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Background: There are more than four known strains of Lactobacillus bacteria, 

which have the ability to inhibit and kill antibiotic-resistant bacteria, especially 

Staphylococcus aureus and Pseudomonas aeruginosa. This is because it possesses 

specific mechanisms such as the production and formation of enzymes, 

acetaldehyde, organic acids, bacteriocins, H2O2, etc. Pathogenic bacteria are 

identified by their morphological characteristics on differential culture media and 

their ability to ferment lactose and produce mucus and hemolysin. Isolates are 

diagnosed through biochemical tests with three main tests: catalase enzyme 

production, oxylase fermentation test, and coagulase test, while molecular diagnosis 

is performed by using PCR tests and VITEK2 technology. Results: The antibiotic-

resistant bacteria have the ability to have virulence genes such as coa, nuc, fimH, 

hlg, and hla, to name a few, which are widespread in Staph. aureus bacteria, and the 

hlyA and fimH genes belong to Gram-negative bacteria. Lactobacillus bacteria can 

bind to the host's living tissue cells via adhesion proteins and prevent Staph. aureus 

bacteria from infecting the host's tissues by up to more than 80%, thus maintaining 

the environmental and life balance within the host and reducing the formation of 

anti-inflammatory cytokines such as interleukin in particular (IL17), it was also 

found that Lactobacillus in general has the ability to inhibit and kill antibiotic-

resistant Gram-negative bacteria (MDA). Conclusions: Lactobacillus strains can 

prevent multidrug-resistant (MDR) Gram-positive and Gram-negative bacteria from 

spreading and multiplying by secreting antigens, proteins, and acidic compounds that 

disrupt the processes of adhesion of pathogenic bacteria to the living tissues of the 

host. 
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 INTRODUCTION 

     Multidrug-resistant (MDR) bacteria are bacteria that are resistant to three or more classes of antimicrobial 

drugs. 

It is considered one of the greatest threats to humanity in terms of health, particularly in developing and impoverished 

countries. This is due to the frequent use and misuse of antibiotics, which, in turn, lead to the occurrence of genetic 

mutations in bacterial species, making these bacteria more resistant and aggressive (1). 

These bacteria can resist antibiotics due to their mechanisms to protect against toxin secretion and the formation of a 

capsule or membrane, as well as their virulent genes (2). 

         Among the most common pathological Gram-positive bacteria resistant to antibiotics is methicillin-resistant 

Staphylococcus aureus, a non-motile spherical bacterium that leads to blood clotting. It is one of the pathogens that 

infect humans everywhere in the world. It is the most common cause of skin and soft tissue infections, endocarditis, 

and meningitis of the digestive and respiratory systems (3). Bacillus, on the other hand, can produce vesicles that 

allow it to withstand unfavorable environmental conditions. At the same time, Clostridia bacteria may infect the 

digestive system and lead to bleeding and ulceration in the colon (4). Many Gram-negative bacteria are resistant to 

antibiotics, but the most virulent is Pseudomonas aeruginosa, which can infect the skin, burns, and wounds.  
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Escherichia coli, on the other hand, can infect areas of the digestive system (5), and Klebsiella pneumoniae, which 

may be specialized in infecting the respiratory system. However, it is known that the bacteria species mentioned 

previously can infect other areas of the body if they enter the bloodstream and cause serious diseases such as 

endocarditis, cerebral meningitis, and septicemia (6). 

1- The most critical types of Gram-positive bacteria that are resistant to antibiotics 

         Staphylococcus aureus is one of the most extensively studied Gram-positive pathogens. Methicillin-resistant 

strains (MRSA) have evolved resistance to nearly all β-lactam antibiotics due to the acquisition of the mecA gene, 

which encodes an alternative penicillin-binding protein (PBP2a) with low affinity for β-lactams. This resistance 

extends to penicillins, cephalosporins, and carbapenems, severely limiting treatment options. MRSA is associated 

with a wide range of infections, from superficial skin and soft tissue infections to life-threatening conditions such as 

bacteremia, pneumonia, osteomyelitis, and infective endocarditis. In diabetic patients, especially those with chronic 

ulcers or foot wounds, MRSA poses a serious therapeutic challenge. A study (7) highlighted the prolonged recovery 

time and high recurrence rate in MRSA-infected diabetic foot ulcers, which are often complicated by biofilm 

formation and immune evasion. The spread of MRSA within healthcare settings is a critical concern. Nosocomial 

MRSA strains are commonly transmitted through contact with contaminated surfaces, equipment, or healthcare 

personnel. A study (8) emphasized the need for rigorous infection control measures, including contact precautions, 

antimicrobial stewardship programs, and environmental decontamination, to reduce MRSA incidence in hospitals and 

long-term care facilities. 

      Although traditionally classified as a non-pathogenic environmental organism, Bacillus subtilis has recently 

emerged as an opportunistic pathogen, particularly in immunocompromised individuals. Studies (9) have identified 

several virulence-associated genes in clinical isolates, including those encoding hemolysins, proteases, lipases, and 

enterotoxins—enzymes and toxins that contribute to tissue degradation, immune evasion, and gastrointestinal 

disturbances. PCR-based analyses have enabled the detection of specific virulence genes, such as aspHS, which may 

vary in expression depending on host factors like gender, immune status, and comorbidities. Although B. subtilis 

infections remain relatively rare, their potential to harbor and express virulence determinants, especially in 

nosocomial environments, underscores the importance of genomic surveillance and molecular diagnostics. 

