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ABSTRACT

A total of 46 Staphylococcus aureus isolates from fish and ground beef were tested for the agr types,
icaABCD genes, and biofilm formation at 12, 25 and 37 8C by the microtiter plate and the MTT assays. All
isolates were positive for the icaABD genes, while 97.8% were positive for the icaC. All isolates produced
biofilms at 37 and 25 8C, but 93.5% of them were also biofilm producers at 12 8C. There was no significant
difference in biofilm formation between 25 and 37 8C using the crystal violet assay (P > 0.05). However,
statistically significant differences were detected between 12 and 25 8C as well as 12 and 37 8C (P < 0.05).
All isolates were significantly different in biofilm production by the MTT assay at all tested temperatures.
Furthermore, a relationship between the presence of the icaABCD genes and biofilm formation was
observed. The agr type I was the most prevalent (54.4%) among the isolates, followed by agr type II (41.3%)
and agr type III (9.6%). In this study, the S. aureus isolates exhibited biofilm formation ability responsible
for persistence of bacteria in foods, which may lead to food spoilage and human health problems.
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1. INTRODUCTION

Staphylococcus aureus causes wide spectrum of infections, from mild skin infections to serious
invasive diseases (G€otz et al., 2006). It can grow over a wide range of temperatures, pHs, salt
concentrations and oxygen levels as well as under adverse environmental conditions (G€otz et al.,
2006; Seo and Bohach, 2011). This extreme adaptability facilitates contamination of various food
products and surfaces in food processing plants (Seo and Bohach, 2011). S. aureus produces
surface proteins, which have various functions, including adhesion, invasion of host cells,
evasion of immune responses, and biofilm formation (G€otz et al., 2006).

Biofilm formation includes attachment of microorganisms to surfaces and production of
extracellular matrix consisting of one or more extracellular polysaccharides, DNA and proteins
(G€otz et al., 2006). Cells in biofilm are more resistant to heat, chemicals, and various sanitisers
and antimicrobial agents than planktonic cells, making it difficult to completely remove estab-
lished biofilms. Biofilms may form on surfaces such as food or food industry equipment, medical
devices, and human tissues (Zhao et al., 2017). They contain spoilage and pathogenic bacteria
that cause human health and economic issues (G€otz et al., 2006; Vazquez-Sanchez et al., 2013).

The biofilm forming capacity of S. aureus has been affected by several factors such as the
nature of the surface, the growth medium, and other environmental conditions (Jeronimo et al.,
2012; Zhao et al., 2017). In a study, most S. aureus strains produced more biofilm at 37 8C than
at 25 8C, and showed better biofilm production with addition of glucose (Vazquez-Sanchez et al.,
2013). The optimal conditions for biofilm formation of S. aureus were 37 8C, pH 7, 2% glucose
and 10% NaCl concentrations (Miao et al., 2019). The ability of S. aureus to develop biofilms on
surfaces such as stainless steel, glass, polystyrene and polypropylene has been shown (Rode et al.,
2007; Vazquez-Sanchez et al., 2013; Avila-Novoa et al., 2018).

Polysaccharide intercellular adhesin (PIA) is the main component of staphylococcal biofilm
formation (G€otz et al., 2006). The biosynthesis of PIA and its transcriptional control are encoded
by the ica operon, which consists of the icaABCD genes and the regulatory gene icaR. The
production of PIA has been eliminated with deletion of the ica locus in S. aureus, resulting in a
loss of the ability to form biofilm (G€otz et al., 2006). In S. aureus, the accessory gene regulator
(agr) encoded by the agr locus is a well-defined quorum-sensing system. The suppression and
activation of the agr system also affect biofilm proliferation and detachment (Tan et al., 2018).

Biofilm producing S. aureus in food and food processing environments creates risk for
contamination of food, causing foodborne diseases and economic losses (Zhao et al., 2017).
Therefore, the present study aimed to detect the presence of icaABCD genes associated with
biofilm formation, the ability of biofilm formation under different temperatures, and the agr
types of S. aureus isolated from fish and ground beef samples.

