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Abstract 

Methicillin resistant Staphylococcus aureus (MRSA) is a significant infectious agent which cause infections in 

human and animals. This study was aimed to genotype human MRSA isolates recovered from wounds. Of the 66 

wound cultures, 32 were confirmed as S. aureus and 23 had given positive signal MRSA, respectively. There were 

consistent banding patterns among all 23 MRSA isolates. The dendrogram attained from the Rep and BOX 

analysis showed 2 major groups showing a little bit maximum and distant relationship among MRSA strains. 

Henceforth, this technique could be of valuable use in scheming the modes as well as sources of transmission 

and mainly inhibiting the hospital related infections those are caused by the MRSA strains. 

* Corresponding Author: Faisal Saeed Awan  faisal.saeed@uaf.edu.pk 
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Introduction 

Staphylococcus (S.) aureus is one of the most 

noteworthy pathogens causes wide range of infections 

both in human and animals (Trindade, 2003; Manga 

and Vyletělová, 2012; Grema et al., 2015). Being a 

well-armed pathogen, S. aureus harbors multiple 

toxins, virulence factors and resistant to variety of 

antimicrobials (Gorden and Lowy, 2008). About 20-

40% of the human populations are carriers and some 

humans are midway carriers while others are 

constant carries (Foster, 2009; Williams, 1963).  

 

Methicillin- is associated with the presence of mec A 

gene, which has resulted in resistance to almost all 

beta-lactam antimicrobials including penicillins, 

carbapenems, monobactams and cephalosporins 

(Kwon et al., 2006). In case of methicillin-susceptible 

S. aureus (MSSA), beta-lactam antimicrobials bind to 

PBPs, as a result of which synthesis of peptidoglycan 

layer disrupts, consequently inhibits the survival of S. 

aureus. On the other hand, in MRSA, the Mec A gene 

refers to the production of an altered PBP and PBP2a, 

to which beta-lactam antimicrobials are not capable 

to bind thus cannot disrupt the synthesis of 

peptidoglycan, facilitating the survival and growth of 

MRSA (Berger-Bachi, 2002). 

 

The first report on methicillin resistance S. aureus 

was published in 1961 (Jevons et al., 1961), and this 

resistance is constantly rising all over the world. 

Methicillin resistant S. aureus are more virulent and 

appears to involve in chronic and serious infections 

than methicillin susceptible strains (Melzer et al., 

2003; Wang et al., 2012). It is the fact that methicillin 

resistance is certainly associated to the importance of 

MecA gene, this gene codes PBP 2a protein which 

binds penicillin making it able to create molecular 

test for exact proof of MRSA (Peacock and Paterson, 

2015). Due to high degree of genetic homology among 

MRSA strains has stopped the commonly used of 

genotyping methods.  

 

For the molecular typing of methicillin resistant and 

non-resistant S. aureus, a variety of typing methods 

including arbitrarily primed polymerase chain 

reaction (AP-PCR), pulsed-field gel electrophoresis 

(PFGE), variable number tandem repeat analysis 

(VNTR) typing, multiple-locus variable-number tandem 

repeat analysis (MLVA), multilocus sequence typing 

(MLST) and Staphylococcal Cassette Chromosome mec 

(SCCmec) typing have been used (Sabat et al., 2003; 

Trindade et al., 2003; Stefani et al., 2012).  

 

A BOX repetitive sequence is a greatly preserved 

repetitive DNA element that has been recognized in 

the Streptococcus pneumoniae chromosome. Even 

though the role of this constituent has not until now 

been entirely understood, it has been verified that the 

occurrence of a BOX sequence is linked with 

difference in colony cloudiness of the bacteria (Saluja 

and Weiser, 1995). BOX-PCR has been efficiently 

used for typing S. aureus along with other bacterial 

species (van Belkum et al., 1996).  

