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ABSTRACT In the absence of antimicrobial susceptibility data, the institutional anti-
biogram is a valuable tool to guide clinicians in the empirical treatment of infections.
However, there is a misunderstanding about how best to prepare cumulative antimi-
crobial susceptibility testing reports (CASTRs) to guide empirical therapy (e.g., routine
antibiogram) versus monitoring antimicrobial resistance, with the former following
guidance from the Clinical and Laboratory Standards Institute (CLSI) and the latter
from the Centers for Disease Control and Prevention’s National Healthcare Safety
Network (NHSN). These criteria vary markedly in their exclusion or inclusion of isolates
cultured repeatedly from the same patient. We compared rates of nonsusceptibility
(NS) using annual data from a large teaching health care system subset to isolates eli-
gible by either NHSN criteria or CLSI criteria. For a panel of the three most prevalent
Gram-negative pathogens in combination with clinically relevant antimicrobial agents
(or priority pathogen-agent combinations [PPACs]), we found that the inclusion of
duplicate isolates by NHSN criteria yielded higher NS rates than when CLSI criteria (for
which duplicate isolates are not included) were applied. Patients with duplicate iso-
lates may not be representative of antimicrobial resistance within a population. For
this reason, users of CASTR data should carefully consider that the criteria used to
generate these reports can impact resulting NS rates and, therefore, maintain the dis-
tinction between CASTRs created for different purposes.

KEYWORDS antibiogram, resistance, empiric, isolates, cumulative antimicrobial
susceptibility test report, Escherichia coli, Klebsiella, Pseudomonas aeruginosa,
antibiogram, antibiotic resistance, Clinical and Laboratory Standards Institute, inpatient,
National Healthcare Safety Network, outpatient, stewardship

Clinicians frequently rely on institutional antimicrobial susceptibility reports, or
“antibiograms”—a type of cumulative antimicrobial susceptibility test report

(CASTR)—to initiate empirical treatment for their patients. One challenge with antibio-
gram preparation is the handling of duplicate isolates, or isolates of the same microbial
species (with the same or different antimicrobial susceptibility profiles), cultured from
different specimens (of the same or different type and source) collected from the same
patient over an analysis period (1). While the effect of these duplicate isolates could
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skew antibiogram data toward either higher susceptibility or higher resistance (2), sev-
eral groups have reported that duplicate isolates are more likely to be resistant than
the initial isolate from a patient (2, 3) and that inclusion of duplicate isolates decreases
susceptibility rates (4–12).

Several options to handle duplicate isolate data have been suggested. One
approach is to generate antibiograms using the susceptibility profiles of only the last
isolate cultured for each patient during an analysis period, while another is to include
only the first isolate in a given analysis period (a process which may be automatically
performed by some laboratory software). The Clinical and Laboratory Standards
Institute (CLSI) presently recommends inclusion of only the first isolate of a given spe-
cies cultured from a specimen of any source per patient per year (13). While the guid-
ance from CLSI also recognizes alternative options for handling duplicate isolate data,
it justifies the recommendation to include only the “first isolate per patient per calen-
dar year” by noting that chronically ill patients with long hospital admissions would
contribute repeat isolates that do not reflect a typical patient with initial infection (13),
and without prior culture and susceptibility results, the cumulative antibiogram should
guide empirical therapy for presumed infections (1). This guidance is currently used by
University of California Los Angeles (UCLA) to generate annual antibiograms (14, 15).

The U.S. Centers for Disease Control and Prevention’s National Healthcare Safety
Network (NHSN) more recently released an Antimicrobial Use and Resistance Module,
with requirements to standardize antimicrobial resistance event frequency data in a
CASTR (16). In this module, isolates cultured from invasive sources (blood or cerebrospinal
fluid [CSF]) are eligible if they were collected more than 14 days from the last isolate of
that organism from a patient. For noninvasive sources (urine or lower respiratory speci-
men), the first isolate of an organism per calendar month per patient is eligible for inclu-
sion in the module (16). Because the temporal criteria put forth by NHSN may include
duplicate isolates that the CLSI criteria would not, we hypothesized that if users select the
option to generate a CASTR using the NHSN criteria (16, 17), the result would be higher
rates of nonsusceptibility (NS) relative to those prepared following CLSI criteria. Given that
it may be challenging for clinical microbiology laboratories with limited bandwidth to
generate multiple CASTRs and that the coexistence of multiple institutional CASTRs might
complicate antimicrobial stewardship efforts, inflated rates of nonsusceptibility under an
exclusively generated NHSN criteria may affect empirical therapy decisions.

Here, we use data from a high-volume clinical microbiology laboratory at a large,
academic health care system between 2018 and 2020 to investigate the correlation
between duplicate isolates and higher NS rates for combinations of priority pathogens
and antimicrobial agents of clinical relevance (priority pathogen-agent combinations
[PPACs]) and the effect of CLSI and NHSN criteria on resulting antibiogram data.

