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Background: Methicillin-resistant Staphylococcus aureus (MRSA) presents
serious clinical and public health complications, and Staphylococcus aureus is
still a major cause of morbidity and mortality globally. The objective of this study
was to assess the temporal dynamics, microbiological traits, and epidemiological
trends of methicillin-susceptible S. aureus (MSSA) and MRSA isolates over a
twelve-year period in a tertiary care facility.

Methods: This retrospective cohort study analyzed the data of all confirmed S.
aureus isolates collected between January 2013 and June 2024. Identification
and antimicrobial susceptibility testing were performed using automated
methods according to CLSI guidelines. MRSA was confirmed by detection of
the mecA gene in all isolates using the GeneXpert MRSA assay. Additionally, 100
randomly selected MRSA isolates were further tested with the same platform for
the presence of the SCCmec gene; all of which were positive. Demographic,
clinical, and microbiological data were evaluated, and Generalized Linear Models
were applied to assess temporal trends in oxacillin resistance.

Results: The total of confirmed S. aureus isolates was 4,267. MRSA accounted for
52.7% (2,250) of all S. aureus isolates. It was significantly more prevalent in
patients with COVID-19 (62.5%), diabetes mellitus (56.4%), and end-stage renal
disease (52.7%) (p = 0.041). MRSA rates were higher in inpatient settings,
particularly in surgical (56.0%), ICU/IMCU (53.4%), and medical wards (52.7%)
(p < 0.001). While culture sources did not differ significantly between MRSA and
MSSA (p = 0.212), MRSA was more commonly found in blood, skin, and abscess
samples. Over time, MRSA prevalence increased across all wards, with the
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surgical ward showing the most significant rise (OR = 1.115; 95% ClI: 1.080-1.152;

p < 0.001).

Conclusion: This study demonstrates a rising burden of MRSA over the past
decade, especially among vulnerable populations. The findings underscore the
need for strengthened infection control, targeted antimicrobial stewardship, and
ongoing surveillance to combat MRSA in Saudi Arabia and similar high-

risk settings.
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MRSA, MSSA, mecA, SCCmec gene, Saudi Arabia, epidemiology, hospital-associated
infections, longitudinal study

Introduction

Staphylococcus aureus is a versatile and opportunistic pathogen
implicated in a wide spectrum of infections, ranging from minor
skin and soft tissue conditions to severe, invasive diseases such as
pneumonia, endocarditis, osteomyelitis, and bloodstream infections
(Tongetal., 2015). The global escalation of antimicrobial resistance,
particularly the emergence and spread of methicillin-resistant S.
aureus (MRSA), has transformed the clinical practice, posing
significant challenges to treatment, infection control, and public
health management (Gurung et al., 2020; Bereanu et al.,, 2024).

While methicillin-susceptible S. aureus (MSSA) remains
responsive to beta-lactam antibiotics, MRSA exhibits resistance to
multiple drug classes, including beta-lactams, macrolides, and
fluoroquinolones (Vestergaard et al,, 2019). This multidrug-
resistant phenotype has contributed to higher rates of morbidity,
mortality, and healthcare costs (Abebe and Birhanu, 2023; Kumar
et al, 2025). The emergence of MRSA has led to an increased
reliance on last-line agents such as vancomycin and linezolid,
further complicating therapeutic decisions and antimicrobial
stewardship (Kumar et al., 2025).

A meta-analysis from Egypt reported a pooled MRSA
prevalence of approximately 67% among Staphylococcus aureus
clinical isolates, mainly collected from hospitals and healthcare
facilities, including blood, respiratory specimens, wound swabs, and
urine (Azzam et al., 2023). In a systematic review and meta-analysis
of 119 studies from 29 countries, the pooled global MRSA
prevalence of 14.7% (95% CIL: 12.4-17.2%) among residents of
elderly care centers. This study emphasized the high prevalence of
MRSA in these settings and the need for targeted infection control
measures (Hasanpour et al., 2023).A systematic review and meta-
analysis of 40 studies across 20 countries reported a global MRSA
prevalence of 17% (95% CI: 14-27%) in diabetic foot ulcer patients.
The prevalence declined from 25% before 2010 to 9% after 2021.
Regionally, it was highest in South America (61%), followed by
North America (20%), Europe (19%), and Africa (13%) (Zhou et al.,
2024). In China, the prevalence of MRSA has shown a notable
decline over recent years. A study published in Scientific Reports
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reported a decrease in the proportion of MRSA from 69% in 2005 to
44.6% in 2014 (Zhen et al., 2020).

