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ABSTRACT

Introduction: The newly-launched strain of the Staphylococcus aureus, methicillin-resistant
S. aureus, is considered the most emerging bacterium in-hospital infections globally.
Objectives: The current research focused on the prevalence and virulence features of
methicillin-resistant S. aureus (MRSA) bacteria recovered from urinary tract infections
(UTIs) cases.

Patients and Methods: A total of 710 urine specimens were taken from hospitalized patients
who suffered from UTIs. S. aureus was recovered from urine specimens using the microbial
culture. S. aureus antimicrobial susceptibility was assessed toward oxacillin and cefoxitin
antimicrobial disk to determine the MRSA strains. The polymerase chain reaction (PCR)
assessed the distribution of antimicrobial resistance encoding genes. S. aureus antimicrobial
resistance was evaluated by disk diffusion.

Results: Fifty-five out of 710 (7.7%) urine specimens were positive for the MRSA bacteria. The
uppermost antibiotic resistance was obtained against penicillin (100%), ceftaroline (100%),
gentamicin (87.2%), erythromycin (76.3%), and ciprofloxacin (69.0%). BlaZ (100%) and tetK
(85.4%) had the higher frequency amid examined antimicrobial resistance-encoding genes.
Conclusion: The high prevalence of MRSA isolates harboring antimicrobial resistance-
encoding genes in the UTIs suggests that diseases caused by them need more expansion
healthcare monitoring with essential demand for novel antimicrobials.

Implication for health policy/practice/research/medical education:

The role of the methicillin-resistant Staphylococcus aureus (MRSA) has rarely been assessed in urinary tract infections (UTIs).
Considering the high pathogenicity of the MRSA bacteria and their high antibiotic resistance attitude toward commonly-used
antibiotic agents, it should be determined as an emerging uropathogen. Findings of the present survey revealed that 7.7% of
examined urine samples were positive for MRSA. The majority of strains harbored a high prevalence of resistance toward
penicillin, ceftaroline, gentamicin, erythromycin and ciprofloxacin antibiotic agents, which was accompanied by the high
distribution of antibiotic resistance genes. As a result, more attention should be paid to an antibiotic prescription.

Please cite thispaper as: Khaleel RA, Alfuraiji N, Hussain BW, Nassar MF, Ebrahimzadeh F. Methicillin-resistant Staphylococcus
aureus in urinary tract infections; prevalence and antimicrobial resistance. J Renal Inj Prev. 2022; 11(1): e08. doi: 10.34172/
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Introduction

cause of UTIs. However, the Staphylococcus aureus is

Urinary tract infections (UTIs) are amid the most critical
infections kinds globally. UTIs include varieties of
disorders, such as urethritis, cystitis, and pyelonephritis.
Reports showed that 50% of women had a history of
UTIs in their lives. UTIs are thoughtful health issues that
concluded 150 million individuals globally yearly (1).
Reports showed that bacteria are the most common

not documented as a major pathogen responsible for the
occurrence of UTIs, but its prevalence has been increased
in recent investigations (2).

Staphylococcus aureus is a significant human pathogen
responsible for most cases of nosocomial and hospital-
acquired infections. It is responsible for the occurrence
of several diseases, including UTIs, respiratory and
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soft tissue infections, endocarditis, osteomyelitis, and
endocarditis (3). The bacterium has an emergence of
severe antimicrobial resistance. Clinical experiences
showed that around 50% of the S. aureus isolates harbored
complete resistance toward penicillins and cephalosporins
groups of antimicrobials (4), which called them
methicillin-resistant S. aureus (MRSA). MRSA strains
caused complicated diseases for a more extended period
with a higher economic burden due to hospitalization and
treatment (5).

Some genes are involved in the occurrence of
antimicrobial resistance amongst the MRSA strains.
High distribution of the genes encodes resistance against
penicillins (blaZ), tetracyclines (tetK), macrolides (msrA
and ermA), and fluoroquinolones (gyrA) was described in
the MRSA isolates of clinical infections (6).

Most UTIs caused by MRSA are healthcare-associated-
MRSA (HA-MRSA) infections. Commonly, HA-MRSA’s
UTTI cases are asymptomatic, but symptomatic cases require
treatments. However, MRSA strains exhibited whole
resistance to all kinds of penicillins and cephalosporins
and high resistance toward other antimicrobials types (7).

Objectives

According to the uncertain role of MRSA in UTIs, an
existing survey was conducted to evaluate the prevalence
and antimicrobial resistance of MRSA bacteria recovered
from cases of UTIs.