MATERIALS ANDMETHODS
This study was performed at UCLA—a large, academic system with two acute care hospitals and

over 100 outpatient clinics for primary and specialty care, servicing approximately 600,000 unique
patients per year. A line listing of all validated susceptibility results (based on the CLSI M100 29th edition
from 2018 to 2019 and the 30th edition from 2019 to 2020 [14, 15]) for isolates derived from culture-pos-
itive specimens processed by the UCLA Clinical Microbiology Laboratory between January 2018 and
January 2020 was generated by the WHONET 2019 Laboratory Information System after UCLA
Institutional Review Board approval (IRB 20-000025). Data were concatenated and stratified by year
(2018, 2019) and by specimen collection in an inpatient or outpatient setting. Per NHSN guidelines,
specimens collected in a hospital emergency department or 24-h observation unit were designated as
outpatient, while data from outpatient clinics were excluded.

To compare the output of the CASTR generation methods, two antibiograms were generated using
either the NHSN or the CLSI criteria (Fig. 1A). Importantly, NHSN requires only the reporting and group-
ing of select invasive (blood, cerebrospinal fluid) and noninvasive (urine, lower respiratory) specimen
types. To generate the NHSN-eligible isolate list, the listing of all isolates was first categorized as invasive
or noninvasive specimen types listed by NHSN and then subject to the NHSN criteria for inclusion of
duplicate isolates. To generate the CLSI-eligible isolate list, the CLSI criteria (first isolate of a given orga-
nism from any specimen source per patient annually) were applied for all specimen types and then cate-
gorized to include only the select invasive or noninvasive specimen types listed by NHSN so that a direct
comparison could be made between the two CASTRs. From the CLSI-eligible and NHSN-eligible isolate
lists, NS rates were calculated as the proportion of isolates with resistant, intermediate, or
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nonsusceptible interpretations in the total population of isolates as described in the 2019 NHSN
Antimicrobial Resistance Module (16). As recommended by CLSI (13), confidence intervals (95%) for
these rates were calculated using the Agresti-Coull method. Chi-squared tests were used to test the dif-
ference between NS rates. A P value of ,0.05 was considered significant.

Our analysis focused on highly prevalent, priority pathogens with clinically relevant antimicrobial
agent combinations (PPACs), determined by members of the antimicrobial stewardship program.
Calculation of percent NS was not performed if either isolate list had fewer than 30 results for a given
PPAC in a given year. Combined results of all isolates that would be eligible in either the 2018 or 2019
annual antibiograms were included to provide sufficient sample sizes for comparison of all PPACs. All
data preparation and statistical analysis were conducted in R 4.0.1.

RESULTS

A total of 26,343 and 27,189 specimen of any type and all collection locations were col-
lected in 2018 and 2019, respectively, of which 9,303 (35.3%) and 9,404 (34.5%) were col-
lected in eligible inpatient or outpatient locations for this analysis each year, respectively.
During 2018, the 9,303 culture-positive specimens were collected in eligible locations from

FIG 1 Visual algorithm for generating CLSI- and NHSN-eligible isolate lists for comparison of resulting cumulative antimicrobial susceptibility
test reports (CASTRs). (A) Computational workflow to apply isolate eligibility criteria for inclusion in either CLSI or NHSN CASTRs. CLSI, Clinical
and Laboratory Standards Institute Criteria; NHSN, National Healthcare Safety Network Criteria; LRT, lower respiratory specimen. (B) Selected
priority pathogen-agent combinations (PPACs) of clinical relevance; circles indicate a PPAC analyzed. Note that nitrofurantoin susceptibility is
only tested for isolates originating from urine specimens. Colors represent the class of antibiotic as defined by NHSN.
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6,126 patients; these specimens grew 10,940 isolates of 243 different microbial species.
Similarly, in 2019, 9,404 culture-positive specimens were collected in eligible locations
from 6,230 patients, from which 11,162 isolates of 246 different microbial species were
identified. The combination of 2018 and 2019 data yielded 22,102 isolates for subsequent
analysis (Tables 1 and 2). Gram-negative bacteria were the most prevalent organisms iso-
lated (Table 2), and of these, the three most common species were Escherichia coli, present
in 5,510 (24.9%) of all isolates from 2018 and 2019, followed by Pseudomonas aeruginosa
with 2,307 (10.4%) isolates and Klebsiella pneumoniae with 1,872 (8.5%) isolates.
Subsequent analysis focuses on the isolates of these organisms with susceptibility data
available for agents included as PPACs (Fig. 1B); this yields a total of 9,669 isolates, or
43.7% of all 22,102 isolates. The demographics of patients contributing PPAC isolates was
similar to the population contributing all isolates (Table 1).

When the CLSI criteria were applied to all 9,669 PPAC isolates, we observed a total
of 7,693 CLSI-eligible isolates from all specimen types, but for comparison to NHSN-eli-
gible isolates, this was then limited to 6,680 CLSI-eligible isolates from specimen types
included in the NHSN CASTR. When the NHSN criteria were applied, 7,669 NHSN-eligi-
ble isolates were identified; of these, 989 were duplicate isolates not eligible by CLSI
criteria (Fig. 2A).

When NS rates for PPACs were calculated relative to the duplicate isolate collected
per patient in a calendar year, we observed higher NS rates in subsequent duplicate
isolates (Fig. 2B) that would be captured by NHSN but not CLSI criteria.

