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ABSTRACT 

Inhibition of adherence pathogenic bacteria, such as Pseudomonas aeruginosa, to the surfaces is one important approach 
that is employed by antibiotics against bacterial infectious diseases. The present study is aimed at determining the 
involvement of sub-inhibition concentrations of amoxicillin (AMX) in the modulation of P. aeruginosa capacity to produce the 

biofilm. The approach was to expose the P. aeruginosa to various sub-minimum inhibitory concentrations (MICs) of 
amoxicillin (AMX) and thereafter test the resultant biofilm formation by the bacteria under these exposure conditions. The 
research also determined the effect that sub-MICs of AMX have on surface hydrophobicity and bacterial aggregation. The 
findings were that sub-MICs of AMX influenced varying forms of biofilm formation. High sub-MIC of AMX (½ MIC) lowered 
the formation of the biofilm, while low sub-MICs enhanced the capacity for the bacteria to develop polystyrene microtiter 
plate biofilms. The influence that sub-MICs of AMX have on surface hydrophobicity and bacterial aggregation detection were 
similar to what they showed on the production of the biofilm. Low level sub-MICs concentrations of AMX (1/16, 1/32, and 1/64) 
enhanced surface hydrophobicity, while on the other hand ½ MIC AMX lowered the surface hydrophobicity of the bacteria. 

Sub-MICs of AMX (1/8, 
1/16, 1/32, and 1/64) also enhanced the rate of bacterial aggregation for P. aeruginosa. The study 

concludes that sub-MICs of AMX improve the capacity for P. aeruginosa to produce biofilms by enhancing surface 
hydrophobicity and bacterial aggregation. 
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1. INTRODUCTION 

Pseudomonas aeruginosa is an opportunistic Gram-negative 
bacterium that has high clinical importance because of its ability to 
cause different infections in immunocompromised patients and 
those with basic conditions, including cystic fibrosis, wounds, and 
burns [1]. It was found that adaptability and intrinsic resistance to 
several classes of antimicrobial agents make it a major reason of 
acquired infections, such as ventilator-associated lung infections, 
bacteremia, and urinary tract infections (UTIs) that link with 
catheter [2]. The biofilm formation by P. aeruginosa is a vital factor 
contributing to its persistence and resistance to different types of 

 

 
antibiotics [3]. Biofilms structurally form microbial communities 
implanted in an exopolysaccharide biomass that forms the 
metabolic activity of bacteria that attach to the different types of 
the surfaces [4]. In the pathogenic bacterium, the biofilm polymer 
matrix improves bacterial survival by restricting antibiotic 
penetration, facilitating gene transfer, and shielding cells from host 
innate and acquired immune responses [5]. This shielding 
environment enhances the development of persistent infections, 
making treatment problematic and leading to unsuccessful 
treatment outcomes [6]. Furthermore, the difference between the 
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biofilm-forming cells and planktonic cells is the level of resistance 
to antibiotics and the modulation of virulence factor expression [7]. 
Variation in the P. aeruginosa strains to produce biofilms is 
increasingly recognized as a key factor in clinical outcomes. 
Strains that produce more biofilm are often associated with more 
persistent infections, higher resistance levels, and increased 
virulence [8.9]. Conversely, strains with weaker biofilm formation 
tend to be less pathogenic but can still be clinically relevant due to 
other resistance mechanisms [10]. Understanding how differences 
in biofilm formation impact virulence and antibiotic resistance is 
essential for unraveling the pathogenic success of P. aeruginosa 
[11]. 
This study aims to explore the differences in biofilm formation 
among P. aeruginosa strains and their relationship with virulence 
and antibiotic resistance by analyzing the interaction between 
biofilm production, pathogenicity, and antimicrobial susceptibility. 