In Saudi Arabia, the epidemiology of MRSA has demonstrated
considerable regional variability. National estimates suggest that
MRSA accounts for approximately 35% to 45% of all S. aureus
isolates, with higher rates reported in hospital settings (El Amin and
Faidah, 2012; Alanzi et al.,, 2024; Almutairi et al.,, 2024). A
systematic review covering data from 2002 to 2012 documented
an overall MRSA prevalence of 35.6% (Yousef et al., 2013). Regional
variations are notable. A 2019 study indicated that the Western
region, which includes the Asir region, had a MRSA prevalence rate
of 42%, higher than the Central (32%) and Eastern (27%) regions
(Adam and Abomughaid, 2018). Studies from Riyadh have reported
that 27% to 33% of Staphylococcus aureus isolates were MRSA
(Baddour et al., 2006), while research from Jeddah found the rate to
be around 40% (Madani, 2002).

MRSA is particularly prevalent in hospital-associated infections
(HAIs), especially in intensive care units (ICUs), where rates have
been reported as high as 60% to 80% (Madani, 2002; Ali et al,
2020). In contrast, MSSA remains more prevalent in community-
acquired infections and is a significant contributor to S. aureus
disease burden. MSSA is typically associated with lower resistance
profiles and better treatment outcomes. However, its proportion
among S. aureus isolates has gradually declined in many regions due
to the rise of MRSA. In the Asir region, the dominance of MRSA in
hospital settings underscores an urgent need for targeted infection
control and surveillance efforts (Hamid, 2011). A study reported
that hospital-acquired MRSA represents 54% of all nosocomial
infections caused by S. aureus clinical isolates in the Asir Province,
with 85% of these strains being multidrug-resistant (Alanzi
et al., 2024).

According to a recent systematic analysis conducted in 2024,
which included more than 16,000 samples from 24 studies across
the Kingdom, the average MRSA prevalence was 17.0% (random
effects) and 8.6% (fixed effects).

These studies demonstrate the importance of having local
epidemiology data to understand resistance patterns and guide
strategic interventions. Given the increasing incidence of MRSA
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in both healthcare and community environments, ongoing
surveillance is critical (Samuel et al.,, 2023). Monitoring temporal
resistance patterns enables clinicians and public health officials to
adapt empiric therapy protocols, reinforce antimicrobial
stewardship, and develop regionally appropriate guidelines for
infection prevention and control (Pezzani et al., 2020).

This study aimed to describe the epidemiological and
microbiological characteristics of S. aureus infections, focusing on
the comparative prevalence of MRSA and MSSA isolates across
different clinical settings and comorbidities. We also investigated
the trends in oxacillin resistance over 11 years (2013-2024),
evaluating the temporal progression and the specific healthcare
environments where MRSA has become increasingly prevalent.
These findings are expected to provide crucial insights that
support targeted antimicrobial stewardship and guide infection
control policies tailored to regional needs.

Methodology
Study design and setting

This retrospective observational study analyzed microbiological
data from all non-duplicate clinical isolates of Staphylococcus
aureus obtained between January 2013 and June 2024 at the
microbiology laboratory of Aseer Central Hospital, a tertiary care
facility in Abha, Saudi Arabia. Only the first single isolate per
patient per infection episode was included to avoid duplication.
Pediatric(<18 years) and neonatal isolates, as well as colonization or
surveillance samples (e.g., nasal swabs for MRSA screening), were
excluded. The study was conducted under a waiver of informed
consent granted by the institutional ethics committee, in
accordance with ethical guidelines, ensuring patient
confidentiality and data protection.

Microbiological identification and
susceptibility testing

All isolates were identified and tested for antimicrobial
susceptibility using automated phenotypic systems (VITEK 2
[bioMeérieux, France] or BD Phoenix 100 [Becton Dickinson,
USA]. Results were interpreted according to the Clinical and
Laboratory Standards Institute (CLSI) performance standards
valid during the respective study years (M100 editions 2013-
2023). Methicillin resistance was determined based on oxacillin
and cefoxitin resistance profiles, the CLSI-recommended reference
method for MRSA detection in routine clinical microbiology.
Subsequently, all isolates were confirmed by detection of the
mecA gene using the GeneXpert MRSA assay (Cepheid, USA).
This ensured methodological consistency and comparability across
the 12-year study period. Further, 100 randomly selected MRSA
isolates were tested by GeneXpert for the presence of the
staphylococcal cassette chromosome (SCCmec) gene. All tested
isolates were positive for the SCCmec gene. Clinical specimens
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included blood, respiratory tract samples, urine, wound swabs,
abscesses, body fluids, cerebrospinal fluid, and soft tissue collected
from both general wards and intensive care units (ICUs).

Data collection and variables

The source of data was the hospital’s electronic laboratory
information system (LIS), and quality control was maintained by
internal protocols and CLSI recommendations throughout the
study period. While diagnostic platforms and interpretative
breakpoints were periodically updated to align with CLSI
revisions, the overarching criteria for classifying MRSA and
MSSA remained consistent.