Analysis of isolates from inpatients. We expected that patients with longer
lengths of stay contribute more duplicate isolates and that the inclusion of duplicate
isolates by NHSN criteria would skew the CASTR toward higher NS rates.

Before applying CLSI or NHSN criteria, we observed that almost all patients (2,966 of
3,157, 94.0%) with lengths of stay under 2 weeks had only one specimen collected from
which an isolate was cultured, and fewer than 1% contributed 3 or more isolates. In con-
trast, duplicate cultures were increasingly prevalent among patients with longer lengths
of stay (Fig. 3A); three or more isolates were contributed by 15.4% of patients with

TABLE 1 Demographic characteristics of patientsa

Parameter

All patients
(total no. = 11,528)

Patients contributing
PPAC isolates
(total no. = 6,593)

No. % of total No. % of total
Age at collection date (years)
#21 1,199 10.4 610 9.3
22–39 1,786 15.5 986 15.0
40–59 2,598 22.5 1,374 20.8
60–79 3,777 32.8 2,150 32.6
$80 2,168 18.8 1,473 22.3

Sex
Male 5,076 44.0 2,282 34.6
Female 6,450 56.0 4,310 65.4
Unspecified 2 0.0 1 0.0

No. of specimen collected per
patient in calendar year

1 8,299 72.0 5,183 78.6
2–4 2,735 23.7 1,266 19.2
$5 494 4.3 144 2.2

aSummary of patients contributing to study sample and specimen processed by the UCLA Clinical Microbiology
Laboratory in 2018 and 2019 from eligible collection locations. Patients and specimen populations were
significantly different (chi-squared P, 0.01) between the overall sample and the PPAC subset across all
displayed characteristics. “Patient” indicates data based on unique medical record numbers for which a culture-
positive specimen was processed in 2018 or 2019 (data for patients from which culture-negative specimen were
obtained are not included). “Specimens” are clinical samples from which one or more isolates of distinct
microbial species were grown.
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lengths of stay between 2 weeks and 1 month, 25.2% of patients with lengths of stay
between 31 and 60 days, and 59.1% of patients with lengths of stay .60 days. Isolates
cultured from specimens collected later in admission had higher NS rates than those
obtained earlier, both for all pathogen-agent combinations and for PPACs (Fig. 3B).

We then applied the NHSN and CLSI inclusion criteria to inpatient isolates to com-
pare CASTR data. The NHSN criteria yielded higher NS rates than CLSI criteria for all 21
PPACs evaluated (Fig. 4; see also Table S1 in the supplemental material). This increase
in NS rate was significant for several of the PPACs; for example, of 1,725 P. aeruginosa
isolates from inpatients, 741 (43.0%) were eligible by CLSI criteria and 985 (57.1%) by
NHSN criteria. Of the CLSI-eligible isolates tested against piperacillin-tazobactam, 206

TABLE 2 Collection characteristics of isolatesa

Parameter

All specimen (total no. = 18,706);
all isolates (total no. = 22,102)

PPAC specimen (total no. = 9,222);
PPAC isolates (total no. = 9,669)

No.
% of total
isolates No.

% of total
isolates

Specimen type
Urine 8,529 38.6 5,670 58.6
Lower respiratory 4,463 20.2 1,783 18.4
Blood 3,445 15.6 872 9.0
Cerebrospinal fluid 76 0.3 10 0.1
Other 5,589 25.3 1,334 13.8

Organism
Escherichia coli 5,510 24.9 5,500 56.9
Pseudomonas aeruginosa 2,307 10.4 2,303 23.8
Staphylococcus aureus 2,236 10.1
Klebsiella pneumoniae 1,872 8.5 1,866 19.3
Other 10,177 46.0

Collection location
Inpatient 13,451 60.9 4,918 50.9
Outpatient 8,651 39.1 4,751 49.1

aSummary of patients contributing to study sample and specimen processed by the UCLA Clinical Microbiology Laboratory in 2018 and 2019 from eligible collection
locations. Patients and specimen populations were significantly different (chi-squared P, 0.01) between the overall sample and the PPAC subset across all displayed
characteristics. “Isolates” represent the culture of a single microbial species from a single patient specimen; isolates are designated as originating from an inpatient or an
outpatient based on the collection location of the specimen from which the isolate was grown and by the type of specimen from which the isolate was grown (e.g., blood,
urine, etc.). The top four most frequently cultured organism species are listed.

FIG 2 Duplicate isolates are eligible by NHSN but not CLSI and exhibit higher nonsusceptibility rates. (A) Effect of inclusion criteria on isolates of select
priority pathogens processed in 2018 and 2019. Isolates were assessed for their inclusion under the CLSI criteria (green), NHSN criteria (blue), both criteria
(red), or neither CLSI nor NHSN criteria (purple). Number of isolates falling into each category are shown (in log scale) relative to the isolate duplicate
number for a given patient in a calendar year. Of note, CLSI-only eligible isolates represent specimen types not included by NHSN. (B) Correlation of
nonsusceptibility (NS) rates with duplicate isolates obtained in a calendar year for select priority pathogens. NS rate was calculated for select priority Gram-
negative organism (E. coli, red; K. pneumoniae, green; P. aeruginosa, blue) isolates from invasive or noninvasive sources against selected antimicrobial
agents (Fig. 1B) relative to the isolate duplicate number for a given patient in a calendar year. Error bars represent 95% confidence interval calculated by
the Agresti-Coull method. CLSI, Clinical and Laboratory Standards Institute criteria; NHSN, National Healthcare Safety Network criteria.

