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The increasing prevalence of bacteria resistant to multiple 
antimicrobial drugs has become a major global health concern, creating 
an urgent need for alternative approaches to infection management. 
This review was conducted to evaluate the potential of non-antibiotic 
agents as anti-virulence therapies that target bacterial pathogenic 
mechanisms without directly killing bacteria. Published studies on 
natural compounds, probiotics, bacteriophages, antimicrobial peptides, 
nanoparticles, and repurposed drugs were examined. The findings 
indicate that these agents can reduce bacterial pathogenicity by 
inhibiting adhesion, neutralizing toxins, disrupting cell-to-cell 
communication, preventing biofilm formation, and modulating host 
immune responses. Advances in screening technologies and computer-
assisted drug design have further supported the identification of agents 
targeting specific virulence pathways. These approaches may reduce 
the development of antimicrobial resistance while preserving beneficial 
microorganisms. In conclusion, non-antibiotic anti-virulence therapies 
represent a promising strategy for controlling resistant bacterial 
infections and may improve future treatment outcomes when used 
alone or alongside conventional antimicrobial agents. 
Keywords:  Antibiotic agents, Antivirulence therapy, Antimicrobial 
resistance, Bacterial pathogenicity, Biofilm formation, Bacteriophages, 
Drug repurposing. 

 

1. Introduction  

Antimicrobial resistance has emerged as one of the most 

serious public health challenges worldwide. According to 

the World Health Organization, antimicrobial resistance is 

responsible for millions of infections annually and 

significantly increases morbidity, mortality, and 

healthcare costs. The rapid emergence of multidrug-

resistant bacterial pathogens has reduced the effectiveness 

of conventional antibiotics and highlighted the urgent 

need for alternative therapeutic approaches.[1] The 

emergence and spread of multidrug-resistant (MDR) 

bacteria makes the new models for antibacterial drug 

discovery 61 especially clear. A 2017 World Health 

Organization report identifies ESKAPE pathogens—

Enterococcus fecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, Pseudomonas 

aeruginosa, and species of Enterobacter—as priority 

pathogenic bacteria that exhibit lethal antibiotic 

resistance. [2] The advent and dissemination of MDR 

pathogens represent a global public health threat. Drug 

resistance is highly diverse and complicated.[3] The 

reasons are multifactorial such as over/ mis-use of 

antibiotics like unbridled prescriptions, using inept doses 

and schedules, incomplete or prolonged course of 

treatment; delay in diagnosis (lack of quick an easy 

laboratory support including point-of-care tests), 

insufficient level of infection prevention and control 

actions at health facilities coupled with weak adherence to 

hygiene measures, lack if sanitation (Chinemerem 
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Nwobodo et al., 2022) and the potential genetic flexibility 

of microorganisms.[4] In addition to this use of antibiotics 

are also used as a routine in the production of livestock 

and in farming and agriculture, which unavoidably 

contribute towards the drug-resistant strains that can 

move up through the food web or chain to humans. [5] 

The increase in bacteria resistant to antibiotics is one of 

the largest threats to the healthcare sector today. A serious 

threat to human health, the number of deadly pathogenic 

multidrug-resistant bacteria (MDR) is growing every day. 

[6] 

Conventional antibiotics and non-antibiotic drugs are 

thought to have different antivirulence characteristics.[7] 

These drugs target the "virulence factors" of bacteria, the 

mechanisms through which disease is brought on, rather 

than eradicating or preventing bacterial growth.[8] Toxins 

that harm human tissues, proteins that bacteria use to stick 

to cells, and systems for immune evasion or 

communication are a few examples of these virulence 

factors.[9] 

Anti-virulence drugs prevent infections or lessen the 

damage that bacteria cause by blocking these virulence 

factors.[10] 

Crucially, since these drugs do not eradicate bacteria, 

there is less pressure on them to become resistant. 

Consequently, bacteria that are resistant to several 

medications may be successfully.[11]  

Anti-virulence drugs prevent infections or lessen the 

damage that bacteria cause by blocking these virulence 

factors. Crucially, since these drugs do not eradicate 

bacteria, there is less pressure on them to become 

resistant. As a result, bacteria that are resistant to several 

medications can be successfully treated without making 

their resistance wors. [12]-[15] 

These medications may stop bacteria from adhering to 

cells or creating protective clusters known as biofilms. 

