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Abstract: Staphylococcus aureus is associated with multi drug resistance infections and high levels of
illness and the efflux pump has vital role in multi drug resistance for antimicrobial agent in S. aureus. (one
hundred and fifteen) clinical specimens (burns, blood, Ear, Nasal, Urinary tract infection and wounds) were
collected from patients attending different hospitals in Baghdad. S. aureus has been identified using
biochemical,Vitek-2 system Furthermore, molecular methods. Molecular method was depended on The
polymerase chain reaction (PCR) assay was applied to determine the major specific genes, 16S rRNA and
medA gene were used to diagnos Staphylococcus genus and med A gene to diagnos S. aureus species. Out of
115 isolates, 55 were identified by Vitek-2 system the result about 20 S. aureus isolate Furthermore
identified S. aureus by PCR Just to make sure. all S. aureus isolates were tested toward the different class of
clinically important antibiotics by using vitek 2 system. The results of resistance were as following:
Penicillin G (10) unit (100%) Oxacillin (99%), Imipenem (3%). while the resistance to chloramphenicol,
(72%), Azithromycin (40%), Erythromycin was (36%), Tetracycline (72%) Doxycycline is (7%)
Ceftazidime (99%), Ciprofloxacin (25%). The aim of this study is to investigate the prevalence of number of
chromosomal efflux pumps genes). The results indicated the presence of 16s rRNA gene in all isolates (100
%) (from 20 isolates) The med A gene has been recorded the second highest prevalence present in 19
(92.71%) isolates., these results showed the role of 16S rRNA for molecular detection Staphylococcus genus
and using medA gene in S. aureus bacteria considered one of the most important features in the description of
Staphylococcus aureus isolates.
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Introduction

Staphylococcus aureus is a Gram-
positive non-motile coccal bacterial that
can survive and replicate in harsh
environments (1). Most staphylococci are
cause disease in a variety of conditions
including  aerobic and  anaerobic
atmosphere (2). The genus currently
consists of more than 80 species and
subspecies, many of which are found on
the skin and mucous membranes of

humans (3). Staphylococci are important
pathogens in humans, causing
opportunistic infections and a wide
spectrum of life-threatening systemic
diseases, it causes a range of infectious
diseases such as sepsis, endocarditis and
pneumonia. In addition, it can cause
uncomplicated skin infections impetigo,
also soft tissue infections, (4,5) with or
without  abscess  formation (6).
Furthermore, S. aureus can cause toxin-
mediated diseases such as toxic shock
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syndrome, scalded skin syndrome and
food poisoning (7). S. aureus are
pathogenic bacteria that have become a
great public health concern in recent
years due to their ability to produce an
array of virulence factors and drug-
resistant variants (2,8,9). It is also the
most common species in humans that
produces the enzyme coagulase;
therefore this property is a useful
diagnostic test. (10). The bacterial 16S
rRNA gene encodes for the ribosomal
RNA small subunit. It contains DNA
sequences that are common to all
bacteria and some that are unique to each
species (11,12). Initial studies on
bacterial taxonomy and phylogeny
depend on the Sanger sequencing of the
most common housekeeping marker
which is the 16S rRNA gene (13). Efflux
pumps transport proteins involved in the
extrusion of toxic substrates (including
virtually all classes of clinically relevant
antibiotics) from within cells into the
external environment (14). Pumps may
be specific for one substrate or may
transport a range of structurally
dissimilar compounds (including
antibiotics of multiple classes); such
pumps can be associated  with
multipledrug resistance (MDR) (15).
Efflux pumps are found in almost all
bacterial species and genes encoding this
class of proteins can be located on
chromosomes or plasmids (16). Major
facilitate  super family which is only
found in Gram-negative bacteria MdeA:
The MdeA protein is a member of the
MFS family of efflux pumps and
composed of (479) amino acids which
forms transmembrane helices. This 52
kDa protein effluxes fluoroguinolone has
low affinity (17). Effluxes with low

levels of sequence similarity with MdeA
include QacA (23% similarity), EmrB of
E. coli, LmrB of Bacillus subtilis and
FarB of Neisseria gonorrhoeae (18).
Mutations in promoter region of MdeA
lead to the overexpression of the pump
that use proton motive (19,20).

