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Purpose: Latamoxef has been used to treat various bacterial infections. To provide data supporting the rational clinical use of
latamoxef, bacterial resistance over 10 years was analyzed at multiple centers throughout China. The results were used to develop
tentative epidemiological cut-off values (TECOFFs) for latamoxef.

Methods: A total of 46,716 strains of common Enterobacteriaceae were collected from patients with bloodstream infections at
72 hospitals in 21 provinces of China between 2014 and 2023. The in vitro antimicrobial activities of latamoxef were compared with
those of other commonly used cephalosporin and carbapenem. The distribution of minimum inhibitory concentrations was subjected to
cumulative log-normal fitting to obtain the TECOFFs of latamoxef for common Enterobacteriaceae.

Results: The sensitivities of Escherichia coli (E. coli), Salmonella species, Serratia marcescens (S. marcescens) and Proteus mirabilis
(P. mirabilis) to latamoxef ranged from 94.37% to 98.08%. Klebsiella oxytoca (K. oxytoca) and Enterobacter aerogenes (E. aerogenes)
had sensitivities of 89.91% and 87.21%, respectively, whereas Klebsiella pneumoniae (K. pneumoniae) and Enterobacter cloacae
(E. cloacae) had lower sensitivities. The in vitro activity of latamoxef against these bacteria, especially extended-spectrum B-lactamase
(ESBL)-producing Enterobacteriaceae, was similar to the activities of ertapenem and meropenem and significantly higher than the
activities of ceftriaxone, ceftazidime, and cefepime. The sensitivities of ESBL (+) E. coli and ESBL (+) P. mirabilis to latamoxef were
similar to their sensitivities to ertapenem and meropenem. ESBL (+) K. pneumoniae and ESBL (+) K. oxytoca exhibited comparable
but lower rates of sensitization to latamoxef, ertapenem, and meropenem. Latamoxef had TECOFFs of 2 pg/mL for E. coli,
K. pneumoniae, K. oxytoca, P. mirabilis, E. aerogenes, Salmonella, and S. marcescens, and 4 pg/mL for E. cloacae.

Conclusion: Latamoxef has good and stable in vitro antimicrobial activity against Enterobacteriaceae, including ESBL-producing
Enterobacteriaceae. The calculated TECOFFs of latamoxef provide an important reference for subsequent use of this antibiotic against
Enterobacteriaceae.
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Introduction

Antimicrobial resistance (AMR) is a major global public health problem. It has been estimated that more than 1 million
people worldwide died of AMR annually between 1990 and 2021, with AMR-related deaths being the third leading cause
of death worldwide after ischemic heart disease and stroke.! The development of new antimicrobial agents effective
against AMR has lagged, however, with the rate of approval of new antibiotics being 90% lower after than before 1970.
The World Health Organization (WHO) published a Bacterial Priority Pathogens List in 2017 to increase funding for
antibiotic development.” However, strains of Escherichia coli (E. coli), Klebsiella pneumoniae (K. pneumoniae),
Acinetobacter baumannii, and Pseudomonas aeruginosa have been found to be resistant to 13 antibiotics introduced
after 2017 or are currently in development, indicating the rapid development of bacterial resistance in antibiotic-exposed
environments.* At present, the creation of a more viable ecosystem for the judicious use of currently available antibiotics
may be more feasible and effective than the development of additional novel antibiotics. For example, repurposing
forgotten antibiotics may be effective and worthwhile in alleviating the healthcare pressures of AMR.

Flomoxef produced clinical cure and satisfactory microbiological responses in 85.7% and 100% of patients,
respectively. These results were similar to those obtained with latamoxef (87% and 100%, respectively).’

Latamoxef (moxalactam) is a semi-synthetic, broad-spectrum, oxazolyl-B-lactam antibiotic that exhibits broad-
spectrum activity against both Gram-positive and Gram-negative bacteria. Latamoxef also exhibits antibacterial activity
against anaerobic bacteria, such as Bacteroides fragilis, Fusobacterium nucleatum, and Clostridium perfringens, with
minimum inhibitory concentrations (MIC) typically ranging from 2 to 16 ug/mL.ﬁ’7 Latamoxef is effective in the
treatment of a wide range of infections, including urinary tract infections, pneumonia, gynecologic and obstetric
infections, skin and soft-tissue infections, osteomyelitis, bacteremia, peritonitis, and many others.” For critically ill
patients admitted to the intensive care unit with infections, latamoxef achieves an 80% clinical cure rate.® Among
neonates, 96.77% (30/31) showed improvement following latamoxef therapy, and all renal, liver, and coagulation tests
showed normal results.’

