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Abstract. – OBJECTIVE: Currently, there is 
a limited amount of published data on the inci-
dence of bloodstream infections (BSI) caused 
by both methicillin-resistant Staphylococcus au-
reus (MRSA) and methicillin-susceptible Staph-
ylococcus aureus (MSSA) in most parts of the 
Arabian Peninsula. Thus, it is extremely import-
ant to have information concerning the distribu-
tion and prevalence of MRSA and MSSA to bet-
ter handle and manage future epidemics.  This 
study aimed to investigate the correlation be-
tween MRSA and/or MSSA with BSI at King Ab-

dulaziz University Hospital (KAUH), Jeddah, 
Saudi Arabia. 

PATIENTS AND METHODS: This investigation 
took place at King Abdulaziz University Hospital 
in Jeddah, Saudi Arabia, for four years. During 
this period, we meticulously collected and docu-
mented clinical data on blood cultures that tested 
positive for MRSA or MSSA.

RESULTS: BSI caused by S. aureus bacte-
ria was found in 461 individuals; 232 (50.3%) of 
these patients had MSSA, and 229 (49.7%) had 
MRSA. The data showed that patients with dia-
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betes, renal, and heart disease were most at risk 
of contracting S. aureus associated with BSI (at 
46%, 37%, and 23%, respectively). Hospital-ac-
quired (HA) MRSA was associated with higher 
rates of BSI compared to HA-MSSA. Device and 
procedure-related infections were mostly asso-
ciated with HA-BSI, whereas superficial skin and 
soft-tissue infections were more commonly con-
nected to community-acquired BSI (CA-BSI). 

CONCLUSIONS: Such information will prob-
ably lead to a reduction in hospital-acquired in-
fections and will improve hospital infection-pre-
ventative procedures.  

Based on the data obtained, diabetic patients 
are most at risk of contracting S. aureus BSI.  To 
prevent the spread of MRSA infection among 
healthcare centers, patients with MRSA must 
undergo MRSA screening tests, appropriate 
therapeutic follow-up, and contact precautions. 
Moreover, appropriate therapeutic management 
of diabetes may protect the patients from getting 
infected with S. aureus.

Key Words: 
Staphylococcus aureus, Bacteremia, Methicillin-sus-

ceptible, Methicillin-resistant, Community-acquired, 
Hospital-acquired.

Introduction

Bloodstream infections (BSIs) are one of the 
most common fatal infections globally¹. S. aureus 
can be considered one of the most commonly en-
countered organisms implicated with BSI-caused 
mortality². S. aureus is a Gram-positive bacteri-
um, mainly inhabiting the human nostrils, skin, 
axilla, and gastrointestinal tract, and it is often 
associated with high mortality rates in infected 
patients³. Among the organisms, S. aureus is the 
predominant cause of bloodstream infections, 
both acquired in hospitals and within the commu-
nity globally4. S. aureus in the bloodstream may 
lead to sepsis, which is a systemic inflammato-
ry reaction as a result of infection. An inherent 
characteristic of sepsis is a contradictory immu-
nosuppressive response that occasionally occurs 
with inflammation. The simultaneous presence of 
the inflammation and immunosuppression harms 
nearby tissues and leaves the host susceptible to 
the primary organism and subsequent infections5. 
The inflammatory responsiveness may alter the 
balance between pro- and anti-coagulant process-
es, which may lead to the development of dissem-
inated intravascular coagulation (DIC).

The antibiotic resistance of various S. aureus 
strains, particularly methicillin-resistant Staphy-

lococcus aureus (MRSA) strains, has been wors-
ening, leading to the rapid spread of these patho-
gens in both healthcare and community settings. 
CA-MRSA, in particular, has demonstrated the 
ability to spread quickly among healthy individ-
uals6. The occurrence of bloodstream infections 
(BSI) caused by S. aureus, along with its associ-
ated consequences, has significantly increased in 
recent years because of the rising frequency of in-
vasive medical operations, higher numbers of pa-
tients associated with weakened immune systems, 
and the increasing resistance of S. aureus strains 
to the existing antibiotics7. Besides, it is important 
to mention that there are other risk factors, such as 
surgical wounds, diabetes mellitus, and cancer8.

