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This chapter is part of Antimicrobial Stewardship in Australian Health Care 2018, Australian Commission on Safety
and Quality in Health Care, 2018.
The publication summarises current evidence about AMS strategies and interventions, and their implementation.
Chapters 1–7 provide strategies for implementing and sustaining AMS, and Chapters 8–12 examine the roles of the
different clinicians in AMS.
The publication will continue to evolve with additional chapters over time that address AMS in specific settings,
such as primary care.
As new resources become available, they will be added as hyperlinks to the resources section in each chapter or to
the appendices.
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AMR

antimicrobial resistance

AMS

antimicrobial stewardship

AURA

Antimicrobial Use and Resistance in Australia

CAR

critical antimicrobial resistance

CLSI

Clinical and Laboratory Standards Institute

CMS

clinical microbiology service

CPE

carbapenemase-producing Enterobacteriaceae

EUCAST

European Committee on Antimicrobial Susceptibility Testing

ID

infectious diseases
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Chapter 9: Role of the clinical microbiology service in antimicrobial stewardship

Key points
• The clinical microbiology service (CMS)
provides a vital function in laboratory
diagnosis of infections, which supports
effective patient management.
• The laboratory diagnostic process involves
test ordering, specimen collection,
laboratory testing, and interpretation
and communication of the result. The
systematic application of best practice is
needed at each of these stages to optimise
patient care and antimicrobial use.
• Formalised processes should be in place
to ensure appropriate clinical specimen
collection and testing, to ensure the
accuracy and quality of diagnostic testing,

9.1

Introduction

Microbiology testing is a key component of
antimicrobial stewardship (AMS).1 The clinical
microbiology service (CMS) performs the combined
role of patient-specific diagnostic testing to guide
direct patient care, and system-wide diagnostic
stewardship, surveillance of resistant organisms and
outbreak investigation.

9.2 Overview of the
diagnostic testing
process
The CMS provides laboratory testing to support a
provisional clinical diagnosis of infection, and to
guide empirical and directed antimicrobial therapy.
Diagnostic error is a contributor to suboptimal
antimicrobial prescribing2, and improved use of
microbiology laboratory tests has been associated
with better prescribing.3 The 2015 Australian
National Antimicrobial Prescribing Survey found
that 12.4% of all antimicrobials were prescribed
based on laboratory evidence of infection.4 The
CMS is able to contribute to AMS as part of the
multidisciplinary team working to improve the use
of testing to better inform treatment.

and timely reporting with comments that
assist in interpretation.
• The CMS also plays system-wide roles in
antimicrobial stewardship, including in the
surveillance of antimicrobial resistance
(AMR), advice on infection control
issues, therapeutic drug monitoring and
workforce education.
• The CMS provides input to the reporting
of AMR through surveillance programs
such as Antimicrobial Use and Resistance
in Australia and the National Alert System
for Critical Antimicrobial Resistances.

Figure 9.1 shows the process of laboratory testing
as part of an episode of care. Microbiology testing
involves different elements that are available
sequentially as they are completed. Results from
direct examination of a specimen are typically
available within hours, the preliminary culture
result within 24–48 hours, and the final result that
includes the antimicrobial susceptibility information
afterwards.5 The timing of the result release is not
always predictable, which may complicate diagnosis
and antimicrobial treatment decisions.3,6
Figure 9.1 shows that diagnosis and management
are dynamic processes that are complemented by an
understanding of the time course of the disease and
testing.7 When there is a strong clinical indication to
start treatment early, empirical treatment is started
based on a provisional diagnosis and immediately
after collecting appropriate specimens. Treatment is
later modified depending on the patient’s progress
and the results of investigations. This can occur,
for example, in patients with suspected sepsis
who may not necessarily present as being acutely
unwell but need urgent management.6 If the clinical
problem is subacute or chronic, treatment can be
deferred until after a microbiological diagnosis has
been established, although it is usually not. This is
especially important for conditions that may require
prolonged therapy, such as chronic osteomyelitis,
septic arthritis or infected prosthetic material. AMS
best practice for hospitalised patients requires that
there is at least a daily review of clinical progress,
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Figure 9.1: Role of diagnostic testing across the diagnostic continuum

new results of investigations and antimicrobial
treatment plans.
The laboratory diagnostic process has three phases8:
• Pre-analytical phase – comprising test selection
and ordering, and specimen collection and
transport
• Analytical phase – comprising specimen
processing and analysis
• Post-analytical phase – ensuring that results
are delivered and read, and that the appropriate
action is taken based on correct interpretation
of the results; the post-analytical components of
diagnostic testing are often overlooked, but their
neglect can contribute to suboptimal clinical care9
and antimicrobial misuse.
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9.3 Pre-analytical phase:
microbiology process
In the pre-analytical phase of diagnosis, the CMS
supports practices that ensure that the right tests
are performed on appropriately collected clinical
samples. The CMS also helps to ensure that
communication with, and delivery to, the laboratory
is optimised to influence clinical care. This role
also includes efforts to avoid testing when it is not
clinically appropriate.

