Antibiotics, disc potencies and acceptable zones of inhibition for reference strainsa 

Antibiotic reported Disc potency (µg) Annular radii (mm) b 
Haemophilus influenzae NCTC 4560 
(HTM f agar, 5% CO2, 35-37°C) 
Ampicillin 5  7.0 – 11.1 
Cefaclor 30  8.1 – 12.1 
Cefotaxime 0.5  9.2 – 12.8 
Cefotaxime 5 12.6 – 16.1 
Cefpodoxime 10  10.9 – 14.1 
Ceftriaxone 0.5  9.1 – 12.9 
Ceftriaxone 5 13.3 – 16.3 
Cefuroxime 30  8.3 – 12.8 
Chloramphenicol 10  11.1 – 14.3 
Ciprofloxacin 2.5  11.1 – 15.9 
Cotrimoxazole 25  9.0 – 12.5 
Moxifloxacin 2.5  10.6 – 15.2 
Tetracycline 10  8.2 – 13.0 

   

Haemophilus influenzae NCTC 11315  
(HTM f agar, 5% CO2, 35-37°C) 
Augmentin 15  7.7 – 10.1 

   
a Reference strain testing must be performed: (i) In conjunction with the clinical isolate, or at least 

once weekly; (ii) When a new batch of medium is used; (iii) When a new batch of discs is used. 
b The acceptable range (95% confidence limits) is the mean ± 2 standard deviations. The mean was 

derived from > 120 measurements with different operators using different batches of both agar 
and discs. It is statistically acceptable to use one hundred measurements to represent the “normal 
distribution” and this gives a confidence limit of 95%, meaning an in-built MU of 5% for the test. 

f Haemophilus Test Medium Base containing 15 mg/L freshly prepared Haematin and NAD. 
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Table 12.3.b. Reference strains: Gram Negative Organisms cont. 
Antibiotics, disc potencies and acceptable zones of inhibition for reference strainsa 

Antibiotic reported Disc potency (µg) Annular radii (mm) b 
   

Pseudomonas aeruginosa NCTC 10662 d 
(Sensitest, air, 35-37°C) 
Amikacin 30  7.4 – 10.6 
Aztreonam 30  8.3 – 13.1 
Cefepime 10  8.1 – 11.3 
Cefpirome 10  8.1 – 10.6 
Ceftazidime 10  7.5 – 11.9 
Ciprofloxacin 2.5  8.9 – 14.5 
Doripenem 10  12.6 – 16.6 
Ertapenem g 10 – g 

Fosfomycin 200  8.0 – 10.8 
Gentamicin  10  5.5 – 9.5 
Imipenem  10  7.9 – 10.3 
Meropenem 5  9.7 – 14.8 
Moxifloxacin g 2.5 – g 

Norfloxacin  10  10.1 – 12.6 
Piperacillin  50  8.1 – 12.9 
Polymyxin B 300 u  5.2 – 7.2 
Ticarcillin  75  7.3 – 12.1 
Tobramycin 10  7.0 – 10.6 
a Reference strain testing must be performed: (i) In conjunction with the clinical isolate, or at least 

once weekly; (ii) When a new batch of medium is used; (iii) When a new batch of discs is used. 
b The acceptable range (95% confidence limits) is the mean ± 2 standard deviations. The mean was 

derived from > 120 measurements with different operators using different batches of both agar 
and discs. It is statistically acceptable to use one hundred measurements to represent the “normal 
distribution” and this gives a confidence limit of 95%, meaning an in-built MU of 5% for the test. 

d If antibiotic discs are tested with Escherichia coli NCTC 11580, there is no need to test these 
against Pseudomonas aeruginosa NCTC 10662as well and vice versa. 

g Ertapenem and moxifloxacin should be tested against E. coli NCTC 11560 
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Table 12.3.c. Reference strains: Anaerobic Organisms 
Antibiotics, disc potencies and acceptable zones of inhibition for reference strainsa 

