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Abstract
Background: Methicillin-resistant Staphylococcus aureus (MRSA) has become a major public health problem
all over the world. After the 2019 coronavirus illness (COVID-19), the pandemic may have influenced
research priorities and resource allocation, potentially affecting the ability to monitor MRSA trends.

Aims: The study aimed to evaluate the prevalence of S. aureus, including MRSA infections, and their
antimicrobial susceptibilities over the years 2019 and 2020 in a tertiary hospital in Makkah City, KSA.

Methodology: A total of 2128 and 1515 laboratory (lab) samples were collected during the years 2019 and
2020, respectively. From these samples, the prevalence of S. aureus, including MRSA, and their antibiotic
susceptibility were identified using standard, automated, and molecular microbiological methods.

Results: The present study shows that the lab prevalence of all S.  aureus during 2019 was found to be 35.5%,
of which MRSA was 44.8%. During 2020, the frequency of S. aureus strains was 16%, of which MRSA was
41.2%. The most common MRSA isolated during both years were colonizing pus swabs and urine samples.
The results showed that MRSA susceptibility against antimicrobial agents in 2019 was as follows:
vancomycin (100%), linezolid (100%), trimethoprim-sulfamethoxazole (88%), and doxycycline (34.2%). The
MRSA strains isolated during 2020 were as follows: vancomycin (100%), linezolid (96%), trimethoprim-
sulfamethoxazole (100%), and doxycycline (24.3%). There was no significant difference in the incidence and
antimicrobial resistance rates of MRSA over the two years.

Conclusion: It was concluded that the prevalence rates of MRSA have not increased in 2020 when compared
to 2019. Vancomycin, linezolid, trimethoprim-sulfamethoxazole, and doxycycline remain susceptible to the
positive collected MRSA strains. There was no significant difference between the prevalence and
antimicrobial resistance rates of MRSA between 2019 and 2020. Continued research efforts are needed to
address this persistent public health threat. Strategies to control the spread of MRSA should include early
detection of MRSA and surveillance, even during pandemics.
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Introduction
Methicillin-resistant Staphylococcus aureus (MRSA) infection has become a major public health problem all
over the world. It is correlated with increased morbidity and mortality compared to other pathogenic
bacteria. MRSA is a type of bacteria that is resistant to many antibiotics. The prevalence of MRSA in Saudi
Arabia is reported as 25-55%, with the dominance of community-acquired MRSA (CA-MRSA) (23-30%),
while hospital-acquired MRSA (HA-MRSA) represents 54% of all nosocomial infections caused by S. aureus
clinical isolates. COVID-19 has been a pandemic since it was first discovered in December 2019. The
emergence of the COVID-19 pandemic has not directly altered the characteristics of MRSA itself, such as
cell-wall-associated virulence determinants and a broad spectrum of extracellular proteins, but it may have
influenced certain factors, such as bacterial and fungal infection in COVID-19 patients, inappropriate
prescribing and use of antibiotics, increased use of biocides, and the impact of compromised healthcare
services in the rise of COVID-19 [1]. In Ghana, MRSA carriage rates range from 25% to 50%; people who
inject drugs (PWID), have insulin-dependent diabetes, have dermatological diseases (Impetigo), have
indwelling intravascular catheters, or work in healthcare have greater rates of incidence than the general
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population [2]. Before COVID-19, challenges in healthcare systems were limited to the treatment of
antibiotic-resistant infections like MRSA. After COVID-19, the strain on healthcare systems during the
pandemic might have influenced the management of MRSA cases, potentially diverting resources and
attention [3]. Over the past decade (before COVID-19), the percentage of S. aureus clinical specimens that
are methicillin-resistant has been steadily increasing in many Nordic countries, with 61.8 new cases per
100,000 individuals in 2016 as the highest, where rates were highest in inpatient lower respiratory specimens
and lowest in outpatient skin and soft tissue specimens [4]. After COVID-19, the pandemic may have
influenced research priorities and resource allocation, potentially affecting the ability to monitor MRSA
trends. Epidemiological studies indicate that bacterial co-infections are the primary contributor to the
higher mortality of COVID-19 rather than the virulence of the virus itself. S. aureus is a common bacterial
infection that causes pneumonia [5]. It has been reported that secondary pneumonia may be brought on by
several bacteria, including S. aureus [6]. Influenza A virus may also be the primary culprit in severe
respiratory conditions that cause high rates of morbidity and death. MRSA strains are among the pathogens
that have become increasingly common over the past few decades, which has led to issues that have
increased the annual prevalence of pneumonia and death (65,000 deaths) in the United States [7,8]. The
history of MRSA has been characterized by a series of waves of change since the 1940s [9]. It is appropriate to
analyse the advent of MRSA and point out significant turning points for increasing the burden of COVID-19
infection. In Makkah city (the pilgrimage city) in Saudi Arabia, the rate of MRSA was reported at more than
22% [10,11]. The close proximity of large numbers of people in confined spaces facilitates the transmission
of various pathogens, like MRSA [10]. In Saudi Arabia, the incidence of MRSA infections has been reported by
authors [10,11]; however, few published papers compared the prevalence of S. aureus and MRSA strains and
their antimicrobial susceptibilities before and after COVID-19 in Saudi Arabia. The study aimed to
determine the prevalence of S. aureus, including MRSA strains, and their antimicrobial susceptibilities over
the years 2019 and 2020 in a tertiary hospital in Makkah city, Saudi Arabia.