Like other B-lactam antibiotics, latamoxef binds to transpeptidase and D-alanine carboxypeptidase, inhibiting the
cross-linking process in cell wall peptidoglycan biosynthesis.” Structurally, the sulfur atom at the 1 position of the
cephem nucleus is replaced in latamoxef by an oxygen atom. Moreover, the a-carboxyl group of its phenyl malonyl side
chain and its 7-o-methoxy group have been found to contribute to the resistance of latamoxef to hydrolysis by B-
lactamases and carbapenemases, respectively.'®!!

The primary reasons limiting the clinical use of latamoxef are its potential to induce coagulation disorders and
bleeding risks.'*'* Furthermore, the lack of clinical studies and breakpoint assessments also contributes to the fact that
latamoxef has not yet been approved for clinical use in the United States and some European countries. By contrast,
latamoxef is still utilized to treat patients in Korea, Japan, and numerous developing countries in the Western Pacific
region, including China.'**'>'® Currently, the main international organizations that develop breakpoints for antibiotics are
the European Committee on Antimicrobial Susceptibility Testing (EUCAST) and the Clinical and Laboratory Standards
Institute (CLSI), whose breakpoints are widely used around the world to guide clinical therapy. To date, however,
EUCAST has not proposed breakpoints for latamoxef. Although the CLSI has reported that Enterobacteriaceae have
resistance breakpoints of >64 and susceptibility breakpoints of <8 for latamoxef, these breakpoints have not been
evaluated by the CLSI for a long period of time because of the difficulty of obtaining latamoxef in many countries. In
addition, the CLSI suggests the need for extended-spectrum B-lactamase (ESBL) testing if latamoxef is being considered
for treatment of patients infected with E. coli, K. pneumoniae, Klebsiella oxytoca (K. oxytoca), or Proteus spp., with
isolates that test as ESBL positive be reported as resistant. These guidelines, however, do not fully align with the
established antimicrobial activity of latamoxef.

Enterobacteriaceae are the most common pathogens in clinical infections and are under tremendous selective
environmental antibiotic pressure. Currently, many facilities report that 45% and 35% of patients infected with
K. pneumoniae and E. coli, respectively, are ESBL (+).!” ESBL-producing Enterobacteriaceae have been identified by
the WHO as a critical group of antibiotic-resistant bacteria that need to be prioritized for resolution. A multicenter study
on Enterobacteriaceae from 2013 to 2014 reported that the susceptibility rates to latamoxef of ESBL-producing E. coli,
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K. pneumoniae, and Proteus mirabilis (P. mirabilis) were 98.0%, 90.0%, and 94.1%, respectively.® Latamoxef has
definite antimicrobial activity against ESBL-producing bacteria and is used in Asian countries for the treatment of serious
infections caused by multidrug-resistant Enterobacteriaceae,'® and as an alternative drug for the clinical treatment of
Enterobacteriaceae. Therefore, it is inaccurate to report that all ESBL (+) Enterobacteriaceae strains are resistant to
latamoxef.

The ambiguity surrounding the breakpoints of latamoxef affects the assessment and monitoring of latamoxef
resistance. This ambiguity also affects the ability of clinicians to accurately gauge pathogen susceptibility to latamoxef,
which may result in inappropriate dosing, poor therapeutic efficacy, or antibiotic abuse. Breakpoints are used to define the
susceptibility and resistance of a strain to an antibiotic. Application of the recommended dose to the site of infection can
yield an antibiotic concentration that inhibits susceptible strains. Because wild-type isolates of a species show a range of
values in MIC assays, EUCAST proposed that ECOFF be defined as the highest MIC (X mg/L) of an antimicrobial agent
for microbial species devoid of phenotypically detectable acquired resistance mechanisms. Therefore, ECOFF can be
considered the most sensitive phenotypic measure for ruling out drug resistance and is the basis for the laboratory
detection of acquired resistance and monitoring of resistance development. ECOFF distinguishes between wild-type and
non-wild-type strains of a bacterial population and is important for establishing clinical breakpoints and monitoring
stable bacterial resistance.’

Bloodstream infections are a leading cause of AMR-related deaths worldwide, second only to lower respiratory tract
and chest infections.! To determine variations in latamoxef resistance and appropriate breakpoints, a multicenter
epidemiological survey covering 72 hospitals in 21 provinces in China was performed. This survey enabled determina-
tion of the distribution of Enterobacteriaceae resistant to latamoxef and its trends, as well as the development of tentative
epidemiological cut-off values (TECOFF) of latamoxef against Enterobacteriaceae. These results provide an important
reference for formulating or updating or latamoxef breakpoints.

