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Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) is connected to high rates of morbidity and challenging-to-
treat infections. S. aureus bacteremia, which has high rates of morbidity, mortality and can lead to severe infections
such as infective endocarditis or sepsis, as well as metastatic infections. The majority of S. aureus bacteremia cases
worldwide are caused by MRSA, which has worse clinical outcomes than methicillin-sensitive S. aureus. Infections
caused by the nosocomial pathogen Methicillin Resistant S. aureus (MRSA) at the hospital as well as in the
community are considered a serious global threat. Despite having a wide range of genetic variations, the
epidemiology of MRSA is principally characterized by the recurrent appearance of epidemic strains. MRSA
continues to be a serious clinical hazard despite recent decreases in occurrence in some areas, and its morbidity and
death rates are consistently high. The evaluation of both novel antibiotics and ancillary parts of care, such as
infectious disease consultation, echocardiography, and source control, is necessary for successful therapy, which is
still difficult to achieve. Leukocyte lysis and tissue necrosis are caused by the virulence factor Panton-Valentine
leukocidin (PVL), which is secreted by some strains. Skin and soft tissue infections (SSTIs) are the most common
illnesses caused by PVL-associated S. aureus (PVL-SA), although it can also cause invasive infections such as
necrotizing pneumonia. Community-associated methicillin-susceptible S. aureus (CA-MSSA) and methicillin-
resistant S. aureus both carry it (CA-MRSA). MRSA strains are endemic in many parts of Saudi Arabia and it
accounts for 23-54% of all clinical isolates. Significantly, 54.2% of Panton-Valentine leukocidin (PVL) genes were
found in MRSA strains inside the kingdom. Vancomycin is a drug of choice to treat MRSA infections. The patients
admitted to Prince, Mutib, hospital from March 2019 to May 2020 were screened for the prevalence of MRSA.
Compact Vitek -2 (biomeriux Leon, France) was used for the identification and antimicrobial sensitivity (AST) test.
A total of 64/978 (6.5%) MRSA and 25/978 (2.5%) CoNS were isolated from urine, blood, sputum, nasal swab,
throat swab, tracheal swabs, and pleural fluid. Cephamycins were found 100% resistant to vancomycin-resistant
MRSA were found in our study.
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Introduction

Staphylococcus aureus, a gram-positive bacterium is a leading cause of infections worldwide
(Lakhundi, & Zhang, 2018; kini et al.,2013) In addition, it is a major contributor to
osteoarticular, skin and soft tissue, pleuropulmonary, and device-related infections. It is also a
primary cause of bacteremia and infective endocarditis (kuller et al., 2016). The molecular
epidemiology of methicillin-resistant Staphylococcus aureus has attracted more attention in
recent years (MRSA). The MRSA genotype has been analyzed using a variety of methods, which
may shed light on a strain's potential for resistance and pathogenicity. Additionally, it sheds light
on how they spread and aids in the implementation of effective infection prevention strategies
and 30% of individuals are colonized with this bacterium in their nares (Mufioz-Gallego et al.,
2020). The three clinically important strains are S aureus, S saprophyticus, and S epidermidis.
The S aureus is differentiated from the two other stains by bound coagulase and extracellular
coagulase test. In early 1961, the first time Methicillin-resistant S aureus (MRSA) was reported
due to plasmid-encoded resistance beta-lactamase. Methicillin-resistant S aureus (MRSA) is a
threat to the modern world due to its high mortality rate (Gu, F et al.,2020). The emergence of
community-associated MRSA is around 97% as compared to healthcare-associated MRSA,
which in turn suggests that community-associated strains have enhanced virulence and confers
its spread worldwide (Gostev et al., 2017; Jevons 1961 and lim et al., 2013). Prevalence of
MRSA has increased sharply over the last 15 years and hospital-related MRSA cases have
almost doubled due to longer stays at the hospital and costing a financial burden of 15bn USD
(Mediavilla et al., 2012; Shallcross et al., 2013). The antibiotic resistance gained by S. aureus
resulted in a higher incidence of infections over the last 50 years and now the use of penicillin is
no longer an effective drug against S. aureus (Fu et al., 2020). The meat-producing animals have
MRSA and thus help in transmission from food to humans. It was also reported that methicillin-
resistant ST398 was of animal origin. In Riyadh, Saudi Arabia the prevalence of MRSA was
found around 50% and the number is increasing (Palavecino E. L. 2020; Guo et al., 2020,
Bahubali et al., 2018, Deurenberg RH, et al., 2007 and Balkhy HH et al., 2005). This study was
conducted in the Aljouf region to explore the MRSA prevalence in patients attending the Prince
Muteb Hospital, Sakaka, Aljouf, Saudi Arabia.