Materials and Methods

Urine specimens

From Januaryto November 2020,710 urine specimens were
taken from patients referred to the Al-Yarmouk teaching
hospitals, Baghdad, Iraq. Patients were hospitalized owing
to severe UTIs. Midstream urine was taken through sterile
conditions to reduce possible microbial and artifactual
contaminations. Urine specimens were taken using sterile
glass tubes (10 mL) and immediately transported to the
laboratory at 4°C.

Staphylococcus aureus isolation

Sheep blood agar (7%, Merck, Germany) was used for
urine specimen inoculation. Media were then incubated
for 48 hours at 37 °C. The gram-staining morphologically
examined doubtful colonies. Finally, isolates were
confirmed using various biochemical tests, including
deoxyribonuclease (DNase) test, oxidase, coagulase,
and catalase tests, bacitracin (0.04 U) resistance pattern,
glucose O/F test, mannitol fermentation test, carbohydrate
(mannose, fructose, sucrose, trehalose, xylose, maltose,
and lactose) fermentation tests, nitrate reduction, urease
activity, and Voges-Proskauer test.

Identification of MRSA isolates
MRSA identification was carried out using oxacillin (1 ug)
and cefoxitin (30 pg) susceptibility testing, rendering the

Clinical and Laboratory Standards Institute (CLSI) (8).

Antimicrobial resistance testing

Procedures introduced by the CLSI (9) were applied for
this goal. Mueller-Hinton agar (Merck, Germany) was
used for MRSAs culture. Diverse antimicrobial disks,
such as ceftaroline (30 pg/disk), ciprofloxacin (5 pg/
disk), gentamicin (10 pg/disk), azithromycin (15 pg/disk),
clindamycin (2 pg/disk), trimethoprim-sulfamethoxazole
(25 pg/disk), penicillin (10 pg/disk), erythromycin (15
ug/disk), and rifampin (5 pg/disk) were placed on media.
Microbial media with placed disks were incubated (24 h
at 35°C). Accordingly, guidelines of the CLSI were applied
for susceptibility analysis (9).

DNA extraction and quality assessment

Tryptic Soy Broth (TSB) (Merck, Germany) was used for
MRSA growth before DNA extraction. DNA extraction
kit (Thermo Fisher Scientific, Germany) was applied. The
NanoDrop (NanoDrop, Thermo Scientific, USA) device
was applied for the quantitative assessment of extracted
DNA. Agarose gel electrophoresis (2%) was applied to the
qualitative assessment of extracted DNA.

Detection of antimicrobial resistance-encoding genes
Table 1 displays the polymerase chain reaction (PCR)
circumstances applied for this goal (10,11). Eppendorf
Mastercycler (Hamburg, Germany) device was applied for
the amplification. Positive (positive DNA samples of each
gene) and negative [PCR-grade water (Thermo Fisher
Scientific, Germany)] controls were applied to monitor
the findings of the PCR.

Data analysis

Data collected from the experiment were numerically
evaluated by the SPSS/22.0. Qualitative data taken
from the tests were examined using the chi-square and
Fisher’s exact and 2-tailed tests. P value less than 0.05 was
determined as a significance level.

Results

Study population

Table 2 shows the population comprised in the present
survey. The mean age of the studied individuals was 53.5
years. The ratio of male to female amongst the studied
population was 280/430. The distribution of smoking
and alcohol amongst studied patients was 44.9% and
35.2%, respectively. Among all examined clinical findings,
dysuria (34.9%) was the most predominant.

Distribution of MRSA and antimicrobial resistance
properties

Table 3 represents the prevalence and antimicrobial
resistance of MRSA bacteria recovered from urine
specimens. Findings showed that 55 out of 710 (7.7%)
urine specimens were positive for the MRSA. MRSA
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Table 1. Polymerase chain reaction (PCR) procedures used to detect antimicrobial resistance-encoding genes (10, 11)

Genes Primers (5'-3')

PCR product (bp)

