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 Methicillin-resistant Staphylococcus aureus (MRSA) is in charge of the 

common of nosocomial infections and capable of evading the biocidal 

action of several antimicrobial agents. The objective of this study was to 

detect isolates of S. aureus carrying mecA and capsular polysaccharides 

(CP5) gene in Iraq. A total of 180 different clinical samples were 

collected from patients. Clinical samples involved blood, urine, 

cerebrospinal fluid, burns, and wounds. Among 180 clinical samples 

collected, 46 (25.5%) gave positive growth on ordinary culture media and 

134 isolates (74.5%) gave no growth and this may be due to fungal or 

viral infections or antibiotics usage before taking samples. Results 

revealed that there were five S. aureus isolates carrying mecA gene and 

one isolate has capsular polysaccharides (CP5) gene. High rate of MRSA 

Isolates was recovered from the burn unit. MDR was found at a high rate 

among resistant isolates. Out of 5 clinical isolates of MRSA detected for 

capsular genotypes, capsular polysaccharides 5 (CP5) were detected in 

only one isolate (A.MS. isolate). This study represent a first recorded 

study in Iraq for isolation and detection of MRSA strain carrying capsular 

polysaccharides (CP5) gene. This MRSA isolate can be further used to 

produce as a candidate immunogenic compound against S. aureus 

infection. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

One of the greatest significant health worries is antimicrobial resistance. The problematic issue of hospital 

acquired infection, the occurrence of MDR bacteria in hospitals and communities has been greater than 

before. Reports on MRSA investigation in hospitals and communities characterize the leading challenges of 

the healthcare background [1]. Unfortunately, penicillin resistant bacteria can spread in healthcare setting 

and in the community. Methicillin narrow spectrum semi-synthetic penicillin was introduced to overcome 

infections due to beta-lactamase-producing S. aureus strains from the hospital are named as hospital 

acquired S. aureus (HASA) [2], [3]. Methicillin resistant S. aureus (MRSA) representative a main 

problematic issue. MRSA infections have increased grades of mortality, hospital stay, septic shock and 
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subsequent infections. Assumed its significance, the development of a vaccine and new antimicrobials to S. 

aureus is of great importance [4]. Both active and passive immunizations of S. aureus have been tried, and 

all clinical studies have failed. These trials were based upon increased opsonophagocytic antibodies in 

animal models (mostly rodent) and in humans [5]. Approximately 94% to 100% of S. aureus contains 

capsular polysaccharides (CPs), and 85% of S. aureus CPs consists of CP5 and CP8. Capsular 

polysaccharides are O antigens, which are low in molecular weight and immunogenicity. Furthermore, 

when united with proteins/nucleoprotein proteins or lipopolysaccharides, CPs can induce the production of 

anti-polysaccharide antibodies, thereby significantly enhancing immunogenicity [6]. 

 

Capsular polysaccharides (CP5) can be used as a new strategy in protection against S. aureus clinical 

isolates in animal models of infection in order to provide complete protection against various MRSA in the 

acute fatal bacteremia model. The objective of this study was to isolate S. aureus clinical strains that 

carrying mecA and capsular polysaccharides (CP5) genes in Iraq, which can be further used to produce as a 

candidate immunogenic compound against S. aureus infections. 

 

2. MATERIALS AND METHODS  

 

2.1 Study Design and Samples collection 

This cross sectional study was designed to detect S. aureus clinical isolates that carrying mecA and capsular 

polysaccharides (CP5) genes from different clinical samples. 180 different clinical samples were obtained 

during the period of November 2019 to July 2020 from the main two hospitals in Babylon province (Hilla 

teaching hospital and Babylon teaching hospital for maternity and children). Clinical samples involved; 

blood, urine, cerebrospinal fluid (CSF), burns, and wounds. Information like name, age, sex, presence of 

any clinical documented infection, and whether patient received antibiotics before or not, were obtained 

from each patient before samples collection. 

 

2.2 Isolation of Bacterial Strains 

The likely detection of isolated bacteria was achieved by Gram staining and cultural characteristics on 

Mannitol salt agar, and Blood agar. Standard biochemical and physiological tests were carried out to reach 

the final identification [7]. The Vitek 2 system (AST-p580 cards) and API system strips were employed to 

confirm the bacterial identification. 

 

2.3 Phenotypic Detection of Methicillin Resistance 

All 5 S. aureus isolates were tested for methicillin susceptibility using an initial screening test based on the 

guidelines recommended by Clinical and Laboratory Standards Institute (CLSI) [8]. The isolates were 

initially screened for Cefoxitin screen (Detection of MRSA isolates) to S. aureus isolates by Vitek 2 system. 

