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ABSTRACT
Objective: Staphylococcal infections are a major risk of morbidity among the community and hospital environment. The 

study aimed to elucidate the occurrence of methicillin-resistant and susceptible Staphylococcus aureus (MRSA and MSSA) using 
cefoxitin as a surrogate marker and to monitor resistance profile of MRSA and MSSA comparatively to ascertain the empirical 
therapeutic preferences. 

Methods: The clinical specimens collected prospectively from the various wards processed to isolate the staphylococcal 
pathogens and antibacterial drug resistance using modern microbiological methods including Bactec FX (BD) and MicroScan 
Walkaway plus System analyzer. 

Results: We isolated a total number of 103 (51%) MRSA and 100 (49%) MSSA strains with a significantly higher incidence 
of MRSA in surgical and intensive care unit (p = 0.01). MRSA resistance was significantly associated with co-amoxiclav, ampicil-
lin, and penicillin (p < 0.001). MRSA strains manifested 3 (2.9%) cases resistant to each of the chloramphenicol, daptomycin, 
vancomycin, and teicoplanin. The association of MSSA was significantly associated with chloramphenicol (p < 0.001), clarithro-
mycin (p = 0.001), fusidic acid (p = 0.01), imipenem (p < 0.01), linezolid (p < 0.05) and rifampin (p < 0.01). 

Conclusion: Emerging community and hospital-based cases of MRSA are troublesome that left us with therapeutic options to 
chloramphenicol, daptomycin, vancomycin, teicoplanin, rifampin, and linezolid. 
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INTRODUCTION

Staphylococcus aureus is an imperative human concern that causes 
diverse clinical manifestations. It is a commensal that often exists 
asymptomatically in the sweat, skin glands, and mucosal membranes of 
the human body, including nostrils and guts of healthy people1). S. 
aureus has a repertoire of toxins that mediate several diseases and syn-
drome, such as food-borne infections, scalded skin diseases, and toxic 
shock2). The vast range of the virulence factors produced by S. aureus, 

its capability to form biofilms, and metabolic adaptability are attributive 
to its versatility3). A remarkable challenge to treat staphylococcal infec-
tions is the acquisition of multidrug resistance to the effective antibacte-
rial drugs2).

S. aureus strains remained susceptible to penicillin drugs in the 
1940s, while the pattern changed in the 1960s with the production of 
penicillinases, which ended up with 95% resistance to these antibiotics. 
Methicillin (meticillin), oxacillin, cloxacillin, and flucloxacillin devel-
oped to resist staphylococcal β-lactamases and restored several treat-
ment options. Methicillin remained a drug of choice to treat the penicil-
linase-producing bacteria by targeting the penicillin-binding proteins 
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(PBPs) of S. aureus, which is required for the maintenance of the cell 
wall4). S. aureus bacterial strains resistant to methicillin (MRSA) have 
emerged as a preeminent reason for extremely serious infections5). The 
endemicity of these multidrug-resistant isolates to most anti-staphylo-
coccal antibiotics in many countries presents a significant threat to pub-
lic health. MRSA is genetically distinct from other Staphylococci that 
acquire a new protein (PBP2a), which is not blocked by methicillin and 
other pertinent compounds6). MRSA infections are transmitted horizon-
tally through skin contact or the sharing of contaminated objects. These 
pathogens can evade the host immune system and disseminated viru-
lence factors which leave limited therapeutic options to inhibit the 
infection process7).

MRSA has described as one of the most significant risks of severe 
morbidity8). Resistance to methicillin is mediated by the mecA gene, 
which encodes the polypeptide PBP2a protein9). MRSA infections are 
associated with higher mortalities than methicillin-sensitive S. aureus 
(MSSA), which have several choices for treatment2). The transmission 
of MRSA thought to be nosocomial, which has now become a primary 
community-related infection. Community and hospital-acquired sources 
serve as reservoirs in the horizontal transmission of MRSA in both the 
environments. The incidence and epidemiology are evolving continu-
ously, with novel MRSA clones in various regions10). The physicians 
have only limited choice for the treatment of MRSA, which includes 
vancomycin, teicoplanin, and linezolid4). The use of vancomycin dress-
ing can help to reduce the wound infections associated with MRSA 
strains11).