[16] Additionally, prevent the release of toxins by 

bacteria disrupt the communication between bacteria that 

regulates harmful behaviours. [17] By impairing the 

bacteria's defence, you can aid the immune system in 

eliminating infections. These side effects have been 

discovered in certain non-antibiotic medications that are 

already being used to treat other conditions, providing a 

promising short cut to novel therapies. [18] All things 

considered, anti- virulence medications offer a fresh 

approach to treating infections that may be used in 

addition to or instead of conventional antibiotics and aid 

in the better management of resistant bacteria. [19] 

The objective of this review is to summarize current 

knowledge regarding non-antibiotic anti-virulence 

therapies, their mechanisms of action, clinical 

applications, advantages, limitations, and future prospects 

for combating multidrug-resistant bacterial infections. 

[20],[21] 

 

Materials and Methods 

 A comprehensive literature search was conducted using 

PubMed, Scopus, Web of Science, ScienceDirect, and 

Google Scholar databases.[22] Articles published between 

2015 and 2025 were screened using keywords including 

antimicrobial resistance, anti-virulence therapy, non-

antibiotic agents, quorum sensing inhibition, biofilm 

disruption, bacteriophages, probiotics, nanoparticles, and 

drug repurposing.[23] Original research articles, review 

articles, and clinical studies published in English were 

included. Studies lacking sufficient scientific evidence or 

relevance to anti-virulence mechanisms were 

excluded.[24] 

 

Classification of multidrug-resistant Bacteria: - 

 

Table.1 :-Classification of multidrug-resistant Bacteria 

Sr No Type Information Reference 

1 

Based on 

Resistance 

Spectrum 

Resistance to at least one agent across three or more antibiotic classes is    referred to as 

multidrug-resistant, or MDR. 

Extensively drug-resistant, or XDR, bacteria exhibit resistance to all but one or two 

antibiotic classes. 

Resistance to every antibiotic on the market is known as PDR (Pandrug- resistant). 

[25] 

2 

Based on 

Mechanism 

of Resistance 

Enzymatic inactivation: E. Coli and Klebsiella pneumoniae produce enzymes called β-

lactamases (ESBL) and carbapenemases that inactivate antibiotics. 

Efflux pumps: Pseudomonas aeruginosa and Staphylococcus aureus both exhibit efflux 

mechanisms, which pump antibiotics out of their bacterial cells. 

Target modification: As seen in MRSA (caused by the mecA gene) and VRE (caused 

by the van gene), antibiotic targets are changed. 

Decreased permeability: Alterations in porins, which are present in Enterobacter and 

Pseudomonas species, block drug entry.  

[26] 



 

41 

International Journal of Medical & Healthcare Sciences [IJMedHS] 

 

Bacterial virulence and resistance Mechanisms: - 

To infect hosts and evade the immune system, bacteria 

employ a range of specialized molecules known as 

virulence factors. [25] Adhesions and pili are used to stick 

to cell surfaces, surface structures like capsules are made 

to provide defence against immune attack, toxins are 

made to damage or kill host cells, and enzymes are 

released to break down host tissues. Additionally, 

mechanisms like biofilm formation are used to protect 

bacteria from immunological reactions and antibiotics. 

[26] 

Chromosomes, plasmids, or bacteriophage DNA contain 

genetic elements that encode virulence factors. Resistance 

and virulence traits are transferred between bacterial 

species through horizontal gene transfer, which causes 

new and more virulent pathogens to emerge quickly. [27] 

Many virulence factors, such as toxins and resistance 

genes, are acquired by pathogenic strains of 

Staphylococcus aureus and E. coli through bacteriophages 

and plasmids. [28] 

A number of mechanisms contribute to antibiotic 

resistance. Antibiotics are pumped out of cells by efflux 

systems, biofilms are formed to block drug access, target 

sites are changed to prevent drug binding, and bacteria 

produce enzymes like β-lactamases to break down 

antibiotic molecules. [29]These tactics guarantee bacterial 

survival even when strong antibiotics are present, making 

multidrug-resistant infections a serious worldwide 

concern. [30,-[31] 

 

Efflux Pump Mechanism: - 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1:- Efflux Pump Mechanism 

(Source: Created by the authors based on published literature). 

