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Background: Wound infection is a prevalent concern in the medical field, being is a multi-step process involving several biological 
processes. Methicillin-resistant S. aureus (MRSA) and vancomycin-resistant S. aureus (VRSA) infections often occur in areas of 
damaged skin, such as abrasions and open wounds.
Methods: This research aims to light the incidence of MRSA and VRSA in wound swabs, the antimicrobial susceptibility 
configuration of isolated S. aureus patterns in pus/wound samples collected from Saudi Arabian tertiary hospital. The cross section 
study, β- lactamase detection, VRSA genotyping, MAR index, D-test and VRSA genotyping are methods, which used for completed 
this research.
Results: Patients of several ages and genders delivered specimens from two hospitals in the Al jouf area, in the northern province of 
Saudi Arabia. S. aureus was found in 188 (34.7%) of the 542 wounds. The traumatized wounds provided 71 isolates (38.8%), surgical 
wound provided 49 isolates (26.8%) and abscess were represented 16 by isolates (8.7%). In the study, 123 (65.4%) out of 188 were 
MRSA, 60 (31.9%) were MSSA, and five (2.7%) were VRSA. Linezolid and rifampin were found to be the most effective 
antimicrobials with 100% in vitro antibacterial activity against S. aureus isolates. The Multiple antimicrobials resistance (MAR) 
index revealed 73 isolates (38.9%) with a MAR index greater than 0.2, and 115 (61.1%) less than 0.2. The D-test showed that of MLSb 

phenotypes among S. aureus, 22 (11.7%) strains were D-test positive (MLSbi phenotype), 53 (28.2%) strains were constitutive MLSc 

phenotypes, and 17 (9%) strains were shown to have MSb phenotypes. All VRSA isolates (n=5) were found to be positive for vanA, 
and no vanB positive isolates were detected in the study.
Conclusion: Regular monitoring and an antimicrobials stewardship program should be in place to provide critical information that 
can be utilized for empirical therapy and future prevention strategies.
Keywords: methicillin, vancomycin, resistant, Staphylococcus aureus, emergence, virulent, wound infection, MAR index, D-test, 
tertiary hospital, Saudi Arabia

Introduction
Human skin serves as an effective barrier to infection, protecting the underlying tissues, bones, and organs.1–3 Wounds 
are defined as a breach in the skin or tissues’ structural integrity that affects the skin’s ability to defend itself.4,5 As one 
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the most common causes of death and morbidity in surgical patients, wound infection accounts for 70% to 80% of deaths 
after burn injuries.6–8 Out of all surgical deaths, around 70–80% deaths are caused by wound infection.9–11 Bacteria that 
cause pus production or wound infection include S. aureus, Clostridium spp., Actinomyces spp., E. coli, Proteus spp., 
Neisseria spp., Vibrio vulnificus and Candida spp.12

S. aureus is a versatile pathogen capable of infecting humans with a broad spectrum of illnesses causing both infection and 
soft tissue infection.13–16 Skin and soft tissue infections caused by S. aureus, as life-threatening systemic illnesses, are 
a significant hospital-acquired and community-acquired infections.17–20 Methicillin-resistant S. aureus (MRSA) and vanco-
mycin-resistant S. aureus (VRSA) represent a global public health hazard because of their risk and spread.21 A lack of 
adequate containment and treatment options for MRSA and VRSA has the potential to cause significant global mortality.22–24 

VRSA is also known to be resistant to a wide range of commonly used antimicrobial treatments. As the final line of defense 
against MRSA and other drug-resistant, Gram-positive pathogens, glycopeptide vancomycin has long been considered 
a lifesaver.25–27 Antimicrobial abuse and overuse may contribute to the rise of antimicrobial resistance, which is a major 
cause of illness and death around the world.28–30 The most prevalent place for MRSA and VRSA to co-infect and co-colonize 
is in a wound, making it the most typical place where VRSA is isolated. Treatment for a VRSA infection often includes prompt 
attention to the wound. The eradication of VRSA is aided by wound treatment, which also eliminates a conducive environment 
for co-colonization, thereby preventing the spread of plasmids.30