Prompt in vitro microbiological diagnosis of MRSA is essential 
before choosing the antimicrobial drugs to minimize the risk of mortali-
ty12). The use of cefoxitin as a surrogate marker is predictive of mecA-me-
diated MRSA, which provides an easy and economical diagnosis13). 
Continued vigilance for MRSA includes monitoring of host exposure and 
transmission routes of newer strains at different locations of a healthcare 
facility. The study aimed to elucidate the occurrence of MRSA and 
MSSA using cefoxitin as a surrogate marker in a specialist setting. We 
also monitored the antibacterial resistance profile of MRSA and MSSA 
comparatively to ascertain the empirical therapeutic preferences.

Table 1: Demographic and sources analysis of MRSA and MSSA isolates (n = 203)
 Characteristics MRSA MSSA P-value OR (95%CI)
  (n = 103)  (n = 100)

Gender  Male (120; 59%) 64 (62%) 56 (56%) 0.37 0.77 (0.44-1.35)
 Female (83; 41%) 39 (38%) 44 (44%)  
 OPD (60; 29.6%) 36 (35%) 24 (24%) 0.08 1.70 (0.92-3.13)
Wards Surgical ward (38; 19%) 26 (25.2%) 12 (12%) 0.01* 2.47 (1.17-5.23)
 ICU (33; 16.3%) 22 (21.3%) 11 (11%) 0.04* 2.19 (1.0-4.8)
 Medical ward (25; 12.3%) 9 (8.7%) 16 (16%) 0.11 0.50 (0.21-1.19)
 Diabetic clinic (16; 7.9%) 10 (9.7%) 6 (6%) 0.32 1.68 (0.51-4.82)
 Operating room (13; 6.4%) 5 (4.8%) 8 (8%) 0.36 0.58 (0.18-1.85)
 CCU (12; 5.9%) 6 (5.8%) 6 (6%) 0.95 0.96 (0.30-3.11)
 Emergency (5; 2.5%) 2 (1.9%) 3 (3%) 0.62 0.64 (0.10-3.95)
 OBG/GYN (1; 0.5%) 0 (0%) 1 (1%) 0.3 0.99 (0.97-1.01)
Source  Wound swab (120; 59%) 63 (61.1%) 57 (57%) 0.24 1.18 (0.67-2.08)
 Blood Culture (26; 13%) 16 (15.5%) 10 (10%) 0.61 1.65 (0.71-3.84)
 Nasal swab (14; 7%) 6 (5.8%) 8 (8%) 0.08 0.71 (0.23-2.12)
 Sputum (11; 5.4%) 8 (7.7%) 3 (3%) 0.13 2.72 (0.70-10.57)
 Throat swab (7; 3.4%) 0 (0%) 7 (7%) 0.006* 0.93 (0.88-0.98)
 Pus (7; 3.4%) 2 (0.9%) 5 (4%) 0.23 0.37 (0.07-1.98)
 Ear swab (4; 2%) 3 (2.9%) 1 (1%) 0.32 2.97 (0.30-29.04)
 High vaginal swab (4; 2%) 2 (1.9%) 2 (2%) 0.97 0.97 (0.13-7.02)
 Urine (4; 2%) 1 (0.9%) 3 (3%) 0.04* 0.31 (0.03-2.1)
 CSF (3; 1.5%) 0 (0%) 3 (3%) 0.07 0.97 (0.93-1.0)
 Diabetic foot (2; 1%) 1 (0.9%) 1 (1%) 0.98 0.97 (0.06-15.73)
 Urethral swab (1; 0.5%) 1 (0.9%) 0 (0%) 0.32 1.0 (0.99-1.02)

MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-sensitive Staphylococcus aureus; OR: Odd ratio; OPD: Outpatient department; ICU: Intensive care unit; CCU: Critical 

care unit; OBG/GYN: Obstetrics and Gynaecology; CSF: Cerebrospinal fluid; *Significant p-value (< 0.05).

