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ABSTRACT  

There is so little information available in Iraq about genetic variability in methicillin resistant 

Staphylococcus aureus (MRSA), so current study aimed to use six tandem repeat loci of 

multilocus variable number tandem repeat (MLVA) typing to discriminate among MRSA, so 

to achieve the aim of this study, six loci, clfA, clfB, sdrC, spa, sspa and sav1078 were selected 

for multiplex PCR. The PCR product were subjected to capillary electrophoresis by using 

ABI-Genetic analyzer, then the data were analyzed by using GeneMapper™ Software 5. 

Fragment sizes were converted into repeats number. The total number of repeats are used to 

generate allelic profile. The allelic profile used to draw the minimum spanning tree and 

dendrogram , all the 85 MRSA isolates are clustered into 54 MLVA type. 

Key words: Multiplex PCR, minimum spanning tree, capillary electrophoresis, repeat 

number.  
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 زيد وقندلا                                                                                    1931-1185(:5 (52: 2021-مجلة العلوم الزراعية العراقية 

السريع زالتمي باستخدام للميثيسيلينالمقاومة  الذهبية المكورات العنقوديةريا بكتيبين   في  العدد المتغاير للتكرار الترادفي تحليل 
من مرضى عراقيين وبيئات المستشفياتعينات   

 نهى جوزيف قندلا             احمد مجيد عبد زيد   
 أستاذ                    باحث

 جامعة بغداد – كلية العلوم –التقنيات الاحيائية  قسم
 المستخلص

، لذا هدفت (MRSA) الوراثي في بكتيريا المكورات العنقودية الذهبية هناك معلومات قليلة جداً متوفرة في العراق حول التغاير
 (MLVA)للتكرار الترادفي متعدد المواقع العدد المتغاير  تنميط منالترادفي  مواقع التكرارمن  ستةالى استخدام الدراسة الحالية 

تم  دراسةهذه المن هدف ال، لذا لغرض تحقيق للميثيسيلين المقاومةالمكورات العنقودية الذهبية بكتيريا بين  زلغرض التمي
ناتج اخضاع تم  .المتعددلتفاعل البلمرة المتسلسل   (clfA, clfB, sdrC, spa, sspa and sav1078)اختيار ستة مواقع 

  بيانات بواسطة برنامجال للتح  ، وبعد ذلك -ABIالجيني المحللباستخدام البلمرة الى الترحيل الكهربائي الشعري 
GeneMapper™ Software 5الاليلي  لانشاء الملف دد التكرار. استخدم العدد الكلي للتكرار. تم تحويل حجم القطع الى ع

ولوحظ تجمع ، والمخطط الشجري شجرة الامتدادمن الأدنى  الحدلغرض رسم  الاليلي. استخدم الملف الخاص بهذه المواقع
       . MLVAالخمسة وثمانون عزلة الى أربعة وخمسون نمط 

 .التكرار عدد، الترحيل الكهربائي الشعري، الحد الأدنى من شجرة الامتداد: تفاعل البلمرة المتسلسل المتعدد، الكلمات الافتتاحية 
 الأول*جزء مستل من أطروحة الدكتوراه للباحث 
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INTRODUCTION  

Staphylococcus aureus is linked nosocomial 

and community-acquired disease and it is 

considered an important bacterial pathogen 

(6).
 

Endocarditis, pneumonia, deep abscess 

formation, bacteremia and variety of clinical 

syndrome can be caused by S. aureus, this 

bacteria appear to be widespread and is more 

often than not produce clinical symptoms. 

Carriers may transfer the pathogen infecting 

individuals who may develop disease. In the 

past few years methicillin resistant S. aureus 

bacteria has been rapidly emerged due to 

excessive usage of methicillin within hospitals 

worldwide (27, 22, 25). Unambiguous 

characterization of S. aureus isolates is needed 

to control MRSA infections through studying 

the impact of measures and understanding the 

population biology of S. aureus. Analysis of S. 

aureus requires many techniques of typing 

such as phage typing (29), ribotyping (15), 

random amplified polymorphic DNA analysis 

(28), sequence analysis of 16S–23S rDNA 

spacer regions (14), amplified fragment length 

polymorphism
 
(13) and SSCmec typing (17). 

