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ABSTRACT Plazomicin (PLZ), brand name ZEMDRI (Cipla Therapeutics), is a novel
aminoglycoside antibiotic approved by the U.S. Food and Drug Administration (FDA)
for treatment of complicated urinary tract infections including pyelonephritis.
ETEST® is a gradient diffusion method that represents an alternative to the more la-
borious broth micro-dilution (BMD) method for performing antimicrobial susceptibility
testing (AST). A multi-center evaluation of the performance of the new ETEST PLZ
(bioMérieux) was conducted in comparison with BMD following FDA and International
Standards Organization (ISO) recommendations using FDA-defined breakpoints. Clinical
isolates of Enterobacterales (n = 598) were included. Fifty-three isolates were resistant
to PLZ according to BMD. Overall, the ETEST PLZ demonstrated 99.0% essential agree-
ment (EA), 92.8% category agreement (CA), 1.9% very major errors (VME), 0% major
errors (ME), and 7.0% minor errors (mE) with both clinical and challenge isolates of
Enterobacterales. The VME was found for a single Serratia marcescens strain. Individual
species demonstrated EA rates $ 90%. In conclusion, we report that ETEST PLZ repre-
sents an accurate tool for performing PLZ AST of Enterobacterales.

KEYWORDS antimicrobial susceptibility testing, gradient methods, Plazomicin, ETEST,
Enterobacterales, plazomicin resistance mechanisms

Plazomicin (PLZ) is a novel aminoglycoside approved by the U.S. Food and Drug
Administration (FDA) for treatment of complicated urinary tract infections (cUTI,

including acute pyelonephritis) in adults due to multidrug-resistant carbapenem-resistant
Enterobacterales (CRE) or extended-spectrum beta-lactamase (ESBL) producing bacteria
(1–3). Despite the FDA Black Box Warning for aminoglycoside class effects, PLZ exhibited
a favorable safety profile with decreased adverse effects in the largest in-human trials (4,
5). In vitro activity of PLZ in comparison with that of other aminoglycosides was found to
be excellent with 92.3% to 98.0% overall susceptibility in Enterobacterales including CRE
(6–9). Recently, PLZ was also shown to be active against certain multidrug-resistant (MDR)
and extensively drug-resistant (XDR) Gram negative pathogens for which limited treat-
ment options are left (10, 11). In the Combating Antibiotic-Resistant Enterobacteriaceae
(CARE) trial, serious adverse events (including death) occurred less frequently in the PLZ
group than in the colistin group of patients with CRE infections (5).

PLZ maintains activity against Enterobacterales that express resistance mechanisms to
other antibiotic classes, including metallo-b-lactamases (MBL) (12). However, the presence
of a 16S rRNA methyltransferase (16S-RMTase) in CRE abrogates all clinical use of amino-
glycosides including PLZ (12, 13). Certain environmental species of aminoglycoside-
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producing bacteria may also produce a 16S rRNA methyltransferase (16S-RMTase) which
post-transcriptionally methylates residue G1405 of 16S rRNA resulting in high-level intrinsic
resistance to gentamicin, tobramycin, amikacin, and plazomicin. Strains that produce 16S-
RMTase are frequently MDR or even XDR. Ongoing spread of this mechanism may further
limit options for adequate treatment of infections (14). A significant proportion of blaNDM
and blaOXA48-like-expressing strains also harbor aminoglycoside-modifying enzymes
implied in PLZ resistance. PLZ has shown some activity against MBL-CRE pathogens.
However, blaNDM-expressing isolates often co-express resistance to PLZ due to aminoglyco-
side modifying enzymes AAC(2’)-Ia and APH(2”)-IVa limited in their distribution to
Providencia stuartii and Enterococci, respectively (15). Additionally, an integron-borne gene
cassette encoding a protein that conveys high-level resistance against aminoglycosides
has been identified recently. This gar gene, although not common in clinical isolates, may
ultimately reduce the usefulness of PLZ (16). Consequently, continuous antimicrobial sus-
ceptibility testing (AST) is appropriate in settings where the prescription of PLZ is antici-
pated. Our objective was to conduct a multi-center evaluation of the analytical perform-
ance of ETEST® PLZ (bioMérieux, Marcy-l’�Etoile, France) compared with reference broth
micro-dilution (BMD) testing. ETEST PLZ was recently cleared for in vitro diagnostic (IVD)
use by the U.S. FDA (17). It can be used to determine the MIC of Plazomicin against
the following microorganisms: Escherichia coli, Klebsiella pneumoniae, Proteus mirabilis,
Enterobacter cloacae, Citrobacter freundii, Citrobacter koseri, Klebsiella aerogenes, Klebsiella
oxytoca,Morganella morganii, Proteus vulgaris, Providencia stuartii, and Serratia marcescens.

MATERIALS ANDMETHODS
Participating institutes and ethical clearance. The study was conducted at four different sites,

including two in the United States at the Indiana University School of Medicine (IUSM, Indianapolis, IN,
USA) and Quest Diagnostics (Quest, Lewisville, TX, USA) and two in Europe at Anti-infectives
Intelligence, GmbH (AI, Cologne, Germany) and bioMérieux SA (Marcy l’Etoile, France). Each American
study site performing testing on clinical strains acquired local institutional review board approval or
waiver thereof prior to study initiation.

