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Introduction 

In chronic infections, bacterial biofilms 

pose a particularly serious problem. The biofilm 

matrix is one of the things antibiotics cannot 

penetrate making it difficult to deal with these types 

of infections; thus, higher dosages and extended 

periods are given for treatment. Device-related 

infections are associated with biofilms too, such as 
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Background:  Biofilms play an important role in protecting bacteria from antibiotics, 

which makes it difficult to treat and heal, in addition to the occurrence of bacterial 

resistance to antibiotics due to the long treatment period, in the case of bone inflammation 

after surgical operations. Objectives: One of the most important objectives of this study 

is to investigate the correlation between antibiotic resistance and the ability to form 

biofilms of bacteria isolated from cases of osteomyelitis. Methods: Sixty osteomyelitis 

samples have been collected, the ages of patients included in this study are between (7- 

70) years old, among whom 11(18.34%) were females and 49(81.66%) were males. Three

types of culture media were used for primary isolation (nutrient agar, MacConkey agar, 

and blood agar). Results: The results of the initial isolation showed that 56 samples out of 

60 gave positive results for the bacterial infection, with 67 bacterial isolates. The ability 

of the isolates to form biofilms was evaluated in several ways, the first method on medium 

Congo Red Agar, the second by Microtiter Plate Method, and the third by Scanning 

Electron Microscope technology. The percentages were for Congo Red Agar (62.5% 

strong, 25% moderate, and 12.5% mild) and by the Microtiter Plate Method (50% strong, 

25% moderate, 25% mild). By Scanning Electron Microscope technology, biofilm 

formation steps were proven by examining the biofilm of Escherichia coli. The 

aggregation of bacteria forming biofilms was confirmed by staining the bacterial swabs. 

Biofilm-specific gene (icaC) and (FimH) for S. aureus and E. coli respectively. 

Azithromycin resistance gene sequences (msrA) for S. aureus and (mphA) for E. coli. The 

results showed that there was a 100% correlation between the two types of genes in both 

types of bacteria. Conclusion: Osteomyelitis is considered a multifaceted infection, 

because the bacterial species that make up the biofilms are diverse, which leads to their 

resistance to a large number of antibiotics. 
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those caused by catheters, prosthetic joints, and 

heart valves, Abebe states that biofilms cause 80% 

of all microbial infections in the body thereby 

emphasizing their clinical significance [1]. 

The formation of biofilms often 

accompanies osteomyelitis a severe bone infection. 

This condition can be brought about by bacteria 

entering the bone tissue through the bloodstream, 

from an adjacent infection, or directly through an 

open fracture or surgical procedure. Consequently, 

bacteria can build up within bones to become 

biofilms hence rendering such an infection very 

difficult in treatment terms. In this regard, biofilm 

provides a way for microorganisms to evade our 

immune system reactions and also counter drug 

actions; thus, resulting in continuous inflammation 

and the persistent presence of bacteria [2].  

Developmental stages in the occurrence of 

biofilms in osteomyelitis begin by affixing the 

bacteria initially on the bone tissue or implanted 

medical devices. Later, they multiply and form an 

Extracellular Polymeric Substances (EPS) matrix 

that covers bacterial cells holding them onto the 

surface. With time, biofilms develop into elaborate 

structures having nutrient channels for bacterial 

growth and communication. Consequently, this 

maturation increases resistance and virulence of the 

microbial population complicating treatment 

interventions. The understanding of biofilm 

development dynamics and its relevance to disease 

chronicity is important in fostering a better 

treatment for infections caused by biofilms such as 

osteomyelitis [3]. Ongoing research in this area is 

mainly focused on devising new strategies to 

prevent the formation of biofilms as well as 

improving the performance of already available 

therapies  

Material and methods 

Several methods have been adopted to 

verify the ability of bacterial isolates to form 

biofilms, including, to prove the aggregation of 

bacterial cells using the differential Gram stain, was 

done based on the method [4], the Congo Red 

Method was done based on the method the 

Microtiter Plate Biofilm Production Assay [5]. 

Scanning Electron Microscope (SEM) to detect the 

steps of bacterial biofilm formation and a genetic 

study was conducted to prove the relationship 

between biofilm formation and antibiotic resistance. 

To achieve this, two osteomyelitis isolates were 

used: E. coli and S. aureus. Biofilm-specific gene 

(icaC) and (FimH) for S. aureus and E. coli 

respectively. Azithromycin antibiotic resistance 

gene (msrA) for S. aureus and (mphA) for E. coli as 

shown in Tables 1 & 2. 

Results 

The results showed that out of 60 cases of 

osteomyelitis, 56(93.34%) samples gave positive 

results for the bacterial infection, out of 56 positive 

osteomyelitis samples, 67 bacterial strains were 

isolated that were diagnosed with the Vitek 2 

compact, as in Figure 1. 