Pulse Field Gel Electrophoresis (PFGE) (16), 

Multilocus Sequence Typing (MLST)
 
(5) and 

spa-sequence typing (10) are the most used 

typing techniques worldwide. Recently a 

technique known MLVA which is multiple-

locus variable-number tandem repeat analysis 

that knowing by its ability to typing bacterial 

pathogens in large number (4, 7, 8, 11, 19, 20, 

21). Epidemiological studies has been done 

through creation a DNA profiles by using the 

differences in the sequence numbers of short 

tandem repeat that knowing as VNTR. Many 

MLVA schemes of S. aureus bacteria have 

been made and utilized to type this bacterial 

pathogen. Advances in molecular typing was 

done through genome sequencing projects by  

analysis of VNTR loci that’s localized in the 

genomes of prokaryotes and eukaryotes. At the 

same locus, the repeat number units different 

from one strain to another and can be 

investigated by technique of PCR by using 

specific flanking primers. Several VNTR loci 

have been indicated by genome sequencing of  

S. aureus, these include spa, clfA, clfB, sdr and 

sspA (24). In Iraq, there is so little information 

available about genetic variability in MRSA 

regionally, so current study aimed to use six 

tandem repeat loci (sdrC, spa, clfB, clfA, sspA 

and sav1078) of MLVA typing to discriminate 

among MRSA.  

MATERIALS AND METHODS  

Isolates and phenotypic identifications 

Eighty five isolates of MRSA were obtained 

from previous study. The S. aureus isolates 

were re-cultured on Mannitol salt agar medium 

and confirmed by using BHIA then incubated 

overnight at  37C°. Positive isolates for 

Mannitol salt agar where selected for testing 

by Gram stain, catalase, coagulase and oxidase 

test (18). MRSA confirmed by using HiCrome 

MeReSa Agar Base medium (26). 

Molecular techniques  

DNA extraction: Genomic DNA was 

extracted by using genomic DNA purification 

kit (Promega company/USA). The purity and 

concentration were measured by using 

Quantus (Promega/USA). The integrity of 

DNA samples  were tested by gel 

electrophoresis. 

PCR 

PCR was used to confirm the isolates as 

reported by the previous study by using nuc 

and mecA genes (3, 30). 

Multiplex PCR based multilocus variable 

number of tandem repeats (MLVA) assay 

The multiplex PCR was used for MLVA 

typing by using six genes included spa 

(Protein A gene), sdrC (Ser-Asp-rich 

fibrinogen binding proteins), clfA (Clumping 

factor A), clfB (Clumping factor B), sspa 

(Serine protease V8) and sav1078  

(Hypothetical Protein). The fluorescent labeled 

primers used are given in the Table 1, clfA, 

sdrC and sav1078 were multiplex separately 

from clfB, spa and sspA. 
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Table 1. The fluorescent labeled primers used in this study 
Gene Name Primer Sequence (5`→ 3`) Dye References  

clfA (Clumping factor A) F-GCATTTAATAACGGATCAGG 

R-TGAATTAGGCGGAACTACAT 

FAM 21 

clfB (Clumping factor B) F-ATGGTGATTCAGCAGTAAATCC 

R-CATTATTTGGTGGTGTAACTCTT 

VIC 21 

sdrC (Ser-Asp-rich fibrinogen 

binding proteins) 

F-ATGATTTCACACTTGATAATGGC 

R- GCTGTTTTATGCTGATCTTTAAC 

VIC 21 

spa (Protein) F-AGCACCAAAAGAGGAAGACAA 

R-GTTTAACGACATGTACTCCGT 

FAM 21 

sspA (Serine protease V8) F-ATCMATTTYGCMAAYGATGACCA 

R-TTGTCTGAATTATTGTTATCGCC 

Ned 21 

sav1078 (Hypothetical Protein) F-GTGCATAATGGCTTACGAAT 

R-TGGGAGGAATTAATCATGTC 

FAM 21 

F- Forward 

R- Reverse  

A thermal cycler (BioRad, USA) were used to 

amplify PCR reactions. Reaction mixtures 

were established as follows: GoTaq®Green 

Master Mix (1X) (12.5μl) (promega company 

/USA), that composed of MgCl2, 

deoxynucleotides (dNTP), Taq DNA 

polymerase, reaction buffer, green and yellow 

dyes that used to observe progress during 

electrophoresis; various concentration of each 

utilized primers (10 pmol)(0.75μl), (50-80) 