Materials and Methods

Isolation and Identification of

Bacterial Isolates

A total of (115) clinical specimen
from both gender with different age were
collected and identification from the
beginning of December 2019 to the end
of August 2020, from patients in
different hospitals of Baquba city. The
isolates were identified by their colony
characteristic, gram-stain according to
Bergey’s manual (14). and confirmed by
the pattern of biochemical profiles using
Vitek 2-GN system.

Antibiotic Susceptibility Testing

To estimate potential resistance of
S.aureus isolates against 10 type of
antibiotics from different classes, all
isolates had been subjected to
antibiogram test according to Clinical
And Laboratory Standards Institute
(CLSI,2020) (23), for Penicillin G (10)
unit, Oxacillin, Imipenem,
chloramphenicol, Azithromycin,
Erythromycin, Tetracycline,
Doxycycline, Ceftazidime, Ciprofloxaci,.
Detection of S.aureus phenotypes based
on the drug resistance patterns.
Multidrug-resistant (MDR) phenotype is
defined as S. aureus, which is resistant to
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more than one antimicrobial agent in
three or more antimicrobial categories.
Extensively  drug-resistant (XDR)
phenotype is defined as S. aureus, which
IS resistant to more than one
antimicrobial agent in all the
antimicrobial categories, except in two or
less.

Molecular Identification
DNA Extraction

Genomic DNA was isolated from
bacterial growth according to the
protocol of Wizard® Genomic DNA
Purification Kit ABIOpure, USA (21).
Quantus Fluorometer was used to detect
the concentration and purity of extracted
DNA in order to detect the goodness of
samples for downstream applications.
For 1 pl of DNA, 199 ul of diluted
Quanty Flour Dye was mixed. After

5min incubation at room temperature,
DNA concentration values were detected.

Polymerase Chain Reaction (PCR)
Cycle of 16S rRNA and medA genes

The DNA of isolates was targeted
for 16S rRNA and medA genes using
primers (11, 22) listed in Table 1. A
reaction mixture (20 pl) contained 3 pl of
DNA, 1 pl of each primer, 10 pl of
Master Mix, and 5 pl of nuclease free
water. The experiment was sustained
according to the following program:
initial denaturation at 95°C for 5 minutes,
followed by 30 cycles at 95°C for 30 Sec.
, 55°C for 30 Sec. , 72°C for 30 Sec. and
a final extension at 72°C for 7 minutes as
shown in Table 2. The PCR products
were analyzed using 1.5% agarose gel
electrophoresis and the ethidium bromide
stained bands in gel were visualized
using Gel imaging system.

Table (1): Primer sequences used for PCR

. ' o Product Annealing
Genes Primer sequence (5'-3") size (bp) Temp. (°C) References
16S rRNA-F GGTCTTGCTGTCACTTATAGATGG 164 60 (11)
16S rRNA-R CGGAAGATTCCCTACTGCTG
medA-F TATGGCGATTGTTGTTTTTACTAC 174 62 22)
medA -R AACCGTGTGCATTCATTTCTGG
Table (2): PCR program
Steps m:s Cycle
Initial denaturation 05:00 1
Denaturation 00:30
Annealing 55-62 00:30 30
Extension 00:30
Final extension 00:30 1
Hold 10:00
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Results and Discussion

Identification and Isolation  of

Staphylococcus aureus

A total of 55clinical isolates of gram
positive bacteria primary identified as
Staphylococcus aureus were collected

from different clinical sources Table (3).
The source of these isolates were as
follows: The isolation results showed that
burns  (40%), blood (55%), Ear
(11.76)%, Nasal (60%). UTI (60%) and
wounds  (36%) isolated out of
115(100%).