Materials and Methods

Collection of Strains

A total of 46,716 strains of common Enterobacteriaceae, including E. coli (n=28130), K. pneumoniae (n=13570),
Enterobacter cloacae (E. cloacae) (n=1895), Salmonella (n=782), Serratia marcescens (S. marcescens) (n=693),
Enterobacter aerogenes (E. aerogenes) (n=563), P. mirabilis (n=548), and K. oxytoca (n=535), were collected from
patients with bloodstream infections (BSI) at 72 hospitals in 21 provinces of China from January 2014 to
December 2023. The vast majority of patients are adults, with a small number being children. This study collected
strains isolated from the first blood samples of patients after admission. If the patient was readmitted after discharge and
strains were cultured from their blood, the strains isolated at the time of the subsequent admission were also included in
the study. The strains were identified by MALDI-TOF MS.*°

Antibiotic Susceptibility Testing
The MIC of these 46,716 strains against latamoxef, ceftriaxone, ceftazidime, cefepime, ertapenem, and meropenem were

determined by the agar dilution method, as recommended by the CLSI.*'

The agar dilution method uses Mueller—Hinton
agar. Read results after 16~20 hours of incubation in a 37°C incubator. When interpreting endpoints, place plates on
a non-reflective surface and record the MIC that completely inhibits bacterial growth. E. coli ATCC 25922 and
Pseudomonas aeruginosa ATCC 27853 were used as quality control strains in all experiments. Antibiotic susceptibility

testing is conducted annually on strains collected during the previous year.

ESBL Testing

ESBL tests of E. coli, K. pneumoniae, P. mirabilis, and K. oxytoca strains were performed using the disk diffusion
method, as recommended by the CLSL?' ESBL tests utilise four types of disk: ceftazidime (30pug), ceftazidime-
clavulanate (30pg/10ug), cefotaxime (30pg) and cefotaxime-clavulanate (30ug/10ug). The disk diffusion method uses
Mueller—Hinton agar. After incubation at 37°C for 16~20 hours, the results are read. If the diameter of the inhibition zone

Infection and Drug Resistance 2026:19 heeps: 3



Chen et al

for either ceftazidime or cefotaxime increases by >5 mm after adding clavulanate compared to the inhibition zone
without clavulanate, the strain is classified as an ESBL-producing strain. E. coli ATCC 25922 and K. pneumoniae ATCC
700603 were used as quality control strains in all experiments.

Data Analysis

Bacterial susceptibility was analyzed in accordance with CLSI guidelines.”’ A strain was judged to be a carbapenem-
resistant Enterobacteriaceae (CRE) if it was resistant to ertapenem and/or meropenem. The susceptibility profiles of all
strains, including ESBL (+) and CRE strains, to the antibiotics tested were analyzed, whereas the susceptibility profiles of
ESBL (+) strains to these antibiotics tested included only ESBL (+), while excluding CRE strains.

The susceptibility rates of eight Enterobacteriaceae species, ESBL (+) Enterobacteriaceae and ESBL (-)
Enterobacteriaceae to latamoxef over a 10-year period were analyzed for trends using Spearman’s rank correlation,
a non-parametric method that evaluates whether there was a significant trend in the susceptibility rates over time. The
Spearman correlation coefficient (p) was then computed, with a two-tailed P-value less than 0.05 considered statistically
significant. The trends in the proportion of eight Enterobacteriaceae species, ESBL (+) Enterobacteriaceae, and ESBL
(-) Enterobacteriaceae within the total population over time were also analyzed using the aforementioned method.

Differences in susceptibility rates between ESBL-positive and ESBL-negative isolates were compared using the chi-
square test (y-test). A two-tailed P value <0.05 was considered statistically significant.

Graphs and data analysis were performed using GraphPad Prism 9.0 (https://www.graphpad.com/)** and R 4.4.3

(https://www.R-project.org/).?

