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Introduction: The development of biofilms in Staphylococcus aureus (S. 
aureus) is heavily influenced by environmental factors and governed by 
multiple regulatory mechanisms, posing difficulties in the treatment of 
infections. S. aureus relies on the polysaccharide intercellular adhesin 
expressed by the icaADBC operon. A gene that influences the ica operon 
expression is the icaR gene, which is situated next to the icaADBC 
operon. The icaR gene encodes a negative regulator of icaADBC.

Aim: To investigate the correlation between the regulatory gene icaR 
and biofilm genes in S. aureus

Methods: Different clinical samples (n = 250) were collected from 
patients who attended Al-Husain Medical City and Al Imam Al Hassan 
Al Mujtaba Teaching Hospital in Karbala City from December 2021 to 
June 2022 for the isolation of S. aureus. The isolates were identified as 
S. aureus using cultural and biochemical assays. The susceptibility of 
S. aureus isolates to antibiotics was determined using the Kirby−Bauer 
disk diffusion method. The potential of S. aureus isolates for biofilm 
production was quantitatively evaluated using the microtitre plate 
method. After that, molecular detection of biofilm genes (icaA and 
icaD) and the regulatory gene (icaR) in bacterial isolates was done 
using Polymerase Chain Reaction (PCR). Finally, the expression of the 
biofilm genes and the regulatory gene was assessed using quantitative 
real-time PCR. 

Results: Sixty isolates were identified as S. aureus from the 250 clinical 
samples. The antibiotic susceptibility of S. aureus isolates indicated 
multidrug resistance: 100% of isolates were resistant to oxacillin, 
98% to penicillin P, 63% to tetracycline, 51% to azithromycin, 43% 
to doxycycline, 15% to gentamicin, 13.3% to levofloxacin, 13.3% to 
ciprofloxacin, 11.6% to trimethoprim, 10% to clindamycin, and 3.33% 
to chloramphenicol. Regarding the ability of S. aureus isolates for 
biofilm formation, 15 (25%) isolates were strong biofilm producers, 
40 (66.6%) were moderate biofilm producers, and 5 (8.3%) were weak
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biofilm producers. Furthermore, all S. aureus isolates (100%) 
had biofilm genes (icaA and icaD) and the regulatory gene 
icaR. The upregulation of regulatory gene icaR was found 
to be associated with the downregulation of biofilm genes 
icaA and icaD in the isolates.

Conclusion: There is an inverse relationship between the 
biofilm ica operon and the regulatory gene icaR in S. aureus 
isolates.

Keywords: Staphylococcus aureus, Biofilm Formation, 
Biofilm Genes icaA, icaD, PIA/ica, Regulatory Gene icaR

Introduction
Staphylococci, a type of spherical gram-positive cocci, are 
organised in clusters resembling irregular grape formations. 
The human skin and mucous membranes are naturally 
colonised by the commensal bacteria Staphylococcus aureus 
(S. aureus).1,2 It is a notable pathogen, often leading to 
severe infections that are associated with considerable 
morbidity, mortality, and substantial healthcare expenses.3,4 
The the anterior nares, is the primary site of pathogen 
carriage and serves as a reservoir for its transmission.5,6 

Methicillin-resistant S. aureus (MRSA) and coagulase-
negative staphylococci (MR-CoNS) are frequently 
responsible for healthcare-associated infections.7,8 

Biofilms are defined as bacterial populations that attach to 
surfaces by encapsulating themselves in a self-generated 
extracellular polymeric matrix. The matrix of staphylococcal 
biofilms may consist of exopolysaccharides, proteins, and 
extracellular DNA.9 The primary exopolysaccharide found in 
staphylococcal biofilms is called polysaccharide intercellular 
adhesion (PIA). PIA is a kind of N-acetyl glucosaminoglycan 
that is linked by beta-1,6 bonds. The genes responsible for 
producing the enzymes needed for PIA synthesis are located 
in a region called the intercellular adhesion (ica) locus.10,11 

The staphylococcal ica locus comprises two transcription 
units that are oriented in opposite directions. One of these 
units contains the icaADBC operon, which encodes the 
enzymes needed for PIA production. The other unit contains 
icaR, a TetR family transcription factor. A strong regulator 
of the icaADBC operon transcription, IcaR (whose crystal 
structure has been solved), binds to a region upstream 
of icaA.12,13 The regulation of the ica locus is complex, 
with several environmental signals known to affect PIA 
production. Many of these cues have a direct or indirect 
impact on the transcription of icaR.14,15 The expression 
of icaR is also regulated at the post-transcriptional level 
by RNA-mediated processes that impact the stability and 
translation of the icaR mRNA. These mechanisms have 
direct effects on the synthesis of PIA and the development 
of biofilms. The presence of PIA/ica was initially observed 
in Staphylococcus epidermidis and subsequently identified 
in S. aureus and other staphylococcal species.16 The ica 

locus is typically located inside the chromosomal DNA of 
bacteria in all staphylococcal species.

The icaR gene encodes a protein that is a member of 
the TetR family of transcriptional regulators. This protein 
acts as a repressor and inhibits the transcription of the 
icaADBC gene. It does so by binding to a specific area 
located just before the start codon of the icaA gene.17 
Furthermore, it has been documented that environmental 
variables such as glucose, ethanol, elevated temperatures, 
and increased osmolarity might impact the formation of 
biofilms.18 Ethanol enhances the expression of icaA by 
inhibiting the transcription of icaR.19 

Materials and Methods
This study was designed as a laboratory-based cross-
sectional study. Non-duplicate clinical isolates of 
Staphylococcus aureus were included, while duplicate 
isolates and samples with incomplete data were excluded. 
Data were analyzed using SPSS software version 24. 
Descriptive statistics were applied, and the Chi-square 
test was used where appropriate, with a p-value < 0.05 
considered statistically significant. Ethical approval for 
the study was obtained from the Scientific and Ethical 
Committee of the College of Science, University of Baghdad. 
Informed consent was obtained from participants prior to 
sample collection.