The dataset included demographic variables (age, sex), clinical
diagnoses, culture sources, and hospitalization details, including
ward of admission and inpatient/outpatient status. Comorbidities
and risk factors were categorized into long-term stay, End-Stage
Renal Disease (ESRD), Burns, COVID-19, Diabetes Mellitus (DM),
and others.

Statistical analysis

Statistical analyses were performed using SPSS version 26.0
(IBM Corp., Armonk, NY, USA). Continuous variables (e.g., age)
were expressed as mean * standard deviation (SD) and compared
between MRSA and MSSA groups using independent-samples t-
tests. Normality was verified using the Shapiro-Wilk test.
Homogeneity of variances was assessed with Levene’s test, and
the appropriate p-value (equal variances assumed vs. not assumed)
was reported accordingly.

Categorical variables (e.g., sex, ward, comorbidities, and culture
source) were analyzed using Pearson’s chi-square test or Fisher’s
exact test when expected cell counts were <5. To evaluate temporal
changes in MRSA prevalence, Generalized Linear Models (GLM)
with a binomial distribution and logit link were applied. Model
assumptions and overall fit were checked using deviance and
Pearson chi-square statistics. Odds ratios (ORs) with 95%
confidence intervals (CIs) were reported to quantify
longitudinal trends.

Missing data were minimal (<5% across variables) and were
managed using pairwise deletion without imputation. No duplicate
isolates from the same patient or infection episode were included in
the analysis, ensuring that each case represented a unique isolate. A
two-tailed p-value <0.05 was considered statistically significant.

Results

A total of 4,267 non-duplicate Staphylococcus aureus isolates
were included in the analysis, comprising 2,250 (52.7%) MRSA and
2,017 (47.3%) MSSA. The mean age of patients was 49.3 + 22.4
years, with no significant difference observed between the MRSA
and MSSA groups (p = 0.175). Males accounted for 70.8% of the
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study population, and although a slightly higher proportion was
noted among MRSA cases (53.3%), the difference was not
statistically significant (p = 0.281) (Table 1).

MRSA was significantly associated with certain clinical
diagnoses, including urinary tract infections (62.5%), COVID-19
(62.5%), diabetes mellitus (56.4%), and ESRD (52.7%) (p =
0.041) (Table 2).

Inpatient status also correlated with higher MRSA prevalence
(54.1%, p < 0.001; Fisher's exact test). Across hospitalization wards,
MRSA was more frequently isolated in surgical (56.0%), ICU/
IMCU (53.4%), and medical (52.7%) wards compared to MSSA,
with statistically significant differences (p < 0.001) (Figure 1).

The distribution of culture sources did not differ significantly
between MRSA and MSSA isolates (p = 0.212); however, MRSA was
more frequently recovered from cerebrospinal fluid (56%), blood
(55.0%), skin and soft tissue (53.8%), and abscess samples
(55.1%) (Figure 2).

MRSA prevalence demonstrated a statistically significant
upward trend across all hospital wards over the study period. In
surgical wards, the proportion of MRSA isolates increased from
46.6% in 2013 to 68.3% in 2024 (OR = 1.115; 95% CI: 1.080-1.152;
p < 0.001). Comparable increases were observed in medical wards
(OR = 1.066; p < 0.001), IMCU/ICU units (OR = 1.050; p = 0.021),
and outpatient settings (OR = 1.112; p < 0.001) (Figure 3).

Discussion

This study presents a 12-year analysis of Staphylococcus aureus
infections, with particular emphasis on the evolving epidemiology
of MRSA in comparison to MSSA within a tertiary care center. The
findings demonstrate a sustained and concerning rise in MRSA
prevalence, aligning with both national and international
epidemiological trends.

In our study, we confirmed all MRSA isolates by detecting the
mecA gene with the GeneXpert MRSA assay. We also confirmed
100 randomly selected isolates as positive for the SCCmec gene.
These findings match global reports, where mecA is the main cause

TABLE 1 Demographic distribution of MRSA and MSSA.

Total
samples
Characteristic
n = 4267
48.81 +
Age (mean + SD) 930£2235 49.74% 2194 | 0.175a
Sex
1413
Mal 3023 (70.8% 1610 (53.3%
ae (708%) 4679 (533%) 1 81b
Female 1244 (29.2%) 604 640 (51.4%)
S (48.6%) o

SD, Standard deviation.
a-independent t-test.
b—Binomial generalized linear model for trend.
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TABLE 2 Correlation Between Patient Risk Factors and Prevalence of
MSSA vs MRSA.