ng/μl (2μl) of DNA template then free 

nuclease water was added to obtain the final 

volume (6μl). The products of PCR were 

separated by using agarose gels (2% 

agarose,1μ of ethidium bromide (10mg/ml),1X 

TAE), scanned, and analyzed on OWL 

Electrophoresis System (Thermo, USA). The 

mixture of reactions were taken through 

thermocycling conditions as shown in Table 2. 

The product of PCR were introduced to gene 

scan in ABI-genetic analyzer for size analysis. 

Gene scan peaks were analyzed using the 

Applied Biosystem GeneMapper™ program 5 

to obtain the exact PCR product size. 

Table 2. The program used in multiplex PCR analysis 
Steps Temperature  Time Cycle No. 

Initial denaturation   
105C

o

 
5min. 1 

Denaturation 
94C

o

 
30sec. 30 

Annealing 
53C

o

 for (clfA, sdrC and sav1078) 

61C
o

 for (clfB, spa and sspA) 

30sec. 

Extension 
72C

o

, 2min. 
2min. 

Final extension   
72C

o

 
5min. 1 

Hold 
4C

o

,  
~ 1 

VNTR calculations and MLVA Data  

analysis: The tandem repeat numbers for 

whole loci were calculated from the standard 

sequenced strain S. aureus NCTC8325 

utilizing a program of Tandem Repeats Finder 

(http://tandem.bu.edu/trf.html) version 4.03 

(2). PCR products from this strain were used 

as a reference for  calculation of repeat 

numbers in the tested strains. The 

mathematical formula used for calculation of 

repeat numbers was as follows: size of   PCR 

product minus size of the flanking region 

divided by the size of the repeat units. 

Phylogenetic analysis: Tandem repeat 

numbers gained for every loci to each isolates 

were introduced into BioNumerics software: 

version 7.6.1 (https://applied-maths.com) for 

phylogenetic tree to be calculated. In the trees 

every circle act a particular genotype (MLVA) 

and the size of circle represents strain numbers 

in each particular genotype and the color of the 

circle represents the isolation source of each 

strain. Lines between the circles represent 

repeat numbers variation. The isolates varying 

at one locus are connected by bold lines and 

those differ at more than one locus are linked 

by thin dotted lines. 

RESULTS AND DISCUSSION 

Isolates and phenotypic identifications 

All isolates showed typical S.aureus on 

Mannitol salt agar, positive coagulase, and 

catalase and negative oxidase test, in addition 

http://tandem.bu.edu/trf.html
https://applied-maths.com/
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to Gram positive grape clusters on microscopic 

examination. All isolates Identified as MRSA 

on HiCrome MeReSa Agar Base medium. 

Molecular identification  

All isolates showed positive reaction for 

amplification of nuc and mecA genes by 

identifying S. aureus (276bp) and MRSA 

(147bp) respectively. 

Multilocus variable Number of Tandem 

Repeats (MLVA) Analysis of MRSA 

Isolates: The approach of MLVA was 

introduced to test these MRSA isolates as a 

cost-effective and speed method to 

determining their phylogenetic relationships. 

In the current study the fluorescent labeled 

primers were used for performance of capillary 

electrophoresis assay on ABI genetic analyzer 

as given in material and methods. ABI 

sequencer was used for analyzing of PCR 

products of MRSA isolates and this method of 

MLVA typing considered robust and more 

accurate in comparison to gel, this for its 

power to separate products PCR with little 

variations in its size through providing a 

delicate sizes for each PCR product. Chosen of 

VNTR was based on established MLVA 

protocols (9, 12). Six loci included spa 

(Protein A gene), sdrC (Ser-Asp-rich 

fibrinogen binding proteins), clfA (Clumping 

factor A), clfB (Clumping factor B), sspa 

(Serine protease V8) and sav1078 

(Hypothetical Protein) were chosen for the 

multiplex PCR for typing of MLVA. The 

chosen primers  from 6 loci were multiplexed 

in two separate PCR reactions. clfA,  sdrC and 

sav1078 primers as showed in Figure 1 and 

Figure 2 were multiplexed together separately 

from clfB, spa, sspa in order to prevent band 

overlap and to avoid the fake band formation. 

