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Introduction: Oxacillin and vancomycin are commonly used to treat Staphylococcus aureus  infections. Molecular 
typing of S. aureus is essential for understanding resistance patterns.
Objectives: This study aims to determine the phenotypic and genotypic features of S. aureus (methicillin-resistant 
S. aureus [MRSA] and vancomycin-resistant S. aureus [VRSA]) isolates obtained from various sources, including 
wounds, skin, urine, vaginal swabs, ear swabs, and body fluids, from samples of different outpatients and 
hospitalized patients in several key hospitals and medical laboratories in Baghdad governorate, Iraq.
Patients and Methods: In this cross-sectional study, biochemical diagnostic tests were conducted on the isolates, 
coagulase-positive isolates were collected. These isolates were confirmed through ordinary microbiological and 
molecular testing. Antibiotic screening test was determined. A phenotypic and genotypic biofilm forming ability 
and other characteristics were investigated. Molecular typing of the isolates was conducted using polymerase 
chain reaction (PCR).
Results: Out of 130 coagulase-positive cocci, 72 were identified as MRSA and 19 as VRSA. Biofilm assay results 
showed that 22 (18.92%) isolates had strong biofilm formation, 24 (18.46%) had moderate formation, 26 (20.00%) 
had weak formation, and 58 (44.62%) had no biofilm formation. The MRSA biofilm-associated gene mecA was 
detected in 37 (80.4%) of the isolates, while in VRSA, mecA was detected in 13 (68.42%). Additionally, the cna 
gene was present in five cases (26.32%) of the VRSA isolates. Genes were characterized based on P-value into 
true-false and presence-absence counts. Antimicrobial screening showed that most isolates were sensitive to 
gentamicin, with higher resistance observed for oxacillin and rifampin. The staphylococcal cassette chromosome 
mec (SCCmec) patterns for MRSA and VRSA were determined using PCR results.
Conclusion: This study indicates that S. aureus, including MRSA and VRSA, should be considered significant 
opportunistic pathogens across all age groups and clinical units. Gentamicin and tigecycline are recommended 
for treating certain S. aureus infections.
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Introduction
Staphylococcus aureus is a gram-positive, 
coagulase-positive cocci from the 
Staphylococcus family and an opportunistic 
pathogen in humans (1). It is a leading human 
pathogen known for its ability to evade the 
immune system and cause a variety of infections 
(2). Many S. aureus infections are iatrogenic, 
often associated with the colonization of 
indwelling medical devices (3). During an 
infection, an immune response is initiated 
by macrophages, which release cytokines to 
recruit neutrophils (4). S. aureus commonly 
causes skin and skin structure infections, 
osteoarticular infections, septicemia, infective 
endocarditis, pneumonia, ocular infections, 
and central nervous system infections (5). 
S. aureus bacteremia can spread to virtually 
any body site, leading to severe disease, 
significant morbidity, and death, placing a 

substantial burden on healthcare systems 
with high mortality and morbidity rates (6-8). 
S. aureus is a major etiological agent of both 
hospital-acquired and community-acquired 
infections, presenting a constant therapeutic 
challenge due to its increasing antimicrobial 
resistance and status as a leading cause of 
nosocomial infections worldwide (9,10). 
Antibiotic resistance in S. aureus is carried 
through chromosomes and plasmids, 
exacerbated by indiscriminate antibiotic 
use (11). Contact with infected individuals 
or their belongs can spread S. aureus, and 
asymptomatic colonized individuals facilitate 
human-to-human transmission (12,13). 
Vancomycin has been an effective treatment 
for methicillin-resistant S. aureus (MRSA); 
however, the increased administration of 
vancomycin has led to selective pressure 
for resistance development (14). The high 
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prevalence of MRSA and vancomycin-resistant S. aureus 
(VRSA) in hospitals underscores the need for stringent 
infection control practices and investigation of underlying 
risk factors to prevent further spread (15). Regulation 
of virulence genes in S. aureus follows a designing plan 
starting with the staffing of the bacterium in the host and 
subsequent attacks on the host defenses. S. aureus initially 
upregulates genes coding for surface proteins involved in 
adhesion and defense versus the host immune system, 
followed by the upregulation of toxin production to 
facilitate tissue spread later in infection. One of the two-
component regulatory systems in S. aureus is the accessory 
gene regulator (agr) system, which regulates over 70 genes, 
including 23 related to virulence. It is responsible for 
upregulating many exoproteins and downregulating the 
synthesis of cell wall-associated proteins (16,17).