ECOFF Determination

The ECOFFs of latamoxef against Enterobacteriaceae, including ESBL (+) and CRE strains, were determined using
ECOFFinder 2.1' (https:/clsi.org/resources/ECOFFinder/). The MIC distribution data and the number of strains of each
bacterial species were entered into the software, with the actual MIC distribution data fit to a cumulative log-normal

distribution using an iterative statistical curve-fitting method based on the cumulative log-normal distribution. The
ECOFF was determined by the best fit of the cumulative log-normal curve. ECOFFs were also set using two
complementary approaches, statistical and visual ECOFFs. Visual ECOFFs were determined by observing the upper
limit of the MIC distribution of the wild-type strain. When the statistical and visual approaches agreed, the ECOFF was
considered to be set. If the discrepancy between the visual and statistical approaches was greater than one two-fold
dilution, an ECOFF was not set, with additional MIC distributions required to strengthen the dataset.**

Results
Types and Distribution of Strains

Of the 46,716 strains of eight common Enterobacteriaceae identified in blood culture-positive samples from 72 hospitals
in 21 provinces of China between 2014 and 2023, E. coli was the most common (28130/46,716, 60.21%), followed by
K. pneumoniae (13570/46,716, 29.05%), E. cloacae (1895/46,716, 4.06%), Salmonella (782/46,716, 1.67%),
S. marcescens (693/46,716, 1.48%), E. aerogenes (563/46,716, 1.21%), P. mirabilis (548/46,716, 1.17%), and
K. oxytoca (535/46,716, 1.15%). E. coli was the most common Enterobacteriaceae isolated from BSI in 20 provinces
(Figure 1), whereas K. pneumoniae (40.07%) was more common than E. coli (36.82%) in Liaoning province.

During the 10-year study period, E. coli and K. pneumoniae had the highest isolation rates, ranging from 58.26% to
65.55% and from 21.31% to 32.44%, respectively. The annual isolation rate of E. cloacae generally ranged from 3.15%
to 6.09% but was significantly lower in 2018 (0.60%). The annual isolation rates of Salmonella, S. marcescens,
E. aerogenes, P. mirabilis, and K. oxytoca generally ranged from 0.50% to 2.00% (Figure 2). A significant positive
correlation was observed for K. pneumoniae (p = 0.76, P <0.05), indicating a increasing trend over time. Moreover, the
isolation rates of E. coli (p = —0.68, P <0.05) and Salmonella (p = —0.75, P <0.05) showed a statistically significant
negative correlation with time (Table S1).
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Enterobacteriaceae Demonstrate a Favorable Response to Latamoxef

The in vitro antimicrobial activity of latamoxef against all 46,716 strains of bacteria was compared with the activities of
clinically available cephalosporin (ceftriaxone, ceftazidime, and cefepime) and carbapenem (ertapenem and meropenem).
Enterobacteriaceae exhibited comparable susceptibilities to latamoxef, ertapenem, and meropenem but were significantly
less susceptible to ceftriaxone, ceftazidime, and cefepime (Table 1).

Over 96% of E. coli strains and over 98% of Salmonella and P. mirabilis strains were sensitive to latamoxef. Except
for S. marcescens, which had an MICs, to latamoxef of 0.5 pg/mL, all other Enferobacteriaceae species tested had an
MICsq of 0.25 pg/mL. E. coli, Salmonella, S. marcescens, and P. mirabilis had MICy, values to latamoxef ranging from
0.25 pg/mL to 2 pg/mL, all of which were less than the sensitive breakpoints defined by the CLSI.

The rates of susceptibility of E. coli strains to latamoxef, ertapenem, and meropenem were 96.48%, 97.82%, and
98.58%, respectively, higher than their rates of susceptibility to cefepime, ceftriaxone, and ceftazidime (59.22%, 63.56%,
and 47.58%, respectively). The rates of resistance of E. coli strains to latamoxef, ertapenem, and meropenem were
2.11%, 1.49%, and 1.21%, respectively, whereas 52.55%, 28.05%, and 20.78% of these strains were resistant to
ceftriaxone, ceftazidime, and cefepime, respectively.

The rates of susceptibility of P. mirabilis and Salmonella strains to latamoxef (98.00% and 98.08%, respectively)
were similar to their rates of susceptibility to ertapenem (99.12% and 99.87%, respectively) and meropenem (98.36% and
98.20%, respectively) but higher than their rates of susceptibility to ceftriaxone (60.95% and 87.72%, respectively),
ceftazidime (90.69% and 90.42%, respectively), and cefepime (77.74% and 90.24%, respectively). The in vitro activities
of latamoxef (94.37%), ceftazidime (91.91%), ertapenem (93.91%), and meropenem (94.95%) against S. marcescens
were similar but significantly higher than the activities of ceftriaxone (78.36%) and cefepime (86.00%).

Strains of E. cloacae and E. aerogenes were less susceptible to latamoxef (83.21% and 87.21%, respectively) than to
ertapenem (89.43% and 94.56%, respectively) and meropenem (92.15% and 95.38%, respectively). Rates of suscept-
ibility to latamoxef were similar to rates of susceptibility to cefepime (79.84% and 87.74%, respectively), but higher than
rates of susceptibility to ceftriaxone (61.90% and 69.45%, respectively) and ceftazidime (62.34% and 66.43%,
respectively).