Bacterial Culture Conditions
Clinical samples (n = 250) were collected from outpatients 
who attended Al-Husain Medical City and Al Imam Al 
Hassan Al Mujtaba Teaching Hospital in Karbala City in 
Iraq, from December 2021 to June 2022. The samples 
included nares swabs (n = 55), abscesses (n = 60), ulcers 
(n = 5), blood (n = 30), midstream urine (n = 40), and 
wound swabs (n = 60). Mannitol salt agar20 was used to 
identify S. aureus isolates from these samples and the 
growing colonies were submitted for biochemical assays 
(production of catalase and coagulase). Furthermore, 
VITEK 2 Compact (bioMérieux, America) was employed 
for conclusive verification.21

Antibiotic Susceptibility Test
As recommended by the Clinical and Laboratory Standards 
Institute (CLSI), the Kirby−Bauer disk diffusion method was 
used to examine the susceptibility of S. aureus isolates to 
antibiotics.22,23 The antibiotics used in this study included 
oxacillin (30 µg), penicillin P (10 µg), tetracycline (30 µg), 
azithromycin (15 µg), doxycycline (30 µg), gentamicin (10 
µg), levofloxacin (5 µg), ciprofloxacin (5 µg), trimethoprim 
(5 µg), clindamycin (2 µg), and chloramphenicol (30 µg).

Detection of Quantifiable Biofilm Production
The production of biofilms by bacterial isolates was 
evaluated using the microtitre-plate technique, utilising 
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sterile 96-well U-shaped bottom polystyrene microplates.24,25 
The well was filled with 200 μL of Tryptic Soy Broth (TSB) 
solution with 0.75% glucose (for a total of 1% glucose in TSB), 
and the bacterial concentration was adjusted to match the 
0.5 McFarland standard. The plates were then covered and 
subjected to aerobic incubation at 37 °C for 24 hours. The 
experiment involved conducting three replicates for each 
isolate. The control wells were prepared by introducing sterile 
TSB without bacteria. The wells were subjected to aspiration 
and subsequently washed three times using 200 μL of sterile 
Phosphate Buffered Saline (PBS). The bacteria that remained 
attached to the wells were then fixed by treating them with 
200 μL of methanol for 15 minutes. Following the process of 
air drying, the wells were subjected to staining with a 200 
μL solution of 0.1% crystal violet. This staining process was 
carried out for 15 minutes, maintaining the ambient room 
temperature. The plates were placed under running water to 
remove any remaining discolouration and were then dried. 
After 15 minutes, 200 μL of 33% glacial acetic acid was used 
to resolubilise the adhering cells. Finally, an enzyme-linked 
immunosorbent assay (ELISA) reader (Biotek, UK) was used 
to measure the amount of biofilm in each well at 600 nm.26 
The optical density cut-off value (ODc) was determined by 
calculating the mean optical density (OD) of the control 
wells plus three standard deviations. The OD value of the 
negative control in this study was determined to be 0.092. 
The standard deviation of the OD value was determined to 
be 0.00173. Consequently, the cut-off value was computed 
to be 0.0971. The biofilm gradation in clinical isolates was 
then assessed based on the criteria outlined in Table 1.27,28

Extraction of Bacterial Genomic DNA 

The genomic DNA from S. aureus isolates was extracted 
using a gram-positive DNA extraction kit (Norgen, Canada), 
following the manufacturer’s instructions. The extracted 
DNA was analysed for both quality and quantity using 2% 
agarose gel electrophoresis and a QubitTM dsDNA HS (High 
Sensitivity) assay kit (Thermo Fisher®, USA). The DNA samples 
were ultimately placed in a 1 µL microtube and stored at -20 
°C for subsequent investigations.

Detection of Biofilm Genes and Regulator Gene 
in S. aureus Isolates
The biofilm ica genes encoding icaA and icaD, and the 
regulator gene icaR, were detected in the bacterial isolates 
using Polymerase Chain Reaction (PCR). The primers were 
designed according to the S. aureus genome available in 
the National Center for Biotechnology Information (NCBI) 
database and supplied in a lyophilised state by the Macrogen 
Company (Korea). The size of the genes under investigation 
and their corresponding genetic sequences were specifically 
determined for the purpose of this study (Table 2). PCR 
technique was employed using primers specific to the target 
gene to validate the identification of S. aureus isolates.29 The 
PCR reaction mixture, with a final volume of 20 µL, consisted 
of various components that included 2 µL of a 10X PCR buffer, 
1.5 µL of a 25 mM MgCl2 solution, 2 µL of a 10 mM dNTPs 
solution, 1 µL of each primer, 2.5 µL of the DNA sample, and 
1.25U of Taq DNA polymerase from New England Biolabs® 
(England). The final volume was then adjusted to 20 µL 
using 10.5 µL of nuclease-free water. The amplifications 
were conducted using a DNA Thermal Cycler SimpliAmp 
(Thermo Fisher, Germany). The PCR product (4 µL) was 
subjected to analysis using 1.5% agarose gel electrophoresis 
in Tris-acetate-EDTA (TAE) 1X buffer, stained with ethidium 
bromide, visualised under ultraviolet transillumination, and 
documented using Gel Doc imaging.

