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Abstract :

Staphylococcus aureus (S. aureus) is a common bacterium found on the skin and in the upper respiratory
tract. Although it is part of the normal flora, it can become an opportunistic pathogen responsible for a wide
range of infections, which are often difficult to treat due to the presence of virulence and resistance genes. In
recent years, resistance to ciprofloxacin in S. aureus has emerged as a significant clinical challenge, largely
attributed to the activity of efflux pumps. This study aimed to evaluate the prevalence of efflux pump genes
(norA, norB, norC, LmrS, and mepA) and their association with ciprofloxacin resistance in clinical isolates of
S. aureus. A total of 150 clinical samples were collected from patients attending Al-Zahraa and Al-Karamah
Teaching Hospitals. S. aureus isolates were identified using standard microbiological methods and confirmed
by molecular analysis targeting the 16S rRNA and mecA genes. Antimicrobial susceptibility testing was per-
formed using the Kirby-Bauer disk diffusion method in accordance with CLSI guidelines, involving sixteen
antibiotics. The antibiotic susceptibility profiles revealed high resistance rates, with 100% resistance to both
cefoxitin and ciprofloxacin, followed by oxacillin (88.88%), meropenem (74%), amoxicillin (70.37%), pip-
eracillin (55.55%), tetracycline (51%), and other varying levels of resistance. In contrast, all isolates showed
100% sensitivity to levofloxacin, vancomycin, ceftriaxone, and amikacin. PCR analysis showed that norA,
norB, and norC genes were detected in 100% of resistant isolates, while LmrS and mepA were present in 95%
and 90% of isolates, respectively. These findings suggest that norA, norB, and norC efflux pump genes play
a critical role in the development of ciprofloxacin resistance among S. aureus clinical isolates. Detection of
these genes could provide valuable insights for guiding effective therapeutic strategies against drug-resistant
S. aureus infections.
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Introduction

Staphylococcus aureus (S.aureus)
1s one of the most important and prev-
alent pathogens found in human and
animal. It is associated with a wide
range of diseases, ranging from minor
infections of the skin and soft tissue
to life-threatening injuries. Its poten-
tial virulence 1s markedly associated
with a wide diversity of its resistance
mechanisms to various antimicrobial
compounds[1] The most serious and
challenging typeisthe methicillin-resis-
tant Staphylococcus aureus (MRSA).
MRSA causes major outbreaks in nos-
ocomial environments with a signif-
icant therapy challenge particularly
in the intensive care units (ICUs) that
urgently necessitates finding effective
therapeutic methods to lessen its threat
to the health care systems [2].MRSA
strains generate a substitute penicil-
lin-binding protein (PBP), PBP2a,
which is encoded by the mecA gene.
The PBP2a protein has reduced affin-
ity to multiple beta-lactam antibiotics
making MRSA strains extensively re-
sistant to almost all these antibiotics
and warrants searching for other effec-

tive antibiotics [3].

Bacteria can use different mech-
anisms of resistance to antibiotics,
which include degradation or modifica-
tion qof the antibiotic; alteration of the
bacterial target of the antibiotic; target
protection and reduction of the intra-
cellular concentration of the antibiot-
ic, either by a decreased permeability
of the cell wall or by the efflux of the
antibiotic from the cell. Efflux-mediat-
ed resistance has been overshadowed
in contrast with the other mechanisms
known. However, it has been gather-
ing more interest, as we recognize that
many bacterial efflux pumps are able
to extrude several, unrelated classes
of antimicrobial compounds from the
cell, promoting the appearance of mul-
tidrug resistance phenotypes [4].

Presently, lower than 90% of S.au-
reus strains resist most penicillin de-
rivatives and ordinary antibiotics like’s
tetracycline, fluoroquinolones, macro-
lides, aminoglycosides and chloram-
phenicol [5]. Efflux pumps have been
identified for S.aureus encoded by
chromosome or plasmids. The efflux
pump gene ImrS, norA,norB,norC and
mepA encoded by chromosome [6][7].
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[8]reported that over expression of
mepA convery a pattern of resistance
to fluoroquinolones, tetracyclines, dis-
infectant, and dyes. The physiological
role of efflux pumps in bacteria has
been related to the elimination of en-
dogenous metabolites that are noxious
to the cell, the secretion of virulence
determinants, and in cell stress re-
sponses, suggesting that the drugs are
“accidental substrates” of these trans-
porters [9].