Since the emergence of antimicrobial-resistant bacteria, treating infectious diseases has become more difficult.28 In 
order to be classified as multidrug resistant (MDR), an organism must be resistant to three or more categories of 
antimicrobial agents; extremely (extensive) drug resistant (XDR) means that an organism is resistant to all antimicrobial 
agents except for two or fewer categories, and pan drug resistant (PDR) means that an organism is resistant to all 
antimicrobial agents.31–33 MRSA refers to any S. aureus strain that has evolved or acquired a multiple drug-resistance to 
beta-lactam drugs. Treatment of serious MRSA infections with glycopeptide vancomycin is still the preferred option. 
Vancomycin suppresses cell wall manufacturing. VRSA is a phrase used to describe S. aureus isolates that are completely 
resistant to vancomycin (MIC≥16 µg/mL).22,25 There has been a significant rise in the incidence of antimicrobial 
resistance in hospital and community infections during the last decade. MRSA and VRSA have been brought to the 
attention of the medical profession and the general public, along with their full effect on health and economic 
consequences.34 Therefore, both the development of MRSA and VRSA as well as their prospective cost-effectiveness 
estimations are influenced by their clinical and economic consequences.28 Surgical wound infections are classified as 
followed by the Centers for Disease Control and Prevention (CDC):

Superficial incisional infection that only involves the skin and subcutaneous tissues. One of the following criteria has 
to be met: purulent discharge from the wound, isolated organism, at least one symptom of infection, and diagnosis by the 
surgeon. These infections account for more than 50% of all surgical infections.

Deep incisional infections involve deeper tissues, including muscles and fascial planes. One of the following criteria 
has to be met: purulent discharge from the wound, dehiscence, or deliberate re-opening of deep incision by the surgeon 
after suspecting an infection, evidence of abscess formation, or other deep infection diagnoses by the surgeon.

Organ/space infection may involve any organ apart from the incision site but must be related to the surgical 
procedure. One of the following criteria has to be met: purulent discharge from the drain placed in the organ, isolated 
organism from the organ, abscess, or other infection involving the organ.

This study sheds light on the current prevalence of MRSA and VRSA in wound swabs, the antimicrobial 
susceptibility pattern of the isolated S. aureus, and the presence of multidrug resistant strains among the isolates. 
Therefore, the study aims to assess the pattern of S. aureus isolated from pus/wound samples in Saudi Arabian tertiary 
hospitals.

Materials and Methods
Study Design
This cross-sectional descriptive study was carried out during the period from February 2022 to September 2022. Fisher’s 
formula was used to estimate the proper sample size which is 500 samples in our research. Data and specimens were 
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collected from patients of all sexes and ages who visited the hospital throughout the research period. A total of 188 
different S. aureus were isolated from 542 wound specimens in the Prince Mutaib Bin Abdulaziz Hospital (339) and 
Swair General Hospital in Sakaka, Al Jouf, Saudi Arabia (203). Table 1 exhibits the distribution of wound specimens by 
gender, age, and location. Specimens that indicated any evidence of contamination were discarded from the examination. 
It is important to note that patients were only included in the study if they had a sample labeled with a combination of the 
following keywords: a wound swab, abscess, wound, drain, culture, or discharge.

