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Breakpoint beware: reliance on historical breakpoints
for Enterobacteriaceae leads to discrepancies in interpretation
of susceptibility testing for carbapenems and cephalosporins
and gaps in detection of carbapenem-resistant organisms
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Abstract
Carbapenem-resistant Enterobacteriaceae (CRE) are an important public health and infection prevention threat. CRE are
typically detected via phenotypic antimicrobial susceptibility testing (AST), for which interpretive standards were
modified in recent years. Our objective was to measure the impact of breakpoint changes on AST interpretation for
CRE. Zone sizes from disk diffusion AST for Enterobacteriaceae isolates recovered from clinical cultures over a 1-year
period (n = 10,183) and CRE from clinical and environmental sources from the USA and Pakistan (n = 342) were
evaluated. Results were interpreted according to historical (CLSI M100-S19) and current (CLSI M100-S29) breakpoints.
Interpretive errors were calculated according to the FDA definitions. Using current breakpoints as the reference stan-
dard, 56 (17%) very major (false susceptibility) errors occurred for cefepime and 13 (45%) very major errors for
meropenem interpretation using historical breakpoints in clinical isolates of Enterobacteriaceae, corresponding to 12
carbapenemase-producing CRE that would have been missed during the 1-year period. For confirmed blaKPC CP-CRE
clinical and environmental isolates (n = 149), the very major error rate for historic breakpoints was 8%, 30%, 63%, and
0% for cefepime, meropenem, imipenem, and ertapenem, respectively. For blaKPC isolates, the use of historical
breakpoints would have led to 42 (28%) reports of false susceptibility to meropenem. Failure to adopt updated AST
breakpoints may lead to reports of false susceptibility for antimicrobials commonly used to treat Gram-negative infec-
tions and preclude recognition of CRE. Such errors could negatively impact patient care and hamper infection control
and public health efforts.
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Introduction

Carbapenem-resistant Enterobacteriaceae (CRE) are endemic
in many parts of the world and remain a growing concern to
public health [1, 2]. CRE are associated with a high mortality
rate due to limited treatment options [3–5]. CRE are defined
by the Centers for Disease Control and Prevention (CDC) as
Enterobacteriaceae that are not susceptible to at least one
carbapenem antibiotic or that possess a carbapenemase
(http://www.cdc.gov/hai/organisms/cre/definition.html#dif).
Carbapenemase-producing CRE (CP-CRE) are a subset of
CRE that have documented laboratory evidence of
carbapenemase production by phenotypic or molecular test-
ing. CP-CRE are of particular concern for infection control, as
resistance is mediated by mobile genetic elements that are
transmissible between bacteria and patients [6, 7].

The presence of CRE is typically detected using phenotyp-
ic antimicrobial susceptibility testing (AST) on isolates recov-
ered in clinical cultures. Thus, correct characterization relies
on timely and accurate AST results. The Clinical and
Laboratory Standards Institute (CLSI) updated AST interpre-
tive standards for Enterobacteriaceae in 2010 for carbapen-
ems (M100-S20) and 2014 for cefepime (M100-S24) [8, 9].
Although these interpretive standards have been modified for
several years, it is documented that many laboratories have
delayed or even failed to adopt new breakpoints for
Enterobacteriaceae [10, 11]. In fact, many laboratories con-
tinued to use outdated interpretive criteria, even after public
health interventions to increase knowledge and overcome bar-
riers to updating breakpoints [11]. Many laboratories may
presume that adoption of updated criteria is unnecessary due
to a low incidence of CRE in their region. The use of outdated
breakpoints may further perpetuate this perception and
puts a laboratory at risk of reporting inaccurate AST
results and potentially failing to detect CP-CRE, which
may have devastating consequences on patient outcomes
and hamper infection control and public health measures
to limit the spread of these highly resistant organisms
[12]. Here, our objective was to measure the impact of
the use of historical BPs on AST interpretation of ceph-
alosporin and carbapenem antimicrobials in a large co-
hort of Enterobacteriaceae isolated from routine clinical
specimens and in an enriched CRE population of clinical
and environmental isolates.

