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Abstract

Introduction The pathogenicity of Staphylococcus aureus is significantly attributed to its capacity to produce
biofilms, which bolster bacterial resistance against antibiotics and host immune responses. This study aimed to
explore the involvement of icaABCD genes in biofilm formation ability of S. aureus clinical isolates.

Materials and methods One hundred clinical S. aureus isolates were collected from hospitalized patients at a burn
center in North of Iran. The isolates were identified using standard biochemical tests and confirmed by the presence
of the nuc gene. Antibiotic susceptibility profiles were determined through the disk agar diffusion method. Biofilm
formation capacity was determined using microtiter plate assay. PCR test was conducted to detect the presence of
icaABCD genes.

Results Penicillin exhibited the highest resistance rate (94%), while vancomycin was most effective antibiotic with
6% resistance. Besides, 32% of the isolates demonstrated as multidrug resistant (MDR) and 29% were Methicillin-
resistant S. aureus (MRSA). Notably, 89% of the isolates were identified as biofilm produces, while 54 (60.67%), 28
(31.46%), and 7 (7.86%) isolates exhibited strong, moderate, and weakly biofilm production ability, respectively.
PCR results revealed a prevalence of 90%, 92%, 92%, and 94% for the icaA, icaB, icaC, and icaD genes, respectively.
Intriguingly, the MDR isolates exhibited a 100% prevalence of these genes. Similarly, 96.55%, 89.65%, 89.65% and
96.55% of the MRSA isolates were carrying the icaA, icaB, icaC, and icaD genes, respectively.

Conclusion This study revealed a noteworthy prevalence of biofilm-producing strains of S. aureus. High prevalence of
icaADBC genes as well as highlighted capacity of the biofilm formation in MRSA and MDR strains exhibited a potential
correlation between biofilm and antibiotic resistance patterns. Given the enhanced resilience of bacteria within
biofilms against antibiotics, addressing biofilm production is imperative alongside antibiotic treatments for effective
control and eradication of infections.
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Introduction

Staphylococcus aureus, as a gram-positive coccus, is one
of the most widespread and significant bacterial patho-
gens, and considered as a major global health threat due
to its high mortality rates [1, 2]. This bacterium has the
ability to form biofilm as well as to producing numerous
toxins, and can cause various infections, such as bactere-
mia, endocarditis, pulmonary, bone, skin and soft tissue
infections [3]. One of the main mechanisms contribut-
ing to the development of hospital-acquired infections
caused by S. aureus is the ability to form biofilms [2]. Bio-
film is a collection of bacterial structures enclosed by an
extracellular matrix (ECM) outside the cell, composed of
extracellular polymeric substances (EPS), enabling bacte-
ria to adhere to various surfaces [4, 5]. Adhesion to sur-
faces provides significant advantages, such as acquiring
new genetic traits and relative antibiotic resistance [6].
There is a concern regarding biofilm formation as it can
lead to the spread of infections caused by these bacteria,
resulting in increased mortality, prolonged hospitaliza-
tion, and higher treatment costs [6]. This issue presents
significant challenges to physicians in treating infec-
tions caused by S. aureus [6]. So, the presence of genes
involved in biofilm production is considered as one of the
important factors of pathogenesis, and their disquisition
is veritably important [7].

The polysaccharide intercellular adhesion molecule
(PIA) that plays a significant role in the adhesion and
aggregation steps, is an important ECM in the formation
of S. aureus biofilms [8]. The genes involved in the cellu-
lar aggregation and biofilm formation of S. aureus include
the fib, fubA, fubB, eno, icaADBC, sasG & C, and pls
genes, as well as the agr system [9]. The biofilm produc-
tion in S. aureus is mediated by the activity of icaADBC
operon, which is the major factor in the formation of
the extracellular polysaccharide matrix [10]. In this sys-
tem, the icaA gene is responsible for the production of
the N-acetylamino-glucosamine transferase enzyme, and
the icaD gene is responsible for the production of a chap-
erone protein for correct folding of the icaA. The icaC
gene product is also involved in the transport of PIA to
the cell surface, while the icaB gene product is respon-
sible for the deacetylation of mature PIA resulting in its
cell surface and intercellular adhesion [9]. The icaA, icaB,
icaC, and icaD genes are regulated by various regula-
tory systems, including Staphylococcal accessory regula-
tor (SarA) and sigB [11, 12]. In recent decades, there has
been a significant increase in the emergence of multi-
drug resistant (MDR) and Methicillin-resistant S. aureus
(MRSA) strains due to increased antibiotic prescription
[13, 14]. Therefore, the ability to produce biofilm is con-
sidered an important factor in treatment unresponsive-
ness in human diseases and infections. It seems that
the number of biofilm-related diseases is increasing,
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and understanding the developmental characteristics of
biofilm and its various aspects is crucial for successful
treatment. On the other hand, burns are a major global
public health crisis that leads to a reduction in local and
systemic immune responses, and burn wounds become a
suitable place for microbial growth [15]. Microbial infec-
tions, especially those caused by MDR bacteria, including
S. aureus, Pseudomonas aeruginosa, and Acinetobacter
baumannii, are a major cause of increased mortality in
burn patients [16]. Given the high prevalence of hospi-
tal infections caused by S. aureus and the expansion of
resistance-enhancing factors, the present study aimed
to investigate the biofilm-forming ability and prevalence
of icaADBC genes in S. aureus clinical isolates collected
from hospitalized patients in a burn center.

Materials and methods

Ethical approval statement

This study was approved by the Ethics Commit-
tee of Mazandaran University of Medical Science
(MAZUMS), Iran) with the ethics number IRMAZUMS.
REC.1403.504. This study was engaged according to the
Declaration of Helsinki. However, a written informed
agreement form was delivered by the patients or close
relatives. Also, the categorizing data of patients was kept
secret.

