
Impact of CLSI Breakpoint Changes on Microbiology Laboratories
and Antimicrobial Stewardship Programs

Emily L. Heil,a J. Kristie Johnsonb

Department of Pharmacy, University of Maryland Medical Center, Baltimore, Maryland, USAa; Department of Pathology, University of Maryland School of Medicine,
Baltimore, Maryland, USAb

In 2010, the Clinical and Laboratory Standards Institute (CLSI) lowered the MIC breakpoints for many beta-lactam antibiotics
to enhance detection of known resistance among Enterobacteriaceae. The decision to implement these new breakpoints, includ-
ing the changes announced in both 2010 and 2014, can have a significant impact on both microbiology laboratories and antimi-
crobial stewardship programs. In this commentary, we discuss the changes and how implementation of these updated CLSI
breakpoints requires partnership between antimicrobial stewardship programs and the microbiology laboratory, including data
on the impact that the changes had on antibiotic usage at our own institution.

In 2010, the Clinical and Laboratory Standards Institute (CLSI)
lowered the MIC breakpoints for many beta-lactam antibiotics,

including extended-spectrum cephalosporins, to enhance the de-
tection of known resistance among Enterobacteriaceae (Table 1).
At that time, breakpoints for cefepime were not changed. The
CLSI Antibiotic Subcommittee asserted that routine extended-
spectrum-beta-lactamase (ESBL) testing was no longer necessary
and that treatment decisions can be made solely on MICs (1).
Subsequently, a reassessment of cefepime breakpoints identified
clinical failures for isolates with cefepime MICs of 4 and 8 �g/ml
when lower doses were used, leading to the reduction of the sus-
ceptible cefepime breakpoint for Enterobacteriaceae from 8 to 2
�g/ml in the CLSI 2014 guidelines (2). The “intermediate” cate-
gory (4 to 8 �g/ml) was replaced by the “susceptible-dose-depen-
dent” (SDD) category (Table 2) (2). It should be noted that the
European Committee on Antimicrobial Susceptibility Testing
(EUCAST) also suggested avoidance of routine ESBL testing but
implemented a lower breakpoint of 1 �g/ml for cefepime (3). The
decision to implement the new CLSI breakpoints of both 2010 and
2014 can have a significant impact on both microbiology labora-
tories and antimicrobial stewardship programs.

CONSIDERATIONS FOR IMPLEMENTATION IN THE
MICROBIOLOGY LABORATORY

Microbiologists in the laboratory, in conjunction with the antimi-
crobial stewardship leadership, need to decide to implement the
new breakpoints or to keep the old breakpoints with resistance
testing. There are many things to consider when deciding to
change the breakpoints and to confront the barriers that can make
implementation difficult. The main barrier to implementation in
the laboratory is the use of commercial Food and Drug Adminis-
tration (FDA)-approved automated susceptibility testing systems.
These instruments and any changes to their systems, including
software, require clearance from the FDA. For some of these com-
mercial systems, the antimicrobial susceptibility testing (AST)
panels may or may not contain the beta-lactam antibiotics at the
lower concentrations that encompass the new lower breakpoints.
Even for the instruments that contain the lower concentrations
that encompass the new breakpoints, the performance of the in-
struments at these concentrations has not been established; there-
fore, the instruments are not FDA approved. Implementation of
the lower breakpoints in these commercial systems would result in

“off-label” testing, and appropriate verification and validation
and documentation are needed before using the systems for clin-
ical care. Therefore, until the companies change the concentra-
tions of drugs within their cards and obtain approval from the
FDA, the lower concentrations will not be available to the labora-
tory. For a list of available companies and the availability of lower
concentrations of antibiotics, see http://www.idsociety.org
/uploadedFiles/IDSA/Guidelines-Patient_Care/Guideline
_Methodology_and_Other_Resources/Educational_Resources
/AppendixB.pdf. In these situations, it is difficult to implement
these new breakpoints but not impossible. An appropriate in-
house validation study can be performed. The Infectious Diseases
Society of America has posted guidance for a verification protocol
on its website (http://www.idsociety.org/uploadedFiles/IDSA/Gu
idelines-Patient_Care/Guideline_Methodology_and_Other_Res
ources/Educational_Resources/Appendix%20A%20Brief%20Val
idation%20Protocol%20FINAL.pdf). The College of Pathology
also has specific isolates available for such verifications that are
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TABLE 1 CLSI revised breakpoints, 2009 to 2010a

