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Prevalence of Biofilm Formation Among Methicillin Resistance Staphylococ-
cus aureus Isolated From Nasal Carriers

Maryam Rezaei 1, Rezvan Moniri 1, 2, * , Seyed Gholam Abbas Mousavi 3, Marzie Jabari Shiade 1

1 Department of Microbiology and Immunology, Faculty of Medicine, Kashan University of Medical Sciences, Kashan, IR Iran2 Anatomical Sciences Research Center, Kashan University of Medical Sciences, Kashan, IR Iran3 Truma Research center, Kashan University of Medical Sciences, Kashan, IR Iran
*Corresponding author: Rezvan Moniri, Department of Microbiology and Immunology, Faculty of Medicine, Kashan University of Medical Sciences, Kashan, IR Iran. Anatomical 
Sciences Research Center, Kashan University of Medical Sciences, Kashan, IR Iran. Tel:+98-3615550021-25 Ext. 539, Fax: +98-3615551112, E-mail: moniri@kaums.ac.ir. 

 Received: December 11, 2012; Revised: February 23, 2013; Accepted: March 10, 2013

Background: Methicillin -resistant staphylococcus aureus (MRSA) is associated with serious infections. Having the ability of biofilm-
formation decrease their susceptibility to antibiotics.
Objectives: The aim of this study was to determine the prevalence of biofilm formation among MRSA isolated from nasal carriers in the 
Beheshti Teaching Hospital in Kashan, Iran.
Materials and Methods: A cross-sectional study was conducted in 810 patients referred to emergency department in Beheshti Hospital 
in Kashan. Sterilized nasal swabs were used for collecting nasal bacteria. Nasal specimens were further recognized as S. aureus strains by 
standard biochemical tests, and MRSA isolates were detected by disk diffusion method. PCR assay was used for detecting mecA gene in 
MRSA isolates. The susceptibility of MRSA isolates to amikacin, clindamycin, gentamicin, ciprofloxacin, SXT, erythromycin, tetracycline 
were determined by using disk diffusion method according to recommendation of CLSI. Biofilm formation ability of MRSA isolates were 
examined by crystal violet microtitre plate assay and Congo red agar (CRA).
Results: Two hundred and ninety six (36.5%) out of 810 isolates were S. aureus. Twenty six (8.8%) of all S. aureus isolates were recognized 
as MRSA. All the MRSA isolates have the ability of biofilm formation which 15.4%, 19.2% and 65.4% of them were strong, medium and weak 
biofilm producer respectively. The resistance rate of strong biofilm producer were; erythromycin (100%), clindamycin (75%), ciprofloxacin 
(75%), SXT (75%), gentamycin (50%), tetracycline (0%), amikacin (0%).
Conclusions: High rate of MRSA nasal carrier and having the ability of biofilm formation which decrease their susceptibility to antibiotics, 
is an alarming for public health. Statistically significant correlation between susceptibility to tetracycline and MRSA carrier was observed.
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Implication for health policy/ practice/ research/ medical education:
Methicillin-resistant staphylococcus aureus (MRSA) is associated with serious infections. Having the ability of biofilm-formation decrease their susceptibility to an-
tibiotics.
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vided the original work is properly cited.

1. Background
Staphylococcus aureus is known to form biofilms on dif-

ferent surfaces (1). The chronic infections that cause by 
S. aureus, persist and increase the rate of morbidity and 
mortality in human population due to the development 
of biofilm structures produced by this pathogen (2). 
Biofilm forming bacteria are the cause of many nosoco-
mial infections (3). According to some reports, over 65% 
of hospital-acquired infections occur by the infecting 
organisms that have the ability of producing biofilms 
(4). Biofilms are the population of bacteria growing on 
the biotic and abiotic surfaces and embed themselves in 
a self-produced extracellular matrix of exopolysaccha-
ride (EPS), proteins and some micro molecules such as 
DNA (2, 5). There are various definitions for biofilm but 
all of them enumerate three major ingredients for it: mi-
crobes, slime exopolysaccharide and surface, removing 
any of them can stop developing biofilm (6). 