Collection of Specimens and Bacterial Categorization
Aseptic dry swab samples were taken from the pus and wounds. The samples were properly labeled before being transferred to 
the lab, where they were quickly processed. Specimens were subsequently cultured on Blood Agar and incubated at 37°C for 
24 hours. Staphylococcal isolates were identified using biochemical and morphological approaches.35 Multiple biochemical 
tests for the confirmation of S. aureus were performed on the Gram-positive cocci in cluster detected under the microscope. 
Identification of S. aureus based on the presence of catalase and oxidase as well as coagulase activity and DNase activity in the 
S. aureus colonies on mannitol salt agar. Presumptive MRSA was confirmed by Vitek 2 identification card (bioMerieux, Marcy 
l’Etoile, France) was used for automated strain identification according to the manufacturer’s instructions, and the quality 
control (QC) strain tested with each run was S. aureus ATCC25923. According to current EUCAST guidelines, methicillin 
susceptibility was evaluated using oxacillin discs (30 µg, Oxoid) and the mecA gene (F: GATCTGTACTGGGTTAATCA and 
R: CATATGACGTCTATCCATTT was identified using the PCR approach.36

Antimicrobial Resistance Testing
Stock cultures of S. aureus were employed in all assays to avoid the possible loss of antimicrobial resistance that could 
occur while frequently subculturing. Sterile normal saline was used to make 0.5 McFarland suspensions from the 
S. aureus culture. The antimicrobial discs we utilized were from (Oxoid, UK) (Table 2). The antibiotics were selected 
because of their widespread application in the treatment of S. aureus infections. After that, a modified Kirby–Bauer disk- 
diffusion susceptibility assay was performed using the suspension on Müeller–Hinton agar (MHA). It was carried out 
according to the CLSI protocol for antimicrobial susceptibility testing (AST).37 It was determined that the MRSA was 
present utilizing the 30 µg oxacillin disc diffusion test, which serves as a surrogate test for oxacillin resistance. Following 
incubation at 35°C for 24 hours, the data were analyzed in accordance with CLSI recommendations.38 Oxacillin 
Resistance Screening Agar Base is used for the screening of oxacillin-resistant microorganisms. It is recommended for 
the detection of methicillin-resistant Staphylococcus aureus (MRSA). These strains are resistant to penicillinase-resistant 
penicillins (PRPs), such as methicillin, oxacillin, and nafcillin, The bacteria is not resistance to oxacillin test when a zone 
diameter of approximately 24 mm. As a result, only MRSA cases were screened for VRSA/VISA; nevertheless, the 

Table 1 Distribution of Wound Specimens of Patients by Gender, Age and Locations

Variable Number Percentage (%)

Gender Male 354 65.3
Females 188 34.7

Age (Years) <15 47 8.7
15–30 181 33.4
31–45 175 32.3

46–60 63 11.6

> 60 76 14

Category of wound infection Trauma 143 26.4

Surgical wound 139 25.6
Ulcer 97 17.9

Burn wound 89 16.4

Abscess 74 13.7
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estimate is based on the entire enrolled population. A pure colony of MRSA isolates was obtained and injected on MHA 
supplemented by vancomycin to detect the presence of VRSA. Using sterile forceps, the E-test (Epsilometer test) strips 
were placed on the inoculated agar surface. Results were obtained after 18 hours of incubation at 35–37°C when the MIC 
breakpoints were determined. In general, MICs; ≤ 2 µg/mL is considered as sensitive, 4–8 µg/mL as VISA and ≥ 16 µg/ 
mL as vancomycin resistant S. aureus (VRSA). For the final step in the procedure of the oxacillin disc diffusion test for 
MRSA, S. aureus ATCC25923 was utilized as a control strain. The control strain, S. aureus ATCC 29213 with a MIC of 
vancomycin broth value 0.5–2.0 µg/mL, was utilized to evaluate the efficacy of vancomycin in this study.39,40

β-. Lactamase Detection
As explained by Stokes and Ridgway,41 this test was conceded. Sterilized starch paper strips of seven centimeters long were 
cut and sterilized in 70% ethanol. A benzylpenicillin (1000 units) in phosphate buffer solution was then added to the strips, and 
they were left to soak for 10 minutes. They were distributed in sterile Petri dishes. As a final step, the test paper was saturated 
with S. aureus cultures that were 18 to 24 hours old and spread across an area of 2 to 3 mm. After 30 minutes of incubation at 
37°C in the Petri dishes, it was flooded with Gram iodine solution. In less than a minute after using this, the starch paper had 
turned pitch-black. Colonies with decolorized zones later demonstrated the synthesis of β -lactamase.