Table 2: Overall antibacterial profile of S. aureus against vari-
ous classes of antibiotics (n = 203)

Antibiotic  Resistant Intermediate Sensitive 
 n (%) n (%) n (%)

Co-amoxiclav  106 (52.2%) 0 (0%) 97 (47.8%)
Ampicillin 193 (95.1%) 0 (0%) 10 (4.9%)
Penicillin 193 (95.1%) 0 (0%) 10 (4.9%)
Azithromycin 33 (16.2%) 2 (1%) 168 (82.8%)
Cefoxitin 103 (50.7%) 0 (0%) 100 (49.3%)
Cephalothin 123 (60.4%) 0 (0%) 80 (39.4%)
Chloramphenicol 3 (2.8%) 26 (1.5%) 174 (85.7%)
Ciprofloxacin 46 (24.7%) 6 (3%) 151 (74.4%)
Clarithromycin 61 (30%) 6 (3%) 136 (67%)
Clindamycin 37 (18%) 4 (2%)  162 (79.8%)
Daptomycin 6 (3%) 2 (1%) 195 (96.1%)
Erythromycin 48 (23.6%) 9 (4.4%) 146 (71.9%)
Fosfomycin 9 (4.4%) 0 (0%) 194 (95.6%)
Fusidic Acid 11 (5.4%) 66 (32.5%) 126 (62.1%)
Gentamicin 29 (14.3%) 3 (1.5%) 171 (82.1%)
Imipenem 73 (36%) 0 (0%) 130 (64%)
Levofloxacin 42 (20%) 3 (1.5%) 158 (78%)
Linezolid 13 (6%) 0 (0%) 190 (94%)
Moxifloxacin 41 (20.2%)  3 (1.5%) 159 (78.3%)
Mupirocin 12 (6%) 0 (0%) 191 (94%)
Netilmicin 9 (4.4%) 9 (4.4%) 185 (91.1%)
Rifampin 9 (4.4%) 6 (3%)  188 (92.6%)
Synercid 3 (1.5%) 4 (2%) 196 (97.5%)
Teicoplanin 4 (2%) 2 (1%) 197 (97%)
Tetracycline 18 (8.9%) 3 (1.5%) 182 (88.9%)
Co-trimoxazole 21 (10.3%) 0 (0%) 182 (88.9%)
Vancomycin 4 (2%) 16 (7.9%) 183 (90.1%)
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MATERIALS  AND  METHODS

The research organized for two years prospectively at the King 
Abdulaziz Specialist Hospital, Al Jouf, Saudi Arabia, to scrutinize the S. 
aureus infections. We included only the confirmed cases of S. aureus in 
the study while other organisms excluded from the study. 

Nearly 5,700 clinical specimens collected from the patients infected 
with various infections processed for the isolation of S. aureus. The 
sources of bacterial isolates include blood, cerebrospinal fluid (CSF), 
pus, sputum, urine, diabetic foot, wound, ear, nasal, throat, urethral, and 
high vaginal swabs. The specimens collected continuously from differ-
ent wards of the facility, which include critical care unit (CCU), diabetic 
clinic, emergency, intensive care unit (ICU), medical, obstetrics and 
gynecology, outpatient department (OPD), operating room, and surgical 
ward.

The blood specimens for the blood cultures collected in Becton 
Dickinson (BD) culture bottles compatible with Bactec FX (BD) ana-
lyzer. The rest of the specimens were also collected using the standard 
techniques14). The clinical specimens with suspected S. aureus infections 
cultured on Blood and MacConkey agar culture plates and incubated 
overnight at 37℃. The colony morphology, Gram's stain, and biochemi-
cal characteristics used for the identification of S. aureus. The growth 
was confirmed using the Mannitol Salt agar and MicroScan Walkaway 
plus System (automated analyzer). Mannitol fermenting colonies of S. 
aureus selected for further processing. The quality control of the cul-
tures established by the S. aureus subsp. aureus (ATCC® 25923TM).