       Members of the Genus Clostridium—notably C. difficile, C. perfringens, and C. botulinum—are spore-

forming, obligate anaerobes that cause a broad spectrum of diseases. These organisms are notorious for their ability to 

produce potent exotoxins, such as TcdA and TcdB in C. difficile, alpha-toxin in C. perfringens, and botulinum 

neurotoxins in C. botulinum. These toxins disrupt host cellular processes, cause necrosis, and can lead to systemic 

toxicity. Clostridium species are also highly resistant to adverse environmental conditions due to their ability to form 

endospores, which can remain viable through extreme heat, desiccation, and disinfectants. A study (10) demonstrated 

that Clostridium spores can survive typical cooking temperatures and proliferate in inadequately stored or reheated 

food, particularly in meat, poultry, and broth-based products. Outbreaks of foodborne clostridial illness often arise 

from such conditions, with symptoms ranging from mild diarrhea to severe colitis and intestinal necrosis. Multidrug 

resistance in Clostridium spp. includes resistance to macrolides, clindamycin, and fluoroquinolones, often mediated 

by ribosomal methylation (e.g., erm genes), efflux mechanisms, and enzymatic drug modification. C. difficile, in 

particular, has shown increasing resistance to metronidazole and vancomycin, first-line treatments for colitis, 

prompting interest in novel therapeutics, such as fecal microbiota transplantation (FMT) and bacteriophage therapy.  

2- The most essential types of resistant Gram-negative bacteria to antibiotics 

       Pseudomonas aeruginosa is considered one of the most dangerous Gram-negative bacteria and could be 

multidrug-resistant (11). 

        Another virulent, antibacterial-resistant bacterium is Klebsiella pneumoniae. A study conducted on blood 

samples from newborns suspected of having bacterial septicemia found that 23 out of 125 blood samples were 

infected with Gram-negative bacteria, with K.pneumoniae being the most prevalent species. It was 65% in males and 

35% in females (12). Genetic analysis of K. pneumoniae has identified the presence of the oqxa gene and oqxb, which 

may contribute to reducing bacterial susceptibility to multiple antimicrobial agents (13).   
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     Additionally, Escherichia coli, especially the most common cause of diarrhea, enteropathogenic E. coli 

(EPEC), are found in many strains. It is associated with long-term intestinal colonization, chronic intestinal wall 

inflammation, and weight loss. Studies consistently report that it exhibits multidrug resistance (MDR), which may be 

attributed to the presence of virulence genes. (14-15). 

   Several studies have shown that Escherichia coli (E. coli), P. aeruginosa, and K. pneumoniae exhibit complex 

and diverse resistance patterns against various classes of antibiotics due to their possession of multiple resistance 

mechanisms. For instance, these bacteria produce β-lactamases such as AmpC and extended-spectrum β-lactamases 

(ESBLs), which inactivate penicillins and cephalosporins. Some strains also produce carbapenemases of classes A, B, 

and D, contributing to resistance against carbapenem antibiotics, often considered last-resort treatments. In addition, 

these pathogens utilize efflux pumps and target site modifications (e.g., mutations in DNA gyrase or RNA polymerase 

genes) to resist fluoroquinolones and rifampicin. Resistance to aminoglycosides is often mediated by modifying 

enzymes or, in the case of K. pneumoniae, by 16S rRNA methylation. This broad range of resistance mechanisms 

underscores the urgent need for alternative therapeutic strategies, such as the application of probiotic-derived products 

or antimicrobial peptides, particularly in the face of rising multidrug-resistant (MDR) bacterial infections Table (1). 

 

Table (1): The most essential mechanisms of antibiotic resistance in Gram-negative bacteria (16) 

Type of antibiotic E. coli P. aeruginosa K. pneumoniae 

Penicillins 
Amp C, ESBLs, other 

b-lactamases 

Amp C, ESBLs, 

other b-

lactamases 

Amp C, ESBLs , other 

b-lactamases 

Cephalosporins 1
st
  gen. Amp C, ESBLs Amp C, ESBLs Amp C, ESBLs 

Cephalosporins 2
nd

  gen. Amp C, ESBLs Amp C, ESBLs Amp C, ESBLs 

Cephalosporins 3
rd

  gen. Amp C, ESBLs Amp C, ESBLs Amp C, ESBLs 

Cephalosporins 4
th

  gen. ES BLs ES BLs ESBLs 

b-lactamase 

inhibitors 
Amp C Amp C Amp C 

Aztreonam. ESBLs ESBL s ESBLs 

Carbapenems. 
Class A, B & D 

carbapenems mases 

Class B and D 

carbapenem 

mases 

Class A, B, and D 

carbapenem mases 

T, tetracyclines Efflux pumps Efflux pumps Efflux pumps 

Tigecycline 
Efflux pumps, porin 

downregulation 
Efflux pumps Acr AB efflux pump 

Macrolides and 

clindamycin 

Efflux pumps, 

macrolide 
Efflux pumps  

Fluoroquinolones 
Mutations in the DNA 

gyrase gene 

Mutations in 

topoisomerase 

IV and DNA 

gyrase genes, 

efflux pumps 

Mutations in the DNA 

gyrase gene, efflux 

pumps, enzyme 

protection proteins, 

and degradation 

enzymes 

Rifampicin 
Mutations in the RNA 

polymerase gene 

Mutations in 

RNA 
Enzymatic degradation 

TMP/SMX 
Overproduction of 

DHFR, mutation 
Efflux pumps  

Aminoglycosides 
Aminoglycoside 

degradation enzymes 

Aminoglycoside 

degradation 

enzymes, efflux 

Aminoglycoside 

degradation enzymes, 

production of 

16SrRNA 
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           Abbreviations: ESBLs, extended-spectrum β-lactamases; TMP/SMX, trimethoprim–sulfamethoxazole; DHPS, 

dihydropteroate synthase; DHFR, dihydrofolate reductase; AmpC, AmpC β-lactamase; β-lactamases, β-lactamases; 

Carbapenemases (Class A/B/D), Carbapenem-hydrolyzing β-lactamases; AcrAB-TolC, AcrAB-TolC efflux pump 

system; TMP/SMX, trimethoprim-sulfamethoxazole; 16S rRNA, 16S ribosomal RNA. 

3-The inhibitory effect of Lactobacillus on some types of Gram-positive and Gram-negative bacteria 

         Lactobacillus bacteria have been used to replace preservatives in the food industry because they can inhibit the 

growth of antibiotic-resistant bacteria and those that cause food poisoning (17). 