Risk Total MRSA P
MSSA
factors samples (mecA) Value
Long-t 196
ong-term 355 (8.3%) 159 (44.8%)
stay (55.2%)
ESRD 112 (2.6%) 53 (47.3%) 59 (52.7%)
Burn 78 (1.8%) 41 (52.6%) 37 (47.4%)
0.030a
COVID-19 40 (0.9%) 15 (37.5%) 25 (62.5%)
DM 39 (0.9%) 17 (43.6%) 22 (56.4%)
1695
th 3643 (85.49 1948 (53.5%
Other 643 (85.4%) (46.5%) (53.5%)

ESRD, end-stage renal disease.
DM, diabetes milletus.
a Chi-square test.

of methicillin resistance in S. aureus and is nearly always found in
MRSA strains. For instance, studies from Europe, Asia, and North
America show mecA positivity among MRSA isolates (Becker et al.,
2016; Idrees et al.,, 2023; Gonzalez-Vazquez et al., 2024). The
detection of SCCmec elements further highlights their role in
spreading resistance. Hospital-associated lineages often carry
larger SCCmec types (I-III), while community-associated strains
are usually related to smaller, more mobile types (IV and V)
(Gonzalez-Vazquez et al., 2024).

The overall MRSA prevalence in this study (52.7%) surpasses
earlier estimates from Saudi Arabia, where a systematic review
reported MRSA rates ranging from 35.6% to 45% in various regions
between 2002 and 2012 (El Amin and Faidah, 2012; Alanzi et al,,
2024). Our observed rate aligns closely with more recent reports
from the Asir region, where MRSA prevalence in nosocomial S.
aureus infections was noted to be approximately 54% (Hamid,
2011). Similarly, a study conducted in Taif (Mecca Province)
reported that nosocomial infections accounted for 48% of all S.
aureus infections among hospitalized patients, while community-
associated infections comprised 52% (Sabra and Abdel-Fattah,
2012). This suggests that the burden of MRSA in the Asir region
may be higher than the national average, which reflects a broader
trend of increasing resistance, particularly in hospital settings.

Globally, MRSA prevalence varies widely, from 20%-30% in
northern Europe to over 50% in parts of Asia and the Middle East
(World Health Organization, 2014). Studies from neighboring Gulf
countries, such as the United Arab Emirates and Kuwait, report
MRSA prevalence rates between 22% and 55%, indicating that Saudi
Arabia’s MRSA burden is comparable to regional figures (Udo and
Boswihi, 2017; Al-Saleh et al., 2022; Thomsen et al., 2023).

Importantly, our study demonstrated no significant differences
in MRSA prevalence by age or sex, consistent with findings from
other studies in Saudi Arabia and internationally (Madani et al.,
20015 Iyer et al, 2014). However, MRSA infections were
significantly associated with specific risk factors, particularly
COVID-19 (62.5%), diabetes mellitus (56.4%), and end-stage
renal disease (52.7%) (p = 0.030). Similar associations have been
noted in global studies, where MRSA is increasingly implicated in
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Comparative distribution of MRSA and MSSA isolates across hospital wards.
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infections among immunocompromised and chronically ill patients
(Zacharioudakis et al., 2014; Garoy et al., 2019; Samuel et al., 2023).
Hospitalization settings significantly influenced the prevalence
of MRSA. According to our findings, the percentage of MRSA in
inpatients was substantially higher (54.1%, p < 0.001), especially in
surgical wards (56.0%), ICU/IMCU units (53.4%), and medical
wards (52.7%). This is consistent with previous Saudi research,
which identified ICUs as high-risk environments, with MRSA
frequencies ranging from 40% to 60% in certain tertiary
institutions (Ali et al., 2020; Taha et al., 2022; Alanzi et al., 2024;
Almutairi et al., 2024). This indicates that the MRSA rates in ICUs
are still extremely high worldwide; at some facilities, they surpass
50% of S. aureus isolates (Lee and Harbarth, 2012; CDC, 2024).

Frontiers in Cellular and Infection Microbiology 05

Regarding culture sources, although there was no statistically
significant difference between MRSA and MSSA isolation sites (p =
0.212), MRSA was more frequently recovered from blood (55.0%),
skin and subcutaneous (53.8%), and abscess samples (55.1%). This
non-specific distribution agrees with global patterns, reinforcing
MRSA’s versatility in causing localized and systemic infections
(Turner et al., 2019; Siddiqui and Koirala, 2025).

Temporal analysis revealed a statistically significant increase in
MRSA prevalence across all hospital wards, with the surgical ward
showing the most dramatic rise from 46.6% in 2013 to 68.3% in
2024 (OR = 1.115, 95% CI: 1.080-1.152, p < 0.001). Similarly,
upward trends were noted in medical and ICU settings. These
findings are concerning but not unexpected, given rising antibiotic
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resistance, prolonged hospitalizations, and the intensive use of
medical devices in such environments (Lee and Harbarth, 2012;
Sabra and Abdel-Fattah, 2012; Lee et al., 2021; Samuel et al., 2023).

Notably, our data corroborate recent reports indicating that
MRSA rates—particularly hospital-associated strains—remain a
significant concern in Saudi Arabia despite ongoing infection
control efforts. A 2024 meta-analysis indicated regional MRSA
prevalence rates of up to 42% in western regions of Saudi Arabia,
including Asir, highlighting persistent challenges (Alanzi
et al., 2024).