9.3.1

Selecting diagnostic tests

Culture-based tests are the principal investigations
used to diagnose and guide treatment for
most bacterial infections that are treated with
antimicrobials. Midstream urine culture is the most
frequently used microbiology test in Australia (see
Box 9.1); Medicare data from 2017 indicated that
more than 4.7 million tests were undertaken.10
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Box 9.1: Urine examination and antimicrobial stewardship
Midstream urine (MSU) microscopy,
culture and susceptibility (m/c/s) tests
enable effective targeting of antimicrobial
treatment for urinary tract infections, or
may provide negative diagnostic evidence
that prompts consideration of alternative
diagnoses. Urine is not intrinsically sterile –
the prevalence of asymptomatic bacteriuria
in the healthy population ranges from 1%
to 15%.11 Requesting MSU m/c/s testing
without a clear clinical indication is strongly
discouraged, as it may lead to overdiagnosis
and misuse of antibiotics. Failure to correctly
interpret the result and correlate it to the
clinical situation contributes significantly to
antimicrobial misuse.12-14
In the absence of urinary tract symptoms,
the MSU m/c/s result should not be used to
diagnose urinary tract infection. MSU m/c/s
testing is recommended in all cases of upper
or complicated urinary tract infections.15
MSU m/c/s testing should consider preanalytical factors that can affect urine culture
results, including collection methods, time
from collection to processing, and methods
to reduce overgrowth associated with
delays in transport and processing (such
as boric acid or refrigeration).16 The clinical
microbiology service, in collaboration with
the clinical workforce, can play a key role in

The other commonly ordered tests are cultures
of blood, wound, genital and sputum samples.
Additional information about blood cultures and
AMS is in Box 9.2.
Non-culture-based tests using molecular and
immunology methods make up the remaining
suite of microbiology tests used in clinical care.
Such tests are commonplace for detecting sexually
transmissible infection.
Irrespective of the test method, a positive
microbiology diagnostic test is used to confirm a
provisional clinical diagnosis, and the antimicrobial
susceptibility results guide targeted antimicrobial
management. Negative tests, from optimally
collected clinical samples, may suggest that a

ensuring that urine cultures are ordered only
when appropriate, collection is optimised,
and results are reported clearly to aid
interpretation.
All elements of the test report, especially
the white cell and epithelial cell counts, and
the patient’s clinical signs are used when
making patient management decisions. The
final result is a combination of results from
biochemical tests, cell counts, quantitative
culture and antimicrobial susceptibility
testing. Antimicrobial susceptibilities should
be reported in keeping with prescribing
guidelines.12,15,17
Potential antimicrobial stewardship strategies
relating to urinary tract infections include:
• Not performing urine cultures unless there
are signs or symptoms of infection18
• Recommending non-antibiotic
management of urinary tract infection in
women with mild to moderate symptoms,
or when testing is performed on patients
with urinary catheters16,19-23
• Withholding antimicrobial susceptibility
results for culture-positive urine samples
from non-catheterised patients as a
default, with an explanation that most
of these results represent asymptomatic
bacteriuria.24

diagnosis can be excluded and provide evidence that
antimicrobial therapy is not indicated.
Tests for acute-phase reactants (for example,
C-reactive protein and procalcitonin) may be
used in a complementary role. They can indicate
the possibility of an infectious aetiology in acute
clinical syndromes before microbiological results
are available or when culture-based tests are not
feasible. It should be appreciated that these tests are
non-specific, and their value is limited in guiding
decision-making. Despite widespread use, the
published evidence for their effectiveness has been
limited to a range of specific scenarios. For example,
these tests have been demonstrated to be useful
in suggesting a bacterial aetiology in adults with
acute respiratory disease presenting to emergency
departments.25,26 Serial procalcitonin measurements
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Box 9.2: Sepsis and detection of bacteraemia or fungaemia, and
antimicrobacterial stewardship
The detection of pathogens involved in
bloodstream infection is one of the most
important diagnostic tests performed
by the clinical microbiology service.5,27
Microbiological diagnosis of bloodstream
infection may confirm or alter the provisional
clinical diagnosis and guide definitive
antimicrobial treatment, with potential
impacts on mortality, morbidity, antimicrobial
use, length of stay in hospital and healthcare
expenses. With regard to antimicrobial
stewardship (AMS), blood culture results
may determine whether empirical therapy
is appropriate by detecting unsuspected
antimicrobial resistance, or enable switching
from broad-spectrum agents to targeted
choices. Negative results for optimally
collected specimens can guide cessation of
empirical therapy.3,28 In the case of positive
blood cultures, the organism identified may
indicate the source of infection, and that