Comparison of Two CASTR Criteria Journal of Clinical Microbiology

February 2022 Volume 60 Issue 2 e01366-21 jcm.asm.org 5

https://jcm.asm.org


(27.8%) were classified as NS. However, of the NHSN-eligible isolates, 319 (32.4%) were
classified as NS, yielding significantly different NS rates (P = 0.04). P. aeruginosa with
ceftolozane-tazobactam and meropenem also had significantly different NS rates
obtained by CLSI and NHSN criteria (Table S1).

Analysis of isolates from outpatients. Of the 22,102 isolates from specimen col-
lected in all eligible locations in 2018 and 2019, 8,651 (39.1%) were collected during
patient encounters at settings defined as outpatient by NHSN (emergency department,
pediatric emergency department, and 24-h observation unit).

After applying the NHSN and CLSI inclusion criteria to these outpatient isolates, we
again observed higher NS rates for nearly all (19 of 21) PPACs (Fig. 5; see also Table S2
in the supplemental material) with the NHSN criteria, relative to CLSI. Statistically sig-
nificant differences in NS rate between NHSN and CLSI were noted for E. coli

FIG 3 Inpatients with longer lengths of stay contribute more duplicate isolates, and isolates from later in admission have higher nonsusceptibility rates. (A)
Distribution of duplicate isolates contributed by inpatients stratified by length of hospital stay; 0 to 13 days (red), 14 to 30 days (blue), 31 to 60 days
(green), and more than 60 days (purple). (B) Correlation of nonsusceptibility rates with length of hospital stay for select priority pathogen-agent
combinations as listed in Fig. 1B.

FIG 4 Comparison of CLSI and NHSN nonsusceptibility (NS) rates in isolates from inpatients in 2018 and 2019. Dots represent priority pathogen-agent
combinations plotted relative to CLSI NS rate (x axis) and NHSN NS rate (y axis), colored by antibiotic class, and labeled with the specific agent. The
diagonal line represents the line of equivalence, where CLSI and NHSN NS rates are equal. Each panel represents a priority organism, E. coli, K. pneumoniae,
and P. aeruginosa (the K. pneumoniae NS rates for nitrofurantoin under CLSI and NHSN criteria, respectively, are 66.4% and 68.1%; data not shown). CLSI,
Clinical and Laboratory Standards Institute; NHSN, National Healthcare Safety Network; NS, nonsusceptibility.
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susceptibility to ceftriaxone and ciprofloxacin and for P. aeruginosa susceptibility to
piperacillin-tazobactam.

Effect of temporal criteria for duplicate isolate exclusion on NS rates. The pri-
mary difference in the CLSI and NHSN criteria is the temporal parameter used to
exclude duplicate isolates—for CLSI, one isolate per organism per patient per calendar
year, and for NHSN, one isolate per organism per patient per 14-day interval (for inva-
sive specimen) or calendar month (for noninvasive specimen). For PPACs with statisti-
cally significant differences in NS rate by the two criteria, we visualized the impact of
this temporal exclusion criteria by changing the parameter by daily increments, deter-
mining eligible isolates, and recalculating the NS rate (Fig. 6).

For PPACs where significantly different NS rates were observed between NHSN and
CLSI in either inpatients (P. aeruginosa with piperacillin-tazobactam, meropenem, and
ceftolozane-tazobactam) or outpatients (P. aeruginosa with piperacillin-tazobactam
and E. coli with ciprofloxacin and ceftriaxone), we observed maximum NS rates when
every isolate was included (0-day temporal parameter for duplicate isolate exclusion),
followed by a decline in NS rate as the temporal parameter increased and more dupli-
cate isolates are excluded (Fig. 6). The 14-day parameter for invasive specimens and
the 30-day parameter (e.g., calendar month) for noninvasive specimens under NHSN
are displayed during the period with a high NS rate, after which the NS rate declines
and appears to stabilize by day 180, at which point it is equivalent to the 365-day pa-
rameter recommended by CLSI criteria. For example, P. aeruginosa isolates from inpa-
tients yielded piperacillin-tazobactam NS rates of 37.7%, 32.0%, 29.9%, 27.2%, and
26.5% for 0-, 14-, 30-, 180-, and 365-day temporal parameters, respectively.

As antibiograms are typically prepared by calendar year, we also conducted our
analyses separately by individual calendar year and observed highly similar trends,
albeit not statistically significant given the small sample size.