Table 2 Incidence of Antimicrobial Susceptible Pattern of S. Aureus (N= 188)

Drug Class Resistant, n (%) Intermediate, n (%) Susceptible, n (%)

Inhibits Cell Wall Synthesis
Imipenem 146 (77.7) 0 (0.0) 42 (22.3)

Cefoxitin 144 (76.6) 0 (0.0) 44 (23.4)

Cefotaxime 145 (77.1) 0 (0.0) 43 (22.9)
Ampicillin 163 (86.7) 0 (0.0) 25 (13.3)

Penicillin G 163 (86.7) 0 (0.0) 25 (13.3)

Oxacillin 123 (65.4) 5 (2.7) 60 (31.9)
Amoxicillin-Clavulanate 3 (1.5) 1 (0.5) 184 (97.8)

Vancomycin 5 (2.7) 0 (0.0) 183 (97.3)
Teicoplanin 3 (1.5) 0 (0.0) 185 (98.4)

Protein Synthesis Inhibitors
Gentamicin-Syn 31 (16.5) 12 (6.4) 145 (77.1)

Gentamicin 36 (19.1) 11 (5.9) 141 (75.0)

Clindamycin 53 (28.2) 0 (0.0) 135 (71.8)
Linezolid 0 (0.0) 0 (0.0) 188 (100)

Erythromycin 92 (18.9) 0 (0.0) 96 (51.1)

Tetracycline 23 (12.2) 1 (0.5) 164 (87.4)
Mupirocin 5 (2.7) 0 (0.0) 183 (97.3)

Nitrofurantoin 7 (3.7) 0 (0.0) 181 (96.3)

Azithromycin 0 (0.0) 0 (0.0) 188 (100)
Tigecycline 0 (0.0) 1 (0.5) 187 (99.5)

DNA Synthesis Inhibitors
Ciprofloxacin 25 (13.3) 3 (1.5) 160 (85.1)

Moxifloxacin 24 (12.8) 0 (0.0) 164 (87.4)

RNA synthesis Inhibitors
Rifampin 0 (0.0) 0 (0.0) 188 (100)

Folic Acid synthesis inhibitors
Trimethoprim-Sulfamethoxazole 25 (13.3) 2 (1.0) 161 (85.6)

Cytoplasmic membrane inhibitors
Daptomycin 1 (0.5) 0 (0.0) 187 (99.5)
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Calculation of MAR Index
In order to trace the cause of antimicrobial-resistant, the MAR index (MAR index is calculated as the ratio between the 
number of antimicrobials that an isolate is resistant to and the total number of antimicrobials the organism is exposed to) 
is an effective, valid, and cost-efficient tool. If an organism has been exposed to a certain number of antimicrobials and 
developed resistance to any of those antimicrobials, then the MAR index is great. A MAR larger than 0.2 indicates that 
antimicrobials are often utilized as a source of infection.42 According to Davis,43 MAR index was calculated.

D-Test
D-test was achieved by expending the erythromycin disc (15 µg) and clindamycin disc (2 µg). The antimicrobial discs were 
engaged on Müller-Hinton agar plate at 15 mm apart and was incubated at 37° C at 18–24 hours.44–46 The organisms that 
revealed devastation zone of clindamycin adjacent to the erythromycin disc were deliberated as: MSb (The macrolide- 
streptogramin B class) phenotype (S. aureus displaying resistance to erythromycin (zone size ≤ 13 mm) and susceptible to 
clindamycin (zone size ≥ 21 mm) and generous circular zone of inhibition around clindamycin disc), inducible MLSbi (The 
macrolide-lincosamide-streptogramin B class) phenotype (revealing resistance to erythromycin (zone size ≤ 13 mm) and 
susceptible to clindamycin (zone size ≥ 21 mm) and generous D shaped zone of inhibition around clindamycin disc), and 
constitutive MLSbc phenotype (S. aureus indicating resistance to both erythromycins (zone size ≤ 13 mm) and clindamycin 
(zone size ≤ 14 mm) with the generous circular shape of zone of inhibition if any around clindamycin disc).47,48