 

2. MATERIALS and METHODS 

2.1. Bacterial Strains and Activation 

solvent (chloroform/xylene, Sigma-Aldrich) were mixed in a ratio 
of 5:1 in tubes and left at 26 ◦C for 90 min, with PBS (blank control), 
and each sample was repeated 3 times, and the OD600 nm was 
measured (OD2). The surface hydrophobicity was calculated 
using the following equation: 

𝑂𝐷2 
𝑆𝑢𝑟𝑓𝑎𝑐𝑒 ℎ𝑦𝑑𝑟𝑜𝑝ℎ𝑜𝑏𝑖𝑐𝑖𝑡𝑦 = (1 − ) 𝑥100% 

𝑂𝐷1 

2.4. Self-Agglutination Rate 

The bacterial suspension was prepared according to the previous 
step of 2.3. The optical density of the bacterial inoculum was 
recorded as OD1. Another tube, composed of 5 mL of the same 
bacterial suspension with the same optical density and optical 
density at 600 nm, was prepared from the bacterial suspension 
after exposure to sub-MICs of amoxicillin, and the optical density 
was recorded as OD2. Dependent on the difference in absorbance 
of the bacterial solution before and after standing, the self- 
agglutination rate of conditioned P. aeruginosa isolate (exposed to 
antibiotics) was calculated [15]: 

𝑂𝐷2 

The isolate of P. aeruginosa procured from the microbiological Lab 
𝑆𝑒𝑙𝑓 − 𝑎𝑔𝑔𝑙𝑖𝑚𝑒𝑟𝑎𝑡𝑒 = (1 − ) 𝑥100% 

𝑂𝐷1 

at the Department of Biology, University of Baghdad. The isolate 
was routinely subcultured on nutrient agar every week for short- 
term preservation. The bacterial isolate of P. aeruginosa was 
stored for the long term in nutrient broth (supported with 20% 

glycerol) at -20 oC. 

2.2 Minimum Inhibitory Concentration 

The method that described by Al-Mutalib and Zgair (2023) was 
followed to measure the minimum inhibitory concentrations (MICs) 
of amoxicillin (AMX, AdvaCare Pharma, USA) against P. 
aeruginosa. The MIC was defined as the lowest concentration of 
the amoxicillin (AMX) that totally inhibited visible growth of P. 
aeruginosa [12]. 

2.2 Biofilm Formation 

The P. aeruginosa in Tryptic soy broth (Himedia, TSB) for 18 h 
was washed, and the density of bacterial suspension was adjusted 
with TSB to be 0.1 at 600 nm. Hundred microliters of TSB were 
added to each well of a flat shape polystyrene microtiter plate 
(Nunc, Denmark), and then 10 µL of bacterial inoculum was 

applied to the wells. The plates were incubated for 18 h at 37 oC. 
After incubation, the plates were washed with distilled water. The 

plates were dried at 55 oC for an hour, and then 100 µL of crystal 
violet (Himedia) was added to each well. The plates were washed 

three times with distilled water after incubation at 21 oC for 15 min. 
One hundred microliters of 99% ethanol (Fluka) were added to 
each well. The absorptance was taken at 590 nm using a 
microplate reader (BioTek 800, USA). TSB medium without any 
bacterial solution was used as a blank control [13]. Similar method 
was repeated using serial dilution of Sub-MICs of amoxicillin. 

2.3. Surface Hydrophobicity of Bacteria 

The microbial hydrocarbon adsorption capacity technique was 
used to measure the hydrophobicity of bacterial surfaces [14]. This 
method was done to the bacterial suspension exposed to the 
antibiotic (amoxicillin) and the results was compared with bacterial 
suspension exposed to PBS (pH 7.2; 0.1 M) The overnight 
bacterial culture of P. aeruginosa in TSB (Himedia) was 
centrifuged at 9000 g (Eppendorf, Germany) for 7 min, and then 
washed three times with phosphate-buffered saline (PBS, pH 7.2; 
0.1 M). The absorptance of the bacterial suspension was changed 
to 0.9 at OD600 nm (OD1). Bacterial suspension and hydrophobic 

2.7. Statistical Analysis 

The data was conducted using Student's t-test and one-way 

analysis of variance (ANOVA). The OriginLab® Release of Origin® 
8.6 was used to analyze the data. p ≤ 0.05 was considered 
statistically significant. 

 

3. RESULTS 

3.1. Effect of AMX on Biofilm Formation 

In this experiment the MICs of amoxicillin against P. aeruginosa 
was measured. The MIC of amoxicillin was 500 µg/ml. The effect 
of different sub-MIC concentrations of amoxicillin on the biofilm 
production of P. aeruginosa was evaluated in the current study. It 
was found that the different sub-MICs of amoxicillin had an effect 
on the biofilm formation of P. aeruginosa in different ways 
according to the concentrations that were used. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Effect of sub-MICs amoxicillin (AMX) on the biofilm formation of P. 

aeruginosa on polystyrene microtiter plates. Asterisks indicate a significant 

difference from the control group (P. aeruginosa treated with PBS, without 

antibiotic stress). 