Materials and methods

Sample Collection : From June to
September 2024 a total of one hundred
and fifty specimen obtained from dif-
ferent clinical sources (wound, burns,
and blood) were collected from patients
attending Al Zahraa Teaching Hospital
and Al Kramah Teaching Hospital. The
samples were collected placed into a
transport medium and then were cul-
tured immediately on blood Agar and
mannitol salt agar, after incubation at
37co for 18-24 hour, cultural and mor-
phological features of the colonies
were evaluated. All clinical samples
were primarily examined by gram stain
and by biochemical catalase test, coag-
ulase test, and urease test, according to

Bergey’s manual[10].

Antibiotics susceptibility test
The antimicrobial susceptibility pro-
files to the main classes of antibiotics
were determined by using (Kirby—
Bauer method) as described by[11].All
S.aureus isolates were transferred with
sterile swabs to tubes of sterile saline
to achieve turbidity equal to that of a
0.5 McFarland standard. Cell suspen-
sions and sterile swabs were used to in-
oculate the surface of Mueller-Hinton
agar plates tested against several types
of antibiotic including: Cefoxitin and
Ciprofloxacin followed by Oxacillin
Meropenem Amoxicillin, Piperacillin,
Tetracyclin,

Azithromycin ,Erythromycin ,cef-
triaxone respectively, while high sen-
sitivity toward Levofloxacin(LE),
Vancomycin(V) ,Ceftriaxone(C) and
Amikacin(AK).Antibiotic
was determined after Inoculated plates
were incubated for 24 h at 37°C, af-

ter which the diameters of inhibition

resistance

zones were measured in millimeters
following the manufacturer’s instruc-
tions to assess resistance, intermediate,
or susceptibility. The results of suscep-
tibility were interpreted according to
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the guidelines of the Clinical and Lab-
oratory Standards Institute[11]
Molecular identification of S.au-
In this study, DNA sample of
S.aureus isolates has been selected to
detect the 16S rRNA and mecA di-
agnostic gene .The genomic DNA of

reus .

S.aureus isolates was extracted by us-
ing a commercial genomic DNA puri-
fication kit (Promega, USA).Then, the
concentration and purity of extracted it
of S.aureus was determined by using
the Nanodrop. It of S.aureus isolates
was extracted according to manufac-
turer (Promega/USA)

Primer selection : The specific
primer was used for detection 16sr-
RNA,mecA genes and efflux pump
genes(LmrS, mepA, norA, norB and
norC) as Table(1).A primer stock solu-
tion was prepared From the lyophilized
primers according to manufacturing of
(Promega/USA). The set of 7 primers
With the Sequences and shown in Ta-
ble(1).

These primers were utilized in a 25
ul reaction containing 12.5 ul of Go
Taq®Green Master Mix (Promega,
USA), 1 ul of each primer (10 pmol),
7.5 ul of DNase RNase free water and

3 wul of the purified DNA template. The
PCR cycles conditions for each genes
were included: Initial denaturation at
95°C for 5 min, thirty cycles of (dena-
turation at 94°C for 30 sec, annealing
53°C for 30sec, extension at 72°C for
30 sec) and final extension 72°C for 5
min. The PCR products were separated
by gel electrophoresis using 1% aga-
rose gel (Promega/ USA) and visual-
ized by gel documentation system us-
ing ethidium bromide. A 1000 bp DNA
Ladder (Promega/USA) was used to
detect the correct amplicon size.
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Table (1):The primers, sequencings for detection of genes in S. aureus

Primer name Sequencings Molecular weight Reference
F ATGGTTCAAAAGTGAAAGACG
16S RNA 646pb (12)
R ACACTTAGCACTCATCGTTTA
F TCTCTGGAAAATAACGTCGAA
MecA 323pb (12)
R TAAACGTCAAAAGTCTTCAGC
F AGATTTGGGGTTAACTGGTAG
NorA 378pb Newly designe
R TACGATGTGAAACTTCTGACA
F TTCTCCGACAATAAGAACTCC
NorB 511pb Newly designe
R AATTTCACTAATTGCGCTGTT
F TAAGAAGTTCGAAATCGTTGC ‘
NorC 235pb Newly designe
R ACACATAAATTTGACGTTGCA
F ACACATAAATTTGACGTTGCA ‘
LmrS 204pb Newly designe
R TGTTGTGTTTCTTGCATACAG
F ATGACCAAATGACACCTGTTA .
MepA 305pb Newly designe
R AGCAGTTATCATGTCTATCGG

