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ABSTRACT

Background and Objectives: Methicillin Resistant Staphylococcus aureus (MRSA) is one of the
bacteria that are frequently encountered in orthopedic practice causing human skeletal infections
due to expression of Genes encoding Microbial Surface Components Recognizing Adhesive Matrix
Molecules that aid in microbial invasion of bone. As such, this study was aimed at screening for
Bone sialoprotein-binding protein (bbp) Genes among Clinical Isolates of Methicillin Resistant
Staphylococcus aureus from Hospitalized Orthopedic Wound Patients.

Methodology: Aseptically, four hundred (400) fracture and post-surgical wound swab samples
were collected from orthopedic wound patients and subjected to standard microbiological protocol
for isolation and identification of MRSA using Brilliance MRSA Il Agar and Double Disc Diffusion
Test with inclusion Oxacillin (5ug) and Cefoxitin (30ug). Randomly selected MRSA strains were
further screen for Penicillin binding protein 2a (mecA) and Bone sialoprotein-binding protein (bbp)
gene by PCR using specific primer.

Results: MRSA had an overall detection rate of 164 (41.0%), with an increase prevalence rate of
86 (21.5%) in post-surgical wound samples, followed by fracture wound samples (78 (19.5%).
However, the isolation rate of MRSA was significantly associated with the sample source p value
<0.05. Of the ten (10) selected MRSA strain, mecA gene was genetically detected 100 %
comprising of 50.0% from postsurgical wound patient (MR1-5) and 50.0% from fracture wound
patient (MR6-10) while the bone sialoprotein-binding protein (bbp) gene was identified in 100% of
MRSA strain from both post-surgical wound (MR1-5) and fracture wound (MR6-10) patients each
accounted for 50.0% of the total amplified gene.

Conclusion: This study report MecA and bbp expression in hospitalized orthopedic wound
patients, emphasizing that mecA and bbp detection can be used as a marker of MRSA bone
invasion, especially in orthopedic wound infections. To reduce the risk of infection and to halt the
clonal proliferation of these virulent strains, a proper wound care/hygiene, comprehensive and
ongoing surveillance system that provides epidemiological and genetic information is required.

Keywords: Orthopedic wound; Methicillin resistant Staphylococcus aureus; bone sialoprotein-binding

protein.

1. INTRODUCTION

“Orthopedic wound and other wound type
infection is becoming a serious global public
health concern” [1]. “Orthopedic wound in most
developing countries are associated with an
increased risk of disease and morbidity for
patients” [2-4]. “Orthopedic wounds, like any
other type of wound, can cause discomfort, pain,
amputation or disability, financial loss, and death
as a result of complications. Furthermore, due to
the high cost of patient hospitalization and
microbial infection control, wound infection may

financially strain healthcare systems. Infection of
orthopedic wounds is caused by microbial
invasion and colonization, as well as the spread
of virulence determinants. In the absence of
proper care, pathogenic bacteria are mostly
predominant at the sites of orthopedic wounds.
One of the earliest and frequent colonizer of
wound is Gram-positive bacteria, especially S.
aureus strains” [1,4]. “The evolution of S. aureus
strain has been traced to the acquisition of the
exogenous Penicillin binding protein 2a gene
(mecA) and bone sialoprotein-binding protein
(bbp)” [1,4]. “The mecA encoding strain are often
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address with the lexicon ‘Methicillin Resistant
Staphylococcus aureus (MRSA). This ancillary or
housekeeper gene is part of the Staphylococcal
Cassette Chromosome mec (SCCmec) (types |-
VII) and is under the control of Mecl (a repressor)
and MecR1 (a transducer) and represent the
regulatory/signaling proteins of the blaz system.
The mecA gene codes for additional penicillin-
binding protein (PBP2a), a peptidoglycan
transpeptidase, which can confer resistance to
methicillin, all B-lactam and other antibiotics
class [1,5] while bbp is microbial surface proteins
that interact with the host molecule called
Microbial Surface Components Recognizing
Adhesive Matrix Molecules (MSCRAMMSs)” [6,7].
“The Bbp gene belongs to the Serine-aspartate
repeat factors (Sdr) family, which includes
several other microbial surface components that
recognize adhesive matrix molecules” [6]. bbp
from MRSA strain is reported to be a 97-kDa
protein with 76% and 96% A and B domains,
respectively, compared to the corresponding
domains in SdrE [6]. Furthermore, there is
evidence that SdrE is not linked to bone
infection, but it is known for platelet activation
and immune evasion by binding to complement
factor H [6,8,9]. “However, bbp-encoding strains
are frequently linked to septic arthritis,
osteomyelitis, and orthopedic implant infections”
[6,10,11]. “A hospitalized orthopedic wound
infected with MRSA-dependent bbp gene may
impair quality of life and compromise wound
healing rate due to hematogenous tissue
invasion. Failure to treat implies an increase in
the healthcare costs, since they involve a
prolonged hospitalization due to diagnostic tests,
extensive antibiotic administration, and, in some
cases, invasive surgery” [12]. Despite, increasing
concerns about MRSA virulence in orthopedic
wound infection, there is a still a handful of
information on Bone sialoprotein-binding protein
(bbp) Genes among Clinical Isolates of
Methicillin Resistant Staphylococcus aureus in
Hospitalized orthopedic wound Patients.