Agent

MIC breakpoint for isolates in indicated category by:

CLSI M100-S19 (2009) CLSI M100-S20 (2010)

Susc Int Res Sus Int Res

Cefazolin �8 16 �32 �1 2 �4
Cefotaxime �8 16–32 �64 �1 2 �4
Ceftriaxone �8 16–32 �64 �1 2 �4
Ceftazidime �8 16 �32 �4 8 �16
Aztreonam �8 16 �32 �4 8 �16
a Data are from references 1 and 20. Susc, susceptible; Int, intermediate; Res, resistant.
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included in a breakpoint implementation tool (BIT) found at
www.cap.org. The BIT includes 31 well-characterized Entero-
bacteriaceae species with reference MIC results as well as instruc-
tions and a worksheet to aid in data analysis.

Laboratories that make their own antimicrobial panels or per-
form disk diffusion susceptibility testing methods can easily begin
to use the new lower breakpoints. The methods for disk diffusion
are the same, and a verification study is therefore not necessary.

In the current health care environment, many institutions are
consolidating microbiology laboratories and focusing on work-
flow efficiency. With the implementation of the new breakpoints,
resistance testing is no longer recommended; therefore, faster re-
porting of MICs is available and less technologist time is needed
for the setup and reading of additional testing.

Additionally, some hospitals no longer have microbiology lab-
oratories on site. In these cases, laboratorians and antimicrobial
stewardship leadership must talk with the laboratorians at off-site
microbiology laboratories to understand if and when they might
implement the newer breakpoints and to understand how this
would affect therapeutic options at their institution. Many labo-
ratories in the United States have not implemented the new break-
points due to the costs of a verification of the new breakpoints, the
use of automated systems, and the use of the confirmation assays
that are still needed for epidemiological purposes.

CLINICAL IMPACT OF BREAKPOINT CHANGES ON
ANTIMICROBIAL STEWARDSHIP

The implementation of the CLSI breakpoint changes can have a
major impact from the perspective of an antimicrobial steward-
ship program. Antimicrobial stewardship programs consist of co-
ordinated, multidisciplinary teams dedicated to improving anti-
biotic use by optimizing the treatment of infections while
reducing rates of adverse events associated with antibiotics. A ma-
jor goal of stewardship teams is to ensure appropriate use of
broad-spectrum antibiotics to preserve their use for the treatment
of multidrug-resistant infections. Stewardship program teams
may anticipate increased use of broad-spectrum antibiotics, with
increased reporting of resistance, particularly with respect to ex-
tended-spectrum cephalosporins, after implementation of the
new breakpoints. Coordination between the microbiology labo-
ratory and the antimicrobial stewardship team is essential to the
successful implementation of the updated CLSI recommenda-
tions.

One of the biggest controversies concerning the changes results
from the fact that antibiotic treatment choices can be predicted
based only on an MIC value regardless of the resistance mecha-
nism. Organisms harboring extended-spectrum beta-lactamases
(ESBLs) can have drug MICs that fall below the susceptibility
threshold in the new CLSI guidelines (4). McWilliams and col-
leagues analyzed 638 ESBL-producing Escherichia coli isolates and
229 ESBL-producing Klebsiella pneumoniae isolates using the re-

duced breakpoints for cephalosporins and aztreonam from the
2010 guidelines (5). A large proportion (89.2%) of ESBL-produc-
ing E. coli isolates and 67.7% of ESBL-producing K. pneumoniae
isolates would be reported to be susceptible or intermediate to at
least one extended-spectrum cephalosporin or aztreonam. Kristo
and colleagues reported similar findings: around half of their iso-
lates tested susceptible to one of the cephalosporins tested (cefo-
taxime, cefepime, and ceftazidime), although they harbored an
ESBL (6).