Table (3): prevalence of S. aureus according to the sources of isolation

: No. of Percentage of S.aureus from total
Source of Isolation sample S. aureus g e
UTI 25 15 60
Blood 20 11 55
Wounds infection 25 9 36
Burn infection 30 12 40
Nasal carriage 10 6 60
Ear infection 5 2 11.76
Total isolates 115 55 40
Chi-square (") --- --- 12.892 **
P-value 0.0001
** (P<0.01).
Antibiotics Resistance of loses its ability to bind with the target

Staphylococcus aureus

In recent years, S aureus has
become resistant to both new and
traditional antibiotics. Thus, treatment of
antibiotic resistant bacteria represents a
therapeutic problem. All isolates were
subjected to antimicrobial agents and the
resistance patterns according to the
recommendations of CLSI,2020 (23).
The results of the current study showed
as shown in Table (4) that all
Staphylococcus  aureus isolates were
100% resistant to Penicillin G . These
results were identical to (24,25,26) who
found that Staphylococcus aureus
resistance to penicillin and oxacillin was
100%, The cause of bacterial resistance to
penicillins is due to the presence of many
resistance genes or due to mutations in
the genes encoding Penicillin Binding
Proteins (PBPS), whereby the antagonist

proteins, leading to the cell’s
impermeability of the antagonist (27).
Subjected to aminoglycoside antibiotics,
erythromycins that act by inhibition of
protein  synthesis .showed relative
activity against the tested S. aureus
isolates (45%) of them were sensitive.
(28). As for the resistance to
Azithromycin, it reached 40%, the reason
for resistance to anti-macrolides is due to
the change in the target site as a result of
mutations, as the Azithromycin works to
inhibit protein synthesis by binding to the
50s ribosomal subunit, and this is due to
the plasmid gene (29). The results
showed that the resistance of the isolates
to ceftazidime reached 99%, whereas
(30). The resistance to the ceftazidime
reaches 69%. The resistance is
considered one of the beta-lactam group
(third generation cephalosporins)
antagonists that interfere with the
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peptidoclycan  layer affecting the
formation of the bacterial cell wall and
that one of the causes of bacterial
resistance to the anti-mutagenic (bla Ctx-
M) gene carried on plasmids encoding
CTX enzymes M-which transforms the
antibiotic into an inactive compound by
breaking down the beta-lactam ring in
the antagonist (31). On the other hand,
the resistance of isolates to anti-
Tetracyclin was 72%, The results were
consistent (32). Reported, who stated that
the rate of resistance to anti-Tetracyclin
was 72%, but not compatible with what
was reported by (33). as well as the
results of the study showed that the
resistance of bacteria to Doxycyline was
7% and this disagreement with a study
in Iran (34) reported that 20% of S.
aureus were resistant to doxycycline. But
not in agreement with the results of the
researcher (13). if the resistance rate
reached 33.33%, where the resistance of
the bacteria to the Doxycyline is a result
of a change in the target site or as a result
of genes carried on the plasmids, as the
resistance to the antagonist returns to its
association with the 30S ribosomal small
unit, which leads to the cessation of
tRNA binding (35). The results showed
that the resistance of bacteria to
Ciprofloxacin was 25%, the result
deferent with local study done by (36).
stated that the resistance rate was 72%,
that resistance to anti-kionolones
occurred as a result of chromosomal
mutations or by changing the target site,
which had an inhibitory effect on DNA
replication as a result of its interference
with the enzyme Topoisomerase 11 (DNA