 

Clinical significance: 

Efflux pumps contribute significantly to multidrug 

resistance by decreasing intracellular antibiotic 

concentrations. Overexpression of efflux systems has 

been reported in Pseudomonas aeruginosa, Acinetobacter 

baumannii, and Staphylococcus aureus. [32] The ATP-

Binding Cassette (ABC) transporters and the Major 

Facilitator Superfamily (MFS) are linked to antibiotic 

3 

Based on 

Gram 

Staining 

1. Gram-positive MDR bacteria: Enterococcus species (VRE, or vancomycin-

resistantEnterococcus), Streptococcus pneumoniae (MDR Streptococcus pneumoniae), 

and Staphylococcus aureus (MRSA, or methicillin-resistant Staphylococcus aureus) 

have all developed resistance. 

2. Gram-negative MDR bacteria include E. coli and Klebsiella that produce extended-

spectrum β-lactamase (ESBL), as well as Enterobacteriaceae that have developed 

carbapenem resistance (CRE). Multidrug resistance has also been observed in 

Pseudomonas aeruginosa and Acinetobacter baumannii. 

[27] 

4 

Based on 

Clinical 

Relevance / 

WHO 

Priority 

1. Multidrug-resistant Acinetobacter, multidrug-resistant Pseudomonas, and carbapenem-

resistant Enterobacteriaceae (CRE) are examples of critical priority pathogens. 

2. High priority: Enterobacteriaceae that produce extended-spectrum β-lactamase 

(ESBL) and Salmonella that are resistant to multiple drugs have been identified as 

high priority pathogens. 

[28] 
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resistance.[33] Efflux pumps transport antibiotics out of 

the bacterial cell, causing a low intracellular concentration 

that keeps the medications from getting to where they're 

supposed to. Heavy metals, organic contaminants, 

compounds derived from plants, quorum-sensing signals, 

bacterial metabolites, and neurotransmitters can all have 

an impact on the efflux process.[34] With very few 

exceptions, the genomes of almost all microorganisms 

contain highly conserved DNA sequences that encode 

efflux pumps. The process by which materials are actively 

moved out of microorganisms by efflux pumps is known 

as active efflux. It is considered a critical component of 

xenobiotic metabolism. Bacterial pathogens develop 

different kinds of resistance as a result of the adaptation 

of these efflux pumps, which divert toxins from the 

cytoplasm into the extracellular medium. [35]-

[37]Antibiotics are prevented from reaching their 

molecular targets by this process, which maintains low 

intracellular drug concentrations. It has been discovered 

that bacteria possess several families of efflux pumps, 

each of which operates through somewhat different 

molecular pathways. These include the ATP-Binding 

Cassette (ABC) family, the Resistance-Nodulation-

Division (RND) family, the Small Multidrug Resistance 

(SMR) family, and the Multidrug and Toxic Compound 

Extrusion (MATE) family. [38]-[40]   

 

Enzymatic Inactivation Mechanism: - 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig .2: -Enzymatic Inactivation Mechanism 

(Source: Created by the authors based on published literature). 

 

Examples of clinically important β-lactamases include 

TEM, SHV, CTX-M, KPC, NDM, and OXA-type 

enzymes. These enzymes are responsible for resistance 

against cephalosporins and carbapenems in many Gram-

negative pathogens. According to this mechanism, 

bacteria produce drug-inactivating enzymes (green in the 

image), which chemically alter or degrade antibiotic 

molecules (blue circles) and make them ineffective before 

they reach their target sites. These enzymes are 

commonly found in the periplasmic space, which is the 

region between Gram-negative bacteria's inner and outer 

membranes, or released into the extracellular 

environment. [41]-[43] 

This mechanism frequently involves the following 

reactions: 

When an antibiotic undergoes hydrolysis, its chemical 

bonds are broken (for example, β- lactamase hydrolyzes 

penicillin's β-lactam ring). 