Molecular Detection of Reference Gene 16S 
rRNA 
This step was carried out by adding 12.5 μL of OneTaq (New 
England Biolabs®) Master Mix, 3 μL of DNA sample, 1 μL of 
each primer solution (10 pmol/μL), and 7.5 μL of nuclease-
free water in a PCR tube. The reaction was carried out under 
the optimal PCR conditions for the gene, as shown in Table 3.

Molecular Detection of Biofilm Genes (icaA and 
icaD) and Regulatory Gene icaR
This step was the same as that mentioned for 16S rRNA. 
The PCR conditions are mentioned in Tables 4−6.”.

Optical Density Values (OD) Criteria Outlined
OD ≤ 0.0971 Non-biofilm formation

0.0971 < OD ≤ 0.194 Weak biofilm formation
0.194 < OD ≤ 0.388 Moderate biofilm formation

0.388 < OD Strong biofilm formation

Gene Function Nucleotide Sequences
5’−3’

Amplicon Size 
(bp)

Annealing 
Temperature (°C)

icaA Intracellular adhesion A F: CGACGTTGGCTACTGGATAC
R: ACACATGGAAGCGGTTCATA 106 56

Table 1.Criteria of Classification of Biofilm Generated by Staphylococcus aureus Strains27

Table 2.Sequence and Product Size of Primers for the Studied Genes
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Cycle No. Stage Temperature (°C) Time
1 Initial denaturation 94 5 min

35x

Denaturation
Annealing
Extension

94
54
72

30 sec
45 sec
45 sec

1 Final extension 72 7 min

icaD Intracellular adhesion D F: TCGCTATATCGTGTGTCTTTTGGA
R: CGCGAAAATGCCCATAGTTTCA 164 53

icaR Intracellular adhesion R F: TCCACTGCTCCAAATTTTTGCGA
R: ACGCCTGAGGAATTTTCTGGAAAT 194 54

16S 
rRNA Housekeeping F: CTCAACCGTGGAGGGTCATTG

R: CCTGTTTGACCCCACGCTTT 169 57

Table 3.PCR Conditions for 16S rRNA Gene

Cycle No. Stage Temperature (°C) Time
1 Initial denaturation 94 5 min

38x
Denaturation

Annealing
Extension

94
57
72

30 sec
45 sec
45 sec

1 Final extension 72 7 min

Table 4.PCR Conditions for icaA Gene

Cycle No. Stage Temperature (°C) Time
1 Initial denaturation 94 5 min

35x
Denaturation

Annealing
Extension

94
54
72

30 sec
45 sec
45 sec

1 Final extension 72 7 min

Table 5.PCR Conditions for icaD Gene

Cycle No. Stage Temperature (°C) Time
1 Initial denaturation 94 5 min

35x
Denaturation

Annealing
Extension

94
53
72

30 sec
45 sec
45 sec

1 Final extension 72 7 min

Table 6.PCR Conditions for icaR Gene

Extraction of RNA from S. aureus Isolates
RNA from S. aureus isolates was extracted using TRIzolTM 
(ThermoFisher®, USA), following the manufacturer’s 
protocol. The isolates were cultured in TSB containing 1% 
glucose for 18 hours before being transferred to microtitre 
plates to produce biofilm cells. The plates were carefully 
rinsed with distilled water to eradicate any remnants of 

methanol, hence eliminating any non-adherent cells from 
the wells. Once the biofilm on the glass surface became 
invisible, the biofilm cells were collected by suspending 
them in cold, sterile normal saline using a pipette. 
Throughout the whole procedure, the cells were placed 
on ice to prevent the breakdown of RNA. Subsequently, the 
bacterial cells were transferred to microcentrifuge tubes 
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with a capacity of 1.5 mL. The tubes were then subjected 
to centrifugation with a force of 14000 g for two minutes. 
Following centrifugation, the supernatant was entirely 
removed. The extracted RNA concentration was quantified 
using a Quantus fluorometer (Thermo Fisher®, USA) to 
assess the suitability of samples for future use. This assay 
is highly selective for RNA, and it is accurate for initial 
sample concentrations from 10 pg/μL to 100 ng/μL. The 
assay is performed at room temperature, and the signal 
is stable for 3 hours. Common contaminants such as salts, 
free nucleotides, solvents, detergents, or proteins are well 
tolerated in the assay.30 

Reverse Transcription Synthesis
A ProtoScript cDNA Synthesis Kit (New England Biolabs®, 
UK) was used to reverse transcribe mRNA from total 
RNA. and a primer for the resistance genes and 16S rRNA 
transcripts was designed in this study which is shown 
above in Table 2. The experiment was carried out following 
the manufacturer’s (New England Biolabs®) protocol in a 
reaction volume of 20 µL. Then, cDNA was stored at -80 
°C until use.

Real-Time Quantitative PCR Assay
The QUBIT® Real-time PCR System (Thermo Fisher®, USA) 
and qPCRsoft software were used to perform real-time 
quantitative PCR (RT-qPCR).31 The programme for RT-qPCR 
was set up with the thermocycling protocol as shown in 
Table 7.