Materials and methods

Clinical isolate population

The laboratory information system (Cerner Millennium, North
Kansas City, MO) was queried for antimicrobial susceptibility
results from all clinical isolates of Enterobacteriaceae tested

over a period of 1 year (January–December 2017) in the clinical
microbiology laboratory at Barnes-Jewish Hospital, a 1250-bed
tertiary care medical center in St. Louis, MO, USA. Organisms
were identified using MALDI-TOFMS (Bruker BioTyper). All
isolates were tested by Kirby-Bauer disk diffusion according to
the CLSI guidelines [13]. For each isolate, disk diffusion zone
sizes were recorded, if tested, for ceftazidime, ceftriaxone, cefe-
pime, and meropenem.

CRE population

Disk diffusion zone sizes were recorded, if tested, for cefe-
pime, meropenem, imipenem, and ertapenem from a collec-
tion of characterized clinical and environmental CRE isolates.
For this study, isolates were included and classified as CRE if
AST for meropenem was interpreted as not susceptible by
CLSI M100-S29 breakpoints (meropenem zone size < 23
mm) [14]. The CRE strains were recovered from banked iso-
lates obtained from patients and hospital surfaces from tertiary
care hospitals in the USA and Pakistan between 2010 and
2017. For CRE isolates, the presence of a carbapenemase
was detected by one of several possible methods: (1) a labo-
ratory developed real-time PCR for blaKPC and blaNDM, (2)
the modified carbapenem inactivation method [15], (3)
the Cepheid Xpert Carba-R assay (Cepheid, Sunnyvale,
CA) according to manufacturer’s package insert [15], or
(4) resistance gene detection via whole-genome sequencing
(WGS). Briefly, for WGS, a standardized experimental and
computational pipeline was used for analysis, as previously
described [16, 17]. Bacterial strains were sequenced using
Illumina whole-genome sequencing. De novo assemblies of
bacteria had open reading frames annotated with prokka
and antibiotic resistance genes identified with ResFinder
[18, 19].

AST interpretive analysis

Zone sizes for cephalosporins and carbapenems were
interpreted using historical (CLSI M100-S19) and con-
t empora ry (CLSI M100-S29) b reakpo in t s fo r
Enterobacteriaceae [14, 20]. Very major errors (false
susceptibility) were calculated according to the FDA
definitions using current breakpoints as the reference
method [21]. Very major errors are defined as interpre-
tation of an isolate as susceptible by historical
breakpoints but resistant by current breakpoints.
Categorical agreement was defined as isolates with the
same AST interpretation using historical and current
breakpoints. Statistical comparisons were done using
Pearson’s chi-squared test with Yates’ continuity correc-
tion using R statistical software (version 3.5.2).
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Results

Enterobacteriaceae recovered from routine testing
of clinical isolates

Antimicrobial susceptibility testing results for all clinical
isolates of Enterobacteriaceae (n = 10,183) tested over
a period of 1 year were analyzed. Major species or
groups represented in the analysis were Escherichia coli
(6116), Klebsiella pneumoniae (1735), Enterobacter spe-
cies (633), Serratia species (297), Proteeae group
(1167), and Citrobacter species (235). Using current
(2019) CLSI breakpoints as the reference method for
interpretation of susceptibility results (Table 1), the fre-
quency of errors in interpretation with the use of histor-
ical (2009) breakpoints was calculated (Table 2). For
ceftazidime and ceftriaxone, there were no very major
errors in interpretation for Enterobacteriaceae that tested
resistant using current breakpoints. There were 56/339
(17%) very major errors for cefepime and 13/29 (45%)
very major errors for meropenem among clinical isolates
that tested resistant to these drugs. The overall categor-
ica l agreement between his tor ica l and current
breakpoints for ceftazidime, ceftriaxone, cefepime, and
meropenem for all 10,183 clinical isolates tested was
97%, 98%, 98%, and 99.8%, respectively (Table 2).
During this time period, 31/10,183 (0.3%) isolates test-
ed as not susceptible to meropenem according to current
breakpoints. These CRE included producers of blaKPC
(n = 22), CP-CRE of unknown mechanism (n = 2),
and non-CP-CRE (n = 7). Using criteria in which iso-
lates were further characterized for carbapenemase pro-
duction if the strain tested intermediate or resistant to
meropenem, 15 out of 31 CRE isolates would have
been characterized as falsely susceptible to meropenem
using historical breakpoints, of which 12 were identified

with further testing as CP-CRE that would have other-
wise gone undetected.