Sample collection

In this study, 100 non-repeated clinical isolates of S.
aureus were collected from hospitalized patients in a
burn center (Zare Hospital) in Sari city, North Iran. The
isolates were collected during March to December 2024.
The isolates were obtained from various clinical sources,
including Wound, blood, urine, Respiratory, and ascites.
Subsequently, the isolates were identified using com-
mon microbiological and biochemical tests, such as gram
staining, catalase, coagulase, mannitol fermentation, and
DNase assay [17]. Then, the isolates were confirmed by
PCR test using the thermonuclease encoding gene (nuc)
specific primers shown in Table 1. Also, S. aureus ATCC
25,923 was used as a control strain for diagnostic tests.

Antimicrobial susceptibility testing (AST)

The antibiotic susceptibility pattern of the S. aureus iso-
lates was determined using the disk agar diffusion (Kirby-
Bauer) method. The antibiotics tested in this study
included Penicillin (10 unites), Cefoxitin (30 pug), Ceftaro-
line (30 pg), Gentamicin (10 pg), Erythromycin (15 pg),
Tetracycline (30 pg), Ciprofloxacin (5 pg), and Clindamy-
cin (2 pg) (Roscoe, Denmark), following the Clinical and
Laboratory Standards Institute (CLSI) guidelines [18].
The S. aureus ATCC 29,213 was used as the control
strain. Additionally, the minimum inhibitory concentra-
tion (MIC) of Vancomycin was evaluated using the micro
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Table 1 Sequences of primers and PCR conditions used to amplify the nuc, and IcaABCD genes

Genes Sequences (5" to 3') Denaturation Annealing Extension Final Extension Amplicon  Ref-
temperature and temperature temperature temperature and Size (bp) er-
time and time and time time ence

nuc- F AGCTCAGCAAATGCATCACA 95°Cfor25s 53°Cfor30s 72°Cfor30s 72°Cfor 5 min 400 [20]

nuc- R TAGCCAAGCCTTGACGAACT

icaA- F GAGGTAAAGCCAACGCACTC 95°Cfor25s 53°Cfor30s 72°Cfor30s 72°C for 5 min 151 21]

icaA- R CCTGTAACCGCACCAAGTTT

icaB- F ATACCGGCAACTGGGTTTAT 95°Cfor25s 52°Cfor30s 72°Cfor30s 72°Cfor 5 min 141

icaB- R ATGCAAATCGTGGGTATGTGT

icaC-F CTTGGGTATTTGCACGCATT 95°Cfor25s 53°Cfor30s 72°Cfor30s 72°Cfor 5 min 209

icaC-R GCAATATCATGCCGACACCT

icaD- F ACCCAACGCTAAAATCATCG 95°Cfor25s 52°Cfor30s 72°Cfor30s 72°Cfor 5 min 211

icaD- R GCGAAAATGCCCATAGTTTC

broth dilution method, following CLSI guidelines [18],
and the S. aureus ATCC 29,213 was used as the standard
strain in this test, too.

Phenotypic evaluation of biofilm production by clinical
isolates of S. aureus

The ability to produce biofilm in the studied strains was
investigated using the micro titer plate method [19].
Briefly, 180 pl of Trypticase Soy Broth (TSB) contain-
ing 1% glucose was added to each well of a Flat bottom
96 well micro plate. Then, 20 ul of bacterial suspension
equivalent to a 0.5 McFarland standard was added to
each well. To reduce errors and ensure reliable analysis,
three wells were considered for each bacterial isolate.
Next, the micro plates were incubated at 37 °C for 20 h.
Then, the wells contents were removed and washed three
times with 0.15 M phosphate-buffered saline (PBS) and
the microplates were air-dried completely. Subsequently,
the well contents were stained with 0.1% crystal violet
for 30 min and washed three times with distilled water.
Next, 200 pl of a 33% acetic acid glacial was added to the
wells and their optical density (OD) were measured at a
wavelength of 590 nm, using an ELISA reader (Biotech,
USA) [19]. Also, three wells were used as negative control
that were contained just TSB with 1% glucose, and their
mean OD was considered as OD cut off (ODC). Then, the
sample’s ODs were compared with the ODC. The bacte-
ria with an OD <ODC were considered as biofilm-nega-
tive. Besides, the bacteria with an ODC<OD<2xODC
were weak biofilm producers, and the bacteria with a
2xODC < OD <4xODC were defined as moderate biofilm
producers, while the bacteria with a 4xODC<OD were
considered as strong biofilm-producer organisms. Also,
the S. aureus ATCC 35,556 that is a strong biofilm-pro-
ducer, was used as the positive control in this test [19].

Identification of the nuc, and IcaABCD genes by PCR
The DNA extraction process was performed using a
standard DNA extraction kit (Poya Gene Azma, Iran)

according to the instructions of the manufacturer. To
confirm the purity and the quality of the extracted DNAs,
their ODs were measured at 260 and 280 nm by a Nano-
Drop (Thermofisher, USA), and the DNAs were elec-
trophoresed on a 1.5% agarose gel (SinaClon, Iran). The
PCR assays were conducted using the primers listed in
Table 1. The PCR reactions were carried out in a 25 pl
final volume, including 12.5 ul Master Mix (Ampliqon,
Denmark), 10 pmol (1 pl) of each primer (Metabion, Ger-
many), 500 ng (2 pl) DNA template. and 8.5 pl RNase-free
distilled water. The amplification of the target genes was
performed under standard conditions using a thermal
cycler (BioRad, USA). All reactions were performed for
35 cycles with an initial denaturation at 95°C for 5 min.
The PCR conditions for all genes are shown in Table 1.
The PCR products were electrophoresed on 1.5% agarose
gel (SinaClon).