Thermal cycles Volume (50 pL)

ermA F: AAG-CGG-TAA-ACC-CCT-CTG-A 190
R: TTC-GCA-AAT-CCC-TTC-TCA-AC

tetk F: GTA-GCG-ACA-ATA-GGT-AAT-AGT 360
R: GTA-GTG-ACA-ATA-AAC-CTC-CTA

4 FAGT-ACA-TCG-TCG-TAT-ACT-ATA-TGG 250
9y R: ATC-ACG-TAA-CAG-TTC-AAG-TGT-G

msrA F: GGC-ACA-ATA-AGA-GTG-TTT-AAA-GG 940
R: AAG-TTA-TAT-CAT-GAA-TAG-ATT-GTC-CTG-TT

blaz F: TGA-ACC-GTA-TGT-TAG-TGC 631
R: GTC-GTG-TTA-GCG-TTG-ATA

1 cycle

5 min: 94°C

25 cycles

60 s:94°C, 70 s: 55°C, 60 s: 72°C
1 cycle

10 min: 72°C

1 cycle

6 min: 94°C

34 cycles PCR buffer 10X: 5 pL
505:95°C, 70 s: 55°C, 60 s: 72°C Mgcl2: 2 mM

1 cycle dNTP: 200 puMm

8 min: 72°C Primer F: 0.5 uM

Primer R: 0.5 uM

Taq DNA polymerase: 1.5
U DNA: 5 pL

1 cycle

6 min: 95°C

34 cycles

605s:95°C,70s: 50°C, 70's: 72°C
1 cycle

8 min: 72°C

1 cycle

6 min: 94°C

30 cycles

605s:95°C, 60 s: 59°C 60 s: 72°C
1 cycle

10 min: 72°C

isolates displayed the supreme resistance rate toward
penicillin (100%) and ceftaroline (100%). The resistance
rate against gentamicin, erythromycin, and ciprofloxacin
was 87.2%, 76.3%, and 69.0%, respectively. Table 4 shows
the antimicrobial resistance-encoding genes distribution
amongst the MRSA isolates. BlaZ (100%) and tetK
(85.4%) had the higher frequencies amongst examined
antimicrobial resistance-encoding genes.

Discussion

MRSA strains are measured as one of the most critical
reasons for healthcare-associated and community-
associated (CA) infections. Both CA-MRSA and HA-

Table 2. The study population of the present survey

Demographic characters Individuals ( n=710)

Mean age (SD) 53.5(13.4)
Gender (M/F) 280/430
Mean weight (SD) 65.1(13.1)
Mean BMI (SD) 25.4(4.2)
Smoking (%) 44.9
Alcohol (%) 35.2
Clinical findings
Fever (%) 24.9
Nausea (%) 11.2
Hematuria (%) 26.0
Dysuria (%) 34.9

MRSA have the emergence of antimicrobial resistance.
Reports showed that MRSA strains recovered from
clinical infections displayed a considerable prevalence of
resistance toward various antimicrobials classes, including
cephalosporins, penicillins, quinolones, macrolides,
tetracyclines, aminoglycosides, phenols, and lincosamides
(12). Thus, it is essential to assess its prevalence and
molecular epidemiology amongst diverse kinds of hospital
infections.

The present study showed that 7.7% of the urine
specimens of hospitalized patients who suffered from
UTIs were positive for the MRSA strains. MRSA
isolates displayed a boost resistance rate toward
erythromycin, ceftaroline, penicillin, gentamicin, and
ciprofloxacin antimicrobial agents. Additionally, MRSA
isolates harbored a boost distribution of blaZ and tetK
antimicrobial resistance-encoding genes. It seems that
the antimicrobial-resistant MRSA isolates may be an
emerging cause of UTIs in Iraq.

Similarly, Lunacek et al (7) labelled that the MRSA
prevalence amongst urine specimens in Austria was 4.06%.
They disclosed that MRSA isolates were resistant toward
cephalosporin, aminopenicillin, penicillin G, carbapenem,
and p-lactamase antimicrobial agents. They also presented
that catheter utilization is the most critical risk factor for
MRSA occurrence in UTIs. An Irish survey (13) described
that the prevalence of MRSA strains was 27.9%. Besides,
MRSA isolates of the urine specimens displayed the
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Table 3. MRSA prevalence and antimicrobial resistance amid the studied population

Specimens N. P?Siﬁve N. MRSA isolates harbored resistance against each antimicrobial disk

K specimens for
(N. taken) the MRSA (%) P10 Cef Gen Az Ert Cip Cln Tri-sul Rif
Urine (710) 55 (7.7) 55(100) 55(100) 48(87.2) 26(47.2) 42(76.3) 38(69.0) 34(61.8) 32(58.1) 20(36.6)

P10: penicillin (10 ug/disk), cef: ceftaroline (30 pg/disk), gen: gentamicin (10 pg/disk), az: azithromycin (15 pg/disk), ert: erythromycin (15 ug/disk),
cip: ciprofloxacin (5 pg/disk), cIn: clindamycin (2 pg/disk), tri-sul: trimethoprim-sulfamethoxazole (25 pg/disk), rif: rifampin (5 pg/disk).