in intensive care patients treated with antimicrobials
may also provide a useful guide to the timing of
de-escalation or cessation of antimicrobial therapy.
In essence, tests for acute-phase reactants should be
used sparingly and interpreted with caution when
managing infectious diseases.38-40
Optimal selection of diagnostic microbiology
tests is critical to providing reliable guidance to
clinicians who are managing patients with possible
infection.41 The type of test selected depends
on the timing of presentation and the type of
organisms suspected to be causing the infection.
The decision to order a diagnostic test should
be based on the pre-test probability of suspected
infection, taking into consideration that potential
pathogens may be present as part of the normal
flora. Syndrome-specific diagnostic algorithms –
for example, the United Kingdom Standards for
Microbiology Investigations42 – and integrated
clinical pathways6 may be useful for guiding test
selection. Computerised pathology ordering systems
that require better specimen description, structured
clinical notes or nominated indications for testing
are recommended.43 Applications for mobile devices
to guide test selection are also available1,44 (see
Chapter 4: ‘Information technology to support
antimicrobial stewardship’).
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information can guide non-antimicrobial
treatment and overall management.
Indications for the collection of blood
cultures require careful consideration.29-31
Poorly collected blood cultures can lead to
false positive or false negative results that
may compound diagnostic uncertainty.
This may prompt unnecessary empirical
therapy and prolonged hospitalisation.32 The
collection process should ensure appropriate
asepsis to reduce contamination, adequate
sample volumes, and multiple sets to provide
adequate sensitivity.33-35
Rapid blood culture analytical methods,
both phenotypic and molecular, have
been demonstrated to reduce the time to
targeted antimicrobial therapy and to reduce
mortality. This is especially true if the results
are directly communicated to the clinician or
via the AMS team.36,37

The following general principles apply to selecting
diagnostic tests:
• Avoid diagnostic testing of patients who are
asymptomatic or where the likelihood of
infection is low (for example, cultures of wounds
without signs of infection45)
• Provide guidelines and specifications of minimum
requirements for microbiological investigations
for common syndromes that require hospital
admission (for example, complicated urinary tract
infection, severe skin and soft tissue infection,
pneumonia, acute osteomyelitis, septic arthritis
and endocarditis).46

9.3.2

Collecting and transporting
samples

Optimal specimen collection and transport are
critical elements of the testing process.5,47,48 Most
samples submitted for testing are collected by the
frontline clinical workforce, but the patient may
self-collect urine, sputum and faeces samples.
Packaged collection kits and training collection
staff to optimise blood culture collection have been
shown to reduce contamination and provide better
samples.44,45,49
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Samples from non-sterile sites such as urine,
wounds and sputum are easily contaminated
during collection. It is important that efforts are
made during the collection process to increase the
chance that test results reflect the organisms that
are present at the site of infection. Collection of
the sample after antimicrobial therapy has started
may lead to false negative culture results.50,51 Test
results may also be adversely affected by suboptimal
specimen labelling, an inadequate volume of
material provided, incorrect specimen containers,
and delays between specimen collection and
performing the test.47

to yield useful clinical information. Poor samples
should be rejected or re-collected, or, at a minimum,
a comment should be added to the laboratory report.
A suggested approach for commenting on specimen
quality is in Table 9.1.

The following general principles apply to optimal
sample collection and transport:
• Set up best-practice systems for sample collection
to avoid contamination and maximise diagnostic
accuracy
• Follow clinical guidelines on microbiology
specimen collection that incorporate laboratory
requirements, and are current and readily
accessible
• Collect clinical samples for culture before
antibiotics are commenced, whenever possible
• Provide consumer guides for self-collected
samples
• Label clinical samples correctly and include
relevant clinical information in the request order
• Minimise transport time to the laboratory; this
is especially important when laboratory testing is
performed at a distant location.

The analytical phase of diagnostic testing, from
specimen processing to final result, is often
complex. It can involve a range of methods, from
traditional Gram-stain microscopy to wholegenome sequencing. Some elements of testing
are predominantly manual, whereas others are
automated. Diagnostic testing technology is rapidly
evolving, with the goal of optimising negative and
positive predictive values, and reducing the time
to produce results.52,53 The menu of laboratory
diagnostic tests is likely to change markedly over
the next decade as culture-based and traditional
phenotypic methods are replaced by molecular and
other methods.1 An example is the introduction of
mass spectrometry for faster species identification
of colonies of bacterial and fungal organisms in
culture-based testing. Similarly, testing methods for
the detection of emerging antimicrobial resistances
(AMRs) demand that the CMS have in place
processes to ensure the timely adoption of newer
laboratory processes.

