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Abstract 

Staphylococcus aureus especially methicillin resistant Staphylococcus aureus (MRSA) and vancomycin resistant Staphylococcus 

aureus (VRSA) is a major health problem recognized as the most important nosocomial pathogen often causing respiratory tract 

infection, gastrointestinal infection, urinary tract infection, surgical site infection, blood stream infection and soft tissue infection 

etc. This study was designed to identify MRSA and VRSA from the pus of injured skin of hospitalized patients. A total of 200 

pus samples were collected from four hospitals of Lahore city i.e. Mayo Hospital, Services Hospital, Ganga ram Hospital and 

Jinnah Hospital. Staphylococcus aureus were isolated from samples by culturing on nutrient agar, mannitol salt agar and 

identified by morphological characteristics on selective media and biochemical characterization. For MRSA screening, 1µg 

oxacillin and 30µg cefoxitin discs were used. Resistance isolates was screened by vancomycin agar screening method and 

confirmation of resistance to vancomycin was done by measuring MIC. It was concluded that hygiene is not sufficiently 

adequate. To eliminate MRSA and MRSA complete surface sanitation and hand hygiene are necessary. 
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Introduction 
Staphylococcus genus is a heterogeneous group of 

bacteria consisting of 30 species. Staphylococcus 

aureus are Gram-positive cocci bacteria when seen 

under microscope they look grape like clusters. They 

show hemolysis when grown on blood agar plates [1, 

2]. It has been found to be the most clinically 

important species with broad presence in nature. It is 

part of the normal flora of human body and 

commonly carried on the skin or in the nose of 

healthy individuals which makes it easy to be 

transmitted by air or fomites from patients or carriers 

[3, 4].    
The main reservoirs of S. aureus are the mucous 

membrane and skin of human and animals. These 

bacteria able to produce enterotoxin that cause harm 

to human. Therefore S. aureus is classified as 

bacterial pathogen. Under new selective pressure, it 

has evolved and developed resistance to many 

antibiotics. The evolution of S. aureus is associated 

with serious community-acquired and nosocomial 

infections [5]. 

Methicillin resistant Staphylococcus aureus (MRSA) 
has been isolated and recognized more than 50 years 

ago. MRSA is a specific strain of the Staphylococcus 

aureus which is resistant to methicillin and β-

lactams. Later use of an alternative to methicillin in 

susceptibility tests resulted in the term oxacillin 

resistant Staphylococcus aureus (ORSA) which is 

resistant to numerous antibiotics, invasive infections 

caused by Staphylococcus aureus have often been 

fatal [6]. Currently, vancomycin has been accepted 

worldwide as the last choice against MRSA 

infections [7]. Rarely, clinical isolates of vancomycin 

resistant Staphylococcus aureus (VRSA) have been 

reported recently. The emergence of Staphylococcus 
aureus isolates resistant to vancomycin and other 

antibiotics have been elevated MRSA into multidrug 

resistant making it more and more dangerous than 

ever in a hospital environment and also recently in 

the healthy community [8, 9]. 

Hospital acquired infection also known as 

nosocomial infection that spreads through hospitals 

and patients gets the infection from the hospital 

during the stay. Infections are said to be hospital 

acquired if they occur within 48 hours after 

admission to the hospital or within 30 days after 

discharge of the patient. These infections have many 

complications which increase the morbidity and 

mortality rate [10]. 
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The spread rate of hospital acquired infection varies 

from country to country health care system (e.g. 

wards vs. intensive care units, ICU) disciplines 

(medical vs. surgical) and different sites (e.g. 

respiratory tract infection, gastrointestinal infection, 

urinary tract infection, surgical site infection, blood 

stream infection and soft tissue infection etc. [11]. 

The main causes of all these infection are invasive 

procedures, alternate drug therapies and complicated 

diseases. Hospital acquired infection are mostly 

related to drug resistant microorganisms e.g. 

methicillin-resistant Staphylococcus aureus (MRSA) 

and extended spectrum B-lactamase (ESBL) 

producing Gram negative bacteria and there 

prevalence increases in hospitals and communities 

[12].  

