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the clinical application of
nemonoxacin
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'Qingdao Hospital, University of Health and Rehabilitation Sciences (Qingdao Municipal Hospital),
Qingdao, China, ?Pharmacy Department of Rizhao Central Hospital, Rizhao, China

Nemonoxacin is a novel non-fluorinated quinolone antibacterial agent, characterized
by a broad antibacterial spectrum, strong antibacterial activity, low protein
binding rate, high oral bioavailability, and extensive tissue distribution. Its unique
pharmacological properties confer high clinical application value. In the context
of bacterial resistance, this article aims to provide a comprehensive review of
nemonoxacin’s antibacterial activity, immunomodulatory effects, and its application
in infectious diseases as well as in patients with hepatic or renal insufficiency,
with the goal of offering more drug options for clinical treatment and providing
a reference for future clinical research and widespread application.
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1 Introduction

Nemonoxacin, as the worlds first fluorine-free quinolone antibacterial drug (1), was
developed by Procter & Gamble in the United States. Its clinical development was subsequently
advanced through the collaboration between Zhejiang Medicine Co., Ltd. and TaiGen
Biotechnology Co., Ltd. in Taiwan, marking an innovative breakthrough in the new generation
of quinolone drugs. Its oral formulation, the nemonoxacin malate capsule, was first launched
in Taiwan, China in March 2014 (2), and subsequently received the approval number and new
drug certificate from the China food and drug administration (CFDA) in May 2016. Its
injectable formulation (nemonoxacin malate sodium chloride injection) also passed the review
by the national medical products administration (NMPA) in June 2021, completing the clinical
layout of the formulation and was approved for market launch (3).

Pharmacokinetic studies have demonstrated that nemonoxacin is rapidly and completely
absorbed after oral administration, with peak plasma concentrations achieved within 1-2 h
post-dose (4). The absolute bioavailability is nearly 100%, and the elimination half-life exceeds
10 h, supporting a once-daily dosing regimen (5). The drug is widely distributed in target
organs such as lung tissue, bronchial mucosa, bone, and the urinary system, with
concentrations in the alveolar epithelial lining fluid reaching over four times those in plasma
(6, 7). Additionally, the plasma protein binding rate is only about 16%, suggesting potential
advantages in penetrating infection sites and exerting antibacterial activity. Furthermore, the
drug is primarily excreted through the kidneys, with approximately 60%-70% of the
administered dose excreted unchanged in the urine within 72h (8), providing a
pharmacokinetic basis for dose adjustment in patients with renal impairment.

With the expansion of clinical applications and in-depth basic research, the multiple
mechanisms of action of nemonoxacin have gradually been elucidated, including its activity
against multidrug-resistant bacteria (9), immunomodulatory effects (10), and applicability in
complex infectious diseases (11). Therefore, this article systematically reviews its antibacterial
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activity, impact on bacterial resistance and clinical advantages,
immunoregulatory effects, clinical application value in infectious
diseases, and explores personalized medication strategies based on the
pharmacokinetic characteristics of patients with hepatic or renal
insufficiency. The aim is to provide scientific references for rational
clinical drug use and subsequent research directions, to address the
challenges of antimicrobial resistance and optimize treatment outcomes.

2 The impact of nemonoxacin on
bacterial antibacterial activity

2.1 Chemical structure and antimicrobial
spectrum of nemonoxacin

The chemical formula of nemonoxacin is C,H,sN;0,. Compared
with traditional fluoroquinolones, the fluorine atom at the C-6
position is removed from the fluoroquinolone core structure, and an
aminomethylpiperidine ring is introduced at the C-7 position, while
retaining the cyclopropyl group at the N-1 position and the methoxy
group at the C-8 position, which are consistent with those of
noxifloxacin (Figure 1). The chemical structural modifications not
only reduce adverse reactions but also expand the antibacterial
spectrum, covering aerobic Gram-positive bacteria (G* bacteria),
Gram-negative bacteria (G~ bacteria), some anaerobic bacteria, and
atypical pathogens (12).