It has been reported9 that 74% of S. aureus 
bloodstream infections (SA-BSI) identified at 
King Abdulaziz University Hospital were hospi-
tal-acquired (HAI), while 25% were communi-
ty-acquired (CAI). Additionally, methicillin-re-
sistant S. aureus (CA-MRSA) accounted for 29% 
of the community-acquired cases.

However, the study9 provided limited data re-
garding the risk factors, mortality rate, and antibi-
otic sensitivity profile.

This study attempts to investigate the preva-
lence and distribution of BSI caused by Staphy-
lococcus aureus over four years, spanning from 
2017 to 2021, focusing on the proportion of meth-
icillin-sensitive S. aureus (MSSA) and MRSA in-
fections. It also aims to identify demographic and 
clinical factors associated with an elevated risk of 
contracting S. aureus BSI, including comorbidi-
ties like diabetes, renal disease, and heart disease. 
Additionally, the study aims to compare the rates 
of hospital-acquired (HA) BSI among MRSA 
and MSSA infections and explore the association 
between specific infection types and acquisition 
settings. Additionally, it aims to assess the mor-
tality rates associated with MSSA and MRSA in-
fections by analyzing the sources of bloodstream 
infections and investigating the role of invasive 
devices or procedures in the transmission of these 
infections (Figure 1).

Patients and Methods

Sample Collection and Technique of 
Sample Collection

The bacterial species were deducted from clin-
ical specimens of blood cultures that have tested 
positive for a period of four years (01-10-2017 to 
01-10-2021). The study evaluated the clinical and 
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epidemiological characteristics of patients across 
various age groups who had BSI caused by S. au-
reus bacteria. The inclusion criteria included pa-
tients with positive culture results for S. aureus 
and signs and symptoms of infection. The study 
included all underlying illnesses and concurrent 
disorders for each patient, considering only the 
first bacteremia event for each individual. Patients 
were excluded if they had a second S. aureus BSI 
episode/90 days following the first episode. In this 
study, approval was received from the Research 
Ethics Committee of King Abdulaziz University 
Hospital (KAUH) under approval number HA-
02-J-008. The protocol was thoroughly reviewed 
and found to be in full compliance with the rele-
vant ethical standards. The committee granted a 
waiver for individual patient consent, allowing 
the study to proceed without direct patient interac-
tion, while patient isolates used for infection diag-
nosis are, as standard practice in hospitals, man-
aged in compliance with strict ethical guidelines.

Microbial Identification of the Bacterial
Isolates

The Molecular and Clinical Microbiology 
Laboratory at KAUH processed all blood culture 
bottles, both aerobic and anaerobic, using the au-
tomated microbial identification system BACT/
Alert VIRTUO (BioMérieux, Durham, NC, USA), 
which provides real-time results.

These bottles were kept in an incubator until 
a signal-positive alarm was activated or a maxi-
mum of five days had elapsed. Positive blood cul-
ture bottles were subjected to Gram staining, with 
results recorded in the system and communicated 
verbally to the office.

 BioFire (Biomerieux Inc., Durham, NC, USA) 
was employed for early detection and treatment 
of sepsis utilizing molecular technology, specif-
ically the BioFire Blood Culture Identification 2 
(BCID2) panel, which is proficient in identifying 
pathogens and antimicrobial resistance genes in 
positive blood cultures. This device can detect 
both S. aureus and resistant genes (mecA/mecC, 
MREJ and vanA/vanB) within approximately 
one hour, using the positive blood culture results. 
Positive blood culture bottles were grown on 5% 
sheep blood agar, chocolate agar, or MacConkey 
agar (provided by Saudi Prepared Media Labora-
tories, Riyadh, Saudi Arabia). The MacConkey 
agar plates were maintained in a conventional in-
cubator at 35-37°C for 18 hours, while the blood 
agar and chocolate agar plates were placed in an 
incubator at 35-37°C with 5-10% CO2. Immediate-

ly collected material from the bottles with positive 
blood cultures was used to inoculate Mueller-Hin-
ton plates (Saudi Prepared Media Laboratories, 
Riyadh, Saudi Arabia) and incubated at 37°C for 
18 hours. After 24 hours of incubation, colonies 
of Gram-positive cocci were analyzed using the 
VITEK 2 system (BioMérieux, Marcy-L’Étoile, 
Lyon, France) in accordance with the manufactur-
er’s guidelines.