The antibiotic molecule is chemically altered by 

acetylation, phosphorylation, or adenylation, which stops 

it from attaching to its target (a process frequently seen in 

aminoglycosides) [44] 

 

Biofilm Protection Mechanism: - 
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Fig no.3: - Biofilm Protection Mechanism 

(Source: Created by the authors based on published literature). 

  

Biofilms are organized bacterial communities that are 

covered in an extracellular polymeric substance (EPS) 

matrix, which appears light green in the image. This 

matrix is regarded as a physical and chemical barrier that 

limits the penetration and efficacy of antimicrobial agents 

(blue dots). Polysaccharides, proteins, lipids, and 

extracellular DNA (eDNA) make up the EPS matrix, by 

which a dense protective layer is formed around the 

bacterial community (brown rods). [45] Bacteria in 

biofilms demonstrate increased resistance to host immune 

responses and antibiotics for a    number of reasons: 

1. 1.Limited Drug Penetration: The EPS matrix limits 

the spread of antibiotics, which lowers their 

concentrations inside the biofilm.[46] 

2. 2.Modified Microenvironment: The biofilm creates 

gradients of pH, oxygen, and nutrients that slow 

bacterial metabolism and reduce antibiotic 

susceptibility.[47] 

3. 3.Persister Cells: During antibiotic exposure, a subset 

of metabolically dormant cells is preserved, enabling 

survival and subsequent repopulation.[47] 

4. 4.Gene Exchange: The close proximity of bacterial 

cells promotes horizontal gene transfer,  

5. cluding the transfer of resistance genes.[48] 

 

Examples of Biofilm-Forming Pathogens: 

Pseudomonas aeruginosa (in cystic fibrosis lung 

infections) Staphylococcus aureus (in chronic wound and 

implant infections) Escherichia coli and Klebsiella 

pneumoniae (in urinary catheter-associated infections) 

 

(Table 2. Major Biofilm-Producing Bacterial Pathogens and Related Infections) 

Pathogen Biofilm-associated Infection 

Staphylococcus aureus Implant infection 

Pseudomonas aeruginosa Cystic fibrosis 

Escherichia coli Catheter infection 

Klebsiella pneumoniae Urinary tract infection 

 

Key molecular mechanisms that enable bacterial 

virulence: - 

Adhesion: Adhesins, pili, and fimbriae are the 

mechanisms by which bacteria adhere to the surfaces of 

their hosts. This phase is thought to be a crucial first step 

in infection and colonization. 

 

Production of Toxins: Many bacteria secrete toxins, such 

as endotoxins and exotoxins, which harm host tissues, 

interfere with immune responses, or interfere with regular 

cellular functions. Cholera and diphtheria toxins are two 

examples. 

 

Invasion and Evasion: Certain bacteria produce invasions 

that allow them to enter host cells, while immune cells 

can evade them by producing antiphagocytic factors like 

capsules. 

Enzymatic Activity: Bacteria can more easily spread and 

absorb nutrients when host tissues are broken down by 

enzymes like lipases and proteases. Enzymatic Activity: 
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By dissolving host tissues, enzymes such as lipases and 

proteases facilitate the growth and uptake of nutrients by 

bacteria. 

 

Biofilm Formation: Many pathogenic bacteria produce 

biofilms, which create a protective matrix that boosts 

antibiotic resistance, immune defenses, and persistence. 

 

Quorum Sensing: Bacteria use chemical signals to 

coordinate group behaviors like toxin secretion and 

biofilm formation. [49]-[54] 

 

Non-antibiotic anti-virulence approaches: 

Microbiome Modulation and Probiotics: 

Probiotics alter the gut microbiota, which strengthens 

immune defenses, produces antimicrobial peptides 

(bacteriocins), and creates competition with pathogens. 

[55] 

 

Natural Substances as Antivirulence Agents: 

Polyphenols, flavonoids, essential oils, and other 

compounds derived from plants exhibit anti- virulence 

and antimicrobial properties by inhibiting the formation 

of biofilms, quorum sensing, and the production of toxins. 