According to a study by (18), the inhibitory effectiveness of the probiotics examined on different types of Gram-

positive and Gram-negative bacteria was evaluated using a antimicrobial susceptibility test (AST). The study's data 

confirmed excellent inhibitory activity for both Bifidobacteria and the mixture of Acidophilus, Lactobacillus, and 

Bifidobacteria. By measuring the inhibition zone, it was found that probiotics have a good and practical inhibitory 

effect on both Gram-positive bacteria (Streptococcus) and Gram-negative bacteria (Proteus and Pseudomonas). 

Additionally, it was found that there is an inhibitory effect for Lactobacillus and Bifidobacterium when tested 

individually, and there is a synergistic effect when they are mixed (MBL), as shown in (Figure 1).(17) 

         A study conducted in Iraq showed that L. plantarum has a protective effect on the intestine of mice infected with 

Salmonella typhimurium (19). Another study demonstrated that bacteriocins produced by Lactobacillus have 

inhibitory effects on certain pathogenic bacteria that infect the female reproductive system (20). Studies have also 

shown that L. plantarum effectively inhibits Staph. aureus and P. aeruginosa (21). Furthermore, studies have shown 

that glycolipids produced by L. plantarum can inhibit Staph. aureus and P. aeruginosa (22). A study by (23) also 

demonstrated that the Lactobacillus genus affects reducing cholesterol levels in mice. 

          In a study by (17), lactic acid bacteria were found to produce (PlnEF), which is a two-component class IIb 

bacteriocin that has potent antimicrobial activity against some Gram-positive bacteria. It was also found that lactic 

acid produced by Lactobacillus bacteria has an inhibitory effect on Gram-negative bacteria like Aeromonas 

hydrophila, and it was also shown that there is a synergistic inhibitory effect. A synergy was found between PlnEF 

and lactic acid produced by Bacillus bacteria against Gram-negative bacteria and potential pathogens, A. hydrophila 

LPL-1. It is naturally resistant to PlnEF. The study also confirmed that lactic acid led to the release of the LPS 

compound against A. hydrophila, which enabled the PlnEF compound to contact the inner cell membrane of A. 

hydrophila bacteria. Ultimately, the combined treatment of lactic acid and PlnEF together led to severe external and 

internal morphological changes in A. hydrophila bacteria, including the appearance of bubbles on the external cell 

surface, abnormal cell elongation, disruption of its internal membrane, and the formation of pores through the outer 

and inner bacterial membrane also causes coagulation of the cytoplasm. Mutation and change of the actual structure 

of DNA and protein profile analysis revealed that co-treatment of PlnEF and lactic acid inhibits energy synthesis, 

protein synthesis, and protein replication, thus preventing DNA replication in A. hydrophila. Finally, these results 

showed that lactic acid with PlnEF was very effective against A. hydrophila bacteria and proved that it  used these 

mechanisms to inhibit and kill multidrug-resistant bacteria, including A. hydrophila bacteria. 

4- Methods of using Lactobacillus to inhibit Gram-negative and Gram-positive bacteria 

        One of the most widely used types of probiotics is lactic acid bacteria (LAB), which can inhibit and kill many 

Gram-negative and Gram-positive pathogens. It is known that the most essential substances produced by LAB 

bacteria include enzymes, acetoin, acetaldehyde, organic acids, bacteriocins, and hydrogen peroxide (H2O2) (24). 

Many studies have found that compounds produced by LAB bacteria are more effective in inhibiting and killing 

Gram-negative bacteria (25). Gram-negative bacteria employ a crucial method to prevent antibiotics from penetrating 

their cell membranes (OM) (26). This is where lactic acid plays a role, as it disrupts the OM barrier, allowing inactive 

antimicrobial agents to penetrate the bacterial cells and kill the bacteria (27). The use of hydrophobic antibiotics, 

detergents, lysozyme, polyanionic polyethyleneimine, polymyxin, and protamine may kill or inhibit all types of 

Gram-negative bacteria in the presence of lactic acid (28). 
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         The study (29) demonstrated that a synergy exists between the first type of nisin-producing bacteria and lactic 

acid, which inhibits Gram-negative pathogens such as P. aeruginosa ATCC 9721 and Pseudomonas fluorescens. It 

was found that this synergy results from acid stress (40% lactic acid, 16% acetic acid, and 16% propionic acid, 

specifically in water), and this increases the sensitivity of bacteria, P. fluorescens PF2 and Yersinia enterocolitica 

Y7P, to the compounds pediocin and nisin. Ultimately, it became clear that the synergistic activity of pediocin-type 

bacteria leads to the failure of the proton motive force at the inner cell membrane and the death of the bacterial cell. 

 

 
Figure (1): The effect of probiotics Bifidobacterium (B), Lactobacillus (L), and the mixture (M) on 

bacterial study isolates (17). 

 

5- Virulence genes in Gram-positive bacteria 

          Adhesive proteins, toxins, and cell surface proteins, in addition to enzymes, are virulence factors that play a 

critical role, and the heterogeneity in the composition and severity of these diseases significantly influences their 

pathogenesis and therapeutic approaches (30). Susceptibility testing was performed using 26 different antibiotics (31). 

Using PCR technology to detect the presence of virulence genes, finbB, clfA, efb, icaA, pvl, agr, spa, coa, nuc, hla, 

finbA, sdrC, and icaA genes were detected in most of the isolates under study. It has been shown that there is a clear 

relationship between virulence genes and resistance to antibiotics or multiple drugs. It has become clear that the 

highest resistance was in isolates containing the following genes: sdrC, sdrD, clfA, icaA, coa, efb, finbB, nuc, hlg, and 

finbA. There were significant relationships between Staph. aureus and MRSA, and the presence of the sdrD, icaA, 

coa, nuc, clfA, etb, finbB, sdrC, hlg, and finbA genes at a probability of error of 5%. The results also showed the 

presence of the plaZ and mecA genes among all bacterial isolates. A study (32) showed that 6.13% of the bacterial 

isolates were diagnosed as Staph. aureus in the infected samples that were gathered during isolation. 29% of the 

infected people had five types of isolates in the blood, and 32% of the isolates produced biofilms. (7.8%) the isolates 

contain the fimH gene, which belongs to the Gram-negative bacteria Escherichia coli. (9.2%) of them hide the icaA 

gene, which belongs to Gram-positive bacteria (6.4%) of the bacterial isolates belonged to Staphylococcus spp, 

bacteria that hide the HLA gene. In addition, (5.08 %) of the samples had the hlyA gene, which belongs to Gram-

negative bacteria. It has been found that infectious organisms can be transmitted from one person to another by 

contagious substances responsible for acquired infections. Table (2)  
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Table (2): Displays some virulent genes in various types of multidrug-resistant (MDR) bacteria (32). 