2. MATERIALS AND METHODS

2.1. Bacterial isolates

A total of 46 S. aureus isolates, which were identified using biochemical tests and specific Sa442
DNA fragment, including 27 ground beef, 11 seawater (Sparus aurata) and 8 freshwater
(Oncorhynchus mykiss) fish were used in this study. All isolates were transferred from the stock
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cultures (�20 8C) into Brain Heart Infusion broth (BHI) (Merck, Germany) and incubated
overnight at 37 8C.

2.2. Detection of biofilm-associated icaABCD genes

Genomic DNA was isolated using the cetyl trimethyl ammonium bromide (CTAB) method
(Ausubel et al., 1991). The icaA and icaD genes according to Rohde et al., (2001) and the
icaB and icaC genes according to Kiem et al., (2004) were tested. The 50 mL PCR mixture
contained 0.3 mM of each primer (Biomers, Germany), 5 mL DNA template (50 ng mL�1), 5 mL
103 PCR buffer (Vivantis, USA), 200 mM dNTP (Thermo Fisher Scientific, USA), 4 mM MgCl2
(Vivantis), 1.5 U Taq DNA polymerase (Vivantis), and 31.7 mL of PCR-grade water (Appli-
Chem, Germany). Cycling conditions: initial denaturation (94 8C/5 min); 30 cycles of dena-
turation (94 8C/1 min), annealing (52 8C/30 s), extension (72 8C/1 min), and a final extension
(72 8C/10 min). All reactions were carried out in a thermal cycler (Bio-Rad Lab Inc., USA). The
PCR products were visualised with UV transilluminator (DNR Minilumi Bio-imaging Systems,
Israel). S. aureus ATCC 25923 was the positive control.

2.3. Detection of biofilm formation by the microtiter plate assay

Biofilm forming ability of S. aureus isolates was tested as previously described with slight
modification (Stepanovic et al., 2000, 2007). The isolates were cultured in Tryptic Soy Broth
(TSB) (Merck) (37 8C/24 h). Cell suspensions (200 mL/each well) transferred into a plate were
incubated at 12, 25 and 37 8C for 24 h. Wells were then washed three times with sterile
phosphate-buffered saline (PBS) and fixed with 200 mL of 99% methanol (Merck) for 15 min.
Plates were stained with 0.1% crystal violet for 15 min. The stained biofilm was solubilised with
160 mL of 33% (v/v) glacial acetic acid (Merck). The optical density was measured at 570 nm
(Thermo Electron Corporation, Finland). The assays were carried out in triplicate. Negative
control wells included only sterile TSB. The isolates were categorised as non-biofilm, weak,
moderate, and strong biofilm producers (Stepanovic et al., 2000).

2.4. Determination of viable biofilm cells by the MTT assay

The metabolic activity of biofilm was determined by the MTT assay according to previous
studies (Walencka et al., 2008; Wu et al., 2010). The isolates were incubated in TSB for 24 h. Cell
suspensions were adjusted to 0.5 McFarland standard. Then, 200 mL of suspension was added to
each well of a sterile plate and incubated (37 8C/24 h). The culture medium was removed and the
microtiter plate was washed three times with PBS. Tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (Sigma-Aldrich, USA) was prepared in sterile PBS (pH 7.2) at
a concentration of 5 mg mL�1 and filtered. After washing, 20 mL of MTT solution and 180 mL of
TSB were added to each well and incubated (37 8C/3 h). The wells were removed and filled with
150 mL of dimethylsulphoxide (Sigma-Aldrich) to solubilise the insoluble formazan crystals.
Absorbance was measured at 570 nm using the microplate reader.

2.5. agr genotyping

The agr genotyping was performed by multiplex PCR to determine the presence of four
agr alleles using group specific primers according to Gilot et al., (2002). The amplification
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products of 441, 575, 323 and 659 bp fragments represent the agr types I, II, III and IV,
respectively. The reference strains were S. aureus ATCC 29213, S. aureus NCTC 10652 and
SA07 (mecA-positive S. aureus from our collection).