The highest MIC concentrations of amoxicillin (½ and ¼ MICs) 
reduced biofilm formation, but the reduction was not significant 
compared with the control (biofilm formation of P. aeruginosa 
without antibiotic stress). The lowest concentrations of sub-MICs 

 
  

  
 

 

 

 

 

 

 

 
 

 
 

 
 

 

B
io

fil
m

 (
O

D
 5

9
0
 n

m
) 



Saleh FM & Mohammed HA., (2025) 

21 

World J. Exp. Biosci., 13 (2025) 19-23 

 

 

AMX (1/16, 1/32, and 1/64) enhanced the biofilm formation 
significantly compared with the control. 

3.2. Surface Hydrophobicity 

Fig.2. depict the rate of hydrophobicity of P. aeruginosa treated 
with different concentrations of amoxicillin, the results were 
compared with the rate of hydrophobicity of P. aeruginosa treated 
with PBS (no antibiotic stress). The results showed a significant 
decrease in the hydrophobicity rate in P. aeruginosa treated with 
½ MIC amoxicillin, while no effect of ¼ and 1/8 MIC amoxicillin on 
the P. aeruginosa hydrophobicity rate. The significant elevation of 
the hydrophobicity rate was seen when the P. aeruginosa was 
treated with 1/16, 1/32, and 1/64 MIC amoxicillin (P<0.05). 

potentially contributing to microcolony formation and stabilization 
of the biofilm matrix [20]. The reduction in hydrophobicity and 
aggregation at higher sub-MIC levels is consistent with decreased 
biofilm formation, indicating that near-inhibitory sub-MICs of AMX 
may disrupt surface interactions necessary for effective 
colonization. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
Fig.2. Detection of surface hydrophobicity of P. aeruginosa exposed to 

different sub-MICs of amoxicillin. The rate of hydrophobicity of P. aeruginosa 

exposed to PBS represents the control. Asterisks indicate a significant 

difference from the control group 

3.3. Rate of Self-Aggregation 

The result of the present study showed the self-aggregation 
capacity of bacterial cells of P. aeruginosa treated with different 
sub-MICs of amoxicillin. The results showed that a significant 
elevation of aggregation rate was seen in the P. aeruginosa that 
was treated with 1/8, 1/16, 1/32, and 1/64 MICs of amoxicillin, 
P<0.05. No effect of the highest concentrations of MICs of 
amoxicillin on the aggregation capacity of P. aeruginosa. 

 

4. DISCUSSION 

The current study emphasizes the complex and concentration- 
dependent effects of sub-inhibitory levels of amoxicillin (AMX) on 
P. aeruginosa's ability to form biofilms. Conventional antibiotic 
treatments aim to reduce bacterial growth; however, exposing 
bacteria to sub-MICs often produces conflicting results that may 
enhance pathogenicity rather than suppress it [12, 17,18]. Our 
findings showed that low sub-MIC levels of AMX significantly 
promoted biofilm formation, surface hydrophobicity, and bacterial 
aggregation, while higher sub-MIC levels (½ MIC) inhibited these 
processes. 
These results align with previous reports that sub-MICs of β- 
lactam antibiotics can alter the physiology and virulence factor 
production in P. aeruginosa [19]. Low sub-MICs of AMX seem to 
promote initial adhesion and biofilm maturation by increasing cell 
surface hydrophobicity, which enhances stronger surface 
interactions with abiotic surfaces like polystyrene. This induction of 
adhesion  correlates  with  increased  bacterial  aggregation, 

Fig.3. Detection of the aggregation rate of P. aeruginosa treated with different 

concentrations of MICs of amoxicillin. The control is the aggregation rate of P. 