Statistical analysis :

The Statisti-

obically at 37 °C for 24 hours. The

cal Analysis System- SAS (2018) pro-
gram was used to detect the effect of
difference factors in study parameters.
Chi-square test was used to significant

compare between percentage (0.05 and
0.01 probability) in this study [12].

Result and discussion

Bacterial isolation and identifica-
tion : The Specimens were collected
were inoculated on blood agar plates

(Hi media /India) and incubated aer-

standard conventional methods for di-
agnosis including Gram-positive cocci
on Gram staining, golden yellow colo-
nies on mannitol salt agar (Hi media/
India) due to mannitol fermentation,
positive catalase and coagulase tests,
and complete hemolysis on blood agar
were utilized to identify and recognize
S. aureus in the isolates. Also, the other
biochemical diagnosis of S.aureus iso-
lates of the present study Positive for
(oxidase test, catalase test, Indole test,
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In the present study all of S.aureus
isolates have shown highest resist to
Cefoxitin and Ciprofloxacin recorded
100% while highly sensitive to Vanco-
mycin,Amikacin and Ceftriaxone were
recorded (100%).

The resistance rate was similar
with other study reported by [15] who
revealed that (100%) of the of S.au-
reus isolates resistant to this Cefoxi-
tin. However, a study done by [17] in
Iran that has found S.aureus isolates
have low resistance to Erythromycin
(52.8%). while [16,17]reported the
highest resistance rate was reported
for erythromycin (324, 81.82%) while
the highest sensitivity rate was found
for levofloxacin (69.4%). Additionally,
gender-based differences in antimicro-
bial susceptibility were negligible (p >
0.05), but generally, males had a slight-
ly higher resistance rate compared to
females.

Our results were similar to the re-
port by [19] who found that MRSA
isolates showed high resistance to
ciprofloxacin  (70%), clindamycin
(63.3%), erythromycin (58.3%) and
moderate resistance to doxycycline
(28.3%). Similarly, [20] in Brazil re-

ported that MRSA isolates were high-
ly resistant to erythromycin (74.2%),
ciprofloxacin (64.5%), clindamycin
(46.1%) and tetracycline (14.3%); and
highly susceptible to linezolid (100
%). Moreover, [21] found that the iso-
lated MRSA showed high resistance to
erythromycin (61.5%), ciprofloxacin
(61.5%) and gentamicin (53.8%).[22]
found high resistance for ciprofloxacin
with a ratio of 75%, followed by levo-
floxacin with a ratio of 72%, and high
sensitivity was shown for norfloxacin
with an 85% and chloramphenicol with
an 80%. These variations in the anti-
microbial drug resistance rates among
different countries might be attributed
to the availability and indiscriminate
use of these antibiotics in certain ar-
eas which indicates that the antibiotic
resistance patterns vary according to
regional and geographical factors. In
a study conducted by[23]found resis-
tance to ciprofloxacin and ofloxacin
in S. aureus isolated from blood infec-
tion was reported as 92.5% and 80.4%,
respectively . [24]found among one
hundred clinical samples, thirty six S.
aureus isolates were recovered and the

results of antibiotic susceptibility tests
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showed that twenty of them were resis-
tant to ciprofloxacin. 15 isolates were
resistant to norfloxacin and one isolate
was resistant to ofloxacin. Moreover,
the norA, norB, and norC genes were
found in 58%, 30%, and 41% of cipro-
floxacin-resistant isolates, respectivey

Molecular Detection of S.aureus
by PCR : In this study, DNA sample
of S. aureus isolates has been selected
to detect the mecA a gene. The PCR

products have been confirmed by the

analysis of the bands on gel electropho-
resis and by comparing their molecular
weight with 1000bp DNA ladder. The
results of PCR reaction showed that
mecA gene (605 and 323 bp) exists in
all S. aureus isolates as Figure (1).In
the present study found 16SrRNA and
mecA gene in all S. aureus isolates.
These findings agreed with those of
studies by [24] which illustrated that
the 16STRNA and mecA was detected

in (100%) of S. aureus isolates.

