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ABSTRACT Adoption of revised antimicrobial susceptibility breakpoints is often slow,
potentially leading to underreporting of antimicrobial resistance. We compared facility-
reported rates of carbapenem nonsusceptibility (NS; intermediate or resistant) with NS rates
based on current Clinical and Laboratory Standards Institute (CLSI) breakpoints for
Enterobacterales or Pseudomonas aeruginosa isolates in ambulatory and inpatient adults
in the BD Insights Research Database (US) from 2016 to 2020. Overall, 77.4% (937,926/
1,211,845) and 90.6% (2,157,785/2,381,824) of nonduplicate Enterobacterales isolates with
facility-reported susceptibility results had MIC data for ertapenem (ETP) and imipenem/
meropenem/doripenem (IPM/MEM/DOR), respectively; 86.9% (255,844/294,426) of P. aerugi-
nosa isolates had MIC data for IPM/MEM/DOR. Facility-reported susceptibility and suscepti-
bility based on CLSI criteria resulted in comparable carbapenem susceptibility rates (99.3%
versus 99.1% for ETP-susceptible Enterobacterales, 98.9% versus 98.4% for IPM/MEM/DOR-
susceptible Enterobacterales, and 84.9% versus 83.3% for IPM/MEM/DOR-susceptible P. aeru-
ginosa). However, compared with CLSI criteria, facilities underreported Enterobacterales-
and IPM/MEM/DOR-NS isolates by 18.8% and 26.5%, respectively, and P. aeruginosa IPM/
MEM/DOR-NS isolates by 9.8%. Underreporting was observed for both intermediate and
resistant isolates. Our data suggest that delayed adoption of revised breakpoints has a
small but potentially important impact on reported rates of antimicrobial resistance.
Facilities should be aware of local epidemiology, evaluate potential underreporting of
resistance, and assess the related clinical impact.

IMPORTANCE Clinicians often base antimicrobial therapeutic decisions on laboratory
determinations of pathogen susceptibility to an antibiotic based on MIC breakpoints.
MIC breakpoints evolve over time based on new information; between 2010 and 2012
the CLSI lowered carbapenem breakpoints for Enterobacterales and Pseudomonas aeru-
ginosa, and these were subsequently adopted by the US Food and Drug Administration.
Carbapenems are important therapeutic options for these difficult-to-treat pathogens, so
understanding resistance rates is critically important. However, laboratories can be slow
to adopt updated breakpoints. We used MIC data to evaluate whether reports received
by hospitals for carbapenem susceptibility were consistent with updated CLSI breakpoints.
Although overall susceptibility rates were similar between hospital reports and susceptibil-
ity based on updated CLSI criteria, the percentages of carbapenem-resistant isolates were
significantly underreported by hospital reports. Delayed adoption of MIC breakpoints may
impact epidemiological understanding of resistance and contribute to the spread of resist-
ant pathogens.
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arbapenems are typically considered “last resort” first-line agents for the treatment

of serious Gram-negative infections. Carbapenem-resistant Enterobacterales (CRE),
carbapenem-resistant Pseudomonas aeruginosa (CRPA), and other carbapenem-resistant bac-
terial infections are difficult to treat (1, 2) and have been identified as antibiotic resistance
threats by US and international health agencies (3, 4). The Centers for Disease Control and
Prevention (CDCQ) lists CRE as an urgent threat pathogen responsible for an estimated 13,100
hospitalizations, 1,100 deaths, and $130 million in attributable costs in the US in 2017 (3).
Infections caused by CRPA, the most common carbapenem-resistant pathogen, have an
overall in-hospital mortality rate of approximately 15% (5). The management of carbapenem-
resistant Gram-negative bacterial infections pathogens is complicated by high rates of cross-
resistance to other antibiotics (6, 7).

Antimicrobial susceptibility and resistance are defined by MIC breakpoints, which are pro-
posed based on in vitro drug activity, results from animal model experiments, pharmacoki-
netic-pharmacodynamic considerations, and, if available, clinical data in humans. Breakpoints
are often re-set with the emergence of new data or resistance mechanisms, or with changes
in drug dosing or formulations. During the years 2010 to 2012, the Clinical and Laboratory
Standards Institute (CLSI) lowered carbapenem breakpoints for Enterobacterales and P. aeru-
ginosa (Table 1) (8, 9), based in part on new data from Monte Carlo simulations and mathe-
matical modeling as well as an improved understanding of carbapenem MIC distributions in
strains carrying various genetic resistance determinants (10). These remain the current CLSI
breakpoints for carbapenems (11).