We used various groups of antibiotics on MicroScan Walkaway plus 
System to observe the in vitro minimum inhibitory concentrations 
(MICs) of the drugs against S. aureus. The automated analyzer also 
detected beta-lactamase production. The bacterial isolates resistant to 
the surrogate marker cefoxitin contemplated as methicillin-resistant S. 
aureus (MRSA) strains while the sensitive strains reported as methicil-

lin-sensitive S. aureus (MSSA)13). The antimicrobial drug resistance of 
MRSA and MSSA detected against ampicillin, azithromycin, cefoxitin, 
cephalothin, chloramphenicol, ciprofloxacin, clarithromycin, clindamy-
cin, co-amoxiclav, co-trimoxazole, daptomycin, erythromycin, fosfomy-
cin, fusidic acid, gentamicin, imipenem, levofloxacin, linezolid, moxi-
floxacin, mupirocin, netilmicin, penicillin, rifampin, synercid, teico-
planin, tetracycline, vancomycin. The antimicrobial profile of MRSA 
and MSSA compared against each of these antibiotics.

The data analysis performed by SPSS (Statistical package for social 
sciences) version 23.0 and p-value < 0.05 taken as significant.

RESULTS

A total number of 203 bacterial strains of S. aureus isolated from 
the clinical samples processed during the study. The isolates further 
observed for demographic data, sources, MRSA, MSSA, and antibacte-
rial resistance profile in each case.

The gender distribution of the infected cases exhibited that the 
majority of the staphylococcal strains isolated from male patients (59%) 
in comparison to female patients (41%). Most of the cases of staphylo-
coccal infections diagnosed in OPD (29.6%), surgical ward (19%), and 
ICU (16.3%). Most of these infections were associated with the wound 
(59%) and blood (13%). We isolated a total of 103 (51%) MRSA and 
100 (49%) MSSA strains using cefoxitin as a surrogate marker of phe-
notypic characterization of the mecA gene. The frequency of MRSA was 
high among the male patient; however, it is not statistically significant. 
Results of statistical analysis revealed that the incidence of MRSA was 
higher in the surgical ward and ICU with a significant p-value of 0.01 
and 0.04, respectively. The odds ratio (OR) of MRSA from the surgical 
ward was 2.47 with 95% CI 1.17-5.23, and for ICU 2.19, with a 95% CI 
1.0-4.8. The incidence of MSSA was significantly associated with the 

Table 3: Comparative analysis of antibacterial against MRSA (n = 103) and MSSA (n = 100)
Antibiotic  Resistant Intermediate Sensitive p-value

 MRSA  MSSA MRSA MSSA MRSA MSSA 
 n (%) n (%) n (%) n (%) n (%) n (%) 

Co-amoxiclav 103 (100%) 3 (3%) 0 (0%) 0 (0%) 0 (0%) 97 (97%) < 0.001*
Ampicillin 103 (100%) 90 (90%) 0 (0%) 0 (0%) 0 (0%) 10 (10%) < 0.001*
Penicillin 103 (100%) 90 (90%) 0 (0%) 0 (0%) 0 (0%)  10 (10%) < 0.001* 
Azithromycin 19 (18.4%) 14 (14%) 2 0 (0%) 82 (77.3%) 86 (86%) 0.25
Cefoxitin 103 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 100 (100%) < 0.001*
Cephalothin 72 (70%) 51 (51%) 0 (0%) 0 (0%) 31 (30%) 49 (49%) 0.006*
Chloramphenicol 3 (2.9%) 0 (0%) 23 (22%) 3 (3%) 77 (75%) 97 (97%) < 0.001*
Ciprofloxacin 20 (19.41%) 26 (26%) 4 (3.8%) 2 (2%) 79 (76.6%) 72 (72%) 0.42
Clarithromycin 45 (11.2%) 16 (16%) 3 (2.9%) 3 (3%) 55 (53.3%) 81 (81%) 0.001*
Clindamycin 25 (24.3%) 12 (12%) 2 (1.9%) 2 (2%) 76 (73.7%) 86 (86%) 0.07
Daptomycin 3 (2.9%) 3 (3%) 0 (0%) 0 (0%) 98 (95.14%) 97 (97%) 0.99
Erythromycin 30 (29.1%) 18 (18%) 3 (2.9%) 6 (6%) 70 (67.9%) 76 (76%) 0.1
Fosfomycin 4 (3.8%) 5 (5%) 0 0 (0%) 99 (96.1%) 95 (95%) 0.69
Fusidic Acid 6 (5.8%) 5 (5%) 53 (51.4%) 13 (13%) 44 (42.7%) 82 (82%) 0.01*
Gentamicin 25 (24.3%) 4 (4%) 2 (1.9%) 1 (1%) 76 (73.7%) 95 (95%) 0.07
Imipenem 71 (69%) 2 (2%) 0 (0%) 0 (0%) 32 (31%) 98 (98%) < 0.01*
Levofloxacin 18 (17.47%) 24 (24%) 3 (2.9%) 0 (0%) 82 (79.6%) 76 (76%) 0.13
Linezolid 10 (9.7%) 3 (3%) 0 (0%) 0 (0%) 93 (87.7%) 97 (97%) 0.05*
Moxifloxacin 16 (15.5%) 25 (25%) 1 (0.97%) 1 (1%) 86 (83.4%) 73 (73%) 0.22
Mupirocin 5 (4.85%) 7 (7%) 0 (0%) 0 (0%) 98 93 (93%) 0.51
Netilmicin 5 (4.85) 2 (2%) 4 (3.8%) 5 (5%) 93 92 (92%) 0.50
Rifampin 9 (8.7) 3 (3%) 3 (2.9%) 0 (0%) 91 (88%) 97 (97%) 0.01*
Synercid 4 (3.8%) 0 (0%) 1 (0.97%) 2 (2%) 98 98 (98%) 0.11
Teicoplanin 3 (2.9%) 1 (1%) 1 (0.97%) 1 (1%) 99 98 (98%) 0.68
Tetracycline 8 (7.7%) 10 (10%) 0 (0%) 3 (3%) 95 87 (87%) 0.17
Co-trimoxazole 11 (10.6%) 10 (10%) 0 (0%) 0 (0%) 92 90 (90%) 0.87
Vancomycin 3 (2.9%) 1 (1%) 8 (7.7%) 8 (8%) 92 91 (91%) 0.61