2.2 Advantages of nemonoxacin

Compared to traditional fluoroquinolone antibiotics,
nemonoxacin demonstrates significant clinical advantages through
structural optimization (non-fluorine substitution at the C-6 position
and introduction of a methoxy group at the C-8 position) and
innovation in its mechanism of action (Table 1). The introduction of
a methoxy group at the C-8 position significantly enhances the dual
inhibitory effects on bacterial DNA gyrase IV and topoisomerase IV
(Figure 2), thereby resulting in a broader antibacterial spectrum and
reduced selective pressure for resistance mutations (13). It exhibits
high sensitivity particularly against G* bacteria, including penicillin-
resistant Streptococcus pneumoniae (PRSP) (14), methicillin-resistant

Staphylococcus aureus (MRSA) (15), and vancomycin-resistant
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enterococci (VRE) (16). For example, its MIC50/90 (0.06/2 mg/L)
against MRSA is lower than that of traditional fluoroquinolones such
as levofloxacin, and its MIC50/90 (4/16 mg/L) against VRE is also
significantly superior to levofloxacin (4). Meanwhile, it shows
prominent advantages against atypical pathogens. For instance, its
antibacterial activity against both macrolide-sensitive and macrolide-
resistant Mycoplasma pneumoniae is stronger than that of moxifloxacin
and levofloxacin (17); its activity against Clostridium difficile and
Mycobacterium abscessus is superior to that of clinically commonly
used fluoroquinolones such as levofloxacin and ciprofloxacin (18-20);
its in vitro activity against Helicobacter pylori is 1 to 2 times stronger
than that of ciprofloxacin and the like (21); and its MIC against
Nocardia species is much lower than that of ciprofloxacin, levofloxacin,
moxifloxacin, and gemifloxacin (22, 23).

Compared with non-quinolone drugs, nemonoxacin also has
obvious advantages: its MIC50 (0.06 mg/L) against MRSA is lower
than that of tigecycline and tedizolid (4), and its MIC90 (1 mg/L) is
lower than that of teicoplanin (2mg/L) (24); its MIC50/90
(0.06/2 mg/L) against MRSA is lower than that of vancomycin,
norvancomycin, linezolid, and ceftaroline (4); its MIC50/90
(4/16 mg/L) against VRE is also significantly superior to ampicillin,
high-level gentamicin, and nitrofurantoin (4); its MIC50/90 (1/8 mg/L)
against C. difficile is lower than that of clindamycin, with MIC50
equivalent to daptomycin and MIC90 lower than rifaximin (19);
against Nocardia species, nemonoxacin shows better antibacterial
activity compared with carbapenems, linezolid, vancomycin,
tigecycline, trimethoprim-sulfamethoxazole, amikacin, and ceftriaxone
(22, 23). Therefore, nemonoxacin has significant comprehensive
advantages over traditional fluoroquinolones and non-quinolone
drugs in terms of antibacterial activity against G* bacteria, atypical
pathogens, and special pathogens such as C. difficile and M. abscessus,
providing a better option for the treatment of related infections.

2.3 The impact of nemonoxacin on
bacterial resistance

2.3.1 Antibacterial activity and coverage
advantage against resistant bacteria

In vitro studies have shown that the MIC range of nemonoxacin
(0.06-0.25 pg/mL) against S. pneumoniae is significantly lower than that
of levofloxacin (0.5-1 pg/mL) and moxifloxacin (0.125-0.5 pg/mL),

FIGURE 1

of nemonoxacin.
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Chemical structure modification of nemonoxacin based on the fluoroquinolone core. (A) Structure of the fluoroquinolone core; (B) chemical structure
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TABLE 1 The clinical advantages of nemonoxacin.

Characteristic Nemonoxacin

Traditional
fluoroquinolones

(levofloxacin/moxifloxacin/
ciprofloxacin)