The COVID-19 pandemic may have further complicated
infection control measures, as suggested by the high MRSA rates
observed among COVID-19 patients in this study (62.5%).
Emerging evidence suggest that COVID-19, particularly when
accompanied by immunosuppressive treatments and invasive
mechanical ventilation, may increase the risk of secondary MRSA
infections (Pintea-Simon et al., 2024).

Strengths of this study include its large sample size, longitudinal
design, and detailed analysis by clinical setting and diagnosis.
However, some limitations must be acknowledged: the
retrospective design limits causal inference, molecular typing of
MRSA strains was not performed, and data were drawn from a
single tertiary center, potentially limiting generalizability.

Conclusion

The results of this study provide a detailed analysis of the
epidemiological and microbiological characteristics of
Staphylococcus aureus infections over 11 years, highlighting the
comparative prevalence of MRSA and MSSA across diverse clinical
settings and patient comorbidities. The results reveal a steadily

Frontiers in Cellular and Infection Microbiology

increasing burden of MRSA, particularly within inpatient hospital
wards and among vulnerable populations such as those with urinary
tract infections, diabetes mellitus, COVID-19, and end-stage
renal disease.

The observed rise in oxacillin resistance across all healthcare
environments underscores the critical need for strengthened
infection control measures and tailored antimicrobial stewardship
programs. Continuous local surveillance is essential for monitoring
resistance patterns, adapting empirical therapy guidelines, and
preventing further dissemination of MRSA strains.

Future efforts should focus on implementing robust national
infection prevention strategies, promoting rational antibiotic use,
and investing in molecular epidemiology research to understand
transmission dynamics. Strengthening healthcare infrastructure,
particularly in high-risk hospital wards, and enhancing
community-level awareness will be pivotal in controlling the
growing MRSA threat in Saudi Arabia and similar regions.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Aseer IRB: F7-
2-2025 Reg. No (H-06-B-091). The studies were conducted in
accordance with the local legislation and institutional
requirements. Written informed consent for participation was not

required from the participants or the participants’ legal guardians/

frontiersin.org


https://doi.org/10.3389/fcimb.2025.1622647
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Subramanian et al.

next of kin in accordance with the national legislation and
institutional requirements.

Author contributions

AS: Conceptualization, Funding acquisition, Visualization,
Writing - review & editing, Writing - original draft, Validation,
Formal Analysis, Methodology, Data curation. YS: Writing — review
& editing, Formal Analysis, Software, Resources, Visualization,
Supervision, Conceptualization, Methodology, Validation, Data
curation, Investigation. TA: Resources, Writing — review &
editing, Writing — original draft. IA: Writing - review & editing.
MH: Writing - review & editing. AAB: Writing - original draft,
Writing - review & editing. AA: Writing - review & editing.
SH: Writing - review & editing. SAM: Writing - review &
editing. AJA: Writing - review & editing, Writing — original draft.
RE: Writing - review & editing. AB: Writing — review & editing.
SMA: Writing - original draft. KB: Writing - original draft.

Funding

The author(s) declare that no financial support was received for
the research, and/or publication of this article.

References

Abebe, A. A., and Birhanu, A. G. (2023). Methicillin resistant staphylococcus aureus:
molecular mechanisms underlying drug resistance development and novel strategies to
combat. Infect. Drug Resist. 16, 7641-7662. doi: 10.2147/IDR.S428103

Adam, K. M., and Abomughaid, M. M. (2018). Prevalence of methicillin-resistant
staphylococcus aureus in Saudi Arabia revisited: A meta-analysis. TOPHJ 11, 584-591.
doi: 10.2174/1874944501811010584

Alanzi, T. K, Alhazmi, O. A., Alanezi, K, Alammari, W. M., Alrwily, A. A,
Alshammari, M. M,, et al. (2024). Prevalence of methicillin-resistant staphylococcus
aureus in Saudi Arabia: A systematic review and meta-analysis. Cureus 16, 1-11.
doi: 10.7759/cureus.70230

Ali, M. A, Rajab, A. M., Al-Khani, A. M., Ayash, S. Q., Basha, A. C., Abdelgadir, A.,
et al. (2020). Methicillin-resistant Staphylococcus aureus development in intensive care
patients. Saudi. Med. J. 41, 1181-1186. doi: 10.15537/sm;j.2020.11.25465

Almutairi, H., Albahadel, H., Alhifany, A. A., Aldalbahi, H., Alnezary, F. S., Alqusi, L,
et al. (2024). Prevalence and antimicrobial susceptibility pattern of methicillin-resistant
Staphylococcus aureus (MRSA) at a maternity and children hospital in Saudi Arabia: A
cross-sectional study. Saudi. Pharm. J. 32, 102001. doi: 10.1016/j.jsps.2024.102001