Determination of the Expression of Biofilm Genes 
(icaA and icaD) and Regulatory Gene icaR Using 
RT-qPCR

Data was gathered using the FAM/ SYBR channel, exported 
to an Excel spreadsheet and analysed using the LinRegPCR 
programme version 2015. The initial concentration of each 
sample was standardised relative to the concentration 
of the housekeeping gene 16S rRNA to determine the 
expression value. The cDNA template of the S. aureus 
isolate with low biofilm development was used as a control, 
and each experiment was replicated at least three times.32 
The 2-ΔΔCT method was used in this study. It is commonly 
employed as a relative quantification tool for analysing RT-
qPCR data and provides an easy approach to determine the 
relative levels of gene expression among various samples. 
It directly utilises the threshold cycles (CTs) provided by 
the RT-qPCR equipment for computation.33 The CT of the 
interset gene was adjusted to be equal to that of the 
internal control gene. The results were evaluated using 
CT and Livac formulas as follows:

ΔCT = CT(a target gene)−CT(a reference gene)

ΔCT for the target sample = CT(a target gene A) – CT(a 
reference gene A)

ΔCT for the reference sample = CT(a target gene B) – CT(a 
reference gene B) 

ΔΔCT = ΔCT(a target sample) − ΔCT(a reference sample) 

Normalised CT expression formula = 2-(∆∆CT)

Results and Discussion
Isolation and Identification of S. aureus Isolates 

Two hundred and fifty different clinical samples (wound, 
nasal cavities, blood, urine, abscesses, and ulcer) were 
collected from patients who attended two hospitals in 
Karbala City in Iraq. Sixty isolates were identified as S. 
aureus according to their morphological and biochemical 
properties.34,35 The colonies appeared round, smooth, 
raised, mucoid, and glistening. The microscopic examination 
illustrated that all these isolates were gram-positive cocci. 
Furthermore, all these isolates revealed a negative result 
for oxidase, a positive result for catalase and coagulase, 
and were able to ferment mannitol. In addition, S. aureus 
colonies on blood agar appeared yellow in colour with a 
clear zone surrounding the colonies, showing haemolysis.

The frequency of S. aureus isolates in the samples was 
different: wounds (n = 15, 35%), nasal cavities (n = 14, 
23.33%), blood (n = 5, 8.33%), urine (n = 10, 16.66%), 
abscesses (n = 9, 15%), and ulcer (n = 1, 66%)(Figure1).

It has been observed that bacteria in chronic wounds 
develop biofilms that contribute to a delay in healing. In 
a mature biofilm, bacteria grow slowly due to a deficiency 
of nutrients that results in the resistance of bacteria to 
antibiotics.36,37  S. aureus, a prominent bacterium found in 
both hospital and community settings, has a crucial role in 
causing wound infections. The onset and development of S. 
aureus infection can be influenced by the virulence of the 
bacterium and the immunological components of the host. 
Pathogen-related factors encompass the intricate bacterial 
structure and functional traits that confer metabolic and 
adhesion qualities, enabling them to evade the host immune 
response. The virulence markers and toxins of S. aureus 
exhibit significant similarities across several wound models. 
The presence of distinct clonal lineages and virulence 
factors, such as TSST-1, leukocidins, enterotoxins, and 
exfoliatins, greatly influences the outcomes of wounds.38

Antibiotic Susceptibility Test 
The antibiotic susceptibility results showed that all isolates 
were resistant to oxacillin. The highest resistance rate of the 
isolates was to penicillin P (98%). Resistance rate to other 
antibiotics was observed as follows: 63% of the isolates 
were resistant to tetracycline, 51% to azithromycin, 43% 
to doxycycline, 15% to gentamicin, 13.3% to levofloxacin, 
13.3% to ciprofloxacin, 11.6% to trimethoprim, 10% to 
clindamycin, and 3.33% to chloramphenicol. According to 
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the findings of this investigation, S. aureus has a significant 
level of resistance to antibiotics (Figure 2).39

S. aureus is a highly adaptable bacterium capable of 
causing infections in several settings, including hospitals 
and communities, through contaminated food and animals. 
Clinical infections caused by S. aureus result in higher 
rates of illness and death, as well as increased treatment 
expenses, which are further compounded by the advent of 
drug-resistant strains. It is crucial to gather and integrate 
information about its pathogenesis, which encompasses 
the regulation of virulence, the development of resistance 
to antimicrobial agents, and the formation of biofilms, 
in order to effectively address this complex pathogen. 
This will enable the development of diverse treatment 
approaches.40,41 

MRSA is a highly significant pathogen that is resistant to 
multiple drugs and is prevalent worldwide. MRSA develops 
when methicillin-susceptible S. aureus (MSSA) obtains a 
gene called mecA, which confers resistance to methicillin. 
This gene is carried by a mobile genetic element called 
staphylococcal cassette chromosome mec (SCCmec), which 
is believed to be capable of spreading among the different 
species of staphylococci.42

Biofilm Formation by S. aureus Isolates 
S. aureus isolates were distributed into three groups 
depending on their ability to form biofilm: 15 (25.0%) 
isolates were strong biofilm producers, 40 (66.6%) were 
moderate biofilm producers, and 5 (8.3%) were weak 
biofilm producers (Figure 3). 