Materials and Methods

Setting, Design, and data collection

In one of the referral hospitals in Jouf Sakaka, a cross-sectional, single-center study was
conducted between March 2019 and May 2020. The study hospital offers a variety of medical
and surgical specialties as well as round-the-clock emergency services. The hospital's
microbiology department is outfitted with a variety of automated devices for bacterial
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identification and antimicrobial testing, including the BD Phoenix system (BD Biosciences,
Franklin Lakes, NJ, USA), VITEK-2 Compact system (bioMérieux, Marcy-IEtoile, France). This
unit takes clinical specimens from in-patient and outpatient departments as well as samples that
are referred from other hospitals in the area.

All non-duplicate S. aureus samples from hospitalized patients, outpatients, and samples that
were referred from other hospitals were examined for antibiograms. The compact VITEK-2
system examined these samples for antimicrobial sensitivity and identification.

Isolation and Identification

Samples (blood, wound, nasal swab, throat swab, tracheal wash, pleural fluid, urine, and sputum)
were streaked on Blood agar and Mannitol Salt agar and were incubated in aerobic condition at
35 °C. Growth was observed after 24 hrs and isolates were identified based on morphological
and biochemical characteristics using standard procedures of the Clinical and Laboratory
Standard Institute (CLSI) (Humphries et al., 2021).

Antimicrobial Susceptibility Test

Antimicrobial susceptibility testing were carried out using the automated Vitek-2 Compac
system in accordance with CLSI guidelines. The VITEK-2 antibiotic disc panel included the
following:-  Gentamicin ~ (10ug), Imipenem  (10ug), Cephalothin  (30pg),
Cefoxitin(30pg),Cefotaxim(30pg), Ampicillin(10pg), Amoxicillin-Clavulanate 20+10pg),
Penicillin G (10ug ), Trimethoprim-Sulfamethoxazole (1.25+23.75ug), Nitrofurantoin
(300ug),Ciprofloxacin(5ug),Levofloxacin(5ug), Mupirocin(200ug + 5ug), Erythromycin (15ug),
Chloramphenicol (30ug), Tetracycline (10pg), Fusidic acid (10ug), Rifampicin (5pg),
Teicoplanin (30ug), and linezolid (30ug), Vancomycin (30ug ) Netilmicin (10ug), Oxacillin
(1pg), Clindamycin (10pg), Daptomycin (30ug).

Statistical analysis

The study data were analyzed with the aid of SPSS V.17 (SPSS, Inc., Chicago, IL, USA)
software. The accuracy of entries was verified twice before entering.

Results

Distribution of Isolates

From March 2019 to May 2020, a total of 978 patients were admitted to Prince Muteb Hospital.
The Methicillin-Resistant  Staphylococcus aureus (MRSA) and Coagulase Negative
Staphylococcus (CoNS) isolated from various clinical samples were as follows: blood 7.8% and
8.69% (n=230), urine 0.46% and 0% (n=215), sputum 1.9% and 0% (n=210), wound 9.6% &
1.6% (n=250), nasal swab 33.3% and 0% (Figure 1). While CoNS was discovered in more
pleural fluid samples than any other substance, it was followed by blood and wound (Table 1).
We did not isolate MRSA from pleural fluid, but it predominated in nasal swabs, followed by
throat swabs, wounds, and blood.
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Antimicrobial resistance of Methicillin-Resistant Staphylococcus aureus (MRSA)

and Coagulase Negative Staphylococcus (CoNS):

MRSA and CoNS are isolated from blood, urine, wounds, tracheal washes, throat swabs, sputum,
nasal swabs, and pleural fluid exhibiting high rates of antibiotic resistance. The rate of resistance
was discovered to be 100% among beta-lactams, cephamycin, carbapenems, and the fourth
generation of cephalosporins. MRSA was found to have a 38% resistance to gentamycin,
whereas CoNS had a higher resistance of 50% to 64%. In contrast to the CoNS, where resistance
ranged from 50% to 85%, MRSA resistance to Ciprofloxacin ranged from 14% to 46%, with the
exception of samples from tracheal wash procedures, where it was 100%. Tetracycline was
found to be effective against MRSA with the exception of blood samples, where resistance was
found to be 14.3%, and wound samples, where resistance to CoNS was found to be 50%. MRSA
and CoNS were successfully treated with Daptomycin, Linezolid, Teicoplanin, and Vancomycin
(100% susceptibility) (Figure 2,3).