Despite their being reported to be susceptible in vitro, the con-
cern is that these antibiotics may not be effective in vivo. However,
the thought is that the ESBL is irrelevant as long as the drug is still
able to attain its pharmacodynamics targets (7). Inoculum effect
can dilute out “resistant” populations and give false susceptible
results, and MIC results can vary by more than 3 dilutions (8). For
example, a study of 99 CTX-M-producing E. coli isolates found
that 34 (34.3%) of all of the isolates and 32 (76.2%) of the CTX-
M-14-producing isolates tested as susceptible when the revised
CLSI ceftazidime breakpoint of 4 �g/ml was used. The MIC50

increased from 16 �g/ml with standard-inoculum tests to �512
�g/ml in high-inoculum tests. For the CTX-M-14 producers, the
percentage of susceptible isolates was 82.1% with the standard
inoculum compared to 0% with the high inoculum (9). This is of
clinical importance because ceftazidime is associated with poor
outcomes when used to treat ESBL-producing Enterobacteriaceae
(10–11). While there are increasing data indicating that noncar-
bapenem beta-lactams such as piperacillin-tazobactam and
cefepime, at certain MICs, may provide adequate treatment for
severe infections by ESBL-producing strains, carbapenems re-
main the mainstay for treatment of high-ESBL-inoculum infec-
tions (12–14).

In the absence of specified mechanisms of resistance, many
treating physicians may not be able to recognize the potential for
ESBL production on the basis of a susceptibility profile alone. A
survey of 569 infectious diseases physicians in the Emerging In-
fectious Disease Network (of 1,332 members; 44% response rate)
regarding the use of the new CLSI breakpoints found that the
majority of respondents favored using the lower cephalosporin
breakpoints in combination with ESBL resistance testing to make
treatment recommendations. Presented with different clinical
scenarios, most respondents indicated that they would not treat
based on the lower breakpoints alone without ESBL testing and
would not use an extended-spectrum cephalosporin for treatment
of an infection by an Enterobacteriaceae strain that was susceptible
by the new breakpoints but was ESBL positive (15). Additionally,
the consequences from an epidemiologic standpoint of no longer
testing for specific mechanisms of resistance are unknown.

With the implementation of the new breakpoints, it is antici-
pated that microbiology laboratories will be reporting more iso-
lates as either intermediate or resistant to the tested antibiotics,
potentially leading to increased prescribing of broad-spectrum
antibiotics. An assessment of 2,076 nonduplicate clinical Entero-
bacteriaceae isolates using disk diffusion to compare the 2009
breakpoint to the 2010 breakpoint saw resistance to the third-
generation cephalosporin cefotaxime jump from 13.1% to 23.6%
(16). Another assessment of 3,713 nonduplicate Gram-negative
bacillus isolates with susceptibility determinations performed by
disk diffusion using the CLSI 2009, CLSI 2010, CLSI 2011, and
EUCAST 2011 guidelines found that, in aggregate, rates of resis-
tance to cefepime, ceftriaxone, and ertapenem increased from

TABLE 2 Changes to cefepime breakpointsa

Agent

MIC breakpoint for isolates in indicated category by:

CLSI M100-S23 (2013) CLSI M100-S24 (2014)

Susc Int Res Susc SDD Res

Cefepime �8 16 �32 �2 4–8 �16
a Data are from references 2 and 21.
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1.6%, 9.5%, and 1.0% (CLSI 2009) to 6.3%, 14.2%, and 1.6%/
2.2% (CLSI 2010/2011 and EUCAST 2011, respectively) (17). This
increase in reporting of resistance, specifically, in the reporting of
resistance to third-generation cephalosporins, could shift antibi-
otic use to more broad-spectrum agents and increase the selective
pressure on other antimicrobials. This is of particular concern for
antimicrobial stewardship programs, which are responsible for
providing oversight and regulation of antibiotic use with a goal of
minimizing unnecessary broad-spectrum antibiotic use.

At our institution, based on discussions between the microbi-
ology laboratory leadership and the antimicrobial stewardship
team, the decision was made to implement the updated CLSI
breakpoints, with the exception of those for cefepime and aztreo-
nam, for which we elected to use the EUCAST breakpoints, and to
discontinue ESBL confirmatory testing. After an internal verifica-
tion was performed, the new breakpoints were officially imple-
mented in December of 2012. After implementation, we analyzed
antibiotic susceptibility data from 2013 using the CLSI M100-
S19 breakpoints compared to the CLSI M100-S20 breakpoints
(Fig. 1). We also compared aggregate levels of antibiotic use
before and after implementation of the new breakpoint. Chart
review was performed for patients who had an infecting organ-
ism reported as ceftriaxone resistant in 2013 that would have
been reported as ceftriaxone susceptible in 2012 to identify the
antibiotics used.

