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Introduction
Staphylococcus aureus (Staph aureus) is a gram positive cocci 
appear as blue-violet clusters under a microscope, about 0.4-1.2μm 
in diameter, have a yellow pigmented colonies named (aureus; 
means golden) due to their pigments (carotenoid) that form during 
their growth  Practically everyone will have one or more Staph 
aureus infections in his or her life-time,( 20-50%) of the human 
population are often colonized with Staph aureus in addition it is 
a major pathogenic bacteria responsible for community acquired 
and nosocomial infections, it is one of the most common human 
pathogenic bacteria that cause different Sequela of infections 
in both genders and in all age groups. And  Staph aureus is an 
opportunistic pathogen that can lead to many self-limiting and 
even life-threatening diseases in humans Staph aureus found in 
nose, groin, axillae, perineal area in males, mucous membranes, 
mammary glands, intestinal, hair, and mouth, upper respiratory 
tracts and genitourinary of human and sometimes results in the 
production of pus, abscesses, sepsis and even fatal sepsis, Staph 
aureus grows well under high osmotic pressure conditions and 
low humidity, does not form spores but it is resistant to dry 
conditions and high salt concentration, 15% NaCl and readily 
develops at fixations up to 10% NaCl and tolerant to 4.2-9.3 of pH 
range, with an ideal pH of 7.0-7.5, It could grows at temperature 
between 15oC and 45oC , these bacteria rapidly multiply at room 
temperature and produce toxins that cause disease The response 
rates of Staph aureus clinical isolates to chemical pressures differ, 
and are relatively similar in growth rates, there were specific 

strains that responded to stresses by changing their lifestyles to 
form a biofilm and/or Small Colony Variants (SCVs) in extreme 
conditions (but stress levels are still under lethal), these results 
suggest that phenotype alteration depends on bacterial and 
host factors, and indicate that some specific strains may have 
a unique pathway that remains at stress One of the important 
reasons that made Staph aureus is more infectious is its ability 
to survive for several months on different surfaces [1-10]. Staph 
aureus cause many diseases, including minor skin and soft-tissue 
infections and sever disease such as pneumonia, septicemia, 
endocarditis, catheter-related infections through the formation 
of biofilm, and it is also one of the most common eye disease 
pathogens. Interventions such as hospitalization or episodes of 
immunosuppression may lead to invasive Staph aureus naturally 
present in the skin and mucous membranes and cause skin or 
respiratory diseases, or life-threatening bacteremia [11-14]. The 
virulence of Staph aureus is dependent upon the production of a 
number of excessive or superficial molecules, toxins, and immune 
evasion strategies, The exact sequence of these virulence factors 
varies between different isolates, and there are many factors 
that are unnecessary in their function such that neutralization 
of one molecule may not necessarily eliminate the ability of the 
bacteria to Exercising a specific effect on host cells. Staph aureus 
produces a wide variety of exotoxins, among the numerous toxins 
of including enterotoxins, the enterotoxins super antigens have 
already been assigned to the pyrogenic toxin super antigen family 
based on their biological activity and structural similarity [15-18]. 
Staphylococcal enterotoxins (SEs) are broadly classified as super 
antigens, many types of staphylococcal enterotoxins have been 
reported including: A associated with Sea gene, B associated with 
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ABSTRACT
 Methicillin resistant Staphylococcus aureus (MRSA), one of the most common pathogens associated with an increase of antimicrobial-resistance. Infections 
caused by Staphylococcus aureus may be demographically focused to specific parts of the world. This study will give critical bits of knowledge into the 
severity of the problem of antibiotic resistant organisms in Al-Basrah and give us valuable inputs regarding the possibility of a particular source being a 
contaminant that could lead to infection in this geographical area and study the profile of virulence genes including: (MecA, Sea, Seb).The study showed 
a high percentage of Staphylococcus aureus resistant to Methicillin, 39/46 (84.8%). that Nasal swab from H.C.Ws obtained the highest rate of MRSA 7/7 
(100%) followed by wound swab 10/11 (90.9%) from patient most of them were already on antibiotic, Nasal swab from patient 5/6 (83%), swab taken from 
H.C.Ws hand and hospital wards 4/5 (80%) for each Methicillin Resistant Staphylococcus aureus obtained from Hospital theaters before sterilization and 
Skin swab from patient 3/4 (75%). MecA genes appeared in all MRSA isolates, Sea gene at 41% (16/39) and Seb genes, it was 10.3% (4/39).
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Seb gene, C associated with Sec gene, D associated with Sed 
gene, E associated with See gene, F associated with Sef gene, G 
associated with Seg gene, H associated with Seh gene, I associated 
with Sei gene, J associated with Sej gene, K associated with Sek 
gene, L associated with Sel gene, M associated with Sem gene, N 
associated with Sen gene, O associated with Seo gene, P associated 
with Sep gene, Q associated with Seq gene and R associated with 
Ser, most SEs genes are portable on (MGE) , the enterotoxins are 
similar to each other in terms of activity and biological structure, 
but differ in antigen characteristics Sea, Sed, and See share 70–90% 
sequence homology [19-21].

Materials and Methods
Sampling
A total of 484 samples collected from patients (Skin swab, Nasal 
swab and Wound swab), Health Care Workers (Skin swab and 
Nasal swab), hospital words (Orthopedic and Surgical words) and 
Operation Theater (various places of Operation Theater before and 
after sterilization). Samples were collected in the period Between 
November 2018 and August 2019, from two locations, Al-Basrah 
Teaching Hospital and Al-Saddr Teaching Hospital. Each swab 
was transferred in to enrichment medium (brain heart infusion 
broth (BHIB)) for 2-4 hour at 37°C [22].