Discussion

Methicillin-resistant S. aureus, a nosocomial pathogen was first observed during the 1960° and
with the evolution of time new strains of MRSA have emerged especially, in the human
community, MRSA bacteremia (MRSAB), including infective endocarditis, carries a high
mortality rate, with up to 50% of patients failing initial therapy with vancomycin and requiring
salvage therapy. Persistent MRSAB can be difficult to successfully eliminate, especially when
source control is not possible due to an irremovable focus or the bacteremia still persists despite
surgical intervention ( Kuller at al., 2016 and Robinson et al., 2012). widespread use of
penicillin, sulfamethoxazole-trimethoprim, and tetracycline in the local population, antibiotic
susceptibility was comparable to that observed for S. aureus infections that occur in different
parts of KSA (Asgar et al., 2006; Bukharie., 2010 and Monecke S et al.,2011). Several cell
surface and secreted virulence components have a role in S. aureus pathogenesis. One such
virulence factor is Panton-Valentine leukocidin (PVL), a two-component toxin that causes pores
to develop in the complement receptors on the leukocyte cell membrane. These two genes
(LukS-PV and LukF-PV) produce a heptavalent leukocidin that is fully encoded by two proteins
that are co-transcribed and secreted independently (Al Yousef et al.,2016). This study revealed
the prevalence of MRSA and CONs in the Al Jouf region, the study was completed in 14
months. Instead of the prosperous Arab nations in the GCC region, the Levant and North African
Arab countries have seen decades of economic and political turmoil, which has had a significant
influence on medical resources and healthcare facilities (Abdullahi et al., 2021). Nevertheless,
the high MRSA rates observed in KSA cast doubt on this theory (Hassoun et al., 2017 and Self,
W.et al., 2016). Our study shows prevalence of 6.5 % (64/978) MRSA in Prince Muteb Hospital,
Al Jouf, Saudi Arabia. The MRSA isolated from blood, wound and nasal swab were found 7.8%,
9.6% and, 33% respectively. While CoNS was found as 8.69%, 33.3%, and 1.6% from blood,
pleural fluid and, wound respectively. MRSA prevalence in Abu Dhabi, and Kuwait is 27.4% |,
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5.2 % respectively and in Jeddah King Khalid National Guard Hospital MRSA was found
between 6.6-8.9 % which is higher to as compared to our results (Udo et al., 2006;Senok et al.,
2016 and Abou Shady et al., 2015). Strict implementation of infection control practices and hand
wash techniques has resulted in a significant decrease in MRSA incidence in the Riyadh region
and Al-Ka'bah al-Musharrafah, the place where Muslims from all over the world congregate each
year to perform religious ceremonies, is located in Saudi Arabia. The transmission of different
MRSA strains is probably made easier by these congested situations Panton-Valentine
leukocidin [PVL+] strains are usually linked to necrotizing pneumonia, skin and soft tissue
infections, and leukocyte destruction (Tissot et al., 2014 and Tong et al., 2015). HA-MRSA
strains rarely contain PVL, CA-MRSA strains frequently do (Al Yousef et al.,2016; Lina, G et
al., 1999). In our study 100% of MRSA were resistant to beta-lactams cephamycins, 14-46%
resistant to cotrimoxazole, 38% to tetracycline, 19-61 % to clindamycin and 100% susceptibility
to Mupirocin. The CoNS were resistant 25-42% to Mupirocin, 7-50% tetracycline, 50 % to
cotrimoxazole,7-25 % to Rifampin. The glycopeptides (Vancomycin and Teicoplanin) remained
the drug of choice for MRSA infections. In our study subjects, we did not find any vancomycin-
resistant MRSA or CoNS. However, in the UK, Spain, Europe, USA, Hong Kong and Korea
vancomycin intermediate resistant strains have been found. Mortality and morbidity of MRSA
infections are high worldwide (CDC.,2000).