Susceptibility to antibiotics in bacteria that are pro-
tected by biofilm is reduced because drugs are prevented 
from reaching the bacteria surrounded by biofilm. Fur-
thermore biofilm keeps bacteria out of reach of host 
immune defense mechanism and often resulting in per-
sistent and difficult-to-treat infections (2, 3). Methicillin 
resistant S. aureus (MRSA) that have the ability of biofilm 
formation can become resistant to the most currently 
use antibiotics (1). MRSA infections are life-threatening 
due to emergence of multidrug resistance strains and 
also occurrence of isolates that are able to form strong 
biofilms (7). Early identification and adopting efficient 
control protocol against biofilm forming MRSA can be 
one of the essential steps towards the prevention of the 
most serious nosocomial infections.

2. Objectives
The aim of this study was to determine the prevalence 
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of biofilm formation among MRSA isolated from nasal 
carriers referred to emergency department in the Be-
heshti Teaching Hospital in Kashan, Iran.

3. Materials and Methods
During the period November 2011 to Jun 2012, eight hun-

dred and ten of people who aged over 18 years, referred 
to emergency department, Beheshti hospital, Kasahan, 
Iran participated in this study. A questionnaire includ-
ing risk factors for MRSA nasal colonization was filled 
for each patient. Informed consent was obtained from 
all participants, and the study was approved by the eth-
ics committees of Kashan University of Medical Sciences. 
Sterile swabs were used for collecting samples from both 
anterior nares.

3.1. Laboratory Methods
Samples were cultured on blood agar and incubated at 

37ºC for 24 h. S. aureus isolates were confirmed by Gram 
staining, catalase, oxidase, coagulase and growth char-
acteristics on mannitol-salt agar. MRSA isolates were de-
tected by oxacillin (1 µg) and using disk diffusion method 
according to Clinical and Laboratory Standards Institute 
guidelines (8).

3.2. Antimicrobial Susceptibility Tests
 Antibiotic susceptibility pattern to amikacin (30 µg), 

clindamycin (2 µg), gentamicin (10 µg), ciprofloxacin 
(5 µg), trimethoprim-sulfamethoxazole (1.25 / 23.75 µg), 
erythromycin (15 µg), tetracycline (30 µg) were deter-
mined by using disk diffusion method according to rec-
ommendation of Clinical and Laboratory Standards Insti-
tute (8).

3.3. Polymerase Chain Reaction Detection of mecA
The presence of mecA gene in MRSA isolates was con-

firmed by a PCR assay. The following primers were used 
in this assay: Forward 5'TCCAGATTACAACTTCACCAGG3', 
Reverse 5'CCACTTCATATCTTGTAACG3'. These primers am-
plify 162 bp of DNA fragment (9). The reaction was carried 
out in a 25 µl volume containing: 2.5 µl of 10X PCR Buffer, 
1.5 mM Mgcl2, 0.2 µM dNTP Mix, 0.5 µM of each primer, 5ng 
template DNA, 0.05 u/µl Taq DNA polymerase. Ultra pure 
water was then added to make up a final volume of 25 µl. 
polymerase chain reaction was carried out with thermal 
cycler (Mastercycler gradient; eppendorf, Germany).

The amplification cycles consisted of an initial denatur-
ation of target DNA at 95°C for 15 min was followed by 30 
cycles of initial denaturation at 94°C for 30s, 57°C for 1.5 
min and 72°C for 1.5 min, ending with a final extension 
step at 72°C for 10 min, holding step at 4°C. In each PCR 
run, S. aureus strain ATCC 33591 was used as a positive con-

trol and negative controls were added to each PCR run. 
PCR products were seen by 1.8% agarose gel electropho-
resis. A 50 bp DNA ladder was used as a size marker. The 
amplified bands were visualized under ultraviolet light 
and photographed.

3.3. Biofilm Formation Assay
Congo red agar was used for detecting slime producing 

isolates. MRSA isolates were cultured on the agar con-
taining 10g of glucose with 0.4 g of Congo red (Merck, 
Germany ) in one liter of Blood Base Agar-2 (BAB-2) and 
incubated at 37 ºC for 48 h. Strains which produced black 
colonies considered as slime producers and strains with 
red colonies labeled as non-slime producers (3). The abili-
ty of MRSA isolates to produce biofilm was determined by 
a method reported previously (10). In this method, MRSA 
strains were grown overnight at 37ºC in tryptic soy broth 
containing 0.25% glucose. 