DISCUSSION

From this analysis, we found that NHSN criteria includes duplicate isolates that
would not be included under CLSI criteria and that these duplicate isolates have higher

FIG 5 Comparison of CLSI and NHSN nonsusceptibility (NS) rates in isolates from outpatients in 2018 and 2019. Dots represent priority pathogen-agent
combinations plotted relative to CLSI NS rate (x axis) and NHSN NS rate (y axis), colored by antibiotic class, and labeled with the specific agent. The
diagonal line represents the line of equivalence, where CLSI and NHSN NS rates are equal. Each panel represents a priority organism, E. coli, K. pneumoniae,
and P. aeruginosa (the K. pneumoniae NS rates for nitrofurantoin under CLSI and NHSN criteria, respectively, are 67.9% and 67.7%; data not shown). CLSI,
Clinical and Laboratory Standards Institute; NHSN, National Healthcare Safety Network; NS, nonsusceptibility.
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rates of nonsusceptibility. As a result, we observed higher NS rates when using the
NHSN criteria. These differences could impact antimicrobial use if used to guide empiri-
cal therapy.

Among inpatients, longer lengths of stay correlated with the collection of more
specimens from which duplicate isolates were cultured, and NS rates were higher
among duplicate isolates later in admission. This aligns with reports that longer admis-
sions in an acute care hospital are associated with drug-resistant infections (such as
carbapenem-resistant Enterobacterales [18]) due to increased exposure to antimicro-
bials, device utilization, illness severity, comorbidities and advanced age, and potential
acquisition of drug-resistant organisms during hospitalization (19, 20). Inpatients with

FIG 6 Effect of the temporal parameter for duplicate isolate inclusion on nonsusceptibility rates for priority pathogen-agent
combinations with statistically significant differences between cumulative antimicrobial susceptibility test report (CASTR) preparation
methods. Colored lines represent the NS rate calculated for a given pathogen-agent combination, as the temporal parameter used to
determine inclusion of duplicate isolates is swept from 0 to 365 days. Shading represents the 95% confidence interval calculated by
Agresti-Coull method. From left to right, white dots indicate the points where the temporal parameter is 0 days (for which all isolates
included), 14 days (the NHSN criteria for invasive specimen), 30 days (the NHSN criteria for invasive specimen), 180 days, and
365 days (the CLSI criteria). CLSI, Clinical and Laboratory Standards Institute; NHSN, National Healthcare Safety Network; NS,
nonsusceptibility.
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unresolved infections due to treatment failure from drug resistance may be sampled
repeatedly to monitor therapeutic progress and may remain hospitalized for a longer
length of time secondary to treatment challenges. Inclusion of duplicate isolates from
these patients under NHSN criteria may skew the resulting CASTR to higher NS rates
than would be observed under CLSI criteria.

In the settings classified as outpatient by NHSN (the emergency department, pedi-
atric emergency department, and 24-h observation unit), inclusion of duplicate isolates
under NHSN criteria again yielded higher NS rates than those yielded by CLSI criteria.
The majority of these duplicate isolates were cultured from urine specimens. While
there is no “length of stay” equivalent for patients in these settings, chronic predispos-
ing conditions or risk factors for recurrent urinary tract infection, such as geriatric
patients with many comorbidities or younger patients with severe comorbidities, may
prompt emergency department visits with frequent, repeat urine cultures. These
patients may be more likely to have more frequent exposure to antibiotics and, there-
fore, higher risk for infection or colonization by multiple-drug-resistant organisms (21–
26). This is consistent with the higher NS rates observed in the NHSN CASTR than in
the CLSI antibiogram.

The clinical value of an antibiogram is to guide empirical antimicrobial therapy until
culture-directed antimicrobial therapy is possible (27). This is less relevant for inpa-
tients with chronic infections or outpatients with recurrent infections because often in
these cases the pathogen has been characterized by prior specimen culture and sensi-
tivity testing; for these patients, clinicians can simply look at a patient’s prior culture
results to guide current therapy (28, 29). As others have reported, and as our data
show, these patients contribute to a majority of duplicate isolates, which also have
higher NS rates than initial isolates. Therefore, the susceptibilities of duplicate isolates
from these patients would not reflect the community prevalence of resistance or the
most likely susceptibility profile of a pathogen causing initial infection. Overestimated
NS rates due to the inclusion of duplicate isolates may prompt the use of broader-
spectrum or next-line antibiotics for empirical therapy, which may drive resistance to
these agents and the use of more toxic or costly agents (30).

While empirical antimicrobial therapy selection is dependent on both pathogen
and individual patient factors (e.g., presumed infection source, medical comorbidities,
illness acuity, and goals of treatment) and institutions may have different guidance for
best practice, we note instances where the difference between the NS rate from the
NHSN CASTR and the CLSI antibiogram may affect treatment decisions at our institu-
tion. For example, in the treatment of Pseudomonas aeruginosa infection among inpa-
tients on the bone marrow transplant service at our institution, infectious disease
physicians would select cefepime as the first-line agent of choice based on the CLSI
antibiogram data; however, piperacillin-tazobactam would be more attractive if the
NHSN CASTR data are shown.

The effect of this difference may be heightened in outpatient clinic settings. Since
the NHSN module only includes select outpatient locations (emergency department
and 24-h observation unit), in our analysis, 39,400 isolates (82% of the outpatient total)
that would have been from eligible outpatient locations by CLSI were excluded
because they were not from eligible outpatient locations by NHSN. The NS rates for
defined outpatient locations by NHSN may not be representative of NS rates in outpa-
tient clinics and may be poorly suited to guide empirical treatment for infections in
outpatient clinic settings (where the majority of antibiotics are prescribed [30]).