The antibiotic resistance patterns of all Methicillin-resistant S. aureus isolates were determined using 

definitions of [9].  

 

2.4 Molecular detection of mecA and CP5 genes 

mecA gene was detected for all MRSA isolates by PCR using a primer designed by [10]. For detection of 

capsular genotype by PCR assay, genomic DNA of S. aureus was employed as a template for PCR 

amplification with primers Cap5 F (5`GAA AGT GAA CGA TTA GTA GAA – 3`) and Cap5 R (5`-GTA 

CGA AGC GTT TTG ATA GTT-3`) for the gene of CP5 [11]. 

 

3. RESULTS AND DISCUSSION 
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3.1 Distribution of bacterial isolates  

Among 180 clinical samples from patients, 46 (25.5%) gave positive growth on ordinary culture media. 

However, 134 isolates (74.5%) gave no growth and this may be due to fungal infection, viral infection, or 

antibiotics usage before taking samples. Results also found that out of 46 culture positive isolates, high 

isolation rate (34.7%) was originated in urine samples, followed by wounds (burns) samples (32.6%), while 

only one samples (2.1%) showed positive growth from a CSF sample (Table -1). 

 

3.2 Distribution of isolated bacterial species among clinical samples 

Among 46 positive cultures of clinical samples, 22 (47.82%) were found to be Gram-positive and 24 

(52.17%) as Gram-negative bacteria. Among 22 Gram-positive bacterial isolates, 17 belonged to 

Coagulase-negative Staphylococci (CoNS) and 5 were identified as S. aureus (Figure-1). 

 

3.3 Phenotypic and Molecular Detection of MRSA isolates 

All 5 S. aureus isolates were tested for methicillin resistance using cefoxitin as indicator of MRSA and 

results revealed all isolates were found to be MRSA. Result in (Figure 2) shows the electrophoretic patterns 

of the DNA products after PCR amplification using all these isolates, mecA was detected in all of cefoxitin- 

resistant S. aureus isolates. Our results revealed that the phenotypic antibiotic susceptibility patterns were 

similar to those detected by genotyping done by conventional PCR in which mecA gene was found in all 

cefoxitin resistant isolates. 

 

The antimicrobial susceptibility of MRSA isolates to several antibiotics was achieved using MIC method 

based on the breakpoints recommended by CLSI [8]. All S. aureus isolates were resistant to Oxacillin 

(OX1), Cefoxitin screen (OXSF), and benzyl penicillin (P), while they were sensitive to Moxifloxacin 

(MXF) and Tigecycline (TGC). However, they showed different degree of resistance towards other 

antibiotics used. The antibiotic resistance patterns were also determined using definitions of [9]. Table 2 

illustrates the MICs values of S. aureus isolates. MRSA isolates were found to be moderately resistant to 

most of the antibiotics tested and all of them had MDR antibiotic resistance pattern (Table 2). 

 

MRSA recognition is important for appropriate patient care and infection control. Investigation of MRSA 

can be achieved either phenotypically or genotypically. mecA gene is located within chromosome in a 

structure called Staphylococcal Cassette Chromosome (SCCmec) which encodes mutant PBP2a [12]. The 

existence of mecA gene is usually to refer the possible resistance to β-lactam antibiotics and usually 

employed as a marker to detect MRSA. In the present study, PCR product was shown as 499 bp amplicon in 

all resistant strains using a primer designed by [10]. 

 

The mecA gene encoded penicillin binding protein-2a (PBP2a), a mobile extrinsic genetic element that is 

carried on a genomic island (SCCmec) [13]. PBP-2a has lower affinity for β-lactams compared to the 

typical penicillin binding protein-2 (PBP2) produced by methicillin susceptible Staph aureus (MSSA) 

because it prevents the active site from binding β-lactams [14]. 

 

The susceptibility to oxacillin and cefoxitin determined by traditional methods was compared with the 

results of the PCR assay using the specific primers of mecA resistance gene. A total of all isolates of S. 

aureus were employed in this study. 