2. MATERIALS AND METHODS
2.1 Sampling Procedure

This research was carried out based on a
thorough knowledge of the scientific literatures,
satisfactory laboratory protocols, and other
relevant sources of information guiding this area
of research. Every fundamental study was done
in line with the World Medical Association (WMA)
declaration of Helsinki on the principles for
medical research involving human subjects, and
identifiable human material or data [13]. The

fracture and post-surgical wound samples were
obtained in compliance with the Research Ethical
Committee of National Orthopedic Hospital,
Enugu. Patients with length of stay in hospitals
for more than two months had their samples
collected. When the fracture and post-surgical
site was examined, it showed evidence of being
deeply infected, with purulent drainage and
inflammatory symptoms. Swabs was used to
collect samples by gently rolling or rotating over
the surface of the wound without contacting the
skin around the wound. The swab was
aseptically inserted in a tube containing the
Amies transport medium (bioMérieux, France)
and immediately transferred to the
microbiological research laboratory for
bacteriological analysis [5,14].

2.2 Bacterial Isolation and Identification

Aseptically, four hundred (400) fracture and post-
surgical wound swab samples were suspended
separately in a sterilized Brain-heart infusion
broth (bioMérieux, France), and incubated at
37°C for 24 hrs. The suspended swab from the
turbid bacterial growth was seeded onto
Brilliance MRSA Il Agar (bioMérieux, France)
and incubated at 37°C for 18-24 hrs. MRSA
colonies were identified based on colony
characteristics on Chromogenic agar Brilliance
MRSA |l Agar (bioMérieux, France) as blue
colored, round, convex, opaque colonies were
indicative of MRSA and colonies were aseptically
purified by sub-culturing onto Brain-heart infusion
agar (bioMérieux, France) and incubated at 37°C
for 24 hrs [1,14]. Methicillin resistance was
further characterized by Oxacillin (5ug) and
Cefoxitin (30ug) (Oxoid Uk) double disc diffusion
test. Isolates showing inhibition zone < 10 mm for
oxacillin (5ug) and < 21mm for cefoxitin (30 pg)
were considered MRSA in conformity to the
recommended standard of Clinical and
Laboratory Standard Institute [15].