Culturing and Identification
Staphylococcus grows easily on most routine media at aerobic or 
micro-aerophilic conditions. It was quickly grows at (37°C), and 
the ideal temperature in which the pigment is formed is 20-25°C 
Staph aureus usually forms grey to golden yellow colonies due to 
carotenoids, Produces β-haemolysis on horse, sheep or human blood 
agar plates The bacterial morphology was observed microscopically 
as Gram-positive cocci arranged in grape-like irregular clusters 
All Staph aureus strains produce coagulase enzyme [13,23]. Staph 
aureus are catalase positive and oxidase negative Staph aureus 
express a clumping factor (fibrinogen affinity factor) Staphylococcus 
can grow in a medium with a high salt concentration, so they can 
grow easily in MSA [13,24]. The acidity of the medium changes as 
the bacteria ferments mannitol and turn phenol red pH-indicator; 
Staph aureus changes color of MSA from the alkaline (red)to the 
acidic(yellow), while the rest of the Staphylococcus will grow 
without changing the color of the medium [23].

Detection of MRSA
•	 Cefoxitin disc diffusion, Significant method to detect MRSA, 

by testing MRSA resistance to the cefoxitin disc, culture was 
done on MHA plate , incubation temperatures at 35-36°C and 
times of 18-24 hour strains of Staph aureus having zone of 
inhibition less than 19mm defined as MRSA.

•	 PCR Methods, Strains of Staph aureus harboring MecA gene 
defined as MRSA [25].

Genomic DNA extraction
As the instruction of manufacturer (promega company) 
Polymerase Chain Reaction (PCR) according to the manufacturer’s 
instructions, the DNA were detected by gel electrophoresis, the 
samples were loaded in 0.8% agarose gel 1×TBE (54g Tris-base, 
0.5M EDTA, 1-l distilled water, pH=8 and diluted with 400 ml of 
distilled water) and electrophoresed at 60 V for 30 min.

Polymerase chain reaction technique 
PCR is a very effective method to amplify a particular DNA as 
many copies of a specific DNA, all MRSA isolates were assayed 
for the presence of the MecA, Sea and Seb genes by PCR using 
previously described primers, for PCR used diluted forward and 
reverse primers to reach (100pmol/μl) concentration as stock 
solution, distilled water was used as the negative control [26].

Table 1: PCR Master Mix Volume
PCR mix Volume
Promega Green Master Mix 12.5µL
DNA template	 2.5µL
Primer Forward Primer 1.5µL

Reverse Primer 1.5µL
nuclease free water 7μL
Total  25μL

Table 2: Oligonucleotide Sequences and Amplicon Size of Each 
Gene Used In This Study
Gene Oligonucleotide 

Sequence (5’-3’)
Amplicon 
Size, bp

 Reference

MecA
147

Funaki, et. 
al.,2019MECA-1 GTGAAGATAT

ACCAAGTGATT
Sea 102 Rossato, et. al., 

2018GSEAR-1 GGTTATCAATG
TGCGGGTGG

GSEAR-2 CGGCACTTTTT
TCTCTTCGG

Seb 164 Curry, et. al., 
2016GSEBR-1 GTATGGTGGTG

TAACTGAGC
GSEBR-2 CCAAATAGTGA

CGAGTTAGG

*1= Forward   2=Reverse
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Table 3: Thermal Cycler Programs Used In This Study
Gene Temperature (˚C )/Time Cycle

No.Initial
denaturation

Cycling condition Final extension
denaturation annealing extension

MecA 94/5 min 95/30 sec 50/45 sec 72/1 min 72/7min 30
Sea 94/2 min 94/15sec 61/30 sec 72/30Sec 72/5min 30
Seb 94/3 min 94/15 sec 57/2 min 72/30Sec 72/7 min 35

Statistical analysis
Statistical analysis was done using SPSS (Statistical Package for Social Science) program V. 20, Experimental data were presented in 
terms of observed numbers and percentage frequencies, and then analyzed by using Chi-square (χ2) test to determine the relationship 
between the variables, P value ≤ 0.05 was considered statistically significant.
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Results
Identification of bacterial isolates
Samples were collected in the period between November 2018 
and August 2019 from two locations, Al-Basrah Teaching Hospital 
and Al-Sadder Teaching Hospital. Out of 485 samples only 46 
(9.48%) were identified as coagulase positive staphylococci, as 
shown in table (3-1) PCR product was electrophoresed in 1.5 % 
agarose gel, Stained with ethidium bromide, 7μL of PCR products 
and promega DNA ladder (50-1000bp) carefully loaded in the 
wells and electric current was matched (65 volt for 45h). The gel 
was then observed under a UV light and compare with ladder 
(50-1000bp).

Detection of MRSA Isolates
Cefoxitin resistance staph aureus isolate harboring mecA gene 
(MRSA) was detected in 39from 46(73.4%) S. aureus isolates. 
10(25.6%) isolates of MRSA were from wound samples, 6 (15.4%) 
from patient skin swab and 5 (12.8%) from patient noses, 4(10.3%) 
from hospital words, 4(10.3%) from health care workers hands, 
7(17.9%) from health care workers noses and 3 (7.7%) from 
hospitals theaters samples.