[56] 

 

NSAIDs and Repurposed Substances: 

The anti-virulence characteristics of some NSAIDs and 

repurposed drugs (statins, phenothiazines, etc.) include 

inhibiting bacterial adhesion, lowering the production of 

toxins, and preventing the formation of biofilms. It has 

also been demonstrated that antibiotics work in concert to 

combat bacteria that are resistant to multiple drugs 

(MDR). [57],[58] 

MDR-targeting bacteriophages Bacteriophages either 

deliver anti-virulence genes or specifically lyse MDR 

bacteria, disrupting biofilms and causing clones that 

produce toxins. [59] 

 

Nanoparticles and Antimicrobial Peptides: 

Antimicrobial peptides (AMPs) break down bacterial 

membranes, inhibit the expression of virulence genes, and 

use nanoparticles to improve drug delivery and 

effectiveness so that resistant strains can be targeted 

without causing new resistance. [60] 

 

Molecular Mechanisms of Action of Non-Antibiotic 

Anti-Virulence Agents: - 

It is known that non-antibiotic anti-virulence agents work 

through a number of important mechanisms that limit the 

selection pressure for resistance by decreasing bacterial 

pathogenicity without necessarily killing the bacteria.[61] 

 

Inhibition of Quorum Sensing: 

Many substances, such as probiotics, natural substances, 

and bacteriophages, inhibit bacterial chemical 

communication (quorum sensing), which stops the 

coordinated expression of virulence genes involved in the 

production of toxins, the formation of biofilms, and 

motility. For example, it has been demonstrated that the 

fengycins generated by probiotic Bacillus species inhibit 

quorum sensing and lessen Staphylococcus aureus 

virulence.[62],[63] 

 

Disruption of Biofilms 

Biofilm structures are known to protect bacteria from 

antimicrobial agents and the host immune system. The 

bacteria may become more amenable to removal if 

specific natural substances and peptides hinder the 

formation of the biofilm matrix or encourage the biofilm's 

dispersion. Probiotics can also prevent the development of 

pathogen biofilms by modifying mucosal surfaces through 

competitive adhesion and the release of bioactive 

molecules.[64] 

 

Adhesion blocking and competitive exclusion 

Probiotics and some repurposed drug molecules work by 

occupying adhesion sites or altering host cell receptors to 

prevent pathogens from binding to host tissues.[65] 

 

Modulation of the immune system 

Probiotics trigger host immune responses, which include 

increased secretory IgA production, anti-inflammatory 

cytokine stimulation, and dendritic and macrophage 

activation. These effects enhance pathogen clearance 

without inducing undue inflammation.[66],[67] 

 

Inhibition or Neutralization of Toxins 

Certain natural substances and bacteriophages degrade or 

inhibit bacterial toxins, reducing tissue damage and 

pathogenicity.[67] 

Direct Antimicrobial Actions without Death 

Certain antimicrobial peptides and nanoparticles cause 

bacterial membrane damage or suppress the expression of 

virulence genes in order to disrupt virulence. The 

selective pressure for resistance is reduced because these 

effects happen at low concentrations that do not result in 

bacterial death. When taken as a whole, these mechanisms 

are known to offer promising approaches against bacteria 

that are resistant to multiple drugs by focusing on 

bacterial pathogenicity rather than viability. [68],[69] 

 

Current clinical applications and research status: - 

The majority of anti-virulence drugs, such as quorum-

sensing inhibitors, biofilm disruptors, and virulence gene 

regulators, are still in the preclinical stage as of 2024–

2025, and very few have progressed to human clinical 

trials. About 78% of the anti-virulence agents under study 

have shown efficacy in vitro, according to the VFDB 

database summary, but only four of these compounds 

have advanced to clinical evaluation. [70] Organic 

molecules like polyketides, phenylpropanoids, 

benzenoids, organ heterocycles, and organic acids and 

their derivatives make up the majority of these agents. 