2.6. Statistical analysis

The results of biofilm formation at different temperatures were compared using one-way
analysis of variance (ANOVA) with Tukey’s multiple comparison test. The chi-squared test was
used to test the differences in the presence of icaABCD genes and biofilm formation at different
temperatures among the agr types. All analyses were performed using the SigmaPlot 12.3 (Systat
Software Inc., USA). P ≤ 0.05 was accepted to be significant.

3. RESULTS AND DISCUSSION

The intercellular adhesion genes of S. aureus involved in biosynthesis of biofilm are located at
the intracellular adhesion (ica) locus, which is composed of four genes, icaABCD (G€otz et al.,
2006). In this study, the 46 S. aureus isolates from fish and ground beef were tested for the
presence of icaABCD genes. All isolates were positive for the icaA, icaB and icaD genes, but 45
(97.8%) of them were positive for the icaC gene (Table 1). The only isolate that did not carry the
icaC gene was from freshwater fish. PCR amplicons of the icaABCD of the S. aureus isolates are
shown in Fig. 1. Chen et al., (2020) found all S. aureus isolates from different foods positive
for the icaADBC, similar to our results. In contrast, the icaADBC genes in S. aureus isolates
from food contact surfaces was 52.3% (Avila-Novoa et al., 2018). Some studies reported low
prevalence; 76.5% for icaA and 58.8% for icaD genes in cheese (Falaki and Mahdavi, 2017), 25%
for both icaA and icaD genes in milk (Suvajdzic et al., 2017).

The results of biofilm formation of the S. aureus isolates detected by the crystal violet assay at
12, 25 and 37 8C are shown in Fig. 2. All isolates were positive for biofilm formation at 25 and
37 8C, while three isolates were negative at 12 8C (Tables 1 and 2). Regarding the impact of
temperature, a recent study reported that the favourable temperature for S. aureus biofilm
formation in food processing environment was 37 8C (Miao et al., 2019). In another study,
biofilm production was higher at 35 8C than at 25 and 4 8C (Zeraik and Nitschke, 2012). Higher
attachment capacity for S. aureus on polystyrene at 20, 25 and 30 8C was reported (Rode et al.,
2007). In this study, there was a statistically significant difference in quantification of biofilm
formation by crystal violet staining at 12 and 25 8C (P < 0.05) as well as at 12 and 37 8C
(P < 0.05). However, no difference was observed between 25 and 37 8C (P > 0.05). Similar results
were obtained by Jeronimo et al., (2012), who found no difference between 28 and 37 8C on the
adherence capability of S. aureus. We detected cell viability of the isolates in biofilm using the
MTT assay (Fig. 3). The results at 12, 25 and 37 8C were statistically significant (P < 0.05). In
several studies, cell viability of S. aureus using the MTT assay was reported (Wu et al., 2010;
Miao et al., 2019).

All S. aureus isolates were successfully genotyped using agr typing (Table 1). Represen-
tative results for agr alleles are shown in Fig. 4. The agr type I was the most prevalent (54.4%)
among the isolates, followed by agr II (41.3%) and agr III (4.4%), which was consistent in
accordance with the results of previous studies (Bardiau et al., 2014; Chen et al., 2020; Sal-
gueiro et al., 2020). On the contrary, in a previous study, agr II (37.5%) and agr III (37.5%)
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Table 1. The icaABCD genes, biofilm formation, and agr genotypes of S. aureus isolates from fish and
ground beef

Origin Isolatea
Biofilm formation Biofilm related genes

Genotyping
37 8C 25 8C 12 8C icaA icaB icaC icaD agr type

Freshwater fish (n 5
8)

A6/1 Strong Moderate Strong þ þ þ þ I
A9/7 Strong Strong Weak þ þ � þ I
A11/2 Moderate Moderate Weak þ þ þ þ I
A13/3 Moderate Weak Weak þ þ þ þ II
A27/7 Moderate Weak Weak þ þ þ þ II
A32/1 Strong Strong Moderate þ þ þ þ I
A34/6 Strong Weak Weak þ þ þ þ III
A36/1 Moderate Weak Weak þ þ þ þ II