Statistical analysis

The results obtained from the data of this study were
analyzed using SPSS software (version 22). The quanti-
tative data were analyzed using the Descriptive program
and presented as Mean + SD. The Crosstabs program was
used to determine the percentage and number of certain
parameters. Chi-Square was used to compare the number
or percentage of some parameters between two groups,
and a P-value less than 0.05 was considered statistically
significant. Also, in cases where one of the samples com-
pared was less than or equal to 9 the Fisher exact test was
applied.

Results

In this descriptive-analytical study, 100 clinical S. aureus
isolates were included based on the presence of the nuc
gene. The mean age of patients was 42.59+24.59 years,
ranging from 8 months to 88 years. Besides, 50% of the
participants were male. The frequency of clinical samples
obtained from different hospital departments is summa-
rized in Fig. 1. Most isolates (50%) were obtained from
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Fig. 1 Frequency of isolates collected from different hospital departments and various clinical samples. Abbreviations: ICU; Intensive Care Unit

Table 2 Antibiotic resistance pattern of 100 S. aureus clinical

isolates
Antibiotics Percentage of the isolates which were
Resistant  Intermediate Resistant  Susceptible

Cefoxitin 29 - 71
Penicillin 94 - 6
Ceftaroline 7 7 86
Ciprofloxacin 37 16 47
Gentamicin 24 9 67
Tetracycline 50 40 10
Erythromycin 42 24 34
Clindamycin 35 16 49
Vancomycin 6 - 94

the burn units, while 5% were collected from the neu-
rology and 5% from the addiction departments. More-
over, the frequency of clinical specimen types is shown
in Fig. 1. Most isolates (60%) were collected from wound
culture and the lowest (2%) was from ascites fluid.

Antibiotic susceptibility pattern of S. aureus clinical isolates
The antibiotic resistance profile of the S. aureus clini-
cal isolates is shown in Table 2. The highest bacterial
resistance was observed against penicillin (94%) and the
highest susceptibility was observed against vancomycin
(94%). Besides, 32 isolates (32%) were defined as MDR.
The MIC ranges of vancomycin against the isolates were
as follows: 0.25 pg/ml for 4 isolates, 0.5 pg/ml for 11 iso-
lates, 1 pg/ml for 42 isolates, 2 pg/ml for 37 isolates, and
16 pg/ml for 6 isolates.

Also, the antibiotic resistance pattern of the S. aureus
isolates in different hospital wards is summarized in
Table 3. A significant difference was observed between
the resistance pattern of bacteria to most antibiotics
tested and the inpatient wards.

Besides, the antibiotic resistance pattern of S. aureus
clinical isolates based on the clinical samples is shown in
Table 4. Except for penicillin, tetracycline, and erythro-
mycin, no statistically significant difference was observed
between the antibiotic resistance pattern of the bacteria
and the type of clinical specimen.

The antibiotic resistance pattern of MDR and Non-MDR S.
aureus isolates

The antibiotic resistance pattern of MDR and non-MDR
S. aureus is reported in Fig. 2. Overall, MDR isolates had
significantly higher resistance compared to non-MDR
strains against ciprofloxacin (100% vs. 7.35%), gentami-
cin (75% vs. 0%), tetracycline (100% vs. 26.47%), cefoxitin
(68.75% vs. 10.29%), clindamycin (87.5% vs. 10.29%), and
erythromycin (100% vs. 14.7%). There was a statistically
significant difference in antibiotic resistance between
MDR and non-MDR isolates (P-value < 0.001).

The antibiotic resistance pattern of MRSA and MSSA
Overall, 29% of S. aureus clinical isolates were MRSA.
The antibiotic resistance pattern of MRSA and methicil-
lin-susceptible S. aureus (MSSA) is shown in Fig. 3. Sig-
nificant differences were observed in antibiotic resistance
patterns of MRSA and MSSA isolates against ciprofloxa-
cin (82.75% vs. 18.3%), gentamicin (55.17% vs. 11.26%),
tetracycline (82.75% vs. 36.61%), clindamycin (86.2% vs.
14.08%), erythromycin (93.1% vs. 21.12%), and ceftaro-
line (17.24% vs. 2.81%) (p <0.001).

Biofilm production ability of S. aureus isolates

Overall, 89 isolates (89%) were capable to produce bio-
films, from which biofilm production was strong in 54
isolates (60.67%), moderate in 28 isolates (31.46%), and
weak in 7 isolates (86.7%). The frequency of biofilm pro-
duction in MDR and non-MDR S. aureus clinical isolates
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Table 3 Antibiotic resistance pattern of S. aureus isolates based on hospital wards
Antibiotics Resistance pattern  No. (%) of isolates with different susceptibility pattern P-value
Burn(n=50) ICU(n=25) Restoration(n=15) Addiction (n=5) Neurology (n=5)
Penicillin NS 50 (100) 25 (100) 15 (100) 2 (40) 2 (40) 0.018
S - - - 3(60) 3(60)
Cefoxitin NS 15 (30) 9(36) 5(33.33) - - 0.189
S 35(70) 16 (64) 10 (66.66) 5(100) 5(100)
Ceftaroline NS 8(16) 4(16) 2(13.33) - - 0.238
S 42 (84) 21 (84) 13 (86.66) 5(100) 5(100)
Ciprofloxacin NS 37 (74) 13(52) 3(20) - - 0.047
S 13 (26) 12 (48) 12 (80) 5(100) 5(100)
Gentamicin NS 20 (40) 9(36) 4 (26.66) - - 0.128
S 30 (60) 16 (64) 11 (6.66) 5(100) 5(100)
Tetracycline NS 50 (100) 25 (100) 15(100) - - 0.00
S - - - 5(100) 5(100)
Erythromycin NS 43 (86) 18(72) 7 (46.66) - - 0.038
S 7(14) 7(28) 8(53.33) 5(100) 5(100)
Clindamycin NS 35(70) 13 (52) 3(20) - - 0.044
S 15 (30) 12 (48) 12 (80) 5(100) 5(100)
Abbreviations: NS: Non-susceptible that means resistant and intermediate resistant; S: Susceptible
Table 4 Antibiotic resistance pattern of S. aureus clinical isolates in terms of clinical samples
Antibiotics Resistance pattern  No. (%) of isolates with different susceptibility pattern P-value
Wound (n=60) Blood (n=17) Urine (n=11) Respiratory (n=10) Ascites (n=2)
Penicillin NS 60 (100) 15 (88.23) 9(81.81) 2 (20) - 0.015
S - 2(11.76) 2(18.18) 8(80) 2 (100)
Cefoxitin NS 21(35) 3(17.64) 2(18.18) 3(30) - 0.387
S 39 (65) 14 (82.35) 9(81.81) 7(70) 2 (100)
Ceftaroline NS 11(1833) 2(11.76) - 1(10) - 0.568
S 49 (81.66) 15(88.23) 11 (100) 9 (90) 2 (100)
Ciprofloxacin NS 40 (66.66) 7(41.17) 3(27.27) 3(30) - 0.156
S 20(33.33) 10 (58.82) 8(72.72) 7 (70) 2 (100)
Gentamicin NS 29 (48.33) 3(17.64) - 1(10) - 0.178
S 31(51.66) 14 (82.35) 11 (100) 9 (90) 2 (100)
Tetracycline NS 60 (100) 15(88.23) 8(72.72) 7(70) - 0.045
S - 2(11.76) 3(27.27) 3(30) 2 (100)
Erythromycin NS 50(83.33) 11 (64.70) - 5(50) - 0.038
S 10 (16.66) 6(35.29) 11 (100) 5(50) 2 (100)
Clindamycin NS 41 (68.33) 5(2941) - 5(50) - 0.058
S 19 (31.66) 12 (70.58) 11 (100) 5(50) 2 (100)