The culture was diluted 1:100 in medium. Sterile flat 
-bottomed 96-well poly styrene microtiter plates were 
inoculated with 200 µl of bacterial suspension, and in-
cubated for 24 h at 37 ºC without agitation. Wells were 
washed three times with 300 µl of distilled water, dried 
in an inverted position at room temperature and finally 
stained with 300µl of 2% crystal violet solution in water 
for 45 min. After staining, wells were washed 3 times with 
distilled water. For destaining the wells 300 µl of etha-
nol–acetic acid (95:5 vol/vol) were added to each well. A 
new sterile flat-bottomed 96-well poly styrene microtiter 
plates were inoculated with 100 µl destaining solution 
of each well. The absorbance of destaining solution was 
measured at 570 nm in an Elisa reader (Stat fax-2100). 
Each test was done triplicate. As a control, uninoculated 
medium was used. The mean OD570 value from control 
wells subtracted from the mean OD570 value of tested 
wells.

3.4. Statistical Analysis
SPSS software (SPSS Inc no.16) was used for data analysis. 

Fischer exact test or χ2-test was used for analysis of cat-
egorical data. A P value of < 0.05 was considered statisti-
cally significant.

4. Results
Two hundred and ninety six (36.5%) S. aureus were isolat-

ed from eight hundred and ten participants. Thirty two 
MRSA were detected by disk diffusion method but mecA 
gene was seen in twenty six of them. Figure 1 shows the 
amplification for presence of mecA gene. Distribution of 
MRSA nasal carrier according to age group, sex and ward 
are summarized in Table 1. All of 26 isolates were able to 
form biofilm in various levels. Four (15.4%),  
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Figure 1. Gel Electrophoresis of the PCR Amplification Using mecA Gene 
Specific Primers

Five (19.2%) and 17 (65.4%) of MRSA isolates produced 
strong (OD570 0 to < 0.2), medium (OD570 ≥ 0.2 to < 
0.5) and weak (OD570 ≥ 0.5) biofilm respectively. Slime 
layer assay showed that 18 0ut of 26 (69.2%) of MRSA iso-
lates were slime layer producer and 8 0ut of 26 (30.8%) of 
them were classified as non-slime layer producer. Figure 
2 shows colonies of slime layer and non-slime layer pro-
ducer MRSA isolates on CRA. 

The relationship between the ability of biofilm forma-
tion and some risk factors including: underlying disease, 
previous hospitalization, antibioitics consumption and 
usage of different catheters, were evaluated and summa-
rized in Table 2. No significant relationships were found 
between colonization with biofilm–forming MRSA and 
previous hospitalization, antibioitics consumption, us-
age of urine or vein catheter. Relationship between bio-
film formation and antibiotic susceptibility pattern is 
shown in Figure 3. We found significant relationship (P 
value < 0.001) between strong biofilm formation and sus-
ceptibility to tetracycline. 

Figure 2. Black Colonies (1) on CRA Show Slime Layer Producer MRSA and 
red Colonies (2) Illustrate non-Slime Layer Producer MRSA

Table 1. Distribution of MRSA Nasal Carrier According to age Group, sex and Ward 

Parameter No. (%)

Age, y

18 - 23 0 (0)

23 – 30 1 (3.8%)

30 – 59 10 (38.5%)

≥ 60 15 (57.7%)

Sex

Male 13 (50%)

Female 13 (50%)

Ward

Internal ED 22 (84.6%)

Surgical ED 4 (15.4%)
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Table 2. Relationship Between the Ability of Biofilm Formation of MRSA Isolates From Nasal Carrier and Clinical Background 

Clinical Background Biofilm Formation

Strong Medium + weak P value Odds ratio CI 95%

Lower Upper

Underlying disease 1 (3.8%) 18 (69%) 0.047 0.074 1.09 165.97

Antibiotic consumption 1 (3.8%) 6 (23%) ~ 1 0.889 0.07 10.30

Usage of vein catheter 3 (11.5%) 18 (69%) ~ 1 0.667 0.05 8.19

Usage of urine catheter 1 (3.8%) 9 (35%) ~ 1 0.481 0.43 5.40

Previous hospitalization 2 (7.7%) 12 (46%) ~ 1 0.833 0.09 7.02
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Figure 3. Relationship Between Biofilm Formation of MRSA From Nasal 
Carrier and Antibiotic Susceptibility