Antibiotic reported Disc potency (µg) Annular radii (mm) b 
Clostridium perfringens POW 2006 
(Supplemented Brucella Medium Base, anaerobic, 35-37°C) c 
Benzylpenicillin 0. 5 u  6.3 – 7.9 
Cefoxitin 10   7.3 – 9.7 
Clindamycin 2  6.1 – 8.1 
Meropenem 5  10.1 – 12.9 
Metronidazole 5  4.3 – 6.7 
Moxifloxacin 2.5  4.7 – 6.3 

   

Bacteroides fragilis ATCC 25285 
(Supplemented Brucella medium Base, anaerobic, 35-37°C) c 
Augmentin 3  5.1 – 8.3 
Tazocin 55  9.0 – 12.2 
Timentin 85  11.6 – 16.0 
a Reference strain testing must be performed: (i) In conjunction with the clinical isolate, or at least 

once weekly; (ii) When a new batch of medium is used; (iii) When a new batch of discs is used. 
b The acceptable range (95% confidence limits) is the mean ± 2 standard deviations. The mean was 

derived from > 120 measurements with different operators using different batches of both agar 
and discs. It is statistically acceptable to use one hundred measurements to represent the “normal 
distribution” and this gives a confidence limit of 95%, meaning an in-built MU of 5% for the test. 

c Brucella Medium Base containing 5% defibrinated horse blood, haemin 5 mg/L and vitamin K 
1 mg/L. 
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13.2. Enterococcus faecium, Enterococcus gallinarum & Leuconostoc 

  
Plate 13.2.A Enterococcus faecium with 
VanB type vancomycin resistance 
The hazy edged inhibitory zone around 
vancomycin (VA 5) and the diffuse growth 
towards the disc is frequently observed with this 
phenotype. 

Plate 13.2.B Enterococcus faecium with 
VanA type vancomycin resistance 
Resistance to both vancomycin (VA 5) and 
teicoplanin (TEC 15) is typical of the vanA 
phenotype. 

  
Plate 13.2.C Enterococcus gallinarum with 
intrinsic VanC type vancomycin resistance 
Note the sharp edge of the reduced inhibitory 
zone around vancomycin (VA 5). 

Plate 13.2.D Leuconostoc versus 
vancomycin and teicoplanin 
This organism has high inherent resistance to 
vancomycin (VA 5) and teicoplanin (TEC 15). 
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13.6. Acinetobacter 

  
Plate 13.6.A Acinetobacter lwoffi 
A large inhibitory zone around ampicillin 
(AMP 25), a smaller one around cephalexin 
(CL 100), resistance to trimethoprim (W 5) and a 
lack of synergy with sulphonamide (SXT 25) are 
typical of A. lwoffi 

Plate 13.6.B Acinetobacter baumannii 
Note the large inhibitory zone around Augmentin 
(AMC 60), a small one around ampicillin 
(AMP 25) and none around cephalexin (CL 100). 

13.7. Aeromonas 

  
Plate 13.7.A Aeromonas hydrophilia with 
cephalosporinase A1 & carbapenemase A2 
The flattening of the inhibitory zone around 
cefotaxime (CTX 5) indicates an inducible A1 
cephalosporinase. The reduced inhibitory zone 
around imipenem (IPM 10) with resistant 
colonies indicates an A2 carbapenemase. 

Plate 13.7.B Aeromonas sobria with 
carbapenemase A2 but lacking 
cephalosporinase A1 
The A2 carbapenemase is indicated by the small 
inhibitory zone around imipenem (IPM 10) and 
resistant colonies within this zone. 
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13.17. Stenotrophomonas maltophilia 

  
Plate 13.17.A Stenotrophomonas maltophilia 
Note the lack of an inhibitory zone around 
imipenem, the pear shaped zone of inhibition 
between cotrimoxazole and trimethoprim and the 
resistant colonies within the Timentin and 
aztreonam inhibitory zones. 

Plate 13.17.B Sulphonamide resistant 
Stenotrophomonas maltophilia 
No zone around cotrimoxazole (SXT 25). 
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