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Conventional methods for testing the susceptibility of bacteria to antibiotics are based on exposure of cul-

tured organisms to different concentrations of antibiotics. These methods may require three or more

days for common bacteria and up to several weeks for slow-growing bacteria, like Mycobacteria spp.

Conventional susceptibility testing methods include disk diffusion, broth dilution, agar dilution and gradient diffu-

sion (epsilometer test). Commercial platforms have been developed by manufacturers that use broth dilution in a

microtiter format (microbroth dilution) and are automated or semi-automated (e.g., VitekTM ; bioMerieux, St.

Louis, MO or MicroScanTM, Dade International, West Sacramento, CA). These platforms accommodate higher

volumes of tests and require less hands-on time than the manual methods, disk diffusion, agar dilution and gradi-

ent diffusion.

Genetic methods for assessing the antibiotic susceptibilities of bacteria offer several advantages over conven-

tional culture-based (phenotypic) methods.1 Genetic tests can be performed directly from clinical specimens, and

therefore isolation of an organism by culture becomes unnecessary.2 Genetic methods assess the “genotype” of the

organism, whereas conventional susceptibility techniques assess the “phenotype” or expression of the genotype

under artificial or laboratory conditions. Although debate exists among authorities about which of these assess-

ments is more clinically relevant, it seems reasonable that the lowest-risk approach for the patient is to determine

the genotype. This strategy may be especially important if one is dealing with serious life-threatening infections

such as endocarditis or osteomyelitis which require prolonged courses of antimicrobial therapy.3 In some cases,

genotypes may be discerned long before phenotypes can be determined because of the slow growth of an organ-

ism. With the recent availability of rapid-cycle real-time polymerase chain reaction (PCR), or rapid probe amplifi-

cation techniques, antibiotic resistance can be determined in less than one hour directly from patient samples or

for bacteria isolated by culture from these specimens.4 Some organisms are not easily cultured or cannot be cul-

tured; therefore, only genotypes can be determined.5 Genetic methods may lessen the biohazard risk that may

occur with the propagation by culture of an organism that is required for conventional test methods.

In some instances, genetic testing methods may have less utility than conventional susceptibility test methods.1

They may lack sensitivity when few organisms are present in a sample.2 Different assays are required for each

antimicrobial agent tested (individual antimicrobial agents may also be associated with multiple target genes or a

large array of mutations).3 A genetic method for resistance for some antimicrobial agents may not have been

defined.4 False-positive results may occur because of contamination of the sample with extraneous nucleic acid.

This last-mentioned problem is of particular concern when nucleic acid amplification techniques such as PCR are

used. The specificity, however, has been considerably enhanced with the development of enzymatic and chemical

sterilization techniques for amplified nucleic acid and the manufacture of closed systems for performing both

PCR and detection of amplified product.

Over the last decade, a broad range of innovative molecular techniques have been developed for detecting

Genotypic Susceptibility 
Testing of Bacteria

Frank Cockerill
Department of Clinical Microbiology
Mayo Clinic, USA

54

LecturesI S A A R  2 0 0 3

Antimicrobial Susceptibility Test : 
a Reappraisal

Eui-Chong Kim
Department of Laboratory Medicine
Seoul National University, Korea

Methods for antimicrobial susceptibility test appear to be of value in assisting the clinician in the appro-

priate selection of antibiotics. The value of the in vitro antimicrobial susceptibility test is dependent on

how well it can predict efficacy of the drug in vivo. The outcome of an infection is dependent on host

defense mechanisms. The immunologic status of the patients should be considered when selecting antimicrobials

and when interpreting the effect of their use. One should minimize variables between in vivo and in vitro situations

because the in vivo environment cannot be accurately simulated. So, many countries have their own national com-

mittee for antimicrobial susceptibility test in order to standardize the procedure and the interpretation criteria.

Because routine susceptibility tests measure microbial inhibition, not bactericidal activity, and clinicians use drugs

that compromise host defenses, the measurement of bactericidal activity may become vital for each individual. To

date, no standards exist for bactericidal procedure and there are not standard interpretations for the results obtained.