Target gene Type of microorganism Responsible characteristics Percentage 

icaA 
Gram +ve. bacteria (S. 

aureus) 

Regulate the production of 

Exopolysaccharide (ESP) in biofilm 
9.2 % 

Hla 
Gram +ve bacteria (S. 

aureus) 
Producing: hemolysin 6.4 % 

hlyA Gram -ve bacteria (E. coli) 

formation of toxin & cause damage in 

tissue & promote inflammatory 

cytokines 

5.08 % 

fimH 
Gram -ve 

(E. coli and P. aeruginosa) 

Regulate the production of 

Exopolysaccharide (ESP) in biofilm 
7.8% 

 

6- The inhibition effect of LAB on the adhesion capacity of Gram-positive and Gram-negative bacteria to host 

cells. 

The results of a study (33) showed that L. delbrueckii 45E can bind to HeLa cells, which are cells that imitate 

uterine cells, thereby reducing the ability of pathogenic bacteria, such as Staph. aureus, to adhere to the surfaces of 

vital tissue cells and maintain environmental balance. L. delbrueckii  45E also showed that a strong adhesion to HeLa 

cells of about 86% of Ld45E was able to bind to HeLa cells at the original concentration of 5 × 10
7
 CFU/mL and 

4.3 × 10
7
 CFU/mL. The control group, which is L. reuteri RC-14, showed low adhesion, estimated at equivalent 

(64%), with a recovery of 3.2 × 10
7
 CFU/mL. Also, L. delbrueckii 45E was sensitive to the antibiotics (beta-lactam 

ceftriaxone) (30 μg) and (Cefuroxime) (30 μg). Pretreatment with the antibiotic and inhibitory protein of  HeLa cells 

using strain L. delbrueckii 45E significantly inhibited IL-17 production and synthesis in response to E. coli 0.114 

OD450 nM and (250 pg/ml) C. parapsilosis equivalent to (31.25 pg/ml). No significant decrease in IL-17 production 

was observed with GBS compared to the control group of HeLa cells not treated with  L. delbrueckii 45E bacteria, as 

shown in Table (3). 

 

Table (3): Inhibition rate of L. delbrueckii 45E bacteria against the selected group of pathogenic bacteria (33) 

Species 

Streptococcu

s 

clinical 

isolate 

Streptococc

us ATCC 

8017 

E. coli 

clinical 

isolate 

E.coli 

ATCC 

25,922 

Klebsiella 

spp. 

clinical 

isolate 

Klebsiella 

spp. 

ATCC3566 

L. delbrueckii 45E 50.3 ± 1.9 * 50.2 ± 2.0* 
30.2 ± 0.

4 

30.2 ± 0.

4 
25 ± 0.2 24.1 ± 0.2 

P value 0.001 0.001 0.12 0.12 0.08 0.09 

L. reuteri 

RC - 14 G. control 
22.3 ± 0.8* 24.2 ± 1.1* 

18.4 ± 0.

7 
18 ± 1.9 18 ± 0.9 16.9 ± 0.09 

P value 0.01 0.01 0.09 0.09 0.49 0.45 

The result was based on the average values of three independent examinations, with the 

arithmetic mean data represented as the mean ± standard deviation (SD). 

* Shows significant OR, p < 0.05 compared to the control group, L. reuteri RC-14.  

 

The putative bacteriocin genes, along with the probiotic capabilities of Lactococcus and Lactobacillus species, 

particularly their roles in maintaining immune homeostasis and preserving the integrity of the intestinal epithelium, 

are of significant importance. These bacteria are known to produce high levels of gamma-aminobutyric acid 

(GABA). They can inhibit the adhesion of intestinal pathogens such as Salmonella intestinalis and E. coli to Caco-2 

epithelial cells. Notably, Lactococcus garvieae KS1546 has been shown to produce a bacteriocin named garvicin, 

which exhibits antimicrobial activity against various pathogenic bacteria. Through the application of genetic 

engineering techniques and optimization of growth media and culture conditions, the production of garvicin by 
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strain KS1546 was enhanced by 2000-fold. The modified bacteriocin (referred to as M2) demonstrated broadened 

antimicrobial activity, including effectiveness against Gram-negative bacteria. This inhibitory effect is attributed 

mainly to the presence of 1-acetyl-β-carboline, a bioactive compound with documented antitumor, antiviral, 

antibacterial, and antiparasitic properties. Additionally, Bacillus sp. M2 produces other bioactive metabolites such as 

bacillomycin and surfactins, which possess fungicidal properties and contribute to the control of a wide range of 

pathogenic microorganisms. (34) 

 

Discussion 

   Numerous studies have demonstrated that specific Lactobacillus isolates exhibit strong inhibitory activity 

against both Gram-positive and Gram-negative multidrug-resistant bacteria. Lactobacillus species employ multiple 

mechanisms to suppress pathogenic bacterial growth, including the expression of antimicrobial genes Table (3) and 

the production of class IIb bacteriocins—two-component peptides synthesized by lactic acid bacteria. One such 

bacteriocin, PlnEF, exhibits potent inhibitory effects against Staph. aureus by binding to its cell wall and 

downregulating several key virulence genes, including sdrD, icaA, coa, nuc, hlg, and hla. This interference leads to 

significant morphological and structural alterations in Staph. aureus, such as membrane blebbing, abnormal 

elongation, disruption of the inner membrane, pore formation, and cytoplasmic coagulation at the cell surface. 

