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Abstract
Objective: One of the most important causes of nosocomial infections is Staphylococcus aureus. The aim of this study
was to determine the frequency of these genes and the rate of expression of these genes during nasal colonization
among the personnel of Kashani and Hajar hospitals.
Results: In this Analytical-descriptive study, 240 nasal swab specimens were collected from personnel of different
departments of Kashani and Hajar hospitals in Shahr-e-kord. Nasal specimens were cultured and 110 Staphylococcus strains were isolated. Based on the results, 110 carriers of Staphylococcus aureus were identified. The frequency of
clfA, clfB, fnbA and fnbB genes were 36.3%, 86.3%, 7.2% and 43.6% respectively. It was also observed that the fnbA
gene showed no expression, but of 95 clfB-positive samples, 73 isolates (76.8%) were expressed clfB gene. This study
showed that the abundance of these genes varies in nasal colonization. It was also observed that clfB gene with a
high frequency and high expression rate has an important role in nose colonization. These results not only provide
insight into the factors involved in S. aureus colonization but also provide potential therapeutic targets.
Keywords: Staphylococcus aureus, Real-time PCR, Colonization
Introduction
Staphylococcus aureus is an important human pathogen
and is colonized in skin and mucous membrane. This
bacterium is permanently colonized in 20% of healthy
adults in nose and skin [1]. People who are predisposed to
nasal colonization with S. aureus are at the risk of infections such as mild skin and soft tissue infections, and also
more serious diseases such as endocarditis, bacteremia,
and sepsis [2, 3]. For many years, this bacterium has been
considered a main hospital pathogen. It causes a wide
range of epidermal infections, septicemia, endocarditis,
and pneumonia that are life-threatening [4]. Important
bacterial virulence factors are surface factors that cause
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bacteria to adhere and colonize at the surfaces. These
specific adhesive agents can bind to a variety of host proteins, particularly those in the extracellular matrix (ECM),
and also to the host cells. This binding is mediated by a
family of proteins called microbial surface components
recognizing adhesive matrix molecules (MSCRAMMs)
[5, 6]. S. aureus can express various MSCRAMMs including clfA, clfB, fnbA, fnbB, fib, Eno, can, ebps, and bbp [7,
8]. ClfA (Clumping Factor A) is a staphylococcal fibrinogen-binding protein that is responsible for the accumulation of this bacterium in the blood plasma and plays an
important role in arthritis and endocarditis. This factor also binds to platelets [9]. The ability of S. aureus to
bind to and colonize in the nasal epithelium is due to the
expression of the clfB surface protein [10]. Fibronectinbinding proteins (FnbA and FnbB) are effective in tissue
invasion in various pathological conditions such as eye
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keratitis, osteomyelitis, and replacement at the surfaces
of medical devices. FnbA/B is also a mediator of signaling cell and actin cytoskeletal rearrangement [11]. The
adhesion gene fnbA leads to cardiovascular disease and
cardiovascular system infection through platelet activation and also causes adhesions to artificial implants in the
body [5]. The identification of the genes involved in colonization has attracted the researchers’ attention [6]. The
aim of this study was to compare the prevalence of clfA,
clfB, fnbA, fnbB genes involved in colonization, as well as
to compare the expression patterns of the clfB and fnbA
genes.

Main text
Materials and methods
Specimen collection and isolation and identification
of bacteria

In this analytical-descriptive study, 240 nasal swab specimens were collected from the staff of different wards of
Kashani and Hajar Teaching hospitals in Shahrekord. The
swabs were immediately transferred to the TSB broth
environment and incubated for 24 h. Then, S. aureus isolates were identified by performing tests such as hot dyeing, colony morphology, and various biochemical tests
such as colony morphology, catalase activity, mannitol
salt agar, coagulase test, and DNase test.
DNA extraction and RNA extraction and cDNA synthesis

DNA extraction was performed by boiling method.
Sterile swabs were wetted with 250 μl of nucleoside and
specimens were taken from the anterior nasal cavity of
the participants. Subsequently, the swab was placed in
1000 μl of Trizole and RNA extraction was performed
according to the Trillocentrum protocol. Then, 1000 ng
of RNA was used for the synthesis of cDNA by using
RevertAid First Strand cDNA Synthesis Kit.
PCR