Another issue is the testing of multidrug interaction. More than one antibiotic is used for most of seriously infected

patients, but the standard susceptibility tests are for only single drug.

Minimum inhibitory concentration (MIC) determination is most widely used to assess in vitro activity for clini-

cal categorization of clinical isolates. To convert MIC values into susceptible or resistant categories, reference is

made to the critical values recommended by national committees. The values are established on the basis of bac-

teriologic, pharmacokinetic and clinical criteria. The differences between the critical values recommended by the

various committees arise from the contrasting definitions of susceptibility and resistance. Differences in antibiotic

breakpoints have resulted from differences in clinical practice and interpretation of the parameters that are consid-

ered when breakpoints are set. Changes to breakpoints should be introduced only after the most careful considera-

tion and the education of clinical microbiologists and clinicians. The accurate methods for the detection of extend-

ed-spectrum beta-lactamase (ESBL) should be developed in the near future because the frequency of ESBL-pro-

ducing Enterobacteriaceae is rapidly increasing. In case of Streptococcus pneumoniae, the susceptibility criteria

for the strains isolated from cerebrospinal fluid should be reevaluated. And the standard procedures and the inter-

pretation criteria should be established for the unusual bacteria, such as Chryseobacterium spp., Flavobacterium

spp., Burkholderia spp., etc. The clinical spectrum of activity of an antibiotic takes the following items into

account: natural spectrum of activity, modal MICs of susceptible strains, pharmacokinetic data and clinical

results. The critical values and clinical antibacterial spectrum of antibiotics should be evaluated and defined regu-

larly by the national committee. And these results of evaluation and definition would be discussed internationally

to meet the consensus criteria for the interpretation of antibiotic susceptibility tests. 
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antimicrobial resistance.1, 2, 3, 4 Because of the technical difficulties encountered in performing many of these

assays, few have gained widespread use. However, two test platforms, real-time PCR and probe amplification,

have recently gained popularity due to ease of performance, rapid turn-around time (TAT) for results and low risk

for contamination.

Cycling probe technology was available for a short time in the United States as an FDA-approved test for

detecting the mecA gene in isolated colonies of staphylococci (Velogene, ID Biomedical, Vancouver, BC,

Canada).5, 6 This probe amplification method had excellent performance characteristics and was relatively easy to

perform. However, the test was removed from the market by the manufacturer for unknown reasons. Cycling

probe technology is an isothermal process; the end product of the reaction is a modified (“amplified”) version of

the original probe used to detect the target DNA.

Rapid-cycle real-time PCR, more frequently referred to as “real-time PCR” combines rapid thermocycling with

real-time fluorescent detection of target DNA in the same closed vessel. We have determined that rapid-cycle,

real-time PCR using the LightCycler instrument (Roche Applied Science, Indianapolis, IN) and fluorescent ener-

gy transfer probes (FRET, Roche Applied Science), is an effective method for detection of the mecA gene and

van genes (van A, van B, van B 2/3) in isolates of staphylococci and enterococci respectively. Additionally, we

have demonstrated the utility of LightCycler PCR for detection of van genes directly from anal swabs or stool

specimens. 

In prospective clinical studies for qualitative detection of microbial pathogens, we have consistently noted

increases in sensitivities for assays that use the LightCycler real-time PCR technology compared to the sensitivi-

ties for standard culture-based phenotypic methods. These include assays for Bordetella pertussis (219%

increase),7 herpes simplex virus (23% increase),8 varicella-zoster virus (91% increase),9 and cytomegalovirus

(88% increase) (M.J. Espy and T. F. Smith, Abstr. 100th Gen. Meet. Am. Soc. Microbiol., abstr. C-62, 2000) and

Group A Streptococcus (7% increase).10 As a result of these clinical studies we have replaced standard culture-

based methods with LightCycler PCR assays for direct detection of these organisms from clinical samples. 