Abbreviations: NS: Non-susceptible that means resistant and intermediate resistant; S: Susceptible

is shown in Fig. 4. A significant difference was observed
between MDR and non-MDR isolates in the frequency
of biofilm production (p=0.016). Also, the frequency of
biofilm production in MRSA and MSSA isolates is shown
in Fig. 4. No significant difference was observed between
these isolates in the frequency of biofilm production
(p=0.45).

Prevalence of IcaABCD genes in S. aureus isolates

Based on the results of PCR test, the prevalence of icaA,
icaB, icaC, and icaD genes among all isolates was found
to be 90%, 92%, 92%, and 94%, respectively. The fre-
quencies of icaA, icaB, icaC, and icaD genes in MDR

and non-MDR S. aureus isolates are shown in Fig. 5. A
significant difference was observed between MDR and
non-MDR isolates in the frequencies of icaA (p=0.022),
icaB (p=0.043), and icaC (p=0.043) genes, while no sig-
nificant difference was detected in the frequency of icaD
gene between two groups (p=0.083).

The frequency of icaA, icaB, icaC and icaD genes in
MRSA and MSSA isolates is shown in Fig. 6. No sig-
nificant difference was observed in the frequency of
icaA (p=0.16), icaB (p=0.58), icaC (p=0.58) and icaD
(p=0.49) genes between MRSA and MSSA isolates.

On the other hand, a significant difference was
observed between biofilm-positive and biofilm-negative
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Fig. 3 Comparison of antibiotic resistance patterns of MRSA and MSSA isolates

isolates in the frequency of icaA, icaB, icaC and icaD
genes (p=0.000). Almost more than 95% of the biofilm-
producing isolates had all genes. The frequencies of icaA,
icaB, icaC and icaD genes in biofilm-producing S. aureus
isolates were 95.5%, 98.87%, 98.87% and 100%, respec-
12.67 tively, while they detected in 45.45%, 36.36%, 36.36% and

u 45.45% of biofilm-negative isolates, respectively.
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Due to its strong biofilm production and antibiotic resis-

tance, S. aureus is a significant organism in the occur-
Fig. 4 Biofilm production ability in MDR, non-MDR, MRSA and MSSA rence of hospital—acquired infections [1]. The ability to

u Biofilm-producer = Biofilm non-producer

isolates form biofilms leads to increased antibiotic resistance

and mortality rates [6]. This study aimed to investigate
the biofilm-forming ability and related genes, as well as
the antibiotic resistance pattern of the S. aureus clinical
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isolates. The results of this study showed that the abil-
ity to form biofilm is associated with the development
of antibiotic resistance, especially in MRSA and MDR
isolates. Considering the formation of multilayer units
in biofilm structures, the development of biofilm can be
considered as a key step and indicator in the develop-
ment of infection and antibiotic resistance [22]. In this
study, the highest antibiotic resistance was observed
to penicillin (94%), followed by tetracycline (50%) and
erythromycin (42%). On the other hand, the highest sen-
sitivity was seen against vancomycin (94%) and ceftaro-
line (86%). Also, 32% and 29% of the isolates were MDR
and MRSA, respectively. Also, among MRSA isolates, 3
(10.34%) were detected as vancomycin-resistant S. aureus
(VRSA), while among 32 MDR isolates, 22 (68.75%)
were MRSA but no VRSA isolates were detected among
the MDRs. Poli et al. (2025) indicated that 18.64% of S.
aureus isolated from milk samples in Italy were MRSA