Materials And Methods
Study design
A cross-sectional descriptive laboratory-based study was undertaken to determine the prevalence of MRSA
in the Security Forces Hospital Makkah (SFHM) and their susceptibilities to antibiotics before and during the
COVID-19 pandemic. S. aureus was isolated from regular (non-COVID-19) patients who attended SFHM,
Makkah, Saudi Arabia, during the years 2019 and 2020. The Institutional Review Board (IRB) in SFHM
approved the study with Ref. No. 0329-021219.

Sample collection
Researchers conducted a cross-sectional descriptive laboratory-based study to determine the prevalence of
MRSA in the SFHM and its susceptibilities to antibiotics before and during the COVID-19 pandemic. S.
aureus was isolated from regular (non-COVID-19) patients who attended SFHM, Makkah, Saudi Arabia,
during the years 2019 and 2020. The IRB in SFHM approved the study with Ref. no. 0329-021219.

Strains identification
The identities of the strains were confirmed and identified as MRSA using standard microbiological methods
such as catalase, the coagulase test (staphylococcus latex test), the cefoxitin disc (FOX) screen test, and the
automated VITEK 2 compact marker of mecA/mecC-mediated to define the MRSA strain. According to
Ahmed [12], PCR testing was conducted. Briefly, DNA was extracted by the microwave lysis method and then
added to detect the resistance mecA gene using specific primers MECA P4 (5' TCCAGATTACAACTTCACCAGG
-3') and MECA P7 (5'- CCACTTCATATCTTGTAACG -3'), which were then amplified at a 162-bp fragment.
These strains were characterized using antimicrobial susceptibility testing by a commercial microdilution
system (VITEK 2 Compact). Antimicrobial susceptibility for antibiotics including moxifloxacin,
erythromycin, clindamycin, vancomycin, linezolid, trimethoprim-sulfamethoxazole, gentamicin,
nitrofurantoin, and oxacillin was assessed using a specific card for Gram-positive bacteria analyzed with the
automated instrument Vitek 2 (Biomerieux SA, Marcy-l'Étoile, France).

Statistical analysis
Statistical analysis was performed using SPSS “Statistical Package for the Social Sciences" (IBM SPSS
Statistics V22.0, Armonk, NY). The chi-square test was used to evaluate the relationship between the rates
of MRSA infections during the two years. The p-value < 0.05 was considered to be statistically significant.

Ethical approval
The Institutional Review Board in SFHM approved the study (Ref. No. 0329-021219). Informed consent was
not required.