VRSA Genotyping
To distinguish the vanA and vanB genes in VRSA, PCR was achieved on a BioRad thermocycler (USA), in reaction 
volumes of 12.5 μL, using formerly issued primers37,38 5′- F: CATGAATAGAATAAAAGTTGC AATA & R: 
CCCCTTTAACGCTAATACGATCAA (forvanA); F:GTGACAAACCGGAGGCGAGGA & R: CCGCCA 
TCCTCCTGCAAAAAA (for vanB). Each reaction enclosed 5 μL of 2xTaq master mix (Sigma Co.), 1 μL of forward 
and reverse primers, 3 μL nuclease-free water, and 2.5 μL of crude VRSA DNA extract (template). The cycling 
conditions were as follows: Initial denaturation at 94 °C, 4 min followed by 31 cycles of 94 °C 1 min, 50 °C 1 min, 
and 68 °C 1 min, and a final extension step at 68 °C, 10 min. The PCR products were examined by, agarose gel 
electrophoresis, with ethidium bromide staining (0.5 μg/mL). Repetitive elements-based PCR (Rep-PCR) genotyping, for 
insight into genetic relatedness of the isolates, was accomplished as earlier designated.49

Ethical Considerations
Approval was obtained from the Research Ethics Committee, Jouf University (Ethical Approval No. 3-04-43) and 
Research Ethics Committee, Qurayyat Health Affairs, Registered with NCBE, Reg NO: H-13-S-071; Saudi Arabia 
(Project No. 111). The procedures used in this study adhere to the tenets of the Declaration of Helsinki. In this study, 
written consent was obtained from each patient.

Statistical Analysis
All the data were entered and evaluated by exhausting Statistical Platform for Social Science (SPSS) version 24.

Results
We examined the skin of 542 participants aged between ten years and 79 years. The majority of participants were male, 
p value < 0.0001.

As of this study, S. aureus was found in 188 (34.7%) of the 542 wounds, of which 129 (70.5%) were men, with a male-to- 
female ratio of 2.3:1 among infectious participants. S. aureus Participants varied in age from 1 to 79 years old. The 31–45-year 
-old age group made up 27.9% of the participants. The traumatized wounds provided 71 isolates (38.8% of the total), followed 
by surgical wounds providing 49 isolates (26.8%), and the abscesses revealed the lowest number of isolates representing 16 
isolates (8.7%) (Table 3). In the study, 123 (65.4%) out of 188 were MRSA, 60 (31.9%) were MSSA, and 5 (2.7%) were 
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VRSA (Figure 1). All of the VRSA strains were isolated from the traumatized wounds. Overall, MRSA (62.8%) was more 
common than MSSA (37.2%) through entirely demographic features, p value < 0.001 (Table 3).

Out of 24 premeditated different antimicrobial drugs, linezolid and rifampin were found to be the most effective 
antimicrobial drugs with 100% efficiency to S. aureus, followed by daptomycin and tigecycline (99.5%) and teicoplanin 
(98.4%) (Table 2).

The highest resistance was similarly found in ampicillin and penicillin G (86.7%) and cefotaxime (77.1%). Out of 188 
S. aureus, 86 (45.7%) were found to be MDR (Table 4). Only four staphylococcal isolates (2.1%) were found to be 
susceptible to all of the antimicrobial drugs tested, and none of the staphylococcal isolates tested were found to be 

Table 3 The Sociodemographics, Clinical Characteristics, Numbers and Percentages of 
Methicillin-Resistant (MRSA) and Methicillin-Susceptible S. Aureus (MSSA) Isolates of 
the Participants

Variables Features No. (%) No. of S. aureus (%)

MRSAa MSSAb

Gender Male 129 (70.5) 84 (45.9) 45 (24.6)
Females 54 (29.5) 39 (21.3) 15 (8.2)