Before capillary electrophoresis the amplified 

product were also checked on agarose gel 

stained with ethidium bromide in order to 

check the amplification. 

 
Figure 1. Gel electrophoresis of clfA (957bp), sdrC, (646bp) and sav1078 (319bp), lane (1) represents 

the 100bp DNA ladder, lanes (2-19) represent the MRSA isolates and lane (20) represents negative 

control, which has been separated on 2% agarose gel (90 V, 1X TBE buffer) for 1hour and has been 

visualized under U.V. lights post EtBr staining 

 
Figure 2. Gel electrophoresis of clfB (828bp), spa, (290bp) and sspA (155bp), lane (1) represents the 

100bp DNA ladder, lanes (2-19) represent the MRSA isolates and lane (20) represents negative control, 

which has been separated on 2% agarose gel (90 V, 1X TBE buffer) for 1hour and has been visualized 

under U.V. lights post EtBr staining 
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PCR product obtained after two multiplex 

PCR were subjected to capillary 

electrophoresis by using ABI-genetic analyzer. 

The data obtained from capillary 

electrophoresis in the form of peaks were 

analyzed by using GeneMapper™ Software 5 

as showed in Figure 3. 

 
Figure 3. Capillary electrophoresis of sdrC, clfA, sav1078, spa, clfB and sspA. The results 

analyzed by GeneMapper™ Software 5 
The fragment sizes obtained for each locus for 

all the isolates were converted into the repeats 

number. For this purpose the sequence data for 

the standard strains NCTC8325were imported 

into the program of tandem repeats finder 

(http://tandem.bu.edu/trf.html), this program in 

Bioinformatics introduced by Gary Benson, 

Boston Version 4.0 (2). The software 

identified the repeat numbers present in the 

DNA sequences of the six loci clfA, sdrC, clfB, 

spa, sspA and sav1078. The size of the 

flanking regions was assessed by subtracting 

the repeat containing region from the total 

amplicon size. In this way we got the length of 

flaking region, length of VNTR region, and 

size of repeat unit from the tandem repeat 

finder version 4.0. Then this approach was 

used to calculate the repeat numbers found in 

the PCR amplified products obtained from 

other MRSA strains. Total repeat numbers 

were identified by using the following 

formula: In this way we got the number of 

VNTR for all the loci. The total number of 

repeats are used to generate allelic profile (1). 

 
In order to draw the minimum spanning tree 

(Phylogenetic tree), the repeats obtained with 

five loci for each isolate were feed into the 

http://tandem.bu.edu/trf.html)27
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Bionumeric program. The order of allelic 

profile fed into the Bionumeric was clfA-sdrC-

clfB-spa-sspA. The gene sav1078  was  not  

used  in  clustering  as  all  the isolates were 

similar in PCR product. Minimum spanning 

tree (Phylogenetic tree) of 85 bacterial isolates 

derived from VNTRs of spa, sdrC, clfA, clfB, 

and sspA loci using software provided by 

Bionumerics is shown as Figure 4. In the 

phylogenetic tree circle colors represents the 

sources isolation of each isolate and the size of 

circles are proportional to isolate numbers 

present in each node. The isolates of MRSA 

that differs by repeat at a one VNTR locus are 

linked with bold lines, in other hands the 

isolates differ at two or more VNTR loci are 

shown linked with dotted thin lines. All the 85 

MRSA isolates are clustered into 54 MLVA 

type or genotype without applying cut off as 

shown in Figure 4. Arfat, (1) mentioned that 

123 MRSA isolates clustered into 63 

genotypes. It is clear that these isolates are 

closely linked as majority of MLVA type are 

connected with bold lines and it is also clear in 

the Figure 4 that most of the genotypes are 

originating from genotype 33 that is contain 

only one isolate which is isolates number 23. 