Al-Saleh, A, Shahid, M., Farid, E., and Bindayna, K. (2022). Trends in methicillin-
resistant Staphylococcus aureus in the Gulf Cooperation Council countries: antibiotic
resistance, virulence factors and emerging strains. East. Mediterr. Health ]. 28, 434-443.
doi: 10.26719/emhj.22.042

Azzam, A., Khaled, H., Mosa, M., Refaey, N., AlSaifi, M., Elsisi, S., et al. (2023).
Epidemiology of clinically isolated methicillin-resistant Staphylococcus aureus (MRSA)
and its susceptibility to linezolid and vancomycin in Egypt: a systematic review with
meta-analysis. BMC Infect. Dis. 23, 263. doi: 10.1186/s12879-023-08202-2

Baddour, M. M., Abuelkheir, M. M., and Fatani, A. J. (2006). Trends in antibiotic
susceptibility patterns and epidemiology of MRSA isolates from several hospitals in
Riyadh, Saudi Arabia. Ann. Clin. Microbiol. Antimicrob. 5, 30. doi: 10.1186/1476-0711-
5-30

Becker, K., Denis, O., Roisin, S., Mellmann, A., Idelevich, E. A., Knaack, D., et al.
(2016). Detection of mecA- and mecC-Positive Methicillin-Resistant Staphylococcus
aureus (MRSA) Isolates by the New Xpert MRSA Gen 3 PCR Assay. J. Clin. Microbiol.
54, 180-184. doi: 10.1128/JCM.02081-15

Bereanu, A.-S., Bereanu, R., Mohor, C., Vintil3, B. I., Codru, I. R., Olteanu, C., et al.
(2024). Prevalence of infections and antimicrobial resistance of ESKAPE group bacteria

Frontiers in Cellular and Infection Microbiology

10.3389/fcimb.2025.1622647

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

isolated from patients admitted to the intensive care unit of a county emergency
hospital in Romania. Antibiotics 13, 400. doi: 10.3390/antibiotics13050400

CDC (2024). “Epidemiology of MDROs,” in Infection control. Atlanta, Georgia,
U.S: Centers for Disease Control and Prevention (CDC), U.S. CDC. Available
online at: https://www.cdc.gov/infection-control/hcp/mdro-management/
epidemiology.html.

El Amin, N. M,, and Faidah, H. S. (2012). Methicillin-resistant Staphylococcus
aureus in the western region of Saudi Arabia: prevalence and antibiotic susceptibility
pattern. Ann. Saudi. Med. 32, 513-516. doi: 10.5144/0256-4947.2012.513

Garoy, E. Y., Gebreab, Y. B,, Achila, O. O., Tekeste, D. G., Kesete, R., Ghirmay, R.,
et al. (2019). Methicillin-Resistant Staphylococcus aureus (MRSA): Prevalence and
Antimicrobial Sensitivity Pattern among Patients—A Multicenter Study in Asmara,
Eritrea. Can. J. Infect. Dis. Med. Microbiol. 2019, 8321834. doi: 10.1155/2019/
8321834

Gonzalez-Vazquez, R., Cordova-Espinoza, M. G., Escamilla-Gutiérrez, A., Herrera-
Cuevas, M., del, R,, Gonzalez-Vazquez, R., et al. (2024). Detection of mecA genes in
hospital-acquired MRSA and SOSA strains associated with biofilm formation.
Pathogens 13, 212. doi: 10.3390/pathogens13030212

Gurung, R. R, Prashanna, M., and Chhetri, G. G. (2020). Antibiotic resistance
pattern of staphylococcus aureus with reference to MRSA isolates from pediatric
patients. Future Sci. OA 6, FSO464. doi: 10.2144/fsoa-2019-0122

Hamid, M. E. (2011). Resistance pattern of coag positive Staphylococcus aureus clinical
isolates from Asir region, Kingdom of Saudi Arabia. Nairobi, Kenya: Academic Journals
Academic Journals. Vol. 3. 102-108.

Hasanpour, A. H,, Sepidarkish, M., Mollalo, A., Ardekani, A., Almukhtar, M., Mechaal, A.,
et al. (2023). The global prevalence of methicillin-resistant Staphylococcus aureus
colonization in residents of elderly care centers: a systematic review and meta-analysis.
Antimicrob. Resist. Infect. Control. 12, 4. doi: 10.1186/s13756-023-01210-6

Idrees, M. M., Saeed, K., Shahid, M. A., Akhtar, M., Qammar, K., Hassan, J., et al.
(2023). Prevalence of mecA- and mecC-Associated Methicillin-Resistant

Staphylococcus aureus in Clinical Specimens, Punjab, Pakistan. Biomedicines 11, 878.
doi: 10.3390/biomedicines11030878

