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Abstract

The rise of pan-drug-resistant Acinetobacter baumannii (PDR-AB) is a growing global health
concern, especially in hospital settings. This review provides an overview of current and
emerging treatment strategies for managing infections caused by PDR-AB. Several antibiotic
combinations such as colistin with rifampicin, fosfomycin with tigecycline or meropenem, and
cefepime with Ampicillin/sulbactam, have shown promising results in laboratory and clinical
studies. These combinations work by targeting different resistance mechanisms and helping
restore the effectiveness of older drugs.

New and experimental approaches, including photodynamic therapy, nanocomposite systems,
natural plant-based compounds (e.g., baicalein), and bacteriophage therapy, offer additional
treatment options. Furthermore, novel agents like peptide nucleic acids, DHODH inhibitors, and
the macrocyclic antibiotic zosurabalpin are under investigation and may play an important role
in future therapies. Together, these multi-targeted strategies represent a hopeful path forward for
overcoming resistance and improving outcomes for patients with life-threatening PDR-AB
infections.

Keywords : Acinetobacter baumannii; Global Health; Anti-Bacterial Agents; pan-drug-
resistant.
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Introduction

A. baumannii has become a significant
issue in hospital environments, especially in
immunocompromised patients in intensive
care units (ICUs), burn units, and post-
surgical wards, owing to its intrinsic
resistance to several antimicrobial drugs
and its exceptional capacity to develop
resistance via diverse routes [1,2]. The
WHO report defines A. baumannii as a
priority  bacterium for research and
development of new therapies. The
pathogen is classified among a primary
ESKAPE organism, which includes
Enterococcus  faecium, Staphylococcus
aureus, and Klebsiella pneumoniae.
baumannii, Pseudomonas aeruginosa, and
Enterobacter spp. capable of exhibiting
resistance to antimicrobial agents with
detrimental  effects[3]. A. baumannii
demonstrates a notable capacity for
resistance development via various and
frequently simultaneous mechanisms, such
as B-lactamase production, modification of
target sites, activation of efflux pumps,
biofilm formation, and reduced membrane
permeability [4]

Recently, PDR-AB strains characterized by
resistance to all existing classes of
antimicrobial agents have been increasingly
reported, resulting in treatment stalemates
and heightened mortality rates, which range
from 40% to 60% in bloodstream and
ventilator-associated infections|[5,6].

This review presents a critical synthesis of
current therapeutic options for PDR-AB,
encompassing conventional, combination,
and last-resort antibiotics, and examines
emerging investigational strategies in
development. This  paper identifies
knowledge gaps and ongoing clinical
challenges to inform future research
priorities and support evidence-based
management strategies against a significant
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threat in contemporary infectious disease
medicine.
Mechanisms of Pan-Drug Resistance in A.
baumannii
A. baumannii has emerged as a critical
nosocomial pathogen due to its remarkable
ability to develop resistance against nearly
all available classes of antibiotics. The
mechanisms underlying PDR in A.
baumannii are multifactorial and include
enzymatic  degradation,  target  site
modifications, active efflux systems,
biofilm formation, and horizontal gene
transfer (figure 1).
e Enzymatic
Antibiotics
A. baumannii synthesizes several enzymes
that break down or alter antibiotics, so
leaving them useless. Beta-lactamases form
the main enzymes that confer antibiotic
resistance in A. baumannii. These enzymes
hydrolyze the beta-lactam ring of beta-
lactam antibiotics, hence leaving them
useless. Multiple types of beta-lactamases
exist, including extended-spectrum beta-
lactamases, carbapenem-hydrolyzing class
D beta-lactamases, and Metallo-beta-
lactamases [7]. Particularly significant for
resistance to B-lactam antibiotics, notably
carbapenems, which are often regarded as
last-resort therapies for MDR Gram-
negative infections. OXA-type
carbapenemases, classified as molecular
class D B-lactamases, are the most abundant
among P-lactamases in A. baumannii. The
enzymes include OXA-23, OXA-24/40,
OXA-58, and the intrinsically encoded
OXA-51-like variations. The production of
these enzymes, especially when augmented
by wupstream insertion sequences (e.g.,
ISAbal), eases significant resistance to
carbapenems and other p-lactams [§].
Besides OXA-type enzymes, A. baumannii
may  synthesize = metallo-p-lactamases
including IMP, VIM, and NDM, which use
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zinc ions to catalyze the hydrolysis of
various p-lactams, encompassing
carbapenems and cephalosporins. These
enzymes are encoded by mobile genetic
elements such as integrons and plasmids,
which facilitate horizontal gene transfer and
rapid dissemination among nosocomial
isolates [4].
In addition to producing p-lactamase, A.
baumannii has been reported to generate
aminoglycoside-modifying enzymes
(AMEs). The most prevalent AMEs in A.
baumannii include acetyltransferases such
as AAC(6)-Ib and AAC(3)-la, while
phosphotransferases like APH(3')-VIa are
also widely distributed among A.
baumannii isolates. Nucleotidyltransferases,
specifically ANT(2")-Ia, are less common
but have been named in certain clinical
isolates. These enzymes deactivate
aminoglycosides by chemical changes that
obstruct drug binding to the bacterial
ribosome. These enzymes often occur with
B-lactamases in MDR and PDR bacteria,
reducing treatment options [9—11].
A. baumannii also produces 16S rRNA
methylases, including ArmA, in addition to
AMEs. The enzymes methylate the 16S
rRNA, changing the aminoglycoside
binding site and resulting in high-level
resistance to various aminoglycosides, such
as amikacin and gentamicin [10,12].