aeruginosa treated with PBS. Asterisks indicate a significant difference from 

the control group 

The concentration-dependent dual effect of AMX highlights the 
delicate balance between bacterial adaptation and antibiotic 
pressure. At sub-MIC levels of lower magnitude, bacteria perceive 
AMX as stress and activate adaptive regulation, leading to biofilm- 
based survival strategies. The formation of biofilm in this context 
is an adaptive response that makes bacteria more tolerant of 
antibiotics and host defenses. At higher sub-MIC levels, these 
adaptive responses may be weakened, resulting in decreased 
adherence and compromised biofilm stability [21]. 
Clinically, these observations are particularly concerning. Biofilms 
formed under low-dose antibiotic enhance the resistant to 
treatment that used the antibiotics and also resistance the host 
immune response. This may lead to chronic infections, especially 
in immunocompromised patients or those with indwelling medical 
devices. Additionally, biofilm-associated cells display phenotypic 
resistance, which can decrease the effectiveness of subsequent 
antibiotic treatments [22]. Therefore, using inappropriate antibiotic 
dosages may unintentionally promote persistence and complicate 
infection management. 
The results emphasize the link between hydrophobicity, cell 
aggregation, and biofilm formation. The observed increase in 
surface hydrophobicity and cell aggregation at sub-MIC levels of 
the chemical suggests that these phenotypic traits are key in 
initiating biofilm development. This aligns with previous findings 
indicating that hydrophobic bonding facilitates bacterial 
attachment to abiotic surfaces, while aggregation enhances 
biofilm structure by forming compact microcolonies [23]. The 
decline in these two traits at higher chemical concentrations likely 
explains the impaired biofilm formation seen under these 
conditions. 
Taken together, this study demonstrates the vitality of examining 
the unexpected effects of antibiotics at sub-inhibitory exposure 
levels. Although AMX effectively inhibits the growth of P. 
aeruginosa at therapeutic doses, improper dosage or suboptimal 
PK (Pharmacokinetics) could increase virulence through enhan- 
ced biofilm formation [24]. Further research is needed to 

100 

* 
90 

* 
80 * 

70 

* 
60 

 

 
50 

0 
1/2 MIC 1/4 MIC 1/8 MIC 1/16 MIC 1/32 MIC 1/64 MIC Control 

70 

 
60 

 
50 

* * 
* 

40 
* 

30 

 
20 

 
10 

 
0 

1/2 MIC 1/4 MIC 1/8 MIC 1/16 MIC 1/32 MIC 1/64 MIC Control 

R
a
te

 o
f 
h
y
d
ro

p
h
o
b
ic

it
y
 

R
a
te

 o
f 
S

e
lf
 A

g
g
re

g
a
ti
o
n

 



Saleh FM & Mohammed HA., (2025) 

22 

World J. Exp. Biosci., 13 (2025) 19-23 

 

 

investigate the molecular processes activated in response to sub- 
MICs of AMX, including the regulation of quorum sensing and cell 
surface modifications. Such data may provide the foundation for 
developing countermeasures against biofilm-related tolerance and 
preventing therapy failure [20]. 

5. CONCLUSION 

In conclusion, this research demonstrates that sub-MICs of AMX 
produce dual effects on P. aeruginosa biofilm formation through 
changes in surface hydrophobicity and cell aggregation. The 
highest concentration of AMX reduced the biofilm formation, while 
the lowest sub-MIC concentrations enhanced the biofilm 
formation. Similar finding was seen when the surface 
hydrophobicity and aggregation of P. aeruginosa were measured 
when exposed to different sub-MIC concentrations of AMX. These 
findings not only clarify the mechanism of biofilm induction by 
antibiotics but also emphasize the risk of sub-therapeutic antibiotic 
levels in the clinical environment. 

Acknowledgments 

We would like to thank the staff of the Clinical Laboratory at the Baghdad 
Teaching Hospital, Baghdad, Iraq, and the Microbiology Laboratory at the 
Department of Biology, College of Science, University of Baghdad, Baghdad, 
Iraq, for their precious support. Furthermore, we extend our special thanks to 
the staff of the Burn and Wound Hospital, Baghdad, Iraq. 

Funding information 

This work received no specific grant from any funding agency. 

Conflict of interest 

The authors declare that they have no conflict of interest. 

Ethical Approval 

The Ethics Committee of the University of Baghdad approved this study 
(CSEC/1124/0334a; November 20, 2024). Since it was a retrospective analysis of 
routinely collected clinical data, individual patient consent was obtained before 
sample collection, in accordance with national ethical guidelines. 

