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ABSTRACT A vast amount of antimicrobial susceptibility test (AST) data is generated from
routine testing in diagnostic laboratories for the primary purpose of guiding clinicians in anti-
microbial therapy decisions for their patients. However, there is additional value for these
data when they are compiled at the local, regional, national, and global levels. Cumulative
AST data can be used to prepare antibiograms at the individual health care facility level.
These reports can be used to gain insight into appropriate empirical therapy options prior
to the availability of AST results on an individual patient’s isolate. Different types of cumula-
tive AST data reports can also be compiled at the regional, national, and global levels to
estimate susceptibility rates in geographic regions, document trends in evolving microbial
populations, and recognize the appearance and spread of emerging antimicrobial resistance
threats. The first CLSI M39 Guideline for Analysis and Presentation of Cumulative AST Data
was published in 2000. Since that time, there have been changes to AST and reporting rec-
ommendations as well as the introduction of advanced informatics technologies to analyze
and present data. The 5th edition of M39 has taken into consideration these changes to
assist those who analyze, present, and utilize routine antibiograms and other types of cu-
mulative AST data reports as well as those who design information systems for the captur-
ing and analyzing of AST data. Furthermore, antimicrobial stewardship programs (ASPs)
have expanded considerably, and uses of the antibiogram by ASPs have been addressed.
This minireview will remind users of the basic recommendations for analysis and presenta-
tion of antibiograms and provide new suggestions to enhance these reports.

KEYWORDS cumulative antimicrobial susceptibility testing report, M39, antibiogram,
antimicrobial susceptibility test
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Susceptibility Test (AST) Data released in January 2014, many new trends in antimicrobial University Medical Center
stewardship, public health, rapid diagnostics, and informatics have occurred (1). In particular, Copyright © 2022 American Society for
. . . . Microbiology. All Rights Reserved.
antimicrobial stewardship programs (ASPs) have expanded considerably. There are several
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tools available for clinicians to prescribe antimicrobial agents prudently, including individual
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isolate susceptibility reports from diagnostic specimens (i.e., the antimicrobial susceptibility Tihe auiliss dedsie e confiict of iniciEsi.

profile of an organism) as well as cumulative susceptibility reports (e.g., antibiogram) gener- Published 2 August 2022
ated from the compilation of individual isolate data. The antibiogram is not only useful for
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FIG 1 Different types of cumulative AST data reports.

clinicians at the facility level but also for ASPs and public health where there is an increasing
need to better understand what is collectively happening with antimicrobial susceptibility to
address emerging antimicrobial resistance threats.

Furthermore, there have been changes in public health and medical microbiology labo-
ratories with the introduction of rapid diagnostic tools (e.g., multiplex molecular panels) and
advanced informatics. Novel tools have expanded accessibility to AST data and analysis
capabilities. Many of the changes in M39 5th edition take into consideration these and other
newer programs and technologies to address current needs of those who rely on cumula-
tive AST data reports, including antibiograms, for various applications.

As illustrated in Fig. 1, the recommendations in previous and current editions of M39 for
developing a routine antibiogram have been made with the primary aim of guiding clini-
cians in the selection of empirical antimicrobial therapy for initial infections before definitive
susceptibility results become available or when definitive susceptibility results are not avail-
able. The term antibiogram should be reserved to describe the annual, cumulative AST
report generated from a particular institution(s) following M39 guidance. For cumulative
AST reports intended for purposes other than guiding empirical therapy (e.g., identifying
emergence of resistance, trending antimicrobial resistance for public health initiatives), al-
ternative analyses may be more appropriate, as discussed briefly in M39 5th edition.

The basic recommendations for antibiogram preparation remain the same as in previous
M39 versions and are summarized in Table 1 (2). Therefore, the focus of this minireview is to
summarize changes introduced to the M39 5th edition document to address current trends
in medical microbiology laboratories, informatics systems, and ASPs.

CONTENT ELIMINATED FROM M39

The intrinsic resistance appendix and glossaries that are managed by the Clinical
and Laboratory Standards Institute (CLSI) AST Subcommittee and published in CLSI
M100 (3) were removed from the 5th edition since M100 is updated annually and M39
is on a 5 (or more)-year revision cycle. Listing tables from M100 in M39 that may
become obsolete a year or two after publication of M39 was not ideal. M100 is now
available for free as a read-only version online (4) with easy access to up-to-date ver-
sions of the intrinsic resistance appendix and glossaries.

Previous editions of M39 suggested that percentage of isolates with intermediate
susceptibility should be listed in addition to percent susceptible (%S) for penicillin with
viridans group streptococci. This recommendation was initially added to address treat-
ment of infective endocarditis caused by viridans group streptococci. However, the rec-
ommendation was eliminated, as providing %l for penicillin is unlikely to impact empirical
therapy (5).
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TABLE 1 Key recommendations for routine antibiogram development

Recommendation

Antibiogram reports should be analyzed and presented at least annually.