Analysis of an enriched cohort of clinical
and environmental CRE

Given the low incidence of CRE in the population of isolates in
this time period, we investigated an extended population of clin-
ical and environmental CRE (n = 342) collected from patients (n
= 262) or hospital environmental surfaces (n = 80) over the
course of 7 years. Isolates from the USA (n = 277) and
Pakistan (n = 65) that were not susceptible to meropenem were
included in the dataset. The median (range) zone sizes for cefe-
pime and meropenem from CRE isolates were 14.5 (6–34) mm
and 14 (6–22) mm, respectively, compared with a median zone
size of 33 (6–47) mm and 32 (6–47) mm for the collection of
Enterobacteriaceae recovered from routine clinical specimens
tested in a 1-year period (Fig. 1). Of the 342 isolates included
in the analysis, the overall very major error rate for
Enterobacteriaceae was 7% for cefepime (n = 272), 30% for
meropenem (n = 301), 50% for imipenem (n = 245), and 0%
for ertapenem (n = 160) (Table 3, Fig. 2). Interestingly, very
major error rates for meropenem were significantly higher for
Enterobacter spp. (p < 0.01) than for other major species of
Enterobacteriaceae (K. pneumoniae and E. coli). The overall

Table 2 Frequency of errors and overall categorical agreement of
historical and current breakpoints for all Enterobacteriaceae clinical
isolates tested in 2017 (n = 10,183)

Antimicrobial Very major errors Overall categorical agreement

Ceftazidime 0/519 (0%) 9873 /10,183 (97%)

Ceftriaxone 0/800 (0%) 10,015/10,183 (98%)

Cefepime 56/339 (17%) 9983/10,183 (98%)

Meropenem 13/29 (45%) 10,163/10,183 (99.8%)

Table 1 Historical (CLSI M100-
S19) and contemporary (CLSI
M100-S29) disk diffusion
breakpoints (millimeters) for
interpretation of disk diffusion for
Enterobacteriaceae

Historical breakpoint (M100-S19) Current breakpoint (M100-S29)

Antimicrobial Sa Ia Ra S I/SDDb R

Ceftazidime ≥ 18 15–17 ≤ 15 ≥ 21 18–20 ≤ 17

Ceftriaxone ≥ 21 14–20 ≤ 13 ≥ 23 20–22 ≤ 19

Cefepime ≥ 18 15–17 ≤ 14 ≥ 25 19–24c ≤ 18

Meropenem ≥ 16 14–15 ≤ 13 ≥ 23 20–22 ≤ 19

Ertapenem ≥ 19 16–18 ≤ 15 ≥ 22 19–21 ≤ 18

Imipenem ≥ 16 14–15 ≤ 13 ≥ 23 20–22 ≤ 19

a S, susceptible; I, intermediate; R, resistant
b SDD, susceptible dose-dependent, where indicated
c SDD breakpoint
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categorical agreement for CRE susceptibility testing between
historic and current breakpoints was 70% for cefepime, 43%
for meropenem, 40% for imipenem, and 85% for ertapenem
(Table 3).

Interpretive error rates for CP-CRE possessing blaKPC

Of the 342 clinical and environmental CRE, 251 isolates were
interrogated further for carbapenemase production and mech-
anism of resistance. Of these strains, 149 were characterized
as encoding blaKPC, 21 as blaNDM, 11 as blaOXA-48-like, 1 as
blaOXA-66, 9 as both blaNDM and blaOXA-48-like, 45 as CP-CRE
(mechanism not otherwise specified), and 15 as non-CP-CRE
(Table 3). For blaKPC isolates, 10/128 (7%) very major errors
occurred for cefepime interpretation. The incidence of very
major errors for blaKPC isolates was 30% for meropenem (n
= 141) and 63% for imipenem (n = 131) (Table 3, Fig. 3). No
very major errors were noted for any CP-CRE for ertapenem.
The categorical agreement for blaKPC isolates between histor-
ical and current breakpoints was 59% for cefepime (n = 149),
36% for meropenem (n = 149), 23% for imipenem (n = 148),

and 80% for ertapenem (n = 98) (Table 3). Of the 149 blaKPC
isolates, 82 (55%) tested as susceptible or intermediate to ce-
fepime using 2010 breakpoints versus 21 (14%) that tested as
susceptible or susceptible dose-dependent using current
breakpoints (Fig. 3). Using historical breakpoints, 57 (38%),
39 (26%), and 21 (14%) isolates tested susceptible to
meropenem, imipenem, and ertapenem, respectively, while 6
(4%), 1 (1%), and 8 (5%) isolates tested susceptible to carba-
penems using current breakpoints (Fig. 3).