gyrase) encoded by the gene B / gyrA
(37). Most of the utilized antimicrobial
agents were regarded as targets for the
staphylococcal efflux pump (38). Some
evidence hypotheses that efflux pumps
can be used by the cell as a first line
defense mechanism that prevents drugs
from reaching the cellular lethal
concentrations (39). The diversity of
fluoroquinolone  antibiotics,  mainly
Ciprofloxacin, made the effective
treatment of infections caused by
S.aureus strains feasible, but these strains
rapidly become resistant to these
antimicrobial agents (40). For
chloramphenicol, the result agreed with
local study done by (41). where resistant
to chloramphenicol was (75.2%), (42). In
a study in Kenya, S. aureus showed
resistance to chloramphenicol (84.8%),
that agree with our result(72%), but (43).
recorded a low percentage of resistance
(11.3%) and (55%) respectively, which
disagree with the results of the present
study. High level of S. aureus sensitivity
to aminoglycosides representing by
impinem. The rate of resistance of
isolates to anti-impinem was 3%, and this
result is consistent with what was
mentioned (44), as the rate of resistance
of isolates to the impinem reached 0%,
while (31). Indicated that the resistance
rate of isolates of Staphylococcus
bacteria reached 3%, agree with the
results obtained by (45). Erythromycin
This may be due to their belonging to the
same group (B-lactum group) they act by
inhibiting  the  synthesis of the
peptidoglycan layer of bacterial cell
walls.
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Table (4): antimicrobial susceptibility rate of S. aureus isolates against antimicrobial agents

Type of antibiotic Typeof susceptibility Resistance
No percentage
Penicillin G (10) unit R 100
Oxacillin R 99
Impinem S 3
chloramphenicol, R 72
Azithromycin R 40
Erythromycin R 36
Tetracycline R 72
Doxycycline S 6
Ceftazidime R 99
Ciprofloxacin R 25

Staphylococcus aureus identifecation
by detection 16S rRNA gene

The PCR results Figure (1) showed
that 16S rRNA gene (164bp) exists in all

165 BN
Sapin boceccun smrews

Figure (1):Gel electrophoresis of PCR products for 16S rRNA gene in S.aureus isolate.

20 S. aureus Figure (1) identified by the
previous identification methods, and this
confirmed the accuracy of this study test
and method used for identification of this
genus.

1006p

'
Staphylococcus aurens

Lane (M):

100bp ladder, Lane (c): Negative control, Lane (1-10): positive result with positive bands of 164 bp

S.aureus.

The amplifying of DNAs from
phylogenetically divergent bacteria by
targeting conserved regions of the 16S
rRNA gene have become a powerful tool
in detection and identification of bacteria
(46). The present findings suggested that
PCR wusing 16S rRNA gene was an
excellent method for detection of

S.aureus spp. isolates. These results are
in agreement with other studies which
mentioned that detection and sequencing
of this gene is an effective means for the
identification of clinical isolates of
S.aureus (47,48). The results of (49).
revealed the ability of using 16s rRNA
and 23s rRNA genes for molecular
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identification of staphylococcus clinical
isolates and this tool was rapid and
accurate with high identification genomic
rate (100 %). isolates. These results are
in agreement with other studies which
mentioned that detection and sequencing
of this gene is an effective means for the
identification of clinical isolates of
S.aureus (47). The results of (49).
revealed the ability of using 16s rRNA
and 23s rRNA genes for molecular
identification of staphylococcus clinical
isolates and this tool was rapid and
accurate with high identification genomic
rate (100 %).

Detection of chromosomal efflux pump
genes by Polymerase Chain Reaction
(PCR)

15000

1000bp

S00bp

Extracted sample has been used in
order to detect the presence of genes
encoding efflux pumps and
determination of the prevalence of each
gene among S.aureus clinical isolates
uniplex polymerase chain reaction (PCR)
for each DNA. The PCR reaction
included 20 isolates for detection the
chromosomal efflux pump mdeA. The
PCR products have been confirmed by
analysis of the bands on gel
electrophoresis. PCR products have been
confirmed by comparing their molecular
weight with 100 bp DNA Ladder. The
distribution of efflux pump in multidrug
resistant isolates was shown in Figure
(2). In Iran, out of a total of 60 multidrug
resistant isolates of S. aureus, the MdeA
genes were detected in 61.7% of isolates
(50). A study by (51). In South Africa, a
tertiary academic hospital in Pretoria city.