In ongoing studies at Mayo, we have also noted enhanced sensitivities for detecting van genes directly from

perianal swabs (30% increase for van A and >100% increase for van B genotypes) compared with sensitivities for

detecting vancomycin resistance using cultured-based phenotypic methods. These results are not surprising con-

sidering the difficulties encountered in isolating vancomycin-resistant enterococci (VRE) from stool culture

screening plates. Importantly, the time required to complete the LightCycler van assay, including DNA extraction

and analysis, is approximately two hours. This time requirement is considerably shorter than the time required in

our laboratory to identify VRE from stools by culture based methods (≥ 72 hours).

Using real-time PCR, direct detection of methicillin-resistant Staphylococcus aureus (MRSA) from nasal swabs

is more challenging than direct detection of VRE from stools. This is because coagulase-negative staphylococci

(CNS), like MRSA, can be methicillin resistant (carry the mecA gene) and be present in the anterior nares. In a

recent survey of nasal swabs submitted for MRSA screening in our laboratory we determined that the frequency

of co-colonization of S. aureus and CNS in the nares is 23%. In the same survey we also observed that S. aureus

is present alone in the nares 10% of the time, CNS alone 63% of the time and neither are present 7% of the time.

In our patient population approximately 60% of CNS are methicillin-resistant and carry the mecA gene.

Therefore, one has to develop methods to distinguish whether a mecA gene detected in a nasal swab sample origi-

nates from S. aureus or CNS. Theoretically, one could accomplish this distinction if DNA sequence variation was

present within the mecA gene or the cassette of genes that flank the mecA gene and these sequence variations were

unique for S. aureus versus CNS. Alternatively the distinction could be made if one could separate CNS bacterial

cells from S. aureus cells in nasal samples before genetic analysis is performed for the mecA gene. If neither of

these approaches are possible, one may overcall methicillin resistance for S. aureus cells that colonize the nasal

mucosa.

DNA sequence variation has not been reported within mecA genes for S. aureus compared with CNS. However,
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unique structural diversity of the mobile genetic element which carries the mecA gene, designated the staphylo-

coccal cassette chromosome mec (SCCmec) has been reported for S. aureus.11 At the time of this writing at least

four different SCCmec types have been described for S. aureus.12 Theoretically, one could develop molecular

assays that would specifically identify these SCCmec types; however, the question remains as to whether other

SCCmec types may exist and therefore would not be identified using such an assay. Recently, we evaluated 198 S.

aureus isolates (148 mecA-positive, 50 mecA-negative) and 100 CNS (50 mecA-positive, 50 mecA-negative) for

the presence of these SCCmec types. PCR primers and probes were designed to anneal with the published

sequences for these four SCCmec types. None of these SCCmec types were found in the 100 CNS isolates and

none were found in the 50 mecA-negative S. aureus isolates. 137 of 148 (93%) mecA-positive S. aureus isolates

carried one of these SCCmec types; however, for 11 of 148 (7%) mecA-positive S. aureus isolates no PCR ampli-

cons were generated. These results suggest that other SCCmec types exist for these S. aureus strains. 

Recently, an immunocapture method has been described which appears to effectively separate S. aureus cells

from CNS cells in mixed culture or clinical samples.13 This method captures S. aureus cells using a monoclonal

antibody directed against the S. aureus cell envelope protein, protein A. The monoclonal antibody - S. aureus

complex is separated from solution using streptavidin-coated paramagnetic beads. This separation method can be

coupled with a real-time PCR platform to detect the mecA gene in S. aureus and provide results directly from clin-

ical samples in less than 6 hours.
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(CNS), like MRSA, can be methicillin resistant (carry the mecA gene) and be present in the anterior nares. In a

recent survey of nasal swabs submitted for MRSA screening in our laboratory we determined that the frequency

of co-colonization of S. aureus and CNS in the nares is 23%. In the same survey we also observed that S. aureus

is present alone in the nares 10% of the time, CNS alone 63% of the time and neither are present 7% of the time.
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unique structural diversity of the mobile genetic element which carries the mecA gene, designated the staphylo-

coccal cassette chromosome mec (SCCmec) has been reported for S. aureus.11 At the time of this writing at least

four different SCCmec types have been described for S. aureus.12 Theoretically, one could develop molecular

assays that would specifically identify these SCCmec types; however, the question remains as to whether other