MecA gene Detactions
Staphylococcus MecA gene presence in all MRSA isolates, to 
detect Staph aureus isolates with MecA gene, it was subjected 
to PCR technique, MecA gene band detected at 147bp region. 
Figure 1

Table4: Number of Staph aureus isolates from various studied samples
Type of specimens            Staph aureus Total

No.        %
MRSA

No.         %
MSSA

No.       %
Hospital wards   4        10.3        1        14.3  5         10.9
Hospital theatre's before sterilization   3          7.7 1        14.3  4          8.7
H.C.Ws hands   4        10.3 1        14.3  5        10.9
H.C.Ws nasal swab   7        17.9 0           0  7        15.2
Wound swab  10       25.6      1          9.1 11       23.9
Patient skin swab   6        15.4 2        28.6  8         17.4
Patient nasal swab   5        12.8 1        14.3  6         13.0
Total  39        100 7        100 46         100

df=6, P Value =0.851,  2 =2.654

Figure 1: Amplified MecA gene (147bp) of Staph aureus isolates 
in PCR technique Agarose gel (1.5%), (95voltage for 45minutes)

M: DNA Ladder (50-1000bp). All MRSA was positive for MecA 
gene.

DNA Sequence for MecA gene
Figure 2 Showed DNA Sequence and Figure 3 Showed the 
Alignment of MecA Gen

Figure 2:  DNA Sequence for MecA gene

Figure 3: Alignment of MecA gen

Query isolate (our isolate) begin from (22-114) bp when compared 
with subject isolate (Stander isolate) begin from (734601-734510) 
bp, where the compatibility occur between the two isolates, for 
identification Query isolate identities was 94%.

There is a mismatch in six places; addition in nitrogen base 
Adenine (A) in two different locations, Substitution in nitrogen 
base replacement Cytosine (C) in Query isolate in instead of 
Adenine (A) in subject isolate, deletion in Adenine (A), Insertion 
in Cytosine (C) and deletion in Thymine (T), This difference may 
be due to point mutation.

Sea gene detactions
Staphylococcus enterotoxin type A (Sea) presence in 41% of staph 
aureus isolates. After PCR amplification Sea gene band detected 
at 102bp. Figure 4
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Figure 4: Amplified Sea Gene (102bp) Of Staph Aureus Isolates 
In PCR Technique

Agarose Gel (1.5%), (95voltage For 45minutes), M: DNA Ladder 
(50-1000bp), 1, 3, 10, 16,19,27,31 Samples Harboring Sea Gene, 
30,32,36,37 Are Negative Samples.

DNA Sequence for Sea gene
Figure 5 showed DNA sequence and Figure 6 showed the 
Alignment of Sea gen

Figure 5: DNA Sequence for Sea gene

Figure 6: Alignment of Sea gene

Query isolate (our isolate) begin from (58-77) bp when compared 
with subject isolate (Stander isolate) begin from (289770-289751) 
bp, where the compatibility occur between the two isolates for 
identification Query isolate, identities was 95%; There was a 
mismatch in one place substitution occurs with nitrogen base 
replacement Guanine (G) in Query isolate in instead of Thymine 
(T) in subject isolate (Stander isolate), This difference may be 
due to point mutation.

Seb gene Detection
Staphylococcus enterotoxin type b (Seb) lowest MRSA gene 
prevalence among MRSA genes in our study it was found only 
in 10.3%. Seb gene band detected at 164bp. Picture (7)

Figure 7: Amplified Sebgene (164bp) Of Staph Aureus Isolates 
In PCR Technique. 

Agarose Gel (1.5%), (95voltage For 45minutes), M: Dna Ladder 
(50-1000bp), 37, 40, 41 Samples Harboring Seb Gene, 32, 33, 
34, 35, 36, 39, 42, 44 Are Negative Samples.

DNA Sequence for Seb gene
Figure 8 showed DNA sequence and Figure 9 showed the 
Alignment of Seb gen

Figure 8: DNA Sequence for Seb gene

Figure 9: Alignment of Seb gene

Query isolate (our isolate) begin from (40-53) bp when compared 
with subject isolate (Stander isolate) begin from (626421-626408) 
bp, where the compatibility occur between the two isolates for 
identification Query isolate, identities was 100%.
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Table 5: Prevalence of various genes of MRSA isolated
Source of isolates  MRSA genes

MecA Sea Seb
Wound swab 10 (100%) 5(50%) 1(10%)
Patients skin swab 6 (100%) 3(33.3%) 1 (16.7%)
Patients nasal swab 5 (100%) 3(60%) 0
Hospital wards 4 (100%) 2(50%) 0
H.C.Ws hand 4 (100%) 0 0
H.C.Ws Nasal swab 7 (100%) 2 (28.6%) 0
Operating Theaters 3 (100%) 2 (66.7%) 2(66.7%)
Total of positive result 36 (100%) 16 (41%) 4 (10.3%)
Negative result 0 23)59%) 35(89.7%)
P value - 0.493 0.044
ꭕ2 - 5.403 12.926