9.3.3

Commenting on specimen
quality

The CMS should have in place systems to manage
poor-quality specimens submitted for testing.
Macroscopic and microscopic analyses are used to
determine whether the sample submitted is unlikely

9.4 Analytical phase:
microbiological
analytical practice

9.4.1

Rapid diagnostics and testing

Early availability of diagnostic test results is critically
important for the management of patients with
infection. Rapid diagnostics and the enhancement of
laboratory processes can have a significant effect on

Table 9.1: Examples of comments on specimen quality
Criterion for adding comment

Comment text

Sputum with profuse squamous
epithelial cells

The presence of abundant squamous cells indicates probable
contamination of this specimen by oropharyngeal flora.

Urine with squamous epithelial
cells >50 × 106/L

The presence of squamous cells indicates probable contamination
of this specimen by perineal flora.

Formed or soft stool submitted
for viral detection, bacterial
culture or C. difficile detection

Formed or soft stool is unsuitable for detection of enteric
pathogens.
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patient outcomes and optimise the use of antibiotics,
by reducing the time required to confirm or exclude
a diagnosis and guiding the switch from empirical to
directed antimicrobial treatment.53,54 Point-of-care
testing is an example of rapid diagnostic testing.
Point-of-care tests include the detection of influenza
antigens from respiratory samples55, the use of
immunochromographic or latex agglutination tests
for meningitis56, and rapid tests for pneunomoccal
urinary antigen to predict pneumococcal infection.57
Increasingly, results of molecular and advanced
phenotypic methods (for example, MALDI-TOF
MS58 for the detection of pathogens and specific
antimicrobial-resistant organisms direct from
clinical samples) can be provided within hours,
which significantly improves early treatment
decisions. Direct susceptibility testing may be
performed on urine and positive blood culture
samples, providing preliminary information to guide
management 24–48 hours earlier than the final
result.59-63
All of the laboratory processes, from specimen
transport and analytical workflow to result
reporting, should be optimised to reduce the
time taken for the information to be available to
influence clinical care. This may require moving
away from traditional laboratory practice towards a
full 24-hour-a-day service with flexible processes to
enable multiple runs of plate rounds, assays and ondemand result reporting.64,65

9.4.2

Antimicrobial susceptibility
testing

Traditionally, the antimicrobial susceptibility of
organisms detected in clinical samples is determined
using culture-based phenotypic testing. All
laboratories should test in line with requirements
and interpretations specified by one or more
standards organisations (see Resources).
Genotypic testing for AMR genes is now widely used
for different organisms harbouring certain resistance
genes. An example of this is direct detection
of Staphylococcus aureus genes and methicillin
resistance from a positive blood culture broth.
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9.5 Post-analytical phase:
microbiology reporting
The CMS should provide timely and accurate results
and advice to support clinical management decisions
and optimal antimicrobial prescribing. Results
should be readily available and easy to interpret.

9.5.1

Timeliness of test reporting
and integration with
antimicrobial stewardship
programs

Susceptibility and culture results should be reported
to clinicians as soon as possible to allow them
to streamline or stop antimicrobial therapy, as
appropriate. AMS interventions that are prompted
by susceptibility testing results have a greater
impact on timely therapy change than those that are
not.37,66,67

9.5.2

Reporting and interpreting
results

Microbiology results may be qualitative or
quantitative, and often include a combination
of result elements. These factors can contribute
to the risk of incorrect interpretation of the
information. Microscopy or cell count results may
be overlooked, even when they are important as
indicators of colonisation, contamination or an
inflammatory response to infection. Single or
multiple organisms can grow in cultures, each with
different susceptibility and potentially different
clinical relevance. Report design is paramount in
supporting the safe interpretation of the results.68,69
Summarising or grouping results to improve visual
display can improve data interpretation.70,71 Another
challenge in the comprehension of results is dealing
with unfamiliar terminology related to newer
diagnostic technology and changes in organism
nomenclature.1
The addition of laboratory comments in result
reports has been proven to assist clinicians with
the interpretation of the information.72,73 Report
comments can prompt clinicians to consider the
possibility of false negative or false positive results,
or other features that suggest that the result reflects
contamination or colonisation (see Table 9.2).47
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Table 9.2: Examples of comments that interpret results, and provide clinical and
infection control advice
Specimen
type

Indication

Suggested reporting comment

Blood

Staphylococcus aureus
isolated

Staphylococcus aureus isolated from blood is rarely a
contaminant. 30-day all-cause mortality of S. aureus
bacteraemia is approx. 21%.78 Formal consultation with
infectious diseases physician or clinical microbiologist is
strongly recommended. The Staphylococcus Bacteraemia
Management Guideline can be found at [location/URL].
Relapse of S. aureus bacteraemia occurs in up to 5% and
may present up to 3 months after the event. Patients should
receive a written note to this effect [reference information
sheet].