e Efflux pumps
Efflux pumps in A. baumannii play a
significant role in conferring MDR by
actively expelling a broad range of
antibiotics out of the cell, thereby reducing
intracellular drug concentrations to sub-
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lethal levels. These pumps are specifically
associated with resistance to [-lactams,
carbapenems, fluoroquinolones, and
aminoglycosides. Mechanistically, efflux
systems in A. baumannii include five major
families:  Resistance-Nodulation-Division
(RND), Major Facilitator Superfamily
(MFS), Small Multidrug Resistance (SMR),
ATP-binding  cassette = (ABC), and
Multidrug and Toxic Compound Extrusion
(MATE) transporters, each capable of
handling diverse substrates [13]. The most
critical efflux systems are part of the RND
family, specifically AdeABC, AdelJK, and
AdeFGH, which exhibit high efficacy in
exporting various antibiotics, including
aminoglycosides, B-lactams, and
fluoroquinolones, and are closely linked to
MDR phenotypes [14]. The Major
Facilitator Superfamily is significant in
mediating resistance to drugs such as
chloramphenicol and tetracycline [13]. The
Multidrug and Toxic Compound Extrusion
family eases the efflux of fluoroquinolones
and cationic dyes, but with restricted
substrate specificity. The Small Multidrug
Resistance and ATP-Binding Cassette
families are less significant, since they
manage narrow-spectrum substrates and
contribute less to clinical resistance,
although they may function synergistically
with other mechanisms [15]. Some pumps,
such as MefA and MefE, are encoded
within transposons, while others, including
OgxAB, gax, qepA, and tet, may exist on
plasmids  or integrons,  facilitating
horizontal gene transfer and enhancing the
dissemination of resistance traits [16].
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Figure (1). Schematic illustration of the main resistance mechanisms in A. baumannii, including
enzymatic inactivation, efflux pumps, target modification, and aminoglycoside-modifying
enzymes.

¢ Biofilm
The extracellular matrix of Dbiofilms
functions as a barrier, diminishing the
infiltration of antibiotics. This restricted
access leads to elevated minimum
inhibitory  concentrations (MICs) for
antibiotics, making conventional treatment
protocols less effective against biofilm-
associated illnesses [17]. Moreover,
biofilms show increased resistance to
antimicrobial drugs owing to the presence
of persisted cells and the activation of
efflux pumps. The tolerance is further
enhanced by the activation of resistance
genes in the biofilm environment, resulting
in the emergence of PDR [18]. Biofilm
creation relates to device-related infections,
including ventilator-associated pneumonia
and catheter-related bloodstream infections,
which are notoriously difficult to manage
[19].
Current Treatment Options

» Combination Therapy
Fosfomycin-Based Combinations
Fosfomycin is a bactericidal antibiotic that
exerts its activity by inhibiting MurA
(UDP-N-acetylglucosamine  enolpyruvyl
transferase), an essential enzyme involved
in the initial step of peptidoglycan
biosynthesis in  bacterial cell wall
formation. In recent years, it has garnered
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renewed attention as a therapeutic choice
against MDR bacterial pathogens due to its
unique mechanism of action and retained
activity against various resistant strains
[20]. Recent research has demonstrated the
potential of fosfomycin when used in
combination with other drugs for treating

PDR strains of A. baumannii. The
combination of fosfomycin—meropenem
showed strong synergy and lowered

fosfomycin MICs from 128 to 32 mg/L and
meropenem MICs from 16 to 4 mg/L.
Fosfomycin—tigecycline and fosfomycin—
colistin displayed partial synergy. However,
indifferent interaction was noted with the
combination of fosfomycin—amikacin with
no notable decrease in MICs [21]. While in
earlier studies by Leite et al. (2016) showed
that fosfomycin-amikacin has the most
notable synergistic impact against colistin-
susceptible isolates [22].