Table 4. Antimicrobial resistance-encoding genes distribution amid the MRSA isolates

N. MRSA harbored each antimicrobial resistance-encoding gene

Specimens (N. MRSA)
tetK

gyrA msrA blaz

Urine (55) 47 (85.4)

35(63.3)

25 (45.4) 55 (100)

tetK: tetracycline-encoding gene, gyrA: quinolones encoding gene, msrA: Macrolides specific resistance gene, blaZ: penicillin encoding resistance gene.

uppermost resistance rate toward flucloxacillin (100%),
co-amoxiclav (100%), and ciprofloxacin (98%).

Urinary MRSA is a rarely assessed phenomenon. In
a multicenter survey conducted in Britain, S. aureus
reported only 0.5% of urinary isolates (14). A French
survey (15) reported that only 1.3% of isolates from the
UTIs were positive for the S. aureus. Pacio et al (16),
stated that 13% of MRSA-colonized patients at any site
developed symptomatic UTIs.

Unauthorized prescription of antimicrobials and self-
treatment with antimicrobials, and indiscriminate use
of disinfectants are likely explanations for the boost
prevalence of antimicrobial resistance in the present
survey. Boost resistance rate of MRSA recovered from
human clinical infections toward penicillin, ceftaroline,
gentamicin, erythromycin, and ciprofloxacin was also
reported from Portugal (17), and United States (18).
Onanuga et al (1), discovered that the MRSA isolates
of UTIs in Nigeria harbored severe resistance toward
ampicillin (100%), tetracycline (97.8%), chloramphenicol
(80.4%), cotrimoxazole (73.9%), gentamicin (73.9%),
cefuroxime (54.3%), and ciprofloxacin  (32.6%)
antimicrobial agents. Sina et al (19) designated that
the UTIs S. aureus isolates from Benin displayed a
high prevalence of resistance toward penicillin (100%),
amoxicillin (83.3%), gentamicin (54.1%), erythromycin
(50.0%), ciprofloxacin (54.1%), and tetracycline (83.33%),
which was similar to our findings. A polish survey (20)
showed that MRSA isolates of hospital infections revealed
a high prevalence of resistance against ciprofloxacin
(83%), clindamycin (72.3%), levofloxacin (83.9%), and
erythromycin (77.7%) antimicrobial agents.

Our findings also showed the high distribution of
penicillin (blaZ)- and tetracycline (fetK)-encoding genes
amongst the MRSA isolates. Boost distribution of blaZ,
tetK, gyrA, ermA, and msrA antimicrobial resistance-
encoding genes, amongst other types of infections,
has been reported from Malaysia (21), Uganda (22),
and Turkey (23). There were several mechanisms

of antimicrobial resistance (24). The antimicrobial
resistance-encoding genes presence is one of them
(25). Thus, it is not surprising that the distribution of
antimicrobial resistance-encoding genes was much lower
than the antimicrobial resistance pattern of the MRSA
isolates toward one group of antimicrobials. However, it
is essential to assess the status of antimicrobial resistance-
encoding genes amongst MRSA isolates of UTIs.
The present survey was limited to the low groups
of examined patients and the absence of assessing the
distribution and antimicrobial resistance of MRSA
amongst patients with different clinical signs of UTIs.

Conclusion

In conclusion, MRSA strains are considered an opportunist
cause of UTIs in Iraq hospitals. According to findings,
penicillin, ceftaroline, gentamicin, erythromycin, and
ciprofloxacin prescription can not effectively be controlled
and treat the MRSAs UTIs in Iraq. However, further
surveys should perform to assess other epidemiological
features of MRSA in UTIs.

Limitations of the study

The present study was limited to the lack of microbial
assessment of urine samples of healthy volunteers as a
control group, low numbers of isolated bacteria, and
finally, the absence of the disk diffusion analysis of other
antibiotic agents.