Vs

700 bp
600 bp

100 bp

Product Size

L 1 2 3 4 5 6 Z 8 9 10

O R L. S

Gene 165 rRNA and mecA
646 bp and 323bp

646 bp

323 bp

Figure(1): Gel electrophoresis of 16sRNA gene and MecA gene of S. aureus
isolates using 1.5% agarose gel electrophoresis at 90 volts for 60 mincts.
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Molecular Detection of efflux norA, norB, norC, LmrS and mepA
pump genes by PCR : The molecular genes were present in 100%,100%
detection efflux pump genes (norA,n- ,100%, 90% and 90% of the S.aureus
prB,norC ,ImrS and mepA) was done isolates, respectively as Figure (2,3).
by using specific primers set from a
total of 54 extracted DNA samples of
S.aureus. Our study demonstrated that

L 1 2 3 4 5 6 7 8 9 10
500 bp
400bp 378bp
300
s 235bp
200 bp
100 bp

Gene norA, nor8, norC

Product Size 378 bp, 511 bp, 235bp

Figure (2): Gel electrophoresis of PCR products of norA, norB,
norC gene at 1%Agarose, 90 V and for 1 hr.
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300 bp
200 bp

100 bp

Product Size

L 1 2 3 L) 5 6 7 8 9 10

ooe

Gene ImrS and mepA

204 bp and 305 bp

Figure (3): Gel electrophoresis of PCR products of LmrS
and mepA gene at 1%Agarose, 90 V and for 1 hr.

305 bp

204 bp

J

The rate of norA, norB and norC
gene in this study was 100% while in
another study by [20] found the norA
and norB genes were present in 77
(80.21%) and 54 (56.25%) respective-
ly of isolates, while the gene norC was
present in 17 (17.81%) of the total iso-
lates.

While, in the present research the
prevalence of ImrS gene in this study
95% while in other study recorded
68.42% [24]. 90% mepA gene were
gave a specific band with a molecular
size of 255bp after electrophoresed on
1% agarose gel In a study conducted
by [21] indicated that 60% of S.aureus
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isolates have this gene.

Another study by [19] showed 56%
of S. aureus isolated from eye infection
were phenotypically resistant to cipro-
floxacin. Also, found 21.42% of the re-
sistant 1solates have high experssion in
norB gene .

Study by[20] showed that among
the strains with activated pumps, al-
most half of them (48%) had increased
expression. 57% showed increased ex-
pression in the gene of a single pump,
usually norA, while the remaining
43% isolates showed increased expres-
sion in 2 or more efflux pumps, most of
which were norB

/C. A study by [21]of 52 cipro-
floxacin-resistant S. aureus bacterial
1solates showed that the activity of ef-
flux pumps increased in 23% of cases,
which is associated with increased bac-
terial resistance to fluoroquinolones
and concluded norA, norB, and norC
were detected in 75%, 35% and 55% of
the MRSA 1solates respectively.

The efflux pump MepA was iden-
tified in studies with S. aureus norA
disrupted mutants . MepA is encoded
by the chromosomal gene mepA and it
was the first multidrug transporter from

the MATE family to be described in S.
aureus. The mepA gene is integrated in
the mepRAB operon. Se-quence anal-
ysis revealed that the encoded protein
MepR is similar to regulatory proteins
from the MarR family. No significant
similarity was found between MepA
and any other protein with known
function and no association was found
between MepA and MDR phenotypes
[22]

Conclusions

In conclusion, our findings indicate
that S.aureus isolates showed a high
resistance to antibiotics. pump efflux is
one of the important mechanisms of re-
sistance to fluoroquinolone antibiotics
such as ciprofloxacin.Finally, it is sug-
gested that further studies be performed
to produce and extend the molecules of
efflux pump inhibitors, and the optimi-
zation of antimicrobial use and control
of infection 1s recommended to prevent
the increase in the population of drug
resistant organisms in the hospitals of
Baghdad city.
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