Clinical bacterial isolates. In the clinical study, 518 clinical isolates were tested among the four sites
(170 at AI, 170 at Quest, 170 at IUSM, and eight at Marcy). The overall distribution of these clinical isolates
by source of infection was as follows: urine, 45.0%; wounds, 12.6%; respiratory tract, 9.7%; blood, 9.5%;
body fluid, 3.1%; digestive tract, 2.7%; and others (sample types from which # 9 isolates each were
obtained), 8.7%. The source of infection was unknown for another 8.9% of the clinical isolates because the
strains were collected from stock collection or obtained from the Centers for Disease Control and
Prevention (CDC, Atlanta, USA). Clinical isolates were acquired from routine cultures processed in the clini-
cal laboratory at each of the trial sites. Clinical isolates were identified to the genus and species level using
a MALDI-TOF technique. The technician performing the clinical trial testing did not have prior knowledge
of any contemporary clinical isolate’s susceptibility results. Duplicate isolates from the same patient were
excluded from the clinical trial. Of the 518 clinical isolates, 286 (55.2%) were contemporary isolates (tested
within 6 months from isolation in culture, not preselected, and if frozen, minimally subcultured) and 232
(44.8%) were stock (frozen with no time constraints and minimally subcultured). Among clinical isolates,
35 (6.8%) were resistant to PLZ by BMD according to FDA interpretive criteria (# 2, susceptible; 4 interme-
diate;$ 8, resistant) including eight from the CDC panel.

Characterization of PLZ challenge set isolates. Among 80 challenge isolates (clinical isolates of
Enterobacterales characterized using WGS) tested, 18 were resistant to PLZ by BMD according to FDA
breakpoints. The characterization of the challenge isolates is listed in Table S1. Genes related to b-lacta-
mases and aminoglycoside resistance (RNA 16S methylase and aminoglycoside modifying enzymes) have
been identified. Other mechanisms such as efflux have not been examined in this study. The presence of
the gar gene was not determined in this study because it was unknown when this research was per-
formed. Ten of the 18 isolates harbored mutant RNA methylases (4 armA, 4 rmtB, 1 rmtC, and 1 rmtF).

Study setting and design. The performance of the ETEST PLZ was compared with that of the BMD ref-
erence method following Clinical and Laboratory Standards Institute (CLSI) M07-Ed11 (18) and International
Standards Organization (ISO) ISO 20776-1 (19) standards. The study design included four performance com-
ponents: (i) a challenge study, (ii) a clinical study, (iii) a quality control (QC) study, and (iv) a reproducibility
study. These four substudies included Enterobacterales isolates of the following species: Citrobacter koseri,
Citrobacter freundii, Enterobacter cloacae, Escherichia coli, Klebsiella aerogenes, Klebsiella oxytoca, Klebsiella
pneumoniae, Morganella morganii, Proteus mirabilis, Proteus vulgaris, Providencia stuartii, and Serratia marces-
cens. Purity of inoculum was checked for all isolates tested, regardless of the study component. Inoculum
density was verified by colony count for all quality control replicates, all reproducibility tests, and 10% of the
contemporary clinical isolates following FDA guidance (20, 21). Challenge, clinical, reproducibility, and quality
control studies took place in Marcy, while clinical, reproducibility, and quality control studies took place at
IUSM and Quest. AI performed clinical and quality control studies. Resistance phenotypes of the challenge
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set isolates to aminoglycosides and beta-lactams were determined using Vitek 2. Challenge set isolates were
also characterized using whole genome sequencing (WGS).