Discussion
Findings obtained by this study showed that these bacteria isolated 
from the hospital environment (Operating rooms and patients’ 
rooms) and hands and noses of workers and patients, may be 
deposited in the wound and causes wound infection. Bacteria can 
be transmitted from a patient’s wound in the hospital to another, 
and bacteria may be able to enter the wound while changing the 
bandages, especially when the patient stays in the hospital for 
a long time Wounds infection may be initial in the operating 
room before wound closure or after the patient has been returned 
to the ward. The current study is designed to investigate the 
possible cause of sepsis in wounds. Staphs aureus is a common 
bacterium colonizing the human skin and mucous membranes that 
can transmitted from hands and nose to wounds, H.C.Ws were 
a major source of MRSA transmission to hospitals patient In the 
current study, the percentage of Staph aureus in H.C.Ws hand 
were 13.8% and their noses were 22%, which is considerably 
lower than reported elsewhere showed that the nasal courage 
rate of Staph aureus were 47.6% ; among H.C.Ws sample and 
lower than other study conducted in Baghdad, the percentage of 
Staph aureus appeared in nasal swab for H.C.Ws 34% [27-30]. 
The rate of carriage of Staph aureus in the H.C.Ws hand was 
almost similar to that presented in other study Bauer et al.1990 
recovered Staph aureus from the hands of 20.5% of the personnel 
in a medical ICU much higher than we found in our study. Pessoa-
Silva, et, al, recovered 2.5% of Staph aureus from H.C.Ws hand 
in neonatal unit lower than we found in our study Detection of 
Methicillin resistant Staph aureus (MRSA) was carried out using 
Cefoxitin disc Plates were incubated at 350C for 18–24 hours 
and inhibition zone diameters (mm) were measured There is 
increasing concern about MRSA contamination and infections in 
the hospital words meanly in post-operative wound, in our study 
isolation showed high prevalence range of MRSA strains 85% 
(39/46) of the total staph aureus isolated from various samples, 
higher rate of MRSA isolations from H.C.W nasal swabs 100% 
(7/7), followed by wound swabs 90.9% (10/11), Nasal swab from 
patient 83% (5/6), H.C.Ws hand swabs and hospital words 80% 
(4/5) for each, lowest rate were recorded for the patient Skin swab 
(6/8) and operative rooms (3/4) 75% each. The finding about high 
prevalence of MRSA is not surprising and is also in line with 
several studies carried out in Iraq [31-34]. The ratio of MRSA 
was relatively low in a study conducted in Kurdistan region of 
Iraq, in 2015 where the MRSA prevalence was 53% In another 
study in Iran was 69% while in a study conducted in India, the 
percentage was much lower 16.6% Prevalence of MRSA 51.4% in 

in a Korean hospital from staph aureus collected from blood and 
nasal colonizers [35-40]. In general MRSA was highly prevalent 
in Asian countries [12]. The prevalence of MRSA in wounds was 
high, and this is consistent with previous studies, 76.9%, 44%, 
60.1%, 34.8% [41-44]. The isolation of MRSA from surgical 
wounds has been shown to be related to lower chances of primary 
healing and delayed healing. In other study the average of MRSA 
rate for Wound Infections After Cardiothoracic Surgery was 54% 
in a three-year period from 2007 to 2010 [45,46].

During the present study, MRSA isolate from HCWs noses was 
(19.4%) Which corresponds to previous studies 12.7%, 12% in; 
14.3%, MRSA rate was low in other studies; only 5.3% in Iran study; 
and it was 0% in Kenya [47-54]. Asymptomatic carriers represent 
as a risk factor for the acquisition and transmission of MRSA to 
others Identification of the MecA gene is the most reliable method 
for detecting MRSA isolates; Methods based on disc diffusion are 
often not entirely reliable at detecting some strains that harbor the 
MecA gene. Methicillin resistance in Staphylococci is mediated 
by the MecA gene (lies in the SCCmec resistance island) which 
encodes for a penicillin-binding protein (PBP2a) resulting in 
reduced affinity for β-lactam drugs [55-59]. All MRSA isolate 
in our study harboring MecA gene. This result agreed with many 
other studies that showed all MRSA isolate harboring MecA gene 
other studies considered that Methicillin resistance in Staphylococci 
can happen in the absence of MecA gene, MRSA could have other 
resistance mechanism(s) e.g., altered target site or reduced drug 
accumulation. Another possibility is that they could not detect the 
MecA gene by the used methodology [60-65]. Staph aureus is a very 
common organism capable of producing several enterotoxins (SEs) 
that cause intoxication symptoms of varying intensity in humans 
when ingested through contaminated food. Staph aureus enterotoxin 
also may be implicated as virulence factors in some cases of toxic 
shock-like syndromes, Prevalent of enterotoxin a and b in our study 
was 41% and 10.3% respectively. In a study from the United States, 
positivity range 3-30% of Seb gene In Tehran of Iran, positivity 
range of Sea and Seb was 23% and 2%, respectively In a study 
from Turkey, Sea gene was the most common (40.1%) in hospital 
and in community-acquired Staph aureus isolates Arabestani,et,al 
reported that the most prevalent genes were Sea 45.0%, Seb34%. 
In a local study of MRSA, the detection of enterotoxins genes that 
encoding for Sea, Seb showed the prevalence in percentage (24.78%, 
0%) respectively  In general, the Sea gene was the most common 
compared to the Seb gene, and this corresponds to what was stated 
in our results [66-73].

Citation: Ihsan E A Alsaimary (2020) Comparative Molecular Analysis of Meca, Sea and Seb Genes in Methicillin-Resistant Staphylococcus Aureus (MRSA). Journal 
of Biotechnology & Bioinformatics Research. SRC/JBBR-110. DOI: https://doi.org/10.47363/JBBR/2020(2)110.



J Biotechnol Bioinforma Res, 2020                 Volume 2(3): 6-8

References
1.	 Yan X, L M Schouls, G N Pluister, X Tao, X Yu, et all (2016) 

The Population Structure of Staphylococcus Aureus in China 
and Europe Assessed by Multiple-Locus Variable Number 
Tandem Repeat Analysis; Clues to Geographical Origins of 
Emergence and Dissemination. Clinical Microbiology and 
Infection 22: 60e1-60e8.

2.	 Suhaili Zarizal, Putri Amira Rafee, Norhidayah Mat Azis, 
Chew Chieng Yeo, Syafinaz Amin Nordin, et all (2018) 
Characterization of Resistance to Selected Antibiotics and 
Panton-Valentine Leukocidin-Positive Staphylococcus Aureus 
in a Healthy Student Population at a Malaysian University. 
Germs 8: 21-30.

3.	 Yılmaz Ebru Şebnem, Özkan Aslantaş (2017) Antimicrobial 
Resistance and Underlying Mechanisms in Staphylococcus 
Aureus Isolates. Asian Pacific Journal of Tropical Medicine 
10: 1059-1064.