This work is subject to several limitations. First, characteristics of specific patient
populations have been noted as factors that can influence antibiograms (9). This analy-
sis represents a single health care system that may have a patient population or culture
and antimicrobial susceptibility testing workflows distinct from other institutions. As a
quaternary care center, our institution may provide medical services to more patients
with chronic illness who are at high risk of developing recurrent infections. Our results
suggest that the CLSI criteria for antibiogram generation would be less subject to the
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variation in patient populations at different health care systems than the NHSN criteria.
Additionally, due to the size of the UCLA health care system and the high throughput
of the UCLA clinical microbiology laboratory, smaller institutions may not be able to
detect significant differences in the NS rates obtained by each CASTR. However, if insti-
tutional antibiogram data will be used to measure and compare regional resistance
rates in a population, consistency across institutional variation in patient population is
critically important. Second, the NHSN criteria and CLSI criteria include different speci-
men types; we chose to limit the specimens included in CLSI criteria (any source) to
the more restrictive subset included by NHSN criteria (only blood, cerebrospinal fluid,
urine, lower respiratory tract). When CLSI criteria were applied to all specimens versus
only the subset of NHSN-eligible specimen types, we observed similar NS results (see
Fig. S1 in the supplemental material). This reduction in the number of eligible speci-
mens may also affect the ability to detect statistically significant differences in CASTR
data. Third, while antibiograms are typically prepared annually, to obtain adequate
sample size, data from both 2018 and 2019 were combined for this analysis. Results
were consistent and reproducible each year independently, and the combination of
data from the 2-year span provided enough isolate measurements to observe signifi-
cant differences between the two CASTR generation methods. Finally, this analysis was
limited to PPACs deemed by the researchers as high priority for clinical practice and
antimicrobial stewardship. These combinations are included in the priority pathogen-
agent combinations defined by NHSN, but additional combinations not included in
this analysis may also demonstrate significant differences based on the CASTR genera-
tion method used.

The inclusion of duplicate isolates may be useful for epidemiological purposes, but
as our data have shown, a subpopulation of patients with frequent cultures may ele-
vate nonsusceptibility rates that can affect broader empirical treatment recommenda-
tions. To overcome this, institutions might consider preparing multiple CASTRs with
clearly distinguished functions—guiding empirical therapy versus monitoring trends in
resistance for exclusively epidemiological purposes. That said, preparation of multiple
CASTRs may be excessively taxing for clinical laboratories with limited bandwidth, and
as a result, this practice may not be uniformly adopted. In addition, the coexistence of
multiple CASTRs may require careful dissemination of each to specific stakeholders
and additional training of users to understand the differences between the use of each
or confuse providers and other relevant stakeholders to the detriment of patient care.

Our analysis highlights that institutional CASTRs generated using NHSN criteria may
represent a “path of more resistance” relative to those generated by CLSI criteria.
Clinical microbiology laboratorians, clinical providers, and antimicrobial stewardship
policymakers should carefully consider the criteria used to generate CASTR data along-
side the data itself when developing antimicrobial empirical treatment recommenda-
tions and maintain the distinction between CASTRs created for different purposes.
Additionally, as data reported to NHSN may be reported publicly, the resulting suscep-
tibility rates should be considered in the context of patient populations served by the
health care institution, which may contribute duplicate isolates that impact the
reported resistance by this CASTR generation method.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.2 MB.
SUPPLEMENTAL FILE 2, XLSX file, 0.02 MB.

ACKNOWLEDGMENTS
We thank Christine U. Pham for her input on relevant PPACs and Ruel Mirasol for his

assistance generating the original laboratory information system data output for this
analysis and explanation of data labeling.

The authors received no specific funding for this work.
We declare no conflicts of interest.

Viloria Winnett et al. Journal of Clinical Microbiology

February 2022 Volume 60 Issue 2 e01366-21 jcm.asm.org 10

https://jcm.asm.org


REFERENCES
1. Hindler JF, Stelling J. 2007. Analysis and presentation of cumulative anti-

biograms: a new consensus guideline from the Clinical and Laboratory
Standards Institute. Clin Infect Dis 44:867–873. https://doi.org/10.1086/
511864.

2. White RL, Friedrich LV, Burgess DS, Brown EW, Scott LE. 2001. Effect of re-
moval of duplicate isolates on cumulative susceptibility reports. DiagnMicro-
biol Infect Dis 39:251–256. https://doi.org/10.1016/S0732-8893(01)00225-5.

3. Thomson RB, File TM, Burgoon RA. 1989. Repeat antimicrobial susceptibil-
ity testing of identical isolates. J Clin Microbiol 27:1108–1111. https://doi
.org/10.1128/jcm.27.5.1108-1111.1989.

4. Huovinen P. 1985. Recording of antimicrobial resistance of urinary tract
isolates—effect of repeat samples on resistance levels. J Antimicrob Che-
mother 16:443–447. https://doi.org/10.1093/jac/16.4.443.

5. Itokazu GS, Quinn JP, Bell-Dixon C, Kahan FM, Weinstein RA. 1996. Antimi-
crobial resistance rates among aerobic Gram-negative bacilli recovered
from patients in intensive care units: evaluation of a national postmarket-
ing surveillance program. Clin Infect Dis 23:779–784. https://doi.org/10
.1093/clinids/23.4.779.