In this study, specific primers were designed to confirm
the presence of the clfA, clfB, fnbA, and fnbB genes, as
well as measuring the expression of the clfB and fnbA
genes. Also a primer pair was designed for the reference
gene. The characteristics of the primers are shown in
Table 1.
The PCR conditions included an initial denaturation
at 95 °C for 7 min, followed by a 35-cycle amplification
consisting of denaturation at 95 °C for 45 s, annealing
for 20 s and extension at 72 °C for 30 s followed by final
extension at 72 °C for 1 min. After completing the PCR,
the PCR product was tested for the bands and the presence of the genes of interest on a 8% polyacrylamide gel.
The annealing temperature for clfA, clfB, fnbA, fnbB, and
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Table 1 Specifications of designed primers
Gene

Primer sequence(5′ to 3′)

Product
length (bp)
101

fnbAF

TGGTACTGATGAAGTTGAT TTTAGAAC

fnbAR

CATTATCCCAAGT TAAGGTATATCC TC

clfBF

CCGGTAGTAAATGCTGCTGTA

clfBR

CACT TTGATTAGGGTCAAATGTAGTC

16sF

GGTC TGTAAC TGACGC TGATGTG

16sR

GTGGACTACCAGGGTATCTAATCCT

fnbBF

GGAGCGGCCTCAGTAT TCT T

fnbBR

AGTTGATGTCGCGCTGTATG

clfAF

CGCCGGTAAC TGGTGAAGC T

clfAR

TGCTCTCATTCTAGGCGCACTT

103
68
201
314

16S rRNA genes was 57 °C, 57 °C, 56 °C, 59 °C, and 58 °C,
respectively.
In order to perform Real-time PCR, 6 µl SYBR™ Green
Master (TAKARA), 4 µl of nuclease–free water, 1 µl of
cDNA, and 0.5 µl of primer of the desired gene at a concentration of 5 pM were added into Real-time tube caps.
According to the temperature cycling program, the tube
caps were placed in the Real-time PCR instrument to
measure the mRNA expression of clfB and fnbA genes
with 16S rRNA as internal control [12]. The Real- time
PCR conditions included an initial denaturation at 9
 5º C
for 10 min, followed by a 40-cycle amplification consisting of denaturation at 95 °C for 10 s, annealing at 60 °C
for 20 s and extension at 72 °C for 30 s followed by Melting curves to verify qPCR product identity.
Real‑time

Statistical analysis

Statistical analysis were determined by the exact fisher
and K2 test, using IBM SPSS Statistics 20software differences were considered significant if P values were less
than 0.05.
Results
Investigating the relationship between the gene
and the parts of the hospital by the method PCR

In this study, 240 swabs of nose of personnel of Hajar
and Kashani hospitals were obtained and 110 samples of
Staphylococcus aureus were positive (45%) including 53
samples from Hajar Hospital and 57 from Kashani Hospital. The frequency of clfA, clfB, fnbA and fnbB genes
were observed (36.3%), (86.3%), (7.2%), and (43.6%)
respectively. The highest frequency of clfA gene was
observed in ICU (69.2%) and operating room (54.5%).
ClfB gene was highly prevalent in most parts. The highest
frequency of fnbB gene was found in the operating room
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(90.9%) and pediatrics (87.5%). FnbA gene had a low frequency in most parts. The relationship between the gene
and the part of hospital is shown in Table 2.
Results of real time and investigating the expression of clfB
and fnbA genes

Out of 110 positive samples of Staphylococcus aureus,
8 samples contained the fnbA gene with no expression
patterns. Of 95 samples contained clfB gene, 71 samples showed gene expression. The highest expression of
the gene was related to bacteria isolated from the pediatric ward (100%) and the lowest expression of the gene
belonged to the bacteria isolated from the dialysis section
(50%). The average of clfB gene expression in each hospital segment is shown in Fig. 1.
Discussion

Staphylococcusaureus is an important hospital pathogen,
the most common cause of surgical wound infections,
the second leading cause of hospital pneumonia, and
also responsible for 35% of hospital-acquired bacteremia
[3]. Among the many virulence factors of this bacterium,
MASCRAMMs; responsible for the bacterial adhesion to the host, are more important [13]. In the current
study, the coding genes for clfA and clfB, as well as the
coding genes for the fibronectin-binding proteins A and
B were investigated. In a total of 110 positive S. aureus
specimens taken from the 10 wards of Hajar and Kashani
Hospitals, the frequency of the clfA, clfB, fnbA, and
fnbB genes was 36.3%, 86.3%, 7.2%, and 43.6%, respectively. The highest frequency in all wards was observed
for the clfB gene with only 5 isolates lacking this gene.
The lowest frequency was obtained for the fnbA gene
with only 8 isolates containing this gene. S. aureus binds
to cytokeratin 10 on epithelial cells with the help of the