Only diagnostic (not surveillance) isolates should be included.

Only final, verified test results should be included.

Duplicates should be eliminated by including only the first isolate of a species, patient, and/or
analysis period, regardless of specimen source or antimicrobial susceptibility profile.

Only species with testing data for =30 isolates should be included.

Only antimicrobial agents routinely tested against the population of isolates to be analyzed should
be included, and the %S should be calculated from results reported as well as those that may be
suppressed on patient reports for which selective or cascade reporting rules have been applied.

To decrease biases in susceptibility estimates, laboratorians should refrain from including results
for supplemental antimicrobial agents selectively tested on resistant isolates only.

Laboratorians should report the %S but exclude the %l and %SDD in the %S statistic.

NEW CONTENT IN M39 5TH EDITION

A summary of new content in M39 5th edition is listed in Table 2. In addition, the list of
“Contents” in the front of M39 has been expanded to enable the user to locate content
related to a specific topic more readily. In addition to the references that link to the sour-
ces for some of the statements made in M39, the “Additional Resources” section contains
a list of supplemental publications. For the most part, these focus on specific topics cov-
ered in M39, for example, combination antibiograms, antimicrobial stewardship, antimicro-
bial surveillance, etc. Several of the appendices have been expanded, and there are five new
appendices (which will be described in further detail below), including one for “Frequently
Asked Questions” (new Appendix L in reference 2).

There has been confusion about several terms used in previous editions of M39 to
describe cumulative susceptibility reports, especially cumulative AST data reports, cumula-
tive antibiogram, routine antibiogram, and enhanced antibiogram. Therefore, these terms
have been further defined in M39 5th edition. “Cumulative AST data reports” is the broadest
term used to describe all types of reports generated by analysis of compiled AST results
over a defined period of time that reflect the percentage of isolates of a given species or or-
ganism group that is susceptible to each of the antimicrobial agents tested. Cumulative AST
data reports include antibiograms and other relevant analyses presented in tabular, graphic,
and other types of formats. In contrast, the term “cumulative antibiogram” has been elimi-
nated. The routine antibiogram is defined as the report generated by analysis of collective
AST results usually from a single health care facility following M39 guidance specifically
(Table 1). The enhanced antibiogram is a report where the %S data are further stratified

TABLE 2 New and expanded content in M39 5th edition®

New and expanded content
Refined definitions of “cumulative AST data report” and “antibiogram”.
Practical concerns and advantages and disadvantages in extracting data from various data sources
for antibiogram preparation.
Combining results from rapid diagnostics and resistance markers with the antibiogram.
Developing antibiograms for
Yeast and antifungal agents
Long-term care facilities
Veterinary practices
Developing multifacility antibiograms.
Use of antibiograms in antimicrobial stewardship programs.
Preparing cumulative AST data reports for peer-reviewed publication.
Using statistical analysis including percentiles, interquartile ranges, MIC,, and MIC,,, to evaluate
antibiogram data.
Including intermediate results in antibiograms for urinary tract agents.
Defining antibiogram percent susceptible thresholds related to empirical therapy decisions.

aAST, antimicrobial susceptibility test.
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using specific parameters (e.g., specimen source-specific or patient location antibiogram),
and multifacility antibiograms aggregate data from multiple facilities.

Every step in M39 assumes that the data available for analysis are accurate. The updated
version of M39 places greater emphasis on making certain that all AST results are verified
and finalized by the laboratory prior to sending them to the database used for analyses.
Laboratories that suppress certain antimicrobial results by applying selective or cascade
reporting rules to encourage prudent antimicrobial prescribing should make every effort to
capture the suppressed results in the database to avoid biases in susceptibility rate esti-
mates. When applying suppression rules to facilitate cascade reporting (e.g., suppressing
results for broader-spectrum agents if narrow-spectrum agents in the same drug class are
susceptible), some drugs will only be reported on more resistant isolates (6). Consequently,
failure to capture results from suppressed drugs in the antibiogram can result in %S values
that are falsely low. It is essential to understand exactly how data are transmitted to the
database in order to troubleshoot any inconsistencies in the %S data. One of the new
appendices in M39 5th edition emphasizes the need to review the completed antibiogram
report before it is distributed, and it includes tips for identifying %S data that might be erro-
neous (new Appendix D in reference 2). For example, when reviewing routine antibiogram
data for Escherichia coli, %S values of 80% for cefepime and 95% for ceftriaxone are unusual
and should be investigated.

Other concepts related to AST and reporting that have evolved in the past few years
are now addressed in M39 5th edition, including (i) how to handle multiple breakpoints
for a single agent such as cefazolin, which has breakpoints for isolates associated with
both uncomplicated urinary tract infections and systemic infections; (ii) consideration of
the susceptible dose-dependent (SDD) interpretive category; and (iii) consideration of the in-
termediate versus intermediate” category, the latter of which relates to isolates associated
with uncomplicated urinary tract infections.