Results
Table 1 and Figure 1 show that the frequency of Gram-positive bacteria in 2019 was 756 (35.5%), while
Gram-negative bacteria was 1372 (64.5%). The frequency of S. aureus in 2019 was 261 (19%), of which MRSA
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was 44.8% and MSSA was 55.2%. The frequency of Gram-positive bacteria during 2020 was 455 (30%), while
Gram-negative bacteria was 1060 (70%). The frequency of S. aureus during 2020 was 170 (16%), of which
MRSA was 41.2% and MSSA was 58.8%.

Variables 2019 2020

Gram-negative bacteria 1372 (64.5%) 1060 (70%)

Gram-positive bacteria 756 (35.5%) 455 (30%)

Total 2128 (100%) 1515 (100%)

S. aureus 261 (19%) 170 (16%)

MRSA 117 (44.8%) 70 (41.2%)

MSSA 144 (55.2%) 100 (58.8%)

TABLE 1: Incidence of Gram-positive bacteria and MRSA through 2019 and 2020.
MRSA: methicillin-resistant S. aureus; MSSA: methicillin-sensitive S. aureus.

FIGURE 1: Bacterial incidence rates through the years 2019 and 2020.

FIGURE 2: Detection of mecA gene (162 bp) by PCR in MRSA strains.
MRSA: methicillin-resistant S. aureus; PCR: polymerase chain reaction.

About 33.3% of the S. aureus strains isolated during the year 2019 were from pus swabs, followed by blood
samples (24.5%) and urine samples (17.24%), while during the year 2020, the majority of the S. aureus strains
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were isolated from pus swabs (47%), followed by blood samples (23%), and UTI samples (12%), as shown in
Table 2.

Samples
N(%)

2019 2020

Blood 64 (24.5%) 39 (23%)

Urine 45 (17.24%) 21 (12%)

LRTI 14 (5.36%) 6 (3.5%)

Pus swabs 87 (33.3%) 80 (47%)

Tissue biopsies 25 (9.6%) 7 (4%)

Body fluids 26 (10%) 17 (10%)

Total 261 (100%) 170 (100%)

TABLE 2: Distribution of S. aureus according to sample type through the years 2019 and 2020.
LRTI: low respiratory tract infection.

Table 3 and Figure 3 show the results of the antimicrobial susceptibility assay against MRSA strains. All
MRSA isolates showed 100% resistance rates to oxacillin (100%). The results showed that MRSA
susceptibility against antimicrobial agents in 2019 was as follows: vancomycin (100%), linezolid (100%),
trimethoprim-sulfamethoxazole (88%), and doxycycline (34.2%). The MRSA strains isolated during 2020
were as follows: vancomycin (100%), linezolid (96%), trimethoprim-sulfamethoxazole (100%), and
doxycycline (24.3%). There was no significant difference in the incidence and antimicrobial resistance rates
of MRSA between the two years (2019 and 2020) (p-value > 0.05).

Antibiotic
2019 2020

Sensitive Intermediate Resistant Sensitive Intermediate Resistant

Moxifloxacin 87 (72%) 6 (5%) 27 (23%) 44 (63 %) 9 (13%) 17 (24%)

Erythromycin 82 (68%) 10 (8%) 28 (24%) 49 (70 %) 6 (9%) 15 (21 %)

Clindamycin 96 (80 %) 7 (6%) 17 (14%) 56 (80%) 6 (9%) 8 (11%)

Vancomycin 120 (100%) 0 (0%) 0 (0%) 70 (100%) 0 (0%) 0 (0%)

Linezolid 120 (100%) 0 (0%) 0 (0%) 67 (96%) 3 (4%) 0 (0%)

Doxycycline 41 (34.2%) 11 (9.2%) 68 (56.6%) 17 (24.3%) 4(5.7%) 49 (70%)

Trimethoprim-sulfamethoxazole 106 (88%) 0 (0%) 14 (12%) 70 (100%) 0 (0%) 0 (0%)

Gentamicin 82 (68%) 7 (6%) 31 (26%) 65 (93%) 4 (6%) 1 (1%)

Nitrofurantoin (only in urine) 26 in urine 16 (84%) 0 (0%) 3 (16%) 5 (83%) 0 (0%) 1 (17%)

Oxacillin 0 (0%) 0 (0%) 120 (100%) 0 (0%) 0 (0%) 70 (100%)

TABLE 3: Antibiotic susceptibility of methicillin-resistant S. aureus.
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FIGURE 3: Resistance rates of methicillin-resistant S. aureus isolates.