Fig. 1 The average of clfB gene expression in each hospital segment.
The average of clfB gene expression was compared in different parts
of the population and there was no significant difference between
the sections. P-value = 0.288

clfB, which increases the ability of the bacterium to bind
and colonize, especially in the nose. For example, a study
by Palmqvist et al. on Staphylococcal arthritis and systemic inflammation which 92% of the samples contained
clfB gene, showed that clfB is involved in inducing local
arthritis, as well as cartilage and bone destruction [14].
In another study by Salman sahab, Atshan et al. on 60
clinical specimens, all specimens were found to contain
the clfB gene, and in a similar study on 36 clinical specimens, by Ghasemian et al. 100% of the specimens contained the clfB gene. In addition, in a study of 70 isolates
from the people with bone infections by Rohde et al., the
frequency of the clfB gene was reported to be 100% [6,
15, 16]. In a study by Ewa szczuka et al. which different
clinical samples were collected over a period of 4 years,
the results showed that the frequency of clfB gene in the

Table 2 Investigating the relationship between the gene and the parts of the hospital
Parts

fnbB
Number (%)

fnbA
Number (%)

clfB
Number (%)

clfA
Number (%)

Total
Number (%)

Infectious

45.4 (5)

0 (0)

10 (83.3)

4 (33.3)

12

Dialysis

45.4 (5)

2 (18.1)

10 (90.9)

4 (36.3)

11

Pediatrics

87.5 (7)

0 (0)

7 (87.5)

4 (50)

8

Surgery room

90.9 (10)

1 (9.09)

9 (81.8)

6 (54.5)

11

CCU

27.2 (3)

0 (0)

10 (90.9)

2 (18.1)

11

Men’s surgery

25 (3)

0 (0)

8 (66.7)

3 (25)

12

Women’s orthopedic

18.1 (2)

1 (9.09)

10 (90.9)

4 (36.3)

11

Men’s orthopedic

27.2 (3)

0 (0)

10 (90.9)

3 (27.2)

11

Burns

0 (0)

0 (0)

9 (90)

1 (10)

10

ICU

76.9 (10)

4 (30.7)

12 (3.92)

9 (69.2)

13

P-value

0.026*

0.042*

0.006*

0.026*

110

* In the table, the values for the presence of the gene are in the relevant section. P-value <0.05
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isolates from patients with pneumonia was 97% and in
those from patients with bacteremia, bone infection, skin
and surface tissue infections, otitis media, and arthritis was 100% [17]. The results of all studies and the high
prevalence of clfB gene indicated the remarkable role
of this gene in the pathogenicity of S. aureus, as well as
bacterial colonization at various surfaces. The results
of our study are consistent with the results of the cited
studies and confirms the role of this gene in the colonization in healthy individuals and patients. ClfA is also one
of the bacterial virulence factors that bind to fibrinogen
and contribute to arthritis and endocarditis, and can
contribute to the accumulation of bacteria in the blood
plasma [18]. In a study by Arciola on samples isolated
from orthopedic infections, the frequency of the fnbA
gene was 98% and the 99% fnbB gene was observed [19].
The influence of the clfA and fnbA genes on the pathogenicity of S. aureus in ear infections has been reported,
with the frequency of 32% and 76%, respectively [20]. To
determine the role of each of the clfB and fnbA genes
in the colonization of S. aureus in healthy individuals,
the expression of each of these genes was measured by
Real-time PCR. Due to the high frequency of cytokeratin 10 receptors in the nose [21, 22] to which S. aureus
binds to by clfB, the clfB gene expression is expected,
as with its frequency, to be high. In our study, of the 95
clfB gene-containing specimens, 76.8% were observed to
be expressed and none of the 8 samples containing the
fnbA gene showed expression. The results obtained in
this study suggest that S. aureus activates the clfB gene
via its transcription and thus causes the bacterium to
adhere to the nasal epithelial cells and colonize in there.
Studies have shown that in addition to clfB, teichoic acid
and isdA also play an important role in the binding and
colonization of the nasal bacteria [23]. In a study by Jenkinz et al. on S. aureus-infected mice, fnbA gene expression was shown to increase during nasal colonization
and in bacteremia and thromboembolic lesions [24].
On the other hand, other studies have shown that fnbA
and TagO play a key role in binding to endothelial cells,
which can indicate the comparatively less pronounced
role of these genes in binding to epithelial cells [25–27].
Therefore, the results of this study are consistent with the
results of the cited studies, indicating the role of the fnbA
gene in the nasal colonization in vivo. In the study of Burian et al. on S. aureus samples during nasal colonization,
the expression of the clfB gene was observed to increase
[21]. This information on these issues can help to better understand the pathogenicity and also facilitation of
the control and prevention of Staphylococcal infections.
The inconsistency in the results of the present study and
other studies regarding the expression of clfB and fnbA
genes can be explained by the fact that clfB gene plays a
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comparatively more important and reportedly definite
role in nasal colonization.