Discussion

Detection of CP-CRE in clinical isolates relies on accurate
phenotypic AST results. Our retrospective analysis of a large
number of AST results for carbapenems illustrated that histor-
ical breakpoints for disk diffusion are insensitive for recogni-
tion of CP-CRE. Thus, delayed implementation of revised
breakpoints for interpretation of AST in Enterobacteriaceae
has far-reaching implications for patient management, infec-
tion prevention, and public health efforts.

Fig. 1 Comparison of cefepime and meropenem zone sizes among Enterobacteriaceae. The zone size distributions for cefepime (top panel) and
meropenem (bottom panel) as tested by Kirby Bauer disk diffusion is shown. The frequency of the number of isolates with a particular zone size
(mm) is graphed as a percent of the total isolates for all Enterobacteriaceae tested in 2017 (n = 10,183; black bars) and clinical and environmental
isolates of carbapenem resistant Enterobacteriaceae (n = 342; gray bars)
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Table 3 Frequency of errors with use of historical breakpoints for carbapenem resistant Enterobacteriaceae (CRE)

Cefepime Meropenem Imipenem Ertapenem

Category Very major
errors,
n (%)

Categorical
agreement,
n (%)

Very major
errors,
n (%)

Categorical
agreement,
n (%)

Very major
errors,
n (%)

Categorical
agreement,
n (%)

Very major
errors,
n (%)

Categorical
agreement,
n (%)

Enterobacteriaceae 18/272 (7) 241/342 (70%) 87/301 (30) 145/342 (43%) 123/245 (50) 132/325 (40%) 0/160 (0) 144/170 (85%)

Klebsiella pneumoniae 6/166 (4) 126/177 (71%) 32/169 (19) 96/177 (54%) 83/150 (55) 62/173 (36%) 0/77 (0) 75/81 (93%)

Enterobacter spp. 7/55 (13) 64/89 (72%) 31/81 (38) 32/89 (36%) 17/52 (33) 37/79 (47%) 0/55 (0) 45/56 (80%)

Escherichia coli 1/26 (4) 20/28 (71%) 6/21 (29) 12/28 (43%) 6/15 (40) 19/27 (70%) 0/12 (0) 11/13 (85%)

Serratia spp. 1/8 (13) 8/16 (50%) 3/5 (60) 1/16 (6%) 4/9 (44) 6/16 (38%) 0/3 (0) 3/4 (75%)

Proteeae group 0/1 (0) 10/10 (100%) 4/5 (80) 1/10(10%) 3/5 (60) 2/8 (25%) 0/2 (0) 4/4 (100%)

Citrobacter spp. 0/9(0) 5/10 (50%) 3/10 (30) 2/10 (20%) 6/8 (75) 2/10 (20%) 0/2 (0) 2/2 (100%)

Othera 3/7 (43) 8/12 (67%) 8/10 (80) 1/12 (8%) 4/6 (67) 3/12 (25%) 0/9 (0) 4/10 (40%)

Carbapenemase

KPC 10/128 (8) 88/149 (59%) 42/141 (30) 53/149 (36%) 83/131 (63) 33/148 (23%) 0/91 (0) 78/98 (80%)

NDM 0/19 (0) 19/21 (90%) 3/20 (15) 13/21 (58%) 2/5 (40) 5/6 (83%) 0/2 (0) 2/2 (100%)

OXA-48-like 0/11 (0) 11/11 (100%) 0/10 (0) 10/11 (91%) 7/10 (70) 1/11 (9%) 0/2 (0) 2/2 (100%)

OXA-66 1/1 (100) 0/1 (0%) n/a 0/1 (0%) n/a 1/1 (100%) n/a n/a

NDM/OXA-48 like 0/9 (0) 9/9 (100%) 0/9 (0) 9/9 (100%) 0/9 (0) 9/9 (100%) n/a n/a

CP-CRE (Not defined) 0/43 (0) 35/45 (78%) 1/35 (3) 29/45 (64%) 17/34 (50) 18/45 (40%) 0/2 (0) 2/2 (100%)