10.3389/fmed.2025.1671640

Advantage manifestation References

Chemical structure « No fluorine atom at C-6 position « C-6 position containing a « Reduce fluorine-related (3,5)
« C-8 methoxy group fluorine atom adverse reactions
« Enhance the antibacterial activity of
G* bacteria
Antibacterial « Coverage of G* bacteria (such as o 'The activity against most G~ bacteriais =« Covering common pathogens of (13, 20, 25)
spectrum S. pneumoniae, S. aureus, comparable to or superior to that community-acquired infections
S. epidermidis, Enterococcus, etc.) of Nemonoxacin while also addressing resistant G*
o G~ bacteria (H. influenzae, E. coli, o Itisless effective against most G* bacteria (such as PRSP, MRSA,
K. pneumoniae, P. aeruginosa) bacteria, atypical pathogens, and MRCNS, VRE) and macrolide-
« Atypical pathogens (such as anaerobic bacteria compared resistant atypical pathogens (such
M. pneumoniae, Legionella to nemonoxacin as MRMP)
pneumophila), and anaerobic « Strong activity against Mycobacterium
bacteria tuberculosis
Drug resistance « Dual inhibition of DNA gyrase and | « The key regions determining bacterial | « No parC gene mutation, more (13)
mechanism topoisomerase IV resistance to this class of drugs are advantageous against parC mutant
primarily located on the gyrA, gyrB, resistant bacteria
parC, and parE genes, especially gyrA =« Enhancing the antibacterial activity
and parC and resistance mutation prevention
of vancomycin against MRSA
Adverse reaction « The incidences of phototoxicity « The risks of phototoxicity (such as « The adverse reactions are few and (5, 64)
and cardiotoxicity were moxifloxacin) and prolonged Q-T slightly reversible
significantly lower than those of intervals (such as ciprofloxacin) are « Good tolerance
fluoroquinolones relatively high « High cardiac safety
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FIGURE 2

The antibacterial mechanism of nemonoxacin. PRSP, penicillin-resistant S. pneumoniae; MRSA, methicillin-resistant S. aureus; VRE, vancomycin-

resistant enterococci. Created with Figdraw (www.figdraw.com).

and it remains active against moxifloxacin-resistant MRSA strains (25).  lineages of MRSA in Taiwan (ST8, ST59, ST239, and CC45). In addition,

Chen et al. (25) further confirmed that nemonoxacin remains effective ~ Yang et al. (13) discovered through in vitro resistance induction

against moxifloxacin-resistant isolates among the major epidemic  experiments that the MIC values of nemonoxacin against S. aureus and
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Enterococcus spp. did not significantly increase during prolonged
exposure, while the MIC for S. pneumoniae only increased fourfold.
Moreover, its resistance mutation frequency was significantly lower
than that of ciprofloxacin, levofloxacin, and moxifloxacin, indicating
that nemonoxacin has a high resistance barrier against G* bacteria (12).

2.3.2 Dual-target mechanism and synergistic
anti-resistance strategy

Nemonoxacin significantly reduces the risk of resistance caused by
single-site mutations through its dual-target mode of action,
simultaneously inhibiting DNA gyrase (GyrA/B) and topoisomerase IV
(ParE). Huang et al. (15) demonstrated that the combination of
nemonoxacin and vancomycin (MIC = 2 pg/mL) synergistically enhances
bactericidal activity against MRSA (FICI < 0.5). By blocking both cell wall
synthesis and DNA replication, this dual mechanism reduces the selective
pressure for resistant mutants. This combined strategy not only improves
antimicrobial efficacy but also delays the development of resistance
through target complementarity, providing an optimized treatment
regimen for multidrug-resistant bacterial infections such as MRSA.

3 The immunomodulatory effects of
nemonoxacin

Nemonoxacin, as a novel non-fluorinated quinolone antibacterial
agent, has demonstrated its immunomodulatory effects in both in vivo
and in vitro experiments. Studies have shown that nemonoxacin exhibits
significant immunomodulatory and protective effects against
lipopolysaccharide (LPS)-induced inflammatory responses. Specifically,
it effectively suppresses LPS-induced macrophage inflammatory
responses by downregulating the expression levels of pro-inflammatory
cytokines (such as IL-6 and TNF-a) while upregulating the expression
of anti-inflammatory factors (such as IL-10), thereby preventing
excessive immune activation in the host (10). Furthermore, nemonoxacin
can enhance the bacterial phagocytic ability of macrophages, further
regulating immune responses and contributing to the improvement of
immune function status in patients with severe infectious diseases (26).
Notably, the immunomodulatory effects of nemonoxacin are currently
limited to animal studies, and no sufficient literature on clinical
validation has been retrieved. Therefore, more rigorously designed, large-
sample studies are urgently needed to further confirm its
immunomodulatory efficacy in clinical patients.

4 The application value of
nemonoxacin in infectious diseases

Nemonoxacin exhibits broad-spectrum antibacterial activity and
is primarily used for the treatment of community-acquired pneumonia
(CAP) in adults post-market. With the continuous advancement of
clinical research, it has also demonstrated significant clinical
application value in other infectious diseases (Figure 3).