The study has a number of Limitations, the first and most significant one is just including one
institution and basing sampling on isolate availability. This could not be typical of the entire
nation. Due to the nature of the study—a retrospective one—it was not able to share the findings
with the attending physicians so they might alter patient treatment. Despite the fact that patients
were primarily from the local population, occasional admissions within 3 days were all thought
to be acquired locally, and illness risk factors were not identified. Due to a paucity of clinical
data, the length of hospital stays for many patients was not examined. Due to a lack of data, other
clinical outcomes like prognosis and death were not evaluated.

Conclusion

MRSA is spreading globally and community-associated MRSA is found both in hospitals and
communities The implementation of hand hygiene and infection control is required to control
this dangerous pathogen.
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Table 1: MRSA and CoNS distribution according to site of isolation

Samples Staphylococcus aureus n (%) | CoNS n ( %) Total
Blood 18 (7.8) 20 (8.69) 230
Urine 1(0.46) 0 215
Sputum 4 (1.9) 0 210
Wound 24 (9.6) 4 (1.6) 250
Nasal 15 (33.33) 0 45
Tracheal wash 1 (5.8) 0 17
Pleural fluid 0 1(33.33) 03
Throat swab 1(12.5) 0 08
Total 64 (6.54) 25 (2.5) 978

MRSA = Methicillin-Resistant Staphylococcus aureus
CoNS = Staphylococcus coagulase Negative
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Figure 1: Distribution of Methicillin-Resistant Staphylococcus aureus in study samples.
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Figure 2: Antibiotic resistance pattern of Methicillin-Resistant Staphylococcus aureus
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Figure 3: Antibiotic resistance pattern of Staphylococcus coagulase Negative

100 M Blood
90 B Wound
M Nasal swab
80
Tracheal wash
70 M Sputum
- M Urine
S 60
& ® Pleural fluid
(1]
+= 50
£ MW Throat swab
[+8]
2
o 40
o
30
20
10
; | |
= £ - = = [Ls] = = = E = = o c T T T = = = = @
] = = = = ® g = £ T T T T = s © T & £
2 22 R83FT E£T O3 E >80 28 L g g3
E S 582 5823 EEE o @ T 838 8 3
E 25 2 8 &x S8 £ g 8855 £wiacas< 8
cEOC 8 < g8 O%E-EEEEE—'E%E'E‘I.&
= = T = = a 2 (1]
o .= > c = B2
(U] = = >0 g § 20 = [t .
= 1ia.org
(=}
=
=



WULFLENIA

OURNAL mmm e :
i\]| acinrURT, aUstris (B 1551561852 Vol 30, No. 4;Apr 2023

References

1 Kini, A. R., Shetty, V., Kumar, A. M., Shetty, S. M., & Shetty, A. (2013). Community-associated,
methicillin-susceptible, and methicillin-resistant Staphylococcus aureus bone and joint infections in
children: experience from India. Journal of pediatric orthopedics. Part B, 22(2), 158-166.

2. Mufioz-Gallego, I., Manchefio, M., Pérez-Montarelo, D., Viedma, E., Chaves, F., & Lora-Tamayo, J.
(2020). Staphylococcus aureus native arthritis over 10 years. Medecine et maladies infectieuses, 50(3),
257-262.

3 Gu, F., He, W., Xiao, S., Wang, S., Li, X,, Zeng, Q., Ni, Y., & Han, L. (2020). Antimicrobial
Resistance and Molecular Epidemiology of Staphylococcus aureus Causing Bloodstream Infections at
Ruijin Hospital in Shanghai from 2013 to 2018. Scientific reports, 10(1), 6019.

4. Gostev, V., Kruglov, A., Kalinogorskaya, O., Dmitrenko, O., Khokhlova, O., Yamamoto, T., Lobzin,
Y., Ryabchenko, I., & Sidorenko, S. (2017). Molecular epidemiology and antibiotic resistance of
methicillin-resistant Staphylococcus aureus circulating in the Russian Federation. Infection, genetics and
evolution : journal of molecular epidemiology and evolutionary genetics in infectious diseases, 53, 189—
194,

5. Jevons MP. “Celbenin”-resistant staphylococci (1961). Br Med J.; 1:124-25

6 Lim, K. T., Hanifah, Y. A., Mohd Yusof, M. Y., Ito, T., & Thong, K. L. (2013). Comparison of
methicillin-resistant Staphylococcus aureus strains isolated in 2003 and 2008 with an emergence of
multidrug resistant ST22: SCCmec IV clone in a tertiary hospital, Malaysia. Journal of microbiology,
immunology, and infection = Wei mian yu gan ran za zhi, 46(3), 224-233..