2.3 Molecular Analysis
2.3.1 DNA extraction

A typical isolate of MRSA was cultivated in
double strain 5 ml Brain-Heart Infusion broth
(bioMérieux, France) for 24 h at 37°C. The
bacterial genomic DNA of MRSA strains were
extracted with a ZR Fungal/Bacterial DNA
MiniPrep™ (USA) as described by Edemekong
et al. [16]. Exactly 2 mls of bacterial cells broth
was added to a ZR Bashing TM Lysis tube and
750 ul lysis solution was added to it. This was
secured in a bead fitted with 2 ml tube holder
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assembly and processed at a maximum speed
for 5 minutes. The ZR Bashing Bead Tm lysis
tube was centrifuged at 10,000 x g for 1 minute.
Up to 400 ul of supernatant was transferred to a
Zygomo-Spin TM IV Filter (orange top) in a
collection tube and centrifuged at 7,000 x g for |
minute. About 1,200 ul of fungal/bacterial DNA
Binding Buffer was added to the filtrate in the
collection tube from step 4. About 800 ul of the
mixture from step 5 was transferred to a
Zygomo-spinTM 1IC Column in a collection Tube
and centrifuged at 10,000 x g for 1 minute. The
flow through from the collection tube was
discarded and step 6 repeated. Then 200 ul pre-
wash buffer was added to the Zymo-Spin TM IIC
Column in a new tube collection and centrifuged
at 10,000 x g for 1 minute. About 500 ul of
Fungal/Bacterial DNA wash Buffer was added to
the Zymo-Spin TM IIC Column and centrifuged at
10,000 x g for 1 minute. The Zymo-Spin TM IIC
Column was transferred to a clean 1.5 ml micro-
centrifuge tube and 100 ul (35 ul minimum) DNA
was added directly to the column matrix.
Centrifuge was done at 10,000 x g for 30
seconds to elute DNA; subsequently, 300 yL was
transferred to a new microtube and stored at -
20°C until use [16].

2.3.2 Detection of penicillin binding protein
2a (mecA) and bone sialoprotein-
binding protein (bbp) genes

Specific primers (NEB™ , England) for mecA and
bbp were selected. The PCR reaction included
12.5 ul of Tag 2x Master Mix from New England
Biolbs (M0270); 1ul each of 10 ul M forward and
reverse primer (Mec A- F: AAA ATC GAT GGT
AAA GGT TGG C: Mec A-R: AGT TCT GCA
GTA CCG GAT TTIG C; bbp- F
CAAAAGAAAAGCCAATGGCAAACG;  bbp-R:
CCGTTGGCGTGTAACCTGCTG), 2 ul of DNA
template and then made up with 8.5 ul Nuclease
free water. All the PCR reagents were provided
by NZY tech, Lisbon, Portugal. The amplification
was developed in a Mastercycler®Pro
(Eppendorf) thermal cycler. PCR products (10
ML) were detected by electrophoresis on 1.3%
(w/v) agarose gel in 1IXTAE (Tris 40 mM, acetic
acid 20 mM, EDTA 1 mM) buffer at 90 V for
about 60 min and visualized by UV trans-
illumination. A 50bp DNA ladder (NEB™,
England 50bp DNA Ladder, U. SA) was used as
molecular weight marker [17,18].

2.4 Statistical Analysis

Differences in the distributions of the studied
determinants were tested by Chi square (SPSS

software, version 2.1, IBM, NC, USA). A P value
of 0.05 was considered to indicate statistical
significance [1].

3. RESULT S

Distribution of Methicillin Resistant
Staphylococcus aureus isolates from hospitalized
fracture and post-surgical wound patients is
presented in Fig. 1. MRSA accounted overall
detection rate of 164(41.0%) comprising of
increase prevalence rate of 86(21.5%) in post-
surgical wound sample followed by fracture
wound sample 78(19.5%) while Methicillin
susceptible Staphylococcus aureus (MSSA)
strain accounted 139(34.8 %) comprising of
63(15.8%) and 76(19.0 %) against post-surgical
and fracture wound samples respectively.
However, the isolation rate of MRSA was
significantly associated with the sample source p
value <0.05. Occurrence of mecA and bbp gene
among clinical isolates of MRSA is shown in
Fig. 2. Of the ten (10) randomly selected
Methicillin Resistant Staphylococcus aureus,
mecA gene was detected 100 % comprising of
postsurgical wound patient (MR1-5) 50.0 % and
fracture wound patient (MR6-10) 50.0%. mecA
gene were detected in isolate MR1, MR2, MR3,
MR4, MR5, MR6, MR7, MR8, MR9 and MR10 at
766bp ladder (Fig. 2). Genes encoding Microbial
Surface  Components Recognizing Adhesive
Matrix Molecules; bbp gene was detected in
100% of MRSA strain. Both postsurgical wound
patient (MR1-5) and from fracture wound patient
(MR6-10) accounted 50.0% respectively. The
molecular size marker of 50bp from NEB™ was
used for amplification of bbp gene detected in all
isolate; MR1, MR2, MR3, MR4, MR5, MR6, MR7,
MR8, MR9 and MR10 at 650bp ladder (Fig. 3).