There has been considerable activity within the CLSI AST subcommittee to ensure
breakpoints used to interpret AST results, particularly for older drugs, are reliable (7, 8).
Reanalysis of breakpoints using recent data resulted in updating a number of breakpoints,
and it is likely that additional breakpoints will be updated in the near future. Breakpoint
changes can have a significant impact on %S results in the antibiogram, and managing
breakpoint changes for specific organism/antimicrobial agent combinations is thoroughly
described in M39 5th edition.

Following a request to address color coding on the routine or enhanced antibio-
gram to reflect various levels of %S, M39 suggests green might represent %S values
>80%, red for %S =60%, and yellow for %S values between these two. The discussion
of the optional use of color coding emphasizes, as is done throughout M39, that other
factors besides %S values must always be taken into consideration when empirical
therapy decisions are made, such as infection type, severity of illness, patient history,
standard treatment guidelines, and consequences of treating patients with an ineffec-
tive antimicrobial agent.

Other additions to M39 5th edition include recommendations for preparation of an
antifungal antibiogram for yeast isolates. Laboratories that perform routine antifungal
susceptibility testing should consider generation of such a report and might consider
combining more than 1 year of data if the numbers of isolates of certain yeast species
are less than 30. Instructions for combining data from multiple years or multiple sour-
ces have been expanded in M39 5th edition.

Below, we review the new content in the M39 5th edition (Table 2), which is presented
in order of its appearance in the M39 document.

EXTRACTING DATA FROM DIFFERENT SOURCES

Antibiograms are generated using data derived from one or more of the following
sources:

e automated or semiautomated AST instrument
e laboratory information system (LIS)
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e hospital electronic health record (EHR)
e third-party clinical decision support system (CDSS) used by infection prevention
and/or ASP

Data from the AST instrument are a convenient and well-standardized source of AST
results. However, valuable patient demographic, patient location, and specimen source
details may not be available depending on the completeness of information received
through the bidirectional interface with the LIS. Furthermore, the AST instrument typi-
cally would not contain results from manual methods such as disk diffusion or gradient
diffusion. Data from the AST instrument may include erroneous AST results if steps are
not taken to ensure all data to be analyzed for the antibiogram are accurate and “final.”
Data from the LIS are generally most complete with regard to patient, location, and spec-
imen details and contain AST results for tests performed manually. However, the LIS may not
include results of “suppressed” antimicrobial agents if they are suppressed in the AST instru-
ment as a part of a cascade or selective reporting for antimicrobial stewardship. A general rec-
ommendation would be to transfer all antimicrobial results from the AST instrument to the
LIS, including those that might be suppressed on the final patient reports. Data derived from
the EHR or CDSS are likely to contain more patient, location, and specimen details, which can
be parsed out to prepare enhanced antibiograms based on clinical need. For example, when
evaluating the prevalence of methicillin (oxacillin)-resistant Staphylococcus aureus (MRSA) in
various locations in a health care facility, it would be easier to obtain the oxacillin %S statistic
among S. aureus from intensive care unit (ICU) patients when using an EHR or CDSS data
source where patient demographics are stored. However, the EHR or CDSS databases may not
contain results for all antimicrobial agents tested if cascade or selective reporting is imple-
mented at the AST instrument or LIS levels. Data derived from the AST instrument, LIS, and
EHR sources may be combined; however, data quality and uniqueness of data extracted have
to be carefully scrutinized before use in antibiograms.

For some data sources, data analysis is performed in the same system where the data
are stored. Alternatively, data generated from one or more of these sources can be exported
to other third-party data management and analysis tools, such as Microsoft Excel, Microsoft
Access, WHONET, or dedicated statistical analysis software provided for antibiogram prepa-
ration. Choice of data source utilized depends on the end user and the scope of the pro-
gram that is using the antibiogram. Although data are usually analyzed annually, some may
find it valuable to generate reports on a rolling basis (9). Regardless of the data source, it is
important to be attentive to the suitability of each with regard to availability, content, granu-
larity, and formatting of extracted data. Table 3 summarizes the attributes and qualities of
the various sources by which data acquisition is possible for generation of the antibiogram.

INCORPORATING ANTIMICROBIAL RESISTANCE MARKER TEST RESULTS WITH THE
ANTIBIOGRAM

Detection of antimicrobial resistance (AMR) markers (e.g., mecA/C, blacry.,) or mech-
anisms mediating AMR (e.g., broad detection of carbapenemase production by a phe-
notypic method) are becoming more commonplace in medical microbiology laborato-
ries. Tests for the detection of AMR can be performed from recovered isolates, positive
blood culture broths, or directly from clinical specimens (e.g., respiratory secretions)
for diagnostic or surveillance purposes (10). Often, the results of these tests are avail-
able prior to the antimicrobial susceptibility profile of the associated organism(s) and
may be helpful to optimize therapy for individual patients.