The rates of susceptibility of K. preumoniae strains to latamoxef (82.91%), ertapenem (82.19%), and meropenem
(84.40%) were similar, but lower than those of the other Enterobacteriaceae tested. These rates, however, were higher
than their rates of susceptibility to ceftriaxone (63.72%), ceftazidime (67.58%), and cefepime (66.94%).

Over time, most of the bacteria showed relatively stable susceptibility to latamoxef from 2014 to 2023 (Figure 3). The
sensitivity rate of E. coli (p = 0.89, P <0.05) to latamoxef increased over time, demonstrating statistical significance
(Table S2). Although the susceptibility rates of the remaining bacterial species to latamoxef fluctuated, they remained
relatively stable, with no significant upward or downward trends.

Latamoxef Has High Antibacterial Activity Against ESBL-Producing Enterobacteriaceae
In accordance with CLSI recommendations, supplemental ESBL testing was performed on four Enterobacteriaceae:
E. coli (n=13930), K. pneumoniae (n=3264), P. mirabilis (n=205), and K. oxytoca (n=67). ESBL-producing E. coli and
P. mirabilis strains were highly prevalent during the 10-year period from 2014 to 2023, with isolation rates of 49.52%
and 37.41%, respectively (Table 2). Over the past decade, the proportion of ESBL (+) E. coli (p = —0.95, P <0.05) and
ESBL (+) K. pneumoniae (p = —0.76, P <0.05) among ESBL (+) Enterobacteriaceae has shown a decreasing trend over
time (Table S3).

The rates of susceptibility of ESBL (+) E. coli and ESBL (+) P. mirabilis to latamoxef, ertapenem, and meropenem,
were generally higher than 97.50%, except for ESBL (+) E. coli, which showed 95.99% susceptibility to latamoxef
(Figure 4).

The prevalence rates of ESBL (+) K. pneumoniae (24.05%) and ESBL (+) K. oxytoca (12.52%) were lower than those
of ESBL (+) K. pneumoniae to latamoxef, ertapenem, and meropenem were 79.44%, 79.06%, and 84.19%, respectively,
which were marginally lower than the rates of sensitivity of ESBL (+) K. oxyfoca to these three antibiotics (80.60%,
87.63%, and 89.47%, respectively).
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Trend of Latamoxef Susceptibility Rate
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Figure 3 Rates of susceptibility of Enterobacteriaceae strains to latamoxef over time from 2014-2023.

Latamoxef exhibits excellent in vitro activity against ESBL (-) strains. Except for P. mirabilis (x> = 0.63, P > 0.1),
ESBL-positive strains of E. coli (x> =35.61, P < 0.0001), K. pneumoniae (x> =396.7, P < 0.0001), and K. oxytoca (x*
=46.46, P < 0.0001) exhibited significantly higher resistance rates to latamoxef compared to ESBL-negative strains
(Figure S1 and Table S4).

The susceptibility of ESBL (+) Enterobacteriaceae to latamoxef did not show a significant increase or decrease over
time. In contrast, the susceptibility of ESBL (-) E. coli (p = 0.83, P <0.05) and ESBL (-) K. pneumoniae (p = 0.72,
P <0.05) to latamoxef exhibited a statistically significant positive correlation with time (Figure S1 and Table S5).

Calculation of TECOFFs for Latamoxef of Common Enterobacteriaceae
Based on the distribution of MICs of bacterial strains to latamoxef, TECOFFs were calculated using ECOFFinder
(Figure 5 and Table 1). Because the measured MICs were not normally distributed normally, the MIC distribution curves
that were fitted by nonlinear regression did not fully overlap with the actual MIC distribution curves.

Except for S. marcescens, where the MICs of most of the strains were distributed at 0.25 pg/mL and 0.5 pg/mL, most
of the MICs of the other species were distributed at 0.25 pg/mL. The MIC distributions of E. cloacae, Salmonella, and
E. aerogenes were bimodal.

The 99.00% TECOFFs of E. coli, K. pneumoniae, Salmonella, and K. oxytoca were all 2 pg/mL for latamoxef,
whereas the 99.00% TECOFFs for latamoxef were 4 ug/mL for E. cloacae and 1 pg/mL for P. mirabilis. All visual
estimates of TECOFF and 99.00% TECOFFs calculated using ECOFFinder were identical or within two-fold dilution of
each other. From this, the TECOFFs for E. coli, K. pneumoniae, K. oxytoca, P. mirabilis, E. aerogenes, Salmonella, and
S. marcescens were all 2 pg/mL for latamoxef and 4 pg/mL for E. cloacae.