4. DISCUSSION

Phenotypic MRSA strains selected for PCR
analysis harbored mecA in this study other
researcher has reported absence of mecA gene
in isolates; Gaire et al. [19] obtained similar
results, with 53.3% of MRSA isolates containing
mecA gene while only 33.3% of the MRSA
isolates from orthopedic patients genetically
harbor the mecA gene, according to Oche et al.
[20]. Similar findings reported mecA gene in S.
aureus isolates 36.5 % in Pakistan and 29.1 % in
Kathmandu, Nepal [21,22] while in contrast,
another study found no mecA gene in
phenotypically identified MRSA isolates; in
Nigeria, the absence of the mecA gene was
discovered in 36 S. aureus isolates that were
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phenotypically MRSA positive but hyper-
producers of the B-lactamase enzyme [23]. “In
Sudan, earlier study also reported 61.5 %
Staphylococcus aureus isolates classified as
MRSA phenotypically, but did not detect
presence of mecA gene in their genomic DNA”
[24]. The mecC gene, which also confers
methicillin resistance, may be responsible for
the absence of the mecA gene in isolates
phenotypically identified as MRSA. Hyper-
production of B-lactamase by these isolates is
another crucial factor that may be considered
for the  methicillin resistance. MRSA,

which causes septic arthritis and osteomyelitis, is
the most common bacterium in human skeletal
infections due to expression of virulence
determinant. MRSA strains that carry the
housekeeper gene mecA are frequently MDR,

with truncated antibiotic efficacy, towards
vancomycin  (drug of last resort) and
others agent [1]. Although, the use of

conventional antibiotics is still recommended to
stall their invasion of wound, failure of most
antibiotic agent could be the mainstay of prolong
hospitalization among this patients due to
expression of mecA.

METHICILLIN RESISTANT S. AUREUS

Methicillin susceptible Strain

Post-surigical wound

Fracture wound

e
W s
M 105
15 20 25 30 35 10

Fig. 1. Distribution of Methicillin Resistant Staphylococcus aureus isolates from hospitalized
fracture and post-surgical wound patients

mecA and bbp gene

200 100 & 100
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100 .50 - 50
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] ] o 0
mech gene strain bbp gene
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Fig. 2. Occurrence of mecA and bbp gene among Clinical Isolates of Methicillin Resistant
Staphylococcus aureus
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Fig. 3. Amplification of MRSA mecA gene
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Fig. 4. Amplification of bbp associated gene

Other studies have reported high and low
prevalence of the bbp gene in biofilm forming
MRSA isolates [17,25-27] similar to this current
finding. It's important to note that the bbp gene
has been linked to human osteomyelitis and
arthritis and has a strong affinity for certain
extracellular adherences as well as the ability to
modulate inflammatory response [28]. One of the
adhesin genes that is strongly linked to human

hematogenous tissue infections is the bone
sialoprotein binding protein (bbp) [29]. “The
pathogenesis of bbp-dependent strain involve the
interaction with bone sialoprotein (BSP), an
essential component of bone and dentine
extracellular matrix” [30]. “It's possible that bbp
gene may act in two ways: as an important factor
in bone tissue colonization and as a contributing
factor in MRSA-induced hematologic diseases”
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[31]. “Earlier in vivo animal model showed that
BSP binding capacity was found in all
Staphylococci producing septic arthritis” [32].
“Moreover, the serum from patients suffering
from bone and joint infection contained
antibodies that reacted with the fusion protein of
the BSP-binding protein, indicating that the
protein is expressed during an infection and is
immunogenic” [6,7]. Because of its invasive
nature, clinical samples used in this investigation
were from orthopedic patients, which may have
contributed to the 100% detection rate of bbp.
Although the absence of data on the immune
status of the patient may not precludes any firm
conclusions being drawn that an inadequate local
immune response brought on by diabetes and
other underlying diseases may be the cause of
increase expression of bbp in MRSA wound
tissue infections in orthopedic patients.