Seawater fish (n 5 11) Ç7/6 Moderate Strong Weak þ þ þ þ I
Ç8/2 Weak Weak Weak þ þ þ þ I
Ç11/3 Weak Weak Weak þ þ þ þ I
Ç12/2 Weak Moderate Weak þ þ þ þ I
Ç14/8 Weak Weak Weak þ þ þ þ I
Ç15/1 Weak Weak No

biofilm
þ þ þ þ II

Ç22/5 Strong Strong Weak þ þ þ þ I
Ç29/1 Strong Strong Strong þ þ þ þ I
Ç31/5 Weak Weak Weak þ þ þ þ III
Ç32/3 Weak Strong Weak þ þ þ þ I
Ç33/4 Weak Moderate Moderate þ þ þ þ I

Ground beef (n 5 27) K4/7 Weak Moderate No
biofilm

þ þ þ þ I

K5/5 Weak Weak Weak þ þ þ þ II
K6/2 Weak Strong Moderate þ þ þ þ I
K8/10 Weak Moderate Moderate þ þ þ þ I
K11/3 Weak Moderate Weak þ þ þ þ I
K12/1 Weak Weak Moderate þ þ þ þ I
K13/1 Strong Strong Weak þ þ þ þ I
K14/1 Strong Strong Weak þ þ þ þ I
K15/1 Moderate Strong Moderate þ þ þ þ I
K16/1 Moderate Weak Weak þ þ þ þ I
K17/1 Strong Strong Weak þ þ þ þ I
K19/2 Moderate Strong Moderate þ þ þ þ I
K22/8 Moderate Moderate Weak þ þ þ þ II
K25/3 Moderate Weak Weak þ þ þ þ II
K28/3 Moderate Moderate No

biofilm
þ þ þ þ II

K37/15 Weak Moderate Strong þ þ þ þ I
K40/10 Moderate Weak Strong þ þ þ þ II
K45/1 Strong Strong Strong þ þ þ þ II
K47/1 Moderate Strong Moderate þ þ þ þ II
K48/1 Strong Strong Strong þ þ þ þ II
K51/1 Strong Strong Strong þ þ þ þ II
K56/3 Strong Strong Strong þ þ þ þ II
K57/1 Moderate Moderate Moderate þ þ þ þ II
K58/1 Strong Strong Weak þ þ þ þ II
K60/2 Strong Weak Strong þ þ þ þ II
K67/4 Strong Strong Moderate þ þ þ þ II
K69/1 Strong Weak Weak þ þ þ þ II

a Capital letters indicate the source of the isolates (A, freshwater fish; Ç, seawater fish; K, ground beef).
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were more predominant than agr I (25%) in S. aureus food strains (Achek et al., 2020). Similar
to other studies, the agr type IV was not detected in this study (Bardiau et al., 2014; Achek
et al., 2020). Our fish isolates were typed as agr I (68.4%), agr II (21.1%) and agr III (10.5%).
However, Salgueiro et al., (2020) reported that the S. aureus strains from gilthead seabream
were agr non-typable.

We found that all isolates carrying the icaABCD genes except a negative one for the icaC
were biofilm producers at 25 and 37 8C (Table 2). Three isolates were negative at 12 8C. Thus,
a relationship between biofilm formation and the presence of the icaABCD was observed.
This result disagrees with the findings of Chen et al., (2020). Biofilm formation and expression
of the ica genes may be associated with various factors such as temperature, nutrient
content, osmolarity, growth under anaerobic conditions and genetics (G€otz et al., 2006).

Fig. 1. Agarose gel electrophoresis of the representative icaABCD genes. Lane M: Marker; Lanes 1, 4, 7 and
10: positive control (S. aureus ATCC 25923); Lanes 2 and 3: icaA (188 bp) positive ground beef and fish
isolates, respectively; Lanes 5 and 6: icaD (198 bp) positive ground beef and fish isolates, respectively; Lanes
8 and 9: icaB (900 bp) positive ground beef and fish isolates, respectively; Lanes 11 and 12: icaC (1,100 bp)

positive ground beef and fish isolates, respectively
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Fig. 2. Biofilm formation of S. aureus from fish and ground beef at 12, 25 and 37 8C by the crystal violet
staining assay. Values are expressed as mean and standard deviation
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Table 2. Biofilm formation of S. aureus isolates at 12, 25 and 37 8C