[23], indicating differences between clinical isolates and
animal origin foods. However, foods can also be a poten-
tial source to transmit these strains to humans. Umar
et al. studied 14 S. aureus isolates in Nigeria (2024) and
reported that 50% and 35.7% of the isolates were MRSA
and MDR, respectively. Also, the antibiotic resistance
patterns of the isolates were as follows: penicillin (100%),
levofloxacin (64.3%), doxycycline (50%), tetracycline
(28.6%), and erythromycin (21.4%) [24]. Their higher
prevalence of MRSA and the same prevalence of MDR
strains may be due to the fact that 9/14 (64.28%) isolates
were obtained from burn wounds, and 60% of our iso-
lates were from the wound samples. Abd et al. conducted
a study in Iraq (2022) on 50 S. aureus clinical isolates and
showed that all (100%) isolates were resistant to cefoxi-
tin (MRSA), penicillin, and ceftazidime, while 88%, 46%,
50%, and 50% were resistant to vancomycin, azithromy-
cin, erythromycin, and tetracycline, respectively [25].
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This could be due to differences in antibiotic use in the
two regions. Anzabi et al. (2021) conducted a study on
human and animal strains and reported the 64.1% and
36.1% frequency of the mecA gene in human and ani-
mal isolates, respectively, indicating differences between
human and animal strains [26]. Kim et al. in South Korea
reported a 51% prevalence of MRSA [27], and Tyagi et al.
reported a 44% prevalence of MRSA strains in India [28].
The variation in the prevalence of MRSA strains could be
due to differences in the pattern of beta-lactam consump-
tion in hospitals and community. On the other hand,
studies have shown that the spread of MRSA isolates is
strongly associated with geographical regions and bio-
logical patterns [29]. In a study conducted by Ghasemian
et al., among 29 MRSA isolates, 56% were MDR [30]. We
found a significant difference in the antibiotic resistance
pattern between MDR and Non-MDR S. aureus as well
as MRSA and MSSA isolates (p<0.001), demonstrating
arbitrary use of antibiotics by people, inappropriate anti-
biotic prescriptions, as well as long-term and improper
usage of broad-spectrum antibiotics.

On the other hand, Ali et al. in Pakistan showed that
28%, 40%, and 22.7% of MRSA isolates were strong,
moderate, and weak biofilm producers, respectively.
They found that antibiotic resistance was more preva-
lent among biofilm-forming isolates, while ceftaroline
was effective regardless of biofilm-forming ability [31].
These results were similar to our study, where 100% and
93.10% of our MDR and MRSA isolates were biofilm-
positive, respectively. Umar et al. in Nigeria showed that
all S. aureus isolates collected from burn wounds and
skin of healthcare workers were moderate biofilm pro-
ducers [24]. The variation in biofilm production ability in
different studies could be attributed to the genetic char-
acteristics and features of bacteria in different geographi-
cal regions. Also, differences in hygiene and infection
control practices in hospitals can affect the prevalence
of biofilm production, because by properly disinfect-
ing hospital surfaces with appropriate disinfectants, the
formation of biofilm by bacteria on non-living surfaces
can be prevented [32]. The present study is consistent
with most studies showing the high ability of S. aureus
to produce biofilms. This factor can cause the bacteria to
escape from the host immune system, make it more dif-
ficult for drugs penetration, increase bacterial survival,
and consequently increase its pathogenicity [22]. In our
study, there was no significant difference in the preva-
lence of biofilm production between MRSA and MSSA
strains (p=0.45), but the MRSA strains demonstrated a
slightly higher ability (93% vs. 87%) to form biofilms. In
a study in western China, Wu et al. showed that MRSA
increases biofilm structure and adhesion ability [33].
This phenomenon might be due to an increased chance
of transferring drug resistance genes within the biofilm
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structure and the role of the mecA gene [34]. Further-
more, a significant difference in the prevalence of biofilm
production was observed between MDR and Non-MDR
S. aureus isolates in our study (p=0.016). On the other
hand, 75.43% of MDR isolates in our study were strong
biofilm producers. Bacteria in biofilms can spread anti-
biotic resistance in different parts of healthcare facilities
through various mechanisms. This phenomenon can also
be a serious threat to the care of patients hospitalized in
healthcare settings [33].

Biofilm production in S. aureus is mediated by intercel-
lular adhesive polysaccharide (PIA), which is produced
by the intercellular adhesion proteins, including IcaA,
IcaB, IcaC, and IcaD [35]. Molecular analysis in this study
demonstrated that the prevalence of the icaA, icaB, icaC,
and icaD genes was 90%, 92%, 92%, and 94%, respectively.
The frequencies of icaA, icaB, icaC and icaD genes in
biofilm-producing strains were 95.5%, 98.87%, 98.87%
and 100%, respectively. It is obvious that the presence
of the mentioned genes is significantly associated with
biofilm production. Many reports have been published
on the existence of this association in S. aureus isolates.
In a study in Portugal, Silva et al. investigated the bio-
film formation of multidrug-resistant MRSA strains iso-
lated from bacteremia, osteomyelitis, and diabetic foot
ulcers [36]. The average biofilm formation for all isolates
of bacteremia, diabetic foot infection and osteomyelitis
was 80.5%, 77.6% and 58.3%, respectively. Besides, icaA
was detected in 85%, 77.4% and 53.7%, icaD in 89.1%,
74.1% and 59.65%, icaB in 73%, 64.1% and 44.5%, and
icaC in 75.5%, 68% and 47.8% of bacteremia, diabetic
foot and osteomyelitis isolates, respectively [36]. These
results show the significant role of biofilm formation
ability in bacteremia and wound infection. Piechota et
al. also showed that 99.2% of their isolates were biofilm
producers, while 39.7% and 36.8% of MRSA and MSSA
isolates were strong biofilm producers [37]. Also, 66.7%
of sputum and tracheostomy tube isolates, 50% of nasal
and catheter isolates, 44.4% of throat isolates, and 43.8%
of bronchoalveolar lavage isolates were strong biofilm
producers, while fecal isolates had much lower biofilm-
forming capacity [37]. Besides, MRSA isolates had a
higher biofilm-forming capacity than MSSA strains, and
isolates with icaABCD and icaABD produced signifi-
cantly more biofilm than strains with icaAD [37]. Biofilm
formation by both MRSA and MSSA strains indicates
the high ability of these strains to persist in the hospi-
tal environment, which increases the risk of disease in
hospitalized patients. Poli et al. showed that all MRSA
isolates collected from milk samples had the icaA, icaB,
icaC, and icaD genes, indicating the potential of these
strains to form biofilms [23]. Ali et al. studied a total of
150 MRSA isolates in Pakistan and showed that the icaA
and icaD genes were detected in 85.3% and 86.7% of the
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isolates, respectively [31]. Umar et al. showed that 14.7%
and 28.64% of the S. aureus isolates carried the icaB and
icaD genes, respectively [24]. Capri et al. investigated 18
coagulase-negative staphylococci isolated from the milk
of sheep with subclinical mastitis and identified the ica
genes in 27.7% of the isolates, indicating that the coag-
ulase-negative staphylococci can acquire virulence genes
as pathogens in subclinical mastitis [38]. Abd et al. in Iraq
showed that all 50 isolates were MRSA and all carried
icaABCD genes [25]. Ghaioumy et al. in Iran observed
that all S. aureus isolates collected from adenoid samples
of patients under 15 years-old were biofilm-positive,
while 6.3% and 59.4% of the isolates had icaA and icaD
genes, respectively, and all were icaC- and icaB-negative
[39]. Anzabi et al. by assessing 39 human and 35 ani-
mal S. aureus isolates showed that 64.1%, 64.1%, 30.8%,
and 64.1% of human isolates and 36.8%, 31.6%, 26.3%,
and 36.8% of animal isolates carried icaA, icaB, icaC,
and icaD genes, respectively, and there was a significant
relationship between mecA and icaAD genes in human
isolates [26]. Azmi et al. in Palestine showed that 21%,
46.4%, 32.6% of S. aureus isolates were strong, moderate,
and weak biofilm producers. Also, all isolates contained
icaA and icaD genes, and 26.6% were MDR [40].