1730p

Figure (2): The usual banding patterns found with the uniplex PCR assay, PCR amplification of the
mdeA gene from S. aureus, with the amplicon size 173bp, on an ethidium bromide-stained gel.
Electrophoresis of DNA amplification products in a (1.5%) agarose gel was used to separate them. The
electrophoresis was done for 1.5 hours at 70 volts. Lanes 1-18 represent the number of amplified PCR
products (SA1,12) negative amplification of mdeA, (SA2,3, 4,5,6,7,8,9,10, 11.13,14,15,16,17,18) positive
amplification of mdeA. Within the gel, the lengths of markers and PCR amplicon bands are noted.

Statistical Analysis

The Statistical Analysis System-
SAS (2012) program was used to detect

the effect of difference factors in study
parameters. T-test was used to significant
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compare between means. Chi-square test
was used to significant compare between
percentage (0.05 and 0.01 probability) in
this study.(52).

Conclusions

Our study confirmed the role of
16S rRNA for molecular detection
S.aureus at the level of genus and
detecting medA gene using in S. aureus
bacteria considered one of the most
important features in the descriptionof
resist isolates. According to the results of
the present study , most local clinical
isolates of S. aureus, carrying the efflux
pump genes and the efflux pumps system
plays a vital role in multidrug resistance
in clinical S. aureus isolates. The results
of detection efflux pump genes
demonstrated the presence of mdeA gene
in all multidrug resistant local isolates of
S. aureus and also high prevalence. This
might be indicated to the significent role
of these genes in the resistance
mechanism.

References

1. Crawford, C. L. (2020). Copper Dependent
Inhibitors Subvert Common Resistance
Mechanisms in Staphylococcus aureus and
Inhibit ~ Crucial Metabolic  Pathways
(Doctoral dissertation, The University of
Alabama at Birmingham).

2. Elgallali, A. (2016). Characterization of
lipoproteins in  Staphylococcus aureus
(Doctoral  dissertation,  University  of
Salford).

3. Burda, W. N. (2015). Exploring the
Pathogenic and Drug Resistance
Mechanisms of Staphylococcus aureus.
University of South Florida.

4. McCourt, J.; O’Halloran, D.P.; McCarthy,
H.; O’Gara, J.P. and Geoghegan, J.A.
(Fibronectin-binding proteins are required

10.

11.

12.

for biofilm formation by community-
associated methicillin-resistant
Staphylococcus aureus strain LAC.. FEMS
Microbiology Letters. 2014;353:157-164.
Crossley, K. B. and John, J. (2009).
Treatment of Staphylococcal infections.
Staphylococci in human disease, (Ed. 2),
570-593.

Noguchi, N.; Nakaminami, H.;Nishijima,
S.; Kurokawa, I.; So, H.and Sasatsu, M.
(2006). Antimicrobial agent of
susceptibilities and antiseptic resistance
gene distribution among  methicillin-
resistant Staphylococcus aureus isolates
from patients with  impetigo and
staphylococcal scalded skin syndrome.
Journal of Clinical Microbiology, 44(6),
2119-2125.

Dinges, M. M.; Orwin, P. M. and
Schlievert, P. M. (2000). Exotoxins of
Staphylococcus aureus. Clinical
Microbiology reviews, 13(1), 16-34.

Raisen, C. (2019). Investigation of a novel
iron-uptake system and other genomic
features in mecC Staphylococcus aureus
(Doctoral  dissertation, ~ University  of
Cambridge).

Kish-Molina, M. (2012). Analysis of Risk
Factors Associated With Asymptomatic
Colonization of Methicillin  Resistant
Staphylococcus aureus (MRSA) Among
Community College Students (Doctoral
dissertation, Walden University).

Chambers, H. F. and DeLeo, F. R. (2009).
Waves of resistance: Staphylococcus aureus
in the antibiotic era. Nature Reviews
Microbiology, 7(9), 629-641.