4.1 Clinical applications in CAP

CAP is one of the most common infectious diseases, a leading
cause of hospitalization and death, and imposes substantial healthcare
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costs (27). Numerous clinical trials and post-marketing surveillance
studies have found that the safety, clinical efficacy, microbial treatment
success rate, and tolerability of nemonoxacin in treating adult CAP
patients are not inferior to those of fluoroquinolone antibiotics. A
multicenter, randomized, double-blind, double-dummy, parallel-
controlled phase III clinical trial has demonstrated that the clinical
efficacy and safety of nemonoxacin (500 mg, ivgtt, qd, for 7-14 days)
in the treatment of hospitalized adult patients with CAP are
comparable to those of levofloxacin (500 mg, ivgtt, qd, for 7-14 days)
(28). The adverse reactions (such as local reactions at the infusion site,
nausea, Q-T interval prolongation, etc.) were mostly mild and
reversible (28). Systematic reviews and meta-analyses further support
that the clinical cure rate, incidence of adverse reactions, and
tolerability of nemonoxacin are similar to those of fluoroquinolones,
recommending it as an alternative treatment for CAP (29).
Additionally, pharmacokinetic and pharmacodynamic studies have
demonstrated that nemonoxacin capsules (500 mg, po, q24h) exhibit
significant efficacy in treating CAP caused by S. pneumoniae, S. aureus,
and M. pneumoniae, with efficacy unaffected by food, gender, or mild
renal impairment. For CAP caused by Haemophilus parainfluenzae,
the 750 mg, q24h treatment regimen showed superior efficacy
compared to the 500 mg dosage (30).

In the treatment of outpatients with mild to moderate CAP, the
use of nemonoxacin (500 mg, po, qd, for a treatment duration of
8.24 + 3.73 days) effectively improves clinical symptoms, with the
advantages of good tolerability, few adverse reactions, low medical
costs, and short treatment duration (31). Additionally, compared with
levofloxacin and moxifloxacin, nemonoxacin also demonstrates
economic advantages in the treatment of CAP, further supporting its
role as a safe and effective treatment option for CAP (32).

4.2 The diagnostic value in differentiating
tuberculosis

Tuberculosis is a chronic infectious disease caused by
M. tuberculosis, which can affect many organs, with pulmonary
tuberculosis being the most common (33-35). Its clinical
manifestations are quite similar to those of CAP, making it difficult to
distinguish between the two diseases, thereby leading to challenges in
differential diagnosis (36-38). Studies have shown that the
misdiagnosis rate of pulmonary tuberculosis among CAP patients in
China is 6%, significantly higher than the Asian average of 3.30% (32).
Traditional fluoroquinolones (such as levofloxacin and moxifloxacin),
due to their antibacterial activity against M. tuberculosis, may mask
the etiological characteristics of pulmonary tuberculosis during the
treatment of CAP, thus delaying diagnosis and increasing medical
costs (39, 40). In contrast, studies conducted by Zhao et al. (32) have
demonstrated that nemonoxacin exhibits extremely weak inhibitory
effects on M. tuberculosis. This characteristic endows it with potential
advantages in distinguishing pulmonary tuberculosis from CAP—it
may reduce the masking of the etiological features of pulmonary
tuberculosis, thereby improving the accuracy of differential diagnosis,
saving treatment costs, and even showing promise as a preferred
empirical treatment option for patients with suspected pulmonary
tuberculosis complicated by pulmonary infections (32). However,
nemonoxacin also has obvious limitations: studies have shown that it

has a high MIC value against M. tuberculosis (including
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The application value of nemonoxacin in infectious diseases. Nemonoxacin has therapeutic effects on infectious diseases such as CAP, DFI, AECOPD, UT],
patients with viral pneumonia accompanied by dyspnea and hypoxia, and local treatment of bacterial keratitis. Created with MedPeer (medpeer.cn).

multidrug-resistant strains) and its antibacterial activity is weaker
than that of levofloxacin and moxifloxacin, which restricts its use in
the treatment of tuberculosis patients (41). Therefore, although
nemonoxacin’s unique antibacterial spectrum—including its activity
against atypical pathogens and weak baseline activity against
M. tuberculosis—theoretically provides room for exploring its
application in “differential diagnosis” or “targeted therapy;” the current
evidence is still insufficient to support its clinical use in such scenarios.
In the future, there is an urgent need to conduct well-designed
prospective studies (for example, in areas with a high burden of
tuberculosis, enrolling cohorts of patients with undiagnosed
respiratory symptoms and prospectively evaluating indicators such as
the rate of delayed tuberculosis diagnosis and diagnostic accuracy
after treatment with nemonoxacin). These studies will clarify its actual
value and risks in this complex context, and provide reliable scientific
evidence for whether and how to integrate it into diagnostic or
treatment pathways.