Discussion
The study aimed to evaluate the prevalence of S. aureus, including MRSA strains, and their antimicrobial
susceptibilities over the years 2019 and 2020 in the SFHM. The results of the present study showed that the
frequency of S. aureus during 2019 was 756 (35.5%), of which MRSA was 44.8%, and during 2020, the
frequency of S. aureus was 170 (16%), of which MRSA was 41.2%. The epidemiology of infections caused by
MRSA is rapidly changing [13]. In Saudi Arabia, many studies have reported an increase in the incidence of
MRSA in recent years. One study [14] found that 55.3% of clinical S. aureus isolates were MRSA, whereas
earlier studies conducted in the Jeddah hospitals showed a lower prevalence, with only minor variation
between 6.5% and 8.9% [15,16]. The present study showed that 33.3% of the S. aureus strains isolated during
the year 2019 were from pus swabs, followed by blood samples (24.5%) and UTIs (17.24%), while during the
year 2020, most of the S. aureus strains were isolated from pus swabs (47%), followed by blood samples
(23%), and urine samples (12%). Before the COVID-2019 pandemic, many reports in Saudi Arabia reported a
variable number of MRSA strains from various body sites in Makkah, Madinah, and Riyadh cities
[14,17,18,19]. The results of our study showed that MRSA susceptibility against antimicrobial agents in 2019
was as follows: vancomycin (100%), linezolid (100%), trimethoprim-sulfamethoxazole (88%), and
doxycycline (34.2%). The MRSA strains isolated during 2020 were as follows: vancomycin (100%), linezolid
(96%), trimethoprim-sulfamethoxazole (100%), and doxycycline (24.3%). All MRSA isolates showed 100%
resistance rates to oxacillin (100%), followed by resistance to gentamicin (29%) and erythromycin (24%)
during 2019, while during 2020 they expressed resistance to moxifloxacin (98%), erythromycin (21%),
nitrofurantoin (17%), and clindamycin (11%). A similar study reported the presence of S. aureus bacteremia,
of which 29.1% were MRSA, which was almost susceptible to vancomycin, linezolid, and tigecycline [20].
Gram-positive cocci are rarely resistant to linezolid, as isolates with an MIC ≤ 4.0 mg/L are considered
susceptible to linezolid, and isolates with an MIC ≥ 8.0 mg/L are resistant. A recent study examined the
linezolid susceptibility of 1930 MRSA isolates collected from different regions of the United States; 99.9%
were susceptible to linezolid [21]. While vancomycin-resistant S. aureus was 0% before 2019 and 0% after
2019, previously, many studies from KSA reported no or very low vancomycin resistance rates among MRSA
and S. aureus strains. On the other hand, one study showed that MRSA strains were 100% resistant to
linezolid [22]. The glycopeptides vancomycin, teicoplanin, and oxazolidinone linezolid have been
considered the drugs of choice for the treatment of MRSA infections [23,24]. S. aureus represents a part of the
human flora and is a common cause of infections (community and nosocomial). It has been reported that
the Nordic countries, such as Denmark, Finland, Iceland, Norway, and Sweden, have had a very low
prevalence of MRSA, with less than 3% of S. aureus bacteremia isolates being MRSA [4]. During influenza
seasons, it is possible that S. aureus is one of the most commonly causative agents of secondary bacterial
infection. In 2020, the viral pandemic caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) will put enormous strain on global health, such as bacterial co-infection with COVID-19. Recently
(before COVID-19), it has been reported that there has been a decrease in the rate of MRSA infections in
some countries [21,25]. Many studies conducted in 2020 found that the patients hospitalized for COVID-19
had received antibiotics even though a secondary bacterial infection was very low [26,27]. The present study
did not find an S. aureus or MRSA isolate that was resistant to vancomycin. Hence, this antibiotic is still used
for severe infections. Similarly, it was reported that MRSA had not been affected by COVID-19, as there was
no change in the incidence of MRSA during the pandemic [28]. One similar study found no change in the
proportion of MRSA during the COVID-19 pandemic and high resistance to clindamycin [29]. Very few
studies suggest that MRSA may emerge as a co-pathogen in COVID-19 infections [30]. The prevalence of
MRSA may be associated with prolonged hospital stays, suggesting that it is more likely to be a nosocomial
or ventilator-associated infection [30]. No significant difference was found between the incidence and
antimicrobial resistance rates of MRSA through the two years (2019 and 2020) (p-value > 0.05). Implement
effective infection control measures and changes in hygiene practices that could potentially impact the
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prevalence and characteristics of MRSA infections. Hence, the present study aimed to determine the
prevalence of MRSA strains and their antimicrobial susceptibilities over the years 2019 and 2020 in a tertiary
hospital in Makkah city, Saudi Arabia. Overall, emphasizing the strengths of studying MRSA changes before
and after 2019 underscores the importance of ongoing research in combating this persistent threat to public
health.