Nowadays, molecular typing is vastly utilized to 
reconnoitering the transmission routes of bacterial 
infections, especially nosocomial infections. Polymerase 
chain reaction (PCR)-based molecular typing is 
determined because of its highly expedite, specificity 
simplicity, and low outlays (18).

Objectives
In this study, MRSA and VRSA isolates of S. aureus were 

investigated using routine microbiological protocols, 
including antimicrobial susceptibility tests to evaluate 
resistance to various commonly used antibiotics. PCR was 
employed as a tool for gene content analysis and typing. 
Statistical analysis systems were applied to comprehensively 
understand bacterial virulence relationships, including 
biofilm formation ability, antibiotic resistance, sample 
type, medical sources, and gene content.

Patients and Methods
In this cross-sectional study, 130 coagulase-positive 
staphylococci were collected from various sample cultures 
of outpatients and inpatients hospitalized in different 
substantial hospitals and medical laboratories in Baghdad 
governorate from July 2023 to January 2024. Identification 
of S. aureus was performed using standard microbiological 
tests and a biochemical characterization procedure (19). S. 
aureus isolates were thoroughly emphasized by PCR using 
the 16S rRNA primer (20). A dendrogram (Figure 1) with 
isolates configuration was generated by using UPGMA 
algorithm similarity index by Jaccard (21).

Antibiotic susceptibility of S. aureus isolates was 
conducted according to the Clinical and Laboratory 
Standards Institute (CLSI) guidelines (22) using 
commercially available discs (Liofilchem® S.r.l. Via 
Scozia, Italy) for 17 antimicrobial agents from 14 different 
classes by the Kirby–Bauer disk diffusion method. The 
antibiotic panel included; gentamicin (10 µg/disk), 
rifampin (5 µg/disk), ceftaroline (30 μg/disk), oxacillin 
(5 µg/disk), ciprofloxacin (5 µg/disk), moxifloxacin (5 
µg/disk), Trimethoprim-sulphamethoxazole (1.25/23.75 
µg/disk), Fusidic acid (FU:10 µg/disk), vancomycin (30 
µg/disk), teicoplanin (30 µg/disk), clindamycin (2 µg/
disk), erythromycin (15 µg/disk), linezolid (30 µg/disk), 
chloramphenicol (30 µg/disk), tetracycline (30 µg/disk), 
doxycycline (30 µg/disk), and tigecycline (15 µg/disk). 

Key point 

Staphylococcus aureus is a major pathogen in both hospital and 
community settings, posing a significant global public health concern. 
The rates of methicillin-resistant S. aureus (MRSA), coupled with the 
extensive use of various antibiotic classes, presents a considerable 
therapeutic challenge. The frequent use of vancomycin to treat MRSA 
has led to an increase in strains resistant to this antibiotic, known 
as vancomycin-resistant S. aureus (VRSA). Genetic tools, such 
as polymerase chain reaction are effective methods for assessing 
bacterial resistance.

Figure 1. UPGMA dendrograms with genetic Jaccard similarity coefficients analysis based on antibiotic susceptibility test results for whole S. aureus  isolates.
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Quality control was maintained using S. aureus ATCC 
25923, and test and antibiogram analysis results were 
interpreted according to the CLSI 2022 (22).