Additionally, the bacteriocin Garvicin, produced by Lactococcus garvieae strain KS1546, has shown activity against 

antibiotic-resistant Staph. aureus. By optimizing culture conditions through media modification, genetic 

engineering, and fermentation strategies, Garvicin production in strain KS1546 was enhanced by up to 2000-fold. 

This increased production correlates with the inhibition of Staphylococcus adherence to host cells, as previously 

reported in the literature (35). 

    Studies have demonstrated that L. delbrueckii 45E can adhere to Helicobacter cells that mimic uterine 

epithelial tissue, thereby limiting the attachment of pathogenic bacteria to host cell surfaces and contributing to the 

maintenance of mucosal homeostasis. Notably, L. delbrueckii 45E exhibited an 86% adhesion rate to HeLa cells, 

significantly higher than the 68% observed in the control group. This strong adhesive capability is attributed to the 

production of specific bioactive compounds, which also contribute to the downregulation of interleukin-17 (IL-17), 

a cytokine involved in inflammatory responses and antimicrobial defense. In contrast, when evaluating the immune 

response to K. pneumoniae infection using a control group of Bacillus sp. GBS, no reduction in IL-17 levels was 

observed, with an optical density (OD₄₅₀) measurement of 0.257 (33). 

    In addition, certain Lactobacillus strains, particularly their cell-free supernatants (CFS), have demonstrated 

inhibitory effects against pathogenic bacteria such as Bacillus and Clostridium species, which are commonly 

associated with foodborne illnesses. The antimicrobial activity of Lactobacillus can be attributed to their ability to 

secrete a variety of bioactive substances, including organic acids (e.g., lactic acid and acetic acid), hydrogen 

peroxide, ethanol, diacetyl, bacteriocins, and antimicrobial peptides. These metabolites play a crucial role in 

suppressing the growth of disease-causing microorganisms and offer potential as alternative therapeutic agents, 

pending the identification and characterization of their active components. Experimental studies have confirmed the 

efficacy of these metabolites against both Gram-positive and Gram-negative pathogens. For instance, Staph. aureus 

was found to be highly sensitive to a specific L. plantarum strain, exhibiting an inhibition zone of 20 mm, while B. 

cereus showed no significant sensitivity. This antimicrobial activity has been linked to L. plantarum and another 

strain, HM-2, both of which were isolated from human milk. Other Gram-positive pathogens, such as Strep. mutans, 

also displayed moderate sensitivity to L. plantarum and Lactobacillus brevis. Notably, S. aureus strains showed high 

susceptibility to CFS from Lactobacillus rhamnosus and Lactobacillus casei, findings that align with other studies 

(36–37). 
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   According to numerous studies, Lactobacillus strains generally exhibit greater inhibitory activity against 

Gram-negative bacteria compared to Gram-positive bacteria. This differential effect is attributed mainly to the 

structural characteristics of bacterial membranes. Specifically, Gram-negative bacteria possess an outer membrane 

(OM) and a thinner peptidoglycan layer, making them more susceptible to disruption by antimicrobial compounds 

produced by Lactobacillus and Corynebacterium species. In contrast, the thicker peptidoglycan layer in Gram-

positive bacteria contributes to their relatively higher resistance. This study supports the hypothesis that interference 

with capsular polysaccharide (CAP) function and the outer membrane integrity is a key mechanism by which 

Lactobacillus exerts its antimicrobial effects. Moreover, findings indicate a notable inverse relationship between 

Lactobacillus abundance and the presence of Gram-negative bacteria in the context of bacterial vaginitis. Individuals 

with this condition show a marked increase in Gram-negative bacterial populations and a corresponding decline in 

Lactobacillus levels. Conversely, in healthy women, urine samples typically reveal lower counts of Gram-negative 

bacteria and elevated levels of Lactobacillus bacilli. These beneficial bacteria may exert their effects through 

various mechanisms, including inhibition of cell wall and cytoplasmic membrane synthesis, disruption of protein 

synthesis and DNA replication, alteration of bacterial metabolism, or interference with antibiotic resistance 

pathways. These findings are consistent with previous reports (38). 

  Similar to Gram-positive bacteria, Gram-negative bacteria also exhibit variable sensitivity to different 

Lactobacillus strains. For example, L. brevis demonstrated no inhibitory effect on Gram-negative species such as E. 

coli and K. pneumoniae when tested using cell-free supernatants (CFS) from six different Lactobacillus strains. 

 Among the six Lactobacillus cell-free supernatants (CFS) tested, only two demonstrated inhibitory activity 

against Proteus mirabilis and P. aeruginosa. Additionally, strains such as L. rhamnosus GG and Lactobacillus casei 

exhibited strong antimicrobial effects against pathogenic Gram-negative bacteria, including Salmonella typhi, 

Salmonella flexneri, and P. aeruginosa. In contrast, commercially available bacteriocins showed potent inhibitory 

activity primarily against Gram-positive bacteria, with moderate efficacy against Strep. mutans, Staph. aureus, and 

B. cereus. One of the most widely used commercial bacteriocins demonstrated limited activity against Gram-

negative bacteria, likely due to its physicochemical properties and inability to effectively penetrate the outer 

membrane of these organisms. Conversely, Lactobacillus CFS exhibited strong inhibitory effects against the same 

Gram-negative pathogens, suggesting a broader spectrum of action likely driven by their complex mixture of 

bioactive compounds. These findings align with previous research, including Study (36), which reported that a 

synergistic combination of CFS derived from L. casei and L. rhamnosus was particularly effective against P. 

aeruginosa, a highly drug-resistant and opportunistic Gram-negative pathogen. Infections caused by P. aeruginosa 

are increasingly challenging to manage due to their multidrug resistance and association with high morbidity and 

mortality. The antagonistic activity of Lactobacillus CFS against P. aeruginosa underscores their potential as 

alternative or adjunctive agents in combating antibiotic-resistant infections. 