Temperature Origin
No. of
isolates

No biofilm Weak Moderate Strong

No (%) ODa No (%) OD No (%) OD No (%) OD

12 8C Freshwater
fish

8 0 (0) – 6 (75) 0.065 ± 0.007 1 (12.5) 0.089 ± 0.013 1 (12.5) 0.179 ± 0.061

Seawater fish 11 1 (9.1) 0.053 ± 0.001 8 (72.7) 0.061 ± 0.006 1 (9.1) 0.106 ± 0.022 1 (9.1) 0.148 ± 0.031
Ground beef 27 2 (7.4) 0.057 ± 0.002 10 (37) 0.068 ± 0.007 8 (29.6) 0.108 ± 0.017 7 (25.9) 0.158 ± 0.045

25 8C Freshwater
fish

8 0 (0) – 4 (50) 0.074 ± 0.007 2 (25) 0.109 ± 0.028 2 (25) 0.603 ± 0.130

Seawater fish 11 0 (0) – 5 (45.5) 0.072 ± 0.008 2 (18.2) 0.100 ± 0.015 4 (36.4) 0.664 ± 0.140
Ground beef 27 0 (0) – 7 (25.9) 0.077 ± 0.008 7 (25.9) 0.154 ± 0.041 13 (48.2) 0.262 ± 0.089

37 8C Freshwater
fish

8 0 (0) – 0 (0) – 4 (50) 0.116 ± 0.024 4 (50) 0.256 ± 0.134

Seawater fish 11 0 (0) – 8 (72.7) 0.084 ± 0.008 1 (9.1) 0.163 ± 0.005 2 (18.2) 0.373 ± 0.100
Ground beef 27 0 (0) – 7 (25.9) 0.072 ± 0.009 9 (33.3) 0.126 ± 0.014 11 (40.7) 0.412 ± 0.109

a OD: Optical density; values are expressed as mean ± standard deviation.
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No significant difference (P > 0.05) in presence of the icaABCD genes and biofilm formation
capacity at 12, 25 and 37 8C between the agr types was observed.

4. CONCLUSIONS

This study demonstrated the presence of icaABCD genes and biofilm formation at various
temperatures in almost all S. aureus isolates originating from fish and ground beef. Furthermore,
all isolates were genotyped using agr typing as the agr types I, II and III. Incubation

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

A
6/

1
A

9/
7

A
11

/2
A

13
/3

A
27

/7
A

32
/1

A
34

/6
A

36
/1

Ç
7/

6
Ç

8/
2

Ç1
1/

3
Ç1

2/
2

Ç1
4/

8
Ç1

5/
1

Ç2
2/

5
Ç2

9/
1

Ç3
1/

5
Ç3

2/
3

Ç3
3/

4
K

4/
7

K
5/

5
K

6/
2

K
8/

10
K

11
/3

K
12

/1
K

13
/1

K
14

/1
K

15
/1

K
16

/1
K

17
/1

K
19

/2
K

22
/8

K
25

/3
K

28
/3

K
37

/1
5

K
40

/1
0

K
45

/1
K

47
/1

K
48

/1
K

51
/1

K
56

/3
K

57
/1

K
58

/1
K

60
/2

K
67

/4
K

69
/1

O
pt

ic
al

 d
en

sit
y

at
 5

70
 n

m

S. aureus isolates

12 °C 25 °C 37 °C

Fig. 3. The viability of S. aureus isolates from fish and ground beef at 12, 25 and 37 8C by the MTT assay.
Values are expressed as mean and standard deviation

Fig. 4. Agarose gel electrophoresis of PCR products for the three agr types identified. Lane M: Marker; Lane
1: positive control (S. aureus ATCC 29213); Lanes 2, 3 and 4: positive isolates (seawater fish, freshwater fish,
and ground beef, respectively); Lane 5: positive control (NCTC 10652); Lanes 6, 7 and 8: positive isolates
(seawater fish, freshwater fish, and ground beef, respectively); Lane 9: Positive control (SA07); Lanes 10 and

11: positive isolates (seawater and freshwater fish, respectively)
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temperatures of 25 and 37 8C were more effective than 12 8C in biofilm formation of S. aureus.
There was a relationship between the presence of the icaABCD genes and biofilm formation
among the isolates. Biofilms act as a source of food contamination and may raise human health
and economic concerns. Preventative measures are needed to be taken from production to
consumption to minimise the risk of food spoilage and infections caused by biofilm producing S.
aureus.