Authors’ contribution

RAK, NA, BWH and MFN were the principal investigators
of the study. RAK and BWH carried out the samples
collection, bacterial isolation and disk diffusion. NA
carried out the MRSA identification and DNA extraction.
MEFN designed and supported the study and carried out
the PCR genetic alignment. FE participated in statistical
analysis. All authors participated in preparing the final
draft of the manuscript, revised the manuscript and
critically evaluated the intellectual contents. All authors

4 Journal of Renal Injury Prevention, Volume 11, Issue 1, March 2022

http://journalrip.com


http://journalrip.com

have read and approved the manuscript’s content and
confirmed the accuracy or integrity of any part of the
work.

Conflicts of interest
The authors declare that they have no competing interests.

Ethical issues

The research followed the tenets of the Declaration of
Helsinki. The present examination was performed on the
urine specimens of volunteer patients hospitalized in the
hospital due to UTTs. Written informed consent was taken
from all participants before any intervention. Personal
information of the individuals of the study is kept secret.
Additionally, ethical issues (including plagiarism, data
fabrication, double publication) have been completely
observed by the authors.

Funding/Support
Funding information is not available.

References

1.  Onanuga A, Awhowho GO. Antimicrobial resistance of
Staphylococcus aureus strains from patients with urinary
tract infections in Yenagoa, Nigeria. ] Pharm Bioal Sci.
2012;4:226. doi: 10.4103/0975-7406.99058.

2. Akortha EE, Ibadin OK. Incidence and antibiotic
susceptibility pattern of Staphylococcus aureus amongst
patients with urinary tract infection (UTI) in UBTH
Benin City, Nigeria. Afr ] Biotechnol. 2008;7:1637-40. doi:
10.5897/A]B08.176.

3.  Boucher H, Miller LG, Razonable RR. Serious infections
caused by methicillin-resistant Staphylococcus aureus. Clin
Infect Dis. 2010;51:5183-97. doi: 10.1086/653519.

4. Guo Y, Song G, Sun M, Wang ], Wang Y. Prevalence and
therapies of antibiotic-resistance in Staphylococcus aureus.
Front Cell Infect Microbiol. 2020;10:107. doi: 10.3389/
fcimb.2020.00107.

5. LeeBY, Singh A, David MZ, Bartsch SM, Slayton RB, Huang
SS, Zimmer SM, Potter MA, Macal CM, Lauderdale DS,
Miller LG. The economic burden of community-associated
methicillin-resistant Staphylococcus aureus (CA-MRSA).
Clin Microbiol Infect. 2013;19:528-36. doi: 10.1111/j.1469-
0691.2012.03914.x.

6. Vestergaard M, Frees D, Ingmer H. Antibiotic resistance
and the MRSA problem. Gram-Positive Pathog. 2019:747-
65. doi: 10.1128/microbiolspec. GPP3-0057-2018.

7. Lunacek A, Koenig U, Mrstik C, Radmayr C, Horninger
W, Plas E. Unexpected multidrug resistance of methicillin-
resistant  Staphylococcus aureus in urine samples: A
single-center study. Kor J Urol. 2014;55:349. doi: 10.4111/
kju.2014.55.5.349.

8. Mimica M]J, Carvalho RL, Berezin EN, Damaceno N,
Caiaffa-Filho HH. Comparison of five methods for oxacillin
susceptibility testing of Staphylococcus aureus isolates from
cystic fibrosis patients. Rev Inst Med Trop Sao Paulo. 2012
5;54:305-6. doi: 10.1590/S0036-46652012000600002.

9. Clinical and Laboratory Standards Institute (CLSI).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Methicillin-resistant S. aureus

Performance standards for antimicrobial susceptibility
testing;  twenty-second  informational  supplement.
M100-S21. Wayne Pa: CLSI; 2012.

Strommenger B, Kettlitz C, Werner G, Witte W. Multiplex
PCR assay for simultaneous detection of nine clinically
relevant antibiotic resistance genes in Staphylococcus
aureus. ] Clin Microbiol. 2003;41:4089-94. doi: 10.1128/
jcm.41.9.4089-4094.2003.

Schmitz FJ, Jones ME, Hofmann B, Hansen B, Scheuring S,
Liickefahr M, et al. Characterization of grlA, grlB, gyrA, and
gyrB mutations in 116 unrelated isolates of Staphylococcus
aureus and effects of mutations on ciprofloxacin MIC.
Antimicrob Agent Chemother. 1998;42:1249-52. doi:
10.1128/AAC.42.5.1249.