Fosfomycin-containing  regimens have
shown encouraging clinical results in
critically ill patients with bacteremia caused
by PDR-AB. In a case series study,
Assimakopoulos et al. (2023) reported a
significantly higher 28-day survival rate
among patients who received fosfomycin-
based combinations compared to those who
did not. This benefit was seen despite high
rates of colistin resistance and underscores
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the potential value of fosfomycin as part of
synergistic regimens in severe PDR-AB
infections [23].

Polymyxin-Based Combinations
Polymyxins, including colistin  and
polymyxin B, have regained clinical
importance due to their bactericidal action
against MDR and PDR Gram-negative
pathogens. Their mechanism of action
involves disruption of the bacterial outer
membrane via interaction with
lipopolysaccharides [24]. Notably,
polymyxins can potentiate the activity of
other  antimicrobials by increasing
membrane permeability, thereby easing the
intracellular accumulation of agents that are
otherwise ineffective against Gram-
negative bacteria, such as glycopeptides
and lipopeptides. Galani et al. (2024)
reported strong in vitro synergy between
colistin and apramycin against PDR-AB,
with bactericidal activity achieved in 100%
of isolates at 2x MIC, despite intrinsic
colistin resistance [25]. Similarly, colistin—
meropenem combinations reduced
meropenem MICs from 32 to 8§ mg/L,
although colistin MICs remained elevated
[21]. In  colistin-resistant  strains,
combinations such as colistin—rifampicin
and colistin—vancomycin demonstrated
improved efficacy, with rifampicin yielding
more potent bactericidal effects [22]. These
findings collectively support the clinical
evaluation of polymyxin-based regimens,
particularly in synergistic frameworks, to
overcome resistance in A. baumannii.
Tigecycline-Based Combinations
Tigecycline is a  glycylcycline-class
antibiotic  structurally  derived  from
tetracyclines. It functions as a bacteriostatic
agent by binding to the 30S ribosomal
subunit of bacterial ribosomes, thereby
blocking the entry of aminoacyl-tRNA into
the A site and ultimately inhibiting protein
elongation and synthesis in pathogens such
as A. baumannii [26].

In an in vitro study by Quraini ef al. (2023)
[21], the combination of fosfomycin and
tigecycline was evaluated against eight
whole-genome-sequenced A. baumannii
strains, including one PDR isolate. The
checkerboard assay revealed partial synergy
in all isolates, with MICs of tigecycline

38

reduced to <0.25 mg/L in three cases. Time-
kill assays confirmed synergistic action at
24 hours in the PDR strain, although
bactericidal activity was not achieved.

Complementing  these  findings, a
retrospective  clinical case series by
Assimakopoulos et al. (2019) [27]

evaluated a triple combination therapy
intravenous colistin, high-dose tigecycline,
and high-dose ampicillin/sulbactam—in ten
ICU patients suffering from ventilator-
associated pneumonia caused by PDR-AB.
Despite high tigecycline MICs (>2 pg/mL),
90% of patients exhibited clinical success,
and 70% achieved microbiological
eradication, with limited nephrotoxicity.
Furthermore, Mohammed et al. (2021) [28]
investigated tigecycline synergy in 30 A.
baumannii isolates resistant to
carbapenems. Synergy was detected in only
10% of isolates when tigecycline was
combined with colistin, and no antagonistic
effect was seen. Notably, combinations of
tigecycline with meropenem or
levofloxacin did not exhibit synergistic
activity and even showed antagonism in
66.7% of tigecycline—meropenem pairs.
These results emphasize that tigecycline—
colistin showed limited result comparing
with previous combinations Tigecycline,
fosfomycin or Tigecycline, colistin,
ampicillin/sulbactam.