There are several limitations to consider in this study. One of these limitations is the data availability and
quality; in addition, sampling bias occurred during the selection of specimens. Furthermore, there are
challenges in interpreting changes in MRSA rates. Finally, establishing a causal relationship between
changes in MRSA and events such as the COVID-19 pandemic after 2019 requires rigorous study design,
including statistical analyses, which is a challenge to implement.

Conclusions
The results of our study showed that the prevalence rates of MRSA did not increase in 2020 when compared
to 2019. Vancomycin, linezolid, trimethoprim-sulfamethoxazole, and doxycycline remain susceptible to the
positive collected MRSA strains. No significant difference was found between the prevalence and
antimicrobial resistance rates of MRSA through 2019 and 2020. Continued research efforts are needed to
address this persistent public health threat. Strategies to control the spread of MRSA should include early
detection of MRSA and surveillance, even during pandemics.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Omar B. Ahmed, Radi Alsafi, Abdulrhaman Theyab, Hamza Assaggaf

Acquisition, analysis, or interpretation of data:  Omar B. Ahmed, Fayez S. Bahwerth, Gamal T. Ebid,
Hamza Assaggaf, Eman A. Elsebaei

Drafting of the manuscript:  Omar B. Ahmed, Fayez S. Bahwerth, Radi Alsafi, Gamal T. Ebid, Abdulrhaman
Theyab, Eman A. Elsebaei

Critical review of the manuscript for important intellectual content:  Omar B. Ahmed, Fayez S.
Bahwerth, Radi Alsafi, Gamal T. Ebid, Hamza Assaggaf, Eman A. Elsebaei

Supervision:  Abdulrhaman Theyab, Hamza Assaggaf

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Institutional Review
Board (IRB) in SFHM issued approval 0329-021219. Animal subjects: All authors have confirmed that this
study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have declared that no
financial support was received from any organization for the submitted work. Financial relationships: All
authors have declared that they have no financial relationships at present or within the previous three years
with any organizations that might have an interest in the submitted work. Other relationships: All authors
have declared that there are no other relationships or activities that could appear to have influenced the
submitted work.

References
1. Ansari S, Hays JP, Kemp A, et al.: The potential impact of the COVID-19 pandemic on global antimicrobial

and biocide resistance: an AMR Insights global perspective. JAC Antimicrob Resist. 2021, 3:dlab038.
10.1093/jacamr/dlab038

2. Kotey FC, Awugah SA, Dayie NT, et al.: High prevalence of methicillin-resistant Staphylococcus aureus
carriage among infants at the Children's Hospital, Accra, Ghana. J Infect Dev Ctries. 2022, 16:1450-7.
10.3855/jidc.14839

3. Khaznadar O, Khaznadar F, Petrovic A, et al.: Antimicrobial resistance and antimicrobial stewardship:
before, during and after the COVID-19 pandemic. Microbiol Res. 2023, 14:727-740.
10.3390/microbiolres14020052