CRediT authorship contribution statement 

Saleh FM: Investigation, Methodology, Project administration, Resources, 
Roles/Writing – original draft, Supervision, Validation, Writing–review & editing 
Mohammed HA: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Project administration, Resources, Supervision, 
Validation, Writing – review & editing 
All authors have read and agreed to the published version. 

Availability of data and materials 

Data will be made available on request 

REFERENCES 

[1] Spernovasilis N, Psichogiou M, Poulakou G. (2021) Skin manifestations 

of Pseudomonas aeruginosa infections. Curr Opin Infect Dis 34(2):72- 
79. doi.org/10.1097/QCO.0000000000000717 . PMID: 33492004. 

[2] Ramsamy Y, Muckart DJ, Han KS. (2013) Microbiological surveillance 

and antimicrobial stewardship minimise the need for ultrabroad- 

spectrum combination therapy for treatment of nosocomial infections in 

a trauma intensive care unit: an audit of an evidence-based empiric 

antimicrobial policy. S Afr Med J 103(6):371-6. 

doi.org/10.7196/samj.6459 . PMID: 23725954. 

[3] Eisenreich W, Rudel T, Heesemann J, Goebel W. (2022) Link Between 

Antibiotic Persistence and Antibiotic Resistance in Bacterial Pathogens. 

Front Cell Infect Microbiol 12:900848.

 doi.org/10.3389/fcimb.2022.900848 . PMID: 35928205; 

PMCID: PMC9343593 . 

[4] Souza JGS, Costa Oliveira BE, Costa RC, Bechara K, Cardoso-Filho O, et 

al. (2022) Bacterial-derived extracellular polysaccharides reduce 

antimicrobial susceptibility on biotic and abiotic surfaces. Arch Oral Biol 

142:105521. doi.org/10.1016/j.archoralbio.2022.105521. PMID: 

35988499. 

[5] Almatroudi A. (2025) Biofilm Resilience: Molecular Mechanisms Driving 

Antibiotic Resistance in Clinical Contexts. Biology (Basel) 14(2):165. 

doi.org/10.3390/biology14020165 . PMID: 40001933; PMCID: 

PMC11852148. 

[6] Sahoo K, Meshram S. (2024) Biofilm Formation in Chronic Infections: A 

Comprehensive Review of Pathogenesis, Clinical Implications, and Novel 

Therapeutic Approaches. Cureus 16(10):e70629. 

doi.org/10.7759/cureus.70629. PMID: 39483571; PMCID: 

PMC11527504. 

[7] Behzadi P, Gajdács M, Pallós P, Ónodi B, Stájer A, et al. (2022) 

Relationship between Biofilm-Formation, Phenotypic Virulence Factors 

and Antibiotic Resistance in Environmental Pseudomonas aeruginosa. 

Pathogens 11(9):1015. doi.org/10.3390/pathogens11091015 . PMID: 

36145447; PMCID: PMC9503712. 

[8] Tuon FF, Dantas LR, Suss PH, Tasca Ribeiro VS. (2022) Pathogenesis of 

the Pseudomonas aeruginosa Biofilm: A Review. Pathogens 11(3):300. 

doi.org/10.3390/pathogens11030300 . PMID: 35335624; PMCID: 

PMC8950561. 

[9] Costerton JW, Stewart PS, Greenberg EP. (1999) Bacterial biofilms: a 

common cause of persistent infections. Science 284(5418):1318-22. 

doi.org/10.1126/science.284.5418.1318 . PMID: 10334980. 
[10] Ratajczak M, Kamińska D, Nowak-Malczewska DM, Schneider A, 

Dlugaszewska J. (2021) Relationship between antibiotic resistance, 

biofilm formation, genes coding virulence factors and source of origin of 

Pseudomonas aeruginosa clinical strains. Ann Agric Environ Med 

28(2):306-313. doi.org/10.26444/aaem/122682. PMID:34184515. 

[11] Yang Y, Kong X, Niu B, Yang J, Chen Q. (2024) Differences in Biofilm 

Formation of Listeria monocytogenes and Their Effects on Virulence and 

Drug Resistance of Different Strains. Foods 13(7):1076. 

doi.org/10.3390/foods13071076 . PMID: 38611380; PMCID: 

PMC11011679. 