Blood

Isolate of
coagulase-negative
Staphylococcus (CoNS)
from an intensive care
patient – mixed or
isolated after prolonged
incubation (>1 day), only
one set taken

For optimal sensitivity and specificity, at least two separate
blood culture sets (adult, 20 mL each) should be collected
from separate venepuncture sites before starting antimicrobial
treatment. This patient had one set collected, which has
isolated CoNS. This result could indicate either infection or
contamination – clinical correlation is required.

Blood

Isolate of potential
contaminant
organism(s) from
non–intensive care
unit patient – mixed or
isolated after prolonged
incubation (>1 day), not
present in multiple sets

This isolate most likely represents contamination. To avoid
contamination during blood culture collection:
• Do not collect sample through pre-existing or new
intravascular lines
• Perform hand hygiene before the procedure
• Disinfect the skin site and blood culture bottle caps
with [alcohol/other preferred agent] (applied for at least
1 minute)
• Use sterile gloves and no-touch technique for
venepuncture
• Avoid needle exchange before inoculation of bottle(s).

Faeces

Isolate of
Campylobacter

Campylobacter gastroenteritis does not normally require
antimicrobial treatment. However, in severe or prolonged
cases, and during pregnancy, treatment is indicated – refer to
Therapeutic Guidelines: Antibiotic.

Isolate from
non-sterile
site

Antimicrobial
susceptibility reported
for information rather
than to recommend
treatment

The reporting of antimicrobial susceptibility does not imply
that treatment with antimicrobials is necessary. Colonisation
(as opposed to infection) does not require antimicrobial
treatment.

Any
specimen

Isolate of
carbapenemaseproducing
Enterobacteriaceae
(CPE)

CPE detected. Treatment options are limited – consult [insert
preferred reference here]. Manage CPE-colonised inpatients
with standard and contact precautions. [An alert is placed on
the patient record.]
(For further information, see Resources.)
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Antimicrobial susceptibility results should be
withheld for isolates that reflect colonisation
rather than infection, to avoid prompting
unnecessary antimicrobial treatment.68 Examples of
circumstances in which results could be withheld
include:
• Selected urine culture results24 (see Box 9.1)
• Screening specimens, other than those for
multidrug-resistant organisms
• Candida isolation from sputum.74

9.5.3

If results are reported in these circumstances, their
significance should be discounted by providing
a comment (see Table 9.2). Comments can also
be used to provide treatment advice for both
antimicrobial and non-antimicrobial measures.47,75
Reports can refer to management guidelines, such
as Therapeutic Guidelines: Antibiotic76, or infection
control recommendations.77 Comments that assist
in the interpretation of antimicrobial susceptibility
results should also be included to ensure that the
most appropriate treatment is selected. Examples of
this type of comment are shown in Table 9.3.

The process involves withholding antimicrobial
susceptibility test results for second-line agents (that
is, generally those that are more broad spectrum)
unless an organism is resistant to first-line agents
within a particular antimicrobial class (see Table 9.4
for examples).79 Routine reporting of susceptibility
to non-formulary or restricted antimicrobial agents
should be avoided.

Cascade reporting

Cascade (selective) reporting of antimicrobial
susceptibilities has been shown to markedly improve
the appropriateness of prescribing of antibiotics in
a randomised case-vignette study.79 A recent quasiexperimental retrospective study demonstrated a
significant and sustained reduction in the use of, and
resistance to, ciprofloxacin after the implementation
of routine suppression of ciprofloxacin susceptibility
results.80

Table 9.3: Examples of comments that interpret antimicrobial susceptibility results
Specimen type and
indication

Reporting comment

Pus or skin swab with
methicillin-susceptible
Staphylococcus aureus

S. aureus susceptible to flucloxacillin/dicloxacillin is also susceptible to
cefazolin, cefalexin and amoxicillin–clavulanate. (Flucloxacillin/dicloxacillin
result reported as susceptible based on cefoxitin test.)

Any site where
Pasteurella species is
isolated

Pasteurella species are always resistant to dicloxacillin/flucloxacillin.