Revised CLSI breakpoints were recognized by the Food and Drug Administration (FDA)
in 2012 (for ertapenem [ETP], imipenem [IPM], and doripenem [DOR]) and 2013 (merope-
nem [MEM)]) (12). However, there is typically a significant delay (range of 1 to 9 years) before
revised FDA breakpoints are incorporated into commercial antimicrobial susceptibility test-
ing (cAST) systems (8), as there is currently no regulatory mandate concerning updating of
revised breakpoints. Manufacturers of cAST systems are required to submit test performance
data and obtain clearance with the revised breakpoints prior to approval and widespread
use (8). Laboratories may circumvent delays by adopting current CLSI breakpoints based
on internal validation of the cAST, but this process is fraught with potential difficulties
and considered “off label” (8). Once approved, additional time is required to allow panels
and software with the new breakpoints to reach facility laboratories. Given the multiple
steps required to update breakpoints on cAST systems, there is usually a significant time lag
between CLSI publication of a new breakpoint and its incorporation into reports available to
clinicians.

It is therefore perhaps not surprising that a 2019 survey of 982 clinical laboratories in the
US found that 372 (37.9%) were not using current CLSI meropenem breakpoints (13). This
finding is consistent with a 2015 to 2016 survey of California acute care and long-term care
hospitals, which found that only 72% were using current CLSI carbapenem breakpoints and
that the time to adoption of these breakpoints was a median of 55 months (14). A public
health intervention directed at facilities that continued to use obsolete breakpoints in 2017
resulted in adoption of current carbapenem breakpoints at 47% (16/34) of laboratories after
1 year of follow-up. Outdated breakpoints continued to be used by more than half of the
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TABLE 1 Previous and current CLSI carbapenem MIC breakpoints (S/I/R in mg/L) for Enterobacterales and P. aeruginosa (9, 11)

Enterobacterales

Carbapenem Pre-2010 breakpoints Current breakpoints Pre-2012 breakpoints Current breakpoints
Ertapenem =2/4/=8 =0.5/1/=2 NA
Imipenem/meropenem/doripenem =4/8/=16 =1/2/=4 =2/4/=8
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facilities due to a variety of barriers, including lack of awareness and assumptions that manu-
facturer diagnostics automatically adjust to new guidance (15). These delays in adopting
breakpoints can have important consequences in allowing the spread of carbapenem-re-
sistant pathogens. A 2016 study estimated that the 32-month delay between publication
and adoption of CLSI carbapenem breakpoints in Orange County, California resulted in 1,821
additional CRE carriers (16).

To better understand the potential impact of delayed adoption of carbapenem break-
points on under-recognition of carbapenem-resistant pathogens, we compared facility-
reported carbapenem-susceptible (S) and carbapenem-nonsusceptible (NS; intermediate
[I] or resistant [R]) rates for Enterobacterales and P. aeruginosa to carbapenem-S and -NS
rates derived by application of current CLSI MIC breakpoints to MIC data derived from a
large group of isolates evaluated throughout the US between 2016 and 2020.

RESULTS

A total of 326 facilities contributed data to this study; 109 (33.4%) were teaching hospitals
and 213 (65.3%) were located in urban locations. One hundred three facilities (31.6%) had
<100 beds, 144 (44.2%) had 100-300 beds, and 79 (24.2%) had >300 beds. The geographic
regions with the most hospitals were West South Central (59; 18.1%) and Mid Atlantic
(56; 17.2%), whereas the fewest hospitals were in New England (5; 1.5%) and the Mountain
(12; 3.7%) regions. Given the differences in Enterobacterales CLSI breakpoints for various
carbapenems and the lack of an ETP breakpoint for P. aeruginosa, analyses were separated
into three groups: (i) Enterobacterales ETP, (ii) Enterobacterales IPM/MEM/DOR, and(iii) P. aer-
uginosa. Results of MIC interpretations reported by the facility were compared with suscepti-
bility results derived by applying current CLSI MIC breakpoints (Table 1) (9, 11), overall and
by hospital demographics (teaching/nonteaching, urban/rural, bed size) and location
(US Census Region).

Comparison of carbapenem susceptibility assessments in Enterobacterales isolates.
Among nonduplicate Enterobacterales isolates with facility-reported susceptibility results,
937,926/1,211,845 (77.4%) also had interpretable MIC results for ETP and 90.6% (2,157,785/
2,381,824) had interpretable MIC results for IPM/MEM/DOR (Fig. 1A and B). Susceptibility
rates were similar for facility-reported and CLSI breakpoint assessments. ETP-S rates were
99.3% and 99.1% as reported by facilities and using CLSI criteria, respectively, and IPM/MEM/
DOR-S rates were 98.9% and 98.4% by facility reporting and CLSI criteria, respectively (Table 2).