Limitations
The lack of investigation and characterization of other
virulence factors in Staphylococcus aureus isolates can be
mentioned as one of the main limitations of the present
study.
Authors’ contributions
ES, AG, EF: design of study; ES, BZ, AS, EF: acquisition of data; MSSA, AS, AG, FD:
evaluation of data, preparation of the manuscript; MSSA, BZ, ES: assessment of
data. All authors have read and approved the manuscript.
Author details
1
Cellular and Molecular Research Center, Basic Health Sciences Institute,
Shahrekord University of Medical Sciences, Shahrekord, Iran. 2 Department
of Bacteriology & Virology, School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran. 3 Department of Epidemiology and Biostatistics,
School of Health, Shahrekord University of Medical Sciences, Shahrekord, Iran.
4
Medical Plants Research Center, Basic Health Sciences Institute, Shahrekord
University of Medical Sciences, Shahrekord, Iran. 5 Department of Microbiology and Immunology, Cellular and Molecular Research Center, Shahrekord
University of Medical Sciences, Shahrekord, IR, Iran.
Acknowledgements
Not applicable.
Availability of data and materials
All relevant data are included in the manuscript.
Competing interests
The authors declare that they have no competing interests.
Consent to publish
Not applicable.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of Shahrekord University of Medical Sciences. The informed consent was obtained from all the
participants.
Funding
None to declare.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 11 December 2018 Accepted: 8 January 2019

References
1. van Belkum A, Verkaik NJ, de Vogel CP, Boelens HA, Verveer J, Nouwen
JL, et al. Reclassification of Staphylococcus aureus nasal carriage types. J
Infect Dis. 2009;199(12):1820–6.
2. Wertheim HFL, Vos MC, Ott A, van Belkum A, Voss A, Kluytmans JAJW,
et al. Risk and outcome of nosocomial Staphylococcus aureus bacteraemia
in nasal carriers versus non-carriers. Lancet. 2004;364(9435):703–5.
3. Von Eiff C, Becker K, Machka K, Stammer H, Peters G. Nasal carriage
as a source of Staphylococcus aureus bacteremia. N Engl J Med.
2001;344(1):11–6.
4. Lowy FD. Staphylococcus aureus infections. N Engl J Med.
1998;339(8):520–32.

Soltani et al. BMC Res Notes

5.
6.

7.
8.

9.

10.

11.

12.
13.
14.

15.

(2019) 12:49

O’Gara JP. ICA and beyond: biofilm mechanisms and regulation in Staphylococcus epidermidis and Staphylococcus aureus. FEMS Microbiol Lett.
2007;270(2):179–88.
Atshan SS, Nor Shamsudin M, Sekawi Z, Lung LT, Hamat RA, Karunanidhi A, et al. Prevalence of adhesion and regulation of biofilm-related
genes in different clones of Staphylococcus aureus. J Biomed Biotechnol.
2012;2012:972–9.
Walsh C. Molecular mechanisms that confer antibacterial drug resistance.
Nature. 2000;406(6797):775–81.
Mulcahy ME, Geoghegan JA, Monk IR, O’Keeffe KM, Walsh EJ, Foster TJ,
et al. Nasal colonisation by Staphylococcus aureus depends upon clumping factor B binding to the squamous epithelial cell envelope protein
loricrin. PLoS Pathog. 2012;8(12):105–11.
Ganesh VK, Rivera JJ, Smeds E, Ko YP, Bowden MG, Wann ER, et al. A structural model of the Staphylococcus aureus ClfA-fibrinogen interaction
opens new avenues for the design of anti-staphylococcal therapeutics.
PLoS Pathog. 2008;4(11):84–9.
Ganesh VK, Barbu EM, Deivanayagam CC, Le B, Anderson AS, Matsuka
YV, et al. Structural and biochemical characterization of Staphylococcus aureus clumping factor B/ligand interactions. J Biol Chem.
2011;286(29):25963–72.
Stepanović S, Vuković D, Hola V, Bonaventura GD, Djukić S, Ćirković I,
et al. Quantification of biofilm in microtiter plates: overview of testing
conditions and practical recommendations for assessment of biofilm
production by staphylococci. Apmis. 2007;115(8):891–9.
Atshan SS, Shamsudin MN, Lung LT, Ling KH, Sekawi Z, Pei CP, et al.
Improved method for the isolation of RNA from bacteria refractory to disruption, including S. aureus producing biofilm. Gene. 2012;494(2):219–24.
Wang JT, Chang SC, Ko WJ, Chang YY, Chen ML, Pan HJ, et al. A hospitalacquired outbreak of methicillin-resistant Staphylococcus aureus infection
initiated by a surgeon carrier. J Hosp Infect. 2001;47(2):104–9.
Palmqvist N, Foster T, Fitzgerald JR, Josefsson E, Tarkowski A. Fibronectinbinding proteins and fibrinogen-binding clumping factors play distinct
roles in staphylococcal arthritis and systemic inflammation. J Infect Dis.
2005;191(5):791–8.
Ghasemian A, Najar Peerayeh S, Bakhshi B, Mirzaee M. Several virulence
factors of multidrug-resistant Staphylococcus aureus isolates from hospitalized patients in Tehran. Int J Enteric Pathog. 2015;3(2):1–6.