  In addition to their direct antimicrobial effects, the presence of Lactobacillus strains in environments 

inhabited by pathogenic microorganisms contributes to ecological balance. These probiotic bacteria compete with 

pathogens for nutrients and physical space, thereby limiting the proliferation of opportunistic species such as E. coli. 

Cell-free supernatants (CFSs) derived from all tested Lactobacillus strains demonstrated antimicrobial activity, 

showing moderate to strong inhibitory effects against B. cereus, a common cause of foodborne illness. B. cereus is 

frequently isolated from improperly cooked or stored food products, including vegetables and dairy-based items. 

Numerous studies have confirmed the high virulence of B. cereus, which is responsible for a significant proportion 

of food poisoning-related fatalities (39). The application of Lactobacillus-derived CFSs as natural antimicrobial 

agents presents a promising strategy for food preservation and the control of foodborne pathogens, particularly those 

that are multidrug-resistant (MDR). This approach aligns with growing interest in developing safe, effective, and 

natural alternatives to synthetic preservatives in the food industry. 
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Conclusions 

Lactobacillus strains can inhibit multidrug-resistant (MDR) Gram-positive and Gram-negative bacteria by 

secreting antigens, proteins, and acidic compounds that disrupt the adhesion processes of pathogenic bacteria to the 

host’s living tissues and reduce the formation of anti-inflammatory agents, such as interleukins. Additionally, they 

have the ability, through specific mechanisms, to denature the amino acids of pathogenic bacteria and limit their 

spread. Lactobacillus strains maintain the environmental balance of pathogenic bacteria in the environment. 

Lactobacillus strains can inhibit Gram-negative bacteria more effectively than they can inhibit Gram-positive 

bacteria. 

 

 References 

1. Abo-Almagd, E.E.; Sabala, R.F.; Abd-Elghany, S.M.; Jackson, C.R.; Ramadan, H.; Imre, K..; Morar, A.; 

Herman, V.; Sallam, K.I. β-Lactamase Producing Escherichia coli Encoding blaCTX-M and blaCMY Genes 

in Chicken Carcasses from Egypt. Foods. (2023); 12(3): 598. 

2. Belete, M.A.; Demlie, T.B.; Chekole, W.S.; Sisay Tessema, T. Molecular identification of diarrheagenic 

Escherichia coli pathotypes and their antibiotic resistance patterns among diarrheic children and in contact 

calves in Bahir Dar city, Northwest Ethiopia. PLoS One. (2022); 17(9): e0275229.  

3. Al-Wandawy, A.H.S.; Zwain, L.A. Ability of Staphylococcus spp. Isolated from Meningitis Patients to 

Biofilm Formation. Indian Journal of Forensic Medicine and Toxicology. (2020); 14(4): 1927–1931.  

4. Bahaddad, S.A.; Almalki, M.H.K.; Alghamdi, O.A.; Sohrab, S.S.; Yasir, M.; Azhar, E.I.; Chouayekh, H. 

Bacillus Species as Direct-Fed Microbial Antibiotic Alternatives for Monogastric Production. Probiotics 

Antimicrob. Proteins. (2023); 15(1): 1–16.  

5. Antonelli, G.; Cappelli, L.; Cinelli, P., Cuffaro, R., Manca, B., Nicchi, S., Tondi, S., Vezzani. G., Viviani, V., 

Delany, I., Scarselli, M., Schiavetti, F. Strategies to Tackle Antimicrobial Resistance: The Example of 

Escherichia coli and Pseudomonas aeruginosa. Int. J. Molec. Sci. (2021); 22(9): 4943.  

6. Bengoechea, J.A.; Sa Pessoa, J. Klebsiella pneumoniae infection biology: living to counteract host defences. 

FEMS Microbiol. Rev. (2019); 43(2): 123–144.  

7. Alwash, S.J.; Aburesha, R.A. the Differences in Antibiotic-resistance among Several Staphylococcus aureus 

strains in Iraq. Medico-legal Update. (2021); 21(3). 

8. Cassini, A.; Diaz Högberg, L.; Plachouras, D.; Quattrocchi, A.; Hoxha, A.; Skov Simonsen. G. Attributable 

deaths and disability-adjusted life-years caused by infections with antibiotic-resistant bacteria in the EU and 

the European Economic Area in 2015: A population-level modeling analysis. Lancet Infect. Dis. (2019); 

19(1): 56. 

9. Khalif, A.F. Study of microbiology and bacterial interaction of fungi associated with nasal and ear infections 

in patients with diabetes and leukemia. Master's thesis, University of Baghdad, (2016). 

10. Venhorst, J.; van der Vossen, J.M.B.M.; Agamennone, V. Battling Enteropathogenic Clostridia: Phage 

Therapy for Clostridioides difficile and Clostridium perfringens. Front Microbiol. (2022); 13: 891790 

11. Ibrahim, A.H. Link between some virulence factor genes and antibacterial resistance of Pseudomonas 

aeruginosa. Iraqi J. Agricultural Sciences. (2022); 53(5): 985–993.  

12. Al-Jubury, K.S.; Alshareef, D.K.J.; Shakir, S.M.; Al-Jubury, M. Study of Some Gram-Negative Bacteria 

from Blood Cultures among Neonatal Iraqi Patients and Their Antibiotics Resistance Pattern. HIV Nursing. 

(2022); 22(2): 235-238.  

13. Mustafa, M.S., Abdullah, R.M. Role of oqxA and oqxB Genes in the Development of Multidrug Resistant 

Phenotype among Clinical Klebsiella pneumoniae Isolates from Various Cases. Iraqi J. Sci. (2020); 61(8): 

1902–1912.  

14. Modgil, V.; Narayan, C.; Kaur, H.; Yadav, V.K.; Chaudhary, N., Kant, V.; Mohan, B.; Bhatia, A.; Taneja, 

N.; Analysis of the Virulence and Inflammatory Markers Elicited by Enteroaggregative Escherichia coli 

Isolated from Clinical and Non-Clinical Sources in an Experimental Infection Model, India. Microbiol 

Research. (2022); 13(4):882-897.  