4. Petersen A, Larssen KW, Gran FW, et al.: Increasing incidences and clonal diversity of methicillin-resistant
Staphylococcus aureus in the Nordic countries-results from the Nordic MRSA surveillance. Front Microbiol.
2021, 12:668900. 10.3389/fmicb.2021.668900

5. Deinhardt-Emmer S, Rennert K, Schicke E, et al.: Co-infection with Staphylococcus aureus after primary
influenza virus infection leads to damage of the endothelium in a human alveolus-on-a-chip model.
Biofabrication. 2020, 12:025012. 10.1088/1758-5090/ab7073

2024 Ahmed et al. Cureus 16(2): e54809. DOI 10.7759/cureus.54809 6 of 7

https://dx.doi.org/10.1093/jacamr/dlab038
https://dx.doi.org/10.1093/jacamr/dlab038
https://dx.doi.org/10.3855/jidc.14839
https://dx.doi.org/10.3855/jidc.14839
https://dx.doi.org/10.3390/microbiolres14020052 
https://dx.doi.org/10.3390/microbiolres14020052 
https://dx.doi.org/10.3389/fmicb.2021.668900
https://dx.doi.org/10.3389/fmicb.2021.668900
https://dx.doi.org/10.1088/1758-5090/ab7073
https://dx.doi.org/10.1088/1758-5090/ab7073


6. Warnking K, Klemm C, Löffler B, et al.: Super-infection with Staphylococcus aureus inhibits influenza virus-
induced type I IFN signalling through impaired STAT1-STAT2 dimerization. Cell Microbiol. 2015, 17:303-17.
10.1111/cmi.12375

7. Iverson AR, Boyd KL, McAuley JL, Plano LR, Hart ME, McCullers JA: Influenza virus primes mice for
pneumonia from Staphylococcus aureus. J Infect Dis. 2011, 203:880-8. 10.1093/infdis/jiq113

8. Chertow DS, Memoli MJ: Bacterial coinfection in influenza: a grand rounds review . JAMA. 2013, 309:275-82.
10.1001/jama.2012.194139

9. Mollaghan AM: Changing epidemiology of community-acquired methicillin-resistant Staphylococcus
aureus. Br J Biomed Sci. 2011, 68:171-3. 10.1080/09674845.2011.11730345

10. Al Yousef SA, Taha EM: Methicillin-resistant Staphylococcus aureus in Saudi Arabia: genotypes distribution
review. Saudi J Med Med Sci. 2016, 4:2-8. 10.4103/1658-631X.170880

11. Abulreesh HH, Organji SR, Osman GE, Elbanna K, Almalki MH, Ahmad I: Prevalence of antibiotic resistance
and virulence factors encoding genes in clinical Staphylococcus aureus isolates in Saudi Arabia. Clin
Epidemiol Global Health. 2017, 5:196-202. 10.1016/j.cegh.2016.08.004

12. Ahmed OB: Prevalence of methicillin-resistant staphylococcus aureus and classical enterotoxin genes
among Sudanese food handlers. Cureus. 2020, 12:e12289. 10.7759/cureus.12289

13. Chambers HF: Community-associated MRSA--resistance and virulence converge . N Engl J Med. 2005,
352:1485-7. 10.1056/NEJMe058023

14. Asghar AH, Ahmed OB: Prevalence and antibiotic susceptibility of methicillin-resistant Staphylococcus
aureus isolated in Makkah hospitals. Egypt Acad J Biol Sci. 2014, 6:59-65. 10.21608/EAJBSG.2014.16630

15. Zaman R, Dibb WL: Methicillin resistant Staphylococcus aureus (MRSA) isolated in Saudi Arabia:
epidemiology and antimicrobial resistance patterns. J Hosp Infect. 1994, 26:297-300. 10.1016/0195-
6701(94)90021-3

16. Said KB, Aljarbou AN, Alorainy MS, Saeed EMA, Hassan KM: Molecular characterization and susceptibility
screening for methicillin-resistant Staphylococcus aureus reveals the dominant clones in a tertiary care
hospital in Al Qassim, Saudi Arabia. Int J Health Sci (Qassim). 2020, 14:9.