 

All bacterial genome have repetitive elements 

sequences. These elements, which are spread 

throughout the chromosome, have been illustrated in 

comprehensive studies concerning repetitive 

sequences (Rep) (van Leeuwen, 2003; Stepan et al., 

2004). These sequences are conserved by most 

bacteria and can be targeted, by the use of PCR, for 

epidemiological studies (Trindade et al., 2003). Rep-

PCR is an uncomplicated PCR-based practice that 

basically targets various replicas of repetitive 

elements in the bacterial genome to produce DNA 

fingerprints (Versalovic et al., 1991). Generally, Rep-

PCR has high-quality discriminatory power and its 

reproducibility is good as compare to other methods 

such as RAPD and PFGE (Manga and Vyletělová, 

2012). The Rep-PCR with the combination of 

fluorophore-enhanced Rep-PCR (FERP) can also 

identify epidemic strains having MRSA background.  

 

These methods provide rapid identification of 

epidemic strains which may concern with nosocomial 

infections (Versalovic et al., 1994; Manga and 

Vyletělová, 2012; Aquadero et al., 2015). The present 

study was conducted with the aim to identify the 

genetic variation among Human MRSA strains 

isolated from different hospitals by using Rep primer. 
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Materials and methods 

Sampling and Bacteriology  

A total of 66 wound swabs were collected from human 

patients attending tertiary human hospitals in 

Faisalabad city. The swabs were processed for 

culturing by concentration technique (cefoxitin broth) 

and plated on CHROMagar™ MRSA. The 

presumptively identified staphylococcal growths were 

confirmed as S. aureus and MRSA, using Prolex, 

Staph Latex kit (Pro-lab Diagnostic, UK) and 

PBP2′ Test (Oxoid, UK). Staphylococcus 

aureus/MRSA were subjected to genomic 

confirmation. 

 

DNA extraction 

The samples were processed for genomic DNA 

extraction using Gene JET Genomic DNA Purification 

Kit by following the manual instructions of the kit 

(Thermo Scientific). The extracted genomic DNA was 

quantified by using. 

 

Nanodrop ND-1000 spectrophotometer (Nanodrop 

Technologies, Wilmingtion, Dalware). The quality of 

DNA was checked by running all DNA samples on 

0.8% gel electrophoresis and the working dilutions of 

all DNA samples of 10ng/µL were made using the 

stock DNA concentration for PCR analysis. 

 

Molecular diagnosis of S. aureus and MRSA  

The isolates were tested for the chromosomal genes 

‘Nuc’ encoding (extracellular thermo-stable 

nuclease/thermo-nuclease/TNase, specific for S. 

aureus) and Mec A (methicillin resistant) by PCR 

(Brakstad et al., 1992). The primers used were Mec 

A1: 5’ GTA GAA ATG ACT GAA CGT CCG ATAA3’, 

Mec A2: 5’-CCA ATT CCA CAT TGT TTC GGTCTA A-

3’, Nuc 5’- GCG ATT GAT GGT GAT ACG GTT-3’ and 

Nuc -5’A GC CAA GCC TTG ACG AAC TAA AGC-3’. A 

Rep-PCR assay was carried out as described by van 

Belkum et al. (1995). For the Rep-PCR assay. 

 

Approximately 15ng chromosomal DNA was used per 

reaction. Sequence of Rep primer was 5’-TCG CTCA 

AAA CAA CGA CAC C-3’. A BOX-PCR assay was 

carried out as described by van Belkum et al. (1995).  

For the BOX-PCR assay, approximately 10ng 

chromosomal DNA was analyzed using Box primer: 

5′-CTACGGCAAG GCGACGCTGACG-3.   

 

Statistical analysis 

The clear and visible bands obtained from BOX 

primer were scored using binary coded system as “1” 

for the presence of band in MRSA strain and “0” for 

the absence of band in MRSA strain in Microsoft 

Excel software. Dendrogram was generated by the 

Unweighted Paired Group Method with Arithmetic 

mean (Dendro UPGMA) average clustering.  