4.	 Al-Talib Hassanain, Chan Yean Yean, Alyaa Al-Khateeb, 
Habsah Hasan, Manickam Ravichandran (2014) Rapid 
Detection of Methicillin-Resistant Staphylococcus Aureus 
by a Newly Developed Dry Reagent-Based Polymerase Chain 
Reaction Assay. Journal of Microbiology, Immunology and 
Infection 47: 484-490.

5.	 Hoseini Alfatemi, Seyedeh Mahsan, Mohammad Motamedifar, 
Nahal Hadi, Hadi Sedigh Ebrahim Saraie (2014) Analysis of 
Virulence Genes among Methicillin Resistant Staphylococcus 
Aureus (MRSA) Strains. Jundishapur Journal of Microbiology 
7: 1-10.

6.	 Loir Yves Le, Florence Baron, Michel Gautier (2003) 
Staphylococcus Aureus and Food Poisoning. Encyclopedia 
of Molecular Mechanisms of Disease 2: 63-76.

7.	 Hau, Samantha Jean (2017) Genetic and Phenotypic 
Characterization of Livestock Associated Methicillin 
Resistant Staphylococcus Aureus Sequence Type (ST) 5 
in Comparison with Clinical ST5 Isolates from Humans. 
ProQuest Dissertations and Theses 238.

8.	 Wu Shi, Jiahui Huang, Qingping Wu, Jumei Zhang, Feng 
Zhang, et all (2018) Staphylococcus Aureusisolated from 
Retail Meat and Meat Products in China: Incidence, Antibiotic 
Resistance and Genetic Diversity. Frontiers in Microbiology 
9: 1-14.

9.	 Bui, Long Minh Giao (2015) Staphylococcus Aureus: Stress 
Response and Its Roles in Pathogenesis. file:///C:/Users/
admin1/Downloads/02whole.pdf.

10.	 Wertheim HF (2005) Staphylococcus Aureus Infections Lead 
By the Nose. file:///C:/Users/admin1/Downloads/050617_
Heiman.pdf.

11.	 Farah A, O Ben Abdeljelil, W Jomaa, K Ben Hamda, (2020) 
Infective Endocarditis; Staphylococcus Aureus versus Other 
Pathogens. Archives of Cardiovascular Diseases Supplements 
12: 98.

12.	 Hussain, Muhammad Shahbaz, Abbas Naqvi, Muhammad 
Sharaz (2019) Methicillin Resistant Staphylococcus Aureus 
(Mrsa). The Professional Medical Journal 26: 122-127.

13.	 Suzuki Haruo, Tristan Lefébure, Paulina P Bitar, Michael 
J Stanhope (2012) “Comparative Genomic Analysis of the 
Genus Staphylococcus Including Staphylococcus Aureus and 
Its Newly Described Sister Species Staphylococcus Simiae. 
BMC Genomics 13: 1.

14.	 Hesje, Christine K, Christine Sanfilippo, Wolfgang Haas, 
Timothy W Morris (2011) Molecular Epidemiology 
of Methicillin-Resistant and Methicillin-Susceptible 
Staphylococcus Aureus Isolated from the Eye. Current Eye 
Research 36: 94- 102.

15.	 Yang Dingyi, Yin Xin Ho, Laura M Cowell, Iqra Jilani, Simon 

J Foster, et all (2019) A Genome-Wide Screen Identifies 
Factors Involved in S. Aureus-Induced Human Neutrophil 
Cell Death and Pathogenesis. Frontiers in Immunology 10: 45.

16.	 Walton Kelly D (2013) Murine Models of Staphylococcus 
Aureus Biofilm Infections and Therapeutic Protein 
A Vaccination.  ht tps: / /mountainscholar.org/
handle/10217/80387.

17.	 Zhu Yefei (2010) Staphylococcus Aureus Virulence Factors 
Synthesis Is Controlled by Central Metabolism. https://search.
proquest.com/docview/769912550.

18.	 Thomas Damien Yann, Sophie Jarraud, Brigitte Lemercier, 
Gregoire Cozon, Klara Echasserieau, et all (2006) 
Staphylococcal Enterotoxin-like Toxins U2 and V, Two New 
Staphylococcal Superantigens Arising from Recombination 
within the Enterotoxin Gene Cluster. Infection and Immunity 
74: 4724-4734.

19.	 Zhao Yanying, Junni Tang, Cheng Tang (2020) Staphylococcal 
Enterotoxin U Promotes Proinflammatory Activity of 
Macrophage via Up-Regulation of Allograft Inflammatory 
Factor 1 Expression. Journal of Food Safety 1-7.

20.	 Pinchuk, Irina V, Ellen J Beswick, Victor E Reyes (2010) 
Staphylococcal Enterotoxins. Toxins 2: 2177-2197.

21.	 Mehrotra Manisha, Gehua Wang, Wendy M Johnson (2000) 
Multiplex PCR for Detection of Genes ForStaphylococcus 
Aureus Enterotoxins, Exfoliative Toxins, Toxic Shock 
Syndrome Toxin 1, and Methicillin Resistance. Journal of 
Clinical Microbiology 38: 1032-1035.

22.	 Nicholas P Vitko, Anthony R Richardson (2014) The Levels of 
Use of Opioids, Amphetamines and Cocaine and Associated 
Levels of Harm: Summary of Scientific Evidence. 1-21.

23.	 Gillet, Yves, Bertrand Issartel, Philippe Vanhems, Jean 
Christophe Fournet, et all (2002) Association between 
Staphylococcus Aureus Strains Carrying Gene for Panton-
Valentine Leukocidin and Highly Lethal Necrotising 
Pneumonia in Young Immunocompetent Patients. Lancet 
359: 753-759.

