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Dear Editor-in-Chief

Carbapenem has been recognized as one of the
most important last-resort drugs against infec-
tions caused by Gram-negative pathogenic bacte-
ria (1). However, the efficacy and potency of car-
bapenem are increasingly threatened by the con-
tinued emergence and proliferation of car-
bapenem-inactivating enzymes, some of serine [3-
lactamases (SBLs) and all of metallo-B-lactamases
(MBLs) (2). MBLs as carbapenemases, are per-
ceived as a more pressing clinical concern than
SBLs due to several reasons. First, there is cut-
rently no clinically approved inhibitor for MBLs.
Second, clinically relevant subclass B1 MBLs
such as New Delhi MBL (NDM), imipenemase
(IMP), and Verona integron-encoded MBL
(VIM), are frequently horizontally transferred.
Third, novel polymorphic variants of MBLs
which exhibit an extended spectrum of re-
sistance, continue to emerge (2). Since the identi-
fication of the first type, NDM-1, 55 variants
have been deposited in the B-lactamase database
(BLDB) as of May 2023 (3). To combat bacterial
infections caused by multidrug-resistant Gram-
negative pathogens carrying these deadly antibi-
otic resistance determinants, several chemothera-
peutic regimens have been introduced in clinical
settings (4). However, most approaches are fac-

ing the emergence of unexpected resistance, em-
phasizing the urgent need to develop MBL inhib-
itors as a direct countermeasure to control the
resistance (2, 4).

Significant efforts have been made to develop
novel broad-spectrum MBL inhibitors (4). Cur-
rently, only three MBL inhibitor candidates are
undergoing clinical trials and all of them are
boronate compounds that mimic the transient
tetrahedral intermediate binding during B-lactam
hydrolysis (4). Taniborbactam (VNRX-5133) is in
phase 3 clinical trials and other boronate com-
pounds,  xeruborbactam  (QPX7728) and
QPX7831 are in phase 1 (4). Taniborbactam
demonstrates the inhibitory activity against vari-
ous MBLs except for IMP (5), and the combina-
tion of cefepime and taniborbactam has shown
significant effectiveness against carbapenem-
resistant Gram-negative isolates (6). However, a
very recent study reported the pre-existence of
resistance against this promising drug. A variant
called NDM-9, which carries a single amino acid
substitution (Glul52Lys) compared to NDM-1,
exhibited reduced inhibition by taniborbactam,
and recombinant Escherichia coli strain harboring
blaxpnvs gene showed dramatic resistance against
the cefepime-taniborbactam combination (7).
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Similar results were observed when the single
mutation on the corresponding  position
(Glul63Lys) was introduced to VIM-2 MBL (7).

To understand the menace posed by NDM-9, an
investigation was conducted on the prevalence
and distribution of NDM variants using the
NCBI RefSeq genome database. As of May 2023,
5587 NDM proteins were found in bacterial ge-
nomes. The proportion of major NDM variants
are as follows: NDM-1 (55.5%), NDM-5
(36.7%), NDM-7 (2.2%), and NDM-9 (2.0%)
(Fig. 1A). Analyses of taxonomic distribution re-
vealed that the predominant taxonomic origin of
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NDM-9 was E. coli (85.6%), with limited occur-
rences in Klebsiella pnenmoniae (11.7%), Salmonella
enterica (1.8%), and Acinetobacter baumannii (0.9%).
In contrast, the other major variants exhibited a
broader taxonomic distribution, with NDM-1,
NDM-5, and NDM-7 identified in 23, 11, and 6
genera, respectively (Fig. 1B). Analyses of geo-
graphical distribution also showed the similar pat-
tern as NDM-9 was found only in five European
and Asian countries, whereas NDM-1, NDM-5,
and NDM-7 were found in 78, 41, and 23 coun-
tries across all continents, respectively (Fig. 1C).
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Fig. 1: The prevalence and distribution of NDM variants in bacterial genomes of the NCBI RefSeq genome data-
base, A) Number of NDM variants and their proportion in the genome database, B) Taxonomic distribution of
strains harboring NDM variants, C) Geographical distribution of strains carrying NDM variants

NDM-9 is relatively less prevalent than other ma-
jor variants and has not spread widely across var-
ious taxa and geographical locations. Notably, no
other variants with the substitution at position
152 were found in the database, suggesting that
the mutation of NDM-9 has not been descended
extensively, although the variant is one of the
early emerged variants. On the contrary, some
other substitutions in major variants were con-
served in recently emerged variants which display
higher resistance (8). Indeed, the minimal inhibi-
tory concentration values of NDM-9 for car-
bapenem antibiotics were reduced compared to
other variants (8). The substitution of NDM-9
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may not provide a selective advantage within cur-
rent chemotherapeutic regimens. The introduc-
tion of taniborbactam in clinical settings has the
potential to selective NDM-9 over other major
variants, leading to the dissemination of this
presently less prevalent variant. The introduction
of taniborbactam could accelerate the dissemina-
tion of NDM-9, thereby intensifying clinical con-
cerns associated with the variant. Additionally,
the genotyping of NDM variants prior to tani-
borbactam treatment is crucial to mitigate the risk
of clinical failure.
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