Respiratory tract
or blood isolate
(meningitis absent)
where Streptococcus
pneumoniae is isolated

In pneumonia, benzylpenicillin 1.2 g IV every 6 hours is enough treatment
for isolates with MIC ≤0.5 mg/L. Use 1.2 g every 4 hours for isolates with MIC
≤1 mg/L. Use 2.4 g every 4 hours for isolates with MIC ≤2 mg/L. Alternative
therapy should be selected for isolates with MIC ≥4 mg/L – please discuss
with the on-call clinical microbiologist. (Comment derived from EUCAST.)

Pus or sterile-site
aspirate, or tissue
culture, where
anaerobic (gramnegative) species is
isolated

Agents that are generally active against gram-negative anaerobes (such
as Bacteroides and Prevotella spp.) include metronidazole (use 12-hourly
dosage), clindamycin and piperacillin–tazobactam. (Modify as per local
formulary.)

Pus/skin swab with
methicillin-resistant
S. aureus (MRSA)

MRSA is NOT susceptible to any β-lactam antibiotic except ceftaroline.
For severe infection, collect blood culture sets from different sites, use
vancomycin IV (loading dose required) and consider infectious diseases or
clinical microbiologist consultation. For simple cutaneous abscess, surgical
drainage is usually curative. For oral therapy, use one antibiotic that has tested
susceptible (NOT oral vancomycin). For advice on recurrent skin infection,
refer to [url of reference site].

EUCAST = European Committee on Antimicrobial Susceptibility Testing; IV = intravenous; MIC = minimum inhibitory concentration
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Table 9.4: Examples of cascade reporting of antimicrobial susceptibility results
Situation

Reporting approach

Staphylococcus aureus
from blood culture

• First-line report (methicillin-susceptible S. aureus): flucloxacillin and
cefazolin
• Second-line report (methicillin-resistant S. aureus): vancomycin

Escherichia coli from
urine culture

• First-line report: ampicillin, cefazolin/cefalexin, trimethoprim, gentamicin,
nitrofurantoin
• Second-line report
–– add amoxicillin–clavulanate if resistant to ampicillin or cefazolin
–– add ceftriaxone if resistant to cefazolin
–– add ciprofloxacin if resistant to all of ampicillin, cefazolin and
amoxicillin–clavulanate
• Third-line report
–– add tobramycin/amikacin if resistant to gentamicin
–– add piperacillin–tazobactam if resistant to ceftriaxone
–– add meropenem if resistant to piperacillin–tazobactam and ceftriaxone
–– test and add fosfomycin if resistant to norfloxacin

9.5.4

Communicating critical results

Critical microbiology results such as positive
blood cultures should be urgently discussed with
the clinician so that appropriate treatment is not
delayed. For sterile-site (including blood) specimen
results, contacting the clinician at the time of
a positive Gram stain often leads to treatment
change. For example, in a study of 123 patients with
clinically important positive blood cultures, 36% of
patients had their treatment changed after a Gram
stain.81 Further liaison between the CMS and the
clinician after culture and susceptibility results were
available led to treatment change in another 50% of
patients, usually a change to a narrower-spectrum
antimicrobial. Barenfanger et al. demonstrated
that patient mortality was halved if Gram stains
from blood cultures were performed and results
communicated within one hour of the culture
becoming positive.82
A structured approach to discussing sentinel
results is useful to ensure clear communication
and documentation of the discussion and
recommendations. An approach adopted from the
ISBAR (identify, situation, background, assessment,
recommendation) clinical handover process is
recommended.83 It can also be helpful to request
a read-back of the result to confirm accurate
understanding. Barenfanger et al. detected a 3.5%
error rate in outgoing laboratory phone calls, which
was corrected by introducing a read-back policy.84

Automated communication of critical results
to clinicians is another valuable method that
improves the timeliness of notification and avoids
the potential errors that can occur in verbal
communication.85 AMS ward rounds provide
another opportunity for the discussion of sentinel
results with clinicians.

9.6 Specific situations
that need clinical
microbiology service
expertise
As well as influencing individual patient care, the
CMS can support different specific AMS initiatives at
the local and national levels.