17. Baddour MM, Abuelkheir MM, Fatani AJ, Bohol MF, Al-Ahdal MN: Molecular epidemiology of methicillin-
resistant Staphylococcus aureus (MRSA) isolates from major hospitals in Riyadh, Saudi Arabia. Can J
Microbiol. 2007, 53:931-6. 10.1139/W07-063

18. Al-Anazi A: Prevalence of methicillin-resistant Staphylococcus aureus in a teaching hospital in Riyadh,
Saudi Arabia. Biomed Res. 2009, 20:7-7.

19. Austin TW, Austin MA, McAlear DE, Coleman BT, Osoba AO, Thaqafi AO, Lamfon MA: MRSA prevalence in a
teaching hospital in Western Saudi Arabia. Saudi Med J. 2003, 24:1313-6.

20. Alhunaif SA, Almansour S, Almutairi R, et al.: Methicillin-resistant Staphylococcus aureus bacteremia:
epidemiology, clinical characteristics, risk factors, and outcomes in a tertiary care center in Riyadh, Saudi
Arabia. Cureus. 2021, 13:e14934. 10.7759/cureus.14934

21. Jones M, Jernigan JA, Evans ME, Roselle GA, Hatfield KM, Samore MH: Vital signs: trends in Staphylococcus
aureus infections in veterans affairs medical centers—United States, 2005-2017. MMWR Morb Mortal Wkly
Rep. 2019, 68:220-4. 10.15585/mmwr.mm6809e2

22. Hawad AF, Al Tayyar IA: Prevalence and antibiotic susceptibility pattern of methicillin-resistant
Staphylococcus aureus (MRSA) isolated from clinical specimens in Eastern Province, Saudi Arabia. Sebha
Med J. 2013, 12:29-36.

23. Nandhini P, Kumar P, Mickymaray S, Alothaim AS, Somasundaram J, Rajan M: Recent developments in
methicillin-resistant Staphylococcus aureus (MRSA) treatment: a review. Antibiotics (Basel). 2022, 11:606.
10.3390/antibiotics11050606

24. Vena A, Castaldo N, Magnasco L, Bavastro M, Limongelli A, Giacobbe DR, Bassetti M: Current and emerging
drug treatment strategies to tackle invasive community-associated methicillin-resistant Staphylococcus
aureus (MRSA) infection: what are the challenges?. Expert Opin Pharmacother. 2023, 24:331-46.
10.1080/14656566.2022.2161885

25. Sit PS, Teh CS, Idris N, et al.: Prevalence of methicillin-resistant Staphylococcus aureus (MRSA) infection
and the molecular characteristics of MRSA bacteraemia over a two-year period in a tertiary teaching
hospital in Malaysia. BMC Infect Dis. 2017, 17:274. 10.1186/s12879-017-2384-y

26. Chen N, Zhou M, Dong X, et al.: Epidemiological and clinical characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 2020, 395:507-13. 10.1016/S0140-
6736(20)30211-7

27. Zhou F, Yu T, Du R, et al.: Clinical course and risk factors for mortality of adult inpatients with COVID-19
in Wuhan, China: a retrospective cohort study. Lancet. 2020, 395:1054-62. 10.1016/S0140-6736(20)30566-3

28. Langford BJ, Soucy JR, Leung V, et al.: Antibiotic resistance associated with the COVID-19 pandemic: a
systematic review and meta-analysis. Clin Microbiol Infect. 2023, 29:302-9. 10.1016/j.cmi.2022.12.006

29. La Vecchia A, Ippolito G, Taccani V, et al.: Epidemiology and antimicrobial susceptibility of Staphylococcus
aureus in children in a tertiary care pediatric hospital in Milan, Italy, 2017-2021. Ital J Pediatr. 2022, 48:67.
10.1186/s13052-022-01262-1

30. Punjabi CD, Madaline T, Gendlina I, Chen V, Nori P, Pirofski LA: Prevalence of methicillin-resistant
Staphylococcus aureus (MRSA) in respiratory cultures and diagnostic performance of the MRSA nasal
polymerase chain reaction (PCR) in patients hospitalized with coronavirus disease 2019 (COVID-19)
pneumonia. Infect Control Hosp Epidemiol. 2021, 42:1156-8. 10.1017/ice.2020.440