Algammal AM, Hetta HE Elkelish A, Alkhalifah DH,
Hozzein WN, Batiha GE, El Nahhas N, Mabrok MA.
Methicillin-Resistant Staphylococcus aureus (MRSA): one
health perspective approach to the bacterium epidemiology,
virulence factors, antibiotic-resistance, and zoonotic
impact. Infect Drug Res. 2020;13:3255. doi: 10.2147/IDR.
S272733.

Looney AT, Redmond EJ, Davey NM, Daly PJ, Troy C,
Carey BE Cullen IM. Methicillin-resistant Staphylococcus
aureus as a uropathogen in an Irish setting. Medicine. 2017
7;96:€4635. doi: 10.1097/MD.0000000000004635.
Barrett SP, Savage MA, Rebec MP, Guyot A, Andrews N,
Shrimpton SB. Antibiotic sensitivity of bacteria associated
with community-acquired urinary tract infection in
Britain. J Antimicrob Chemother. 1999;44:359-65. doi:
10.1093/jac/44.3.359.

Goldstein FW. Antibiotic susceptibility of bacterial strains
isolated from patients with community-acquired urinary
tract infections in France. Eur J Clin Microbiol Infect Dis.
2000;19:112-7. doi: 10.1007/s100960050440.

Pacio GA, Visintainer P, Maguire G, Wormser GP, Raffalli
J, Montecalvo MA. Natural history of colonization with
vancomycin-resistant Enterococci, methicillin-resistant
Staphylococcus aureus, and resistant Gram-negative Bacilli
among long-term-care facility residents. Infect Control
Hosp Epidemiol. 2003;24:246-50. doi: 10.1086/502201.
Mottola C, Matias CS, Mendes JJ, Melo-Cristino J,
Tavares L, Cavaco-Silva P, et al. Susceptibility patterns of
Staphylococcus aureus biofilms in diabetic foot infections.
BMC Microbiol. 2016;16:1-9. doi: 10.1186/s12866-016-
0737-0.

Watkins RR, Holubar M, David MZ. Antimicrobial
resistance in methicillin-resistant Staphylococcus aureus to
newer antimicrobial agents. Antimicrob Agent Chemother.
2019;63:01216-19. doi: 10.1128/AAC.01216-19.

Sina H, Semassa JA, TamA V, AdjilA AA, Baba-Moussa
F, Baba-Moussa L. Antibiotics resistance profile of
staphylococci isolated from urogenital infections and
toxins production of Staphylococcus aureus strains. Ann
Med Health Scie Res. 2018;8:29-34.

Kot B, Wierzchowska K, Piechota M, Gruzewska A.
Antimicrobial resistance patterns in methicillin-resistant
Staphylococcus aureus from patients hospitalized during
2015-2017 in hospitals in Poland. Med Principle Practice.
2020;29:61-8. doi: 10.1159/000501788.

Lim KT, Hanifah YA, Yusof MY, Thong KL. ErmaA,

http://journalrip.com

Journal of Renal Injury Prevention, Volume 11, Issue 1, March 2022 5


http://journalrip.com

Khalee RA et al

22.

ermC, tetM and tetK are essential for erythromycin
and tetracycline resistance among methicillin-resistant
Staphylococcus aureus strains isolated from a tertiary
hospital in Malaysia. Ind ] Med Microbiol. 2012;30:203. doi:
10.4103/0255-0857.96693.

Goodhead 1B, Ackers HL, Birtles R], James C. Antibiotic
resistance profiles and population structure of disease-
associated Staphylococcus aureus infecting patients in
Fort Portal Regional Referral Hospital, Western Uganda.
BioRxiv. 2020. doi: 10.1101/2020.11.20.371203.

23.

24.

25.

Yilmaz ES, Aslantag O. Antimicrobial resistance and
underlying mechanisms in Staphylococcus aureus isolates.
Asian Pacific ] Trop Med. 2017;10:1059-64. doi: 10.1016/j.
apjtm.2017.10.003.

Blair JM, Webber MA, Baylay AJ, Ogbolu DO, Piddock LJ.
Molecular mechanisms of antibiotic resistance. Nature Rev
Microbiol. 2015;13:42-51. doi: 10.1038/nrmicro3380.

Lin J, Nishino K, Roberts MC, Tolmasky M, Aminov
RI, Zhang L. Mechanisms of antibiotic resistance. Front
Microbiol. 2015;6:34. doi: 10.3389/fmicb.2015.00034.

Copyright © 2022 The Author(s); Published by Nickan Research Institute. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Renal Injury Prevention, Volume 11, Issue 1, March 2022

http://journalrip.com


http://journalrip.com