Quantitatively, the data revealed that biofilm production 
was greater in multidrug-resistant (MDR) strains. The 
production of biofilms and the emergence of MDR strains 
have been identified as significant factors contributing 

to the pathogenicity of chronic infections caused by S. 
aureus, posing a potential hazard to public health.43,44 
Furthermore, it should be noted that host tissues, as well 
as abiotic surfaces, such as implant devices and catheters, 
have the potential to facilitate the initial adhesion of 
bacterial cells and subsequent biofilm development. The 
presence of persister cells inside the biofilm matrix provides 
a mechanism for evading the host immune system and 
resisting the effects of antimicrobial agents.45,46 

Biofilm Genes (icaA and icaD) in S. aureus  
All isolates exhibited the presence of biofilm genes 
(icaA and icaD) (Figure 4) at the genotypic level, as was 
determined using the particular primers (Table 2). The 
observed prevalence rates of the genes in question were as 
follows: icaA (100%) and icaD (100%). The pathogenicity of 
S. aureus relies on its capacity to generate a diverse array 
of virulence factors that facilitate bacterial invasion. The 
production of biofilms has been documented to augmnt the 
pathogenicity of S. aureus, and strains that exhibit biofilm 
formation display heightened resistance to antibiotics, 
disinfectants, and other environmental variables.47 The ica 
genes have a significant impact on the generation of slime 
in S. aureus. Strains that possess the icaADBC cluster are 
recognised as potential producers of biofilm.48,49

Regulator Gene (icaR) in S. aureus 
S. aureus isolates were analysed to identify the presence 
of a regulatory gene (icaR). The electrophoretic pattern 
of the icaR gene is presented in (Figure 5); icaR was 
detected in all isolates under investigation (100%). Poly-
N-acetylglucosamine (PNAG) represents a major constituent 
of S. aureus biofilm. The synthesis of PNAG is facilitated 
by the products of four genes, namely icaADBC, which are 
transcribed in the ica operon. The primary regulator of this 
operon is IcaR, which is encoded just upstream icaADBC.50              

Table 7.Thermocycling Protocol for Real-Time Quantitative Polymerase Chain Reaction

Cycle No. Stage Temperature (°C) Time
1 Initial denaturation 95 60 sec

40−45 Denaturation
Extension

95 
60 

15 sec
30 sec

1 Melt curve 60−95 40 min

Figure 1.Frequency of Staphylococcus aureus isolates recovered from different sites of infection(The y-axis 
represents the sites of infection



41
Wannas Z M & Hassani H H 
J. Commun. Dis. 2026; 58(1)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202605

Figure 2.Percentage Resistance of S. aureus Isolates to Antibiotics   

Figure 3.Biofilm Formation by S. aureus Isolates

Figure 4.Gel Electrophoresis Indicating the Presence of Biofilm Genes, icaA (106 bp) and icaD (164 bp),  in S. 
aureus Isolates. M: Molecular Size Marker

Figure 5.Gel Electrophoresis Indicating the Presence of Biofilm Genes, icaA (106 bp) and icaD (164 bp),  in S. 
aureus Isolates. M: Molecular Size Marker
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Expression of icaA, icaD and icaR Genes in S. 
aureus Isolates
The expression of biofilm production genes (icaA and icaD) 
and regulatory gene (icaR) in 15 biofilm-producing S. aureus 
isolates was measured using RT-qPCR. The average of 
weak biofilm values was used as a control to compare the 
values of strong, moderate, and weak biofilm production. 
The results indicated that the expression of the biofilm 
genes icaA and icaD was upregulated in the S. aureus 
isolates, which exhibited strong and moderate biofilm 
production. In contrast, the expression of icaA and icaD 
was downregulated in the isolates that had weak biofilm 
production (Tables 8 and 9). Table 10 reflects the inverse 
relationship between biofilm formation genes (icaA and 
icaD) and the regulatory gene icaR. This implies that when 
the expression of icaA and icaD was upregulated, the 
expression of regulatory gene icaR was downregulated 
(and vice versa).        

Indeed, the regulation of biofilm-associated operon icaADBC 
is complex; several regulatory elements are involved in 
controlling its activity. Some of these elements are well-
recognised as global transcriptional regulatory factors. 
The regulatory gene (icaR), which is positioned next to the 
ica operon, belongs to the TetR family of transcriptional 
regulators.17−19 The regulatory gene icaR was previously 
documented to inhibit the transcription of icaADBC by 
attaching to the 42-base pair segment inside the ica 
promoter.51,52 It has been previously reported that icaR 
is a repressor of ica transcription in S. epidermidis and 

S. aureus.53,54  concluded that icaR is a repressor of ica 
transcription in S. aureus. The deletion of this regulatory 
gene will result in a substantial increase in PNAG, which is 
considered a major carbohydrate component in bacterial 
biofilm. In addition, glucose impacts ica transcription and 
PNAG production by counteracting the negative regulatory 
effect of icaR.12,55 

A comprehensive knowledge of the regulatory mechanism of 
PNAG elaboration in S. aureus is essential for comprehending 
biofilm formation and might potentially facilitate the 
development of techniques to suppress the production of 
this significant virulence factor. However, it is becoming 
more evident that the control of gene transcription for 
PNAG synthesis, namely the ica genes, is highly complex. 
In the present study, we identified a novel IcaR, which is 
a repressor of biofilm elaboration. Furthermore, the icaR 
gene is located within the icaR–icaA intergenic region and 
acts as a repressor of the icaADBC operon.12 icaR is a direct 
repressor of icaADBC in both S. aureus and S. epidermidis; 
however, the function of TcaR/ icaR is less understood.56Yu 
et al. suggest that PIA is the primary component of biofilm 
in S. aureus. The findings suggest that the activation of icaR 
represses the transcription of icaADBC. Taken together, 
the data demonstrate that induction of icaR negatively 
regulates icaADBC transcription, ultimately leading to 
reduced biofilm formation.57 In this study, we have shown 
that the transcription of the icaADBC genes was affected by 
downregulating icaR transcription and thereby upregulating 
transcription of icaADBC.