[12] Al-Mutalib LAA, Zgair AK. (2023) Effect of subinhibitory doses of rifaximin 

on in vitro Pseudomonas aeruginosa adherence and biofilm formation to 

biotic and abiotic surface models. Polim Med 53(2):97-103. 

doi.org/10.17219/pim/166584 . PMID: 37470308. 

[13] Saleh GM, Mohammed A. (2020) Biofilm Formation by Environmental 

and Clinical Isolates of Pseudomonas aeruginosa in vitro. World J Exp 

Biosci 8(1), 6-8. journals.uniscipub.com/Wjebs/article/view/113  

[14] Mukherjee RM, Maitra TK, Haldar DP, Jalan KN. (1993) Adherence of 

Entamoeba histolytica to hydrophobic matrices: a simple method for 

measuring cell surface hydrophobicity. Trans R Soc Trop Med Hyg 

87(4):492-3. doi.org/10.1016/0035-9203(93)90055-u. PMID: 

8249095. 

[15] Matczak S, Bouchez V, Leroux P, Douché T, Collinet N, et al. (2023) 

Biological differences between FIM2 and FIM3 fimbriae of Bordetella 

pertussis: not just the serotype. Microbes Infect 25(7):105152. 

doi.org/10.1016/j.micinf.2023.105152 .  26. PMID: 37245862. 

[16] Masuko T, Minami A, Iwasaki N, Majima T, Nishimura S, Lee YC. (2005) 

Carbohydrate analysis by a phenol-sulfuric acid method in microplate 

format. Anal Biochem 339(1):69-72. 

doi.org/10.1016/j.ab.2004.12.001 . PMID: 15766712. 

[17] Zhu Y, Hao W, Wang X, Ouyang J, Deng X, et al. (2022) Antimicrobial 

peptides, conventional antibiotics, and their synergistic utility for the 

treatment of drug-resistant infections. Med Res Rev 42(4):1377-1422. 

doi.org/10.1002/med.21879 . PMID: 34984699. 

[18] Yousefi Nojookambari N, Eslami G, Sadredinamin M, Vaezjalali M, 

Nikmanesh B, et al. (2024) Sub-minimum inhibitory concentrations (sub- 

MICs) of colistin on Acinetobacter baumannii biofilm formation potency, 

adherence, and invasion to epithelial host cells: an experimental study in 

an Iranian children's referral hospital. Microbiol Spectr 12(2):e0252323. 

doi.org/10.1128/spectrum.02523-23. PMID: 38230925; PMCID: 

PMC10846280. 

[19] Lin H, Feng C, Zhu T, Li A, Liu S, et al. (2022) Molecular Mechanism of 

the β-Lactamase Mediated β-Lactam Antibiotic Resistance of 

Pseudomonas aeruginosa Isolated From a Chinese Teaching Hospital. 

Front Microbiol 13:855961. doi.org/10.3389/fmicb.2022.855961 . 

PMID: 35572664; PMCID: PMC9096163. 

[20] Chadha J. (2021) In vitro effects of sub-inhibitory concentrations of 

amoxicillin on physiological responses and virulence determinants in a 

commensal strain of Escherichia coli. J Appl Microbiol 131(2):682-694. 