The results of the initial isolation showed  

in Figure 1 that the highest percentage of isolation 

was for Staphylococcus aureus 22 isolates (32.8%); 

followed by Pseudomonas aeruginosa 13 isolates 

(19.4%) and then  Enterobacter cloacae 5 isolates 

(7.5%) Klebsiella pneumoniae 4 isolates (5.9%); 

Escherichia coli 4 isolates (5.9%); Proteus mirabilis 

3 isolates (4.5%); Streptococcus viridans 2 isolates 

(3%); Corynebacterium spp 2 isolates (3%), as for 

the following bacterial isolates, each of them 

constituted one isolate out of a total of 67 isolates, at 

a rate of 1.5% for each. The diagnosis was 

confirmed by molecular diagnosis by sequencing the 

16S rRNA gene for seven isolates, and 6 isolates 

were registered with the National Center for 

Biotechnology Information (NCBI) because the 

percentage identity was between (99.83% - 100%) 

with the following names: Morganella morganii 

PP508217.1 (AST1); two isolates of 

Corynebacterium striatum PP508222.1 (AST2) and 

PP508248.1 (AST7); Pseudomonas aeruginosa 

PP508238.1 (AST3) ; Escherichia coli PP508239.1 

(AST4) ; Staphylococcus  

aureusPP508249.1(AST6). 

The number and percentage of Gram-negative and 

positive isolates out of the total isolates were 38 

(56.71%) and 29 (43.28%), respectively. 

Biofilm formation is a process where bacteria bind 

to surfaces and produce sticky (EPS) (Figure 2) that 

ease their attachment and create a shielding matrix. 

The ability of the isolates to form biofilms 

was evaluated in several methods.  

The first method is on medium Congo Red 

Agar the second by Microtiter Plate Method (Figure 

3). 

The results showed that all isolates could 

form biofilms, but with different strengths, 

classified as (strong, moderate, and mild). The 

percentages were for Congo Red Agar (62.5% 

strong, 25% moderate, and 12.5% mild) and by the 
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Microtiter Plate Method (50% strong, 25% 

moderate, 25% mild).  

Finally, the steps for biofilm formation 

were determined using Scanning Electron 

Microscopy (SEM) technology by selecting 

Escherichia coli isolated from cases of 

osteomyelitis, which gave strong positive results for 

the formation of biofilms using the Microtiter plate 

method and biofilm formation on Congo red agar. 

The SEM pictures, showed the steps for biofilm 

formation for these bacteria. 

Detection of fimH and mphA genes in E. 

coli. The fimH gene is one of the genes responsible 

for the adhesion of E. coli to epithelial cells in the 

human body and plays an important role in 

increasing its ability to colonize and invade host 

tissues, and the mphA gene is responsible for 

resistance to azithromycin. The results showed that 

the bacteria under study possess the fimH gene at 504 

bp while for the mphA gene, we found it at 500 bp. 

as shown in (Figure 4).   

Detection of mrcA and icaC Genes in S. 

aurues.  The results showed that the bacteria under 

study possess the icaC gene (for biofilm) at 198 bp. 

and, the mrcA gene (for resistance to azithromycin) 

at 202 bp. (Figure 5). 

Table 1.  Primers of (FimH and mphA) genes used for amplification in Escherichia coli. 

Table 2. Primers of (icaC and msrA) used for amplification in Staphylococcus aureus. 

Figure 1. Percentages and numbers of bacteria isolated from osteomyelitis cases. 

Primers Function Primer sequence Size of 

product (bp)

Reference

FimH-F Biofilm formation GAGAAGAGGTTTGATTTAACTTATTG 559 [6]

FimH-R AGAGCCGCTGTAGAACTGAGG

mphA-F Azithromycin 

resistance

GTGAGGAGGAGCTTCGCGAG 403 [6,7]

mphA-R TGCCGCAGGACTCGGAGGTC

Primers Function Primer sequence Size of product 

(bp)

Reference

icaC-F Biofilm formation CTTGGGTATTTGCACGCATT 209 [8]

icaC-R GCAATATCATGCCGACACCT

msrA-F Azithromycin 

resistance

TCCAATCATTGCACAAAATC 163 [9]
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Figure 2. The picture shows the Hypermucoviscous (HMV) of Escherichia coli. HMV strains can be pulled 

into a strand more than 5mm from the MacConkey agar plate. 

Figure 3. Biofilm assay for some bacterial isolates from osteomyelitis cases using 96-well microtiter plate 

Method.  

Figure 4. mphA 500 bp. and FimH 504 bp. genes in E. coli 
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Figure 5. mrsA 202 bp. and icaC 198 bp. genes in S. aureus. 

Discussion 

Biofilm formation by bacteria is a crucial 

factor in the pathogenesis of many chronic and 

recurrent infections, including osteomyelitis. 