Confirmatory and Screening Tests 
for MRSA 

The GeneXpert system (Cepheid; Sunnyvale, 
CA, USA) is a rapid diagnostic tool that uses 
real-time polymerase chain reaction (PCR) and 
delivers results within two hours. The specificity 
and sensitivity of GeneXpert MRSA were tested 
with a nasal or skin swab and a GeneXpert MRSA 
ID kit at 99% and 100%, respectively. The nasal 
or skin swabs were prepared on mannitol salt agar 
supplemented with 4 µg/ml oxacillin (Saudi Pre-
pared Media Laboratories) to isolate MRSA. The 
isolates were analyzed for antibiotic susceptibility 
using either the disk diffusion test or the VITEK-2 
identification system. The GeneXpert test, which 
was employed as a validation test for MRSA, was 
also verified by a routine technique using a pure 
bacterial colony.

Antimicrobial-Susceptibility Testing (AST)
The VITEK 2 system was employed for anti-

biotic susceptibility testing (AST). The AST of 
Gram-positive bacteria (AST-GP) susceptibility 
cards (P580 panel) were operated in adherence to 
the manufacturer’s guidelines. The AST-GP panel 
involves the following antibiotics which are To-
bramycin, Oxacillin, Benzylpenicillin, Levofloxa-
cin, Gentamicin, Moxifloxacin, Linezolid, Clinda-
mycin, Erythromycin, Teicoplanin, Vancomycin, 
Fosfomycin, Tigecycline, Tetracycline, Nitrofu-
rantoin, Fusidic acid, Mupirocin, Trimethoprim/
Sulfamethoxazole and Rifampicin. The VITEK 
2 system performed the cards autonomously and 
produced the results within a span frame of 10 to 
18 hours. The results received from the VITEK 2 
system were then compared with the Gram-pos-
itive bacteria designation database. Clinical and 
molecular microbiology laboratory antibiotic 
susceptibility documenting standards were set 
according to the CLSI M100 performance guide-
lines (https://clsi.org/standards/products/microbi-
ology/documents/m100/) for AST. These criteria 
are utilized to assess resistance, susceptibility, and 
intermediate resistance. Ultimately, results were 

https://clsi.org/standards/products/microbiology/documents/m100/
https://clsi.org/standards/products/microbiology/documents/m100/
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collected by the VITEK 2 system once the sam-
ple cycle (identification and AST) was completed, 
which typically took 10-18 hours.

The summary of the major steps involved in 
this study is presented in Figure 2.

Statistical Analysis
The statistical analysis was conducted using 

IBM SPSS version 22 software (IBM Corp., Ar-
monk, NY, USA) to ensure robust data evaluation. 
Numerical data are presented as mean ± standard 
deviation, providing a measure of central tenden-
cy and variability. For categorical data, frequen-
cies and percentages are reported to facilitate 
clear comparisons among groups. The relation-
ships between study variables and pathogen types 
were analyzed using the Chi-square test, which is 
appropriate for determining associations in cate-
gorical data. A p-value threshold of 0.05 was es-
tablished to determine statistically significant dif-
ferences. Additionally, where applicable, post-hoc 

tests were performed to further explore significant 
findings. All analyses were two-tailed to account 
for possible relationships in both directions.

Results

461 patients with S. aureus-positive blood cul-
tures were included; 232 (50.3%) of these patients 
were infected with MSSA, and 229 (49.7%) were 
MRSA-positive. The mean age of MSSA-positive 
patients was 46 ± 27, whereas that of MRSA pa-
tients was 43 ± 25. Sixty percent of the total pa-
tients were male. 

Diabetes (46%), kidney disease (37%), and 
heart disease (23%) were identified as risk fac-
tors for SA-BSI. A higher number of infections 
(49%) were contracted from the emergency room. 
Hospital-acquired infections accounted for 52.6% 
of MSSA and 60% of MRSA infections. On the 
contrary, community-acquired infections were re-

Figure 1. Sources of nosocomial infections with methicillin-susceptible Staphylococcus aureus (MSSA) and methicillin-re-
sistant Staphylococcus aureus (MRSA) can include various routes such as healthcare workers, catheters, wounds, surgery, and 
airborne transmission. These factors contribute to the spread of MSSA or MRSA, leading to systemic infections and sepsis. 
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sponsible for 47.4% of MSSA and 40% of MRSA 
infections. The nasal and skin colonization rate in 
the case of MRSA was 24%. CA-BSI was more 
likely to be implicated with superficial skin and 
soft-tissue infections, and HA-BSI was mainly 
linked with device- and procedure-related infec-
tions. The overall mortality rates were found to be 
29.7%, whereby 33.2% of cases were associated 
with MSSA and 26.2% were with MRSA.