1,

Iyer, A., Kumosani, T., Azhar, E., Barbour, E., and Harakeh, S. (2014). High incidence
rate of methicillin-resistant Staphylococcus aureus (MRSA) among healthcare workers
in Saudi Arabia. J. Infect. Dev. Ctries. 8, 372-378. doi: 10.3855/jidc.3589

frontiersin.org


https://doi.org/10.2147/IDR.S428103
https://doi.org/10.2174/1874944501811010584
https://doi.org/10.7759/cureus.70230
https://doi.org/10.15537/smj.2020.11.25465
https://doi.org/10.1016/j.jsps.2024.102001
https://doi.org/10.26719/emhj.22.042
https://doi.org/10.1186/s12879-023-08202-2
https://doi.org/10.1186/1476-0711-5-30
https://doi.org/10.1186/1476-0711-5-30
https://doi.org/10.1128/JCM.02081-15
https://doi.org/10.3390/antibiotics13050400
https://www.cdc.gov/infection-control/hcp/mdro-management/epidemiology.html
https://www.cdc.gov/infection-control/hcp/mdro-management/epidemiology.html
https://doi.org/10.5144/0256-4947.2012.513
https://doi.org/10.1155/2019/8321834
https://doi.org/10.1155/2019/8321834
https://doi.org/10.3390/pathogens13030212
https://doi.org/10.2144/fsoa-2019-0122
https://doi.org/10.1186/s13756-023-01210-6
https://doi.org/10.3390/biomedicines11030878
https://doi.org/10.3855/jidc.3589
https://doi.org/10.3389/fcimb.2025.1622647
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Subramanian et al.

Kumar, S., Mahato, R. P., Ch, S., and Kumbham, S. (2025). Current strategies against
multidrug-resistant Staphylococcus aureus and advances toward future therapy.
Microbe 6, 100281. doi: 10.1016/j.microb.2025.100281

Lee, A. S., and Harbarth, S. J. (2012). “Infection control in the ICU: MRSA control,”
in Encyclopedia of intensive care medicine. Eds. J.-L. Vincent and J. B. Hall (Springer,
Berlin, Heidelberg), 1216-1225. doi: 10.1007/978-3-642-00418-6_62

Lee, A. S., Huttner, B. D., Catho, G., and Harbarth, S. (2021). Methicillin-resistant
staphylococcus aureus: an update on prevention and control in acute care settings.
Infect. Dis. Clinics North America 35, 931-952. doi: 10.1016/j.idc.2021.07.001

Madani, T. A. (2002). Epidemiology and clinical features of methicillin-resistant
Staphylococcus aureus in the University Hospital, Jeddah, Saudi Arabia. Can. J. Infect.
Dis. 13, 245-250. doi: 10.1155/2002/235213

Madani, T. A., Al-Abdullah, N. A., Al-Sanousi, A. A., Ghabrah, T. M., Afandi, S. Z.,
and Bajunid, H. A. (2001). Methicillin-resistant staphylococcus aureus in two tertiary-
care centers in jeddah, Saudi Arabia. Infect. Control. Hosp. Epidemiol. 22, 211-216.
doi: 10.1086/501891

Pezzani, M. D., Mazzaferri, F., Compri, M., Galia, L., Mutters, N. T., Kahlmeter, G.,
et al. (2020). Linking antimicrobial resistance surveillance to antibiotic policy in
healthcare settings: the COMBACTE-Magnet EPI-Net COACH project. J.
Antimicrob. Chemother. 75, ii2-ii19. doi: 10.1093/jac/dkaa425

Pintea-Simon, L.-A., Bancu, L., Mare, A. D., Ciurea, C. N., Toma, F., Brukner, M. C.,
et al. (2024). Secondary bacterial infections in critically ill COVID-19 patients admitted
in the intensive care unit of a tertiary hospital in Romania. J. Clin. Med. 13, 6201.
doi: 10.3390/jcm13206201

Sabra, S. M., and Abdel-Fattah, M. M. (2012). Epidemiological and microbiological
profile of nosocomial infection. Pakistan: International Digital Organization for
Scientific Information.

Samuel, P., Kumar, Y. S., Suthakar, B. J., Karawita, J., Sunil Kumar, D., Vedha, V.,
et al. (2023). Methicillin-resistant staphylococcus aureus colonization in intensive care
and burn units: A narrative review. Cureus 15, e47139. doi: 10.7759/cureus.47139

Siddiqui, A. H., and Koirala, J. (2025). “Methicillin-Resistant Staphylococcus
aureus,” in StatPearls (StatPearls Publishing, Treasure Island (FL). Available online
at: http://www.ncbi.nlm.nih.gov/books/NBK482221/.