Age (Years) < 15 21 (11.5) 13 (7.1) 8 (4.4)
15–30 42 (23) 21 (11.5) 21 (11.5)
31–45 51 (27.9) 39 (21.3) 12 (6.6)

46–60 36 (19.7) 22 (12) 14 (7.7)

> 60 33 (17.9) 24 (13.1) 9 (4.9)

Types of wounds Trauma 71 (38.8) 48 (26.2) 23 (12.6)
Surgical wound 49 (26.8) 30 (16.4) 19 (10.4)

Ulcer 25 (13.7) 18 (9.8) 7 (3.8)

Burn wound 22 (12) 11 (6) 11 (6)
Abscess 16 (8.7) 8 (4.4) 8 (4.4)

Total 115 (62.8) 68 (37.2)

183 (100)

Notes: aMethicillin-resistant S. aureus. bMethicillin-susceptible S. aureus.
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Figure 1 Distribution of vancomycin-resistant S. aureus (VRSA), methicillin-susceptible S. aureus (MSSA) and Methicillin-resistant S. aureus (MRSA) among wound infection.
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resistant to all of the antimicrobial medicines tested. Only five isolates were revealed to be XDR (2.7%). Table 5 displays 
the MAR indices of S. aureus. Equally, 38.9% of S. aureus isolates accomplished a MAR index of more than 0.2 
(Table 5). The MAR index revealed 73 isolates (38.9%) with a MAR index greater than 0.2, and 115 (61.1%) less than 
0.2. However, no isolates displayed a MAR index of one (ie resistance to all the antimicrobials agents experienced), 
while four isolates showed a MAR index of zero, out of which two convalesced from a traumatized wound and two from 
burn wound. Isolates with a MAR index greater than 0.2 were mainly isolated from traumatized wound patients.

All the S. aureus isolates were subjected to recognition of methicillin resistance, β-lactamase, and MLSb phenotypes 
(Figure 2). In the current study, out of 188 S. aureus isolates, 92 (18.9%) were erythromycin-resistant; these were 
subjected to a D-test. The D-test revealed MLSb phenotypes among S. aureus, 22 (11.7%) strains were D-test positive, 
indicating inducible clindamycin-resistant strains of S. aureus (MLSbi phenotype), 53 (28.2%) strains were constitutive 
MLSc phenotypes, and 17 (9%) strains were shown to have MSb phenotypes (Figure 2). The dominance of MLSb 
phenotypes among MRSA and MSSA was evaluated, and it was detected that inducible and constitutive clindamycin- 
resistant strains of S. aureus were higher among MRSA isolates as compared to MSSA isolates.

Based on the results of the molecular study for vancomycin among 5 VRSA isolates, five VRSA-positive isolates, five 
isolates were found to be positive for the vanA gene, whereas the vanB gene was not detected in this study (Figure 3).

Table 4 Frequency of Antimicrobial-Resistant Phenotypes of S. Aureus 
Isolates (N= 188)

Category Frequency (%)

Susceptible to all antimicrobial agents 4 (2.1)

Antimicrobial resistance (AR)a 93 (49.5)

Multidrug resistant (MDR)b 86 (45.7)
Extremely (extensive) drug resistant (XDR)c 5 (2.7)

Pan drug resistant (PDR)d 0 (0)

Total 188 (100)

Notes: aAR: Resistant to less than 3 major classes of antimicrobials. bMDR: Resistant to >3 or =3 
major classes of antimicrobials. cXDR: Resistant to all major classes of antimicrobials except 
colistin and tigecycline. dPDR: Resistant to all major classes of antimicrobials.