Systematic application of CLSI breakpoints showed that facility laboratories under-
reported ETP-l and -R isolates by 24.2% and 16.4%, respectively (P < 0.001 for difference
between resistance rates determined by CLSI versus facility breakpoints). IPM/MEM/DOR-
| and -R isolates were underreported to a larger extent (31.3% and 22.7%, respectively;
P < 0.001) (Table 2). In total, 1,520/8,104 (18.8%) Enterobacterales identified as ETP-NS
by current CLSI breakpoints and 8,973/33,858 (26.5%) of IPM/MEM/DOR-NS isolates were
not identified by facility susceptibility reports (Table 2).

Comparisons of carbapenem susceptibility assessments in P. aeruginosa isolates.
Overall, 86.9% (255,844/294,426) of non-duplicate P. aeruginosa isolates with facility-reported
IPM/MEM/DOR susceptibility interpretations also had interpretable MIC results (Fig. 1C).
Susceptibility rates were 84.9% and 83.3% as reported by facilities and as determined using
CLSI criteria, respectively (Table 2). Facilities underreported carbapenem-NS by 7.7% and
10.4% for | and R isolates, respectively (P < 0.001) (Table 2). In total, 4,177/42,823 (9.8%)
of carbapenem-NS isolates based on current CLSI breakpoints were not identified by facility
laboratories.

Carbapenem-NS underreporting by facility characteristics. Underreporting of carbape-
nem-NS Enterobacterales isolates was statistically significant (P = 0.018) across all hospital
demographics and regions except for New England (P = 0.87) and West North Central
(P =0.37) for ETP, and New England (P = 0.95) and West South Central (P = 0.25) for IPM/
MEM/DOR (Fig. 2). Similar results were found for carbapenem-NS P. aeruginosa isolates.
Facilities in all hospital demographic categories and geographic regions significantly under-
reported carbapenem-NS rates compared with rates based on current CLSI breakpoints
(P = 0.030), with the exception of New England (P = 0.44).
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FIG 1 Carbapenem S/I/R evaluations for (A) ertapenem in Enterobacterales (ENT) (B) imipenem/meropenem/doripenem (IPM/MEM/DOR) in
ENT, and (C) IPM/MEM/DOR in P. aeruginosa (PSA). “Evaluable” refers to isolates with MIC data available.
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TABLE 2 Comparison of susceptibility results for facility-reported and CLSI carbapenem breakpoints in evaluable isolates of Enterobacterales

and P. aeruginosa®

Ertapenem Imipenem/meropenem/doripenem
Pathogen and Facility- Revised per CLSI Facility versus Facility- Revised per CLSI Facility
interpretation reported breakpoints CLSI reported breakpoints versus CLSI
Enterobacterales (N = 937,926 for ertapenem and 2,157,785 for imipenem/meropenem/doripenem)
| 1,835 (0.20%) 2,420 (0.26%) | by 24.2% 10,338 (0.48%) 15,043 (0.70%) | by 31.3%
R 4,749 (0.51%) 5,684 (0.61%) 1 by 16.4% 14,547 (0.67%) 18,815 (0.87%) | by 22.7%
NS (I + R) 6,584 (0.71%) 8,104 (0.86%) | by 18.8% 24,885 (1.15%) 33,858 (1.57%) | by 26.5%
S 931,342 (99.30%) 929,822 (99.13) 2,132,900 (98.85%) 2,123,927 (98.43%)
P. aeruginosa (N = 255,844)
| Not applicable 9,537 (3.7%) 10,335 (4.0%) L by 7.7%
R 29,109 (11.4%) 32,488 (12.7%) | by 10.4%
NS (I + R) 38,646 (15.1%) 42,823 (16.7%) | by 9.8%
S 217,198 (84.9%) 213,021 (83.3%)

aData are presented as n (%). Enterobacterales isolates with an interpretation of R met the CDC's criteria for CRE (an Enterobacterales isolate from a sterile site with an
antimicrobial susceptibility test result of R) (3). Calculations of underreporting were determined by subtraction of facility-reported NS isolates from NS isolates as

determined by current CLSI criteria.

Discordances between facility-reported and CLSI carbapenem-NS rates. Analyses
of carbapenem-NS Enterobacterales and P. aeruginosa showed a divergence between
facility-reported rates and rates based on current CLSI breakpoints for most of the time
period of the study (2016 to 2020) (Fig. 3). The trend lines appeared to converge toward the
end of 2020.