[71] Widespread clinical application has not yet been 

realized despite significant research advancements over 

the past 20 years, and the majority of ongoing clinical 

trials are concentrated on addressing particular pathogen 
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virulence factors. [72] Furthermore, while small-molecule 

anti-virulence agents are still mostly in the early stages of 

development, the FDA has approved complex 

immunoglobulin-based medications with anti- virulence 

activity (such as Raxibacumab and Bezlotoxumab) for 

specific indications. [73] Advances in high-throughput 

screening technologies, computer-aided drug design, and 

a growing understanding of molecular targets—such as 

pilicides, salicylate synthase inhibitors, cholesterol- 

dependent cytolysin blockers, and agents active against 

hard-to-treat multidrug-resistant strains like MRSA and 

VRSA—continue to propel growth in this field.[74] 

Numerous substances, such as coumarin, ibuprofen, 

simvastatin, and nanoformulations like NM102, have 

shown encouraging results in preclinical models, and 

combination treatments with traditional antimicrobials are 

being assessed for safety profiles and synergistic effects. 

[75],[76] 

FDA-Approved Anti-Virulence Therapies 

Although most anti-virulence agents remain in preclinical 

or early clinical development, a few have received 

regulatory approval for specific indications. 

Bezlotoxumab is a human monoclonal antibody approved 

for the prevention of recurrent Clostridioides difficile 

infection. It acts by neutralizing toxin B, thereby reducing 

disease severity and recurrence. Raxibacumab is another 

monoclonal antibody approved for the treatment and 

prevention of inhalational anthrax. It binds to the 

protective antigen component of Bacillus anthracis toxin, 

preventing toxin entry into host cells. These agents 

demonstrate the clinical feasibility of anti-virulence 

strategies and support further development of therapies 

targeting bacterial pathogenic mechanisms rather than 

bacterial survival. [77]-[79] 

 

Table 4. Comparison Between Conventional Antibiotics and Anti-Virulence Therapy 

Feature Conventional Antibiotics Anti-Virulence Therapy Reference 

Primary Target Bacterial growth or survival Bacterial virulence factors [80] 

Mechanism of Action Kills bacteria or inhibits 

growth 

Reduces pathogenicity without killing bacteria [81] 

Resistance 

Development 

High selective pressure Lower selective pressure [82] 

Effect on Normal 

Microbiota 

Often disrupts beneficial 

microbiota 

Generally preserves microbiota [83] 

Spectrum of Activity Broad or narrow spectrum Usually target-specific [84] 

Risk of Resistance Higher Lower, but not completely eliminated [85] 

Immune System Role Less dependent on host 

immunity 

Works synergistically with host immune defenses [86] 

Examples Penicillin, Ciprofloxacin, 

Vancomycin 

Bezlotoxumab, Raxibacumab, Quorum-sensing 

inhibitors, Probiotics 

[87] 

 

Challenges and Future Directions for Anti-Virulence 

Therapies in Clinical Settings: - 

It is still unclear how different virulence factors interact 

with different host environments due to complex 

molecular mechanisms. Since bacterial virulence is 

known to be multifactorial and frequently unique to both 

the pathogen and the host, it becomes more difficult to 

identify and validate targets for broad-spectrum 

therapeutic efficacy. Only a small number of anti- 

virulence compounds have progressed to clinical trials, 

despite the fact that many have shown effectiveness in 

vitro and in animal models. [88] There are currently no 

validated biomarkers that link the expression of virulence 

factors with the severity of the disease, standardized 

predictive models for pharmacokinetic and 

pharmacodynamic parameters, or ideal dosage.[89]  There 

are currently no fully developed diagnostic methods that 

can accurately and quickly identify particular pathogens 

and their virulence profiles in patients. It is still difficult 

to effectively stratify patients for targeted therapy because 

the expression of some virulence factors differs 

depending on the bacterial strain, infection site, and 

disease state.[90] Resistance cannot be completely ruled 

out, even though ant virulence agents are thought to exert 

less selective pressure than traditional antibiotics, 

especially when administered for an extended period of 

time or as a monotherapy. [91]Combination therapy with 

traditional antibiotics and the development of agents that 

target conserved virulence mechanisms may help to 

reduce this risk. [92] 

 

Approval procedures are delayed because regulatory 

pathways for antivirulence medications are still unclear. 

Current technological limitations limit the manufacturing 

and large-scale production of complex molecules like 

peptides and bacteriophages; therefore, additional 

advancements are necessary to ensure stable formulation 

and consistent production quality. [93],[94] 
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Advantages of non-antibiotic anti-virulence therapy 

include: 

Decreased Selective Pressure for Resistance: Anti-

virulence medications target bacterial pathogenic 

mechanisms that are necessary for disease causation but 

not for survival,which lowers the evolutionary pressure 

for resistance. As a result, resistance may develop more 

slowly than it would with conventional antibiotics. 