 

In case of Rep primer, the acquired data were 

normalized using the unweighted pair-group method 

using arithmetic averages (UPGMA) clustering method 

with the Pearson correlation coefficient was utilized for 

the results interpretation and dendrogram construction. 

 

Results 

A total of 66 samples (Table 1) were collected from 

patients attending tertiary human hospitals in 

Faisalabad city and confirmation of S. aureus and 

MRSA was done through PCR using Nuc and MecA 

primers respectively. The ‘Nuc’ gene encodes 

(extracellular thermo-nuclease or TNase, specific for 

S. aureus) and mecA is methicillin resistant by PCR. 

Out of 66 samples ‘Nuc’ gene was confirmed in 32 

samples and ‘MecA’ gene was confirmed in 23 

samples (Table-1).  

 

The product size of ‘nuc’ fragment was 279 bp and of 

‘MecA’ fragment was 310 bp. Genetic characterization 

of 23 MRSA samples out of 66 was analyzed by using 

Rep primer. The results showed reliable banding 

pattern (Fig.-1). Total of 177 fragments were amplified 

by Rep primer.  

 

The size of bands range from 100-1000 bp. Maximum 

no. of bands shown by the sample no. 19 while minimum 

has shown by the sample no. 21 and 6. Out of 66 samples 

23 samples were used for genetic characterization of 

MRSA isolates by using BOX primer.  

 

All MRSA strains show reliable banding pattern (Fig.-

2). Total 115 bands were amplified by BOX primer. 

The size of the bands ranging from 250-3000 bp.     
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Table 1. Confirmation of MRSA strains using Nuc and Mec A PCR methodology. 

Sample I.D Sources Nuc 
(–ve/+ve) 

Mec A 
(ve/+ve) 