4.3 Applications in other infectious
diseases

Since nemonoxacin is widely distributed in various tissues and

body fluids, it not only has excellent application value in the treatment
of adult CAP and the differential diagnosis of tuberculosis, but also

Frontiers in Medicine

demonstrates significant clinical advantages in treating infectious
diseases such as diabetic foot infection (DFI), urinary tract infection
(UTT), bone infections, and acute exacerbation of chronic obstructive
pulmonary disease (AECOPD) (Table 2).

DFI is one of the most severe complications in diabetic patients,
typically caused by various pathogens, especially staphylococci, and
anti-infective therapy is the cornerstone of its treatment (42, 43). An
open-label, single-arm, multicenter clinical trial has demonstrated
that nemonoxacin (750 mg, po, qd, for 7-14 days) achieves excellent
clinical and microbiological efficacy in treating DFI patients, with
outstanding tolerability; pharmacokinetic studies further revealed that
nemonoxacin exhibits significantly better permeability at the infection
site (skin and soft tissue) compared to plasma distribution, with local
drug concentrations reaching more than 2.5 times the plasma
concentration, providing a pharmacological advantage for treating
deep tissue infections (44).

(COPD) is a
heterogeneous lung condition typically characterized by persistent

Chronic obstructive pulmonary disease

and progressively worsening airflow obstruction (45-47). AECOPD
can lead to high morbidity and mortality, and anti-infective therapy is
one of the crucial treatment modalities for patients with AECOPD
showing signs of bacterial infection (48-50). For outpatient AECOPD
patients without the risk of Pseudomonas aeruginosa infection, oral
nemonoxacin has been recommended as one of the significant options
for initial anti-infective therapy (51). The clinical study conducted by
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TABLE 2 Application of nemonoxacin in infectious diseases.

10.3389/fmed.2025.1671640

Indications Recommended Pharmacokinetic Clinical efficacy and References
dosage and course of  characteristics advantages
treatment
CAP « 500 mg, po/ivgtt, qd The concentration of alveolar « The clinical efficacy, safety, success rate of (12, 28,29)
o 7-14d epithelial liner fluid can be more microbial treatment and tolerance are
than four times that of plasma all good
« Itis recommended that it can be used as
an alternative treatment drug for CAP
« The therapeutic effect is not affected by
mild renal function impairment
DFI e 750 mg, po, qd The drug concentration at the « The clinical and microbiological (44)
o 7-14d infection site (skin and soft efficacy is good
tissue) is more than 2.5 times that | « Excellent tolerance
of plasma
The permeability of deep tissues
is excellent
AECOPD « 500 mg, po, qd The concentration of alveolar « Shorten the remission time of (51,52)
« 6-9d epithelial liner fluid can be more clinical symptoms
than four times that of plasma « Prolong the interval period between the
deterioration of moderate and
severe conditions
« It can be used as an initial anti-infection
treatment drug option for outpatients
without the risk of P. aeruginosa infection
UTI « Simple UTI: 500 mg, The peak concentration of the « 'The clinical efficacy, safety and (56)
po,qd,3d drug in urine is more than 30 tolerability are good
« Complexity UTI: 500 mg, po, times that in blood « It has strong antibacterial activity against
qd, 14d Within 72 h, 60%-70% of the E. coli. It can be used as a second-line
original form is excreted through option for treatment failure with other
the kidneys quinolone drugs
Patients with viral « 750 mg, qd o/ « Itis used when the treatment with (65)
pneumonia accompanied fluoroquinolone drugs (levofloxacin/
by breathing difficulties moxifloxacin) + arbitol does not improve
and hypoxia
Bacterial keratitis o/ « The protein binding rate is low, « The low protein binding rate may make it (66)
approximately 16% an option for local treatment