Alves, D. F.; Magalhdes, A. P.; Neubauer,
D.; Bauer, M.; Kamysz, W.and Pereira, M.
0. (2018). Unveiling the fate of adhering
bacteria  to  antimicrobial  surfaces:
expression of resistance-associated genes
and macrophage-mediated phagocytosis.
Acta Biomaterialia, 78, 189-197.

Benga, L.; Benten, W. P. M.; Engelhardt,
E.; Kéhrer, K.; Gougoula, C. and Sager, M.
(2014). 16S ribosomal DNA sequence-based
identification of bacteria in laboratory
rodents: a practical approach in laboratory
animal bacteriology diagnostics. Laboratory
Animals, 48(4), 305-312.



13.

14.

15.

16.

17.

18.

19.

20.

21.

Iragi Journal of Biotechnology 16

Janda, J.M. and Abbott, S.L. ( 2007). 16S
rRNA gene sequencing for bacterial
identification in the diagnostic laboratory:
pluses, perils, and pitfalls. Journal of
Clinical Microbiology, 45(9),2761-2764.

Van Bambeke, F.; Balzi, E. and
Tulkens,P.M. (2000). Antibiotic efflux
pumps. Biochemical Pharmacology, 60,
457-470.

Lomovskaya, O.; Warren, M. S.; Lee, A,
Galazzo, J.; Fronko, R., Lee, M. A. Y. and
Lee, V. J. (2001). Identification and
characterization of inhibitors of multidrug
resistance efflux pumps in Pseudomonas
aeruginosa: novel agents for combination
therapy.  Antimicrobial  Agents and
Chemotherapy, 45(1), 105-116.

Poole, K. (2007). Efflux pumps as
antimicrobial ~ resistance  mechanisms.
Annals of Medicine, 39; 162-176.

Yamada, Y.; Shiota, S.; Mizushima, T.;

Kuroda, T. and Tsuchiya, T. (2006).
Functional gene cloning and
characterization of MdeA, a multidrug

efflux pump from Staphylococcus aureus.
Biological and Pharmaceutical Bulletin,
29(4), 801-804.

Grkovic, S.; Brown, M. H.; Roberts, N. J.;
Paulsen, I. T. and Skurray, R. A. (1998).
QacR is a repressor protein that regulates
expression of the Staphylococcus aureus
multidrug efflux pump QacA. Journal of
Biological Chemistry, 273(29), 18665-
18673.

DeMarco, C. E.; Cushing, L. A.;Frempong-
Manso, E.; Seo, S. M.; Jaravaza, T. A. and
Kaatz, G. W. (2007). Efflux-related
resistance to norfloxacin, dyes, and biocides
in bloodstream isolates of Staphylococcus
aureus.  Antimicrobial  Agents  and
Chemotherapy, 51(9), 3235-3239.

Huang, J.; OToole, P. W.; Shen, W,
Amrine-Madsen, H.; Jiang, X.; Lobo, N.
and  McDevitt, D. (2004). Novel
chromosomally encoded multidrug efflux
transporter MdeA in Staphylococcus aureus.
Antimicrobial Agents and Chemotherapy,
48(3), 909-917.

Promega Corporation. (2019). Technical
Manual:  Wizard®  Genomic  DNA
Purification Kit: Instructions for Use of

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Products A1120, A1123, Al125 and
A1620. Madison, USA.

Shamkhi G.J. (2019) The effect of
natural bioactive inhibitors on efflux pump
in methicillin resistant  Staphylococcus
aureus . PhD. Thesis, Genetic Engineering
& Biotechnology for Postgraduate Studies,
University of Baghdad, Iraq.

Rodvold , K . A and Mcconeghy , K .
W. (2014). Methicillin — Resistant
Staphylococcus aureus Therapy : Past ,
Present , and future. Clinical Infectious
Diseases. 58 (51) : 520 — 7.

CLSI, (2020). Performance Standards for
Antimicrobial Susceptibility Testing. 27th
ed. Wayne, PA: Clinical and Laboratory
Standards Institute.