Taha, A. E., Al-Ruwaili, N. M., El-Masry, E. A,, Saad, A. E., and Taher, I. A. (2022).
MRSA as an indicator of infection control measures in Turaif General Hospital,

Frontiers in Cellular and Infection Microbiology

08

10.3389/fcimb.2025.1622647

Northern Area-Saudi Arabia. J. Infection. Developing. Countries. 16, 1037-1044.
doi: 10.3855/jidc.16058

Thomsen, J., Abdulrazzag, N. M., UAE AMR Surveillance Consortium, Menezes, G.
A., Ayoub Moubareck, C., Everett, D. B., et al. (2023). Methicillin resistant
Staphylococcus aureus in the United Arab Emirates: a 12-year retrospective analysis
of evolving trends. Front. Public Health 11. doi: 10.3389/fpubh.2023.1244351

Tong, S. Y. C,, Davis, J. S., Eichenberger, E., Holland, T. L., and Fowler, V. G. (2015).
Staphylococcus aureus infections: epidemiology, pathophysiology, clinical
manifestations, and management. Clin. Microbiol. Rev. 28, 603-661. doi: 10.1128/
CMR.00134-14

Turner, N. A., Sharma-Kuinkel, B. K., Maskarinec, S. A., Eichenberger, E. M., Shah,
P. P, Carugati, M., et al. (2019). Methicillin-resistant Staphylococcus aureus: an
overview of basic and clinical research. Nat. Rev. Microbiol. 17, 203-218.
doi: 10.1038/s41579-018-0147-4

Udo, E. E,, and Boswihi, S. S. (2017). Antibiotic resistance trends in methicillin-
resistant staphylococcus aureus isolated in Kuwait hospitals: 2011-2015. Med. Princ.
Pract. 26, 485-490. doi: 10.1159/000481944

Vestergaard, M., Frees, D., and Ingmer, H. (2019). Antibiotic resistance and the
MRSA problem. Microbiol. Spectr. 7. doi: 10.1128/microbiolspec.gpp3-0057-2018

World Health Organization (2014). Antimicrobial resistance: global report on
surveillance (Geneva: World Health Organization). Available online at: https://iris.
who.int/handle/10665/112642.

Yousef, S. A., Mahmoud, S. Y., and Eihab, M. T. (2013). Prevalence of methicillin-
resistant Staphylococcus aureus in Saudi Arabia: Systemic review and meta-analysis.
Afr. J. Clin. Exp. Microbiol. 14, 146-154. doi: 10.4314/ajcem.v14i3.5

Zacharioudakis, I. M., Zervou, F. N,, Ziakas, P. D., and Mylonakis, E. (2014). Meta-analysis
of methicillin-resistant staphylococcus aureus colonization and risk of infection in dialysis
patients. J. Am. Soc. Nephrol. 25, 2131-2141. doi: 10.1681/ASN.2013091028

Zhen, X,, Lundborg, C. S., Zhang, M., Sun, X., Li, Y., Hu, X,, et al. (2020). Clinical and
economic impact of methicillin-resistant Staphylococcus aureus: a multicentre study in
China. Sci. Rep. 10, 3900. doi: 10.1038/s41598-020-60825-6

Zhou, S., Hu, X,, Wang, Y., Fei, W., Sheng, Y., and Que, H. (2024). The global
prevalence of methicillin-resistant staphylococcus aureus in patients with diabetic foot

ulcers: A systematic review and meta-analysis. Diabetes Metab. Syndr. Obes. 17, 563—
574. doi: 10.2147/DMS0.5446911

frontiersin.org


https://doi.org/10.1016/j.microb.2025.100281
https://doi.org/10.1007/978-3-642-00418-6_62
https://doi.org/10.1016/j.idc.2021.07.001
https://doi.org/10.1155/2002/235213
https://doi.org/10.1086/501891
https://doi.org/10.1093/jac/dkaa425
https://doi.org/10.3390/jcm13206201
https://doi.org/10.7759/cureus.47139
http://www.ncbi.nlm.nih.gov/books/NBK482221/
https://doi.org/10.3855/jidc.16058
https://doi.org/10.3389/fpubh.2023.1244351
https://doi.org/10.1128/CMR.00134-14
https://doi.org/10.1128/CMR.00134-14
https://doi.org/10.1038/s41579-018-0147-4
https://doi.org/10.1159/000481944
https://doi.org/10.1128/microbiolspec.gpp3-0057-2018
https://iris.who.int/handle/10665/112642
https://iris.who.int/handle/10665/112642
https://doi.org/10.4314/ajcem.v14i3.5
https://doi.org/10.1681/ASN.2013091028
https://doi.org/10.1038/s41598-020-60825-6
https://doi.org/10.2147/DMSO.S446911
https://doi.org/10.3389/fcimb.2025.1622647
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Epidemiological dynamics and rising trends of MRSA in Saudi Arabia: a 12-year observational study
	Introduction
	Methodology
	Study design and setting
	Microbiological identification and susceptibility testing
	Data collection and variables
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References