Susceptibility testing methodology. A visual calibrator was used to prepare a 0.5 McFarland inocu-
lum (for nonmucoid isolates) in 0.85% sterile saline from 18 h to 24 h colony growth on tryptic soy or
Columbia agar plates supplemented with 5% sheep blood. For mucoid isolates, a 1.0 McFarland stand-
ard inoculum was prepared for ETEST and a 0.5 McFarland suspension was prepared for BMD. Within 15
min of preparation, a sterile cotton swab moistened with the standardized bacterial suspension was ino-
culated manually or automatically using the Retro C80TM rota-plater on BBLTM Mueller-Hinton II agar
plates (BD; Sparks, MD) and ETEST strips were applied to plates with an applicator (Nema C88TM vacuum
pen, bioMérieux; Durham, NC) or forceps. Plates were incubated in ambient air at 35 6 2°C and read af-
ter 16 h to 20 h of incubation. The MIC was read at the concentration of PLZ showing complete inhibi-
tion of growth (bactericidal reading) as described by the ETEST PLZ instructions for use (22). An example
of MIC determination is shown in Fig. 1. An MIC falling between two dilutions was rounded up to the
next highest value. Nondoubling MIC values (e.g., 0.75, 3) were rounded up if necessary to the standard
doubling dilution before categorization. Hazy growth as well as the presence of macro- or micro-colo-
nies within 3 mm from the strip were read as growth as well. BMD was performed in frozen 96-well
plates prepared at the bioMérieux facilities (La Balme les Grottes, France) in compliance with the direc-
tions in CLSI M07-Ed11 (18) and ISO 20776-1 (19) standards. The BMD panels consisted of 2-fold dilutions
of PLZ in cation-adjusted Mueller-Hinton broth. Prepared panels were concentrated twice to reach a
final concentration after inoculation ranging from 0.016 to 256 mg/mL. Each batch produced was con-
trolled by inoculating several panels selected at the beginning, at the middle, and at the end of produc-
tion with the QC strains recommended by the CLSI M100 standard (23). The panels were then frozen at
280°C and shipped in aluminum pouches on dry ice and constant monitoring of the temperature dur-
ing transportation to all clinical trial sites. Prior to use, BMD panels were completely thawed at room
temperature for 30 min to 1 h. Using a repeating pipette, BMD panels were inoculated with 50 mL per
well of a 100-fold dilution of the original bacterial suspension in BBLTM Mueller-Hinton II broth, cation-
adjusted (BD; Sparks, MD) of the same 0.5 McFarland suspension used for ETEST PLZ and incubated at
35 6 2°C in ambient air for 16 h to 20 h. An aliquot was removed from each growth control well of the
BMD panels, inoculated on blood agar and assessed for purity after 20 h to 24 h and 44 h to 48 h of incu-
bation. Inoculum density checks were performed by plating 100 mL of a 1:1,000 dilution of the growth
control from BMD panels onto a blood agar plate which was subsequently incubated at 35 6 2°C in am-
bient air for 18 h to 48 h. After incubation, colony counts were recorded and used to calculate inoculum
density.

Reproducibility study. Ten on-scale isolates provided by bioMérieux (C. freundii, n = 1; K. aerogenes,
n = 1; E. cloacae, n = 1; E. coli, n = 1; K. pneumoniae, n = 3; P. mirabilis, n = 1; P. stuartii, n = 1; S. marces-
cens, n = 1) were tested at the IUSM, Quest, and Marcy CA study sites. Isolates were subcultured twice
on blood agar before testing. Each isolate was tested in triplicate on three different days. Three separate
0.5 McFarland suspensions of each isolate were prepared in normal saline for the ETEST and inoculum
density check. Different lots of Mueller-Hinton plates from the same manufacturer (BD) were used. The
results from all three sites were used to compute a modal MIC value for each strain used in the reprodu-
cibility study (if there was no modal value, the median was used). The total number of results within one
doubling dilution of the mode or median was used to calculate the reproducibility rate as the percent-
age of total number of tests. Best case calculations for reproducibility assumed off-scale values were
within one doubling dilution of the mode. Worst case reproducibility assumed off-scale values were not
within one doubling dilution.

Quality control study. QC testing was performed at each study site every day of comparative test-
ing and a minimum of 20 times at each site with the following organisms: Escherichia coli ATCC 25922TM,
Enterococcus faecalis ATCC 29212TM, Pseudomonas aeruginosa ATCC 27853TM, and Staphylococcus aureus

FIG 1 Examples of isolate testing with ETEST PLZ. Examples of organisms tested and their MIC readings are shown in Panels A to D. (A) E. coli ATCC 25922TM,
MIC = 0.5 mg/Ml. (B) Reading at the bottom of the “dip” if colonies are absent. MIC = 0.5 mg/mL. (C) Reading at complete inhibition of growth, including haze
and microcolonies. MIC = 24 mg/mL. (D) For Proteus spp., read at complete inhibition of growth, even if swarming is observed. MIC = 6 mg/mL.

ETEST PLZ Performance Evaluation Journal of Clinical Microbiology

January 2022 Volume 60 Issue 1 e01831-21 jcm.asm.org 3

https://jcm.asm.org


ATCC 29213TM. QC strains were subcultured twice on blood agar before testing. QC ranges described by
CLSI M100 Ed-29 were verified on each day of clinical or challenge testing and an inoculum density
check was conducted for all QC tests according to CLSI M07-Ed11 guideline (18, 23). Results were consid-
ered invalid if QC results were out of range. QC performance for ETEST PLZ was calculated as the per-
centage of results within the expected range.

Clinical and challenge studies. Five-hundred and 18 clinical isolates of Enterobacterales and 80
challenge isolates were evaluated for PLZ susceptibility using ETEST PLZ and reference BMD simultane-
ously using the methods described above. Clinical isolates were tested at the four sites while challenge
isolates testing was performed entirely at Marcy. Every isolate was subcultured twice on blood agar
before testing. No duplicate isolates from the same patient were included. A single 0.5 McFarland sus-
pension was prepared for ETEST and BMD testing. For mucoid isolates, a 1.0 McFarland suspension was
prepared for ETEST and the 0.5 McFarland was used for BMD. Inoculum density check as described
above was performed on a minimum of 10% of contemporary clinical isolates at each study site.