REFERENCES

Achek, R., Hotzel, H., Nabi, I., Kechida, S., Mami, D., Didouh, N., Tomaso, H., Neubauer, H., Ehricht, R.,
Monecke, S., and El-Adawy, H. (2020). Phenotypic and molecular detection of biofilm formation in
Staphylococcus aureus isolated from different sources in Algeria. Pathogens, 9: 153.

Ausubel, F.M., Kingston, R.E., Brent, R., Moore, D.D., Seidman, J., Smith, J.A., and Struhl, K. (1991).
Current protocols in molecular biology. Greene Publishing Associates & Wiley Interscience, New York.

Avila-Novoa, M-G., Iniguez-Moreno, M., Solis-Velazquez, O-A., Gonzalez-Gomez, J-P., Guerrero Medina,
P-J., and Gutierrez-Lomeli, M. (2018). Biofilm formation by Staphylococcus aureus isolated from food
contact surfaces in the dairy industry of Jalisco, Mexico. Journal of Food Quality, (2018): 1746139, 8
pages.

Bardiau, M., Detilleux, J., Farnir, F., Mainil, J.G., and Ote, I. (2014). Associations between properties linked
with persistence in a collection of Staphylococcus aureus isolates from bovine mastitis. Veterinary
Microbiology, 169: 74–79.

Chen, Q., Xie, S., Lou, X., Cheng, S., Liu, X., Zheng, W., Zheng, Z., and Wang, H. (2020). Biofilm formation
and prevalence of adhesion genes among Staphylococcus aureus isolates from different food sources.
MicrobiologyOpen, 9: e946.

Falaki, B. and Mahdavi, S. (2017). Study of distribution of biofilm producing genes in Staphylococcus aureus
isolated from local cheese samples in Maragheh City. Gene Cell Tissue, 4(4): e66970.

Gilot, P., Lina, G., Cochard, T., and Poutrel, B. (2002). Analysis of the genetic variability of genes encoding
the RNA III-activating components Agr and TRAP in a population of Staphylococcus aureus strains
isolated from cows with mastitis. Journal of Clinical Microbiology, 40: 4060–4067.

G€otz, F., Bannerman, T. and Schleifer, K.H. (2006). The genera Staphylococcus and Macrococcus, In:
Dworkin, M., Falkow, S., Rosenberg, E., Schleifer, K.H., and Stackebrandt, E (Eds.), The prokaryotes.
Springer, USA, pp. 5–75.

Jeronimo, H.M.A., Queiroga R.C.R.E., Da Costa, A.C.V., Barbosa, I.M., Da Conceicao, M.L., and De Souza,
E.L. (2012). Adhesion and biofilm formation by Staphylococcus aureus from food processing plants as
affected by growth medium, surface type and incubation temperature. Brazilian Journal of Pharma-
ceutical Science, 48: 737–745.

Kiem, S., Oh, W.S., Peck, K.R., Lee, N.Y., Lee, J-Y., Song, J-H., Hwang, E.S., Kim, E.-C., Cha, C.Y., and
Choe, K-W. (2004). Phase variation of biofilm formation in Staphylococcus aureus by IS256 insertion
and its impact on the capacity adhering to polyurethane surface. Journal of Korean Medical Science, 19:
779–782.

Miao, J., Lin, S., Soteyome, T., Peters, B.M., Li, Y., Chen, H., Su, J., Li, L., Li, B., Xu, Z., Shirtliff, M., and
Harro, J.M. (2019). Biofilm formation of Staphylococcus aureus under food heat processing conditions:
First report on CML production within biofilm. Nature, 9: 1312.