Associating the cumulative AST data with the collective results from AMR marker tests on
an antibiogram can provide further insight into patient management, antimicrobial steward-
ship, and infection control or serve as a quality indicator in the laboratory. The current edition
of M39 provides guidance and examples on how collective AMR marker test results can be
included in the antibiogram as either a separate line listing or combined with %S data from
follow-up phenotypic AST results. The presentation of AMR results using these approaches
yields different types of information. For instance, when AMR data are incorporated as a sepa-
rate line listing in the antibiogram, the results can be compared to %S from phenotypic
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results for a given species and serve as a quality indicator for the accuracy of the diagnos-
tic tests performed in the laboratory. Alternatively, one can document the accuracy of anti-
microbial resistance markers to predict susceptibility before the availability of phenotypic
AST results to patient-facing clinicians. The best example involves detecting the mecA gene in
S. aureus. Separate line listings for mecA detection for prediction of oxacillin (e.g., 53% of iso-
lates negative for mecA would predict 53% S to oxacillin) can be compared to the %S based
on oxacillin susceptibility testing among the same isolates to demonstrate the correlation
between genotype and phenotype.

Alternatively, if the AMR marker test results are combined with the corresponding %S
data into a single line on the antibiogram, the combined results will provide insight into an
isolate’s susceptibility associated with the presence or absence of an AMR marker. The asso-
ciated results can provide additional information on the local epidemiology and may benefit
patient management. For example, the absence of a resistance marker among Gram-nega-
tive organisms in a single case is often inconclusive, as resistance to specific agents may be
conferred by mechanisms other than those associated with the targeted AMR marker (e.g.,
the absence of carbapenemase genes does not rule out carbapenem resistance). However,
by combining the cumulative AST data for a given species in the absence of an AMR marker
(s), high %S rates may be observed (e.g., high rates of susceptibility to carbapenems in the
absence of detecting a carbapenemase marker). Alternatively, information regarding agents
from alternative classes not traditionally predicted by the AMR marker may also yield fruitful
information. For example, aminoglycoside resistance genes may be harbored on the same
plasmid as carbapenemase genes, and therefore, isolates that harbor a carbapenemase
might demonstrate a higher association with aminoglycoside resistance (e.g., lower %S)
than isolates that do not harbor a carbapenemase. These data may be used to support ther-
apeutic decision-making or may be considered part of antimicrobial stewardship and infec-
tion control initiatives.

Thus, combining AMR marker test data with the antibiogram can help guide early
therapy and provide information to different stakeholders on the epidemiology and
predictive value of the presence and/or absence of the AMR markers for their patient
population. There are limitations to incorporating AMR marker results into the antibio-
gram, which are discussed in detail in the M39 5th edition document (2).

LONG-TERM CARE FACILITY ANTIBIOGRAMS

The Centers for Disease Control and Prevention (CDC) and Agency for Healthcare
Research and Quality (AHRQ) recommend that all long-term care facilities (LTCFs) (e.g., nursing
homes, skilled nursing facilities, assisted living facilities) develop an annual antibiogram to
guide clinicians in the selection of initial empirical antimicrobial therapy (11, 12). The general
recommendations for antibiogram development should also be applied to LTCF antibiogram
development when possible (Table 1). It is recognized that there are a number of challenges
within LTCFs that may preclude the generation of an annual antibiogram according to M39
guidelines, as described below and in further detail in the M39 5th edition (2). Similar to acute
care hospitals, a multidisciplinary group (e.g., LTCF leadership, LTCF medical director, LTCF con-
sultant pharmacist, LTCF infection control, LTCF antimicrobial stewardship program, LTCF lab
provider, etc.) should formulate a plan for antibiogram development that meets the individual
needs of the LTCF.

The accuracy of an antibiogram is highly dependent upon the culturing practices within
an individual LTCF. Selective culturing of residents who are likely infected will not provide
an accurate representation of the susceptibility rates of bacteria at the LTCF. Therefore, a
best practice recommendation would be to perform routine culture and susceptibility of all
LTCF patients with suspected infection to improve patient care and the accuracy of the data
in the LTCF antibiogram. This recommendation is in agreement with the CDC Core Elements
of Antimicrobial Stewardship for Nursing Homes, which recommend LTCFs implement and
monitor at least one policy or practice to improve antimicrobial use (12, 13). Additionally,
AHRQ has developed a toolkit within the Nursing Home Antimicrobial Stewardship Guide to
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assist in the identification and diagnosis of common infections in LTCF residents based on
signs/symptoms and physical exam findings (13).