24.	 Reddy Prakash Narayana, Krupanidhi Srirama, Vijaya R 
Dirisala (2017) An Update on Clinical Burden, Diagnostic 
Tools, and Therapeutic Options of Staphylococcus 
Aureus. Infectious Diseases: Research and Treatment 10: 
117991611770399.

25.	 Brown Derek FJ, David I Edwards, Peter M Hawkey, Donald 
Morrison, Geoffrey L Ridgway, et all (2005) Guidelines 
for the Laboratory Diagnosis and Susceptibility Testing 
of Methicillin-Resistant Staphylococcus Aureus (MRSA). 
Journal of Antimicrobial Chemotherapy 56: 1000-1018.

26.	 Bartlett, john MS, David Stirling (2003) PCR Protocols Vol 
226.

27.	 Al-Abbas, Alaa KA (2017) Aerobic Bacteria Isolation from 
Post-Caesarean Surg.ical Site and Their Antimicrobial 
Sensitivity Pattern in Karbala City, Iraq. Iraq Medical Journal 
1: 4.

28.	 Raja, Sarwat Ali, Muhammed Ashraf, Sadaf Ali Raja, Aftab 
Ahmed Anjum, et all (2019) Prevalence of Multi-Drug 
Resistant Staphylococcus Aureus among Healthcare Staff 
Members in Surgical Intensive Care Unit of a Large Tertiary 
Care Hospital in Lahore. International Journal of Advanced 
Biotechnology and Research 10: 99-108.

29.	 Al-zaidi, Jawad R (2014) Carriage among Health Care 
Workers in Intensive Care Units. Medical Journal of Babylon 
11: 3.

30.	 Al-dahbi, Ali M, Harith J Al-mathkhury (2013) Distribution 
of Methicillin Resistant Staphylococcus Aureus in Iraqi 
Patients and Healthcare Workers. Iraqui Journal of Science 
54: 293-300.

Citation: Ihsan E A Alsaimary (2020) Comparative Molecular Analysis of Meca, Sea and Seb Genes in Methicillin-Resistant Staphylococcus Aureus (MRSA). Journal 
of Biotechnology & Bioinformatics Research. SRC/JBBR-110. DOI: https://doi.org/10.47363/JBBR/2020(2)110.



J Biotechnol Bioinforma Res, 2020                 Volume 2(3): 7-8

31.	 Munoz-Price, L Silvia, Kristopher L Arheart, John P 
Mills, Timothy Cleary, et all (2012) Associations between 
Bacterial Contamination of Health Care Workers’ Hands and 
Contamination of White Coats and Scrubs. American Journal 
of Infection Control 40: e245-248.

32.	 Bauer TM, E Ofner, HM Just, H Just, FD Daschner (1990) An 
Epidemiological Study Assessing the Relative Importance of 
Airborne and Direct Contact Transmission of Microorganisms 
in a Medical Intensive Care Unit. Journal of Hospital Infection 
15: 301-309.

33.	 Pessoa-Silva CL, Dharan S, Hugonnet S, Touveneau S, 
Posfay-Barbe K, Pfister R,  Pittet D (2004) Dynamics of 
Bacterial Hand Contamination during Routine Neonatal Care. 
Infection control and hospital epidemiology 25: 192-197.

34.	 Anand KB, P Agrawal, S Kumar, K Kapila (2009) Comparison 
of Cefoxitin Disc Diffusion Test, Oxacillin Screen Agar, and 
PCR for MecA Gene for Detection of MRSA. Indian Journal 
of Medical Microbiology 27: 27.

35.	 Al-azawi Noor, K Mohammed Ali, Alaa Alwan, SBI Al-rifai, 
A Al-bayati (2016) Antibiotic Resistance Pattern of HA-
MRSA Strains Isolated from Leukemia Patients in Baghdad, 
Iraq. International Journal of Infectious Diseases 45: 81-82.

36.	 Al-Maliki AAA (2009) A Study of some Methicillin-Resistant 
Staphylococci (MRSA) and (MRSE) isolated from Baghdad 
hospital patients. M.Sc.Thesis. College of Science. AL-
Mustansiriya University.

37.	 Hussein, Nawfal R, Ahmed Alyas, Marwan Majeed, Mahde 
S Assafi (2015) Prevalence Rate and Prevalent Genotypes 
of Ca-Mrsa in Kurdistan Region: First Report from Iraq. 
International Journal of Pure and Applied Sciences and 
Technology 27: 44.

38.	 Jahanshahi, Aidin, Habib Zeighami, Fakhri Haghi (2018) 
Molecular Characterization of Methicillin and Vancomycin 
Resistant Staphylococcus Aureus Strains Isolated from 
Hospitalized Patients. Microbial Drug Resistance 24: 1529-
1536.

39.	 Goud, Rajendra, Soham Gupta, Ujjwal Neogi, Deepali 
Agarwal, (2011) Community Prevalence of Methicillin and 
Vancomycin Resistant Staphylococcus Aureus in and around 
Bangalore, Southern India. Revista Da Sociedade Brasileira 
de Medicina Tropical 44: 309-312.

40.	 Peck, Kyong Ran, Jin Yang Baek, Jae-Hoon Song, Kwan 
Soo Ko (2009) Comparison of Genotypes and Enterotoxin 
Genes between Staphylococcus Aureus Isolates from Blood 
and Nasal Colonizers in a Korean Hospital. Journal of Korean 
Medical Science 24: 585-591.

41.	 Khanal LK, BK Jha (2010) Prevalence of Methicillin Resistant 
Staphylococcus Aureus (MRSA) among Skin Infection Cases 
at a Hospital in Chitwan, Nepal. Nepal Medical College 
Journal : NMCJ 12: 224-228.