5. Discussion
Biofilm forming bacteria cause a wide range of human 

infections. The resistant to antimicrobial agents among 
bacteria growing in biofilm are 500 to 5000 times higher 
than their planktonic counterparts (11). Microbial bio-
film can be a serious health problem for patients need 
to use catheterization. Bacteria in biofilm are protected 
from antibiotics due to presence of large amount of exo-
polysaccharides, expression of biofilm specific resistance 
genes and having the suitable condition for growing 
slowly (5). MRSA is a pathogen causes various infections 
which usually show resistance to many of antibiotics. On 
the other hand, biofilm formation consider as a reser-
voir of pathogen that make them resistance to antibiotic 
agent and cause chronic infection, so increase the rate of 
MRSA carrier in the community, particularly MRSA with 
the ability of biofilm forming is a matter of concern (12-
14).

Our results showed significant relationship between 
underlying disease and colonization by biofilm–form-
ing MRSA, but no significant relationships were found 
between colonization with biofilm–forming MRSA and 
previous hospitalization, antibiotics consumption, us-

age of urine or vein catheter. Auxiliadora Molina and et 
al reported all the MRSA strains that isolated from blood 
culture were biofilm formers (12). In a study that was con-
ducted in China, the prevalence of biofilm-forming MRSA 
was reported 66% (15). In South Africa 37.8% of strong bio-
film producer were MRSA (16) which is higher than the 
rate of strong biofilm producer in this study. There are 
different ways for evaluating biofilm formation ability 
such as: microtitre plate, a tube test, radiolabelling, Con-
go red agar plate test and confocal laser scanning micros-
copy. The most popular of them is crystal violet microti-
tre plate assay (17). 

In our study, the result of crystal violet microtitre plate 
assay, show that all of MRSA isolates have the ability of 
biofilm formation, and more than 60% of them could 
be able to produce slime layer on CRA. Nearly 40% of iso-
lates that had recognized as a biofilm producer by crystal 
violet microtitre plate assay, reported as negative slime 
producer in CRA, these results shows that crystal violet 
microtitre plate assay is more sensitive than CRA assay. 
Among strong biofilm producer MRSA isolates, most re-
sistance was seen against erythromycin and all of them 
were sensitive to tetracyclin and amikacin. We also found 
significant relationships between producing strong 
biofilm and being sensitive to tetracycline. Most of the 
strong biofilm formation-MRSA isolates showed high 
resistance to clindamycin, ciprofloxacin, SXT and genta-
mycin.

There are some studies that mentioned to some evi-
dences about anti-biofilm activity of macrolides against 
Gram-negative organism, but there are contrary informa-
tion about the effect of macrolides in biofilm-formation 
of Gram-positive organisms that our results are in agree 
with them (18). Nevertheless, in a study on MRSA strains, 
which isolated from cystic fibrosis patients, macro-
lides and gentamicin were reported as the active agents 
against biofilm formation (12).

Ciprofloxacin is reported as an effective antibiotic 
against biofilm–forming bacteria (11), but our results 
showed high resistance to ciprofloxacin. A study was con-
ducted in Egypt, which was about the effect of ciprofloxa-
cin on bacterial adherence and biofilm formation, the 
results of this study showed that ciprofloxacin decreased 
biofilm synthesis by ≥60% (5). Particularly, ciprofloxacin 
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is one of the most currently prescribed classes of antibi-
otics in both the hospital and community (19), so it can 
be a reason for increasing resistance to ciprofloxacin. Tet-
racyclines are protein synthesis inhibitors, broad-spec-
trum, bacteriostatic antibiotics that target the 30S ribo-
some and prevent binding of tRNA and effective against 
both Gram-positive and Gram-negative bacteria. Studies 
on the effectiveness of tetracyclines against biofilm infec-
tions recommend that these compounds may work best 
as preventative actions (20). Tetracycline seem to be good 
candidates for further investigations in the treatment 
of MRSA biofilms. The threat of MRSA infections results 
from not only the occurrence of multidrug resistance but 
also the emergence of bacteria that form strong biofilms. 
In our study the rate of MRSA nasal carriage was high 
and 34.6% of MRSA isolates had the ability to form strong 
and medium biofilm. Since biofilm–forming capacity in-
crease the resistance to common use antibiotics, isolat-
ing biofilm-formation MRSA from nasal carrier that can 
be easily transmitted to other people in the community 
and hospital, is an alarming for public health.
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