6. Shannon KP, French GL. 2002. Antibiotic resistance: effect of different cri-
teria for classifying isolates as duplicates on apparent resistance frequen-
cies. J Antimicrob Chemother 49:201–204. https://doi.org/10.1093/jac/49
.1.201.

7. Magee JT, Welsh Antibiotic Study Group. 2004. Effects of duplicate and
screening isolates on surveillance of community and hospital antibiotic
resistance. J Antimicrob Chemother 54:155–162. https://doi.org/10.1093/
jac/dkh295.

8. Rodríguez JC, Sirvent E, López-Lozano J, Royo G. 2003. Criteria of time
and antibiotic susceptibility in the elimination of duplicates when calcu-
lating resistance frequencies. J Antimicrob Chemother 52:132–134.
https://doi.org/10.1093/jac/dkg298.

9. Halstead DC, Gomez N, McCarter YS. 2004. Reality of developing a com-
munity-wide antibiogram. J Clin Microbiol 42:1–6. https://doi.org/10
.1128/JCM.42.1.1-6.2004.

10. Cebrián L, Rodríguez JC, Escribano I, Cascales E, López-Lozano JM, Royo G.
2005. Influence of various criteria for elimination of duplicates when calcu-
lating the prevalence and antibiotic susceptibility of microorganisms asso-
ciated with urinary infections. Int J Antimicrob Agents 25:173–176. https://
doi.org/10.1016/j.ijantimicag.2004.09.017.

11. Shannon KP, French GL. 2002. Validation of the NCCLS proposal to use
results only from the first isolate of a species per patient in the calculation
of susceptibility frequencies. J Antimicrob Chemother 50:965–969.
https://doi.org/10.1093/jac/dkf225.

12. Kohlmann R, Gatermann SG. 2016. Analysis and presentation of cumulative
antimicrobial susceptibility test data - the influence of different parameters
in a routine clinical microbiology laboratory. PLoS One 11:e0147965.
https://doi.org/10.1371/journal.pone.0147965.

13. Clinical and Laboratory Standards Institute. 2014. M39-A4. Analysis and
presentation of cumulative antimicrobial susceptibility test data. Approved
guideline—4th ed. Clinical and Laboratory Standards Institute, Wayne, PA.

14. UCLA Health System. 2019. UCLA health system antimicrobial susceptibil-
ity summary 2019. UCLA Health, Clinical Microbiology, Department of Pa-
thology and Laboratory Medicine, Los Angeles, CA.

15. UCLA Health System. 2020. UCLA Health System Antimicrobial Suscepti-
bility Summary 2020. UCLA Health, Clinical Microbiology, Department of
Pathology and Laboratory Medicine, Los Angeles, CA.

16. CDC NHSN. 2021. Antimicrobial use and resistance (AUR) module. NHSN,
Atlanta, GA. https://www.cdc.gov/nhsn/pdfs/pscmanual/11pscaurcurrent
.pdf. Accessed 22 September 2021.

17. CDC NHSN. 2021. FAQs: antimicrobial resistance (AR) option. NHSN, Atlanta,
GA. https://www.cdc.gov/nhsn/faqs/faq-ar.html. Accessed 22 September 2021.

18. Lin MY, Lyles-Banks RD, Lolans K, Hines DW, Spear JB, Petrak R, Trick WE,
Weinstein RA, Hayden MK, Centers for Disease Control and Prevention
Epicenters Program. 2013. The importance of long-term acute care hospi-
tals in the regional epidemiology of Klebsiella pneumoniae carbapene-
mase-producing Enterobacteriaceae. Clin Infect Dis 57:1246–1252. https://
doi.org/10.1093/cid/cit500.

19. Barrasa-Villar JI, Aibar-Remón C, Prieto-Andrés P, Mareca-Doñate R,
Moliner-Lahoz J. 2017. Impact on morbidity, mortality, and length of stay
of hospital-acquired infections by resistant microorganisms. Clin Infect
Dis 65:644–652. https://doi.org/10.1093/cid/cix411.

20. Cosgrove SE. 2006. The relationship between antimicrobial resistance
and patient outcomes: mortality, length of hospital stay, and health care
costs. Clin Infect Dis 42:S82–S89. https://doi.org/10.1086/499406.

21. Lee DS, Choe H-S, Lee SJ, Bae WJ, Cho HJ, Yoon BI, Cho Y-H, Han CH, Jang
H, Park SB, Cho WJ, Lee S-J. 2013. Antimicrobial susceptibility pattern and
epidemiology of female urinary tract infections in South Korea, 2010–
2011. Antimicrob Agents Chemother 57:5384–5393. https://doi.org/10
.1128/AAC.00065-13.

22. Hillier S, Bell J, Heginbothom M, Roberts Z, Dunstan F, Howard A, Mason
B, Butler CC. 2006. When do general practitioners request urine speci-
mens for microbiology analysis? The applicability of antibiotic resistance
surveillance based on routinely collected data. J Antimicrob Chemother
58:1303–1306. https://doi.org/10.1093/jac/dkl432.