This distribution of strains from different 

hospitals into the same MLVA type suggests 

that there is no association between specific 

strains and hospitals. This might be due to the 

fact that these hospitals are not geographically 

isolated from each other and visits of patients 

between hospitals are common resulting in 

frequent exchange of strains between these 

closely linked hospitals. Bionumerics software 

use to generate minimum spanning tree by 

using provided MLVA profiles to know 

genetic relationships of different MLVA types 

(1). 

 
Figure 4.  Minimum spanning tree of 85 MRSA isolates derived from VNTRs of clfA, sdrC, 

clfB, spa and sspA loci using Bionumerics software 
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The allelic profile was also used to draw the 

dendrogram.The dendrogram obtained from 

the MLVA types (genotypes) of the 85 MRSA 

isolates and one standard strains is shown in 

Figure 5. The dendrogram adaptation 

technique was UPGMA with (80%) a cluster 

cut-off. Sources of isolation, Strain names and 

time of isolation are also noticed in the Figure 

5. All the 85 MRSA were clustered into 54 

genotypes at 100% similarity (without cut-off) 

and clustered into 25 group when 80% cut-off 

technique was used. As mentioned by Sabat et 

al (23), the MLVA clusters gained by using  a 

cluster cut-off of 88% never clustered isolates 

that were diagnosed as being unrelated by 

MLVA and spa typing. The isolates of MLVA 

groups defined by a cluster cut-off 88% were 

mostly clustered in the matching spa-CCs and 

widely in the matching MLVA-CCs. for 

epidemiological typing, MLVA groups 

identified with 88% cut-off value are the most 

appropriate in identifying outbreaks and 

detection transmissions routes as well as 

sources (23). 

 
Figure 5. Dendrogram base on clustering with respect to MLVA types of MRSA Isolates 

represented by UPGMA. 54 haplotypes are shown at 100% similarity, which clustered into 25 

groups when 80%cut off technique was used 
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CONCLUSION 

Using of MLVA led to clustering of MRSA 

isolates rapidly and robustly for detection of 

localized outbreaks. MLVA typing may also 

give knowledge about the processes of 

evolutionary as different the repeat numbers at 

various loci considered evidence of which 

VNTR are prone for natural selection 

producing variation in higher levels. In current 

study, more variation in clfB and  sdrC than in 

sspa, spa and clfA are observed. Additionally 

changing in the number of repeats was not 

needed stepwise but may have happened due 

to large jumps. Large jumps might be 

happened during replication of DNA because 

of deletions due to slipped strand mispairing or 

might be happened during replication as result 

of insertions and deletions. 

REFERENCES 

1. Arfat, Y. 2013. Genotyping of methicillin 

resistant Staphylococcus aureus (MRSA) from 

local hospital of Rawalpindi/Islamabad, 

Pakistan. Ph.D. Dissertation, Dept. of 

Biochemistry, Coll. of Bio. Sci. Univ. of 

Quaid-i-Azam.  

2. Benson, G. 1999. Tandem repeats finder: a 

program to analyze DNA sequences. Nucleic 

acids research, 27(2), 573-580 

3. Brakstad, O.G., K. Aasbakk, and J.A. 

Maeland. 1992. Detection of Staphylococcus 

aureus by polymerase chain reaction of the 

nuc gene. J. Clin. Microbiol. 30, 1654–1660 

4. Clifton, R., L.E. Green and K.J. Purdy. 

2018. Development and validation of a 

multiple locus variable number tandem repeat 

analysis (MLVA) scheme for Fusobacterium 

necrophorum. Veterinary microbiology, 213, 

108-113 

5. Cody, A. J., M.C. Maiden, N.J. Strachan 

and N.D. McCarthy. 2019. A systematic 

review of source attribution of human 

campylobacteriosis using multilocus sequence 

typing. Eurosurveillance, 24(43). 

6. Crandall, H., A. Kapusta, J. Killpack C. 

Heyrend, K. Nilsson, M. Dickey and M. 