Discussion

Because latamoxef has good antimicrobial activity and is more affordable than newer antibiotics, it is commonly used to
treat patients in Korea, Japan, and many developing countries. Latamoxef has been found to be effective in the treatment
of a wide range of infections with varying degrees of severity, ranging from mild skin and soft tissue infections to
bacteremia.” Latamoxef has been shown to produce clinical cure and satisfactory microbiological response in 87% and
100% of patients hospitalized with sepsis and Gram-negative bacteremia, respectively.” Furthermore, latamoxef has
shown good central nervous system penetration,” with cerebrospinal fluid (CSF) levels > 30-fold higher than the MICs
of pathogenic bacteria in patients with meningitis.*® Latamoxef has also been found to effectively penetrate the CSF of
pediatric patients diagnosed with bacterial meningitis, exhibiting a cure rate of 96.67% (29/30),%” suggesting its potential
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Figure 4 Cumulative inhibition profiles of latamoxef and other antibiotics against ESBL (+) Enterobacteriaceae, 2014-2023. The red dashed lines indicate the sensitivity
breakpoints and the green dashed lines indicate the resistance breakpoints. Sub-figures A-F represent antibiotics MOX, CRO, CAZ, FEP, MEM, and ETP, respectively.
Abbreviations: MOX, latamoxef; CRO, ceftriaxone; CAZ, ceftazidime; FEP, cefepime; MEM, meropenem; ETP, Ertapenem.

efficacy in the postoperative prophylaxis of patients who have undergone neurosurgical procedures.”®2° Therefore,
latamoxef may have considerable potential in the management of patients infected with Enterobacteriaceae.

In this study, 46,716 BSI strains of bloodstream Enterobacteriaceae infections were obtained from patients in 21
provinces of China between 2014 and 2023. Latamoxef was found to have better in vitro activity against
Enterobacteriaceae than three other clinically used cephalosporins, ceftriaxone, ceftazidime, and cefepime. Over
94.00% of the E. coli, Salmonella, S. marcescens, and P. mirabilis strains tested were susceptible to latamoxef
(89.91% of the K. oxytoca and 87.21%, the E. aerogenes strains). The susceptibility rates of the K. pneumoniae and
E. cloacae strains to latamoxef were somewhat lower, although these rates exceeded 80.00%. In contrast, the suscept-
ibility rates of Enterobacteriaceae to ceftazidime (63.56%-91.91%), cefepime (59.22%-90.24%), and ceftriaxone
(47.58%—87.72%) were much lower. Moreover, latamoxef has been reported to have greater activity against Gram-
negative bacteria than cephalothin, cefazolin, cefamandole, cefoxitin, and tobramycin.*® The in vitro bactericidal activity
of latamoxef against E. coli, K. pneumoniae, Salmonella, S. marcescens, P. mirabilis, and K. oxytoca was similar to the
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activities of other clinically used carbapenem (ertapenem and meropenem). In addition, the rates of susceptibility to
latamoxef in the bacteria collected in this study exhibited relative stability or minimal fluctuations between 2014 and
2023, with no indications of increased resistance over time.

The in vitro bactericidal activities of latamoxef and cefepime against E. cloacae and E. aerogenes were similar.
Although they were slightly lower than those of ertapenem and meropenem, they showed higher in vitro bactericidal
activity against ceftriaxone and ceftazidime. Inducible expression of chromosomal 4mpC by third-generation cephalos-
porins and acquisition of transferable AmpC by plasmids and transposons can lead to overproduction of AmpC f-
lactamases, a frequent cause of resistance in E. cloacae and E. aerogenes to third-generation cephalosporins.
E. aerogenes has a high horizontal gene exchange capacity facilitated by its flagellar system and efficient integration
of exogenous genes, suggesting its high potential for development into a multidrug-resistant pathogen.*' The rapid
dissemination of ESBL and carbapenemases in E. cloacae, coupled with their frequent occurrence as endogenous
intestinal bacteria, has led E. cloacae to become the third most prevalent species of Enterobacteriaceae that contributes
to nosocomial infections, following E. coli and K. pneumoniae. Further research is needed on the spread of E. cloacae
and E. aerogenes in susceptible populations, as well as on trends in antibiotic resistance.