 

JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 19, NO. 2 (2025)                 

94 

 

15. Hamady, D.R.; Ibrahim, S.K. The study on ability of Escherichia coli isolated from different clinical cases to 

biofilm formation and detection of csgd gene responsible for produce curli (fimbriae). Biochem. Cell. Arch. 

(2020); 20(2): 5553-5557. 

16. Wang, Y.; Wei, Y.; Shang, N.; Li, P. Synergistic Inhibition of Plantaricin E/F and Lactic Acid Against 

Aeromonas hydrophila LPL-1 Reveals the Novel Potential of Class IIb Bacteriocin. Front Microbiol. (2022); 

13: 774184. 

17. Zapaśnik, A.; Sokołowska, B.; Bryła, M. Role of Lactic Acid Bacteria in Food Preservation and Safety. 

Foods (Basel, Switzerland). (2022); 11(9): 1283. 

18. Alchalaby, A.Y.H.; AL-Abedi, S.H.A.L. Inhibitory effect of Probiotics on some Gram positive and negative 

Bacteria, Basrah. J. Vet. Res. (2023); 22(1): 69-82. 

19. Salih S.M, Zeda ZK. Protective effect of Lactobacillus plantarum against Salmonella typhimurium in mice. 

Fac Med Baghdad. (2010); 52.  

20. Tareq, I.; Luti, K.J.K. An application of Bacteriocin-Producing Vaginal Lactobacillus crispatus IS30 in A 

Gel Formula against Some Vaginal Pathogens. Iraqi J. Sci. (2022); 63: 491-507. 

21. Jameel, A.A.; Haider, N.H. Study the antimicrobial and anti-adhesive activity of purified biosurfactant 

produced from Lactobacillus plantarum against pathogenic bacteria. Iraqi J. Agric. Sci. (2021); 52: 1194-

1206. 

22. Kadhum, M.K.H.; Haydar, N.H. Production and characterization of biosurfactant (glycolipid) from 

Lactobacillus helviticus m5 and evaluate its antimicrobial and antiadhesive activity. Iraqi J. Agric. Sci. 

(2020); 51: 1543-1558. 

23. AL-Ajeeli, F.S.; Flayyih, M.T.; Alkhazrajy, L.A. Anti-Obesity and Lipid-Lowering Effect of Lactobacillus 

spp. as Probiotic on the Obese Rat. Iraqi J. Sci. (2013); 5: 526-530. 

24. Moradi, M.; Kousheh, S.A.; Almasi, H.; Alizadeh, A.; Guimarães, J.T.; Yılmaz, N.; Lotfi, A. Postbiotics 

produced by lactic acid bacteria: The next frontier in food safety. Compr Rev Food Sci Food Saf. (2020); 

19(6): 3390-3415. 

25. Haghighatafshar, H.; Talebi, R.; Tukmechi, A. The effect of bacteriocin isolated from Lactobacillus 

rhamnosus on Pseudomonas aeruginosa lipopolysaccharides. Avicenna J. Clin. Microbiol. Infect. (2021); 8: 

45–50.  

26. Christaki, E.; Marcou, M.; Tofarides, A. Antimicrobial resistance in bacteria: mechanisms, evolution, and 

persistence. J. Mol. Evol. (2020); 88: 26–40.  

27. MacNair, C.R.; Brown, E.D. Outer membrane disruption overcomes intrinsic, acquired, and spontaneous 

antibiotic resistance. mBio. (2020); 11: e01615-20.  

28. Angina; Tiwari, S.K. Bacteriocin-Producing Probiotic Lactic Acid Bacteria in Controlling Dysbiosis of the 

Gut Microbiota. Front. Cell. Infect. Microbiol. (2022); 12: 851140.  

29. Wang, Y.; Wang, J.R.; Bai, D.Q.; Wei, Y.L.; Sun, J.F.; Luo, Y.L. Synergistic inhibition mechanism of 

pediocin PA-1 and L-lactic acid against Aeromonas hydrophila. Biochim. Biophys. Acta Biomembr. (2020); 

1862: 183346.  

30. Al-Wandawy, A.H.; Zwain, L.A.; Khidher, D.M.K.; Farag, P.F. Isolation and Diagnosis of Bacteria in 

Bacteremia Patients and Study Their Resistance to Antibiotics in Kirkuk Hospitals. Ibn AL-Haitham J. Pure 

Appl. Sci. (2023); 36(3): 9–20.  

31. Chen, H.; Zhang, J.; He, Y.; Lv, Z.; Liang, Z.; Chen, J.; Li, P.; Liu, J.; Yang, H.; Tao, A. Exploring the Role 

of Staphylococcus aureus in Inflammatory Diseases. Toxins. (2022); 14:464.  

32. Abid, S.A.; Aziz, S.N.; Saeed, N.A.A.; MizilIsraa, S.N.; Al-Kadmy, I.M.S.; Hussein, N.H.; Al-Saryi, N.; 

Ibrahim, S.A.; Jumaah, D.; Hussein, J.D. Investigation of Virulence Factors in Microbial Organisms that 

associated with Public Health Risk Isolates from Different Environmental Regions. Al-Mustansiriyah J. Sci. 

(2022); 33(5). 

 



 

JOURNAL OF BIOTECHNOLOGY RESEARCH CENTER, VOL. 19, NO. 2 (2025)                 

95 

 

33. Bnfaga, A.A.; Lee, K.W.; Than, L.T.L.; Amin-Nordin, S. Antimicrobial and immunoregulatory effects of 

Lactobacillus delbrueckii 45E against genitourinary pathogens. J. Biomed. Sci. (2023); 30(1):19. 

34. Barboza-Corona, J.E.; Bideshi, D.K.; Park, H.W.; Salcedo-Hernández, R. Editorial: Novel research on 

metabolites secreted by gram-positive bacteria. Front Microbiol. (2023); 27(14). 