5. CONCLUSION

This findings shows that MecA and Bbp
expression is associated with orthopedic
infection. We draw the conclusion from this study
that MecA and Bbp detection can be used as a
marker of MRSA bone invasion, particularly in
orthopedic wound infections. To reduce the risk
of infection and the clonal proliferation of these
virulent strains, a thorough and ongoing
surveillance system that offers epidemiological
and genetic information of other Genes encoding
Microbial Surface Components Recognizing
Adhesive Matrix Molecules that aid in microbial
invasion of host tissue through next generation
molecular technique is crucial to facilitate
diagnosis of wound patient. In the presence of
proper wound care, pathogenic bacteria
colonization and proliferation at the sites of
orthopedic wounds could be stall.

6. LIMITATIONS

The current study has some limitations that
should be recognized, which it was conducted in
one hospital in the state, which could not reflect
the epidemiology of this gene in different hospital
in the states or different geographical areas.

CONSENT

As per international standard or university
standard, patients’ written consent has been
collected and preserved by the author(s).

ETHICAL APPROVAL

In compliance with international standard or
university standard written ethical approval

has been collected and preserved by the
author (s).

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Peter IU, Okolo 10, Uzoeto HO,

Edemekong CI, Thompson MD, Chukwu
EB, Mohammed, ID, Ubom, 1J, Joseph,
OV, Nwuzo, AC, Akpu PO, Iroha, IR

(2022a). Identification and Antibiotic
Resistance Profile of Biofilm-forming
Methicillin Resistant  Staphylococcus

aureus (MRSA) Causing Infection among
Orthopedic Wound Patients. Asian J Res
Med Pharm Sci. 2022a;11(4): 45-55.

2. Anguzu JR, Olila D. Drug sensitivity
patterns of bacterial isolates from septic
post-operative wounds in a regional
referral hospital in Uganda. Afr J Health
Sci. 2007; 7:148-154.

3. Pallavali RR, Degati VL, Lomada D,
Reddy MC, Durbaka VRP. Isolation and In
Vitro evaluation of bacteriophages against
MDR-bacterial isolates from septic wound
infections. Plos One. 2017;12(17):92-45

4. Puca V, Marulli RZ, Grande R, Vitale I,
Niro A, Molinaro G, Prezioso S, Muraro R,
Di Giovanni P. Microbial species isolated
from infected wounds and antimicrobial
resistance analysis: Data emerging from a
three-years retrospective study. Antibiotics,
2021;10:1162.

5. Peter 1U, Ngwu JN, Edemekong ClI,
Ugwueke IV, Uzoeto HO, Joseph OV.,
Mohammed ID, Mbong EO, Nomeh OL,
Ikusika BA, Ubom 1J, Inyogu JC, Ntekpe
ME, Obodoechi IF, NseAbasi PL, Ogbonna
IP, Didiugwu CM, Akpu PO, Alagba EE,
Ogba RC, Iroha, IR. First report prevalence
of livestock acquired methicillin resistant
Staphylococcus aureus (LA-MRSA) Strain
in South Eastern, Nigeria . IOSR J Nurs
Health Sci. 2022b;11(1):50-56.

6. Persson L, Johansson C, Ryde'n C.
Antibodies to Staphylococcus aureus Bone
Sialoprotein-Binding ~ Protein Indicate
Infectious Osteomyelitis. Clin  Vaccine
Immunol. 2009; 949-952

7. Wisniewska K, Piérkowska A, Kasprzyk J,
Bronk M, Swieé¢ K. Clonal distribution of
bone sialoprotein-binding protein gene
among Staphylococcus aureus isolates


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=DfDWmmwAAAAJ&citation_for_view=DfDWmmwAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=DfDWmmwAAAAJ&citation_for_view=DfDWmmwAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=DfDWmmwAAAAJ&citation_for_view=DfDWmmwAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=DfDWmmwAAAAJ&citation_for_view=DfDWmmwAAAAJ:UebtZRa9Y70C

10.