9.6.1

Support for high-risk units

Intensive care, transplantation, haematology and
oncology units have high rates of antimicrobial use
and warrant particular attention from the CMS.
High antimicrobial use exerts selection pressure
for AMR, and this may have a spillover effect on
patients managed by other services because of crossinfection.
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Clinicians and managers in high-risk units
should regularly consult with the CMS to
review antimicrobial use, changes in cumulative
antibiograms and reports on multidrug-resistant
organisms for the unit. This can provide the impetus
to change local antimicrobial recommendations,
with reference to Therapeutic Guidelines: Antibiotic76,
and promotes adherence to relevant infection
prevention and control measures.
A CMS representative should attend AMS team
rounds, which may be on a daily, twice-weekly
or weekly basis, depending on the size and case
load of the particular unit. These rounds are often
conducted with the infectious diseases (ID) service.
AMS liaison rounds generally involve:
• Appraising the clinical presentation, previous
treatment and current status of each patient
• Considering the function of antimicrobial
treatment (prophylaxis, empirical or directed
treatment)
• Interpreting existing microbiological results
and, if required, recommending other relevant
investigations
• Recommending changes (in the light of patient
situation, microbiology and guidelines) to the
documented diagnosis; the choice of medicine(s)
and the route of administration or dosage; and
the defined or agreed duration of treatment, or a
date for further review.

9.6.2

Cumulative antibiogram
analysis

The CMS should provide annual analyses of
cumulative AMR to groups with responsibility for
local antimicrobial therapy guidelines to inform
recommendations for local empirical therapy and
formulary management.86
Caution should be exercised if clinicians
are provided with cumulative antibiograms.
Interpretation by a clinical microbiologist or ID
physician is needed, so that clinicians recognise at
which point an antimicrobial is no longer a reliable
empirical agent against an organism or group of
organisms. Commentary should accompany the
cumulative antibiogram to indicate whether the
local resistance patterns show that a variation from
Therapeutic Guidelines: Antibiotic76 is needed locally.
Examples of such commentaries are available from
the AIMED website.87
The Clinical and Laboratory Standards Institute
(CLSI) guideline M39-A2 is the accepted
international standard for the analysis and
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presentation of antibiograms. It is recommended to
use the Australian standard approach to analysing
and reporting cumulative antibiograms, based on the
CLSI standard.86 The Australian standard specifies
a number of ‘sentinel organisms’ for which local
epidemiology should be examined and recommends
a format for presenting the cumulative antibiogram
(Figure 9.2).
Currently available software for antibiogram
analyses includes OrgTRx (part of the national
Antimicrobial Use and Resistance in Australia
[AURA] Surveillance System), WHONET software,
and various in-house and commercial options.
Locally generated antibiograms may be compared
with national AMR data published by the AURA
program. The AURA 2017 report provides a selected
array of information about rates of resistance by
specimen type and by state and territory.89

9.6.3

Signal and critical
antimicrobial resistances
(CARs)

The Australian standard antibiogram format
recommends separate consideration of six
important ‘signal resistances’ (S), which have been
supplemented by a variety of other isolates with
resistances that need to be reported to the National
Alert System for Critical Antimicrobial Resistances
(CARAlert):
• Vancomycin-resistant enterococci (S), linezolidnon-susceptible Enterococcus species (CAR)
• Methicillin-resistant S. aureus (S), and
vancomycin-, linezolid- or daptomycin-resistant
S. aureus (CAR)
• Vancomycin-intermediate and vancomycinresistant S. aureus (S)
• Carbapenemase-producing Enterobacteriaceae
(CPE) and other carbapenemase-producing
gram-negative organisms (S), carbapenemaseproducing or ribosomal methylase–producing
Enterobacteriaceae (CAR)
• Streptococcus pneumoniae with a penicillin
minimum inhibitory concentration ≥0.06 mg/L
(S)
• Enterobacteriaceae that are resistant to third- or
later-generation cephalosporins (S)
• Multidrug-resistant Mycobacterium tuberculosis
(CAR)
• Ceftriaxone- or azithromycin-non-susceptible
Neisseria gonorrhoeae (CAR)
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Figure 9.2: Example of a hospital urinary isolate antibiogram, taken from John Hunter Hospital

Source: Pathology North88
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• Ceftriaxone-non-susceptible Salmonella species
(CAR)
• Multidrug-resistant Shigella species (CAR)
• Streptococcus pyogenes with reduced susceptibility
to (benzyl)penicillin (CAR).
The CMS should actively monitor and report
on these exceptional phenotypes. For a broader
discussion of exceptional resistance phenotypes
across all major pathogenic bacterial species, see the
EUCAST expert rules, updated in 2016.90
Extra information about the epidemiology of
important endemic or emerging resistant pathogens
can be obtained by analysis and reporting of:
• Relevant molecular resistance mechanisms (for
example, the presence of specific carbapenemase
or extended-spectrum b-lactamase genes in gramnegative organisms)
• Epidemiological markers (for example, by using
one of many typing methods that imply clonality).
These data can further inform AMS, and infection
prevention and control strategies by identifying
outbreaks and the epidemiology of pathogen
transmission.
CMSs are encouraged to participate in the AURA
Surveillance System91 and its component programs,
such as the Australian Group on Antimicrobial
Resistance92 and the Australian Passive AMR
Surveillance system.93