5 Allied hospital  Male-43 yrs 
Laparotomy (surgery) 

-ve -ve 

6 Allied hospital  Male-48 yrs 
Burn wound 

+ve -ve 

7 Allied hospital  Male-50 yrs 
Gangrene (surgery) 

+ve -ve 

8 Allied hospital  Male-29 yrs 
Esophagotomy (surgery) 

-ve -ve 

9 Allied hospital Female-30 yrs  Surgical wound +ve -ve 
10 Allied hospital Female-70 yrs Gangrene in leg +ve -ve 
11 Allied hospital Male-44 yrs Burn wound +ve -ve 
12 Allied hospital Male- 4yrs  Burn +ve -ve 
16 Allied hospital Female-42 yrs Burn +ve +ve 
17 Allied hospital Male-14 yrs  Burn +ve -ve 
18 Allied hospital Male-18 yrs  Burn +ve -ve 
31 Allied hospital Male-18 yrs  Burn +ve -ve 
32 Allied hospital Male-55 yrs Surgery -ve -ve 
34 Allied hospital Male- 46 yrs Burn +ve -ve 
35 Allied hospital Male-31yrs Appendix surgery -ve +ve 
39 Allied hospital Female-45 yrs Surgical wound -ve -ve 
40 Allied hospital Male-32 Burn -ve +ve 
41 Allied hospital Female-40 yrs Burn -ve -ve 
52 Allied hospital Male-44 yrs Burn -ve -ve 
54 Allied hospital Male-21 yrs Surgical wound -ve -ve 
55 Allied hospital Male-26 yrs Surgical wound -ve -ve 
56 Allied hospital Male-45 yrs Diabetic foot -ve -ve 
58 Allied hospital Female-38 yrs leprotomy -ve -ve 
60 Allied hospital Male-49 yrs Surgery (appendix) -ve -ve 
61 Allied hospital Male-53 yrs Surgery(appendix) -ve -ve 
63 Allied hospital Male-35 yrs Surgery (cellulitis pos inj.) -ve -ve 
67 Allied hospital Male-62 yrs Burn -ve -ve 
68 Allied hospital Female-36yrs    Burn -ve -ve 
72 Allied hospital Male-34 yrs Surgery -ve -ve 
75 DHQ Hospital Female-25 yrs Burn -ve +ve 
76 DHQ Hospital Male-28 yrs Leg surgery -ve -ve 
77 DHQ Hospital Male-44 yrs Diabetic foot -ve -ve 
80 National Hospital Male-52 yrs  Surgery (gangrene) -ve -ve 
82 National Hospital Male-28 yrs  Burn -ve -ve 
85 DHQ Hospital  Male- 35 yrs Burn -ve -ve 
86 DHQ Hospital Male- 38 yrs Leprotomy -ve -ve 
88 DHQ Hospital Male- 55 yrs Chest surgery +ve +ve 
89 DHQ Hospital Female-32 yrs Burn +ve -ve 
91 DHQ Hospital Male- 46 yrs Surgery +ve +ve 
92 DHQ Hospital Male- 46 yrs Surgery -ve -ve 
95 DHQ Hospital Male- 61 yrs Diabetic foot +ve +ve 
97 DHQ Hospital Female- 26 yrs Appendix (surgery) +ve +ve 
98 DHQ Hospital Female- 24 yrs Burn -ve +ve 
99 DHQ Hospital Female- 43 yrs Surgery -ve -ve 
102 National Hospital Male- 23 yrs Surgery -ve -ve 
106 National Hospital Male- 42 yrs Burn -ve -ve 
107 National Hospital Male-18 yrs  Burn -ve -ve 
111 Allied Hospital Female-38 yrs Burn -ve -ve 
115 Allied Hospital Male-56 yrs Burn -ve -ve 
121 Allied Hospital Male-23 yrs Surgery +ve -ve 
122 DHQ Male-24 yrs Burn +ve +ve 
123 National Hospital Female-28 yrs  Burn +ve +ve 
124 Allied Hospital Male-40 yrs Burn +ve -ve 
126 DHQ Male-55 yrs Diabetic foot +ve +ve 
133 Allied Hospital Female-11 yrs  Burn +ve +ve 
134 Allied Hospital Male-24 yrs Burn -ve +ve 
136 Allied Hospital Male- 36 yrs Burn +ve +ve 
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Sample I.D Sources Nuc 
(–ve/+ve) 

Mec A 
(ve/+ve) 

137 DHQ Female- 20 yrs Burn +ve +ve 
138 DHQ Male-28 yrs Burn +ve +ve 
139 DHQ Female-15 yrs Burn +ve +ve 
141 DHQ Female-21 yrs Surgery +ve +ve 
143 Allied Hospital Female-20 yrs  Surgery +ve +ve 
144 DHQ Female-32 yrs Surgery +ve +ve 
145 DHQ Male- 30 yrs Burn +ve +ve 
146 Allied Hospital Male- 51 yrs  Surgery +ve +ve 
148 Allied Hospital  Female-21 yrs Burn +ve -ve 

 

 

Fig. 1. Rep (PCR) amplification of MRSA using Rep primer. M is 50bp Ladder. 

 

 

Fig. 2. BOX (PCR) of MRSA concurrence using BOX primer. M is a 1 kb Ladder. 

 

Genetic relationship among MRSA samples 

Genetic relationship between MRSA isolates was 

identified through cluster analysis by Unweighted 

Paired Group of Arithmetic Means Average (UPGMA) 

method using Dendro UPGMA software for BOX and 

UPGMA, Pearson coefficient for Rep. In Rep-PCR all 

23 samples were clustered into two main clusters A 

and B (Fig. 3). Cluster B contains one member 134 

which show distant relationship in comparison to 

other members and cluster A subdivided into two sub 
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clusters C and D. Cluster C further subdivided into 

cluster E and F and cluster D subdivided into sub 

cluster G which contains two closely related samples 

91 and 138 and sub cluster H which contains three 

members 144, 139 and 137 in which sample 144 and 

139 show maximum genetic relationship. Cluster F 

subdivided into two groups I which contains three 

members 16, 35 and 75 from which 16 and 35 are 

closely related to each other and sub cluster J 

contains two closely related members 133 and 146. 