Previous studies had demonstrated that the presence
of the icaADBC operon alone might not necessarily indi-
cate biofilm production, and other factors are also signifi-
cant [41]. Similarly, despite the presence of the ica genes,
biofilm formation did not occur in some isolates of our
study, as well as the study conducted by Dadgar et al. that
showed no biofilm formation ability in some icaA- and
icaD-positive isolates [42]. The phenotypic variations
may be due to deletions or insertions in ica operon [43].
Bi et al. reported that the silencing of the icaA and icaB
genes in S. aureus ATCC 25,923 reduces the sensitivity to
linezolid, decrease in biofilm formation, and alterations
in the surface structures [44]. Overall, these findings
highlight the potential efficacy of targeting Ica proteins
as a strategy for reducing biofilm formation in S. aureus.
However, further research is needed to validate the prac-
tical applications of this approach in preventing biofilm-
related infections.

Conclusions

The emergence of strains with high biofilm formation
capacity in hospital environments is a serious health
threat, especially for immunocompromised patients and
patients connected to artificial devices. The results of this
study showed that there is higher antibiotic resistance
and biofilm formation ability in MRSA and MDR strains,
indicating the significant role of antibiotic consumption
patterns in each region. Bacteria in biofilms are able to
spread drug resistance genes in hospitals and emerg-
ing challenges in antimicrobial treatments. On the other
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hand, the strong presence of icaABCD operon genes in
these isolates indicates that the Ica proteins may be suit-
able targets for future research on how to control the
pathogenicity of this bacteria in hospitals.

Limitations

The limitation of this study was no investigation of the
expression levels of the icaABCD genes. Another limita-
tion of this study was that we did not investigate other
virulence factors related to biofilm production.

Abbreviations

MDR Multidrug Resistant
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ELISA  Enzyme-linked Immunosorbent Assay
ODC OD Cut Off

DNA Deoxyribonucleic Acid

ICU Intensive Care Unit

MSSA  Methicillin-susceptible S. aureus

Acknowledgements
Thanks to all members of Department of Medical Microbiology and Virology,
Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran.

Author contributions

Conceptualization: HRG; Data curation: HRG, AB, AF, HJS; Formal analysis: MA,
PNG, HJS; Investigation: HRG, MA, AB, AF; Methodology: HRG, MA, AB; Project
administration: HRG; Software: HRG, AF, PNG; Supervision: HRG; Validation:
HRG; Visualization: HRG, MA, AB, PNG; Writing - original draft: MA; Writing -
review & editing: HRG, MA, AB, AF, PNG, HJS.

Funding
This study was funded by Mazandaran University of Medical Sciences, Sari,
Iran, with grant No. 1466.

Data availability
All data generated or analyzed during this study are included in this published
article.

Declarations

Ethics approval

This study was approved by the Ethics Committee of Mazandaran University
of Medical Science (MAZUMS), Iran) with the ethics number IRMAZUMS.
REC.1403.504. This study was engaged according to the Declaration of
Helsinki. However, a written informed agreement form was delivered by the
patients or close relatives. Also, the categorizing data of patients was kept
secret.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Laboratory Sciences, Faculty of Allied Medical Science,
Mazandaran University of Medical Sciences, Sari, Iran

’Department of Medical Microbiology and Virology, Faculty of Medicine,
Mazandaran University of Medical Sciences, Sari, Iran

*Department of Clinical and Biological Sciences, Faculty of Medicine and
Surgery, University of Turin, Turin, Italy



Alibegli et al. BMC Microbiology

(2025) 25:302

“Molecular and Cell Biology Research Centre, Faculty of Medicine,
Mazandaran University of Medical Sciences, Sari, Iran

Received: 13 February 2025 / Accepted: 2 May 2025
Published online: 17 May 2025

References

1.

2.

20.

Cheung GY, Bae JS, Otto M. Pathogenicity and virulence of Staphylococcus
aureus. Virulence. 2021;12(1):547-69.

Haddad O, Merghni A, Elargoubi A, Rhim H, Kadri Y, Mastouri M. Comparative
study of virulence factors among methicillin resistant Staphylococcus aureus
clinical isolates. BMC Infect Dis. 2018;18(1):1-8.