Biofilms are structured communities of bacteria 

encapsulated within a self-produced extracellular 

polymeric substance (EPS) matrix and nucleic acids. 

It protects from environmental threats, such as 

antibiotics and the host immune system, and 

facilitates bacterial survival and persistence [10, 11]. 

Osteomyelitis, an infection of the bone, can 

be caused by various types of bacteria. The specific 

pathogens involved can vary based on the patient's 

age, underlying health conditions, the route of 

infection, and the site of infection. 

  This was almost similar to the results of 

some studies, as several types of bacteria were 

isolated from cases of osteomyelitis in different 

proportions [12].  

Osteomyelitis is mainly caused by S. 

aureus among the very many types of bacteria that 

can cause it because of its adhesion to bone and 

implants. If this occurs, S. aureus will then adhere 

to the bone tissue and medical implants like 

prosthetics through its surface adhesins with 

proteins such as MSCRAMMs (Microbial Surface 

Components Recognizing Adhesive Matrix 

Molecules), which allow it to bind itself to certain 

bone matrix and implant components. S. aureus 

generally resides in human nasal passages and on 

human skin. Its normal flora presence increases the 

likelihood of it entering the bloodstream or wounds, 

causing infections like osteomyelitis [13]. 

Biofilm-related osteomyelitis, a bacterial 

infection, also upregulates particular virulence 

factors that further enhance the severity of the 

disease. For instance, S. aureus produces different 

adhesins like fibronectin-binding proteins that help 

in the initial attachment to bone tissue and medical 

devices; Besides, it makes toxins such as alpha-toxin 

and phenol-soluble modules which directly damage 

bone cells, alter the host's immune response, and 

worsen the infection while enabling its spread into 

tissues and hiding from immunity [14]. It can 

produce molecules that hamper phagocytosis, 

scavenge oxygen free radicals, and undermine 

normal immune processes thus allowing its 

colonization in osteoblasts –bone-producing cells –

where it remains protected from drugs or the host’s 

body defense mechanisms particularly MRSA which 

is the commonest form of resistance to several 

antibiotics resulting in protracted infections that are 

difficult to treat. This intracellular survival 

contributes to chronic and recurrent infections [15]. 

Unlike what was previously thought, the 

instances of Gram-negative infections turned out to 

be higher, majority of contiguous chronic 

osteomyelitis lesions were polymicrobial in nature 

but solitary organisms predominantly Gram-

negative with P.aeruginosa.  Although less 

frequently than S. aureus, P. aeruginosa is a 

causative agent of osteomyelitis. The pathogenicity 

of P. aeruginosa osteomyelitis is characterized by 

virulence factors such as exotoxin A, enzymes (such 
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as elastase and alkaline protease), or other molecules 

that disrupt host tissues and defenses. And like S. 

aureus, P. aeruginosa can generate biofilms too 

[16]. Intrinsic resistance to many antibiotics and the 

ability to pick up additional resistance mechanisms 

are characteristics of the P. aeruginosa species. This 

resistance makes treatment of pseudomonas 

osteomyelitis particularly challenging, making it a 

chronic infection and often necessitates combination 

antibiotic therapy [17]. 

To investigate and evaluate the biofilm 

formation, biofilm swabs were made and stained 

with differential Gram stain, Congo Red Agar, 

microtiter plate Method, and scanning electron 

microscopy. All methods showed effectiveness in 

diagnosing biofilm formation, as in Figures (2, 3, 

4&5). This study revealed that a greater percentage 

of clinical isolates from individuals with 

osteomyelitis produced biofilm. The microtiter 

plates revealed better sensitivity and specificity 

values than other phenotypic methods, such as 

Congo Red Agar; these findings resemble those of 

other studies [18,19]. Static observation of dynamic 

processes at vast microscale resolution is the most 

important aspect of Scanning Electron Microscopy 

(SEM), which has a high resolution. It allows for the 

examination of three-dimensional structures [20]. In 

our research, we focused on examining the E. coli 

formed biofilms, where different magnification 

powers were used in taking numerous pictures. 

These images depict various stages during E. coli 

development and maturation of its biofilm. 

These steps cause antibiotic resistance, 

immune evasion, the occurrence of chronic 

infection, and also recurrence of infection as a 

whole. 

Physical Barriers: It is an extracellular 

polymeric substance (EPS) matrix that acts as a 

physical barrier to antibiotics in the biofilm. Altered 

Microenvironment; Biofilms generate nutrient and 

oxygen gradients that create a non-uniform 

environment where some cells grow slowly or 

become dormant. These are called “persisters” 

which are typically less sensitive than bacteria 

actively replicating targeted by antibiotics [21]. 