35. Hawaz, E. Isolation and identification of lactic acid bacteria from curd in vitro evaluation of its growth and 

inhibition activities against pathogenic bacteria. Afr. J. Microbiol. Res. (2014); 8: 1419–1425. 

36. Aminnezhad, S.; Kermanshahi, R.K.; Ranjbar, R. Evaluation of synergistic interactions between cell-free 

supernatant of Lactobacillus strains and amikacin and gentamicin against Pseudomonas aeruginosa. 

Jundishapur J. Microbioldoi. (2015); 8(4): 16592. 

37. Jose, N.M.; Bunt, C.R.; Hussain, M.A. Comparison of microbiological and probiotic characteristics of 

lactobacilli isolates from dairy food products and animal rumen contents. Microorganisms. (2016); 3: 198–

212.  

38. Guo, H.; Pan, L.; Li, L.; Lu, J.; Kwok, L.; Menghe, B. Characterization of antibiotic resistance genes from 

Lactobacillus isolated from traditional dairy products. J. Food Sci. (2017); 3: 724-730.  

39. Arnesen, L.P.; Fagerlund, A.; Granum, P.E.  From soil to gut Bacillus cereus and its food poisoning toxins. 

FEMS Microbiol Rev. (2008); 32: 579–606. 

 

 
 
 
 
 

  الممرضة غرامعلى البكتيريا الموجبة وسالبة لصبغة الثيرها أالمعسزات الحيوية وت     

رنا مجاهذ عبذالله                 طارق احمذرشا زياد           
* 

 ، جبِعت بغذاد، بغذاد، اٌعشاق / ابٓ اٌهيثُ / وٍيت اٌخشبيت ٌٍعٍىَ اٌصشفت لسُ عٍىَ اٌحيبة                          

 

 الخلاصة

عٍى حثبيػ ولخً اٌبىخيشيب اٌّمبوِت ، ٌذيهب اٌمذسة اٌعصيبث اٌٍبٕيتأْ هٕبن اوثش ِٓ اسبعت سلالاث ِٓ بىخيشيب   :خلفية عن الموضوع

ٌٍّعبداث اٌحيىيت، وخبصت اٌّىىساث اٌعٕمىديت اٌزهبيت واٌضائفت اٌضٔجبسيت. ورٌه لاِخلاوهب آٌيبث ِحذدة ِثً إٔخبج وحىىيٓ 

ّط وغيشهب، ببلإظبفت إٌى حىىيٓ ح وبيشووسيذ اٌهيذسوجيٓ يذ والأحّبض اٌععىيت واٌبىخشيىسيٕبثبالإٔضيّبث والأسيخبٌذيه

عٍى أوسبغ اٌضساعت اٌخفبظٍيت، ولذسحهب عٍى  اٌشىٍيتيخُ حشخيص اٌبىخيشيب اٌّسببت ٌلأِشاض ِٓ خلاي خصبئصهب  اٌلاوخيه.

بثلاثت اخخببساث  اٌىيّيبئيت اٌحيىيتيٓ. يخُ حشخيص اٌعضلاث عٓ غشيك الاخخببساث سإٔخبج اٌّخبغ واٌهيّىٌيوحخّيش اٌلاوخىص، 

ئي ببسخخذاَ اخخببساث ي، بيّٕب يخُ اٌخشخيص اٌجضاٌخخثشبحبلاص، واخخببس حخّش أووسيىلاص، واخخببس سئيسيت وهي إٔخبج إٔضيُ اٌى

PCR  وحمٕيتVITEK2. :أثبخج اٌذساست أْ اٌبىخيشيب اٌّمبوِت ٌٍّعبداث اٌحيىيت ٌذيهب اٌمذسة عٍى إٔخبج جيٕبث اٌفىعت ِثً  النتائج

coa وnuc وfimH وhlg وhla ،جيٕبث  بيٕب حعىد، واٌخي حٕخشش في بىخشيب اٌّىىساث اٌعٕمىديت اٌزهبيتhlyA وfimH  إٌى اٌبىخيشيب

يّىٕهب الاسحببغ بخلايب الأٔسجت اٌحيت ٌٍّعيف عٓ غشيك بشوحيٕبث الاٌخصبق وحّٕع  Lactobacillusأْ بىخيشيب  .سبٌبت اٌجشاَ

، وببٌخبٌي اٌحفبظ عٍى اٌخىاصْ اٌبيئي واٌحيبحي داخً %00ً اٌى بٕسبت حص ِٓ إصببت أٔسجت اٌّعيف S. aureusبىخيشيب 

 Lactobacillusأْ  ايعب وّب وجذ .(IL17اٌّعيف واٌحذ ِٓ حىىيٓ اٌسيخىويٕبث اٌّعبدة ٌلاٌخهبببث ِثً الإٔخشٌىويٓ وخبصت )

يّىٓ أْ حّٕع  الاستنتاج:. (MDAيت )بشىً عبَ ٌذيهب اٌمذسة عٍى حثبيػ ولخً اٌبىخيشيب سبٌبت اٌجشاَ اٌّمبوِت ٌٍّعبداث اٌحيى

( ِٓ الأخشبس MDR) ٌٍّعبداث اٌحيىيت اٌّمبوِت اٌّخعذدة اٌّىجبت واٌسبٌبت ٌصبغت اٌغشاَ راثاٌبىخيشيب  Lactobacillusسلالاث 

ٌلأِشاض  واٌخىبثش عٓ غشيك إفشاص اٌّسخعذاث واٌبشوحيٕبث واٌّشوببث اٌحّعيت اٌخي حعطً عٍّيبث اٌخصبق اٌبىخيشيب اٌّسببت

 .ببلأٔسجت اٌحيت ٌٍّعيف

 

،  بىخشيب ِىجبت ٌصبغت اٌغشاَ، سبٌبت ٌصبغت Lactobacillusاٌّمبوِت اٌّخعذدة ٌٍّعبداث اٌحيىيت، جيٕبث اٌعشاوة،  :المفتاحيةالكلمات 

 غشاَ .اٌ

 