Sub cluster E further subdivided into two clusters K 

and L in which cluster L contains two members 126 

and 145 which are closely related to each other and 

cluster K further subdivided into two sub clusters M 

and N in which N contain only one member 136 

which linked with M but show distant relationship 

and cluster M further subdivide into two clusters O 

and P from which cluster P contains two members 98 

and 123 which show maximum genetic relationship 

and cluster O further divided into two clusters Q and 

R in which cluster Q contains two closely related 

members 88 and 40 and R contains five members 97, 

141, 143, 95 and 122 from which 97 and 141 show 

maximum genetic relationship. 

 

In case of BOX-PCR all the 23 samples were clustered 

into two main groups. First group consists of 17 

members while second group contains 6 members 

(Fig. 4). In first group, maximum genetic relationship 

was found among 122, 136 and 134, 146 and 122, 126 

and 143, 95 and in second group, samples 138 and 

139 show maximum genetic relationship while sample 

91 and 141 show distant relationship in comparison of 

other members of same group, respectively. 

 

 

Fig. 3. Dendrogram of Rep-PCR using the UPGMA clustering, Pearson method. 
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Fig. 4. Dendrogram of BOX-PCR using the Dendro UPGMA 

 

Discussion 

Staphylococcus aureus is a member of the family 

Staphylococcaceae (Firmicutes), Gram-positive 

facultative anaerobic bacteria that exhibits a coccal 

morphology, and are non-spore forming and non-

motile in nature. S. aureus is well thought-out as one 

of the most notable pathogen causing infections in 

human and animals. 

Methicillin-resistant S. aureus (MRSA) is placed 

amongst the most important and widespread 

pathogens having resistant to multiple antibiotics all 

around the world. In 1959, methicillin was introduced 

to treat infections caused by S. aureus resistance 

towards penicillin (Enright et al., 2002). 
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In 1961, just about two years after the introduction of 

methicillin, the first S. aureus isolate containing 

resistance to methicillin was reported (Jevons et al., 

1961). In case of MRSA, the mec A gene refers to the 

production of an altered Protein Binding Protein 

(PBP) and PBP2a, to which beta-lactam 

antimicrobials are not able to bind therefore cannot 

disrupt the synthesis of peptidoglycan, assisting the 

survival and growth of MRSA (Berger-Bachi, 2002). 

In present study, percentage of total S. aureus and 

MRSA (n=66) was found to be 51.5% and 34.8% 

respectively. Various typing techniques are available 

for the discrimination of S. aureus strains, which can 

be practiced as very useful tools by both the 

epidemiologist as well as the clinician. Numerous 

genotypic techniques have been practiced in the last 

few decades. Initially, these techniques were only 

used by a small number of research laboratories; 

however they have been progressively more in use in 

clinical practices (Maslow et al., 1993). In the last 

decade, several molecular techniques have been 

developed for the typing of S. aureus strains, 

including arbitrarily primed polymerase chain 

reaction (AP-PCR), pulsed-field gel electrophoresis 

(PFGE), variable number tandem repeat analysis 

(VNTR) typing, multiple-locus variable-number 

tandem repeat analysis (MLVA), and PCR based 

methods (Lee et al., 2011; Del Vecchio et al., 1995; 

van der Zee et al., 1999). But the most common 

genotyping methods include Rep and BOX PCR. 

These techniques have been used for the 

discrimination of isolates of several bacterial species 

together with S. aureus (Swami Nathan and Matar, 

1993; Farber, 1996; Jeršek et al., 1996). Rep-PCR was 

illustrated by Versalovic et al. (1991) for the study of 

the bacterial genome by means of examination of 

specific conventional profiles for strains acquired by 

PCR amplification of repetitive DNA sequence 

present inside the bacterial genome. Usually, Rep-

PCR has high-quality discriminatory power and its 

reproducibility is good as compare to other 

techniques such as RAPD and PFGE. The Rep-PCR 

with the combination of fluorophore-enhanced Rep-

PCR (FERP) can also identify endemic strains having 

MRSA background (Versalovic et al., 1994). 