7. Mediavilla, J. R., Chen, L., Mathema, B., & Kreiswirth, B. N. (2012). Global epidemiology of
community-associated methicillin resistant Staphylococcus aureus (CA-MRSA). Current opinion in
microbiology, 15(5), 588-595.

8. Shallcross, L. J., Fragaszy, E., Johnson, A. M., & Hayward, A. C. (2013). The role of the Panton-
Valentine leucocidin toxin in staphylococcal disease: a systematic review and meta-analysis. The Lancet.
Infectious diseases, 13(1), 43-54.

(Mediavilla et al., 2012; Shallcross et al., 2013)

9. Fu, J.,, Wang, K., Ye, C,, Chen, L., Liang, Y., Mao, Y., Chen, J., Peng, R., Chen, Y., Shi, F., Huang, T.
Y., & Liu, J. (2020). Study on the virulome and resistome of a vancomycin intermediate-resistance
Staphylococcus aureus. Microbial pathogenesis, 145, 104187.

10. Palavecino E. L. (2020). Rapid Methods for Detection of MRSA in Clinical Specimens. Methods in
molecular biology (Clifton, N.J.), 2069, 29-45.

11. Guo, Y., Song, G., Sun, M., Wang, J., & Wang, Y. (2020). Prevalence and Therapies of Antibiotic-
Resistance in Staphylococcus aureus. Frontiers in cellular and infection microbiology, 10, 107.

10 office@multidisciplinarywulfenia.org



WULFLENIA

OURNAL mmm e :
i\]| acinrURT, aUstris (B 1551561852 Vol 30, No. 4;Apr 2023

12 Bahubali, V., Vijayan, P., Bhandari, V., Siddaiah, N., & Srinivas, D. (2018). Methicillin-
resistant Staphylococcus aureus intracranial abscess: An analytical series and review on molecular,
surgical and medical aspects. Indian journal of medical microbiology, 36(1), 97-103.

13. Deurenberg RH, et al. The molecular evolution of methicillin-resistant Staphylococcus aureus(
2007) Clin Microbiol Infect. 13(3):222-35.

14. Balkhy HH, Memish ZA, Almuneef MA, Cunningham GC, Francis C, Fong KC, Nazeer ZB, Tannous
E: Methicillin-resistant Staphylococcus aureus ( 2005): a 5-year review of surveillance data in a tertiary
care hospital in Saudi Arabia. Infect Control Hosp Epidemiol. 28 (8): 976-982.

15. Asghar AH, Momenah AM: Methicillin Resistance among Staphylococcus aureus Isolates from Saudi
Hospitals (2006) Med Princ Pract. 15 (1): 52-55.

16. Bukharie HA: Increasing threat of community-acquired methicillin-resistant Staphylococcus aureus.
Am J Med Sci. 2010, 340 (5): 378-381.

17. Humphries, R., Bobenchik, A. M., Hindler, J. A., & Schuetz, A. N. (2021). Overview of Changes to
the Clinical and Laboratory Standards Institute Performance Standards for Antimicrobial Susceptibility
Testing, M100, 31st Edition. Journal of clinical microbiology, 59(12), €0021321.

18. Monecke S, Coombs G, Shore AC, Coleman DC, Akpaka P, Borg M, Chow H, Ip M, Jatzwauk
L, Jonas D, et al. (2011) A Field Guide to Pandemic, Epidemic and Sporadic Clones of Methicillin-
Resistant Staphylococcus aureus. PL0S One. 6 (4): €17936-10.1371

19 Abdullahi, I. N., Lozano, C., Ruiz-Ripa, L., Fernandez-Fernandez, R., Zarazaga, M., & Torres, C.
(2021). Ecology and Genetic Lineages of Nasal Staphylococcus aureus and MRSA Carriage in Healthy
Persons with or without Animal-Related Occupational Risks of Colonization: A Review of Global
Reports. Pathogens (Basel, Switzerland), 10(8), 1000.

20 Hassoun, A., Linden, P. K., & Friedman, B. (2017). Incidence, prevalence, and management of
MRSA bacteremia across patient populations-a review of recent developments in MRSA management
and treatment. Critical care (London, England), 21(1), 211.