SCCmec types may exist and therefore would not be identified using such an assay. Recently, we evaluated 198 S.

aureus isolates (148 mecA-positive, 50 mecA-negative) and 100 CNS (50 mecA-positive, 50 mecA-negative) for

the presence of these SCCmec types. PCR primers and probes were designed to anneal with the published

sequences for these four SCCmec types. None of these SCCmec types were found in the 100 CNS isolates and

none were found in the 50 mecA-negative S. aureus isolates. 137 of 148 (93%) mecA-positive S. aureus isolates

carried one of these SCCmec types; however, for 11 of 148 (7%) mecA-positive S. aureus isolates no PCR ampli-

cons were generated. These results suggest that other SCCmec types exist for these S. aureus strains. 

Recently, an immunocapture method has been described which appears to effectively separate S. aureus cells

from CNS cells in mixed culture or clinical samples.13 This method captures S. aureus cells using a monoclonal

antibody directed against the S. aureus cell envelope protein, protein A. The monoclonal antibody - S. aureus

complex is separated from solution using streptavidin-coated paramagnetic beads. This separation method can be

coupled with a real-time PCR platform to detect the mecA gene in S. aureus and provide results directly from clin-

ical samples in less than 6 hours.
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From an epidemiological point of view, it is often necessary to determine the clonality of the bacterial iso-

lates. This is particularly important in endemic and epidemic nosocomial outbreaks of bacterial infections

to improve the management of such outbreaks. Recently, approaches at the molecular level have been

used to assess the relatedness of bacterial isolates. Plasmid pattern analysis was found to be useful for the charac-

terization of epidemic strains harboring plasmids. Its discriminatory power is further increased by restriction

endonuclease digestion. More recently, sensitive and reproducible molecular markers, including those used in

ribotyping1 and pulsed-field gel electrophoresis (PFGE),2, 3 have been applied with success to many bacterial

species. Despite the reliability and broad applicability of these techniques, their use in clinical microbiology labo-

ratories has been limited because they are time-consuming and labor intensive. To circumvent these problems, a

number of DNA fingerprinting strategies based on the PCR amplification of variable-length chromosomal

sequences with a variety of primers were developed.4 One of these approaches, known as the random-amplified

polymorphic DNA (RAPD) assay, is based on the use of simple arbitrary primers in a PCR of low stringency to

amplify segments of the genome and has been used successfully for the typing of several bacterial species. This

method has the advantage that no prior sequence information is required, but the fingerprint patterns have a criti-

cal dependence on reaction conditions and substrate concentration. On the other hand, a new typing method called

infrequent-restriction-site PCR (IRS-PCR) has been proposed by Mazurek GH and colleagues.5 The main strategy

of this method is the selective amplification of DNA sequences located between a frequently occurring restriction

site and an infrequently occurring restriction site by using adaptors and primers based respectively on the two

enzyme cutting sites. 

We recently used two molecular typing methods, PFGE and IRS-PCR, to investigate two clusters of nosocomial

bacteremia caused by multidrug-resistant Klebsiella pneumoniae in a paediatric intensive care unit.6 Totally 56 K.

pneumoniae isolates were analysed in this study. These included 10 bacteraemic isolates from eight patients, 26

isolates obtained during the environmental survey, and 20 epidemiologically non-related isolates incorporated as

controls. One major pattern was demonstrated in 22 of the 56 isolates analysed. These included nine of the 10

bacteremic isolates, the only single rectal isolate, two hand culture isolates, and 10 sink isolates. All of these 22

isolates illustrated identical antibiograms, while the other 34 isolates shared six antibiograms and 31 unique pat-

terns by either PFGE or IRS-PCR assay. The two clusters of bacteremia appeared to be outbreaks induced by the

same strain of K. pneumoniae which may have utilized the sinks as reservoirs and have been transmitted through

the hands of medical personnel to the patients. IRS-PCR is able to demonstrates concordant results with PFGE

analysis in studying the genetic relationships among K. pneumoniae isolates, and may well serve as an excellent

epidemiological tool for this bacterium.
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