Data analysis. Clinical and challenge data were combined in the performance evaluation. MIC values
were interpreted using FDA breakpoints (24). Performance was evaluated using U.S. FDA performance crite-
ria of EA and CA$ 90%, MRE# 3.0%,VME rate# 2.0% and, 30% trend (20, 21). EA was defined as the per-
centage of total isolates where the test and reference methods were within one doubling-dilution of each
other; CA was defined as the percentage of total test results in agreement within category (susceptible, inter-
mediate and resistant) of the reference method using FDA interpretative criteria as indicated; the VME rate
was defined as the percentage of isolates interpreted as resistant by the reference method which were sus-
ceptible by the ETEST method. The ME rate was defined as the percentage of isolates interpreted as suscepti-
ble by the reference method which were resistant by the ETEST method. The mE rate was defined as the per-
centage of total isolates where the reference method interpretation was resistant or susceptible and the
ETEST interpretation was intermediate or vice versa. ETEST MIC values from challenge and clinical results in
the frequency table were separated in three categories, (i) clearly at least one dilution lower than the refer-
ence method MIC value; (ii) Equal to the reference method MIC values, and (iii) Clearly at least one dilution
higher than the reference method MIC values. Trending was defined as an upward or downward change
associated with increased resistance or increased susceptibility. Trending may be used to compare results
between different susceptibility testing methods to assess bias that would not be evident using EA or CA,
unless larger numbers of organisms were evaluated. A trend$ 30% must be reflected in the labeling.

RESULTS
Quality control of ETEST PLZ. To confirm the QC range of the ETEST PLZ, two QC

organisms were tested a minimum of 20 times with ETEST at each site and four were
tested a minimum of 20 times with the BMD method throughout the study at all study
sites as described in the methods. One-hundred percent of BMD and ETEST results for
E. coli ATCC 25922TM and E. faecalis ATCC 29212TM were within the expected range
defined by the CLSI M100 (23) standard; hence, meeting both FDA and ISO require-
ments. BMD results for S. aureus ATCC 29213TM were out of range once resulting in
98.78% (81/82) of all QC results being within the required range. All reference BMD QC
results for P. aeruginosa ATCC 27853TM were within range (81/81, 100%).

Reproducibility of ETEST PLZ. Evaluation in triplicate for 3 days resulted in 90
determinations per site, 270 measurements in total. Mode values of PLZ MICs for each
isolate tested across all sites are shown in Table 1. The reproducibility rate of all strains
between sites (270/270) and within site (90/90) was 100% within 6 1 doubling dilution
of strain-specific modal values.

TABLE 1 Reproducibility of ETEST PLZ

Organism
MIC test mode
(mg/mL)

Doubling dilution from the mode

Off-scale 22 21 0 +1 +2 Off-scale
Citrobacter freundii 8 12 15
Enterobacter cloacae 0.25 27
Escherichia coli 2 27
Klebsiella aerogenes 0.5 24 3
Klebsiella pneumoniae 0.25 25 2
Klebsiella pneumoniae 4 6 21
Klebsiella pneumoniae 8 21 6
Proteus mirabilis 16 7 20
Providencia stuartii 2 3 24
Serratia marcescens 4 26 1

Total 0 0 28 230 12 0 0
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Challenge and clinical performance. A total of 80 isolates from the Enterobacterales
family were included in the challenge study and tested at the Marcy study site (the
composition of the challenge set appears in Table 2 and Table S1). Eighteen (22.5%)
Enterobacterales isolates were resistant to PLZ by BMD according to FDA breakpoints.
Among all isolates, ETEST PLZ demonstrated 100.0% (80/80) EA and 90.0% (72/80) CA.
No VME and ME were detected, but 10.0% (8/80) mE were observed (Table 2). EA for
clinical isolates was 98.8% (512/518), CA was 93.2% (483/518) with 2.9% (1/35) VME,
0% (0/423) ME, and 6.6% (34/518) mE rates.

Evaluation of the performance of the ETEST PLZ included data for 598 isolates from
the challenge and clinical studies were combined. The distribution of species, resistance
to PLZ, and performance determined using FDA breakpoints are shown in Fig. 2 and
Table 2. The rate of clinical isolate resistance to PLZ determined by ETEST for
Enterobacterales was 9.8% according to FDA breakpoints. Overall performance of ETEST
PLZ with all clinical and challenge isolates of all species from the Enterobacterales family
was 99.0% EA, 92.8% CA, 1.9% VME, and 0.0% ME. The majority of individual species
demonstrated CA . 90% with the exception of members of the Morganellaceae family
including M. morganii (67.7% CA), P. mirabilis (85.7% CA), P. vulgaris (85.3% CA), and P.
stuartii (74.3% CA). S. marcescens also showed a CA , 90% (89.5%). The performance is
acceptable because the EA was . 90% and all categorical errors were minor and within
essential agreement. One VME was observed, a S. marcescens. The ETEST PLZ MIC was
2 mg/mL, the BMD MIC was 8 mg/mL. This isolate was not evaluated for any resistance
mechanism. Upon repeat testing in triplicate, the results were as follows, ETEST PLZ 1, 4,
and 2; and BMD 4, 4, and 4. Repeat test results were within CA (one third) or represented
mE (two thirds). The FDA does not allow categorical error resolution. The initial results
were retained for the FDA analysis. This VME was associated with the only resistant iso-
late for this species as determined by the reference BMD during the initial testing.