Our analysis included a total of 3,785 nonduplicate clinical
isolates of Enterobacteriaceae collected from 1 January 2013 to 31
December 2013. The proportion of isolates reported as ceftri-

axone resistant based on the new breakpoint (�4 �g/ml) was
18% greater what would have been reported based on the old
breakpoint (�64 �g/ml). Aggregate levels of antimicrobial use
before and after implementation of the new breakpoint recom-
mendations were compared by calculating Poisson 95% confi-
dence intervals (CIs) on the basis of the number of antimicro-
bial days of therapy (DOT)/1,000 standard-inoculum s;
nonoverlapping CIs were considered statistically significant.
Carbapenem use increased significantly from 39.5 days of ther-
apy (DOT)s/1,000 patient-days (PD) (95% CI, 38.7 to 40.4) in
2012 to 47.5 (95% CI, 46.6 to 48.4) in 2013, as did cefepime use,
which increased from 33.6 DOT/1,000 PD (95% CI, 32.8 to
34.4) to 37.4 (95% CI, 36.6 to 38.2). Piperacillin-tazobactam
use did not change significantly. Of the patients in 2013 with an
organism reported as ceftriaxone resistant that would have
been reported to be susceptible in 2012, 37% received a carbap-
enem and 31% received cefepime.

We also analyzed the data utilizing the comparison of the 2013
breakpoints to the 2014 breakpoints for cefepime. Reporting of
resistance to cefepime increased from 1.7% to 2.4% with the 2014
breakpoints. In ceftriaxone-resistant isolates, there was a 13% de-
crease in cefepime susceptibility overall. This difference was sta-
tistically significant for Escherichia coli and Klebsiella pneumoniae
but not for Enterobacter species. Our internal analysis provides
evidence that implementation of the lower breakpoints can im-
pact not only reported rates of resistance but also broad-spec-
trum-antibiotic usage, although this finding needs to be con-
firmed in larger studies. It must be noted that antibiotic use was
assessed in aggregate and that changes cannot be attributed solely
to the changes in breakpoints. However, there were no changes in
antimicrobial stewardship practices in the year preimplementa-
tion and the year postimplementation of the breakpoint changes,
which would have been a confounding variable(s).

With the 2014 update, the susceptible-dose-dependent (SDD)
category was introduced for cefepime. While this category has
been applied to antifungal susceptibility test results for years, its
use for antibacterial susceptibility testing may be unfamiliar to
practitioners. The term “susceptible dose dependent” implies that
it is necessary to use a higher dose or more-frequent doses of an
antibiotic than are used to establish the susceptible breakpoint in
order to achieve levels that will be clinically effective for the SDD
result. The concept of SDD has been included within the “inter-
mediate” category, but clinicians may not have fully understood
the “intermediate” concept. An informal survey of internal med-
icine house personnel at our institution revealed that 0% (0/30) of
respondents would use cefepime to treat an organism reported as
“intermediate” on a microbiology report but 50% (15/30) would
use cefepime to treat an organism reported as “susceptible dose
dependent” (unpublished data). Of interest, the EUCAST guide-
lines have largely eliminated the intermediate category (3). Edu-
cation provided to medical providers on the definition of “suscep-
tible dose dependent” and on the corresponding doses to meet
those pharmacodynamics targets is essential, and providing such
education is an important task for antimicrobial stewardship
teams. Consideration should be given to providing commentary
in the reporting of laboratory results that explain the SDD termi-
nology. The recommended wording from CLSI is as follows. “The
interpretive criterion for susceptible is based on a dosage regimen
of 1 g every 12 h. The interpretive criterion for susceptible-dose
dependent is based on dosing regimens that result in higher

FIG 1 Changes in broad-spectrum-antibiotic use quantified as days of ther-
apy (DOT) per 1,000 patient-days (PD) from 2012 (preimplementation of
2010 CLSI breakpoints) to 2013 (postimplementation of 2010 CLSI break-
points) at the University of Maryland Medical Center (UMMC).
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cefepime exposure, either higher doses or more frequent doses or
both, up to approved maximum dosing regimens” (2).