Minocycline-Based Combinations
Minocycline, a semi-synthetic tetracycline
antibiotic, has re-emerged as a potential
therapeutic  agent against PDR-AB,
especially when used in combination with
other antimicrobials. In a systematic review
by Fragkou et al. (2019), minocycline-
containing regimens demonstrated a 72.6%
clinical success rate and 60.2%
microbiological success in patients with
MDR, XDR, and PDR A. baumannii
infections. Notably, the majority of
regimens included combinations with
colistin, cefoperazone-sulbactam, or
carbapenems. These findings support the
inclusion of minocycline as part of
combination therapy protocols, particularly
in lower respiratory tract infections and
ventilator-associated pneumonia, where
monotherapy options are limited due to
widespread resistance [29].
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Cefepime-Based Combinations

Recent investigations have identified
cefepime as a potentially valuable agent in
combination therapy against XDR and PDR
A. baumannii. In a study by Halim et al.
(2024), two cefepime-based regimens were
evaluated across 21 clinical isolates,
including six PDR strains. The combination
of cefepime with ampicillin—sulbactam
demonstrated synergistic effects in 76.2%
of all isolates and 83.3% of PDR strains,
while cefepime with amikacin achieved
synergy in 42.9% and additive effects in
38.1% of strains. These findings suggest
that cefepime, when paired with either a -
lactamase inhibitor or an aminoglycoside,
may restore antimicrobial efficacy through
complementary mechanisms, offering a
practical and accessible treatment option for
infections caused by highly resistant A.
baumannii strains (Halim et al., 2024) [30].

Sulbactam-Durlobactam Combination
Sulbactam—durlobactam (SUL-DUR) is a
novel B-lactam/B-lactamase inhibitor
combination that has demonstrated strong
activity against MDR, XDR, and
carbapenem-resistant A. baumannii
(CRAB). However, its efficacy against PDR
isolates remains limited. While durlobactam
effectively inhibits class A, C, and D pB-
lactamases thereby restoring sulbactam’s
activity PDR strains that harbor metallo-3-
lactamases (e.g., NDM) or non-enzymatic
resistance mechanisms such as efflux
pumps and porin mutations may not
respond to treatment. Clinical and
surveillance data suggest that although
SUL-DUR offers a promising therapeutic
option, especially in colistin-resistant cases,
its success against PDR strains requires
strain-specific susceptibility confirmation
prior to clinical use [31].

Table 1: Antibiotic combination therapies used against PDR A. baumannii.

. Synergy MIC Reduction | Bactericidal
Combination Rate (%) (Fold) Effect Reference

- . - Galani et al.,
Colistin + Rifampicin 85 >4-fold Yes 2024
Tigecycline + Partial (no Quraini et al.,
Fosfomycin 100 24 fold killing) 2023
Fosfomycin + Quraini et al.,
Meropenem 100 4 fold Yes 2023
Cefepime + Halimet al.,
Ampicillin/Sulbactam 833 2-8 fold Yes 2024
Minocycline + Colistin 72.6 Not specified Yes Fragl;%igt al.
Meropenem + Baicalein 100 Significant Yes Gurggze; al.

> Repurposed Antibiotics > Experimental Molecules
Cefiderocol, a  novel siderophore Cerastecins Targeting MsbA
cephalosporin, has shown promise in the Transport
treatment of complicated infections caused Cerastecins are newly identified natural
by XDR and PDR A. baumannii. In a compounds that inhibit the

compassionate-use case series, Oliva et al.
(2020) reported successful clinical and
microbiological outcomes in three patients
with severe infections, including bacteremia
and spondylodiscitis due to PDR-AB. The
favorable outcomes, even in colistin and
tigecycline-resistant  strains, and the
absence of adverse events, underscore
cefiderocol’s potential as a salvage therapy
for difficult-to-treat PDR infections [32].
Investigational and Novel Therapies
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lipooligosaccharide (LOS) flippase MsbA,
a protein critical for outer membrane
biogenesis in A. baumannii. These
molecules exhibit potent bactericidal
activity against carbapenem-resistant and
MDR clinical isolates. Structural analyses
confirmed that cerastecins uncouple ATP
hydrolysis from LOS transport, thereby
stalling MsbA function and disrupting
membrane integrity. An optimized analog
demonstrated therapeutic efficacy in murine
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models of pulmonary and bloodstream
infections. Though clinical translation is
pending, cerastecins represent a novel
antibacterial class  that  circumvents
traditional resistance mechanisms through
noncanonical target engagement [33]
Antisense Peptide Nucleic Acids
(PNAs)
Peptide nucleic acids (PNAs) represent a
cutting-edge genetic interference approach
against A. baumannii. These synthetic
molecules, when conjugated with cell-
penetrating peptides, can silence essential
bacterial genes such as acpP, ftsZ, and rne,
inducing rapid bacterial killing. Nejad et al.
(2021) [34] showed that PNAs achieve
significant ~ bactericidal ~ activity  at
concentrations as low as 2—4 uM with high
specificity, sparing host cells and
commensal microbiota. This programmable
strategy provides a promising platform for
precision antimicrobials, particularly for
targeting carbapenem-resistant and PDR
strains