TABLE 2 Clinical and challenge performance of ETEST PLZa

Organism Total EA %EA
Total
evaluable

EA of
evaluable CA %CA #R #VME #ME #min

Challenge C. freundii 6 6 100.0% 6 6 6 100.0% 0 . 0 0
C. koseri 3 3 100.0% 3 3 3 100.0% 0 . 0 0
E. cloacae 10 10 100.0% 10 10 10 100.0% 0 . 0 0
E. coli 13 13 100.0% 8 8 10 76.9% 5 0 0 3
K. aerogenes 6 6 100.0% 6 6 6 100.0% 1 0 0 0
K. oxytoca 7 7 100.0% 7 7 6 85.7% 0 . 0 1
K. pneumoniae 17 17 100.0% 13 13 16 94.1% 7 0 0 1
M. morganii 3 3 100.0% 3 3 2 66.7% 2 0 0 1
P. mirabilis 4 4 100.0% 4 4 4 100.0% 2 0 0 0
P. vulgaris 5 5 100.0% 5 5 3 60.0% 0 . 0 2
P. stuartii 2 2 100.0% 1 1 2 100.0% 1 0 0 0
S. marcescens 4 4 100.0% 4 4 4 100.0% 0 . 0 0
Subtotal 80 80 100.0% 70 70 72 90.0% 18 0 0 8

Clinical C. freundii 53 53 100.0% 52 52 53 100.0% 1 0 0 0
C. koseri 31 30 96.8% 31 30 31 100.0% 0 . 0 0
E. cloacae 50 50 100.0% 48 48 50 100.0% 2 0 0 0
E. coli 65 63 96.9% 64 62 65 100.0% 1 0 0 0
K. aerogenes 32 32 100.0% 31 31 32 100.0% 1 0 0 0
K. oxytoca 32 32 100.0% 31 31 31 96.9% 1 0 0 1
K. pneumoniae 72 72 100.0% 63 63 72 100.0% 11 0 0 0
M. morganii 28 27 96.4% 28 27 19 67.9% 3 0 0 9
P. mirabilis 59 59 100.0% 57 57 50 84.7% 6 0 0 9
P. vulgaris 29 29 100.0% 29 29 26 89.7% 1 0 0 3
P. stuartii 33 33 100.0% 30 30 24 72.7% 7 0 0 9
S. marcescens 34 32 94.1% 34 32 30 88.2% 1 1 0 3
Subtotal 518 512 98.8% 498 492 483 93.2% 35 1 0 34

Combined Total 598 592 99.0% 568 562 555 92.8% 53 1 0 42
aEA, essential agreement; CA, category agreement; R, resistant; VME, very major error; ME, major error; min, minor error.
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Consequently, the VME rate was 100% for S. marcescens. Therefore, a limitation was added
concerning the absence of resistant isolates for this species in addition to the one for
C. koseri. Nevertheless, the ETEST PLZ met the criterion for VMEs for the Enterobacterales
(1.9%, 1/53).

Trend analyses were calculated for overall species and for each species following FDA
guidance (20, 21). A trend to overestimate ETEST PLZ MIC values was observed for K. aero-
genes and K. pneumoniae compared with the CLSI reference BMD method, respectively,
35.14%; 95% CI (15.48% to 51.84%) and 44.16%; 95% CI (31.00% to 55.53%). This trend did
not have any impact on the CA and EA for these species so no footnote will be proposed.
A trend to underestimate ETEST PLZ MIC values was observed for M. morganii compared
with the CLSI reference BMD method: 235.48%; 95% CI (–53.40% to –14.40%). This trend
is noted in a footnote of the postclinical trial version of the U.S. ETEST PLZ Instructions for
use (section Performance Characteristics). No trend was observed for overall species and
species other than K. aerogenes, K. pneumoniae andM. morganii.

DISCUSSION

PLZ acts by binding to bacterial 30S ribosomal subunit, thereby inhibiting protein synthe-
sis. PLZ has concentration-dependent bactericidal activity as measured by time-kill studies. In
vitro studies demonstrated a plazomicin postantibiotic effect ranging from 0.2 h to 2.6 h at 2�
MIC against Enterobacteriaceae (25). More precise tools for defining aminoglycoside MICs for
such strains are still needed. Here, we evaluated the performance of ETEST PLZ compared
with the BMD reference method according to FDA breakpoints for Enterobacterales isolates.
Overall, ETEST PLZ exceeded FDA performance criteria demonstrating 99.0% EA and 92.8% CA

FIG 2 Frequency table for Enterobacterales. Clinical and challenge isolates of Enterobacterales (n = 598) were tested for PLZ
susceptibility testing with ETEST PLZ and the BMD reference method. The number of isolates with exact MIC agreement between
both ETEST and BMD reference method are shown in orange. FDA categories for Enterobacterales and PLZ are written in the
header.
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with only a single, non-reproducible VME and no ME observed for clinical and challenge
Enterobacterales. The clinical performance of the ETEST PLZ test was found useful for deter-
mining the MIC of PLZ for Enterobacterales, including those that produce extended spec-
trum beta-lactamase (ESBL) or high levels of AmpC b-lactamases; carbapenem-resistant
Enterobacterales (CRE, including those that produce metallo-b-lactamases, K. pneumo-
niae carbapenemase (KPC), or oxacillinase-48 (OXA-48); and aminoglycoside-resistant
strains. Among the 518 clinical isolates tested including a part of the population selected
for its resistance, the overall susceptibility to PLZ according to the reference method was
81.7%. The mode MIC was low, at 0.5mg/mL (susceptible). PLZ, as an aminoglycoside an-
tibiotic, provides a treatment option for cUTI with multidrug-resistant Enterobacterales.