Yandell. 2020. Clinical and molecular 

epidemiology of invasive Staphylococcus 

aureus infection in Utah children; continued 

dominance of MSSA over MRSA. Plos 

one, 15(9). 

7. Dahyot, S., J. Lebeurre, X. Argemi, P. 

François, L. Lemée, G. Prévost, G., andM. 

Pestel-Caron. 2018. Multiple-locus variable 

number tandem repeat analysis (MLVA) and 

tandem repeat sequence typing (TRST), 

helpful tools for subtyping Staphylococcus 

lugdunensis. Scientific reports, 8(1), 1-11 

8. Eisenberg, T., A. Fawzy, W. Nicklas, T. 

Semmler and C. Ewers. 2016. Phylogenetic 

and comparative genomics of the family 

Leptotrichiaceae and introduction of a novel 

fingerprinting MLVA for Streptobacillus 

moniliformis. BMC genomics, 17(1), 864 

9. Francois, P., A. Huyghe and Y. 

Charbonnier. 2005. Use of an automated 

multilocus variable of tandem repeat based 

method for rapid and high throughput 

genotyping of Staphylococcus aureus isolates. 

J Clin Microbiol; 43: 3346-3355 

10. Frenay, H.M., J.P Theelen L.M Schouls, 

C.M. Vandenbroucke-Grauls and J. Verhoef. 

1994. Discrimination of epidemic and 

nonepidemic methicillin-resistant 

Staphylococcus aureus strains on the basis of 

protein A gene polymorphism. J Clin 

Microbiol. 32:846–847.  

11. Frothingham, R. and W.A. Meeker-

O'Connell. 1998. Genetic diversity in the 

Mycobacterium tuberculosis complex based on 

variable numbers of tandem DNA repeats. 

Microbiology.144(Pt 5):1189–1196.  

12. Gilbert, F.B., A. Fromageau, L. Gellineau 

and B. Poutrel. 2006. Differentiation of bovine 

Staphylococcus aureus isolates by use of 

polymorphic tandem repeat typing. J Vet 

Microbiol;117: 297-203 

13. Grady, R., M. Desai, G. O'Neill, B. 

Cookson and J. Stanley. 1993. Genotyping of 

epidemic methicillin-resistant Staphylococcus 

aureus phage type 15 isolates by fluorescent 

amplified-fragment length polymorphism 

analysis. J Clin Microbiol.37:3198–3203.  

14. Gurtler, V., H.D. Barrie. 1995. Typing of 

Staphylococcus aureus strains by PCR-

amplification of variable-length 16S-23S 

rDNA spacer regions: characterization of 

spacer sequences. Microbiology.141(Pt 

5):1255–1265 

15. Hansen, J.E., A.R. Larsen, R.L. Skov, M. 

Chriél, G. Larsen, O. Angen and K. Pedersen. 

2017. Livestock-associated methicillin-

resistant Staphylococcus aureus is widespread 

in farmed mink (Neovison vison). Veterinary 

microbiology, 207, 44-49 



Iraqi Journal of Agricultural Sciences –2021:52(5):1185-1193                                          Zaid & Kandala 

1193 

16. Ichiyama, S., M. Ohta, K. Shimokata, N. 

Kato and J.Takeuchi. 1991. Genomic DNA 

fingerprinting by pulsed-field gel 

electrophoresis as an epidemiological marker 

for study of nosocomial infections caused by 

methicillin-resistant Staphylococcus aureus. J 

Clin Microbiol.29:2690–2695 

17. Katayama, Y., T. Ito and K.A. Hiramatsu . 

2000. A new class of genetic element, 

staphylococcus cassette chromosome mec, 

encodes methicillin resistance in 

Staphylococcus aureus. Antimicrob Agents 

Chemother.44:1549–1555.  

18. Kateete, D.P., C.N. Kimani, F.A. Katabazi, 

A. Okeng, M.S. Okee, A. Nanteza and F.C. 

Najjuka. 2010. Identification of Staphylococcus 

aureus: DNase and Mannitol salt agar improve 

the efficiency of the tube coagulase test. Annals 

of clinical microbiology and antimicrobials, 

9(1), 1-7 

19. Liu, Z.G., D.D. Di, M. Wang, R.H. Liu, 

H.Y. Zhao, D.R. Piao and X.Z. Xia. 2017. 