Demographics and Wards of Patients
with SA-BSI

Table I reveals that out of the total number 
of patients who have MSSA, 140 (60.3%) were 
males and 92 (39.7%) were females. In the case 
of MRSA, out of 229 reported cases, 136 males 
(59.9%) and 93 females (40.1%) tested positive 
(p = 0.834). No statistically significant differenc-
es were found among the two groups of patients 
across different wards (p > 0.05). Finally, the av-
erage age for MSSA patients was 46 ± 27, while 
that of the MRSA group was 43 ± 25, indicating 

no major difference between the two groups. The 
p-value for age is 0.699 (p > 0.05).

Figure 3 shows the distribution of patients ac-
cording to sex. 

Sources of Bloodstream Infection
Table II shows that hospital-acquired infections 

(HAI) happened at a higher rate for both groups in 
comparison with community-acquired infections 
(CAI). Additionally, primary bloodstream infec-
tions occurred at a higher rate for both groups as 
compared to secondary bloodstream infections. 
Finally, the main sources of secondary blood-
stream infections were associated with wound 
cultures, respiratory cultures, and urine cultures 
40%, 26%, and 23%, respectively.

MRSA Screening 
The MRSA screening results revealed that 24% 

of the tests for MRSA came back positive, while 
76% came back negative with p = 0.000 (p < 
0.05), highlighting a substantial disparity.

Figure 2. Blood samples collected from patients were incubated for 5 days using the BACT/Alert VIRTUO system. Subse-
quently, gram staining was performed on positive samples. These samples were then sent to the Biofire multiplex polymerase 
chain reaction (PCR) to detect methicillin-susceptible Staphylococcus aureus (MSSA) and methicillin-resistant Staphylococcus 
aureus (MRSA). Bacterial cultures were grown on 5% sheep blood agar, chocolate agar, or MacConkey agar. Further identi-
fication and sensitivity testing were conducted using Vitek2. Confirmation of the results was carried out using the GeneXpert 
multiplex PCR.
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Invasive Devices or Procedures
Using invasive devices or procedures (Ta-

ble III) revealed no significant differences in 
the transmission of both the MSSA and MRSA. 
However, invasive procedures, especially periph-
eral line catheters (30%), central line catheters 
(22%), and hemodialysis (17%), may have played 
an important role in SA-BSI infections. There was 
no noticeable distinction between the MSSA and 
MRSA groups.

Risk Factors for SA-BSI
Table IV displays the key risk factors implicat-

ed with SA-BSI in the following descending or-
der: diabetes mellitus, hypertension, chronic kid-
ney disease, and chronic heart disease: 47%, 39%, 
37%, and 23%, respectively. The only statistically 
significant factor among the 2 groups was diabe-
tes mellitus (p < 0.05). MSSA-BSI was higher in 
oncology patients (18%); this difference was bor-
derline significant (p = 0.08).

Figure 3. Distribution of infection rates among MSSA 
and MRSA patients according to gender. MSSA, meth-
icillin-susceptible Staphylococcus aureus; MRSA, 
methicillin-resistant Staphylococcus aureus.

Study variables
MSSA N = 232 (50.3%) MRSA N = 229 (49.7%)

p-value
N % N %

Sex
Male
Female

140
92

60.3
39.4

136
93

59.9
40.1

0.834

Table I. S. aureus bloodstream infections (SA-BSI) associated with MRSA or MSSA.