Page 5 of 5

16. Rohde H, Burandt EC, Siemssen N, Frommelt L, Burdelski C, Wurster S,
et al. Polysaccharide intercellular adhesin or protein factors in biofilm
accumulation of Staphylococcus epidermidis and Staphylococcus aureus
isolated from prosthetic hip and knee joint infections. Biomaterials.
2007;28(9):1711–20.
17. Szczuka E, Urbanska K, Pietryka M, Kaznowski A. Biofilm density and
detection of biofilm-producing genes in methicillin-resistant Staphylococcus aureus strains. Folia Microbiol. 2013;58(1):47–52.
18. Foster TJ, Höök M. Surface protein adhesins of Staphylococcus aureus.
Trends Microbiol. 1998;6(12):484–8.
19. Arciola CR, Campoccia D, Gamberini S, Baldassarri L, Montanaro L.
Prevalence of cna, fnbA and fnbB adhesin genes among Staphylococcus
aureus isolates from orthopedic infections associated to different types of
implant. FEMS Microbiol Lett. 2005;246(1):81–6.
20. Zmantar T, Chaieb K, Makni H, Miladi H, Abdallah FB, Mahdouani K, et al.
Detection by PCR of adhesins genes and slime production in clinical
Staphylococcus aureus. J Basic Microbiol. 2008;48(4):308–14.
21. Burian M, Wolz C, Goerke C. Regulatory adaptation of Staphylococcus
aureus during nasal colonization of humans. PLoS ONE. 2010;5(4):100–9.
22. Wertheim HF, Walsh E, Choudhurry R, Melles DC, Boelens HA, Miajlovic
H, et al. Key role for clumping factor B in Staphylococcus aureus nasal
colonization of humans. PLos Med. 2008;5(1):17–22.
23. Corrigan RM, Miajlovic H, Foster TJ. Surface proteins that promote adherence of Staphylococcus aureus to human desquamated nasal epithelial
cells. BMC Microbiol. 2009;9:22–9.
24. Jenkins A, Diep BA, Mai TT, Vo NH, Warrener P, Suzich J, et al. Differential
expression and roles of Staphylococcus aureus virulence determinants
during colonization and disease. MBio. 2015;6(1):272–9.
25. Weidenmaier C, Peschel A, Xiong Y-Q, Kristian SA, Dietz K, Yeaman MR,
et al. Lack of wall teichoic acids in Staphylococcus aureus leads to reduced
interactions with endothelial cells and to attenuated virulence in a rabbit
model of endocarditis. J Infect Dis. 2005;191(10):1771–7.
26. Edwards AM, Potts JR, Josefsson E, Massey RC. Staphylococcus aureus host
cell invasion and virulence in sepsis is facilitated by the multiple repeats
within FnBPA. PLoS Pathog. 2010;6(6):101–9.
27. Sinha B, François PP, Nüße O, Foti M, Hartford OM, Vaudaux P, et al.
Fibronectin-binding protein acts as Staphylococcus aureus invasin via
fibronectin bridging to integrin α5β1. Cell Microbiol. 1999;1(2):101–17.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