Traditionally, LTCFs do not have their own microbiology laboratory and send specimens
to one or multiple referral laboratories. Ideally, sending to one laboratory ensures that the
same AST method and interpretive breakpoints are utilized. When multiple referral laborato-
ries are utilized, variations in lab practices must be considered when evaluating and analyz-
ing susceptibility data, which may complicate the data analysis and creation of the antibio-
gram as well as lead to discrepancies in the data. For hospital-based LTCFs that only receive
their patient referrals from an attached acute care hospital, the LTCF can consider using the
hospital antibiogram for empirical antimicrobial regimen selection if the LTCF is unable to
generate an antibiogram. If only small numbers of isolates are available (<30 bacteria) for
the time period of the antibiogram, a number of data analysis options can be utilized, such
as combining data from multiple years, combining species (if applicable), or using data from
other sources (e.g., regional health department data, local/regional published susceptibility
data, susceptibility data from other health care facilities in the community, etc.). However,
because the susceptibility patterns of isolates encountered in LTCFs are often unique to that
facility, use of antibiograms from other sources is not ideal.

Last, all prescribing clinicians within the LTCF should have access to the annual anti-
biogram for empirical antimicrobial selection. In addition, a copy of the LTCF annual
antibiogram should be included in the transfer documentation anytime an LTCF resi-
dent is sent to an acute care hospital or other facility.

THE VETERINARY ANTIBIOGRAM

Use of antibiograms is considered one of the core elements of many veterinary ASPs.
Although many of the principles of antibiogram development and presentation apply in
both human and veterinary medicine, the 5th edition of CLSI M39 contains an entirely new
chapter dedicated to unique circumstances surrounding the veterinary antibiogram (2). This
new chapter provides guidance to developers of veterinary antibiograms on how to address
these unique challenges. A brief synopsis of the chapter discussion on the challenges associ-
ated with isolate inclusion, presentation, and use of the antibiogram is provided here.

Veterinary antibiograms are often developed by regional diagnostic laboratories to
capture a sufficient number of bacterial isolates (at least 30) to make the antibiogram
useful. Therefore, the veterinary antibiogram is a hybrid between multifacility and enhanced
antibiograms. In this situation, it is possible that differences in antimicrobial susceptibility
across geography or patient subpopulations are masked. If the process behind developing
the veterinary antibiogram is transparent to the veterinary prescriber, the applicability of the
cumulative antibiogram data to a specific case for which empirical antimicrobial therapy is
being considered can be assessed by the clinician.

Guidance for developing antibiograms in human medicine recommends including only
the first isolate from a given patient per analysis period to limit the influence of repeat patient
isolates on the antibiogram (Table 1). The rationale for this guidance also applies to veterinary
antibiograms; however, there are logistical challenges to implementation. First and foremost, a
coordinated system of patient identification is not present in veterinary medicine. Veterinary
patients are often identified by pet name and owner last name. At the level at which veteri-
nary antibiograms are typically developed (regional diagnostic laboratory), it may be difficult
to distinguish patients with similar names (e.g., “Buffy” Smith). Additionally, in production ani-
mal settings, animal identification may only be at the herd, pen, or flock level, so determining
if isolates from the same premise are similar may be impossible. The veterinary chapter of
M39 5th edition poses potential methods to address this challenge.

As one of the components of an antimicrobial stewardship program, antibiograms
can be used to convey information to veterinary prescribers beyond the local prevalence
of AMR. Antibiograms may be presented in such a way that they highlight other consid-
erations in the antimicrobial selection process. In veterinary medicine, this may include
the regulatory status of an antimicrobial, specifically with regard to uses in food-produc-
ing animals. Antibiograms may also be developed to reflect clinical practice guidelines.
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As veterinary interpretive criteria are host-species specific, the veterinary antibiogram
should clearly delineate to the clinician if species-specific breakpoints were used to
determine the %S and, if not, which breakpoints were used in the calculation. Example
antibiograms are presented in the veterinary chapter of M39 5th edition.

PREPARATION AND USE OF MULTIFACILITY ANTIBIOGRAMS

The use of single-facility antibiograms has been well described and may be mandated
by antimicrobial stewardship metrics and accreditations (14). While single-facility antibio-
grams guide empirical therapy decisions and interventions, there are several instances when
a multifacility antibiogram may be developed and used separately. There may be times
when AST data from a single facility are not available, limited in size or scope, or subject to
significant biases. In these situations, aggregating data from multiple external sources may
be useful to increase awareness of antimicrobial resistance and emerging resistance in a
region and can serve as a benchmark for comparing %S data among individual facilities.
Besides the acute care hospital, sources of data for constructing multifacility antibiograms
include referral laboratories, long-term care sites, public health departments, and national
surveillance laboratories. Susceptibility data from any of these sources can be combined to
develop a multifacility antibiogram. The M39 5th edition document describes different
approaches and considerations to preparing multifacility antibiograms.