              Ward
MSSA N = 232 (50.3%) MRSA N = 229 (49.7%)

p-value
N % N %

Emergency (49%) 117 49 109 47 0.543
Medical unit (14.5%) 36 16 31 13 0.392
Paediatric unit (8.7%) 18 9 22 10 0.481
Adult ICU (8.5%) 18 8 21 9 0.586
Paediatric ICU (7.2%) 17 7 16 7 0.887
Surgical unit (4.8%) 10 4 12 5 0.640
Dialysis unit (3.7%) 8 3 9 4 0.784
Obstetrics and gynecology (1%) 4 2 1 1 0.182
Isolation unit (0.9%) 0 0 4 2 -
Day-care unit (0.6%) 1 1 2 1 0.555
Other (1.1%) 3 1 2 1 0.555
Age 46Y (± 27Y)

Range (1D-100Y)
43Y (± 25Y)
Range (1D-109Y)

0.699

MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus; ICU, intensive care unit. 
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Antibiotics Susceptibility Test
Table V demonstrates the antibiotic suscepti-

bility profile of MSSA and MRSA. The results 
revealed that both MSSA and MRSA isolates ex-
hibited 100% sensitivity to vancomycin. The sus-
ceptibility of MSSA to oxacillin was 100%, while 
all MRSA were resistant to oxacillin as expected. 
The susceptibility to clindamycin was 84% and 
73.2% for MSSA and MRSA, respectively.

Comorbidity Analysis Reveals Disparity in 
Mortality Rates Among BSI Patients with 
MSSA and MRSA Infections

The comorbidity analysis displays that most 
BSI patients had one or three other diseases. The 
mortality rates for these patients with comorbidi-
ties were 33.2% and 26.2% for MSSA and MRSA, 
respectively. A considerable disparity in mortality 
rates was noticed among the MSSA and MRSA 
groups (p < 0.05) (Table VI).

Study variables
MSSA N = 232 (50.3%) MRSA N = 229 (49.7%)

p-value
N % N %

Type of bloodstream infection

Hospital-acquired infection 122 52.6 137 60 0.000
Community-acquired infection 110 47.4 92 40 0.000
Source of bloodstream infection

Primary BSI 181 78 190 83 0.180
Secondary BSI 51 22 39 17 0.180
Source of secondary BSI

Wound culture (40%) 26 40 20 40 0.977
Respiratory culture (26%) 16 24.6 14 28 0.652
Urine culture (23%) 15 23.08 11 22 0.900
Peritoneal fluid culture (3%) 3 4.62 1 2 0.449
Synovial fluid culture (3%) 0 0 3 6 -
Ear culture (2%) 1 1.54 1 2 0.847
Drain culture (1%) 1 1.54 0 0 -
Eye culture (1%) 1 1.54 0 0 -
Pleural fluid culture (1%) 1 1.54 0 0 -
HVS culture (1%) 1 1.54 0 0 -

Table II. Bloodstream infections associated with MSSA or MRSA.

BSI, bloodstream infection; MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus 
aureus; HVS, high vaginal swab. 

Study variables
MSSA N = 232 (50.3%) MRSA N = 229 (49.7%)

p-value
N % N %

Peripheral arterial catheter 
Central venous catheter
Urine catheter
Mechanical ventilator 
Hemodialysis 
Nasogastric tube 
Total parenteral nutrition 
Ventricular shunt 

30%
22%
17%
10%
4%
2%
2%
1%

68
43
33
23
7
4
3
2

29.3
18.5
14.2
10
3

1.7
1.2
1

68
57
44
24
12
3
6
2

29.6
25
15

10.5
5.2
1.3
2.6
1

0.294
0.151
0.253
0.853
0.313
0.613
0.373
0.937

Table III. Number of cases associated with invasive devices or procedures. 

MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus.
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Discussion

To the best of our knowledge, this is the first 
study to investigate the prevalence and distribution 
of Staphylococcus aureus BSI over a four-year pe-
riod, from 2017 to 2021, in the region. This study 
provides unique insights into the epidemiology of 
SA-BSI within Saudi Arabia, addressing a signifi-
cant gap in regional data and offering valuable in-
formation for improving infection control strategies 
and patient outcomes in local healthcare settings.

Staphylococcus aureus is considered a human 
organism that can cause various clinical mani-
festations associated with infections10. Generally, 
S. aureus infection and/or colonization has been 
ranked according to their response to antibiotics 
as either MRSA or MSSA infections and the con-
dition by which patients contract the infection as 
either HA or CA¹¹. S. aureus ranks as the second 
most prevalent source of bloodstream infections, 
both in community and hospital settings¹². It is a 
primary contributor to BSI and infective endocar-
ditis, as well as infections in the bones and joints, 
skin and soft tissues, lungs and pleural cavity, and 
infections connected to medical devices¹³. This 
study explored the epidemiology and outcomes of 
MSSA and MRSA BSI and determined the risk 
factors associated with S. aureus bloodstream 
infection at KAUH. Four hundred sixty-one BSI 
cases were caused by S. aureus, 232 (50.3%) 
MSSA, and 229 MRSA (49.7%). According to the 
results obtained in this study, males were more at 
risk of contracting BSI mediated by MSSA and/
or MRSA. Those results are similar to what has 
been reported in other studies14. Furthermore, 
studies15 also highlighted an increased prevalence 
of MRSA infections in males. These results may 
provide insights into the epidemiology, risk 
factors, clinical characteristics, and transmission 
mechanisms of S. aureus bloodstream infections, 
with implications for infection prevention and 
control strategies in healthcare settings.