42.	 Tyagi Arti, Arti Kapil, Padma Singh (2008) Incidence of 
Methicillin Resistant Stahylococcus Aureus (MRSA) in Pus 
Samples at a Tertiary Care Hospital, AIIMS, New Delhi. 
Journal, Indian Academy of Clinical Medicine 9: 33-35.

43.	 Orrett, Fitzroy A, Michael Land (2006) Methicillin-Resistant 
Staphylococcus Aureus Prevalence: Current Susceptibility 
Patterns in Trinidad. BMC Infectious Diseases 6: 1-6.

44.	 Hafeez, Rubeena, AS Chughtai, M Aslam (2004) Prevalence 
and Antimicrobial Susceptibility of Methicillin Resistant 
Staphylococcus Aureus (MRSA). Int J Pathol 2: 10-15.

45.	 Solomkin, Joseph S (2001) Antibiotic Resistance in 
Postoperative Infections. Critical Care Medicine 29: N97-99.

46.	 Walsh Edward E, Linda Greene, Ronald Kirshner (2011) 
Sustained Reduction in Methicillin-Resistant Staphylococcus 
Aureus Wound Infections after Cardiothoracic Surgery. 

Archives of Internal Medicine 171: 68-73.
47.	 Caceres, Mercedes (2011) Frequency of Nasal Carriers of 

Methicillin-Resistant Staphylococcus Aureus among Health 
Workers in Nicaraguan Hospitals. Revista Panamericana de 
Salud Publica=Pan American Journal of Public Health 30: 
610-614.

48.	 Shittu Adebayo O, Kenneth Okon, Solayide Adesida, 
Omotayo Oyedara, Wolfgang Witte, et all (2011) Antibiotic 
Resistance and Molecular Epidemiology of Staphylococcus 
Aureusin Nigeria. BMC Microbiology 11: 92.

49.	 Munoz P, J Hortal, M Giannella, JM Barrio, M Rodríguez-
Créixems, et all (2008) Nasal Carriage of S Aureus Increases 
the Risk of Surgical Site Infection after Major Heart Surgery. 
Journal of Hospital Infection 68: 25-31.

50.	 Shibabaw, Agumas, Tamrat Abebe, Adane Mihret (2013) 
Nasal Carriage Rate of Methicillin Resistant Staphylococcus 
Aureus among Dessie Referral Hospital Health Care Workers; 
Dessie, Northeast Ethiopia. Antimicrobial Resistance and 
Infection Control 2: 25.

51.	 Ibarra, Maria, Tristan Flatt, Diane Van Maele, Aisha Ahmed, et 
all (2008) Prevalence of Methicillin-Resistant Staphylococcus 
Aureus Nasal Carriage in Healthcare Workers. The Pediatric 
Infectious Disease Journal 27: 1109-1111.

52.	 Radhakrishna M, Monalisa D Souza, Subbannayya 
Kotigadde, Vishwas Saralaya,  Shashidar Kotian (2013) 
Prevalence of Methicillin Resistant Staphylococcus Aureus 
Carriage amongst Health Care Workers of Critical Care Units 
in Kasturba Medical College Hospital, Mangalore, India. 
Journal of Clinical and Diagnostic Research: JCDR 7: 2697.

53.	 Askarian Mehrdad, Alihosein Zeinalzadeh, Aziz Japoni, 
Abdolvahab Alborzi, Ziad A Memish (2009) Prevalence 
of Nasal Carriage of Methicillin-Resistant Staphylococcus 
Aureus and Its Antibiotic Susceptibility Pattern in Healthcare 
Workers at Namazi Hospital, Shiraz, Iran. International 
Journal of Infectious Diseases 13: e241-47.

54.	 Omuse, Geoffrey, S Kariuki, Gunturu Revathi (2012) 
Unexpected Absence of Meticillin-Resistant Staphylococcus 
Aureus Nasal Carriage by Healthcare Workers in a Tertiary 
Hospital in Kenya. Journal of Hospital Infection 80: 71–73.

55.	 Rao, G Gopal, P Michalczyk, N Nayeem, G Walker, L 
Wigmore (2007) Prevalence and Risk Factors for Meticillin-
Resistant Staphylococcus Aureus in Adult Emergency 
Admissions–a Case for Screening All Patients?. Journal of 
Hospital Infection 66: 15-21.

56.	 Dive, Georges, Camille Bouillon, Aline Sliwa, Bénédicte 
Valet, et all (2013) Macrocycle-Embedded β-Lactams as 
Novel Inhibitors of the Penicillin Binding Protein PBP2a 
from MRSA.” European Journal of Medicinal Chemistry 
64: 365-376.

57.	 Sobhy Nagat, Fatma Aly, Ola Abd El Kader, Abeer Ghazal, 
Amira Elbaradei (2012) Community-Acquired Methicillin-
Resistant Staphylococcus Aureus from Skin and Soft Tissue 
Infections (in a Sample of Egyptian Population): Analysis 
of Mec Gene and Staphylococcal Cassette Chromosome. 
Brazilian Journal of Infectious Diseases 16: 426-431.

58.	 Shittu, Adebayo, Johnson Lin, Donald Morrison (2007) 
Molecular Identification and Characterization of Mannitol-
Negative Methicillin-Resistant Staphylococcus Aureus. 
Diagnostic Microbiology and Infectious Disease 57: 93-95.

59.	 Van Leeuwen, Willem B, Cindy Van Pelt, AD Luijendijk, 
Henri A Verbrugh, Wil HF Goessens (1999) Rapid Detection 
of Methicillin Resistance in Staphylococcus Aureus Isolates 
by the MRSA-Screen Latex Agglutination Test. Journal of 
Clinical Microbiology 37: 3029-3030.