Biofilm formation of S. aureus isolates was revealed by 
using a microtiter plate (96-well plate) with crystal violet 
dye. S. aureus biofilm quantitation was proceeded with a 
spectrophotometric method as previously described (23). 
All conducted experiments were performed in triplicate. 
Genomic DNA of S. aureus was extracted using the boiling 
method (24,25). DNA was extracted after centrifugation 
for five minutes at 12,000 RPM. Presence of S. aureus 
biofilm-related genes such as mecA and other virulence-
related genes was detected by PCR with a suitable annealing 
gradient. Specific primers for S. aureus were designed 
using bioinformatic software, Geneious Prime. The target 
genes included those encoding surface adhesion protein 
(Cna) (55 °C), ferric uptake regulator protein (SdrD) (55 
°C), regulating iron availability (Fur) (55 °C), agr (I, II, III, 
IV) (55°C), SCCmec (55 °C) systems gene, Pvl (53 °C), and 
mecA (53°C), based on NCBI references (26). To obtain 
specific primer sequences, the desired gene sequences 
were downloaded from NCBI and aligned using multiple 
alignment on Geneious Prime.

The PCR reaction admixture consisted of an overall 
volume of 25 μL. Thermal cycling was applied with the 
following conditions: 95°C for five minutes, followed by 
30 cycles of 94 °C for one minute, 52 °C for one minute, 72 
°C for one minute, and a final elongation step at 72 °C for 
ten minutes. Electrophoresis of products was performed 
using 1.5% agarose gel, and bands were conceived under 
ultraviolet transilluminator light (25,27).

Statistical analysis
The R studio ggplot2 package was utilized to perform the 
correlation and display the results. The Chart Builder tool 
in R studio with the ggplot2 package was conducted to 
create stacked charts within the use the pchisq function in 
R to determine the P value within significance ratio of 0.05 
that corresponds to the chi-square test statistic to measure 
the significancy between variables (28).

Results 
Out of 130 coagulase-positive cocci, 58 isolates (44.62%) 
showed negative phenotypic biofilm formation. Weak 
biofilm formation was observed in 26 isolates (20.00%), 
moderate formation in 24 isolates (18.46%), and strong 
biofilm formation in 22 isolates (16.92%). The chi-square 
test with P value showed a range of 0.7669, indicating no 
significant association between biofilm formation and the 
groups (Figure 2).

Another factor investigated was the biofilm-forming 
ability of S. aureus isolates. Biofilm formation on hospital 
superficies and human tissues is a critical survival feature 
of S. aureus. Most isolates in this study were biofilm 
procreator. Statistical analysis revealed a significant 
relationship between biofilm formation ability and 
multi-extended drug resistance and multidrug sensitivity 
capacities (Figure 3).

Statistical analysis revealed that 87 samples were from 
female patients. Among these, 43 isolates were multidrug-
resistant, 14 were extended-resistant, and 30 were 
multidrug-sensitive (P = 0.0006). For male patients, there 
were 43 samples, with 23 multidrug-resistant isolates, 4 

Figure 2. Staphylococcus aureus biofilm distribution according chi-square test and P value computations.
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extended-resistant isolates, and 16 multidrug-sensitive 
isolates (P = 0.0015). The overall P value for gender and 
antibiotic resistance was 0.5734, indicating no significant 
relationship between gender and antibiotic resistance.

Regarding age, the highest frequency of antibiotic 
resistance was observed in patients aged 20-70 years, with 
70 isolates. Patients under 20 years had 11 resistant isolates, 
and those over 71 years had 4 resistant isolates. The total 
P-value was 0.9836, indicating no significant relationship 
between age and antibiotic resistance.

Based on the sample types, wound swabs had the highest 
count with 53 isolates and a significant P value of 0.0075. 
However, the total P value for all sample types was 0.0798, 
indicating no significant relationship between sample type 
and antibiotic resistance.

The total significance P value for the sources of isolates 
in hospitals in Baghdad showed that the predominant 
hospital was Al-Kindy hospital with 50 isolates and a total 
P value of 0.0028.

MRSA antimicrobial susceptibility analysis showed high 
resistance to rifampin. Fusidic acid and linezolid showed 
similar resistance levels, while minimal resistance was 
observed for moxifloxacin and gentamicin (Figure 4).