MLVA genotyping characteristics of human 

Brucella melitensis isolated from Ulanqab of 

Inner Mongolia, China. Frontiers in 

Microbiology, 8, 6 

20. Martin, B., S. Bover-Cid and T. Aymerich. 

2018. MLVA subtyping of Listeria 

monocytogenes isolates from meat products and 

meat processing plants. Food Research 

International, 106, 225-232. 

21. Mazzaglia, A., Y.J. Rahi, M.C. Taratufolo, 

M. Tatì, S. Turco, S. Ciarroni and G.M. 

Balestra. 2020. A new inclusive MLVA assay 

to investigate genetic variability of Xylella 

fastidiosa with a specific focus on the Apulian 

outbreak in italy. Scientific reports, 10(1), 1-11. 

22. Morgan, D.J., R.P. Wenzel and G. 

Bearman. 2017. Contact precautions for 

endemic MRSA and VRE: time to retire legal 

mandates. Jama, 318(4), 329-330 

23. Sabat, A.J., M.A. Chlebowicz, H. 

Grundmann, J.P. Arends, G. Kampinga, N.E. 

Meessen and J.M. Van Dijl. 2012. 

Microfluidic-chip-based multiple-locus 

variable-number tandem-repeat fingerprinting 

with new primer sets for methicillin-resistant 

Staphylococcus aureus. Journal of clinical 

microbiology, 50 (7), 2255-2262 

24. Sabat, A., J. Krzyszton-Russjan, W. 

Strzalka, R. Filipek, K. Kosowska, W.  

Hryniewicz and J. Potempa. 2003. New method 

for typing Staphylococcus aureus strains: 

multiple-locus variable-number tandem repeat 

analysis of polymorphism and genetic 

relationships of clinical isolates. Journal of 

Clinical Microbiology, 41(4), 1801-1804 

25. San, S.P., C.S.J. Teh, N. Idris, I.C. Sam, 

S.F.S. Omar, H. Sulaiman and S. 

Ponnampalavanar. 2017. 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 infectious diseases, 17(1), 

274 

26. Thangavel, A., M. Natarajanand and R.P. 

Moses. 2011. Comparative Identification of 

Methicillin-Resistant Staphylococcus aureus 

(MRSA) based on amplification of mecA gene 

and Growth on MeReSa Agar and HiChrome 

MeReSa Agar. Int J Genetic Engg Biotechnol, 

2, 163-72 

27. Thitiananpakorn, K., Y. Aiba, X.E. Tan, S. 

Watanabe, K. Kiga, Y. Sato’o and A.H. Azam. 

2020. Association of mprF mutations with 

cross-resistance to daptomycin and vancomycin 

in methicillin-resistant Staphylococcus aureus 

(MRSA). Scientific reports, 10(1), 1-15 

28. Wang, D., L.  Zhang, X. Zhou, Y. He, C. 

Yong, M. Shen and B. Han. 2016. 

Antimicrobial susceptibility, virulence genes, 

and randomly amplified polymorphic DNA 

analysis of Staphylococcus aureus recovered 

from bovine mastitis in Ningxia, China. Journal 

of dairy science, 99(12), 9560-9569 

29. Wang, H.Y., T.Y. Lee, Y.J. Tseng, T.P. 

Liu, K.Y. Huang, Y.T.Chang and J.J. Lu. 2018. 

A new scheme for strain typing of methicillin-

resistant Staphylococcus aureus on the basis of 

matrix-assisted laser desorption ionization 

time-of-flight mass spectrometry by using 

machine learning approach. PloS one, 13(3). 

 30. Zhang, K., J. McClure, S. Elsayed, T. 

Louie and M.C. John. 2005. Novel Multiplex 

PCR Assay for Characterization and 

Concomitant Subtyping of Staphylococcal 

Cassette Chromosomemec type I to V in 

Methicillin-Resistant Staphylococcus aureus. 

Journal of Clinical Microbiology. 43(10):5026-

5033. 

 