23. Stapleton PJ, Lundon DJ, McWade R, Scanlon N, Hannan MM, O’Kelly F,
Lynch M. 2017. Antibiotic resistance patterns of Escherichia coli urinary
isolates and comparison with antibiotic consumption data over 10 years,
2005–2014. Ir J Med Sci 186:733–741. https://doi.org/10.1007/s11845-016
-1538-z.

24. Skippen I, Shemko M, Turton J, KaufmannME, Palmer C, Shetty N. 2006. Ep-
idemiology of infections caused by extended-spectrum b-lactamase-pro-
ducing Escherichia coli and Klebsiella spp.: a nested case-control study
from a tertiary hospital in London. J Hosp Infect 64:115–123. https://doi
.org/10.1016/j.jhin.2006.05.010.

25. Paterson DL. 2004. “Collateral damage” from cephalosporin or quinolone
antibiotic therapy. Clin Infect Dis 38:S341–S345. https://doi.org/10.1086/
382690.

26. Cassier P, Lallechère S, Aho S, Astruc K, Neuwirth C, Piroth L, Chavanet P.
2011. Cephalosporin and fluoroquinolone combinations are highly asso-
ciated with CTX-M b-lactamase-producing Escherichia coli: a case-control
study in a French teaching hospital. Clin Microbiol Infect 17:1746–1751.
https://doi.org/10.1111/j.1469-0691.2010.03349.x.

27. Fernandez J, Vazquez F. 2019. The importance of cumulative antibio-
grams in diagnostic stewardship. Clin Infect Dis 69:1086–1087. https://doi
.org/10.1093/cid/ciz082.

28. Abbo LM, Hooton TM. 2014. Antimicrobial stewardship and urinary tract infec-
tions. Antibiotics (Basel) 3:174–192. https://doi.org/10.3390/antibiotics3020174.

29. Paterson DL. 2008. Impact of antibiotic resistance in gram-negative bacilli
on empirical and definitive antibiotic therapy. Clin Infect Dis 47:S14–S20.
https://doi.org/10.1086/590062.

30. Gupta K, Hooton TM, Naber KG, Wullt B, Colgan R, Miller LG, Moran GJ,
Nicolle LE, Raz R, Schaeffer AJ, Soper DE. 2011. International clinical prac-
tice guidelines for the treatment of acute uncomplicated cystitis and pye-
lonephritis in women: a 2010 update by the Infectious Diseases Society of
America and the European Society for Microbiology and Infectious Dis-
eases. Clin Infect Dis 52:e103–e120. https://doi.org/10.1093/cid/ciq257.

Comparison of Two CASTR Criteria Journal of Clinical Microbiology

February 2022 Volume 60 Issue 2 e01366-21 jcm.asm.org 11

https://doi.org/10.1086/511864
https://doi.org/10.1086/511864
https://doi.org/10.1016/S0732-8893(01)00225-5
https://doi.org/10.1128/jcm.27.5.1108-1111.1989
https://doi.org/10.1128/jcm.27.5.1108-1111.1989
https://doi.org/10.1093/jac/16.4.443
https://doi.org/10.1093/clinids/23.4.779
https://doi.org/10.1093/clinids/23.4.779
https://doi.org/10.1093/jac/49.1.201
https://doi.org/10.1093/jac/49.1.201
https://doi.org/10.1093/jac/dkh295
https://doi.org/10.1093/jac/dkh295
https://doi.org/10.1093/jac/dkg298
https://doi.org/10.1128/JCM.42.1.1-6.2004
https://doi.org/10.1128/JCM.42.1.1-6.2004
https://doi.org/10.1016/j.ijantimicag.2004.09.017
https://doi.org/10.1016/j.ijantimicag.2004.09.017
https://doi.org/10.1093/jac/dkf225
https://doi.org/10.1371/journal.pone.0147965
https://www.cdc.gov/nhsn/pdfs/pscmanual/11pscaurcurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/11pscaurcurrent.pdf
https://www.cdc.gov/nhsn/faqs/faq-ar.html
https://doi.org/10.1093/cid/cit500
https://doi.org/10.1093/cid/cit500
https://doi.org/10.1093/cid/cix411
https://doi.org/10.1086/499406
https://doi.org/10.1128/AAC.00065-13
https://doi.org/10.1128/AAC.00065-13
https://doi.org/10.1093/jac/dkl432
https://doi.org/10.1007/s11845-016-1538-z
https://doi.org/10.1007/s11845-016-1538-z
https://doi.org/10.1016/j.jhin.2006.05.010
https://doi.org/10.1016/j.jhin.2006.05.010
https://doi.org/10.1086/382690
https://doi.org/10.1086/382690
https://doi.org/10.1111/j.1469-0691.2010.03349.x
https://doi.org/10.1093/cid/ciz082
https://doi.org/10.1093/cid/ciz082
https://doi.org/10.3390/antibiotics3020174
https://doi.org/10.1086/590062
https://doi.org/10.1093/cid/ciq257
https://jcm.asm.org

	MATERIALS AND METHODS
	RESULTS
	Analysis of isolates from inpatients.
	Analysis of isolates from outpatients.
	Effect of temporal criteria for duplicate isolate exclusion on NS rates.

	DISCUSSION
	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES



