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Abstract

Background: Carbapenem-resistant Gram-negative bacilli (CR-GNB) significantly compromise therapeutic
options in clinical practice. Plazomicin, a next-generation Aminoglycoside, has been structurally optimized to
evade most AMEs and retain activity against MDR Enterobacterales, may offer improved activity over
conventional aminoglycosides, yet data from the Indian context are limited.

Methods: In this cross-sectional study conducted at a tertiary care cancer hospital in western India from
December 2024-January 2025, 100 non-duplicate CR-GNB clinical isolates were evaluated. Antimicrobial
susceptibility testing was performed using VITEK-2. Carbapenem isolates were further evaluated for expression
of Carbapenemase genes and in vitro susceptibility to Plazomicin and its comparison to other Aminoglycoside.
Results: Plazomicin susceptibility (42%) was significantly higher than amikacin (18%), gentamicin (33%), and
tobramycin (13.3%) (p<0.001). Isolates co-producing NDM with OXA-48 demonstrated elevated plazomicin
MICs and resistance while those producing KPC or OXA-48 demonstrated a relatively higher proportion of
susceptibility. Klebsiella pneumoniae showed MICso=>256, MICs0=>256; Escherichia coli MICso=1,
MICoo=>256; Pseudomonas aeruginosa MICs=12, MICs=>256; and Enterobacter cloacae MICso=0.75,
MICso=1. Plazomicin retains potent activity against isolates harboring single carbapenemase genes, while co-
production of multiple resistance determinants- especially NDM with OXA-48 markedly diminishes
susceptibility and results in elevated MIC values.

Conclusions: Plazomicin shows superior in vitro activity compared to conventional aminoglycosides against
selected CR-GNB isolates. Resistance genotypes markedly influence plazomicin susceptibility, highlighting the
role of molecular characterisation in guiding antimicrobial therapy.
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Introduction

Carbapenem-resistant Gram-negative bacilli (CR-
GNB) have emerged as one of the most formidable
global health challenges, primarily due to their
extensive spread, limited therapeutic options, and
association with high morbidity and mortality [1].
The most common pathogens implicated include
Klebsiella  pneumoniae, Escherichia coli,
Pseudomonas aeruginosa, and Acinetobacter
baumannii. These organisms acquire resistance
through multiple mechanisms such as the
production of carbapenemase enzymes, altered
porin channels, and active efflux pumps [2].
Among  these, carbapenemase  production-
particularly New Delhi  metallo-B-lactamase
(NDM), oxacillinase-48 (OXA-48), and Verona
integron-encoded  metallo-p-lactamase  (VIM)-
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remains the most clinically significant as it confers
high-level resistance to most B-lactams, including
last-line Carbapenems [3]. Infections caused by
CR-GNB are frequently associated with poor
clinical outcomes, prolonged hospital stays, and
increased healthcare costs [4]. The therapeutic
armamentarium against these pathogens remains
limited, often restricted to older and more toxic
drugs such as Colistin, Tigecycline, or Fosfomycin.
Alarmingly, resistance to these agents is also being
increasingly reported [5]. Hence, there is an urgent
need to identify newer antimicrobials with reliable
activity against multidrug-resistant (MDR) Gram-
negative bacteria. Aminoglycosides continue to
play a vital role in the management of Gram-
negative infections because of their rapid
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bactericidal activity and proven synergy with f-
lactams [6]. However, the widespread occurrence
of Aminoglycoside modifying enzymes (AMEs)
and 16S rRNA methyltransferases has significantly
reduced their clinical utility [7]. Plazomicin, a next-
generation  Aminoglycoside  derived  from
sisomicin, has been structurally optimized to evade
most AMEs and retain activity against MDR
Enterobacterales [8]. Its antibacterial effect is
mediated through binding to the 30S ribosomal
subunit, resulting in inhibition of protein synthesis
and bacterial cell death. Importantly, Plazomicin
remains active against many strains resistant to
conventional Aminoglycoside, although resistance
may still emerge through 16S rRNA methylation
mediated by armA and rmtB genes [9].

The U.S. Food and Drug Administration (FDA)
approved Plazomicin in 2018 for the treatment of
complicated urinary tract infections (cUTIs) based
on results from the EPIC trial [10]. Since then, its
potential use in severe infections such as
bacteremia, pneumonia, and intra-abdominal
infections has been under investigation [11].
Several studies have reported lower minimum
inhibitory concentrations (MICs) of Plazomicin
compared to conventional Aminoglycoside,
particularly against carbapenem-resistant
Enterobacterales [12]. In countries such as India,
where NDM and OXA-48 producers are highly
prevalent, Plazomicin may represent a viable
alternative to Colistin for treating bloodstream and
urinary infections [13]. However, given the
geographical variability of resistance determinants,
it is essential to assess the performance of new
antimicrobials in local epidemiological settings.

The present study was therefore designed to
evaluate the in vitro activity of Plazomicin against
carbapenem-resistant Gram-negative bacilli
isolated from clinical specimens at a tertiary care
oncology hospital. The study also aimed to
compare the efficacy of Plazomicin with
conventional Aminoglycoside and to analyze
correlations between susceptibility profiles and
underlying resistance genes. Such data are vital to
support antimicrobial stewardship initiatives and
guide rational therapeutic decision-making in high-
risk clinical environments.

Materials and Methods

Study Design and Setting: This prospective cross-
sectional in vitro study was conducted in the
Department of Microbiology, at a tertiary care
cancer hospital in Mumbai, over a two-month
period from December 2024 to January 2025. The
study included clinically significant, non-duplicate
carbapenem-resistant Gram negative bacilli isolated
from hospitalized patients. Only the first isolate
from each patient was included to avoid
duplication.
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Bacterial Identification and Antimicrobial
Susceptibility Testing: All isolates were initially
identified and subjected to antimicrobial
susceptibility testing using the VITEK-2 Compact
system (bioMérieux, France), following the
manufacturer’s instructions [14]. The isolates that
exhibited resistance to any of the carbapenem
agents were further evaluated for expression of
Carbapenemases genes and in vitro susceptibility to
Plazomicin and its comparison to other
Aminoglycoside.

Plazomicin Susceptibility Testing: Susceptibility
to Plazomicin was determined by Epsilometer test
(E-test, concentration range: 0.016-256 ng/mL)
using Mueller—Hinton agar, as per the CLSI M100
(34th  edition) guidelines [15]. Interpretive
breakpoints were Susceptible (S): <2 pg/mL,
Intermediate (I): 4 pg/mL and Resistant (R): =8
pg/mL. Escherichia coli ATCC 25922 was used as
the quality control strain.

Detection of Carbapenemase Genes:
Carbapenemase gene detection was performed
using the NG-Test® CARBA 5 (RESIST-5
O.K.N.V.I) kit (NG Biotech, France), a rapid
lateral flow immunoassay designed to identify the
five major carbapenemase genes- OXA-48-like,
KPC, NDM, VIM, and IMP [16].

Data Compilation and Statistical Analysis: MIC
values were recorded for all isolates, and MICso and
MICs values were calculated by arranging the
MICs in ascending order and identifying
concentrations that inhibited 50% and 90% of
isolates, respectively. Overall susceptibility rates
for Plazomicin and other Aminoglycosides were
expressed as percentages. Statistical analysis was
performed using Microsoft Excel and chi-square
test to compare susceptibility differences between
Plazomicin and other Aminoglycosides.
Associations between genotypic (NDM, OXA-48,
etc.) and phenotypic resistance profiles were
analyzed to assess genotype-phenotype
correlations. A p-value of <0.05 was considered
statistically significant.

Results

A total of 100 non-duplicate carbapenem-resistant
Gram-negative bacilli (CR-GNB) were included in
the study. The majority of isolates were Klebsiella
pneumoniae (n = 45; 45%) and Escherichia coli (n
= 34; 34%), followed by Pseudomonas aeruginosa
(n = 15; 15%) and Enterobacter cloacae (n = 6;
6%). The predominance of K. pneumoniae and E.
coli reflects the high burden of carbapenem-
resistant Enterobacterales in the hospital setting,
while P. aeruginosa and E. cloacae contributed to a
smaller but clinically relevant proportion of
infections.
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Table 1: Comparative Susceptibility Profile of Aminoglycosides

Antibiotic S R 1 p-value
PLAZOMICIN 42 (42%) 56 (56%) 2 (2%) <0.001
AMIKACIN 18 (18%) 80 (80%) 2 (2%)

GENTAMICIN 33 (33%) 67 (67%) 0 (0%)

TOBRAMYCIN 2/15 (13.3%) 13/15 (86.7%) 0/15 (0%)

The comparative in vitro susceptibility of the 100
carbapenem-resistant Gram-negative isolates to

Plazomicin, Amikacin, Gentamicin, and
Tobramycin is summarized in Table 1.
Plazomicin demonstrated the highest overall

activity, with 42% of isolates being susceptible,
56% resistant, and 2% showing intermediate
susceptibility. In comparison, Amikacin exhibited a
markedly lower susceptibility rate of 18%, with
80% of isolates resistant and 2% in the intermediate

category. Gentamicin showed moderate activity,
with 33% of isolates susceptible and 67% resistant,
while none were categorized as intermediate.
Tobramycin displayed the least activity, with
susceptibility observed in only 13.3% of isolates.

Overall, Plazomicin retained superior in vitro
efficacy compared with the conventional
Aminoglycoside (p < 0.001), particularly against
isolates resistant to Amikacin, Gentamicin, and
Tobramycin.

Table 2: Resistance Genotype Correlation with Plazomicin Susceptibility

GENE TOTAL (n=100) S (n=42) R (n=56) I (n=2)
NDM 63 29 (46%) 32 (50.8%) 2 (3.2%)
NDM, OXA-48 23 5(21.7%) 18 (78.3%) 0(0%)
NDM, KPC 3 3 (100%) 0 (0%) 0(0%)
OXA-48 10 4 (40%) 6 (60%) 0(0%)
KPC 1 1 (100%) 0(0%) 0(0%)

The correlation between resistance genotypes and
in vitro Plazomicin susceptibility among the
isolates is summarized in Table 2. Among the 63
isolates harboring the NDM gene alone, 29 (46%)
were susceptible, 32 (50.8%) resistant, and 2
(3.2%) showed intermediate susceptibility.

In isolates co-producing NDM and OXA-48 (n =
23), susceptibility to Plazomicin was markedly
reduced, with only 5 (22%) susceptible and 18
(78%) resistant. Interestingly, all three isolates co-

harboring NDM and KPC were fully susceptible to
Plazomicin. Of the 10 isolates harboring OXA-48
alone, 4 were susceptible and 6 resistant. The single
isolate carrying KPC alone also exhibited
susceptibility to Plazomicin.

Overall, Plazomicin activity appeared variable
among isolates carrying NDM-type
carbapenemases, whereas those producing KPC or
OXA-48 demonstrated a relatively higher
proportion of susceptibility.

Table 3: Organism-wise Resistance Gene Profile, Plazomicin Susceptibility, MICso and MICy
Organism Gene Total S R I MICso MICoo
K. pneumoniae 45 17 28 0 >256 >256

NDM 16 10 0 0.75 >256
NDM,0XA-48 17 1 16 0 >256 >256
NDM,KPC 2 2 0 0 0.38 0.5
OXA-48 9 3 6 0 >256 >256
KPC 1 1 0 0 0.5 0.5
E. coli 34 18 15 1 1 >256
NDM 27 12 14 1 3 >256
NDM, OXA-48 5 4 1 0 1 >256
NDM,KPC 1 1 0 0 1 1
OXA-48 1 1 0 0 1 1
Ps. aeruginosa 15 2 12 1 12 >256
NDM 15 2 12 1 12 >256
E. cloacae 6 5 1 0 0.75 1
NDM 5 5 0 0 0.75 1
NDM, OXA-48 1 0 1 0 >256 >256
The organism-wise resistance gene profile, Among Klebsiella pneumoniae isolates (n = 45), 17

Plazomicin susceptibility, and corresponding MICso
and MICso values are summarized in Table 3.
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were susceptible and 28 resistant. Isolates
harboring NDM alone showed partial susceptibility
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(10/16), whereas those co-producing NDM and
OXA-48 (16/17) were mostly resistant, with MICoo
>256 pg/ml. In contrast, isolates with NDM/KPC
and KPC alone retained full susceptibility,
demonstrating low MICso/MICeo values (0.38-0.5
pg/mL). Among Escherichia coli isolates (n = 34),
18 were susceptible, 15 resistant, and one showed
intermediate susceptibility.

NDM-positive E. coli isolates (n=27) demonstrated
12 susceptible, 14 resistant, and one intermediate
result, with MICso of 3 pg/mL and MICe >256
pg/mL. Isolates co-producing NDM and OXA-48,
or carrying single OXA-48 or NDM/KPC genes
exhibited  variable susceptibility. Among
Pseudomonas aeruginosa isolates (n = 15), all
carrying NDM, resistance was predominant
(12/15), with MICso of 12 pg/mL and MICso >256
pg/ml. Among Enterobacter cloacae isolates (n =
6), five were susceptible and one was resistant,
with MICso and MICoo values of 0.75 pg/mL and 1
pg/mL, respectively.

All five isolates carrying NDM alone were
susceptible, whereas the single isolate co-harboring
NDM and OXA-48 was resistant, showing MIC
values exceeding 256 pg/ ml. Overall, these
findings indicate that Plazomicin retains potent
activity = against isolates  harboring single
carbapenemase genes, while co-production of
multiple resistance determinants- especially NDM
with OXA-48 markedly diminishes susceptibility
and results in elevated MIC values.

Discussion:

This study provides a comprehensive evaluation of
the in vitro activity of Plazomicin against 100
carbapenem-resistant Gram-negative bacilli (CR-
GNB) isolated from clinical samples at a tertiary
care hospital in western India. The isolates included
Escherichia  coli, Klebsiella ~ pneumoniae,
Enterobacter cloacae, and Pseudomonas
aeruginosa. The findings highlight the potential of
Plazomicin as a promising addition to the
antimicrobial armamentarium in the era of
escalating multidrug resistance (MDR). Plazomicin
demonstrated superior overall activity (42%
susceptibility) ~ compared to  conventional
Aminoglycoside - Amikacin (18%), Gentamicin
(33%), and Tobramycin (13.3%), suggesting its
potential as an effective therapeutic alternative
against MDR Enterobacterales and Pseudomonas
spp., where older Aminoglycoside often fail.
International studies have reported even higher
susceptibility rates of Plazomicin globally, Gizam
Ince et al. observed Plazomicin susceptibility in
71.7% of carbapenem-resistant isolates, markedly
higher than Gentamicin (45%) and Amikacin
(51.7-56.7%, per CLSI and EUCAST breakpoints)
[17]. Fleischmann et al. and Castanheira et al. also
demonstrated the superior in vitro activity of
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Plazomicin against MDR aerobic Gram-negative
bacilli, even where other aminoglycoside were
ineffective [18,19]. This difference is likely
attributable to the high prevalence of 16S rRNA
methyltransferases (RMTases) among carbapenem-
resistant Enterobacterales (CRE). These enzymes
confer high-level resistance to all Aminoglycoside,
including Plazomicin [20]. Furthermore, co-
carriage of multiple resistance determinants-
particularly NDM with OXA-48 appears to
substantially reduce Plazomicin efficacy in our
setting.

In our isolates, blaNDM was the most frequent
carbapenemase gene, followed by blaOXA-48,
consistent with observations by Essam et al. [21].
Tawfick et al. also reported the predominance of
NDM enzymes (68.9%) over OXA-48 (32.6%) and
KPC (1.5%) [22]. These findings reinforce the
global dominance of NDM-type carbapenemases,
particularly in regions with high carbapenem use
and antimicrobial pressure.

Correlation of resistance  genotypes  with
Plazomicin activity revealed distinct patterns.
Isolates carrying NDM alone showed 46%
susceptibility, whereas those co-producing NDM
and OXA-48 exhibited markedly reduced
susceptibility (21.7%). Isolates with OXA-48 alone
demonstrated 40% susceptibility, while those
carrying KPC or NDM with KPC retained full
susceptibility.

These results are consistent with international data.
Essam et al. reported Plazomicin activity in 31.4%
of isolates overall, including 21% among blaNDM-
positive and 41% among blaOXA-48-positive
strains [21]. Fleischmann et al. also showed
reduced activity in blaNDM (35.7%) and blaOXA-
48-like (50%) producers, but higher susceptibility
among blaCTX-M (68.6%) and blaKPC (94.9%)
isolates [18].

Our findings are similar to this trend, reduced
susceptibility with NDM and OXA-48 co-
producers but preserved activity in KPC producers.
Interestingly, isolates carrying NDM alone in our
study showed higher susceptibility than OXA-48
producers, possibly because a substantial
proportion of NDM isolates (n=23) were also co-
producers of OXA-48 with very low susceptibility,
and the total number of NDM-only isolates (n=58)
was far greater than OXA-48-only (n=10),
affecting the apparent distribution. The reduced
Plazomicin activity against NDM-positive isolates
again reflects the co-expression of 16S rRNA
methyltransferases (16S-RMTases) to likely confer
high-level pan-Aminoglycoside resistance (HL-
PAR). Castanheira et al. found overall MICso/oo =
0.25/128  pg/mL  for  carbapenem-resistant
Enterobact eriaceae, with potent activity against
blaKPC (MICso/so = 0.25/2 pg/mL) and reduced
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activity against blaOXA-48-like (MICsofoo =
0.25/16 pg/mL) [23]. Fleischmann et al. similarly
reported  Plazomicin activity against KPC
producers (MICso/so = 0.5/2 pg/mL) but uniform
resistance among blaNDM-positive isolates (MICoo
>128 ug/mL) [18]. Gizem ince et al. observed high
resistance in carbapenem-resistant K. pneumoniae
(MICso/oo = 0.5/>256 pg/mL), whereas E. coli
blaCTX-M producers remained largely susceptible
(MICso/oo = 2/4 pg/mL) [17]. For E. cloacae, our
findings of excellent Plazomicin activity agree with
Castanheira et al., who noted sustained efficacy
even among carbapenem-resistant strains [23]. For
P. aeruginosa, our results align with Castanheira et
al. (MICso/oo = 4/16 pg/mL across 103 isolates),
emphasizing Plazomicin’s limited role against
NDM-positive Pseudomonas [23]. The high
resistance observed among NDM/OXA-48 co-
producers may be because of additional
mechanisms such as 16S-RMTase production and
Aminoglycoside-modifying enzymes (AMEs).
Several studies have linked high-level Plazomicin
resistance (MIC >64 png/mL) to RMTase activity.
Hidalgo et al. associated blaNDM with rmtF, while
Taylor et al. reported that 93.4% of RMTase-
producing isolates co-carried blaNDM [24,25].
Similarly, Pargasam et al. found that 48% of NDM-
producing E. coli and 35% of OXA-48-like K.
pneumoniae harbored AMEs with RMTases,
rendering them resistant to Plazomicin [26]. Our
study did not directly assess RMTase genes, which
remains a limitation.

Conclusion:

This study highlights the variable in vitro activity
of Plazomicin against carbapenem-resistant Gram-
negative bacilli isolated from a tertiary care cancer
hospital in western India. Plazomicin demonstrated
superior overall efficacy compared to conventional
Aminoglycoside such as Amikacin, Gentamicin,
and Tobramycin. However, its activity was
markedly influenced by the underlying resistance
genotypes.

The presence of blaNDM, particularly in
combination with blaOXA-48 was associated with
high-level resistance and elevated MIC values,
whereas isolates harboring blaKPC or blaOXA-48
alone retained appreciable susceptibility. Excellent
activity was observed against Enterobacter cloacae
and selected Klebsiella pneumoniae isolates, while
Pseudomonas aeruginosa showed limited response.

These findings underscore the importance of
molecular characterization in predicting Plazomicin
efficacy and guiding antimicrobial therapy in high-
risk clinical settings. Although Plazomicin remains
a valuable therapeutic option against selected
multidrug-resistant Enterobacterales, the
emergence of co-existing carbapenemases and 16S
rRNA methyltransferases may limit its utility.
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Continued surveillance and larger clinical studies
are warranted to define its role in managing
infections caused by highly resistant pathogens.
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