Table 8.Expression of Biofilm Gene icaA in S. aureus Isolates with Different Biofilm Activity

Isolates Biofilm Production Fold of Expression Induction Reduction
S3 Strong 0.223 - 4.484

S10 Strong 2.549 1.549 -
S11 Strong 4.184 3.184 -
S20 Strong 2.027 1.027 -
S23 Strong 2.337 1.337 -
S1 Moderate 3.930 2.930 -
S9 Moderate 1.610 0.610 -

S18 Moderate 1.630 0.630 -
S24 Moderate 1.427 0.427 -
S25 Moderate 0.278 - 3.597
S5 Weak 0.007 - 142.850
S6 Weak 0.381 - 2.624

S26 Weak 0.005 - 200.000
S35 Weak 0.404 - 0.227
S56 Weak 1.000 - -
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Isolates Biofilm Production Fold of Expression Induction Reduction
S3 Strong 0.100 - 10.000

S10 Strong 0.020 - 50.000
S11 Strong 0.537 - 1.862
S20 Strong 0.393 - 2.544
S23 Strong 0.005 - 200.000
S1 Moderate 0.350 - 2.857
S9 Moderate 0.020 - 50.000

S18 Moderate 0.537 - 1.862
S24 Moderate 0.369 - 2.710
S25 Moderate 0.296 - 3.378
S5 Weak 1.647 0.647 -
S6 Weak 0.300 - 3.333

S26 Weak 2.703 1.703 -
S35 Weak 3.823 2.823 -
S56 Weak 1.000 - -

Table 9.Expression of Biofilm Gene icaD in S. aureus Isolates with Different Biofilm Strengths

Isolates Biofilm Production Fold of Expression Induction Reduction
S3 Strong 0.083 - 12.048

S10 Strong 1.840 0.840 -

S11 Strong 3.105 2.105 -

S20 Strong 1.717 0.717 -
S23 Strong 3.398 2.398 -
S1 Moderate 1.582 0.582 -
S9 Moderate 1.019 0.019 -

S18 Moderate 0.372 - 2.688
S24 Moderate 0.294 - 3.401
S25 Moderate 0.215 - 4.651
S5 Weak 0.002 - 500.000
S6 Weak 0.309 - 3.236

S26 Weak 0.004 - 250.000
S35 Weak 0.174 - 5.747
S56 Weak 1.000 - -

Table 10.Expression of Regulatory Gene (icaR) in S. aureus Isolates with Different Biofilm Strengths

Conclusion 

This study demonstrates that the upregulation of icaA and 
icaD was found in bacterial isolates with strong biofilm 
production, while downregulation of biofilm genes was 
recorded in weak biofilm isolates. In contrast, the expression 
of regulatory gene icaR was upregulated in isolates with 
weak biofilm formation, while downregulation of icaR was 

determined in the isolates with strong biofilm formation. An 
inverse correlation exists between the biofilm ica operon 
(icaA and icaD) and the regulatory gene (icaR) in S. aureus 
isolates.
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F. The intercellular adhesion (ica) locus is present 
in Staphylococcus aureus and is required for biofilm 
formation. Infect Immun. 1999;67(10):5427-33. 
[PubMed] [Google Scholar]

17.	 Jefferson KK, Cramton SE, Götz F, Pier GB. Identification 
of a 5‐nucleotide sequence that controls expression 
of the ica locus in Staphylococcus aureus and 
characterization of the DNA‐binding properties of 
IcaR. Mol Microbiol. 2003;48(4):889-99. [PubMed] 
[Google Scholar]

18.	 Lim Y, Jana M, Luong TT, Lee CY. Control of glucose- and 
NaCl-induced biofilm formation by rbf in Staphylococcus 
aureus. J Bacteriol. 2004;186(3):722-29. [PubMed] 
[Google Scholar]

19.	 Conlon KM, Humphreys H, O’Gara JP. icaR encodes a 
transcriptional repressor involved in environmental 



45
Wannas Z M & Hassani H H 
J. Commun. Dis. 2026; 58(1)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202605

regulation of ica operon expression and biofilm 
formation in Staphylococcus epidermidis. J Bacteriol. 
2002;184(16):4400-8. [PubMed] [Google Scholar]

20.	 Bannerman TL. Gram-positive cocci: Staphylococcus, 
Micrococcus, and other catalase-positive cocci that grow 
aerobically. In: Manual of Clinical Microbiology. 8th 
ed. Washington, DC: American Society for Microbiology 
Press; 2003. p. 390–397.

21.	 Elbehiry A, Al‐Dubaib M, Marzouk E, Osman S, Edrees 
H. Performance of MALDI biotyper compared with 
Vitek™ 2 compact system for fast identification and 
discrimination of Staphylococcus species isolated from 
bovine mastitis. Microbiologyopen. 2016;5(6):1061-70. 
[PubMed] [Google Scholar]

22.	 Parastan R, Kargar M, Solhjoo K, Kafilzadeh F. A 
synergistic association between adhesion-related genes 
and multidrug resistance patterns of Staphylococcus 
aureus isolates from different patients and healthy 
individuals. J Glob Antimicrob Resist. 2020;22:379-85. 
[PubMed] [Google Scholar]

23.	 Zomorodi AR, Mohommadi M, Farshi ZG, Parvizi 
Mashhadi MH, Benam SP, Motamedifar M. 
Prevalence and antimicrobial susceptibility pattern of 
coagulasenegative Staphylococci isolated from ocular 
infections: a systematic review and metaanalysis. The 
Ocular Surface. 2025;37:227235.