PLZ resistance is rare among Enterobacterales worldwide but it is known in metallo-
b-lactamase-producing Enterobacterales and more generally on CRE in the presence of
a 16S-RMTase (12). Resistance to aminoglycosides includes production of aminoglyco-
side modifying enzymes (AMEs), alteration of the ribosomal target through production
of 16S rRNA methyltransferases, upregulation of efflux pumps, and reduced permeability
into bacterial cell due to loss of outer membrane porins. PLZ is not inhibited by most
AMEs known to affect gentamicin, amikacin, and tobramycin, including acetyltransfer-
ases (AACs), phosphotransferases (APHs), and nucleotidyltransferases (ANTs). PLZ may
have reduced activity against Enterobacterales that overexpress certain efflux pumps
(e.g., acrAB-tolC) or lower expression of porins (e.g., ompF or ompK36). PLZ has no in
vitro activity against streptococci (including Streptococcus pneumoniae), enterococci
(including Enterococcus faecalis, E. faecium), anaerobes, Stenotrophomonas maltophilia,
and Acinetobacter spp. and it has variable activity against Pseudomonas aeruginosa (26).
Activity of PLZ was demonstrated in vitro against Enterobacteriaceae in the presence of
certain beta-lactamases, including extended-spectrum beta-lactamases (TEM, SHV, CTX-
M, AmpC), serine carbapenemases (KPC-2, KPC-3), and oxacillinase (OXA-48). Bacteria
producing metallo-betalactamases often co-express 16S rRNA methyltransferase, confer-
ring resistance to PLZ (25). In keeping with this epidemiology, a limitation of our present
study is the lack of C. koseri and S. marcescens isolates resistant to PLZ. (27)

Strengths of the current study are that it includes the use of a collection of isolates
with different mechanisms of resistance to different b-lactam and aminoglycoside anti-
biotics (see Table S1), the large number of clinical isolates (598) included, the multicen-
ter evaluation involving three clinical trial sites in independent geographically diverse
study sites and the use of a CLSI BMD reference method with a standardized and vali-
dated preparation of panels. Limitations of the current study are the lack of resistant
C. koseri and S. marcescens isolates, the low CA for Morganellaceae and S. marcescens,
the trend to overestimate MICs when testing ETEST PLZ with K. aerogenes and K. pneu-
moniae and to underestimate MICs when testing Morganella morganii. The results of
this trial supported FDA clearance of ETEST PLZ. This is the first study comparing the
performance for this new ETEST PLZ strip to that of the standard BMD in a clinical set-
ting. Overall, we report that the ETEST PLZ demonstrated acceptable performance for
Enterobacterales compared with the reference BMD method. Resistance to PLZ in
Enterobacterales does occur, highlighting the need for susceptibility testing when this
antimicrobial agent has to be used clinically. Given the relative ease of use and the
strong performance characteristics, our data support the use of bioMérieux ETEST PLZ
in routine clinical practice.

SUPPLEMENTAL MATERIAL

Supplemental material is available online only.
SUPPLEMENTAL FILE 1, PDF file, 0.7 MB.

ACKNOWLEDGMENTS
We thank Eileen Berwian, Pauline Fabre, Aurélie Langlet, Kevin Loftus, Karen MacDonald,

Florence Senot, and Sarah Wernicke, as well as Lucas Kemp, for their technical assistance
with this study.

This study was funded by bioMérieux.

ETEST PLZ Performance Evaluation Journal of Clinical Microbiology

January 2022 Volume 60 Issue 1 e01831-21 jcm.asm.org 7

https://jcm.asm.org


REFERENCES
1. Bilinskaya A, Linder KE, Kuti JL. 2020. Plazomicin: an intravenous aminoglyco-

side antibacterial for the treatment of complicated urinary tract infections.
Expert Rev Anti Infect Ther 18:705–720. https://doi.org/10.1080/14787210
.2020.1759419.

2. Lasko MJ, Nicolau DP. 2020. Carbapenem-resistant Enterobacterales: con-
siderations for treatment in the era of new antimicrobials and evolving
enzymology. Curr Infect Dis Rep 22:6. https://doi.org/10.1007/s11908-020
-0716-3.

3. Asempa TE, Kuti JL, Seroogy JD, Komirenko AS, Nicolau DP. 2019. A simu-
lated application of the Hartford Hospital aminoglycoside dosing nomo-
gram for plazomicin dosing interval selection in patients with serious
infections caused by Carbapenem-resistant Enterobacterales. Clin Ther
41:1453–1462. https://doi.org/10.1016/j.clinthera.2019.04.038.