 

Regarding detection of capsular polysaccharides 5 genotype (CP5 gene) by PCR method, results found that 

out of a total of 5 clinical isolates of S. aureus, capsular polysaccharides 5 (CP5) was detected in only one 

of MRSA isolates of all tested isolates (Figure 3). 
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The method of targeting the capsular polysaccharides (CP) as vaccine candidates has been used effectively 

against several bacterial pathogens, including S. pneumoniae, H. influenzae, and N. meningitides [15]. A 

polysaccharide capsule can confer resistance to phagocytic clearance by the host innate immune response, 

there by delaying resistance of the bacteria in the bloodstream of the host, Nevertheless, the resistance can 

be overwhelmed by the opsonophagocytic antibodies against the capsule [15]. Li and his colleagues 

reported that CP5 was formed by 3 monosaccharides, namely, 2-acetamide-2-deoxy-D-mannuronic acid, 2 

acetamide-2-deoxy-L-trehalose, and acetamide-2-deoxy-Dtrehalose, which all containing free carboxyl 

groups [6]. 

 

4.  CONCLUSION 

High rate of MRSA Isolates was recorded from burn unit. MDR was found in high rate among resistant 

isolates. Out of 5 clinical isolates of MRSA detected for capsular genotypes, capsular polysaccharides 5 

(CP5) was deducted in only one isolate (A.MS. isolate) as the first study in Iraq. This MRSA isolate can be 

further used to produce as a candidate immunogenic compound against S. aureus infection. 
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Table 1: Distribution of positive growth isolates from patients according to the sources of samples 

Sources of samples  
No. of samples (%)  No. of positive growt 

(%)  

Blood  89 (49.4%)  12(26.1%)  

Urine  47(26.1%)  16(34.7%)  

*CSF  20 (11.1%)  __  

Wounds(burns)  20 (11.1%)  15 (32.6%)  

Abscess   3(1.6%)  2( 4.3%)  
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Bronichal fuild  1(0.5%)  1(2.1%)  

Total  180 (100%)  46(%)  

                       *CSF (cerebrospinal fluid) 

 

Table 2: Minimum Inhibitory Concentrations (MICs) of Staphylococcus aureus isolates 

Antibiotic   Code  

Isolate 

No. 1  

MIC  

. Isolate 

No. 2  

MIC  

Isolate 

No. 3  

MIC  

Isolate  

No. 4  

MIC  

Isolate  

No. 5  

MIC  

. MIC interpretation  

Sensitive 

(≥ 

µg/ml)*  

Resistant    

(≤µg/ml)*  

Benzyl penicillin  
P 

 

+ + + + + 0.03 0.5 

Cefoxitin Screen  OXSF 
+ + + + + NGE POS 

Clindamycin  CM + + + _ + 0.5 4 

Erythromycin  E 
+ + + _ + 0.5 8 

Gentamicin  GM _ + + _ _ 4 16 

Inducible Clidamycin 

Resistance  
ICR 

_ _ _ _ + NEG POS 

Levofloxacin  LEV 
_ + + _ _ 1 4 

Linezolid  LNZ 
+ _ _ _ _ 4 8 

Moxifloxacin  MXF 
_ _ _ _ _ 0.5 2 

Nitrofurantion 

Drug modified  
FT 

+ _ _ _ _ 4 16 

Oxacillin  OX1 
+ + + + + 2 4 

 

  + + + _ _ 1 4 

Rifampicin  RA        

Teicoplanin  TEC + _ _ _ _ 0.5 32 

Tetracycline  TE _ + + + _ 4 16 

Tigecycline   TGC _ _ _ _ _ 0.12 2 

Tobramycin  TM _ + + _ _ 1 16 

Trimethoprim/  

Sulfamethoxazole  
SXT 

_ + + _ _ 2/38 4/76 

Vancomycin  VA 
+ 

 

_ _ _ _ 2 16 

% of  resistance   55.5% 61.1% 61.1% 23.5% 35.3%   
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Patterns of resistances  
 

MDR MDR MDR MDR MDR   

  +( Resistant), _( Sensitive)  

*The values between brackets indicate the break-points recommended by CLSI guidelines [8]. 

 

 
Figure 1: Distribution of bacterial species isolated from patients in the present study 

 

 
Figure 2: Gel electrophoresis of PCR amplification of the mecA gene from S. aureus, with the amplicon 

size 499 bp. PCR products were separated by electrophoresis in an 1.2% agarose gel. The electrophoresis 

was performed at 100volt for 10min and 80volt for 40min, marker DNA ladder (100-1000) bp. 

 

 
Figure 3: Gel electrophoresis of PCR amplification of the CP5 gene from S. aureus, with the amplicon size 

532 bp. PCR products were separated by electrophoresis in an 1.2% agarose gel. The electrophoresis was 

performed at 100 volt for 10 min and 80 volt for 40 min, marker DNA ladder (100-1000) bp. 

No growth

G-ve

G+ve74.5

12.2%

13.3%
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