Microorganisms that cause most common hospital 

acquired infections include Staphylococcus aureus, 

Methicillin resistant Staphylococcus aureus, Candida 

albicans, Pseudomonas aeruginosa, Mycobacterium 
tuberculosis, E. coli, Vancomycin resistant 

Enterococcus [13]. Resistance to antibiotics is the 

major cause of disease in humans and due to the 

misuse or overuse of antibiotics. Antibiotic resistance 

is due to the mutation in genes of bacteria present in 

plasmid. S. aureus causes many skin infections like 

pimples, impetigo, boils and abscesses. It also causes 

pneumonia, meningitis, osteomyelitis, endocarditis 

and sepsis. It is one of the most common causes of 

hospital acquired infection [14].  

Macrolide, lincosamide and streptogramin are the 

antibiotics that widely used to treat staphylococcal 

infections [15]. However, the resistance ability of S. 
aureus increased due to the widespread use of these 

antibiotics. The integration of Staphylococcus 

cassette chromosome mec (SCCmec) element into S. 
aureus changed it into methicillin resistant 

Staphylococcus aureus (MRSA) The MRSA contains 

the ability of resistance to macrolides, 

aminoglycoside, lincosamide, tetracycline and other 

antimicrobial drugs [16].   

The aim of the present study was to determine the 

prevalence, antimicrobial susceptibility patterns, 

Minimum Inhibitory Concentration (MIC) and 

Minimum Bactericidal Concentration (MBC) of S. 

aureus in patients of different hospitals of Lahore, 

Pakistan. 

Materials and methods  
2.1 Collection of samples 

A total of 200 samples (50 from each hospital) were 
collected from different injured skin patients of 4 

hospitals (Mayo Hospital, Services Hospital, Ganga 

ram Hospital and Jinnah Hospital) of Lahore city 

with a brief history of patient age, gender, date of 

admission in hospital, nature of infections before or 

during hospital stay, type of surgery performed 

category of wound, duration of preoperative and 

postoperative hospital stay and also the detail of 

antibiotic therapy given to the patient in near past. 

Samples were taken aseptically from the wound 

exudates after cleaning any remnants of ointments by 

using sterile cotton swabs. Each sample swab was 

properly labeled before transportation. Swabs were 

placed in a sterile plastic bags maintaining in cold 

chain (at 4
o
C) and immediately transferred to 

University Diagnostic Laboratory (UDL), University 

of Veterinary & Animal Sciences (UVAS) Lahore, 

Pakistan. 

2.2 Sample processing 

Pus collected from wounds exudates were directly 

inoculated on nutrient agar plates for purification of 

single colonies then streak pure colonies on Mannitol 

salt agar (MSA), a selective as well as differential 

media and on blood agar for S. aureus. Plates were 

incubated aerobically at 37
o
 C for 24 hours. This 

selective and differential media only allows 

Staphylococcus to grow and furthermore differentiate 

the growth of S. aureus from other Staphylococcus 

species attributable to change in media color from 

pink to yellow because of Mannitol fermentation 

[17]. Mannitol fermentation is a specific activity of S. 

aureus and growth with no color change indicates 

any other Staphylococcus species while growth of all 

other bacteria expected in the pus sample was 

repressed. Confirmation of colonies was done by 

Gram staining and biochemical profile (catalase and 

coagulase test) [18].  

2.3 Identification of MRSA 

All coagulase positive S. aureus isolates were 

subjected to detect methicillin resistance by checking 

their susceptibility to oxacillin and cefoxitin. 

Identification of MRSA was done by Kirby Bauer 

disc diffusion method on Mueller-Hinton agar 

(MHA) (Oxoid Limited, Hampshire England) plates. 

Suspensions of freshly revived bacterial culture were 

prepared in sterilized normal saline and turbidity was 

adjusted by comparing with 0.5 McFarland turbidity 

standards. A sterile swab was dipped in suspension 

and was swabbed thoroughly on Mueller-Hinton agar 

plates. Discs of 1µg oxacillin and 30µg cefoxitin 

were placed in equal distance and plates were 
incubated at 37

o
C for 24 hours. After incubation 

zones of inhibition were measured. The results were 
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interpreted according to CLSI guidelines. Isolates 

showing no zone of inhibition or zone <10mm and < 

21mm for oxacillin and cefoxitin respectively were 

affirmed as MRSA [19]. 