24.	 Kostakioti M, Hadjifrangiskou M, Hultgren SJ. Bacterial 
biofilms: development, dispersal, and therapeutic 
strategies in the dawn of the postantibiotic era. 
Cold Spring Harb Perspect Med. 2013;3(4):a010306. 
[PubMed] [Google Scholar]

25.	 Heilmann C, Gerke C, Perdreau-Remington F, Götz 
F. Characterization of Tn917 insertion mutants 
of Staphylococcus epidermidis affected in biofilm 
formation. Infect Immun. 1996;64(1):277-82. [PubMed] 
[Google Scholar]

26.	 Al-Musawi ET, Aljobori KM, Jaber HJ. Antibiofilm activity 
of chalcone in methicilin resistant Staphylococcus 
aureus. Iraqi J Biotechnol. 2019;18(3):62-71. [Google 
Scholar]

27.	 Mathur T, Singhal S, Khan S, Upadhyay DJ, Fatma T, 
Rattan A. Detection of biofilm formation among the 
clinical isolates of staphylococci: an evaluation of three 
different screening methods. Indian J Med Microbiol. 
2006;24(1):25-9. [PubMed] [Google Scholar]

28.	 Aboelnaga N, Elsayed SW, Abdelsalam NA, et al. 
Deciphering the dynamics of methicillinresistant 
Staphylococcus aureus biofilm formation: from 
molecular signaling to nanotherapeutic advances. Cell 
Commun Signal. 2024;22:188.

29.	 Tawfeeq HR, Rasheed MN, Hassan RH, Musleh MH. 
Molecular detection of blaOXA genes in Acinetobacter 
baumannii collected from patients with various 

infections. Biochem Cell Arch. 2020;20(1):1233-9. 
[Google Scholar]

30.	 Thermo Fisher Scientific. Qubit™ RNA HS Assay Kit 
User Guide. Waltham (MA): Thermo Fisher Scientific; 
Available from: https://www.thermofisher.com/order/
catalog/product/Q32855.

31.	 Thermo Fisher Scientific. QuantStudio™ 5 Real-Time 
PCR System Product Information. Waltham (MA): 
Thermo Fisher Scientific. Available from: https://www.
fishersci.com/shop/products/quantstudio-5-real-time-
pcr-system-384-well-laptop/A28570

32.	 Yaghoobi MM, Khaleghi M, Rezanejad H, Parsia P. 
Antibiofilm activity of Dracocephalum polychaetum 
extract on methicillinresistant Staphylococcus aureus. 
Avicenna J Clin Microbiol Infect. 2018;5(1):e61772. 
doi:10.5812/ajcmi.61772 . [Google Scholar]

33.	 Rao X, Huang X, Zhou Z, Lin X. An improvement of 
the 2ˆ (–delta delta CT) method for quantitative real-
time polymerase chain reaction data analysis. Biostat 
Bioinforma Biomath. 2013;3(3):71. [PubMed] [Google 
Scholar]

34.	 Flayyih MT, Abd rabaa MK. Isolation, identification and 
treatment of vancomycin-resistant Staphylococcus 
epidermidis. Iraqi J Sci. 2015;56(1C):701-7. [Google 
Scholar]

35.	 Muhammad H, Al-Mathkhury H. The prevalence 
of methicillin resistant Staphylococcus aureus and 
methicillin resistant Staphylococcus epidermidis in 
AL-Sulaimania city. Iraqi J Sci. 2014;55(2A):386-93. 
[Google Scholar]

36.	 Rahim K, Saleha S, Zhu X, Huo L, Basit A, Franco OL. 
Bacterial contribution in chronicity of wounds. Microb 
Ecol. 2017;73(3):710-21. [PubMed] [Google Scholar].

37.	 Singh R, et al. Biofilm-mediated infections by 
multidrug-resistant microbes: a comprehensive 
exploration and forward perspectives. Arch Microbiol. 
2024;206:101. Available from: https://link.springer.
com/article/10.1007/s00203-023-03826-z

38.	 Shettigar K, Murali TS. Virulence factors and clonal 
diversity of Staphylococcus aureus in colonization 
and wound infection with emphasis on diabetic 
foot infection. Eur J Clin Microbiol Infect Dis. 
2020;39(12):2235-46. [PubMed] [Google Scholar]

39.	 Jaddoa NT, Al-Mathkhury HJ. Biofilm shows 
independency form hemolysin genes arsenal in 
methicillin resistant Staphylococcus aureus. Iraqi J 
Sci. 2018;59(4C):2184-219. [Google Scholar]

40.	 Goudarzi M, Mohammadi A, Amirpour A, Fazeli M, 
Nasiri MJ, Hashemi A, Goudarzi H. Genetic diversity and 
biofilm formation analysis of Staphylococcus aureus 
causing urinary tract infections in Tehran, Iran. J Infect 
Dev Ctries. 2019;13(9):777-85. [PubMed] [Google 
Scholar]



46
Wannas Z M & Hassani H H
J. Commun. Dis. 2026; 58(1)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202605

41.	 Tsubakishita S, Kuwahara-Arai K, Sasaki T, Hiramatsu 
K. Origin and molecular evolution of the determinant 
of methicillin resistance in staphylococci. Antimicrob 
Agents Chemother. 2010;54(10):4352-9. [PubMed] 
[Google Scholar]