A retrospective cohort study of patients who were treated with
cefepime for Gram-negative bloodstream infections (including
those by Enterobacteriaceae and nonfermentative organisms) was
conducted to define a risk-adjusted mortality breakpoint for
cefepime MICs based on the 2014 CLSI recommendations. A
cefepime MIC of greater than or equal to 4 �g/ml was indepen-
dently predicted to correspond to increased mortality (adjusted
odds ratio, 3.21; 95% confidence interval, 1.02 to 10.2), and there
was no significant effect of pathogen type on multivariate mortal-
ity estimates. Since most patients received aggressive doses of
cefepime (the renal equivalent of 2 g every 8 h), the study results
support the clinical breakpoint of an MIC of 2 �g/ml but raise
concerns with respect to the ability of aggressive dosing to provide
acceptable clinical success at the SDD MIC range of 4 to 8 �g/ml
(18). At our institution, the microbiology laboratorians, after dis-
cussion with the antimicrobial stewardship team and infectious
diseases division, implemented the EUCAST MIC breakpoint of 1
�g/ml for cefepime and Enterobacteriaceae, as the high dose of
cefepime was already used as a standard in our clinical practice,
and this was felt to be the most conservative approach.

In general, there is much opportunity to maximize training in
the principles of antimicrobial resistance in medical education. A
survey of 311 fourth-year medical students found that 79% of
students agreed that they would like more education on antimi-
crobial resistance (19). With many institutions having a limited
number of infectious diseases consultants, medical education
and postgraduate training on antimicrobial susceptibility test-
ing and resistance must be improved. All health care providers
should have a basic understanding of the information presented to
them in a microbiology susceptibility report and should be able to
recognize when infectious diseases consultation is needed. Anti-
microbial stewardship teams can fill the gaps in these education
needs. At our institution, the antimicrobial stewardship team
members provide routine formal and informal teaching for the
house personnel.

Partnership between a microbiology laboratory and an antimi-
crobial stewardship program is essential for successful rollout of
the new recommendations to ensure that patients receive optimal
antibiotic therapy. At our institution, representatives from the
laboratory and the stewardship program worked together to de-
velop educational comments to be reported with susceptibility
results for organisms that would have been tested for ESBL or
carbapenemase production based on previous guidelines. These
comments also include a suggestion to seek out infectious diseases
consultation in certain scenarios. Additionally, the stewardship
team reviews culture data from the laboratory to provide individ-
ual education and therapeutic recommendations with respect to
patient-specific cultures as needed.

Two major potential challenges are that many institutions do
not have an onsite microbiology laboratory and that antimicrobial
stewardship programs are not yet present nationwide. For institu-
tions without an antimicrobial stewardship program, microbiol-
ogy laboratories should engage consultants from infectious dis-
eases when making breakpoint implementation decisions. Extra
effort should be made in these situations to include education
within the result reports to help guide therapeutic decisions in
conjunction with infectious diseases.

CONCLUSIONS

The updated CLSI breakpoints obviate ESBL screening, resulting
in less work for clinical microbiology laboratories and quicker
turnaround time of susceptibility results, and also provide recom-
mendations that are more consistent with international recom-
mendations from EUCAST. However, controversy remains sur-
rounding the importance of continued testing and confirmation
of ESBL production for Enterobacteriaceae in guiding therapeutic
decisions. Therefore, the decision to implement the updated CLSI
breakpoints and the subsequent rollout require partnership be-
tween antimicrobial stewardship programs and the microbiology
laboratory. We believe that implementation of the updated break-
points is important for consistency in susceptibility reporting
across institutions; however, we still have concerns about the lack
of resistance screening. We would like to see consistency between
the recommendations of CLSI and EUCAST to bring standardiza-
tion to reporting internationally. Additionally, given the lack of
resistance testing recommended by both guidelines, we recom-
mend the use of the more conservative EUCAST breakpoints for
cefepime, ceftazidime, and aztreonam. Education on the changes
in reporting, specifically with regard to changes in reporting of
mechanisms of resistance, is essential. Changes in the rates of re-
ported resistance and broad-spectrum antibiotic use may be ex-
pected. Not all institutions have on-site microbiology laboratories
or antimicrobial stewardship programs, posing challenges to suc-
cessful implementation.
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