Moreover, VRSA antimicrobial susceptibility analysis 
showed a high resistance for clindamycin and teicoplanin, 
minimal resistance was shown in gentamicin and 
ceftaroline (Figure 5).

PCR results analysis showed variable different sizes of 
the amplicons ranged from 310 bp to >659bp, Cna, SdrD, 
and Fur designed genes, appearance categorizations were 
inconstant between MRSA and VRSA, through concluded 
analysis of the results, the genetic variety among MRSA 
and VRSA strains were spotted (Figures 6 and 7).

PCR analysis SCCmec pattern revealed peculiar types 
and percentages in MRSA and VRSA in according to 
significances P value ranges, moreover, they could be 
divided into 4 common types in addition to unknown one 
(Figure 8).

Figure 3. Resistance patterns across biofilm formation levels.

Figure 4. MRSA stacked bar plot of antimicrobial resistance with source groups.
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Figure 5. VRSA stacked bar plot of antimicrobial resistance with source groups.

Figure 6. Prevalence of Agr genes associated with other detectable virulence genes percentages in MRSA isolates.

Figure 7. VRSA genes presence count with significance ratios. Green bars (True) denote genes significantly associated with a specific phenotype or condition ( P 
value < 0.05), while grey bars (False) represent genes without significant association
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The variability between isolates mainly related to their 
disproportion in biofilm formation potency, antibiotic 
resistance, and genomic content.

Discussion
In this study explores, the predominance of S. aureus 
isolated from several key hospitals in the Baghdad 
governorate presented different gene distributions 
compared to other studies, despite potentially lower overall 
counts compared to other hospital-acquired bacteria. 
This is significant due to S. aureus’s intrinsic resistance to 
common antimicrobial agents, appearance of virulence 
genes, and biofilm formation capability.

Several reports on the expansion of S. aureus in the 
Baghdad governorate indicate a higher distribution of 
clinical samples compared to a previous study in 2015. 
The current results show that the distribution of S. aureus 
was as follows; urine (n = 44), blood (n = 9), cerebral spinal 
fluid (n = 7), skin tissues (n = 6), sputum (n = 5), vaginal 
swab (n = 2), wound swab (n = 53), and ear swab (n = 4) 
(29).

The isolates were confirmed by the principle biochemical 
protocols. This study, in line with others, found that the 
domination of S. aureus was higher in females than in males. 
Females had 43 multidrug-resistant (MDR) isolates and 
14 extended drug-resistant (XDR) isolates (P = 0.00069), 
while males had 23 MDR isolates and 4 XDR isolates 
(P = 0.00159). S. aureus infections are important to study 
due to their potential impact on gender-specific health 
issues, such as male sperm activity and various phases 
of a woman’s reproductive life, including pre-pregnancy, 
fertilization, pregnancy, and reproduction (30).

Significant infections with multi-extended drug 
resistance of S. aureus were most common in the age group 
20-70 years. According to various studies, hospitalized 
infants, and children, as well as other age groups, can have 
varying susceptibility to S. aureus infections depending on 
gender, historical profile, and other key factors (31-33).

Trimethoprim-sulphamethoxazole and vancomycin 

Figure 8. Prevalence of MRSA and VRSA SCCmec typing patterns.

are considered effective antibiotics for treating S. 
aureus infections. However, recent reports of resistance 
have raised concerns over their continued efficiency. 
substitutional antibiotics such as gentamicin and linezolid 
have been found efficacious against invasive S. aureus 
infections (34,35).

About this study findings, gentamicin and tigecycline 
were found to be effective against S. aureus, while rifampin 
was deemed unsuitable. The efficacy of quinupristin-
dalfopristin was not studied due to its rare or unavailability 
in Iraqi hospitals. Different antimicrobial susceptibility 
results have been reported from Iraq and elsewhere.

Previous studies in several Iraqi hospitals found high 
resistance of S. aureus isolates to ampicillin and amoxicillin. 
The overall assessment of antibiotics used for urinary tract 
infections revealed that amikacin was effective (36,37).