Preservation of Normal Microbiota: Anti-virulence agents 

preserve the normal microbiota because they do not 

directly kill bacteria or deprive them of vital physiological 

processes. The beneficial microbial communities that 

offer defense against opportunistic infections are 

preserved in this manner. 

Improvement of Host Immune Clearance: The host's 

innate immune systems are strengthened and infections 

can be eliminated more successfully by blocking 

virulence factors like toxins, adhesion molecules, and 

secretion systems. 

Possible Lower Side Effects: When compared to the use 

of broad-spectrum antibiotics, these medications produce 

fewer off-target effects and cause less collateral damage 

to the host's immune system and microbiome because 

they do not kill bacteria in a broad manner. 

Synergy with Antibiotics: Anti-virulence compounds can 

be used in conjunction with antibiotics to increase 

efficacy and lower dosage requirements. Antibiotic 

toxicity may be reduced and their lifespan increased 

through such synergistic interaction. 

Target Specificity: To reduce unwanted effects on non-

pathogenic bacterial populations, non-antibiotic anti-

virulence medications can be made to target particular 

virulence mechanisms that are exclusive to pathogenic 

species. 

With these benefits, ant virulence treatments are 

positioned as viable supplements or substitutes for 

traditional antibiotics in the fight against infections that 

are resistant to multiple drugs, while also preventing the 

development of resistance and preserving the health of the 

microbiome.[95]-[100] 

 

Disadvantages of non-antibiotic anti-virulence therapy 

include:- 

Clinical Impact of MDR Infections:  Due to the scarcity 

of effective antibiotics, multidrug- resistant (MDR) 

infections have been linked to higher rates of treatment 

failure. Patients with MDR bacterial infections have been 

found to have longer durations of illness, higher rates of 

complications, and higher mortality. For example, it has 

been demonstrated that infections caused by MDR 

Pseudomonas aeruginosa, Klebsiella pneumoniae, and 

Acinetobacter baumannii have significantly higher 

mortality rates than infections caused by antibiotic-

susceptible strains. 

Prolonged Hospitalization - Patients infected with 

multidrug-resistant (MDR) organisms often need longer 

hospital stays. As a result, there is a higher chance of 

contracting more hospital-associated infections, and 

extended hospital stays put more strain on healthcare 

systems. 

Increased Healthcare Costs- For the treatment of MDR 

infections, costly, last-resort antibiotics like colistin or 

carbapenems are frequently needed. Prolonged hospital 

stays, additional diagnostic testing, isolation procedures, 

and the provision of intensive care support all contribute 

to the overall economic burden. 

Limited Treatment Options-Combination therapy or older, 

more toxic agents are frequently required when standard 

first-line antibiotics are rendered ineffective. Treatment 

becomes more complicated as a result, and serious side 

effects like ototoxicity or nephrotoxicity could occur. 

Higher Risk of Complications- When effective therapy is 

delayed, MDR infections can lead to organ failure, sepsis, 

or metastatic infections. Catheter-associated infections, 

ventilator-associated pneumonia, and surgical site 

infections are particularly prevalent in these 

circumstances. 

Challenges in Infection Control- In hospital settings, it is 

more challenging to eradicate MDR pathogens. Strict 

infection control measures, including isolation, cohorting, 

and improved hygiene protocols, must be put in place to 

prevent outbreaks of MDR organisms. 

Public Health Threat- MDR infections contribute to the 

worldwide burden of antimicrobial resistance (AMR). 

Since effective antibiotics are necessary to prevent 

infections during procedures like surgery, chemotherapy, 

and organ transplantation, the efficacy of contemporary 

medical practices is jeopardized. 

Vulnerable Populations- Elderly people, 

immunocompromised people, and critically ill patients are 

disproportionately affected by MDR infections. It is also 

known that pediatric populations are more vulnerable, 

especially those in neonatal intensive care units (NICUs) 

[101]-[108] 
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