Non-CP-CRE 1/10 (10) 11/15 (73%) 5/11 (45) 6/15 (40%) 3/10 (30) 11/15 (73%) 0/14 (0%) 14/15 (93%)

aOther includes Klebsiella oxytoca (8), Klebsiella variicola (1), Hafnia spp. (1), Pantoea spp. (1), and Escherichia hermannii (1)

Fig. 2 Differences in antimicrobial susceptibility interpretation using
current and historical breakpoints for carbapenem resistant
Enterobacteriaceae. The number of isolates with the indicated zone size
(mm) are shown for cefepime (a), meropenem (b), imipenem (c), and

ertapenem (d). Current breakpoints are indicated by solid black lines.
Susceptibility interpretations using historical breakpoints are indicated
as resistant (red bars), intermediate (yellow bars), and susceptible (green
bars). Int, intermediate; SDD, susceptible dose-dependent
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For Enterobacteriaceae, the CLSI modified AST interpre-
tive breakpoints for carbapenems in 2010 and cefepime in 2014
[8, 9]. This was followed by an updated CDC surveillance
definition for CRE [22] and endorsement of the new
breakpoints by the Infectious Disease Society of America to
encourage more reliable detection of CP-CRE [23]. However,
there is often a gap between CLSI updates to interpretive
criteria and availability of new breakpoints on commercial
AST devices [10]. This, in turn, has precluded many clinical
laboratories from adopting current standards, as doing so would
require an off-label validation of the new breakpoints on the
existing device or use of a different method entirely, actions that
are not feasible in all clinical settings [11, 24]. Illustrating this, a
recent survey of clinical laboratories in CA found that 28% of
laboratories were still using outdated breakpoints 5 years after
the release of new interpretive criteria [10]. Education around
this topic is also important, as many clinical laboratories were
unaware that they were using obsolete breakpoints or stated a
lack of resources for validation of new breakpoints [11]. Of
those using current breakpoints, there was an average lag of
3.4 years between release and implementation of new
breakpoints [10]. A recent study used computational modeling
to estimate the impact of failure to adopt current interpretive

criteria in a timely manner. Bartsch et al. demonstrated that
delays of 1 to 5 years could result in hundreds to thousands of
additional CRE carriers due to missed detection of CRE that
may then spread throughout the community [12].

To quantitate the impact of use of historical breakpoints on
detection of CP-CRE in our area, we retrospectively analyzed
AST results on all Enterobacteriaceae isolated in our clinical
microbiology laboratory, which serves a tertiary medical cen-
ter in the Midwestern United States, over a period of 1 year.
While the number of very major errors was low overall, re-
ports of false susceptibility would have occurred in 56 isolates
for cefepime and 13 isolates for meropenem. This has imme-
diate implications for patient management, as these antimicro-
bials are frequently used for treatment of Gram-negative in-
fections in our healthcare setting. Among blaKPC isolates in
our study, 55% tested as susceptible or intermediate to cefe-
pime with historical breakpoints. In contrast, only 14% of
these isolates tested as susceptible or susceptible dose-
dependent using current breakpoints. Given conflicting re-
ports about the utility of cefepime as an agent for use in com-
bination therapy of infections caused by KPC-producing
strains, reports of false susceptibility have the potential to lead
to inappropriate therapy and also hamper and confound future

Fig. 3 Differences in antimicrobial susceptibility interpretation using
current and historical breakpoints for Enterobacteriaceae possessing
blaKPC. The number of isolates with the indicated zone size (mm) is
shown for cefepime (a), meropenem (b), imipenem (c), and ertapenem

(d). Current breakpoints are indicated by solid black lines. Susceptibility
interpretations using historical breakpoints are indicated as resistant (red
bars), intermediate (yellow bars), and susceptible (green bars). Int,
intermediate; SDD, susceptible dose-dependent
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studies evaluating this question [25, 26]. Also worrisome is
the finding that the use of historical breakpoints would have
precluded recognition of 12 of 24 (50%) CP-CRE detected
from clinical specimens at our medical center over the span
of 1 year. These findings support previous studies that have
noted a lack of sensitivity of historical breakpoints for detec-
tion of KPC carbapenemases, regardless of AST method used
[10, 27]. Humphries et al. found that 20% of KPC producers
would have gone undetected in a collection of isolates from
CA using historical breakpoints [10]. Notably, many countries
in Europe and beyond have adopted clinical breakpoints from
the European Committee on Antimicrobial Susceptibility
Testing (EUCAST) for AST interpretation [28]. Differences in
current clinical breakpoints between CLSI and EUCAST for a
number of antimicrobial classes within Enterobacteriaceae
may further compound CRE detection and impact CRE rates.
For example, studies have generally noted reduced susceptibil-
ity to cefepime but higher susceptibility to carbapenems using
EUCAST interpretive criteria compared with CLSI breakpoints
for Enterobacteriaceae [29–31].