Meng et al. (52) further confirmed that in outpatient AECOPD
patients, oral administration of nemonoxacin (500 mg, qd, for
6-9 days) significantly shortened the time to clinical symptom relief
and effectively prolonged the interval to the next moderate to severe
exacerbation compared to moxifloxacin (400 mg, qd, for 6-9 days).
UTI is one of the most common infectious diseases, usually
caused by pathogenic G~ bacilli, especially Escherichia coli (53-55).
Nemonoxacin exhibits good antibacterial activity against this
pathogen and has high oral bioavailability. Following a single oral
dose, approximately 60%-70% is excreted unchanged by the kidneys
within 72h, with peak drug concentrations in urine reaching
150-299 mg/L, which is more than 30 times higher than that in the
blood. This makes nemonoxacin a potential preferred drug for the
treatment of UTI (56). The prospective, open-label, multicenter study
conducted by Du et al. (56) further confirmed that nemonoxacin
(500 mg, po, qd, for 3 or 14 consecutive days) achieved favorable
clinical efficacy, safety, and tolerability in the treatment of adult
outpatients with acute lower UTI. Based on its pharmacodynamic

Frontiers in Medicine

properties and clinical evidence, a 3-day short-course therapy is
recommended for uncomplicated UTI and recurrent UTI, while a
prolonged 14-day course is advised for complicated UTI. Additionally,
nemonoxacin can serve as a second-line treatment option when other
quinolones exhibit suboptimal efficacy or treatment failure, providing
a new strategy for the antimicrobial therapy of urinary tract infections.

In addition, studies have confirmed that nemonoxacin can also
serve as an alternative treatment for infectious diseases such as viral
pneumonia accompanied by dyspnea and hypoxia, and local treatment
of bacterial keratitis (Table 2).

5 Application in patients with hepatic
or renal insufficiency

Although 60%-70% of nemonoxacin is primarily excreted
through the kidneys, it is not metabolized by P450 enzymes, and its
metabolites in the liver are extremely low. However, with the in-depth
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research and widespread clinical application of nemonoxacin in
various infectious diseases, special attention should be paid to the
adjustment of its dosing regimen in patients with hepatic or renal
insufficiency. The study by Yuan et al. (12) demonstrated that
nemonoxacin (500 mg, po, qd, for 7-10 days) is safe and reliable in the
treatment of CAP in elderly patients (60-70 years old), patients with
renal impairment (creatinine clearance > 50 mL/min), and patients
with mild to moderate hepatic impairment, without the need for dose
adjustment. The “Guidelines for the Clinical Application of Quinolone
Antibacterials in Emergency Medicine” recommend that no dose
adjustment is necessary for patients with mild renal insufficiency
when using nemonoxacin; it also states that for drugs primarily
excreted by the kidneys, no dose adjustment is required in patients
with impaired liver function (57). A single-dose, open-label,
non-randomized, parallel clinical trial study demonstrated that
extending the dosing interval of nemonoxacin (500 mg, po, q48h)
achieves optimal efficacy in cases of severe renal impairment (58).
Studies on patients with mild to moderate hepatic impairment showed
that the use of nemonoxacin (500 mg, po, qd) had similar clinical
efficacy and safety, as well as comparable systemic exposure, when
compared to healthy subjects (59). Therefore, it is recommended that
no dose adjustment is required for anti-infective treatment in such
patients. For patients with severe hepatic insufficiency, there are
currently no definitive clinical study results available, and further
clinical validation is still needed.

6 Limitations of nemonoxacin in
clinical application

Nemonoxacin demonstrates relatively favorable safety and
tolerability profiles, though it may still elicit adverse drug reactions.
The most frequently observed adverse effects manifest in the
gastrointestinal and nervous systems. Furthermore, while structural
modifications have enhanced its antibacterial spectrum and reduced
the risk of drug-resistant mutations to some extent, clinical
applications of nemonoxacin remain subject to certain limitations.
Studies have shown that although nemonoxacin exhibits strong
activity against PRSP and MRSA, it has obvious limitations. Firstly, its
activity against ciprofloxacin-resistant strains and hospital-acquired
MRSA isolates is significantly reduced (60), and its MIC90 against
MRSA is significantly higher than that of tigecycline, eravacycline,
tedizolid, and trimethoprim-sulfamethoxazole (4). Secondly, its
antibacterial activity against E. coli, Klebsiella pneumoniae,
Acinetobacter baumannii, and P. aeruginosa is weaker than that of
levofloxacin (60). Similarly to ciprofloxacin and cefpirome, it also
shows higher MIC values and lower sensitivity to ertapenem-
insensitive strains (61). Thirdly, although nemonoxacin requires more
mutation steps to induce resistance in S. pneumoniae, its antibacterial
activity still decreases by 8-fold after three induction steps (9).
Moreover, the resistance mutations only occur in the GyrA/GyrB/
ParE genes and do not involve the ParC gene targeted by other
fluoroquinolones (such as ciprofloxacin) (9), which means it cannot
completely avoid the risk of resistance.