A BOX repetitive sequence is a greatly preserved 

repetitive DNA element that has been recognized in 

the Streptococcus pneumoniae chromosome. The 

exact role of BOX is still unknown but it has been 

confirmed that the occurrence of a BOX sequence is 

linked with difference in colony cloudiness of the 

bacteria (Saluja and Weiser, 1995). BOX-PCR has 

been efficiently used for typing S. aureus along with 

other bacterial species (van Belkum et al., 1996). 

BOX-PCR is basically a fastidious adaptation of Rep-

PCR (Versalovic et al., 1991). that makes use of the 

BOX-A1R primer which was developed by Versalovic 

et al. (1994). These methods offer rapid recognition of 

epidemic strains which may be related with 

nosocomial infections. In present study it was found 

that 10ng/μl and 15ng/µl gave the best results and 

they were finally used as an optimized DNA 

concentration for BOX and Rep (PCR), respectively. 

Similarly 2.5mM dNTPs, 3mM MgCl2, 3μl template 

DNA and 1U Taq DNA polymerase was found 

optimum for both (PCR) in a total volume of 20μl 

reaction mixture. All the reactions were repeated 

thrice to check the stability of the BOX and Rep (PCR) 

amplification. The major proportion of MRSA 

(48.24%) was isolated from wounds (accidental and 

surgical) followed by abscesses (15.29%), burns (11.76 

%), carbuncle (8.24%), diabetic foot and IV-catheter 

(7.06%) and urinary catheter (2.35%). Mahmood et 

al., (2010) found 28.68% MRSA isolates from IV 

catheters ETT suction tips whereas 24.53% MRSA 

from pus samples and also collected samples from 

ETT suctions alongside with IV-catheters and 

described combined results. Perwaiz and co-workers 

(2007) reported 32% positive MRSA isolates from pus 

samples and 36% positive MRSA isolates from wound 

samples. Van der Zee et al. (1999) performed a study 

and outcome found by Rep-PCR were assessed to that 

of other genotypic methods that had previously been 

used for the purpose of characterization of the strains. 

In present study two primers Rep and BOX were used 

to amplify reproducible PCR products of 23 MRSA 

samples. Both primers show reliable banding pattern. 

To check genetic relationship among MRSA isolates 

dendrogram were generated using clustering UPGMA 

method. 
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Rep-PCR showed a little bit complicated clustering as 

compare to BOX-PCR. In Rep-PCR, two main groups 

were found. Second group comprised of one member 

134 is distantly related to other members and first 

group contained 22 samples. Maximum genetic 

relationship was found among 133, 146 and 16, 35 and 

126, 145 and 98, 123 and 143, 141 and 88, 40. In BOX 

all the 23 samples were clustered into two main 

groups. First group consists of 17 members while 

second group contains 6 members. Maximum genetic 

similarity was shown by 146, 134 and 122, 136 and 

133, 123 and 143, 95 in first group and 138, 139 in 

second group.  

 

Likewise, a good reproducibility of Rep-PCR 

fingerprinting was proved by Kang and Dunne 

(2003). They established high stability of fingerprints 

obtained from DNA isolated from 24, 48 and 72 h old 

bacterial cultures and from 5, 10 and 15 successive 

sub cultured strains. Moreover, Yang and Yen (2012) 

reported that different concentration of template 

DNA, presence or absence of 7 bovine serum albumin 

on different annealing temperature and the growth 

phase of the culture template may not have notable 

effect on the BOX- fingerprints of E. coli of any 

origins. These results are quite comparable with the 

earlier findings of Rep and BOX analysis on MRSA 

isolates. The present research on MRSA is a unique of 

its kind as in Pakistan no previous report on MRSA 

genotyping with Rep and BOX analysis is present to 

show the genetic relationship. 
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