Tong SY, Davis JS, Eichenberger E, Holland TL, Fowler VG Jr. Staphylococcus
aureus infections: epidemiology, pathophysiology, clinical manifestations,
and management. Clin Microbiol Rev. 2015;28(3):603-61.

Pandit S, Sarode S, Chandrasekhar K. Fundamentals of bacterial biofilm: pres-
ent state of Art. Quorum Sens its Biotechnol Appl 2018:43-60.

Kim SJ, Chang J, Rimal B, Yang H, Schaefer J. Surface proteins and the forma-
tion of biofilms by Staphylococcus aureus. Biochim Et Biophys Acta (BBA)-
Biomembranes. 2018;1860(3):749-56.

Klevens RM, Morrison MA, Nadle J, Petit S, Gershman K, Ray S, Harrison LH,
Lynfield R, Dumyati G, Townes JM. Invasive methicillin-resistant Staphylococ-
cus aureus infections in the united States. JAMA. 2007;298(15):1763-71.
Bridier A, Le Sanchez-Vizuete MdP D, Aymerich S, Meylheuc T, Maillard J-Y,
Thomas V, Dubois-Brissonnet F, Briandet R. Biofilms of a Bacillus subtilis hospi-
tal isolate protect Staphylococcus aureus from biocide action. 2012.

Nguyen HT, Nguyen TH, Otto M. The Staphylococcal exopolysaccharide
PIA-Biosynthesis and role in biofilm formation, colonization, and infection.
Comput Struct Biotechnol J. 2020;18:3324-34.

Peng Q, Tang X, Dong W, Sun N, Yuan W. A review of biofilm forma-

tion of Staphylococcus aureus and its regulation mechanism. Antibiotics.
2022;12(1):12.

Cramton SE, Gerke C, Schnell NF, Nichols WW, Gétz F. The intercellular adhe-
sion (ica) locus is present in Staphylococcus aureus and is required for biofilm
formation. Infect Immun. 1999,67(10):5427-33.

Valle J, Toledo-Arana A, Berasain C, Ghigo JM, Amorena B, Penadés JR, Lasa

. SarA and not 5B is essential for biofilm development by Staphylococcus
aureus. Mol Microbiol. 2003;48(4):1075-87.

Bischoff M, Entenza J, Giachino P. Influence of a functional SigB Operon

on the global regulators Sar and Agr in Staphylococcus aureus. J Bacteriol.
2001;183(17):5171-9.

Chang F-Y, Peacock JE Jr, Musher DM, Triplett P, MacDonald BB, Mylotte JM,
O'Donnell A, Wagener MM, Victor LY. Staphylococcus aureus bacteremia:
recurrence and the impact of antibiotic treatment in a prospective multi-
center study. Medicine. 2003,82(5):333-9.

Bharadwaj A, Rastogi A, Pandey S, Gupta S, Sohal JS. Multidrug-Resistant
Bacteria: Their mechanism of action and prophylaxis. BioMed research interna-
tional 2022,2022.

Chen Y-Y, Wu P-F, Chen C-S, Chen I-H, Huang W-T, Wang F-D. Trends in micro-
bial profile of burn patients following an event of dust explosion at a tertiary
medical center. BMC Infect Dis. 2020,20:1-11.

Roy S, Mukherjee P, Kundu S, Majumder D, Raychaudhuri V, Choudhury L.
Microbial infections in burn patients. Acute Crit Care. 2024;39(2):214.

Tille P. Bailey & Scott’s diagnostic microbiology-E-Book. Elsevier Health Sci-
ences; 2015.

CLSI: Clinical and laboratory standards institute (CLSI). Performance standards
for antimicrobial susceptibility testing: 35th ed. CLSI supplement M100-S35
(ISBN 978-1-68440-262-5. 2025., vol. 45; 2025.

Prakash PH, Rajan V, Gopal S. Predominance of SCCmec types IV and V among
biofilm producing device-associated Staphylococcus aureus strains isolated
from tertiary care hospitals in Mysuru, India. Enfermedades infecciosas y micro-
biologia clinica (English ed) 2017, 35(4):229-235.

Mohammadi K. Distribution of Staphylococcal enterotoxin A gene among
Staphylococcus aureus isolates from traditional white-brined cheese. J Comp
Pathobiology. 2015;11(4):1473-80.

Vancraeynest D, Hermans K, Haesebrouck F. Genotypic and pheno-

typic screening of high and low virulence Staphylococcus aureus iso-

lates from rabbits for biofilm formation and MSCRAMM:s. Vet Microbiol.
2004;103(3-4):241-7.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 10 of 11

Batista AH, Moreira AC, De Carvalho RM, Sales GW, Nogueira PC, Grangeiro
TB, Medeiros SC, Silveira ER, Nogueira NA. Antimicrobial effects of Violacein
against planktonic cells and biofilms of Staphylococcus aureus. Molecules.
2017;22(10):1534.

Poli SF, Locatelli C, Monistero V, Freu G, Cremonesi P, Castiglioni B, Lecchi C,
Longheu CM, Tola S, Guaraglia A. Staphylococcus aureus and methicillin-resis-
tant Staphylococci and mammaliicocci in the bulk tank milk of dairy cows
from a livestock-dense area in Northern Italy. Res Vet Sci. 2025;182:105482.
Umar K, Abdullahi IN, Magashi AM, Kawo AH, Usman Y, Ahmad AE-f, Torres C.
Prevalence and clonal lineages of biofilm-producing Staphylococcus aureus
from clinical samples and healthcare workers at Ahmadu Bello university
teaching hospital, Nigeria. GMS Hygiene Infect Control. 2024;19:Doc49.

Abd FB, Al-Ugaili DN, Risan MH. Biofilm formation and molecular analysis of
Icaabcd genes among Staphylococcus aureus strains isolated from different
clinical sources. HIV Nurs. 2022,22(2):369-72.