MRSA: methicillin-resistant Staphylococcus aureus; MSSA: methicillin-sensitive Staphylococcus aureus; *Significant p value (< 0.05).
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urine and throat swab specimens with a p-value of 0.04 and 0.006, 
respectively (Table 1).

Overall in vitro antimicrobial resistance pattern of 203 S. aureus 
isolates observed against the various groups of antibiotics showed the 
highest resistance to penicillin and ampicillin (193; 95% each). The iso-
lates showed considerable resistance to other antibiotics, which include 
123 (60.4%) cephalothin and 106 (52.2%) co-amoxiclav (Table 2).

Comparative analysis of various classes of antibacterial against 
MRSA and MSSA, a variable pattern of antimicrobial resistance. The 
results of comparative analysis based on cefoxitin as a surrogate marker 
indicate that all the MRSA strains (100%) resistant to co-amoxiclav, 
ampicillin, and penicillin. Resistance to these antibiotics was signifi-
cantly associated with MRSA (p < 0.001). MRSA demonstrated a sub-
stantial antimicrobial resistance against some other antibiotics though it 
was not statistically significant. There were 72 (70%) cases resistant to 
cephalothin, 71 (69%) imipenem, 25 (24.3%) each of gentamicin, and 
clindamycin. MRSA strains manifested 3 (2.9%) cases resistant to each 
of the chloramphenicol, daptomycin, vancomycin, and teicoplanin. The 
pattern of resistance against these drugs found in different cases. There 
were 10 (9.7%) cases MRSA showed resistance to linezolid. The associ-
ation of MSSA was significantly associated with chloramphenicol (p < 
0.001), clarithromycin (p = 0.001), fusidic acid (p = 0.01), imipenem (p 
< 0.01), linezolid (p < 0.05) and rifampin (p < 0.01). The overall resis-
tance profile of MRSA and MSSA against each antibiotic presented in 
Table 2.

DISCUSSION

MRSA is a highly virulent superbug and untreatable by most of the 
antibiotics that can enhance its gene expressiveness to produce new 
strains with amplified virulence and colonization capacity. MRSA 
strains have proven the potential to develop resistance and documented 
as an exceptionally adaptable pathogen and imminent danger. MRSA 
emerged as a nosocomial pathogen, and now community-acquired 
strains are continuously emerging, often leading to sustained epidem-
ics2). The clinical isolates of S. aureus isolated from Sudan demonstrated 
50% of cases of MRSA, which is comparable to our study15). We detect-
ed 51% of cases of MRSA, which is higher compared to the 25% preva-
lence of MRSA reported from the UK, Spain, Italy, and France. A lower 
prevalence rate of 7% to 14% monitored in Poland, the Czech Republic, 
and Australia16). Our results are following the observation of a study that 
reported a 57% occurrence of MRSA isolated from staphylococcal skin 
infections17). A recent Pakistani study reported 69% MRSA out of a total 
of 176 staphylococcal infections, which is comparatively higher than the 
findings of our study10).