Consistent with these findings, a study at Baghdad 
University reported that 40 (69%) of S. aureus isolates 
were resistant to gentamicin and cefoxitin. Vancomycin 
susceptibility testing using the Vitek-2 compact system 
showed that 57 (98%) of S. aureus isolates were sensitive, 
with only one isolate (2%) exhibiting intermediate 
resistance. The study identified 58 S. aureus isolates from 
different clinical specimens (38).

The findings of this study are consistent with other 
reports that demonstrate a proportional range of resistance 
to rifampin, which arises from chromosome mutations. 
This suggests that rifampin may be inappropriate for 
treating advanced hospital-acquired S. aureus infections 
(39,40).

MRSA is an important hospital pathogen, with its 
incidence increasing annually, especially in high-risk 
groups. MRSA is notable for causing both nosocomial 
infections and community-onset infections, with a 
widespread distribution over the last 40 years (41-43).

While vancomycin remains a first-line drug for MRSA 
treatment, complete resistance has emerged in recent 
years, mediated by the vanA gene cluster transferred 
from vancomycin-resistant Enterococcus. The first clinical 
VRSA isolate was reported in the United States in 2002 
(44,45).

This study’s findings align with other research indicating 
that antibiotic resistance development in developing 
countries is strongly linked to irrational antibiotic use due 
to ease of obtainability without prescription, imprudent 
use in hospitals, and unhindered employ in agriculture, 
animal frugality, and fisheries (46).

MRSA and VRSA were identified using standard 
microbiological methods, and their genetic diversity 
was quickly and inexpensively verified using PCR with 
specifically designed primers. The PCR results classified 46 
MRSA isolates into different SCCmec types, as illustrated 
in (Figures 5 and 6), providing a discriminative pattern.

Our PCR results showed that MRSA and VRSA have 
varied genetic content, which may be attributed to genetic 
diversity based on the collection environment or stress 
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pressures that lead to mutations. Our findings regarding 
Agr dysfunction align with a Korean study (47) but 
differ from (48) study that reported a higher Agr system 
appearance ratio. Additionally, no MRSA or VRSA isolates 
in this study contained the Pvl gene, which contrasts with 
a study of (31), that found 14 out of 24 isolates positive for 
the Pvl gene. The absence of the Pvl gene could suggest 
lower virulence, different epidemiological origins, or 
reliance on other resistance mechanisms and virulence 
factors.

By demonstrated analyzing of the environmental 
samples and employing molecular investigational typing, 
we identified and concluded the environmental gene 
variability of MRSA and VRSA isolates in central medical 
spots in the Baghdad governorate.

Conclusion 
This study dissected the prevalence of Staphylococcus aureus 
in Baghdad hospitals, revealing significant multidrug and 
extended drug resistance, with higher resistance rates in 
female patients. Biofilm formation was a major challenge, 
contributing to drug resistance and persistence in hospital 
environments and human tissues. The genetic variability 
included the lack of the Pvl gene in MRSA and VRSA 
isolates. Despite noted antibiotic resistance, gentamicin 
and linezolid were effective. Continuous surveillance, 
antibiotic stewardship, and phenotypic and genotypic 
studies for virulence capacities are recommended to 
control the spread of infections.

Limitations of the study
The variability in gene content is challenging to assess due 
to the limited sample collection. Further collaboration with 
medical centers treating patients with S. aureus infections 
is necessary to enhance the study’s scope and accuracy.
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•	 Staphylococcus aureus included MRSA and VRSA were detected 

in variable type of pathological samples from different medical 

spots.

•	 Detection of the relation between S. aureus biofilm ability, 

antibiotic resistance, and genes content.

•	 Biofilm screening resulted appearance with negative formation 

(44.62%) for 58 isolate, weak (20.00%) for 26 isolate, moderate 

(18.46%) for 24 isolate and strong (16.92%) for 22 staphylococci.

•	 MRSA within complete resistance to vancomycin have emerged 

in recent years.

•	 Molecular pattern investigation for MRSA and VRSA within 

intended gene prevalence.
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