Staphylococcus aureus is one of the most com-
mon Gram-positive bacteria that induces blood-
stream infections both in hospitalized patients and 
in the community at large16. It has been exhibit-
ed that hospital-acquired bloodstream infections 
with MRSA are more prevalent than MSSA17. In 
this investigation, we uncovered that HA-MR-
SA BSI was more prevalent than HA-MSSA BSI 
(60% vs. 52.6%, p < 0.001). In a different study, 
it was indicated that the high proportion of com-
munity-acquired S. aureus bloodstream infections 
provoked by MSSA highlights the prevalence of 

this organism as a serious cause of community-ac-
quired infections18. Similarly, our study found that 
CA-MSSA was more prevalent than CA-MRSA 
(47.4% vs. 40%, p < 0.001).

BSIs can be classified as primary or secondary 
according to the source from which they arise. 
Primary BSI develops within the cardiovascular 
system, whereas secondary BSIs result from an in-
fection in another part of the body19. According to 
published data20, primary SA-BSI is more prevalent 
than secondary SA-BSI. This aligns with our find-
ings, where primary SA-BSI occurred more often 
than secondary SA-BSI (80% vs. 20%, p = 0.180). 
Parallel to our results, it has been shown that de-
vice- and procedure-related infections are the most 
common sources of HA-MRSA BSIs²¹. Further, in-
dwelling devices, including intravascular catheters, 
were reported as one of the most common causes 
of primary SA-BSI²². For secondary BSIs, the most 
frequent sources of infection were skin and soft 
tissue infections, joint or bone infections, infective 
endocarditis, and respiratory tract infections²³. In 
our study, primary MRSA and MSSA BSI were 
most prevalent in patients with either a peripheral 
arterial catheter (30%) or a central venous catheter 
(22%). Conversely, secondary BSIs most common-
ly originated from soft tissue and skin infections 
(40%), respiratory tract infections (26%), and uri-
nary tract infections (23%).

Over time, there has been a growth in the num-
ber of adult patients recognized with communi-
ty-acquired methicillin-resistant Staphylococcus 
aureus bloodstream infections. This disease is 
more strongly connected with cutaneous abscess 
and necrotizing pneumonia and less so with en-
dovascular infections in comparison with com-
munity-acquired methicillin-sensitive S. aureus 
BSI24. In our study, we noticed that patients with 
CA-MRSA BSI had a higher likelihood of skin 
and soft tissue infections, particularly cutaneous 
abscesses, compared to patients with CA-MSSA 
BSI (21% vs. 16%, p = 0.317). The present inves-
tigation determined peripheral arterial catheters 
as the primary risk factor, contributing to 30% 
of cases, while ventricular shunts were the least 
common, accounting for only 1%. Device-related 
infections accounted for 33% of SA-BSI cases. 
The increasing use of indwelling foreign devic-
es, including vascular catheters, hemodialysis 
equipment, and orthopedic prostheses, in clini-
cal settings is a widely recognized risk factor for 
SA-BSI²³. Healthcare workers should implement 
CDC recommendations to prevent device- and 
procedure-associated infections25.
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Kwiecinski and Horswill26 conveyed that pa-
tients with S. aureus bloodstream infection (BSI) 
had encountered numerous comorbidities, such 
as diabetes, kidney disease, heart disease, malig-
nancy, immunosuppression, MRSA colonization, 
and the existence of indwelling medical devices, 
as well as intravenous drug use. Similarly, in our 
study, we found that the most common risk factors 
associated with S. aureus BSI were diabetes mel-
litus (46%), hypertension (39%), kidney disease 
(37%), heart disease (23%), hemodialysis (20%), 
and postoperative infection (19%). Patients with 
diabetes face a 4.4 times higher risk of developing 
bloodstream infections compared to those without 
diabetes, making them more vulnerable to sepsis 
of unknown origin. People with diabetes are at a 
raised risk of MRSA colonization compared to 
those without diabetes. Diabetes may heighten a 
patient’s vulnerability to S. aureus BSI due to oth-
er medical conditions and consequences, such as 
elevated tissue glucose levels and reduced oxygen 
supply, which often impair the immune system27. 
In addition, Sohail et al28 highlighted that patients 
with MRSA had a significantly higher frequency 