Furthermore, it is worth noting that although nemonoxacin shows
certain advantages in antibacterial activity against G bacteria such as
MRSA, PRSP, and VRE (14, 15), as well as atypical pathogens (62),
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C. difficile (18), and M. abscessus (20, 63), the manifestation of these
advantages may be limited by multiple factors. On one hand, its
relevant in vitro studies (16, 25), Phase II/III clinical trials (28), and
post-marketing evaluations (12) are mainly concentrated in China
(e.g., Taiwan) and South Africa. The limitation in the scope of research
may lead to insufficient universality of its antibacterial activity
advantages, making it difficult to directly promote to other regions
globally. On the other hand, due to significant differences in bacterial
resistance backgrounds across different regions, the activity advantages
it demonstrates in specific regions may not be reproduced in other
resistant environments. Therefore, in the future, it will be necessary to
expand the verification scope through multi-center studies, deepen
research on resistance mechanisms to cope with different resistance
backgrounds, and expand application data in special populations, so
as to further consolidate its clinical status and promote its rational
application on a global scale.

7 Conclusion and outlook

In summary, the successful development of nemonoxacin as
a novel non-fluorinated quinolone antibacterial agent marks a
breakthrough in the clinical application of quinolone drugs.
Through structural optimization strategies, it significantly
enhances the inhibitory effect on G* bacteria while retaining the
broad-spectrum  antibacterial activity of traditional
fluoroquinolones. It also reduces the occurrence of fluorine-
related adverse reactions, lowers the mutation rate of bacterial
resistance, and exerts immunomodulatory effects on the body,
thereby demonstrating high clinical application value in various
infectious diseases. Clinical studies have fully validated the
efficacy, safety, and potential clinical value of nemonoxacin in
diseases such as CAP, DFI, AECOPD, and UTI, particularly in
the differential diagnosis of tuberculosis. Moreover, for patients
with hepatic or renal insufficiency, existing evidence supports
that no dose adjustment is required for those with mild to
moderate impairment, while patients with severe renal
impairment can achieve individualized treatment by extending
the dosing interval, further expanding its clinical applicability.

In the future, we believe that the research direction of
nemonoxacin can focus on the following aspects: First, further
deepen the study of its mechanisms of action, such as bacterial
resistance mechanisms and immune regulation mechanisms,
clarify its pathways of action, propose response strategies, and
delay the occurrence of bacterial resistance; second, continue to
conduct clinical trials and large-scale real-world studies, deeply
explore its clinical applications in infectious diseases such as
lung and bronchial infections, skin and soft tissue infections,
bone and joint infections, and abdominal infections, and
evaluate the drug’s clinical efficacy, safety, and tolerability in
special populations (children, pregnant women, patients with
severe renal impairment, immunocompromised patients),
complex infections (such as multidrug-resistant bacterial
infections, biofilm-associated infections), and high doses
(750 mg), and optimize the dosing regimen by combining
pharmacokinetic/pharmacodynamic (PK/PD) models, providing
more data support for expanding clinical indications and
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promoting precision medicine practices, thereby enhancing the
clinical application value of the drug; third, improve drug
formulations and administration methods, such as inhalation,
topical eye drops, and local injections, to directly act on the
infection site, increase local drug concentration, enhance
efficacy, and reduce adverse reactions from systemic
administration; finally, conduct pharmacoeconomic studies to
evaluate its cost-effectiveness ratio and cost-benefit ratio in
different treatment scenarios, providing a scientific basis for the
formulation of medical insurance payment policies, clinical
drug selection, and public health policy making. With ongoing
research, nemonoxacin is expected to become a crucial option
in the field of anti-infective therapy, offering a new solution to

address the global crisis of drug-resistant bacteria.
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