25- Jia, K.; Fang, T.; Wang, X.; Liu, Y.;
Sun, W.; Wang, Y. and Dong, Q. (2020).
Antibiotic Resistance patterns of
Staphylococcus aureus isolates from retail
foods in mainland China: A meta-analysis.
Foodborne Pathogens and Disease, 17(5),
296-307.

Sultan, F. B. and Al Meani, S. A. L. (2019).
Prevalence of Staphylococcus aureus toxins
genes in clinical and food isolates in
Irag. Journal of Pharmaceutical Sciences
and Research, 11(2), 636-642.

Levinson, W. and Jawetz, E. (2014).
Nematodes. Review of Medical
Microbiology and Immunology, 13e. New
York, NY: McGraw-Hill.

Al-Hamdani, M.A. and Hamad, 1.G. (2012).
Study of plasmid profile, susceptibility
patterns of clinical Staphylococcus aureus
isolated from patients with otitis media in
Journal of Basrah Researches (Sciences).,
38(1):79-89;

Pal, S. (2006). A journey across the
sequential development of macrolides and
ketolides  related to  erythromycin.
Tetrahedron, 62, 3171- 3200.

Al-Mugdadi, S. F. H. (2010). Activity of
meropenem and ciprofloxacin in vitro
against oxacillin resistant staphylococcus
aureus.  Al-Mustansiriyanh  Journal  of
Pharmaceutical Sciences (AJPS), 8(2), 64-
71.

Mims, C.; Dockrell, H.; Goering, R.; Roitt,
I., Wakelin, D. and Zuckerman, M. (2004).
Medical microbiology. Structure, 7, 7.



32.

33.

34.

35.

36.

37.

38.

39.

40.

Iragi Journal of Biotechnology 17

Morello, J.K. ;Mizer,H.E. and Granato,
P.A.(2006).Laboratory Manual And Work
Book In Microbiology Applications To
Patient Care.8th ed.Mc Graw Hill.
Al-Ugaili, D. (2013) Bacteriological and
Genetic  Studies on Oxacillin Resistant
Staphylococcus aureus Isolated from Some
Hospital in Baghdad City (Doctoral
dissertation, Ministry of Higher Education).
Arjyal, C.; Kc, J. and Neupane, S. (2020).
Prevalence of methicillin-resistant
Staphylococcus  aureus  in  shrines.
International Journal of Microbiology,), 10.
:798-812.

Shokouhi, S.; Darazam, I. A. and Zamanian,
M.H. (2017). Community-acquired
methicillin-resistant Staphylococcus aureus
carriage rate and antimicrobial
susceptibility in a tertiary center, Iran.
Journal of Research in Medical Sciences:
the official Journal of Isfahan University of
Medical Sciences, 22: 71-77.

Booth, M. C.; Pence, L. M.; Mahasreshti, P.;
Callegan, M. C.; and Gilmore, M. S. (2001).
Clonal associations among Staphylococcus
aureus isolates from various sites of
infection. Infection and Immunity, 69(1),
345-352.

Belbase, A.; Pant, N. D.; Nepal, K
Neupane, B.; Baidhya, R.; Baidya, R. and
Lekhak, B. (2017). Antibiotic resistance and
biofilm production among the strains of
Staphylococcus aureus isolated  from
pus/wound swab samples in a tertiary care
hospital in Nepal. Annals of Clinical
Microbiology and Antimicrobials, 16(1), 15.
Murray, P.R.; Ken, S.; Rosenthal, K.S. and
Pfaller, M.A. (2013). Medical
Microbiology, with Student Consult Online
Access, 7th ed., Midical Microbiology, 874
Jang, S. (2016). Multidrug efflux pumps in
Staphylococcus aureus and their clinical
implications. Journalof Microbiology, 54(1),
1-8.

Costa, S.; Junqueira, E.; Palma, C.;Viveiros,
M.; Melo-Cristino, J.; Amaral, L. and
Couto, I, (2013b). Resistance to
antimicrobials mediated by efflux pumps in
Staphylococcus aureus. Antibiotics, 2(1),
83-99.