178 Acta Alimentaria 50 (2021) 2, 170–179

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 09/03/21 02:13 PM UTC



Rode, T.M., Langsrud, S., Holck, A., and Moretro, T. (2007). Different patterns of biofilm formation in
Staphylococcus aureus under food-related stress conditions. International Journal of Food Microbiology,
116: 372–383.

Rohde, H., Knobloch, J.K.M., Horstkotte, M.A., and Mack, D. (2001). Correlation of Staphylococcus aureus
icaADBC genotype and biofilm expression phenotype. Journal of Clinical Microbiology, 39: 4595–4596.

Salgueiro, V., Manageiro, V., Bandarra, N.M., Ferreira, E., Clemente, L. and Canica, M. (2020). Genetic
relatedness and diversity of Staphylococcus aureus from different reservoirs: humans and animals of
livestock, poultry, zoo, and aquaculture. Microorganisms, 8: 1345.

Seo, K.S. and Bohach, G.A. (2011). Foodborne pathogenic bacteria. Staphylococcus aureus. In: Doyle, M.P.
and Beuchat, L.R. (Eds.), Food microbiology fundamentals and frontiers, ASM Press, Washington. pp.
493–518.

Stepanovic, S., Vukovic, D., Dakic, I., Savic, B., and Svabic-Vlahovic, M. (2000). A modified microtiter-plate
test for quantification of staphylococcal biofilm formation. Journal of Microbiological Methods, 40: 175–
179.

Stepanovic, S., Vukovic, D., Hola, V., Bonaventura G.D., Djukic, S., Cirkovic, I., and Ruzicka, F. (2007).
Quantification of biofilm in microtiter plates: overview of testing conditions and practical recom-
mendations for assessment of biofilm production by staphylococci. Journal of Pathology, Microbiology
and Immunology, 115: 891–899.

Suvajdzic, B., Teodorovic, V., Vasilev, D., Karabasil, N., Dimitrijevic, M., Djordjevic, J., and Katic, V.
(2017). Detection of icaA and icaD genes of Staphylococcus aureus isolated in cases of bovine mastitis in
the Republic of Serbia. Acta Veterinaria, 67: 168–177.

Tan, L., Li, S.R., Jiang, B., Hu, X.M., and Li, S. (2018). Therapeutic targeting of the Staphylococcus aureus
accessory gene regulator (agr) system. Frontiers in Microbiology, 9: 55.

Vazquez-Sanchez, D., Habimana, O., and Holck, A. (2013). Impact of food-related environmental factors
on the adherence and biofilm formation of natural Staphylococcus aureus isolates. Current Microbi-
ology, 66: 110–121.

Walencka, E., Rozalska, S., Sadowska, B., and Rozalska, B. (2008). The influence of Lactobacillus aci-
dophilus-derived surfactants on staphylococcal adhesion and biofilm formation. Folia Microbiologica,
53: 61–66.

Wu, Y.T., Zhu, H., Willcox, M., and Stapleton, F. (2010). Removal of biofilm from contact lens storage
cases. Investigative Ophthalmology & Visual Science, 51: 6329–6333.

Zeraik, A.E. and Nitschke, M. (2012). Influence of growth media and temperature on bacterial adhesion to
polystyrene surfaces. Brazilian Archives of Biology and Technology, 55: 569–576.

Zhao, X., Zhao, F., Wang, J., and Zhong, N. (2017). Biofilm formation and control strategies of foodborne
pathogens: Food safety perspectives. RSC Advances, 7: 36670–36683.

Acta Alimentaria 50 (2021) 2, 170–179 179

Brought to you by Library and Information Centre of the Hungarian Academy of Sciences MTA | Unauthenticated | Downloaded 09/03/21 02:13 PM UTC


	Outline placeholder
	Biofilm formation, icaABCD genes and agr genotyping of Staphylococcus aureus from fish and ground beef
	Introduction
	Materials and methods
	Bacterial isolates
	Detection of biofilm-associated icaABCD genes
	Detection of biofilm formation by the microtiter plate assay
	Determination of viable biofilm cells by the MTT assay
	agr genotyping
	Statistical analysis

	Results and discussion
	Conclusions
	References