The formation of biofilm by E. coli in 

bacterial infections is highly significant due to 

different reasons: Antibiotic resistance, immune 

evasion, increased virulence, and diagnostic and 

treatment challenges [22]. At last, all these bring 

about chronic infections whose essence is how 

hazardous they are to any bacterial infection because 

it can be hard to handle but even if managed, 

recurrence of infection may arise [23]. 

Moreover, type 1 fimbriae and P fimbriae, 

which aid in its initial binding on human host tissues 

and biofilm making, are among the adhesins that 

these bacteria synthesize [24,25]. In addition to this, 

enterotoxigenic E. coli secretes siderophores that 

bind iron from the host; thus, depriving it of 

essential nutrients for bacterial multiplication and 

biofilm production [26]. This will make the 

infection worse by direct tissue destruction and 

inflammation due to the release of exotoxins like 

hemolysins [27,28]. 

Thus, for instance, in osteomyelitis 

infections caused by E. coli, a kind of biological 

defense mechanism known as biofilm formation has 

led to the emergence of drug-resistant strains. This 

is because typical antibiotic therapies usually fail in 

such cases where drugs are aimed at killing bacteria 

within a slime matrix [29]. These strategies include 

developing biofilm-disrupting agents; employing 

combination antimicrobial therapy targeting 

different groups of microbes residing within a slime 

matrix, as well as bacteriophages widely known to 

infiltrate into biofilms and destroy bacterial cells 

through the lysis process [30]. 

Biofilm formation by bacteria has been 

shown in many studies, and this study plays an 

important role in bacterial infections for several 

reasons, such as antibiotic resistance, immune 

evasion, increased virulence diagnostics, and 

treatment challenges [22,23].  

For this reason, genetic tests were done to 

prove the relationship between biofilm formation 

and antibiotic resistance. To achieve this goal, gene 

sequencing was performed on the bacterium S. 

aureus, which is a representative of Gram-positive 

bacteria, and E. coli, which is a representative of 

Gram-negative bacteria. IcaC and fimH genes are 

specific for biofilms in S. aureus and E. coli, 

respectively. Azithromycin-resistant gene 

sequences, msrA for S. aureus and phmA for E. coli, 

the findings demonstrated that there was a 100% 

correlation between the gene types in these two 

types of bacteria [31]. 

The highly adherent E. coli isolate, as seen 

in SEM photographs, explains why it possesses the 

fimH gene, thereby demonstrating type 1 fimbriae 

functions on colonization and infection by other 

6704



Sulaiman A I et al.  / Microbes and Infectious Diseases 2025; 6(4): 6699-6708 

adhesions and virulence agents in uropathogenic E. 

coli [32]. 

Our research discovered two genes, mphA 

and mphB, in E. coli that mediate macrolide 

resistance, with the former playing a role in its 

expression of resistance to azithromycin [33]. Our 

results were also close to those of Kumar and his 

group Q4, who found out that among their thirty 

isolates obtained during a years period from 2016-

2018, twenty-six isolates could resist azithromycin 

[34]. 

Methicillin-resistant S. aureus (MRSA) is 

important in public health, as it has high virulence 

and antibiotic-resistance properties thus causing 

death among humans through hospital infections 

[35]. The S. aureus carries three genes that code for 

methionine sulfoxide reductase A specific for msrA. 

resistant strains of antimicrobial factors are 

increasing worldwide due to the rising incidence of 

nosocomial bacteria. Staphylococci have become 

one of the common causes of nosocomial infections. 

MDR Staphylococci – a growing problem for human 

health [19]. 

Staphylococcus spp. biofilm formation 

process is driven by polysaccharides intracellular 

adhesins (PIA) which are all under the genetic 

control of operon ica ABCD [36]. 

According to studies, all three ica genes 

(icaA, icaB, and icaD) were found in S. aureus with 

the capability to form biofilm while variation in the 

ability of bacteria to produce biofilm was observed 

in the case of the gene known as icaC whereby such 

got from about 56% samples. The various reasons 

accounted for differences in these genes’ possession 

among bacteria encompassing factors like changes 

in physiological conditions affecting biofilm 

formation while the smallest proportion of this gene 

responsible for creating an adhesive substance was 

recorded as a percentage that reached as low as half 

or icac50.7% [37]. Out of 16 clinical 

Staphylococcus spp.  Isolates have the icaA gene at 

188 bp, and six isolates have the icaD gene at 198 

bp. [38]. 

Conclusion 

In conclusion, Osteomyelitis is a 

multifaceted infection with several causes and 

numerous related issues that complicate its 

treatment. This is because bacteria can form 

biofilms, which leads to multiple resistance against 

antibiotics. Genetic research has indicated that there 

is a link between antibiotic resistance and the 

development of biofilms. It follows that this calls for 

further investigations to devise therapeutic protocols 

to achieve optimal outcomes in the management of 

this intractable disease. 
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