Dihydroorotate Dehydrogenase
Inhibitors
Dihydroorotate dehydrogenase (DHODH),
an enzyme essential for pyrimidine

biosynthesis, has emerged as a validated
drug target in A. baumannii. Russo et al.

(2022)  [35] screened  antimalarial
compound  libraries and  identified
DSM186, a potent inhibitor of A.

baumannii DHODH (AbDHODH), with
submicromolar MICs against carbapenem-
resistant and XDR isolates. The compound
exhibited bactericidal activity, high species
selectivity (no human DHODH inhibition),
and strong in vivo efficacy in a murine
thigh infection model. Crystallographic
studies confirmed AbDHODH-specific
binding, supporting its development as a
pathogen-targeted antibiotic.

» Alternative Approaches
Photodynamic-Antibiotic Adjunctive
Therapy
Recent studies have demonstrated that
integrating photodynamic therapy (PDT)
with conventional antibiotics, particularly
colistin, can effectively counteract PDR-
AB. In isolates harvested from burn
patients, sub-lethal PDT using toluidine
blue O (TBO) activated by LED light
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yielded an 83.7% bacterial kill rate alone,
but when combined with colistin, achieved
complete eradication (9-log reduction) and
an >11-fold reduction in colistin MICs[36].
Mechanistically, this combination
downregulated the pmrA/pmrB two-
component  regulatory  system  key
determinants  of  colistin  resistance
suggesting that PDT directly modulates
resistance pathways[37]. Additionally, the
generation of reactive oxygen species
(ROS) and membrane permeabilization
associated with PDT likely enhances
colistin uptake, reinforcing its bactericidal
action and preventing regrowth [38]. By
merging physical membrane disruption and
gene-level sensitization with
pharmacological antibiotic action, this
approach addresses both structural and
genetic resistance mechanisms, highlighting
a promising, multidimensional strategy
against intractable A. baumannii infections.
Phage-Based Therapies

Phage therapy has also emerged as a
promising alternative approach for targeting
MDR and potentially PDR-AB. This
strategy includes monophage applications,
phage cocktails, and phage-antibiotic
combination therapies, all of which have
shown efficacy in both in vitro and in vivo
models. Several bacteriophages, such as
vB_AbaP_AGCO01 and GKMI18P,
demonstrated the ability to reduce bacterial
load and biofilm formation, enhance
survival in animal models, and synergize
with antibiotics like ciprofloxacin and
meropenem [39,40]. Additionally, phage-
derived enzymes, including endolysins and
depolymerases, have been shown to
degrade bacterial cell walls and biofilm
matrices, further potentiating antibacterial
action. Though clinical application remains
limited, phage therapy offers a highly
specific, adaptable, and potentially
resistance-breaking solution in the fight
against A. baumannii [40]

Jelleine-1 Therapies

Jelleine-1, a short cationic peptide originally
isolated from royal jelly, has emerged as a
promising antimicrobial agent against A.
baumannii strains exhibiting MDR, XDR,
and PDR phenotypes. The peptide
demonstrated potent in vitro activity, with
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MIC values ranging from 8 to 32 uM and
bactericidal effects even against
polymyxin-resistant  isolates.  Time-kill
assays confirmed rapid bacterial clearance
within hours, comparable to polymyxin B.
Mechanistic investigations revealed strong
peptide membrane interactions, leading to
membrane disruption and cell lysis.
Notably, Jelleine-I exhibited minimal
hemolytic and cytotoxic effects on
mammalian  cells,  underscoring its
therapeutic  potential. These  findings
highlight Jelleine-1 as a valuable candidate
in the development of novel antimicrobial
strategies to combat life-threatening PDR-
AB infections [41].