MRSA is widespread in almost all health care institutions and rep-
resents an immense burden of infectious disease in Asia; however, its 
prevalence differs significantly from country to country and has modi-
fied substantially over time. The outcome of the current study has 
demonstrated a higher incidence of S. aureus infection in males (59%) 
than females (41%). Similar findings observed in a study from Pakistan, 
which reported 63.1% S. aureus infection in males and 36.9% in 
females18) and supported by other studies from the United States and 
India19,20). We found a significantly higher incidence of MRSA in the sur-
gical ward and ICU, which differ from an Indian study21). Another study 
reported a higher incidence of MRSA surgery (24%) and orthopedics 
units (16%). The incidence of MRSA reported as 10% from ICU cases 
in Nepal22). A recent study has reported the highest number of ICU 
MRSA cases that are close to our findings20).

We observed wound and blood as a primary source of staphylococ-
cal infections, including MRSA, which are somehow comparable to 
other studies18,19). A higher incidence of MRSA has reported as 35.7% 
and 33.6% in clinical specimens of throat and pus, respectively23). The 
findings made a similar observation of a tertiary care center, which 
reported 33% MRSA from wound and pus sources24). S. aureus, identi-
fied as a prominent pathogen from the cases of pyogenic meningitis25).

All the MRSA isolates in the current study were resistant to 
co-amoxiclav, ampicillin, and penicillin. The isolates exhibited consid-
erable resistance to cephalothin (69%) while the lowest resistance (2.9% 
each) observed against chloramphenicol, daptomycin, vancomycin, and 
teicoplanin. These results are consistent with other studies that reported 
that all of the MRSA strains were resistant to penicillin while a sensitiv-
ity rate of 71% to piperacillin-tazobactam, 56.6% ampicillin-sulbactam, 
30.2% co-amoxiclav and 9% ampicillin-cloxacillin18,26). Similar findings 
observed from a recent study that reported minor resistance against 

chloramphenicol, gentamicin, and rifampicin10). A Nepali study reported 
all MRSA strains resistant to penicillin, 91.9% amoxicillin, 87.4% 
ampicillin, 77% co-cotrimoxazole, and 55.5% cephalexin. However, 
comparatively lower resistance seen against amikacin (19%), ciproflox-
acin (26.5%), and norfloxacin (30.6%). No cases of MRSA exhibited 
vancomycin resistance in the study27). MRSA resistance to ceftazidime 
(72.5), cefotaxime (62.4%), ciprofloxacin (67.4%), and ofloxacin 
(62.2%) have also been reported22). Polymicrobial wound infections 
commonly caused by S. aureus resistant to several classes of antibiotics 
treated with linezolid and vancomycin5). The vancomycin has proved to 
be the right choice against MRSA cases isolated from burn patients28). 
The dissemination of nosocomial and community-acquired resistance is 
not just only confined to the Gram-positive bacteria but also widespread 
among Gram-negative bacterial strains29,30). The data suggest that the rate 
of resistance varies widely according to hospitals and geographic 
regions. 

CONCLUSION

Emerging strains of MRSA in the community and hospital environ-
ment is alarming in the present therapeutic scenario. To prioritize the 
empirical antibiotic panel, prompt identification of MRSA and MSSA is 
necessary. The evolution of few MRSA to vancomycin-resistant MRSA 
is a notable concern that formerly considered as the drug of choice 
against MRSA without any reportable resistance. The other antibiotics 
which can serve as effective empirical drugs to treat MRSA infections 
include chloramphenicol, daptomycin, vancomycin, teicoplanin, rifamp-
in, and linezolid. However, the use of these drugs should be limited with 
subject to a clear indication for use. Regular surveillance of hospital-as-
sociated infections may help to reduce the incidence of these infections.
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