It is important to consider the fact that the categorical agree-
ments between historic and current breakpoints for clinical iso-
lates of Enterobacteriaceae in our study were well within the
acceptable FDA requirements of > 89.9% for AST devices
[21]. However, our analysis of a large population of CRE iso-
lated from both clinical and environmental samples revealed
that errors of false susceptibility are far more common among
CREwith use of obsolete breakpoints, as the overall categorical
agreement for meropenem interpretation in blaKPC CP-CRE
was only 36%, compared with 99.8% in the population at large.
Additionally, very major error rates for cefepime and
meropenemwere higher in isolates possessing blaKPC, themost
common carbapenemasemechanism in our study and theUSA,
compared with blaNDM and blaOXA. Our findings are likely
generalizable to automated AST instruments and suggest that
continued use of outdated breakpoints has the biggest potential
for negative impact on the type of CP-CRE that are most fre-
quently encountered in hospitals today.

Our study has several potential limitations. Due to the de-
identified nature of the dataset, we are unable to determine the
number of unique patients represented by the isolates tested.
However, due to the large samples size of over 10,000 clinical
isolates, inclusion of a small number of duplicate strains is
unlikely to have a significant impact on the overall findings
of this investigation. Categorical AST interpretations were
based upon zone sizes measured by Kirby Bauer disk diffu-
sion. While this is an AST reference method, it is not com-
monly used by clinical laboratories in the USA. However,
analysis of accuracy of the disk diffusion method is increas-
ingly important, as laboratories have been encouraged to im-
plement alternative methods to automated AST as a means of
testing novel antimicrobials and to facilitate more rapid adop-
tion of the latest CLSI interpretation criteria [32]. In addition,

many countries in Europe and Latin America in which CRE
are endemic are also the heaviest users of disk diffusion [28,
33], and even users of automated AST are adopting the use of
selected disk diffusion in order to be aligned with contempo-
rary recommendations and offer testing for new antimicro-
bials. For these reasons, analysis of the accuracy of the disk
diffusion method is increasingly important.

CP-CRE have been identified as an urgent threat to public
health [34]. As such, resources such as the Antibiotic
Resistance Laboratory Network are available for use by clin-
ical laboratories free of charge for further identification and
characterization of CP-CRE isolated from clinical samples
[35]. However, these resources are moot if the sentinel clinical
laboratory errs at the primary step of detection of carbapenem
resistance. Thus, the use of outdated AST interpretive criteria
by clinical laboratories represents a major risk point for infec-
tion control due to possibility of missing CP-CRE that test
falsely susceptible to carbapenems. This has the potential to
impact CRE reporting to state public health laboratories for
epidemiology purposes and impede recognition of outbreaks.
False reports of susceptibility to cephalosporins and carbapen-
ems in patient isolates could also delay proper initiation of
contact precautions, leading to increased healthcare worker
carriage and nosocomial transmission of multidrug-resistant
organisms, further compounding the impact on public health.

Implementation of revised carbapenem breakpoints should
be a top priority for clinical laboratories [36]. Several re-
sources are available to facilitate AST updates, including
AST interpretive criteria by CLSI and EUCAST available at
no cost to users. The CDC-FDA Antimicrobial Resistance
Isolate Bank (https://www.cdc.gov/drugresistance/resistance-
bank/index.html) will provide sets of organisms that can be
used to validate AST methods. Resources such as these are a
step in the right direction to facilitate the ability of clinical
laboratories to stay abreast of breakpoint changes and
implement changes in a timely fashion.

Rates of antimicrobial resistance are predicted to continue
to increase at both national and global levels [37, 38]. Our
results illustrate that laboratory delays in adoption of the most
up-to-date interpretive criteria may not only result in incorrect
interpretation of susceptibility profiles for Enterobacteriaceae
but also lead to missed opportunities for detection of CP-CRE.
This has important implications for patient therapy and initia-
tion of appropriate isolation precautions to prevent further
spread of these multidrug-resistant organisms.
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