11.

12.

13.

14.

15.

16.

Peter et al.; Asian J. Ortho. Res., vol. 8, no. 3, pp. 1-9, 2022; Article no.AJORR.94491

associated with bloodstream infections.
Folia Microbiol. 2014;59:465-471.

Foster TJ, Geoghegan JA, Ganesh VK,
HO66k M. Adhesion, invasion and evasion:
The many functions of the surface proteins
of Staphylococcus aureus. Nature Rev
Microbiol. 2014;12:49-62.

Idrees M, Sawant S, Karodia N, Rahman
A.  Staphylococcus aureus  Biofilm:
Morphology, genetics, pathogenesis and
treatment strategies. Int. J Environ Res
Public Health. 2021;18:7-602.

Campoccia D, Speziale P, Ravaioli S. The
presence of both bone sialoprotein-binding
protein gene and collagen adhesin gene as
a typical virulence trait of the major
epidemic  cluster in isolates from
orthopedic implant infections. Biomaterials.
2009;30: 6621-6628.

Coraca-Huber DC, Kreid L, Steixner S,
Hinz M, Dammerer D, Fille M. Identification
and Morphological Characterization of
Biofims Formed by Strains Causing
Infection in Orthopedic Implants.
Pathogens. 2020;9: 6-49

Puca V, Traini T, Guarnieri S, Carradori S,
Sisto F, Macchione N, Muraro R, Mincione
G, Grande R. The Antibiofilm Effect of a
Medical Device Containing TIAB on
Microorganisms Associated with Surgical
Site Infection. Molecules 2019;24-2280.
World  Medical Association (WMA)
Declaration of Helsinki. Ethical principles
for Medical Research involving Human
Subjects. Note of Clarification on
paragraph 30 by the WMA General
Assembly, Tokyo. 2004;9-10.

Iroha IR, Orji JO, Onwa NC, Nwuzo AC,
Okonkwo EC, Ibiam EO, Nwachi AC,
Afuikwa FN, Agah VM, Ejikeugwu EPC,
Agumah NB, Moses IB, Ugbo E, Ukpai EG,
Nwakaeze E A, Oke B, Ogbu L and
Nwunna E.  Microbiology  Practical
Handbook. (Editor; Ogbu. O), 1% Edition.
Charlieteximage Africa (CiAfrica Press),
2019;344.

Clinical and Laboratory Standards Institute
(CLSI). Performance standards for
antimicrobial susceptibility testing; twenty-
eighth edition (M100). Wayne, PA: Clinical
and Laboratory Standards Institute; 2019.
Edemekong CI, Uzoeto HO, Mbong EO,
Ikusika BA, Didiugwu, CM, Ngwu JN,
NseAbasi PL, Ntekpe ME, Mohammed ID,
John-Onwe BN, Alagba EE, Obodoechi IF,
Joseph OV, Ogbonna IP, Ubom 1J, Peter
IU (2022). Molecular Characterization and

17.

18.

19.

20.

21.

22.

23.

24.

Bioassay of Soil Actinomycetes Strains
on Multidrug Resistant Bacteria. IOSR J
Biotechnol Biochem. 2022;(1):
6-11

Abdulrahim U, Kachallah M, Rabiu M,
Usman NA, Adeshina GO, Olayinka BO.
Molecular Detection of Biofilm-Producing
Staphylococcus aureus Isolates from
National Orthopaedic Hospital Dala, Kano
State, Nigeria. Open J Med Microbiol.
2019; 9:116-126.

Andrade NC, Laranjo M, Costa MM,
Queiroga MC. Virulence factors in
staphylococcus associated with small
ruminant mastitis: Biofilm production and
antimicrobial resistance genes. Antibiotics.
2021;10:633.