Pourmand, M.R.; Yousefi, M.; Salami, S.A.
and Amini, M., (2014). Evaluation of

41.

42.

43.

44,

45.

46.

47.

48.

expression of NorA efflux pump in
ciprofloxacin  resistant  Staphylococcus
aureus against hexahydroquinoline
derivative by real-time PCR. Acta Medica
Iranica. 52, (6):424-429.

Al-kadmy, 1.(2013) A Genetic study to
differential HA/CA MRSA isolated from
clinical cases in Iraq hospitals. Mintage
Journal of Pharmaceutical & Medical
Sciences.2 ( 3):57-62.

Berger-Bachi, B. and Rohrer, S. (2002).
Factors influencing methicillin resistance in
staphylococci. Archives of Microbiology
178: 165-171.

Hassnawi, L. A.; Ahmad, R. B.; Yahya, A.,
Aljunid, S. A.and Elshaikh, M. (2012).
Performance analysis of various routing
protocols for motorway surveillance system
cameras’ network. International Journal of
Computer Science Issues (1JCSI), 9(2), 7-
13.

Al-Mugdadi, S. F. H. (2010) Activity of
meropenem and ciprofloxacin in vitro
against oxacillin resistant Staphylococcus
aureus. American Journal of Plant Sciences,
8(2): 64-71.

Jacqueline, C.; Asseray, N.; Batare, E.;
Mabecque, V.; Kergueris, M.F.; Dube, L.;
Bugnon, D.; Potel, G. and Callion,. J.; In
vivo efficacy of linezolide in combination
with  gentamycin  for treatment of
experimental endocarditis due to
methicillin-resistant Staphylococcus aureus.
International Journal of Antimicrobial
Agents., 24: 393-396

Greisen, K.; Loeffelholz, M.; Purohit, A.
and Leong, D. (1994). PCR primers and
probes for the 16S rRNA gene of most
species of pathogenic bacteria, including
bacteria found in cerebrospinal fluid.
Journal of Clinical Microbiology 32: 335-
51.

Shah, M. M.; lihara, H.; Noda, M.; Song, S.
X.; Nhung, P. H.; Ohkusu, K.; Kawamura,
Y. and Ezaki, T. (2007). DNA J gene
sequence-based assay  for  species
identification and phylogenetic grouping in
the genus Staphylococcus. International
Journal of Systematic and Evolutionary
Microbiology, 57: 25-30.

Saruta, K.; Matsunaga, T.; Kono, M.;
Hoshina, S.; lkawa, S.; Sakai, O. and



49.

50.

51.

52.

Iragi Journal of Biotechnology

Machida, K. (1997). Rapid identification
and typing of Staphylococcus aureus by
nested PCR amplified ribosomal DNA
spacer region. FEMS Microbiology Letters,
146: 271-278.

AL-Alak, S. K. and Kadhim Qassim, D.
(2016). Molecular Identi cation of 16S
rRNA gene in Staphylococcus aureus
Isolated from Wounds and Burns by PCR
Technique and Study Resistance of Fusidic
acid. lIragi Journal of Cancer and Medical
Genetics, 9: 25-30.

Hassanzadeh, S.; Mashhadi, R.; Yousefi,
M.; Askari, E.; Saniei, M. and Pourmand,
M. R. (2017). Frequency of efflux pump
genes mediating ciprofloxacin and antiseptic
resistance in methicillin-resistant
Staphylococcus aureus isolates. Microbial
Pathogenesis, 111: 71-74.

Antiabong, J. F.; Kock, M. M.; Mbelle, N.
M. and Ehlers, M. M. (2017). Diversity of
multidrug efflux genes and phenotypic
evaluation of the in vitro resistance
dynamics of clinical Staphylococcus aureus
isolates using methicillin; a model B-lactam.
The open Microbiology Journal, 11: 132.
SAS. (2012). Statistical Analysis System,
User's Guide. Statistical. Version 9.1" ed.
SAS. Inst. Inc. Cary. N.C. USA.

18