2024 Ahmed et al. Cureus 16(2): e54809. DOI 10.7759/cureus.54809 7 of 7

https://dx.doi.org/10.1111/cmi.12375
https://dx.doi.org/10.1111/cmi.12375
https://dx.doi.org/10.1093/infdis/jiq113
https://dx.doi.org/10.1093/infdis/jiq113
https://dx.doi.org/10.1001/jama.2012.194139
https://dx.doi.org/10.1001/jama.2012.194139
https://dx.doi.org/10.1080/09674845.2011.11730345
https://dx.doi.org/10.1080/09674845.2011.11730345
https://dx.doi.org/10.4103/1658-631X.170880
https://dx.doi.org/10.4103/1658-631X.170880
https://dx.doi.org/10.1016/j.cegh.2016.08.004
https://dx.doi.org/10.1016/j.cegh.2016.08.004
https://dx.doi.org/10.7759/cureus.12289
https://dx.doi.org/10.7759/cureus.12289
https://dx.doi.org/10.1056/NEJMe058023
https://dx.doi.org/10.1056/NEJMe058023
https://dx.doi.org/10.21608/EAJBSG.2014.16630
https://dx.doi.org/10.21608/EAJBSG.2014.16630
https://dx.doi.org/10.1016/0195-6701(94)90021-3
https://dx.doi.org/10.1016/0195-6701(94)90021-3
https://api.semanticscholar.org/CorpusID:210889588
https://dx.doi.org/10.1139/W07-063
https://dx.doi.org/10.1139/W07-063
https://link.gale.com/apps/doc/A206600639/AONE?u=anon~df418bd&sid=googleScholar&xid=4ed360b0
https://pubmed.ncbi.nlm.nih.gov/14710275/
https://dx.doi.org/10.7759/cureus.14934
https://dx.doi.org/10.7759/cureus.14934
https://dx.doi.org/10.15585/mmwr.mm6809e2
https://dx.doi.org/10.15585/mmwr.mm6809e2
https://api.semanticscholar.org/CorpusID:55604003
https://dx.doi.org/10.3390/antibiotics11050606
https://dx.doi.org/10.3390/antibiotics11050606
https://dx.doi.org/10.1080/14656566.2022.2161885
https://dx.doi.org/10.1080/14656566.2022.2161885
https://dx.doi.org/10.1186/s12879-017-2384-y
https://dx.doi.org/10.1186/s12879-017-2384-y
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
https://dx.doi.org/10.1016/S0140-6736(20)30211-7
https://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://dx.doi.org/10.1016/S0140-6736(20)30566-3
https://dx.doi.org/10.1016/j.cmi.2022.12.006
https://dx.doi.org/10.1016/j.cmi.2022.12.006
https://dx.doi.org/10.1186/s13052-022-01262-1
https://dx.doi.org/10.1186/s13052-022-01262-1
https://dx.doi.org/10.1017/ice.2020.440
https://dx.doi.org/10.1017/ice.2020.440

	The Prevalence and Antimicrobial Susceptibility of Methicillin-Resistant Staphylococcus aureus Before and After the COVID-19 Pandemic in a Tertiary Saudi Hospital
	Abstract
	Introduction
	Materials And Methods
	Study design
	Sample collection
	Strains identification
	Statistical analysis
	Ethical approval

	Results
	TABLE 1: Incidence of Gram-positive bacteria and MRSA through 2019 and 2020.
	FIGURE 1: Bacterial incidence rates through the years 2019 and 2020.
	FIGURE 2: Detection of mecA gene (162 bp) by PCR in MRSA strains.
	TABLE 2: Distribution of S. aureus according to sample type through the years 2019 and 2020.
	TABLE 3: Antibiotic susceptibility of methicillin-resistant S. aureus.
	FIGURE 3: Resistance rates of methicillin-resistant S. aureus isolates.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