Because the breakpoints of latamoxef have not been evaluated to date, the CLSI recommends that ESBL tests be
performed if latamoxef is considered for the treatment of infections caused by E. coli, K. pneumoniae, P. mirabilis, and
K. oxytoca. Although the CLSI recommends that ESBL-positive isolates should be resistant to latamoxef, the present
study found that latamoxef had good in vitro activity against ESBL (+) Enterobacteriaceae.

Latamoxef was found to have significantly higher in vitro activity than ceftriaxone, ceftazidime, and cefepime against
ESBL (+) Enterobacteriaceae and similar or higher in vitro activity than the carbapenems ertapenem and meropenem.
The susceptibility rates of ESBL (+) E. coli and ESBL (+) P. mirabilis to latamoxef were 95.99% and 98.54%,
respectively, which were similar to their susceptibility rates to ertapenem (97.77% and 99.47%, respectively) and
meropenem (99.16% and 99.02%, respectively). The rates of susceptibility of ESBL (+) Klebsiella spp. to the six
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Figure 5 Continued.
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Figure 5 Nonlinear regression fitting MIC distribution of TECOFF for Enterobacteriaceae. Sub-figures A-H sequentially depict the MIC distributions and TECOFF fitting
curves for E. coli, K. pneumoniae, E. cloacae, Salmonella, S. marcescens, E. aerogenes, P. mirabilis, and K. oxytoca, respectively. Blue bars: raw count or %; red curves: raw count or
% for measured MICs; green curves: fitted count or % for simulated MIC data.

antibiotics tested in this study were relatively low, with ESBL (+) K. pneumoniae and ESBL (+) K. oxyfoca showing
similar and significantly higher sensitivity rates to latamoxef, ertapenem, and meropenem than to ceftriaxone, ceftazi-
dime, and cefepime.

Latamoxef has been reported to exhibit strong antimicrobial activity against various genera of Enterobacteriaceae,
including ESBL-producing E. coli, K. pneumoniae, and P. mirabilis, with susceptibility rates of >90%.° The overall
efficacy rate of latamoxef (96.0%) in treating children with pneumonia infected with ESBL-producing E. coli was
significantly higher than that of sulbactam/cefoperazone (84.0%).*

Latamoxef can form a transiently stable covalent complex with hydrolytic enzymes to inhibit their enzymatic activity,
with its unique side-chain carboxyl group and 7 alpha-methoxy group being necessary to stabilize the complexes.*”
Latamoxef was not degraded by any of the beta-lactamases tested, including TEM-type beta-lactamases, the cephalos-
porinases (class I), and chromosomal broad-spectrum beta-lactamases (class IV).>* The in vitro 50% inhibitory con-
centrations of latamoxef against plasmid-mediated extended-spectrum beta-lactamases (TEM-3, TEM-5 and TEM-10)
were below 0.2 mg/L.35 None of the ESBL (+) E. coli and ESBL (+) K. pneumoniae strains from nine hospitals in
Zhejiang, China, all carrying CTX-M and SHV genes, were resistant to latamoxef.*® Another study found that the
sensitivity of ESBL-producing E. coli and K. pneumoniae to latamoxef was 97.44%.>” SHV, TEM, and both p-lactamase
genes were carried by 41.66%, 8.33%, and 50%, respectively, of the ESBL (+) K. pneumoniae strains and by 96.3%, 0%,
and 3.7%, respectively, of the ESBL (+) E. coli strains.®’ Similarly, the dominant type of ESBL (+) E. coli in Japan
shifted from CTX-M-14 to CTX-M-15 and/or CTX-M-27 between 2006 and 2010, but most isolates remained sensitive
to latamoxef.*® MOX-1 is a plasmid-mediated class C p-lactamase that confers resistance to latamoxef.*>** In addition,
TEM-52 is associated with a reduced susceptibility of K. pneumoniae to latamoxef.*' Therefore, latamoxef has good
inhibitory activity against more common ESBLs (eg, CTX-M, SHV, and TEM).

Although carbapenems are the antibiotics of choice for treating ESBL (+) bacterial infections, carbapenem-resistant
strains are becoming more prevalent. CRE was relatively uncommon before 2000, but its prevalence has increased two-
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*3 with

a mortality rate of up to 50%.** Both CRE and ESBL-producing Enterobacteriaceae are listed as priority pathogens by

fold over a 10-year period.*> The prevalence of CRE infection has been reported to be as high as 43.06%,

the WHO.* Therefore, rational treatment of CRE and ESBL-producing Enterobacteriaceae infections is needed to
control AMR, particularly that of K. pneumoniae.