of diabetes mellitus than those with MSSA. In 
our study, the risks of acquiring MSSA and MR-
SA-BSI were similar, with no significant differ-
ences observed across all risk factors except for 
diabetes mellitus (p ˂ 0.046), which was statisti-
cally significant (p ≤ 0.019).

A published study29 emphasized that 45% of ad-
mitted patients with MRSA infections encountered 
colonization before the development of blood-
stream infections (BSI). In our study, only 55 pa-
tients (24%) were colonized with MRSA before 
developing BSI (p < 0.001). Regarding the mor-
tality rate, the overall mortality of S. aureus-related 
BSI was 35.3%, with higher rates in MRSA cas-
es (39.9%) in comparison with MSSA (30.7%)30. 
These findings vary from ours, where the overall 
30-day mortality rate was 29.7%, with a higher 
rate among individuals with MSSA than those with 
MRSA (33% and 26%, respectively) (p ˂ 0.001). 
A previous study14 noted that the rate of S. aureus 
BSI-related mortality was higher in men than in 
women within 28 days (19.3% vs. 13.2%). Similar-
ly, in our study, the 30-day mortality rate was 1.7 
times higher in men than in women (63% vs. 37%). 

Co-morbidities 
(underlying diseases)

MSSA N = 232 (50.3%) MRSA N = 229 (49.7%)
p-value

N % N %

Diabetes mellitus 46% 95 41% 115 50% 0.046
Hypertension 39% 90 39% 88 38% 0.936
Chronic kidney disease 37% 84 36% 85 37% 0.839
Chronic heart disease 23% 58 25% 49 21% 0.360
Haemodialysis 20% 44 19% 49 21% 0.515
Surgery 19% 42 18% 47 21% 0.510
Oncology 18% 49 21% 34 15% 0.080
Skin infection 16% 37 16% 37 16% 0.951
Chemotherapy 11% 30 13% 20 9% 0.147
Congenital malformation 3% 10 4% 6 3% 0.322
Chronic liver disease 3% 9 4% 7 3% 0.630
Preterm infant 3% 9 4% 5 2% 0.289
Chronic lung disease 4% 7 3% 10 4% 0.442
COVID-19 4% 7 3% 12 5% 0.230
Tuberculosis 3% 5 2% 7 3% 0.543
Rheumatological 2% 4 2% 7 3% 0.349
Haemorrhage 1% 2 1% 2 1% 0.990
HIV 1% 2 1% 2 1% 0.990

SA-BSI, Staphylococcus aureus-bloodstream infection; COVID-19, coronavirus disease of 2019; HIV, human immunodeficien-
cy virus; MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus. 

Table IV. Risk factors involved in SA-BSI.
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Another study³¹ documented that the prevalence of 
hospital-acquired BSI-related mortality was high-
er than community-acquired BSI. In our study, the 
mortality rates from hospital-acquired BSI were 
higher in MRSA patients. In comparison, death 
rates from community-acquired BSI were higher in 
MSSA patients, with this difference being statisti-
cally significant (p ≤ 0.05).

According to a study, the connection of S. au-
reus bloodstream infection (SA-BSI) in diabetic 
patients with mortality has raised³². In this study, 
the total death rate for SA-BSI patients with diabe-
tes was 55.5% (49.4% MSSA vs. 63.3% MRSA), 
with no significant difference (p ≥ 0.102). Im-
munosuppression was another risk factor associ-
ated with high mortality rates due to SA-BSI. A 
study noted that the mortality rate because of S. 
aureus in immunocompromised patients, such as 
those undergoing chemotherapy, living with HIV, 
or having a dysfunctional immune system, was 
20%³³. In our study, the death rate among chemo-
therapy patients was 10%. Nevertheless, the fatal-
ity rate was significantly higher among individ-
uals undergoing chemotherapy with MSSA (12, 
15.6%) in comparison with those with MRSA (2, 
3.3%), showing a six-fold difference.