Table 5 Frequency of Multiple Antimicrobial 
Resistance (MAR) Index of S. Aureus Isolates 
(N = 188) Against 24 Antimicrobial Agents

MAR Indices* No. S. aureus (%)

0.00 4 (2.1)

0.08 93 (49.5)
0.17 18 (9.6)

0.25 24 (12.8)

0.33 22 (11.7)
0.42 11 (5.9)

0.50 6 (3.2)

0.58 3 (1.6)
0.67 1 (0.5)

0.75 1 (0.5)

0.83 3 (1.6)
0.92 2 (1.1)

1.00 0 (0.0)

Total 188 (100)

Note: *Resistance index ascending from twofold from 0 to 
24 antimicrobial agents.

Infection and Drug Resistance 2023:16                                                                                             https://doi.org/10.2147/IDR.S418681                                                                                                                                                                                                                       

DovePress                                                                                                                       
5341

Dovepress                                                                                                                                                    Almuhayawi et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Discussion
S. aureus is the major bacterial cause of skin, soft tissue and bone infections, and one of the commonest causes of 
healthcare-associated bacteremia. Methicillin resistance is defined as the strains of S. aureus that are resistant to the 
isoxazoyl penicillins, such as methicillin, oxacillin and flucloxacillin. MRSA are cross-resistant to all currently licensed 
β-lactam antibiotics.

The expression of methicillin resistance by S. aureus strains is by virtue of acquired penicillin-binding proteinPBP2a, 
encoded by mec A gene.50 Community and hospital-acquired infections caused by S. aureus have a significant fatality 
rate. Although it is a typical element of the human body’s microbiota, S. aureus has the potential to cause a broad variety 
of illnesses, from minor skin infections to more severe illnesses affecting the whole body. If left untreated, many of these 
illnesses may quickly become life-threatening.51–53 S. aureus was found in 34.7% of the wound swab samples examined 
in this investigation. The percentage of MRSA in the isolates was less than the western region of Saudi Arabia 
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Figure 2 Association between methicillin-resistant S. aureus, β-lactamase and D-test. Where MSb phenotype (Staphylococcus species displaying resistance to erythromycin 
and susceptible to clindamycin and generous circular zone of inhibition around clindamycin disc), inducible MLSbi phenotype (revealing resistance to erythromycin and 
susceptible to clindamycin and generous D shaped zone of inhibition around clindamycin disc), and constitutive MLSbc phenotype (Staphylococcus species demonstrating 
resistance to both erythromycin and clindamycin with the generous circular shape of zone of inhibition).

Figure 3 Molecular analysis of the vanA genes in the vancomycin-resistant S. aureus (VRSA) (n= 5). The vanA gene was found in all five isolates.
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prevalence estimate of 39.5%.54 It is clear that MRSA is a global health threat, as shown by the high rates of 
antimicrobial resistance reported in countries, such as Eritrea (72%), Turkey (21%), the Gaza Strip (82.3%), Iran 
(71.9%), and a tertiary care facility in Lahore (76%).55–57 The incidence rates of VRSA strains are diverse all over 
the world: 16% in Africa, 5% in Asia, and 1% in Europe, 4% in North America, and 3% in South America.56 The VRSA 
in the current investigation is much lower related to reports from other countries.23,58

S. aureus was shown to be the most common pathogen in the research, maybe because it is a typical microbiota of the 
skin, glands, nails, and other parts of the body, as well as possessing diverse virulent characteristics.50 Colonization by 
patient microbiota, transmission via staff hands and air, surgical techniques, inanimate items, and extended hospital stays, 
may be responsible for the high frequency of S. aureus in wound specimens.59–61 For S. aureus, linezolid (100%) was 
shown to be the most effective antimicrobial, followed closely by daptomycin (99.5%). Linezolid and vancomycin were 
shown to be 100% susceptible in the research done by other studies.62,63 There was also a strain among the MDR that 
was resistant to all the antimicrobial drugs that have been investigated (extremely drug-resistant). More than one gene 
may lead to MDR, as well as drug expulsion and mutagenesis in the target protein.64–66