9.6.4 Therapeutic drug monitoring
and review
The CMS should collaborate with clinical chemistry
and pharmacy departments to:
• Monitor blood antimicrobial levels for results that
are either above or below targets (for example, for
aminoglycosides, vancomycin, antifungal agents)
• Provide appropriate interpretive comments
consistent with Therapeutic Guidelines:
Antibiotic.76
The CMS should enable access to therapeutic drugmonitoring data by pharmacy and other auditors
to enable assessments of indicators of the quality
of antimicrobial use (see Chapter 6: ‘Measuring
performance and evaluating antimicrobial
stewardship programs’).
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9.6.5

Linking microbiology results
with electronic prescribing

Linkage of patient microbiology and antimicrobial
susceptibility results with electronic prescribing
system data can help to improve antimicrobial
prescribing (see Chapter 4: ‘Information technology
to support antimicrobial stewardship’).94 In-house
and proprietary systems are effective in targeting
patient-level AMS interventions.95-97 These systems
may prompt review when organisms are resistant
to the antimicrobial being prescribed, when
prescriptions are ordered where no organisms have
been isolated, and when broad-spectrum agents
could be switched to narrower-spectrum98 or less
expensive antimicrobials.

9.6.6 Measuring performance of the
clinical microbiology service
as part of the antimicrobial
stewardship program
Performance measures for CMS activities with
potential impacts on AMS may include the
following.
Pre-analytical phase:
• Compliance with test recommendations for the
specific clinical presentation
• Proportion of patients for whom a
microbiological diagnosis is obtained for the
specific clinical syndrome
• Analyses of repeat specimen submission and
compliance with rejection criteria
• Specimen quality measures
–– urine contamination99
–– blood cultures – collection of more than
one set, sample volume and contamination
rates33,100-103
–– rates of suboptimal sputum and
wound samples, based on evaluation of
microscopic findings (relative presence of
polymorphonuclear cells and squamous cells)104
• Time from sample collection to arrival in the
laboratory for processing.
Analytical phase:
• Laboratory external quality assurance
performance
• Monitoring of turnaround times for negative and
positive results of major tests.

Chapter 9: Role of the clinical microbiology service in antimicrobial stewardship

Post-analytical phase:
• Accuracy and completeness of documentation,
and actioning of critical results
• Monitoring of time to reporting urgent tests
• Compliance with cascade reporting requirements
• Clinician satisfaction surveys.

9.7 Role in education
The CMS should educate the nursing, midwifery,
medical and pharmacy workforce, and pathology
specimen collection personnel about clinical
indications for testing, correct specimen collection,
available laboratory testing procedures and optimal
use of these procedures.1,105,106 The workforce should
be updated when collection or testing methods
change.
The CMS can also contribute to local AMS education
efforts by educating about the interpretation of,
clinical significance of, and appropriate responses
to, significant microbiology test results. This
approach has been shown to be effective in changing
clinicians’ prescribing behaviour68,81, especially if it is
combined with selective reporting of antimicrobial
susceptibility results that also contains interpretive
comments.
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Resources
International testing standards

Education

• Public Health England: UK Standards for
Microbiology Investigations
• EUCAST: Clinical breakpoints
• EUCAST: Guidance documents in susceptibility
testing
• CLSI: testing standards

• For a detailed discussion of CMS education topics
and resources, see Morgan DJ, Croft LD, Deloney
V, Popovich KJ, Crnich C, Srinivasan A, et al.
Choosing wisely in healthcare epidemiology and
antimicrobial stewardship. Infect Control Hosp
Epidemiol 2016;37(3):755–60.

Reporting standards
• Australian Commission on Safety and Quality in
Health Care: Structured microbiology requests
and reports for healthcare-associated infections

Antibiogram specifications and tools
• Australian Commission on Safety and Quality
in Health Care: specification for hospital-level
cumulative antibiogram
• AIMED: antibiogram commentaries and other
microbiology resources
• Software for antibiogram analyses: OrgTRx and
WHONET software

Signal and critical antimicrobials
resistances
• Australian Commission on Safety and Quality
in Health Care: Information specific to
carbapenemase-producing Enterobacteriaceae
–– Recommendations for the Control of
Carbapenemase-Producing Enterobacteriaceae
(CPE): A guide for acute care health facilities
–– information for patients
–– information for ward staff and after-hours
managers
–– information for clinicians and health service
managers
–– information for clinicians
• Exceptional resistance phenotypes: EUCAST
expert rules
• National surveillance programs
–– AURA
–– Australian Group on Antimicrobial Resistance
–– CARAlert
• AURA 2017: national AMR data
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