DISCUSSION

In this retrospective study of over 2 million non-duplicate Enterobacterales isolates and
almost 300,000 P. aeruginosa isolates collected from facilities throughout the US between
2016 and 2020, we found that systematic application of current CLSI breakpoints would
have had negligible impact on susceptibility rates for these pathogens. However, failure to
apply current CLSI breakpoints led to significant underreporting of carbapenem-NS isolates
by facilities. Facility laboratories failed to identify 18.8% of ETP-NS and 26.5% of IPM/MEM/
DOR-NS Enterobacterales isolates, and 9.8% of IPM/MEM/DOR-NS P. aeruginosa isolates.
Assuming that IPM/MEM/DOR-NS Enterobacterales isolates are also ETP-NS, at least 8,973
carbapenem-NS Enterobacterales isolates, and 4,177 carbapenem-NS P. aeruginosa isolates
were misidentified as susceptible. Almost half of these misidentified Enterobacterales (4,268
[47.6%]) were carbapenem-R, in line with the CDC definition of CRE (3), and more than
three-quarters of misidentified P. aeruginosa (3,379 [80.9%]) were carbapenem-R. Given that
the hospitals included in this study account for approximately 10% of admissions in the US
(3), our data suggest a sizeable underreporting of carbapenem resistance in the United
States. Clinicians should be aware of their local epidemiology, decide if underreporting of
carbapenem-NS isolates might be an issue, and assess potential impacts on patients and the
community. Although the differences we noted with application of facility versus CLSI break-
points are modest at the epidemiological level, accurate laboratory interpretative results
may be critical to appropriate antibiotic selection in specific patients and to reducing the
spread of resistant pathogens.

Research is urgently needed to explore the potential impact of changes in susceptibility
classifications on clinical outcomes. Currently, there are limited clinical data validating the
recent MIC breakpoint changes. A study of 71 patients with bloodstream infections caused
by Gram-negative bacteria (predominantly extended-spectrum beta-lactamase-producing
Enterobacterales with a few cases due to P. aeruginosa or Acinetobacter baumannii) who
were treated with MER or IPM reported better outcomes in patients whose isolates had an
IPM MIC = 2 mg/L compared with those whose isolates had MICs =4 mg/L (10). Another
study found that higher Enterobacterales carbapenem MICs were associated with longer
hospital lengths of stay in patients treated with carbapenems (17). In a recent patient-level
analysis of published data that included the two previously described studies as well as
additional studies involving Klebsiella pneumoniae (2 studies) and Escherichia coli (1 study),
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FIG 2 Carbapenem-NS underreporting for facility-reported vs current CLSI breakpoints by hospital demographics. (A)
ertapenem-NS Enterobacterales; (B) imipenem/meropenem/doripenem-NS Enterobacterales; (C) imipenem/meropenem/
doripenem-NS P. aeruginosa. Darker colored bars indicate P < 0.05; n = the number of facilities.

the odds of mortality increased with each increasing MER MIC dilution (OR = 1.51, 95% Cl
1.06 to 2.15) (18). Although these studies were small and their interpretation may have
been influenced by confounding factors present in retrospective observational studies, the
findings combined with our current data suggest that these differences in reported break-
points may indeed have clinical consequences. Data are needed to determine if dose opti-
mization strategies of MER, such as higher doses or administration via extended or contin-
uous infusions, can be utilized to treat these low-level resistant isolates, or whether novel
agents should be preferentially used in the management of these infections.
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FIG 3 Trends over time for facility-reported and CLSI-revised carbapenem NS rates: (A) ertapenem-NS
Enterobacterales (ENT), (B) imipenem/meropenem/doripenem-NS ENT, and (C) imipenem/meropenem/
doripenem-NS P. aeruginosa (PSA).

Accurate identification of CRE and CRPA is an essential first step for infection prevention,
and the level of underreporting observed in our study has the potential to impact spread of
carbapenem resistance. CRE transmission within, between, and outside medical facilities has
been documented (19-21). These trends may have been exacerbated by the recent COVID-19
pandemic, which has affected compliance with traditional infection prevention tenets (22).
The effectiveness of efforts to avert the spread of carbapenem-resistant pathogens through
initiatives such as the CDC CRE toolkit (23) will be diminished if resistant isolates are not accu-
rately identified by current facility detection systems.

Our analyses suggest that the discrepancy between facility-reported carbapenem-NS
rates and NS rates based on current CLSI breakpoints may have decreased between 2016
and 2020. This result may be due to the gradual adoption of CLSI breakpoints at remaining
noncompliant facilities. It is also possible that other factors may have led to changes in epi-
demiology of carbapenem-resistant infections. Additional data will be required to evaluate
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whether earlier discrepancies in carbapenem-NS rates are now largely resolved, or
whether they will reappear in future years. Importantly, the College of American
Pathologists Accreditation Programs microbiology checklist was recently updated to
require laboratories to use current breakpoints to interpret MIC results by January 1,
2024, and to implement new breakpoints within 3 years of the official publication of
the updated breakpoint (24). Requirements such as these may help accelerate the
adoption of new breakpoints.