Colonies of positive MRSA isolates were inoculated 

in nutrient broth and incubated at 37
o 
C for 18 hours. 

After incubation samples were preserved in cry vials 

containing 500µl bacterial suspension and 500µl 40% 

glycerol solution. Each isolate was properly labeled 

with its unique sample ID and preserved at -80
o 

C 

(New Brunswick Scientific) temperature till further 

use. Interpretive standards for antibiotics are shown 

in Table 1. 
Table 1: Interpretive Standards for Oxacillin and 

Cefoxitin antibiotics 
Antibiotic Disc     

Tested 

Code 

 

Disc 

quantity 
Zone of inhibition (mm) 

S I R 

Oxacillin OX 1µg ≥13 11-12 ≤ 10 

Cefoxitin FOX 30µg ≥ 22 __ ≤ 21 

Note: S= susceptible      I= Intermediate    R= Resistant 

2.4 Minimum Inhibitory concentration (MIC) of 

MRSA 

MRSA isolates grown were further processed to 

recover MRSA by performing MIC of Oxacillin by 

broth microdilution test [20]. All the steps were 

performed according to CLSI approved standards and 

recommendations. Oxacillin powder was aseptically 

weighed and dissolved in sterile distilled water to 

prepare a stock with the final concentration of 

50mg/ml. After complete dissolution of powder, 

small volumes of the sterile stock solutions were 

dispensed into sterile cry vials and stored at -80
o
 C 

freezers until further use.  

Micro dilution test was carried out in 96 well round 

bottom trays (Kartel). Trays were opened aseptically 

in safety cabinet and dispensed with Mannitol salt 

Broth (MSB) 100 µl per well of the tray. Stock 

solution of Oxacillin was thawed to prepare working 

solution with a concentration of 4.096 mg/ml. 100µl 

of this working solution was added in 1
st 

well of each 

row and diluted two fold up to 11
th 

well while 12
th

 

well was kept as growth control and help in detection 

of color change in the well and button formation. 

Cultures of MRSA isolates were revived on nutrient 

agar plates and pure colonies were suspended in 

freshly prepared sterile normal saline to prepare the 

inoculum by "Direct Colony Suspension Method". 

Turbidity was adjusted equivalent to 0.5 McFarland 

turbidity standards. This results in a suspension 

containing approximately 1x10
8
 CFU/ml. This 

suspension was further diluted by 1:200 to yield 
required concentration of 5 x10

5 
CFU/ml (Standard 

number of cells for Micro broth dilution test). Finally 

100µl of this ultimate suspension was inoculated 

within 15 minutes in all wells of 96 well trays except 

1
st
 well which was kept as control for Oxacillin. 1

st
 

well verify the sterility of Oxacillin working solution 

and rule out the button formation due to any un-

dissolved Oxacillin contents. With the addition of 

100µl inoculum, contents of each well were diluted 

two fold as each well contains 100µl broth used to 

dilute Oxacillin. Microdilution trays were covered 

with the lids to prevent drying and incubated at 37
o 
C 

for 24 hours in ambient air.  

The MIC is the lowest concentration of Oxacillin that 

completely inhibits the growth of S. aureus in the 

microdilution wells. Since mannitol salt broth was 

used in the wells as growth medium therefore the 

results interpretation was done easily by the color 

change of broth from pink to yellow. The well which 

show no color change and no button formation as 

compared to control well were recorded as positive 

and the concentration of Oxacillin in this well was 

the end point or MIC value. All isolates which had 

shown the MIC value of >4µg/ml was considered as 

MRSA according to CLSI interpretation standards of 

Oxacillin antibiotic.  

2.5 Vancomycin agar screening test 

For vancomycin screening agar preparation, one liter 

Heart Infusion agar (BHI) was mixed well and 

dissolved by heating until complete dissolution. 