MRSA acquires a staphylococcal chromosomal cassette mec, it may acquire a mec A gene that facilitates methicillin 
resistance by a penicillin-binding protein (PBP-2a).67 Even when the organism has the mecA gene, methicillin resistance 
cannot be proven. In our study, vancomycin was shown to be completely effective against an isolated strain of S. aureus. 
As a result, MIC testing is required to verify the presence of a VRSA strain. van A and van B genes may be activated, 
causing vancomycin resistance. While doing MIC tests, the organism was discovered to be susceptible to vancomycin.68

Only 11.7% of the isolates had a positive D-test, while 9% had a negative D-test, according to the findings. This may 
be related to erm genes, which encode for resistance to erythromycin and clindamycin. The organism’s resistance to all 
macrolides, lincosamides, and type B streptogramin antimicrobials might explain a constitutive expression, according to 
Mama et al.69 To put it simply, the correlation between the D-test and MRSA was found, which suggests that the number 
of MRSA cases may rise as the number of D-test cases rise. A clindamycin-resistant phenotype should be established at 
each medical laboratory investigation. The gold standard for assessing a bacterium’s antimicrobial susceptibility is 
phenotypic testing, but it is restricted by the number of antimicrobials that can be tested in the laboratory.70,71 Genomic 
analysis is good for detecting resistance to many antimicrobials, discovering new resistance genes, mutations, or new 
synergistic interactions impacting resistance genes and identifying new resistance genes, mutations, or synergistic links 
affecting resistance genes.72,73

Studied mecA and vanA genes were shown to have phenotype-genotype conformity and miscellaneous among 
S. aureus. Extra penicillin-binding protein (PBP2a) is encrypted by the mecA determinant. Deliberate acylation of 
PBP2a and low enzyme empathy for β-lactams74 permit resistance to be expressed. PBP2a’s low acylation rate when 
exposed to β-lactams is unsettled, conferring to organizational studies,75 to a deformed active site assumed by the non- 
binding (NB) domain and zones round the dynamic spot channel in the transpeptidase (TP) domain. Moreover, Ser403’s 
position is necessary for the nucleophilic beating of the β-lactam ring, which outcomes in protein acylation.7 vanA gene 
cluster enclosed two agents convoluted in the transcription of the seven open reading frames. The regulatory apparatus is 
encoded by a two-component system consisting of the vanR (response regulator) and vanS (sensing kinase) genes, which 
are transcribed from a shared promoter together with the rest of the genes. vanA is example of gene products that 
selectively alter peptidoglycan precursor synthesis (ligase that forms D-Ala-D-Llac dipeptide). For empirical therapy and 
future prevention, the antimicrobial susceptibility test information gained from a deep wound infection is crucial. In order 
to fully grasp the magnitude and scope of the MRSA and VRSA epidemics, more molecular and epidemiological 
investigations are required.76 As a result, those at high risk for developing MRSA should have timely access to 
preventative and control measures. In addition, regular monitoring and an antimicrobials stewardship program should 
be in place to provide critical information that can be utilized for empirical therapy and future preventions strategies.

Conclusion
In this investigation, the percentage of MRSA was greater than VRSA. In addition, a number of characteristics, including 
wound infection, expanded hospital stay, contemporary use of antimicrobials, and persistent deep chronic wounds were 
shown to be associated with MRSA. A result of vanA in strains in our investigation indicates that the vancomycin- 

Infection and Drug Resistance 2023:16                                                                                             https://doi.org/10.2147/IDR.S418681                                                                                                                                                                                                                       

DovePress                                                                                                                       
5343

Dovepress                                                                                                                                                    Almuhayawi et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


resistant gene is spreading among S. aureus and other bacterial pathogens. There is also a severe difficulty in therapeutic 
management with regard to vancomycin resistance, one of the few medications available for the treatment of MRSA 
infections. MRSA strains were more likely to have MDR than MSSA strains, and MRSA patients were observed to have 
a greater rate of D-test positives. Clindamycin resistance must be screened before prescribing the medicine in order to 
ensure that the infection can be effectively treated, though, linezolid may also be a possibility for treating infections like 
these.
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