60.	 Hiramatsu K, Yuki Katayama, M Matsuo, T Sasaki, Y 

Citation: Ihsan E A Alsaimary (2020) Comparative Molecular Analysis of Meca, Sea and Seb Genes in Methicillin-Resistant Staphylococcus Aureus (MRSA). Journal 
of Biotechnology & Bioinformatics Research. SRC/JBBR-110. DOI: https://doi.org/10.47363/JBBR/2020(2)110.



J Biotechnol Bioinforma Res, 2020                 Volume 2(3): 8-8

Copyright: ©2020 Ihsan E A Alsaimary. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original author and source are credited.

Morimoto, (2014) Multi-Drug-Resistant Staphylococcus 
Aureus and Future Chemotherapy. Journal of Infection and 
Chemotherapy 20: 593-601.

61.	 Yang Feng, Shidong Zhang, Xiaofei Shang, Hongsheng Li, 
Hang Zhang, et all (2020) Short Communication: Detection 
and Molecular Characterization of Methicillin-Resistant 
Staphylococcus Aureus Isolated from Subclinical Bovine 
Mastitis Cases in China. Journal of Dairy Science 103: 840-
845.

62.	 Mussa, Ali A, Harith Jabbar Fahad Al-mathkhury (2018) 
Incidence of Ciprofloxacin-Resistant of Methicillin Resistant 
Staphylococcus Aureus Isolated from Iraqi Patients. Iraqi 
Journal of Science 59: 1225-1230.

63.	 Karmakar A, Dua P, Ghosh C (2016) Biochemical and 
Molecular Analysis of Staphylococcus Aureus Clinical 
Isolates from Hospitalized Patients. Canadian Journal of 
Infectious Diseases and Medical Microbiology Article ID 
9041636, 7p.

64.	 Al-Charrakh, Alaa H, Huda H Al-Hassnawi, Jawad K Al-
Khafaji (2015) Molecular Characteristics of Community-
Associated Methicillin-Resistant Staphylococcus Aureus 
(CA-MRSA) Isolates from Clinical Specimens in Iraq. British 
Microbiology Research Journal 5: 227.

65.	 Dağı, Hatice Türk, Duygu Fındık, Gamze Demirel, Uğur 
Arslan (2015) Detection of Methicillin Resistance and Various 
Virulence Factors in Staphylococcus Aureus Strains Isolated 
from Nasal Carriers. Balkan Medical Journal 32: 171-175.

66.	 Mahdi WK, Noha A Hassuna, Mona A Esmail, Safaa S 
Hammad, Sayed F Abdelwahab (2016) Molecular Typing 
of Methicillin Resistant Staphylococcus Aureus Colonizing 
Egyptian Healthcare Workers and Patients. Int J Curr 
Microbiol AppSci 5: 687-698.

67.	 Carpaij Neeltje, Rob JL Willems, Thomas W Rice, Robert 
A Weinstein, Jason Hinds, et all (2011) Genetic Variation in 
Spatio-Temporal Confined USA300 Community-Associated 

MRSA Isolates: A Shift from Clonal Dispersion to Genetic 
Evolution?. PLoS One 6: 2.

68.	 Normanno G, A Firinu, S Virgilio, G Mula, A Dambrosio, A 
Poggiu, L Decastelli, R Mioni, S Scuota, G Bolzoni (2005) 
Coagulase-Positive Staphylococci and Staphylococcus 
Aureus in Food Products Marketed in Italy. International 
Journal of Food Microbiology 98: 73-79.

69.	 Shukla Sanjay K, Mary E Karow, Jennifer M Brady, Mary 
E Stemper, Jennifer Kislow, et all (2010) Virulence Genes 
and Genotypic Associations in Nasal Carriage, Community-
Associated Methicillin-Susceptible and Methicillin-Resistant 
USA400 Staphylococcus Aureus Isolates. Journal of Clinical 
Microbiology 48: 3582-3592.

70.	 Motallebi, Mitra, Fereshteh Jabalameli, Reza Beigverdi, 
Mohammad Emaneini (2019) High Prevalence of Direct 
Repeat Unit Types of 10di, 8 h and 8i among Methicillin 
Resistant Staphylococcus Aureus Strains with Staphylococcal 
Cassette Chromosome Mec Type IIIA Isolated in Tehran, Iran. 
Antimicrobial Resistance & Infection Control 8: 50.

71.	 Yılmaz S, A Kılıç, A Karagöz, Orhan Bedir, Güçlü A Usküdar, 
et all (2012) Investigation of Various Virulence Factors among 
the Hospital and Community-Acquired Staphylococcus 
Aureus Isolates by Real-Time PCR Method. Mikrobiyoloji 
Bulteni 46: 532.

72.	 Arabestani, Mohammad Reza, Sahar Rastiyani, Mohammad 
Yousef Alikhani, Seyed Fazlullah Mousavi (2018) The 
Relationship between Prevalence of Antibiotics Resistance 
and Virulence Factors Genes of MRSA and MSSA Strains 
Isolated from Clinical Samples, West Iran. Oman Medical 
Journal 33: 134.

73.	 Saleem Ali J, Nizar E Nasser, Munim R Ali (2016) Prevalence 
Of Genes Encoding Enterotoxins And Exfoliative Toxins 
Among Methicillin Resistant Staphylococcus Aureus Clinical 
Isolates In Iraq.” World Journal of Pharmaceutical Research 
5: 208-216.

Citation: Ihsan E A Alsaimary (2020) Comparative Molecular Analysis of Meca, Sea and Seb Genes in Methicillin-Resistant Staphylococcus Aureus (MRSA). Journal 
of Biotechnology & Bioinformatics Research. SRC/JBBR-110. DOI: https://doi.org/10.47363/JBBR/2020(2)110.