The present study found that the in vitro antibacterial activity of latamoxef against ESBL (+) Enterobacteriaceae was
significantly higher than that of other cephalosporins and similar to that of carbapenems. Monitoring Enterobacteriaceae
resistance in patients hospitalized at 19 tertiary care hospitals in China between 2004 and 2014 also revealed that the
effectiveness of latamoxef against Enterobacteriaceae isolates was second only to that of carbapenems.*® These findings
suggest that latamoxef is one of the most important antibiotics for treating Enterobacteriaceae infections, especially infections
caused by ESBL-producing bacteria. In the future, latamoxef may be considered an alternative to carbapenems for treating
ESBL-producing bacterial infections and may slow the development of carbapenem resistance in Enterobacteriaceae.

In this study, the MICs to latamoxef of 46,716 strains of common Enterobacteriaceae, assorted into eight species,
were monitored over a 10-year period. Seven of these species (E. coli, K. pneumoniae, K. oxytoca, Salmonella,
P. mirabilis, E. aerogenes, and S. marcescens) had TECOFFs of 2 ug/mL for latamoxef, whereas the eighth species
(E. cloacae) had an TECOFF of 4 pg/mL.

Inadequate assessment and monitoring of latamoxef has resulted in its limited clinical use. In contrast to EUCAST,
which has not reported the breakpoints for latamoxef, the CLSI continues to report its microbiological breakpoints,
although these breakpoints have not been assessed recently. This may lead to inappropriate clinical use of latamoxef.
MIC breakpoints may be determined by comparing tentative breakpoints with defined wild-type MIC distributions,
thereby ensuring that the breakpoints do not delineate the MIC distribution of the target microorganism.*’ In addition to
monitoring resistance and guiding clinical therapy, determining ECOFFs of latamoxef for Enterobacteriaceae may
provide epidemiological data that informs the development or updating of resistance breakpoints. Furthermore,
ECOFFs can determine whether an isolate is wild type for the drug and excluded from resistance, which helps adjust
therapeutic doses. It should be noted that the MIC distribution of the strains exhibits a bimodal pattern, indicating
potential overlap between wild-type and non-wild-type populations. This suggests that a small number of non-wild-type
strains may exist within the wild-type population. ECOFF should be interpreted as an approximate upper limit for the
wild-type population rather than a strict threshold for the wild-type group.

The increased risk of coagulation disorders and bleeding associated with latamoxef is the main reason for its reduced

12,50 and

clinical use.'****° Latamoxef interferes with vitamin K metabolism via its N-methylthiotetrazole side chain
inhibits adenosine diphosphate-induced platelet aggregation.”® Although latamoxef is associated with higher rates of
decreased prothrombin and prolonged prothrombin time, no statistically significant association exists between latamoxef
and bleeding event.'> A retrospective cohort study in China found that, compared with cefotaxime, latamoxef may
increase the risk of coagulation disorders, but does not increase the risk of bleeding events.’> Furthermore, platelet

dysfunction induced by latamoxef can resolve within days after discontinuation'*>?

and vitamin K supplementation can
alleviate latamoxef-related coagulation abnormalities.”* When using latamoxef to treat bacterial infections, monitoring
coagulation parameters and providing vitamin K supplementation are recommended.'?**

The primary limitation of this study was that the antimicrobial activity of latamoxef against Enterobacteriaceae was
monitored only in vitro. Additional clinical studies are needed to validate the therapeutic efficacy of latamoxef against

Enterobacteriaceae infections, particularly ESBL-producing bacterial infections.

Conclusion

This study demonstrated that latamoxef exhibits favorable in vitro antimicrobial activity against prevalent clinical strains
of Enterobacteriaceae, including ESBL-producing strains. The in vitro activity of Latamoxef has been shown to be
comparable to that of Ertapenem and Meropenem, and significantly superior to Ceftriaxone, Ceftazidime, and Cefepime.
As a broad-spectrum antibiotic, Latamoxef is widely used in clinical practice across numerous countries. However,
a significant issue currently exists regarding the absence or lack of evaluation of breakpoints for Latamoxef. This study
established TECOFFs for Latamoxef against Enterobacteriaceae based on multicenter surveillance data to guide clinical
use and breakpoint establishment. It should be noted that variation among strains can broaden the distribution of wild-
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type strains, thereby affecting the accuracy of wild-type population assessments—particularly when MIC distributions
exhibit a bimodal pattern. In order to optimize clinical treatment and curb the development of AMR, further research is
essential. This research should include conducting Latamoxef-related clinical research (including coagulation-related
adverse reactions) and reassessing or establishing breakpoints for Latamoxef.
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