Based on the report, the antibiotics of choice to 
treat MSSA bloodstream infections are anti-staph-
ylococcal penicillins, including nafcillin, oxacillin, 
or dicloxacillin34. Alternative antibiotics include 
first-generation cephalosporins like cefazolin, both 
of which were found to be highly effective in treat-
ing MSSA. These outcomes align with our study, 
where cloxacillin was recognized as the drug of 
choice for treating MSSA BSI, as MSSA is sus-
ceptible to all beta-lactam antibiotics. It has been 
noted that MRSA is naturally resistant to oxacillin 
and most beta-lactam antibiotics35. Our study dis-
covered similar results, with MRSA showing resis-
tance to all beta-lactam antibiotic groups, including 
those typically used for MSSA, such as oxacillin 
and cephalosporins. One exception is the newer 
generation of cephalosporins, such as cefazolin 
and ceftobiprole. Recent reports36 indicated that the 
UK guidelines for treating MRSA-related BSI rec-
ommend intravenous vancomycin as the first-line 
antibiotic. When vancomycin is contraindicated, 
linezolid can be used as an alternative first-line 
treatment. In this study, 100% of MRSA was found 
to be sensitive to vancomycin, and we employed 
linezolid either as an alternative to vancomycin or 
as an oral antibiotic for discharged patients.

Antibiotics MSSA N = 232 MRSA N = 229 
Oxacillin 232/232 (100%) 0/229 (0%)
Clindamycin 195/232 (84%) 167/229 (73.2%)
Vancomycin 232/232 (100%) 229/229 (100%)

Table V. Antibiotic sensitivity profile of MRSA and MSSA isolates.

MSSA, methicillin-susceptible Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus.

Number of comorbidities/patients
MSSA N = 232 (50.3%) MRSA N = 229 (49.7%)

p-value
N % N %

0 (11%) 21 9.1 30 13.1 0.166
1 (27%) 68 29.3 59 25.8 0.394
2 (26%) 66 28.4 55 24.0 0.280
3 (21%) 48 20.7 49 21.4 0.852
4 (9%) 18 7.8 22 9.6 0.481
5 (5%) 9 3.9 13 5.7 0.365
6 (1%) 2 0.9 1 0.4 0.570

Mortality rate 77 33.2 60 26.2 0.000

Table VI. The mortality rate of comorbidities.

The number of comorbidities per patient: 0 - no comorbidities; 1 - one comorbidity; 2 - two comorbidities; 3 - three comorbidi-
ties; 4 - four comorbidities; 5 - five comorbidities; 6 - six comorbidities. MSSA, methicillin-susceptible Staphylococcus aureus; 
MRSA, methicillin-resistant Staphylococcus aureus.
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Limitations
This study is limited to a single center and re-

lies exclusively on the analysis of clinical data 
from that center.

Conclusions

In conclusion, this is the first study investigat-
ing Staphylococcus aureus bloodstream infections 
in Saudi Arabia at King Abdulaziz University over 
a four-year period, from 2017 to 2021. This study 
highlights the epidemiology, risk factors, and clin-
ical outcomes of Staphylococcus aureus blood-
stream infections at King Abdulaziz University 
Hospital. We found that both methicillin-suscepti-
ble S. aureus and methicillin-resistant S. aureus sig-
nificantly contribute to the burden of bloodstream 
infections, with HA-MRSA being more common 
than HA-MSSA and CA-MSSA being more com-
mon than CA-MRSA. The study identified import-
ant risk factors, including diabetes, peripheral ar-
terial catheters, and indwelling devices, which are 
strongly associated with the occurrence of SA-BSI. 
Men, in particular, were at higher risk of acquiring 
these infections, and the 30-day all-cause mortal-
ity rate was substantial, with MSSA-related mor-
tality outpacing MRSA-related mortality. These 
findings enforce the need for enhanced infection 
control measures, especially in the use of medical 
devices, and highlight the importance of targeted 
therapies for both MSSA and MRSA infections. 
The study also highlights the function of vancomy-
cin and linezolid as effective treatment options for 
MRSA-BSI, with newer cephalosporins potentially 
offering alternative therapeutic strategies.
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