Anzabi Y, Shayegh J. Comparison of the frequency of biofilm-forming genes
(icaABCD) in methicillin-resistant S. aureus strains isolated from human and
livestock. Arch Razi Inst. 2021;76(6):1655.

Kim ES, Song JS, Lee HJ, Choe PG, Park KH, Cho JH, Park WB, Kim S-H, Bang
J-H, Kim D-M. A survey of community-associated methicillin-resistant Staphy-
lococcus aureus in Korea. J Antimicrob Chemother. 2007,60(5):1108-14.
Tyagi A, Kapil A, Singh P. Incidence of methicillin resistant Staphylococcus
aureus (MRSA) in pus samples at a tertiary care hospital, AlIMS, new Delhi. J
Indian Acad Clin Med. 2008;9(1):33-5.

Galar A, Weil AA, Dudzinski DM, Murioz P, Siedner MJ. Methicillin-resistant
Staphylococcus aureus prosthetic valve endocarditis: pathophysiology, epi-
demiology, clinical presentation, diagnosis, and management. Clin Microbiol
Rev. 2019;32(2). https://doi.org/10.1128/cmr. 00041-00018.

Ghasemian A, Peerayeh SN, Bakhshi B, Mirzaee M. Several virulence factors of
multidrug-resistant Staphylococcus aureus isolates from hospitalized patients
in Tehran. Int J Enteric Pathogens. 2016;3(2):8-25196.

Ali A, Riaz S. Emerging threats of high biofilm formation and antibiotic resis-
tance in clinical methicillin-resistant Staphylococcus aureus (MRSA) isolates
from Pakistan. Infect Genet Evol. 2024;121:105592.

StarzI TW, Turner TD, Starzl RS. Methods and compositions to prevent micro-
bial infection. In.: Google Patents; 2019.

Wu 'S, Huang F, Zhang H, Lei L. Staphylococcus aureus biofilm organization
modulated by YycFG two-component requlatory pathway. J Orthop Surg
Res. 2019;14:1-8.

Lerminiaux NA, Cameron AD. Horizontal transfer of antibiotic resistance
genes in clinical environments. Can J Microbiol. 2019,65(1):34-44.

Murugan K, Usha M, Malathi P, Al-Sohaibani AS, Chandrasekaran M. Biofilm
forming multi drug resistant Staphylococcus spp. among patients with con-
junctivitis. Pol J Microbiol. 2010;59(4):233.

Silva V, Almeida L, Gaio V, Cerca N, Manageiro V, Canica M, Capelo JL, Igrejas G,
Poeta P Biofilm formation of multidrug-resistant MRSA strains isolated from
different types of human infections. Pathogens. 2021;10(8):970.

Piechota M, Kot B, Frankowska-Maciejewska A, Gruzewska A, Wozniak-Kosek
A. Biofilm formation by methicillin-resistant and methicillin-sensitive Staphy-
lococcus aureus strains from hospitalized patients in Poland. Biomed Res Int.
2018;2018(1):4657396.

Capri FC, Di Leto Y, Presentato A, Mancuso |, Scatassa ML, Alduina R. Charac-
terization of Staphylococcus species isolates from sheep milk with subclinical
mastitis: antibiotic resistance, enterotoxins, and biofilm production. Food-
borne Pathog Dis. 2024;21(1):10-8.

Ghaioumy R, Tabatabaeifar F, Mozafarinia K, Mianroodi AA, Isaei E, Morones-
Ramirez JR, Afshari SAK; 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.

Azmi K, Qrei W, Abdeen Z. Screening of genes encoding adhesion factors and
biofilm production in methicillin resistant strains of Staphylococcus aureus
isolated from Palestinian patients. BMC Genomics. 2019;20:1-12.

Eftekhar F, Mirmohamadi Z. Evaluation of biofilm production by Staphylo-
coccus epidermidis isolates from nosocomial infections and skin of healthy
volunteers. Int J Med Med Sci. 2009;1(10):438-41.

Dadgar T, Vahedi Z, Yazdansetad S, Kiaei E, Asaadi H. Phenotypic investigation
of biofilm formation and the prevalence of lcaA and IcaD genes in Staphylo-
coccus epidermidis isolates. Iran J Med Microbiol. 2019;12(6):371-81.

El-Khier NTA, El-Kazzaz SS, Elganainy AE. Phenotypic and genotypic detection
of biofilm formation in Staphylococcus epidermidis isolates from retrieved
orthopaedic implants and prostheses. Br Microbiol Res J. 2015;9(4):1-10.


https://doi.org/10.1128/cmr

Alibegli et al. BMC Microbiology (2025) 25:302

44, BiH, Deng R, LiuY. Linezolid decreases Staphylococcus aureus biofilm forma-
tion by affecting the IcaA and IcaB proteins. Acta Microbiol Immunol Hung
2022.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11



	﻿Contribution of ﻿icaADBC﻿ genes in biofilm production ability of ﻿Staphylococcus aureus﻿ clinical isolates collected from hospitalized patients at a burn center in North of Iran
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Ethical approval statement
	﻿Sample collection
	﻿Antimicrobial susceptibility testing (AST)
	﻿Phenotypic evaluation of biofilm production by clinical isolates of ﻿S. aureus﻿
	﻿Identification of the ﻿nuc﻿, and ﻿IcaABCD﻿ genes by PCR
	﻿Statistical analysis

	﻿Results
	﻿Antibiotic susceptibility pattern of ﻿S. aureus﻿ clinical isolates
	﻿The antibiotic resistance pattern of MDR and Non-MDR ﻿S. aureus﻿ isolates
	﻿The antibiotic resistance pattern of MRSA and MSSA
	﻿Biofilm production ability of ﻿S. aureus﻿ isolates
	﻿Prevalence of ﻿IcaABCD﻿ genes in ﻿S. aureus﻿ isolates

	﻿Discussion
	﻿Conclusions
	﻿Limitations

	﻿References