4. Clark JA, Burgess DS. 2020. Plazomicin: a new aminoglycoside in the fight
against antimicrobial resistance. Ther Adv Infect Dis 7:2049936120952604.

5. McKinnell JA, Dwyer JP, Talbot GH, Connolly LE, Friedland I, Smith A, Jubb
AM, Serio AW, Krause KM, Daikos GL, CARE Study Group. 2019. Plazomicin
for infections caused by Carbapenem-resistant Enterobacteriaceae. N
Engl J Med 380:791–793. https://doi.org/10.1056/NEJMc1807634.

6. Clark JA, Kulengowski B, Burgess DS. 2020. In vitro activity of plazomicin
compared to other clinically relevant aminoglycosides in carbapenem-re-
sistant Enterobacteriaceae. Diagn Microbiol Infect Dis 98:115117. https://
doi.org/10.1016/j.diagmicrobio.2020.115117.

7. Gur D, et al. 2020. Comparative in vitro activity of plazomicin and older
aminoglyosides against Enterobacterales isolates; prevalence of amino-
glycoside modifying enzymes and 16S rRNA methyltransferases. Diagn
Microbiol Infect Dis 97:115092. https://doi.org/10.1016/j.diagmicrobio
.2020.115092.

8. Jacobs MR, Good CE, Hujer AM, Abdelhamed AM, Rhoads DD, Hujer KM,
Rudin SD, Domitrovic TN, Connolly LE, Krause KM, Patel R, Arias CA,
Kreiswirth BN, Rojas LJ, D’Souza R, White RC, Brinkac LM, Nguyen K, Singh I,
Fouts DE, van Duin D, Bonomo RA, for the Antibacterial Resistance Leader-
ship Group. 2020. ARGONAUT II study of the in vitro activity of plazomicin
against Carbapenemase-producing Klebsiella pneumoniae. Antimicrob
Agents Chemother 64:e00012-20. https://doi.org/10.1128/AAC.00012-20.

9. Castanheira M, Sader HS, Mendes RE, Jones RN. 2020. Activity of plazomi-
cin tested against Enterobacterales isolates collected from U.S. Hospitals
in 2016–2017: effect of different breakpoint criteria on susceptibility rates
among aminoglycosides. Antimicrob Agents Chemother 64:e02418-19.
https://doi.org/10.1128/AAC.02418-19.

10. Soman R, Bakthavatchalam YD, Nadarajan A, Dwarakanathan HT,
Venkatasubramanian R, Veeraraghavan B. 2021. Is it time to move away
from polymyxins?: evidence and alternatives. Eur J Clin Microbiol Infect
Dis 40:461–475. https://doi.org/10.1007/s10096-020-04053-w.

11. Karaiskos I, Souli M, Giamarellou H. 2015. Plazomicin: an investigational
therapy for the treatment of urinary tract infections. Expert Opin Invest
Drugs 24:1501–1511. https://doi.org/10.1517/13543784.2015.1095180.

12. Serio AW, Keepers T, Krause KM. 2019. Plazomicin is active against me-
tallo-beta-lactamase-producing Enterobacteriaceae. Open Forum Infect
Dis 6:ofz123.

13. Bail L, Ito CAS, Arend LNVS, Pilonetto M, Nogueira K. d S, Tuon FF. 2021. Distri-
bution of genes encoding 16S rRNA methyltransferase in plazomicin-nonsus-
ceptible carbapenemase-producing Enterobacterales in Brazil. Diagn Microbiol
Infect Dis 99:115239. https://doi.org/10.1016/j.diagmicrobio.2020.115239.

14. Doi Y, Wachino J-I, Arakawa Y. 2016. Aminoglycoside resistance: the
emergence of acquired 16S ribosomal RNA methyltransferases. Infect Dis
Clin North Am 30:523–537. https://doi.org/10.1016/j.idc.2016.02.011.

15. Cox G, Ejim L, Stogios PJ, Koteva K, Bordeleau E, Evdokimova E, Sieron AO,
Savchenko A, Serio AW, Krause KM, Wright GD. 2018. Plazomicin retains
antibiotic activity against most aminoglycoside modifying enzymes. ACS
Infect Dis 4:980–987. https://doi.org/10.1021/acsinfecdis.8b00001.

16. Bohm ME. 2020. Discovery of a novel integron-borne aminoglycoside re-
sistance gene present in clinical pathogens by screening environmental
bacterial communities. Microbiome 8:41. https://doi.org/10.1186/s40168
-020-00814-z.

17. FDA. 2020. FDA clearance K200512 Regulation Number: 21 CFR 866.1640
OMB No. 0910–0120.

18. CLSI. 2018. M07 Methods for dilution antimicrobial susceptibility tests for
bacteria that grow aerobically, 11th ed.

19. ISO. 2019. ISO/FDIS 20776 21 Susceptibility testing of infectious agents
and evaluation of performance of antimicrobial susceptibility test devices
— Part 1: Broth micro-dilution reference method for testing the in vitro
activity of antimicrobial agents against rapidly growing aerobic bacteria
involved in infectious diseases.