There are three main scenarios for the generation of multifacility antibiograms. The
approach used is determined by the study goals, resources available, and agreements
between facilities and the network coordinator for sharing isolates, isolate-level data,
and/or local antibiograms. The three approaches described in the M39 include (i) col-
lection and testing of clinical samples or isolates by a centralized laboratory, (ii) central-
ized collection of electronic isolate-level AST data, and (iii) centralized collection and
collation of single-facility antibiograms. These approaches to aggregating data to pre-
pare multifacility antibiograms and their strengths and weakness are described in M39
5th edition (see Table 31 in reference 2). Overall, the centralized laboratory isolate collection
approach is likely to generate the highest-quality and most consistent data. However, it can
be resource intensive, with concerns about sustainability. The centralized collection of sin-
gle-facility antibiogram approach may be the most feasible, as many facilities already gener-
ate annual facility-level antibiograms. However, this approach generates the lowest quality
of data at the aggregate level, as variability across many parameters may exist between
facilities. It is important to identify any inconsistencies and outliers among the submitted
data to assess the effect on the final report. Certain variables may be collected from each
facility to better assess their potential effect on the final collated data, such as AST report-
ing rules (e.g., suppression rules), breakpoints applied to interpret the results, antimicrobial
agents tested, and level of organism identification. The results from the centralized labora-
tory testing and the centralized collection of electronic isolate-level AST data can be ana-
lyzed as described for the single-facility antibiogram, whereas special stepwise instructions are
provided in the M39 for the centralized collection of single-facility antibiograms approach (see
new Appendix H in reference 2).

The presentation of a multifacility antibiogram can be similar to that recommended
for a single-facility antibiogram by presenting the %S statistic for each organism/anti-
microbial agent combination in a table format. When data are aggregated from a large
number of facilities, it is recommended that percentiles or interquartile ranges are
included to help identify institution outliers and variability in the data set. Guidance on
how to perform these calculations is available in the M39 5th edition.

Multifacility antibiograms may be valuable in certain circumstances to guide local empiri-
cal therapy recommendations (e.g., organisms that do not routinely have AST performed,
organisms that are infrequently isolated, etc.). However, when such data are applied, it is crit-
ical to consider the approach that was used for generating the report, limitations of the data
due to sampling biases or protocols and methods used for AST, and relevance of the data
used for a particular health care facility’s geographic location, patient population, and clinical
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setting. When available, facility-level data should be prioritized over multifacility-level data
for local empirical therapy recommendations and guidelines.

There are many other uses for multifacility antibiograms, which vary based on the needs
of different stakeholders. For example, infection prevention and control programs may use
the multifacility antibiogram as a benchmark for local data to help determine whether inves-
tigations or interventions in infection prevention practices may be needed. Alternatively,
public health departments may monitor susceptibility or resistance profiles across specific
jurisdictions using the centralized collection of single-facility antibiograms (15). It is impor-
tant for various stakeholders to understand the methods used to assemble the data to
appreciate the potential limitations of multifacility antibiogram data.

USING THE ANTIBIOGRAM TO GUIDE EMPIRICAL THERAPY OF INITIAL INFECTIONS

Susceptibility data in the annual antibiogram provide current information on the relative
prevalence and susceptibility of bacteria at a particular institution/health care center. There
are two types of antibiograms, the routine antibiogram where the %S values of all Gram-
negative or Gram-positive bacteria from the entire health care system or hospital unit are
included (regardless of specimen type or patient characteristic) and the enhanced antibio-
gram where the %S values of bacteria are evaluated and presented using specific criteria
such as infection type (bloodstream isolates only, urinary tract isolates only, etc.), patient
type (cystic fibrosis, renal transplant, hematology/oncology, etc.), or patient location (medical
floor, intensive care unit, outpatient, etc.).

The %S data tables for either type of antibiogram include information on the type of bacte-
ria tested, the number of isolates (first isolate per patient per reporting period) tested during the
time frame of the antibiogram, the antimicrobials tested for susceptibility, and the %S to each
antimicrobial agent (see Table S1 in the supplemental material). The %S data from either the
routine or enhanced antibiogram can be used to guide empirical antimicrobial therapy while
waiting for culture and antimicrobial susceptibility profile from a patient’s clinical specimen.

When selecting empirical antimicrobial therapy, the %S information from the antibiogram
will be evaluated along with the site and severity of infection (e.g., systemic infections with
high morbidity and/or early mortality versus those that are local and/or easily eradicated),
likely infecting organism(s) based on the clinical scenario and possibly Gram strain findings,
infection origin (e.g., community versus hospital versus LTCF), and past infections/antimicrobial
therapy for a particular patient. Additional factors that may be considered include relevant re-
gional treatment guideline recommendations, public health consequences of treating patients
with an ineffective antimicrobial agent (e.g., additional transmission of infection to the com-
munity), and antimicrobial stewardship objectives to limit the use of priority reserve antimicro-
bial agents (e.g., broad-spectrum antimicrobial agents [meropenem] or antimicrobial agents
used for multidrug-resistant infections [ceftazidime-avibactam]).

PERCENT SUSCEPTIBILITY THRESHOLD TO GUIDE EMPIRICAL ANTIMICROBIAL THERAPY
There are limited published data on the %S threshold for an antimicrobial that is consid-
ered acceptable to be selected for empirical therapy. For the treatment of patients with bacte-
rial meningjitis caused by Streptococcus pneumoniae, the World Health Organization (WHO) rec-
ommends penicillin %S of =90% for penicillin to be considered an empirical treatment option
to minimize the risk of death (16). In contrast, a trimethoprim-sulfamethoxazole %S of =80%
is a suitable threshold for consideration of this agent in the treatment of acute, uncomplicated
cystitis (17, 18). A %S of 80% to 90% is also endorsed by other infection treatment guidelines
(19, 20). Based on this limited published information, antimicrobial agents with %S of at least
90% or 95% should be empirically selected for the treatment of infections where the risk of
mortality or significant morbidity is high (e.g., meningitis, sepsis, patients in the ICU). However,
for patients with infections where there is no significant concern for mortality within 24 to
48 h (e.g,, uncomplicated urinary tract infections [UTIs], simple community-acquired infections),
antimicrobial agents with a lower %S threshold of 80% to 85% may be appropriate. If there
are no antimicrobial agents with %S of >80%, the antimicrobial agent with the highest %S or
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combination therapy should be considered. Local institutional antimicrobial stewardship for-
mulary policies and guidelines should also be considered when selecting empirical therapy.

USING ANTIBIOGRAMS TO GUIDE EMPIRICAL ANTIMICROBIAL THERAPY WHEN THE
CAUSATIVE ORGANISM AND SUSCEPTIBILITY ARE UNKNOWN

When selecting empirical antimicrobial therapy in patients with infections where
the causative organism and AST results are not yet known, the antibiogram can be used
to guide selection of antimicrobial therapy targeting the most common causative organ-
isms based on the infection type and criteria listed above. For example, if the antibiogram
shown in Table S1 in the supplemental material is used to select an empirical antimicrobial
agent for the treatment of a patient with Gram-negative bacteremia and no known drug
allergies, cefepime (78% to 99% susceptibility) or meropenem (80% to 100% susceptibility)
would be suitable choices because most Gram-negative species commonly associated
with bloodstream infections demonstrate a high %S for these agents. If an enhanced anti-
biogram displaying the %S for bloodstream isolates from hospitalized patients is available,
it should be preferentially utilized to guide empirical antimicrobial therapy selection for
patients with Gram-negative bacteremia.

USING ANTIBIOGRAMS TO GUIDE EMPIRICAL ANTIMICROBIAL THERAPY WHEN
THE ORGANISM IS KNOWN BUT THE SUSCEPTIBILITY IS UNKNOWN

When selecting empirical antimicrobial therapy in patients with infections where the causa-
tive organism is known but the susceptibility results are pending, the antibiogram can be
used to select more targeted empirical antimicrobial therapy. For example, if a patient with
hospital-acquired pneumonia has Klebsiella pneumoniae detected in their respiratory sample
using a molecular method, the antibiogram shown in Table S1 in the supplemental material
can be used to select an empirical antimicrobial agent with good activity against K. pneumo-
niae, such as ceftriaxone (91% susceptible), and avoid the use of other broad-spectrum or anti-
pseudomonal antimicrobials.

ANTIMICROBIAL STEWARDSHIP PROGRAMS AND THE ANTIBIOGRAM

With Joint Commission regulations and endorsements from the CDC, the number of
ASPs has increased rapidly with 85% of acute care hospitals reporting implementation of
core elements of antimicrobial stewardship compared to only 41% in 2014 (14). The anti-
biogram plays a pivotal role in many initiatives implemented by ASPs to optimize antimi-
crobial use (Table 4).

Information within the routine antibiogram is useful for many common stewardship
processes such as prior authorization (e.g., ordering restricted antimicrobial agents based on
certain indications as deemed by the stewardship program) and prospective audit with real-
time feedback (e.g., monitoring the use of particular antimicrobial agents by the ASP with
active feedback to the clinical team if changes are needed). Both of these practices require
review and understanding of the institutional antibiogram and %S patterns, which are con-
sidered when selecting empirical antimicrobial therapy. The antibiogram is an integral part
of the antimicrobial drug selection for individual patients and provides the framework for
trainee/prescriber education since it provides data on local rates of susceptibility to guide
appropriate use of antimicrobial agents. Guidance on how best to distribute and communi-
cate antibiogram data are summarized in chapter 11 of M39. In addition, ASPs often use
local antibiogram data to develop empirical antimicrobial therapy recommendations based
on infection type in their institution-specific treatment guidelines. If the annual antibiogram
demonstrates activity of an antimicrobial agent is declining and there are other antimicrobial
agents on the formulary that may provide broader coverage, a change in empirical therapy
guidelines may be warranted.

As described above, enhanced antibiograms are refined reports where the susceptibility
data are analyzed to answer specific clinical questions or to guide empirical antimicrobial
therapy in certain infections and/or patient types. If an enhanced antibiogram is available
for a particular scenario (e.g., respiratory tract isolates only from ventilated ICU patients with
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TABLE 4 Uses of the routine and enhanced antibiogram by antimicrobial stewardship
programs

Use of antibiograms®
Routine antibiograms
Selection of empirical antimicrobial therapy for individual patients
Development of empirical antimicrobial treatment guidelines/algorithms based on infection
type (e.g., febrile neutropenia, community-acquired and/or hospital/ventilator-associated
pneumonia, sepsis, urinary tract infection, diabetic foot infection, etc.)
Decisions regarding the antimicrobial formulary

Enhanced antibiograms

Assist with more targeted empirical therapy based on infection type, patient type, organism,
isolate source, patient location, etc. Examples include Gram-negative bacilli antibiograms for
inpatients, ICU patients, burns patients, outpatients, and patients with cystic fibrosis

Urinary tract isolate antibiograms for inpatients, ICU patients, outpatients, patients in an
emergency department, and renal transplant patients

Blood isolate antibiograms for inpatients, ICU, patients with hematologic/oncologic disorders,
burn patients

Streptococcus pneumoniae antibiograms for patients with community-acquired pneumonia or
meningitis

Staphylococcus aureus antibiograms based on patient location (e.g., inpatient, outpatient/ED,
ICU patients, etc.)

Antimicrobial agent combinations antibiograms to indicate the increased coverage with the
combination over the individual antimicrobial agents alone

9|CU, intensive care unit; ED, emergency department.

pneumonia), it can be utilized to select more targeted empirical therapy based on the
clinical situation. Supplemental analyses and presentation options for multidrug-resistant
organisms (MDROs) are addressed in the M39, and these can include creating enhanced
antibiograms for specific MDROs and including additional agents not reported on the rou-
tine antibiogram (e.g., novel beta-lactam-beta-lactamase inhibitor combination agents for
carbapenem-resistant Enterobacterales). Additionally, antimicrobial combination susceptibil-
ity reports can also be constructed to examine the percentage of isolates susceptible to one
or both agents in relevant combinations for empirical therapy against certain organisms or
infection types where combination therapy may be warranted (e.g., MDROs). Several exam-
ples of antimicrobial agent combination antibiograms are provided in M39 (see new
Appendix F in reference 2).

Last, ASPs are often the gatekeepers of the antimicrobial formulary at local institutions.
Information from the routine and/or enhanced antibiogram can be reviewed annually to
help guide formulary decisions. For example, if a significant decrease in %S is observed for a
particular antimicrobial agent, it may be prudent to remove the agent from empirical ther-
apy treatment guidelines as well as from the institution’s formulary. Alternatively, if an
increase in the prevalence of Gram-negative organisms with lowered %S values to multiple
agents is observed (e.g., suggesting an increase in MDR), the ASP may consider adding addi-
tional agents such as the novel beta-lactam-beta-lactamase inhibitor combinations to the
formulary to help combat these difficult-to-treat organisms.

CONSIDERATIONS FOR PEER-REVIEWED PUBLICATION OF CUMULATIVE AST DATA

Data from cumulative AST results can be published as part of peer-reviewed literature.
Such publications should include complete details on the methods in which the AST data
were generated and analyzed. In the new M39, guidance is provided for the content to
include in each section of a publication (i.e., introduction, materials and methods, results,
and discussion) that examines cumulative AST data from isolates obtained from a single fa-
cility or multiple facilities. These suggestions should be considered together with the instruc-
tions to authors required for the intended journal.

One of the critical components to ensure reproducibility and comparisons between stud-
ies is to have a well-defined materials and methods section. In the new M39, an extensive
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table covering the components to consider, including in the material and methods section
of a peer-reviewed publication, is provided (see Table 35 in reference 2).

The cumulative AST data in peer-reviewed publications are generally presented in
multiple tables and/or graphs. The data can be presented in various formats, including
a summary of %S, percent intermediate, and percent resistant together with the range
of MIC results obtained from testing each organism-antimicrobial agent combination.
More descriptive statistics can be provided by summarizing the frequency and distribu-
tion of MIC, MIC,,, and MIC,, values. Examples are provided on different presentation
formats in the M39 (new Appendix | in reference 2). Furthermore, as the MIC;, and
MIC,, values are new terms in the M39 document, a section was added to the statistical
considerations on how to calculate the MIC;, and MIC,, values. Finally, the discussion
section of the peer-reviewed publication should highlight the overall findings of the study
in the context of previous studies reported in the literature. Limitations and biases of the
data should also be included.

SUMMARY

In summary, the M39 Guideline for Analysis and Presentation of Cumulative AST
Data was recently updated with the publication of the 5th edition. The basics of stand-
ardized routine antibiogram preparation to guide empirical antimicrobial therapy of
initial infections remain unchanged. For this revision, new trends in antimicrobial stew-
ardship, public health initiatives, rapid diagnostics, and informatics have been taken
into consideration with the goal of providing additional suggestions to improve the

Journal of Clinical Microbiology

value of cumulative AST data, and antibiograms in particular, in multiple settings.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.04 MB.
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