Gaire U, Shrestha TU, Adhikari S, Adhikari
N, Bastola A, Rijal KR, Ghimire P, Banjara
MR. Antibiotic  susceptibility,  biofilm
production, and detection of mecA gene
among staphylococcus aureus isolates
from different  clinical specimens.
Diseases. 2021;9:80-109.

Oche DA, Abdulrahim U, Oheagbulem AS,
Olayinka BO. Isolation of biofilm producing
methicillin-resistant Staphylococcus aureus
from hospitalized orthopaedic patients in
Kano State, Nigeria. Niger J Basic Appl
Sci. 2020;28(1): 66-74.

Siddiqui TMI, Khan MN, Fatima S, Alam N,
Masood R., Saeed R, Naqvi GR, Naqgvi T.
Prevalence of mecA:  Genotyping
Screening of Community Acquired-MRSA
Isolates in Karachi. Pakistan. Pak J Pharm
Sci. 2018; 31:2091-2094.

Adhikari R, Pant ND, Neupane S, Neupane
M, Bhattarai R, Bhatta S, Chaudhary R,
Lekhak B. Detection of methicillin resistant
Staphylococcus aureus and determination
of minimum inhibitory concentration of
vancomycin for staphylococcus aureus
isolated from pus/wound swab samples of
the patients attending a Tertiary Care
Hospital in Kathmandu, Nepal. Canadian
J Infect Dis Med Microbiol. 2017;21:
91-532.

Olayinka BO, Olayinka AT, Obajuluwa AF,
Onaolapo JA, Olurinola PF. Absence of
mecA gene in  Methicillin-resistant
Staphylococcus aureus Isolates. Afri J
Infect Dis. 2009;3(2):49-56.

Elhassan MM, Ozbak HA, Hemeg HA,
Elmekki MA, Ahmed LM. Absence of the
mecA gene in methicillin  resistant
staphylococcus aureus isolated from
different clinical specimens in Shendi City,



25.

26.

27.

Peter et al.; Asian J. Ortho. Res., vol. 8, no. 3, pp. 1-9, 2022; Article no.AJORR.94491

Sudan. Biomedi Res Int.
10-1155.

Hamada M, Yamaguchi T, Sato A, Ono D,
Aoki K, Kajiwara C, Kimura S, MaedaT,
Sasaki M, Murakami H, Ishii Y, Tateda K.
Increased Incidence and Plasma-Biofilm
Formation Ability of SCCmec Type IV
Methicillin-Resistant Staphylococcus
aureus (MRSA) Isolated From Patients
With  Bacteremia. Front Cell Infect
Microbiol. 2021;11:602-833.

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;10:9-70.

Montanaro L, Ravaioli S, Ruppitsch W,
Campoccia D, Pietrocola G, Visai L,
Speziale P, Allerberger F, Arciola RC.
Molecular characterization of a prevalent
ribocluster of methicillin-sensitive
Staphylococcus aureus from Orthopedic
Implant Infections. Correspondence with

2015;

28.

29.

30.

31.

32.

MLST CC30. Front Cell Infect Microbiol.
2016;6:8-23.

Crosby HA, Kwiecinski J, Horswill AR. S.
aureus aggregation and coagulation
mechanisms and their function in host
pathogen interactions. Adv Appl Microbiol.
2016;96:1-41.

Tristan A, Ying L, Bes M, Etienne J,
Vandenesch F, Lina G. Use of multiplex
PCR to identify Staphylococcus aureus
adhesins involved in human
hematogenous infections. J Clin Microbiol.
2003;41:4465-4467.

Yacoub A, Lindahl P, Rubin K. Purification
of bone sialoprotein-binding protein from
Staphylococcus aureus. Eur J Biochem.
1994;222:919-925

Berendt T, Byren, |. Bone and joint
infection. Clin Med. 2004; 4:
510-518.

Bremell T, Lange S, Yacoub A, Ryden C,
Tarkowski A. Experimental Staphylococcus
aureus arthritis in mice. Infect Immun.
1991;59:2615-2623.

© 2022 Peter et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/94491



http://dx.doi.org/10.1155/2015/895860
http://creativecommons.org/licenses/by/2.0