20. FDA. 2009. Antimicrobial susceptibility test (AST) systems—class II special con-
trols guidance for industry and FDA. Food and Drug Administration, Washing-
ton, DC. https://www.fda.gov/medical-devices/guidance-documents-medical
-devices-and-radiation-emitting-products/antimicrobial-susceptibility-test-ast
-systems-class-ii-special-controls-guidance-industry-and-fda.

21. FDA-STMA. 2017. Antimicrobial susceptibility testing meeting.
22. bioMérieux. 2020. ETEST Plazomicin instructions for use 050299–01 – en –

421576 – ETEST PLZ.
23. CLSI. 2019. M100 Performance standards for antimicrobial susceptibility

testing. 29th ed.
24. FDA. 2021. Antibacterial susceptibility test interpretive criteria. Food and

Drug Administration, Washington, DC. https://www.fda.gov/drugs/development
-resources/antibacterial-susceptibility-test-interpretive-criteria.

25. Cipla USA, Inc. 2018. ZEMDRI (PLAZOMICIN)-plazomicin injection. https://
zemdri.com/assets/pdf/Prescribing-Information.pdf.

26. Castanheira M, Deshpande LM, Woosley LN, Serio AW, Krause KM, Flamm
RK. 2018. Activity of plazomicin compared with other aminoglycosides
against isolates from European and adjacent countries, including Entero-
bacteriaceae molecularly characterized for aminoglycoside-modifying
enzymes and other resistance mechanisms. J Antimicrob Chemother 73:
3346–3354.

27. Roch M, Sierra R, Sands K, Martins WMBS, Schrenzel J, Walsh TR, Gales AC,
Andrey DO. 2021. Vertical and horizontal dissemination of an IncC plas-
mid harbouring rmtB 16S rRNA methylase gene, conferring resistance to
plazomicin, among invasive ST258 and ST16 KPC-producing Klebsiella
pneumoniae. J Glob Antimicrob Resist 24:183–189. https://doi.org/10
.1016/j.jgar.2020.12.006.

Blanchard et al. Journal of Clinical Microbiology

January 2022 Volume 60 Issue 1 e01831-21 jcm.asm.org 8

https://doi.org/10.1080/14787210.2020.1759419
https://doi.org/10.1080/14787210.2020.1759419
https://doi.org/10.1007/s11908-020-0716-3
https://doi.org/10.1007/s11908-020-0716-3
https://doi.org/10.1016/j.clinthera.2019.04.038
https://doi.org/10.1056/NEJMc1807634
https://doi.org/10.1016/j.diagmicrobio.2020.115117
https://doi.org/10.1016/j.diagmicrobio.2020.115117
https://doi.org/10.1016/j.diagmicrobio.2020.115092
https://doi.org/10.1016/j.diagmicrobio.2020.115092
https://doi.org/10.1128/AAC.00012-20
https://doi.org/10.1128/AAC.02418-19
https://doi.org/10.1007/s10096-020-04053-w
https://doi.org/10.1517/13543784.2015.1095180
https://doi.org/10.1016/j.diagmicrobio.2020.115239
https://doi.org/10.1016/j.idc.2016.02.011
https://doi.org/10.1021/acsinfecdis.8b00001
https://doi.org/10.1186/s40168-020-00814-z
https://doi.org/10.1186/s40168-020-00814-z
https://www.fda.gov/medical-devices/guidance-documents-medical-devices-and-radiation-emitting-products/antimicrobial-susceptibility-test-ast-systems-class-ii-special-controls-guidance-industry-and-fda
https://www.fda.gov/medical-devices/guidance-documents-medical-devices-and-radiation-emitting-products/antimicrobial-susceptibility-test-ast-systems-class-ii-special-controls-guidance-industry-and-fda
https://www.fda.gov/medical-devices/guidance-documents-medical-devices-and-radiation-emitting-products/antimicrobial-susceptibility-test-ast-systems-class-ii-special-controls-guidance-industry-and-fda
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria
https://www.fda.gov/drugs/development-resources/antibacterial-susceptibility-test-interpretive-criteria
https://zemdri.com/assets/pdf/Prescribing-Information.pdf
https://zemdri.com/assets/pdf/Prescribing-Information.pdf
https://doi.org/10.1016/j.jgar.2020.12.006
https://doi.org/10.1016/j.jgar.2020.12.006
https://jcm.asm.org

	MATERIALS AND METHODS
	Participating institutes and ethical clearance.
	Clinical bacterial isolates.
	Characterization of PLZ challenge set isolates.
	Study setting and design.
	Susceptibility testing methodology.
	Reproducibility study.
	Quality control study.
	Clinical and challenge studies.
	Data analysis.

	RESULTS
	Quality control of ETEST PLZ.
	Reproducibility of ETEST PLZ.
	Challenge and clinical performance.

	DISCUSSION
	SUPPLEMENTAL MATERIAL
	ACKNOWLEDGMENTS
	REFERENCES