42.	 Neopane P, Nepal HP, Shrestha R, Uehara O, Abiko Y. 
In vitro biofilm formation by Staphylococcus aureus 
isolated from wounds of hospital-admitted patients 
and their association with antimicrobial resistance. Int 
J Gen Med. 2018;11:25-32. [PubMed] [Google Scholar]

43.	 Mohammed MK, Rasheed MN, Nadeer MI. Detection 
of biofilm–associated genes in clinical Staphylococcus 
aureus isolates from Iraqi patient. Int J Sci Nature. 
2015;6(1):19-22. [Google Scholar]

44.	 Mahmood HM, Nasir GA, Ibraheem QA. Relationship 
between pigments production and biofilm formation 
from local Pseudomonas aeruginosa isolates. Iraqi J 
Agric Sci. 2020;51(5):1413-9. [Google Scholar]

45.	 Atshan SS, Nor Shamsudin M, Sekawi Z, Lung LT, 
Hamat RA, Karunanidhi A, Ali AM, Ghaznavi-Rad E, 
Ghasemzadeh-Moghaddam H, Seng JS, Nathan JJ, Pei 
Pei C. Prevalence of adhesion and regulation of biofilm-
related genes in different clones of Staphylococcus 
aureus. J BioMed Biotechnol. 2012;2012:976972. 
[PubMed] [Google Scholar]

46.	 Manandhar S, Singh A, Varma A, Pandey S, Shrivastava 
N. Biofilm producing clinical Staphylococcus aureus 
isolates augmented prevalence of antibiotic resistant 
cases in tertiary care hospitals of Nepal. Front Microbiol. 
2018;9:2749. [PubMed] [Google Scholar]

47.	 Akrae DK, Al-Ahmer SD, Ghareeb AM. Association of 
biofilm production involved icaa gene and antibiotic 
resistance profile with ocular infections incidence 
caused by Staphylococcus aurous. Biochem Cell Arch. 
2021;21(1):631-7. [Google Scholar]

48.	 Mohammed RS, Al-Mathkhury HJ. The ability of 
Staphylococcus aureus to establish biofilm on acrylic, 
plastic, and metallic denture materials. Iraqi J Sci. 
2023;64(2):546-59. [Google Scholar]

49.	 Eidaroos NH, Algammal AM, Mohamaden WI, et 
al. Virulence traits, agr typing, multidrug resistance 
patterns, and biofilm ability of MDR Staphylococcus 
aureus recovered from clinical and subclinical mastitis 
in dairy cows. BMC Microbiology. 2025;25:155. 
doi:10.1186/s12866-025-03870-3.

50.	 Yu L, Hisatsune J, Kutsuno S, Sugai M. New molecular 
mechanism of superbiofilm elaboration in a 
Staphylococcus aureus clinical strain. Microbiol Spectr. 
2023;11(2):e0442522. [PubMed] [Google Scholar]

51.	 Ulrich M, Bastian M, Cramton SE, Ziegler K, Pragman 
AA, Bragonzi A, Memmi G, Wolz C, Schlievert PM, 
Cheung A, Döring G. The staphylococcal respiratory 
response regulator SrrAB induces ica gene transcription 

and polysaccharide intercellular adhesin expression, 
protecting Staphylococcus aureus from neutrophil killing 
under anaerobic growth conditions. Mol Microbiol. 
2007;65(5):1276-87. [PubMed] [Google Scholar]

52.	 Ruiz de los Mozos I, Vergara-Irigaray M, Segura V, 
Villanueva M, Bitarte N, Saramago M, Domingues 
S, Arraiano CM, Fechter P, Romby P, Valle J, Solano 
C, Lasa I, Toledo-Arana A. Base pairing interaction 
between 5′- and 3′-UTRs controls icaR mRNA 
translation in Staphylococcus aureus. PLoS Genet. 
2013;9(12):e1004001. [PubMed] [Google Scholar]

53.	 Ghaioumy R, Tabatabaeifar F, Mozafarinia K, Mianroodi 
AA, Isaei E, Morones-Ramírez JR, Afshari SA, Kalantar-
Neyestanaki D. Biofilm formation and molecular analysis 
of intercellular adhesion gene cluster (icaABCD) among 
Staphylococcus aureus strains isolated from children 
with adenoiditis. Iran J Microbiol. 2021;13(4):458. 
[PubMed] [Google Scholar]

54.	 Jabur EQ, Kandala N. The production of biofilm from 
methicillin resistant Staphylococcus aureus isolated 
from post-surgical operation inflammation. Iraqi J Sci. 
2022;63(9):3688-702. [Google Scholar]

55.	 Yu L, Hisatsune J, Hayashi I, Tatsukawa N, Sato’o Y, 
Mizumachi E, Kato F, Hirakawa H, Pier GB, Sugai M. A 
novel repressor of the ica locus discovered in clinically 
isolated super-biofilm-elaborating Staphylococcus 
aureus. mBio. 2017;8(1):e02282-16. [PubMed] [Google 
Scholar]

56.	 Cerca N, Brooks JL, Jefferson KK. Regulation of the 
intercellular adhesin locus regulator (icaR) by SarA, 
σB, and IcaR in Staphylococcus aureus. J Bacteriol. 
2008;190(19):6530-3. [PubMed] [Google Scholar]

57.	 Yu D, Zhao L, Xue T, Sun B. Staphylococcus aureus 
autoinducer-2 quorum sensing decreases biofilm 
formation in an icaR-dependent manner. BMC 
Microbiol. 2012;12:288. [PubMed] [Google Scholar]