Synergistic Nanocomposite Strategies
Synergistic nanocomposite approaches have
demonstrated potent antibacterial activity
against PDR-AB. Chen er al. (2021) [42]
reported that a nanocomposite of casein-
stabilized silver nanoparticles (AgNPs)
combined with tigecycline achieved a
significant reduction in MIC and MBC
values compared to either agent alone. The
combination showed a synergistic effect

(CI=0.59) and complete bacterial
clearance in a murine wound infection
model, outperforming tigecycline

monotherapy. Mechanistically, the AgNPs
disrupted the bacterial membrane structure
and increased its permeability, allowing
enhanced intracellular accumulation of
tigecycline. Additionally, the nanoparticles
generated ROS, which contributed to
oxidative damage of cellular components,
leading to rapid cell death and preventing
regrowth.[42,43]

In a related study, Britz et al. (2025) [44]
demonstrated that AgNPs combined with
conventional antibiotics induced dose-
dependent membrane leakage,
depolarization, and morphological
disintegration in A. baumannii. These
effects were linked to increased ROS
production and DNA damage, effectively
compromising bacterial survival pathways
even in resistant strains. Enhanced efficacy
was evident across multiple clinical
isolates, including those resistant to colistin
and carbapenems.[44]

Moreover, a silver—colistin—imipenem
hybrid nanocomposite described by Khaled
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et al. (2021) [45] reduced the MICs of
imipenem and colistin by 4- to 8-fold in
resistant isolates. The mechanism involved
synergistic  membrane  destabilization,
electrostatic interactions enhancing
antibiotic uptake, and oxidative stress—
mediated cell lysis. These multimodal
effects enabled the formulation to bypass
resistance pathways such as efflux pumps
and target-site modifications.[45]

Collectively, these synergistic
nanocomposite  systems act through
combined physical membrane damage,
ROS-mediated  stress, and improved

antibiotic penetration, enabling them to
bypass classical resistance mechanisms and
restore efficacy against PDR-AB.
Natural plant-based compounds
Baicalein, a plant-derived flavonoid
compound, demonstrated by Giiran et al.
(2023) [46] exhibits synergistic
antibacterial and anti-biofilm activity when
combined with meropenem against both
XDR and PDR 4. baumannii clinical
isolates. In their study, the checkerboard
assay and time-kill analysis revealed either
synergistic or additive effects in all 15
tested strains. The combination
significantly = reduced the MIC of
meropenem and inhibited biofilm formation
more effectively than either agent alone.
Mechanistically, molecular docking
analysis showed that baicalein can interact
with  OXA-type  B-lactamases  and
penicillin-binding proteins. This suggests
that baicalein may inhibit enzymatic
degradation of meropenem and disrupt
bacterial cell wall synthesis, thereby
restoring the antibiotic's activity and
facilitating better penetration into bacterial
cells. These findings emphasize the
therapeutic potential of natural compound—
antibiotic combinations in re-sensitizing
highly resistant A4. baumannii strains,
especially in infections where conventional
treatment options are exhausted [46].

> Emerging Therapeutics
Zosurabalpin (RG6006), a first-in-class
macrocyclic antibiotic developed by Roche,
is currently undergoing Phase III clinical
trials for the treatment of carbapenem-
resistant and PDR-AB. It targets the
LptBFGC transporter, inhibiting
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lipopolysaccharide translocation and outer
membrane biogenesis. Preclinical and
early-phase clinical data indicate potent in
vitro activity, bactericidal efficacy in
murine models, and a favorable safety
profile. Although not yet approved,
zosurabalpin stands for one of the most
promising  late-stage  candidates  for
addressing infections caused by XDR A.
baumannii [47].

Conclusion

PDR-AB has become a serious global
health problem due to it is resistant to all
available antibiotics. This review shows
that using combinations of different
antibiotics can help fight these infections
more effectively. Studies have found that
combinations such as fosfomycin with
meropenem or tigecycline, and colistin with
apramycin or rifampicin, can reduce
resistance and improve treatment outcomes.
In addition to these drug combinations, new
methods such as nanoparticles, light-based
treatments (photodynamic therapy), and
natural plant compounds such as baicalein
also show promise in killing resistant
bacteria. Other new approaches, such as
gene-targeting molecules (peptide nucleic
acids), special enzyme blockers (DHODH
inhibitors), and new types of antibiotics like
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