Our study has several limitations. Although we used an algorithm to remove colonizing
bacteria from the analyses (25), it is possible that some isolates were colonizers rather than
causes of invasive infections. The study was not designed to evaluate whether underreport-
ing of carbapenem-NS Gram-negative pathogens impacted patient outcomes. Certain geo-
graphic regions, including New England, had low representation in our database, which
may have affected conclusions related to facilities in those areas. Finally, our analyses were
based solely on MICs and carbapenemase production was not evaluated. Without access to
isolates, we were unable to determine if specific resistance mechanisms or genetic features
were overrepresented among isolates that misidentified as carbapenem-S or to evaluate the
contribution of facility-specific “expert” rules to the categorization of these isolates.

In conclusion, we found that approximately 10% to 25% of carbapenem-NS
Enterobacterales and P. aeruginosa based on current CLSI breakpoints were misidentified as
carbapenem-S by US health care facility laboratories from 2016 to 2020. Clinicians should be
aware of the potential for underreporting of carbapenem resistance. As new antibiotics and
breakpoints are released in the future, it will be important to monitor the accuracy and clini-
cal impact of susceptibility and resistance reporting.

MATERIALS AND METHODS

Study design. This was a retrospective descriptive cohort study of antimicrobial susceptibility rates
based on data from US ambulatory and inpatient settings in the BD Insights Research Database (Becton,
Dickinson, and Company, Franklin Lake, NJ). The database captures approximately 4.5 million of the estimated
34.5 million annual hospital admissions in the US (3) and provides diverse demographic and geographic repre-
sentation across the country (26-29). The study was performed in accordance with all relevant guidelines and
regulations, including the Declaration of Helsinki. Outcome studies using this retrospective, deidentified data
set were approved and informed consent was waived by the New England Institutional Review Board (Wellesley,
Massachusetts; No. 120180023).

Pathogen antimicrobial susceptibility assessments. For S/NS assessments, we evaluated all isolates
with appropriate antimicrobial susceptibility data collected between the first quarter of 2016 and the fourth
quarter of 2020 from adults with a positive Enterobacterales or P. aeruginosa culture (first isolate per 30-day pe-
riod from blood, respiratory, urine, skin/wound, intra-abdominal, or other sources). Results likely to be associ-
ated with colonization (e.g., environmental/surveillance specimens such as rectal or nasal swabs) or contamina-
tion (dermatology samples and urine isolates with fewer than 10,000 colonies per mL urine) were excluded by
use of a previously described algorithm (25). Facility-reported carbapenem susceptibility results were based on
institutional laboratory information system feed designations of S or NS (defined as | or R) as determined by
commercial or local panels for Enterobacterales (Escherichia coli, Klebsiella pneumoniae, Klebsiella oxytoca,
Klebsiella aerogenes, Proteus mirabilis, Enterobacter cloacae, Serratia marcescens, Citrobacter freundii, Providencia
stuartii, and Morganella morganii) and P. aeruginosa.

For analyses of the effect of 2021 CLSI MIC breakpoints on S/NS assessments, we evaluated all
Enterobacterales and P. aeruginosa isolates with appropriate reported MICs. Those without MICs listed or for
which the lowest MIC given was above the new CLSI breakpoint (e.g., =4) were considered non-evaluable and
were excluded from analysis (Fig. 1). Current CLSI MIC breakpoints for ETP, IPM, MEM, and DOR are shown in
Table 1 (9, 11). Because ETP has different Enterobacterales breakpoints than IPM/MEM/DOR and isolates can be
NS to ETP while susceptibility is retained to IMP/MEM/DOR, analyses of ETP-NS and IPM/MEM/DOR-NS were
conducted separately. If isolates were tested against more than one of the three carbapenems included in
combined analyses (IPM/MEM/DOR), the highest interpretive category was used as the facility-reported result.
Each isolate was only included once in a given combined analysis, even if it had susceptibility results for multi-
ple carbapenems.

Statistical analysis. Descriptive data are provided for S/I/R. Two-proportion Z tests were used to assess
the difference between facility-reported S/I/R results and S/I/R results based on CLSI criteria overall and by hospital
demographics(teaching/nonteaching, urban/rural, bed size) and location (US Census Region). P-values <0.05 indi-
cated a significant difference.
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