21 Self, W. H., Wunderink, R. G., Williams, D. J., Zhu, Y., Anderson, E. J., Balk, R. A., Fakhran, S.
S., Chappell, J. D., Casimir, G., Courtney, D. M., Trabue, C., Waterer, G. W., Bramley, A., Magill, S.,
Jain, S., Edwards, K. M., & Grijalva, C. G. (2016). Staphylococcus aureus Community-acquired
Pneumonia: Prevalence, Clinical Characteristics, and Outcomes. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America, 63(3), 300-309.

22 Tong, S. Y., Davis, J. S., Eichenberger, E., Holland, T. L., & Fowler, V. G., Jr (2015).
Staphylococcus aureus infections: epidemiology, pathophysiology, clinical manifestations, and
management. Clinical microbiology reviews, 28(3), 603-661.

23 Tissot, F., Calandra, T., Prod'hom, G., Taffe, P., Zanetti, G., Greub, G., & Senn, L. (2014).
Mandatory infectious diseases consultation for MRSA bacteremia is associated with reduced
mortality. The Journal of infection, 69(3), 226-234.

24 Robinson, J. O., Pozzi-Langhi, S., Phillips, M., Pearson, J. C., Christiansen, K. J., Coombs, G.
W., & Murray, R. J. (2012). Formal infectious diseases consultation is associated with decreased

11 office@multidisciplinarywulfenia.org



WULFLENIA

OURNAL mmm e :
i\]| acinrURT, aUstris (B 1551561852 Vol 30, No. 4;Apr 2023

mortality in Staphylococcus aureus bacteraemia. European journal of clinical microbiology & infectious
diseases : official publication of the European Society of Clinical Microbiology, 31(9), 2421-2428.

25 Udo EE, Al-Sweih N, Noronha B: Characterisation of non-multiresistant methicillin-resistant
Staphylococcus aureus (including EMRSA-15) in Kuwait Hospitals (2006) Clin Microbiol Infect. 12 (3):
262-269.

26 Lina, G., Piémont, Y., Godail-Gamot, F., Bes, M., Peter, M. O., Gauduchon, V., Vandenesch, F.,
& Etienne, J. (1999). Involvement of Panton-Valentine leukocidin-producing Staphylococcus aureus in
primary skin infections and pneumonia. Clinical infectious diseases : an official publication of the
Infectious Diseases Society of America, 29(5), 1128-1132.

27 Al Yousef, S. A., & Taha, E. M. (2016). Methicillin-Resistant Staphylococcus Aureus in Saudi
Arabia: Genotypes Distribution Review. Saudi journal of medicine & medical sciences, 4(1), 2-8.

28 Senok, A., Somily, A., Raji, A., Gawlik, D., Al-Shahrani, F., Baqi, S., Boswihi, S., Skakni, L.,
Udo, E. E., Weber, S., Ehricht, R.,, & Monecke, S. (2016). Diversity of methicillin-resistant
Staphylococcus aureus CC22-MRSA-IV from Saudi Arabia and the Gulf region. International journal of
infectious diseases: 1JID : official publication of the International Society for Infectious Diseases, 51, 31—
35.

29 Abou Shady, H. M., Bakr, A. E., Hashad, M. E., & Alzohairy, M. A. (2015). Staphylococcus
aureus nasal carriage among outpatients attending primary health care centers: a comparative study of two
cities in Saudi Arabia and Egypt. The Brazilian journal of infectious diseases : an official publication of
the Brazilian Society of Infectious Diseases, 19(1), 68-76.

30 Centers for Disease Control and Prevention (CDC) (2000). Staphylococcus aureus with reduced
susceptibility to vancomycin--1llinois, 1999. MMWR. Morbidity and mortality weekly report, 48(51-52),
1165-1167.

31. Kullar, R., Sakoulas, G., Deresinski, S., & van Hal, S. J. (2016). When sepsis persists: a review of
MRSA bacteremia salvage therapy. The Journal of antimicrobial chemotherapy, 71(3), 576-586.

32. Lakhundi, S., & Zhang, K. (2018). Methicillin-Resistant Staphylococcus aureus: Molecular
Characterization, Evolution, and Epidemiology. Clinical microbiology reviews, 31(4), e00020-18.

12 office@multidisciplinarywulfenia.org