https://doi.org/10.1097/QCO.0000000000000717
https://pubmed.ncbi.nlm.nih.gov/33492004/
https://doi.org/10.7196/samj.6459
https://pubmed.ncbi.nlm.nih.gov/23725954/
https://doi.org/10.3389/fcimb.2022.900848
https://pubmed.ncbi.nlm.nih.gov/35928205/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9343593/
https://doi.org/10.1016/j.archoralbio.2022.105521
https://pubmed.ncbi.nlm.nih.gov/35988499/
https://doi.org/10.3390/biology14020165
https://pubmed.ncbi.nlm.nih.gov/40001933/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11852148/
https://doi.org/10.7759/cureus.70629
https://pubmed.ncbi.nlm.nih.gov/39483571/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11527504/
https://doi.org/10.3390/pathogens11091015
https://pubmed.ncbi.nlm.nih.gov/36145447/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9503712/
https://doi.org/10.3390/pathogens11030300
https://pubmed.ncbi.nlm.nih.gov/35335624/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8950561/
https://doi.org/10.1126/science.284.5418.1318
https://pubmed.ncbi.nlm.nih.gov/10334980/
https://doi.org/10.26444/aaem/122682
https://pubmed.ncbi.nlm.nih.gov/34184515/
https://doi.org/10.3390/foods13071076
https://pubmed.ncbi.nlm.nih.gov/38611380/
https://pmc.ncbi.nlm.nih.gov/articles/PMC11011679/
https://doi.org/10.17219/pim/166584
https://pubmed.ncbi.nlm.nih.gov/37470308/
https://journals.uniscipub.com/Wjebs/article/view/113
https://doi.org/10.1016/0035-9203(93)90055-u
https://pubmed.ncbi.nlm.nih.gov/8249095/
https://doi.org/10.1016/j.micinf.2023.105152
https://pubmed.ncbi.nlm.nih.gov/37245862/
https://doi.org/10.1016/j.ab.2004.12.001
https://pubmed.ncbi.nlm.nih.gov/15766712/
https://doi.org/10.1002/med.21879
https://pubmed.ncbi.nlm.nih.gov/34984699/
https://doi.org/10.1128/spectrum.02523-23
https://pubmed.ncbi.nlm.nih.gov/38230925/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10846280/
https://doi.org/10.3389/fmicb.2022.855961
https://pubmed.ncbi.nlm.nih.gov/35572664/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9096163/


Saleh FM & Mohammed HA., (2025) 

23 

World J. Exp. Biosci., 13 (2025) 19-23 

 

 

doi.org/10.1111/jam.14987 . PMID: 33387370. 

[21] Sharma S, Mohler J, Mahajan SD, Schwartz SA, Bruggemann L, 

Aalinkeel R. (2023) Microbial Biofilm: A Review on Formation, Infection, 

Antibiotic Resistance, Control Measures, and Innovative Treatment. 

Microorganisms19;11(6):1614.doi.org/10.3390/microorganisms11061

614 . 

[22] Cascioferro S, Carbone D, Parrino B, Pecoraro C, Giovannetti E, et al. 

(2021) Therapeutic Strategies To Counteract Antibiotic Resistance in 

MRSA Biofilm-Associated Infections. Chem Med Chem 16(1):65-80. 

https://doi.org/10.1002/cmdc.202000677 . PMID: 33090669. 

[23] Aqeel H, Brei E, Allen DG, Liss SN. (2024) Distribution of extracellular 

adhesins in environmental biofilms and flocs: Reimagining the microbial 

structure. Chemosphere 363:142928. 

doi.org/10.1016/j.chemosphere.2024.142928 . PMID: 39048048. 

[24] Brothers KM, Parker DM, Taguchi M, Ma D, Mandell JB, et al. (2023) 

Dose optimization in surgical prophylaxis: sub-inhibitory dosing of 

vancomycin increases rates of biofilm formation and the rates of surgical 

site infection. Sci Rep 13(1):4593. https://doi.org/10.1038/s41598-

023-30951-y . PMID: 36944677; PMCID: PMC10030625. 

 
 

 

 

Author affiliation 
1. Department of Biological, College of Science, University of 

Baghdad, Baghdad, Iraq. 

2. Microbiology Branch, Dentistry College, University of Babylon, 

Babylon, Iraq. 

ORCID: 

Mohammed HA: https://orcid.org/0000-0003-0939-319X 

https://doi.org/10.1111/jam.14987
https://pubmed.ncbi.nlm.nih.gov/33387370/
https://doi.org/10.3390/microorganisms11061614
https://doi.org/10.3390/microorganisms11061614
https://doi.org/10.1002/cmdc.202000677
https://pubmed.ncbi.nlm.nih.gov/33090669/
https://doi.org/10.1016/j.chemosphere.2024.142928
https://pubmed.ncbi.nlm.nih.gov/39048048/
https://doi.org/10.1038/s41598-023-30951-y
https://doi.org/10.1038/s41598-023-30951-y
https://pubmed.ncbi.nlm.nih.gov/36944677/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10030625/
https://orcid.org/0000-0003-0939-319X