Sterilization was done by autoclaving at 121
o 

C for 

15 minutes. Media was cooled to 45-50
o
 C and 6.0mg 

(final concentration of 6µg/ml) of Vancomycin was 

added aseptically followed by gentle homogenization 

and pouring into Petri dishes. The prepared medium 

was stored at 4
o
 C [21].  

Preserved MRSA isolates were revived in broth and 

then grown on nutrient agar plates and pure colonies 

were directly suspended in sterilized normal saline to 

obtain the turbidity equal to 0.5 McFarland turbidity 

standard. 10µl of this suspension was spread on 

vancomycin containing BHI agar plates. All the 

isolates were inoculated in duplicates on vancomycin 

agar screening plates with positive and negative 

control strains. Plates were incubated for 24 hours at 

37
o 

C in ambient air. After incubation results were 

recorded watchfully. Plates containing more than one 

colony or a thin film of growth or growth similar to 

positive control strain were taken as positive and 

isolates showing positive result on both inoculated 

plates were considered as confirmed VISA [22]. 

VISA isolates grown on 6µg vancomycin containing 

agar were further processed to recover VRSA by 

performing MIC of vancomycin by broth 

microdilution test [20]. All the steps were performed 
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according to CLSI approved standards and 

recommendations [23]. Detailed procedure of each 

step included in broth microdilution method is given 

below. 

Vancomycin powder was aseptically weighed and 

dissolved in sterile distilled water to prepare a stock 

with the final concentration of 50mg/ml. After 

complete dissolution of powder, small volumes of the 

sterile stock solutions were dispensed into sterile cry 

vials and stored at -80
o
 C freezers until further use.  

Microdilution test was carried out in 96 well round 

bottom trays. Trays were opened aseptically in safety 

cabinet and dispensed with Mannitol salt Broth 

(MSB) 100µl per well of the tray. Stock solution of 

vancomycin was thawed to prepare working solution 

with a concentration of 4.096 mg/ml. 100µl of this 

working solution was added in 1
st 

well of each row 

and diluted two fold up to 11
th 

well while 12
th

 well 

was kept as growth control and help in detection of 

color change in the well and button formation. 

Cultures of VISA isolated were revived on nutrient 

agar plates and pure colonies were suspended in 

freshly prepared sterile normal saline to prepare the 

inoculum by "Direct Colony Suspension Method". 

Turbidity was adjusted equivalent to 0.5 McFarland 

turbidity standards. This results in a suspension 

containing approximately 1x 10
8
 CFU/ml. This 

suspension was further diluted by 1:200 to yield 

required concentration of 5 x10
5 

CFU/ml. (Standard 

number of cells for Micro broth dilution test). Finally 

100µl of this ultimate suspension was inoculated 

within 15 minutes in all wells of 96 well trays except 

1
st
 well which was kept as control for vancomycin. 1

st
 

well verify the sterility of vancomycin working 

solution and rule out the button formation due to any 

un-dissolved vancomycin contents. With the addition 

of 100µl inoculum, contents of each well were 

diluted two fold as each well contains 100µl broth 

used to dilute vancomycin. Microdilution trays were 

covered with the lids to prevent drying and incubated 

at 37
o 

C for 24 hours in ambient air.  

The MIC is the lowest concentration of vancomycin 

that completely inhibits the growth of S. aureus in the 

microdilution wells. Since MSB was used in the 

wells as growth medium therefore the results 

interpretation was done easily by the color change of 

broth from pink to yellow. The well which show no 

color change and no button formation as compare to 

control well were recorded as positive and the 

concentration of vancomycin in this well was the end 

point or MIC value. All isolates which had shown the 
MIC value of >16µg/ml was considered as VRSA 

according to CLSI interpretation standards of 

vancomycin antibiotic. MIC calculation in broth 

dilution is shown in Table 2.  

2.6 MIC and MBC Calculation of Antibiotic 

Linezolid, Clindamycin and Moxifloxacin were 

tested in vitro against five VRSA isolates. MIC was 

performed using standard broth micro dilution test 

adapting similar procedure mentioned above for 

vancomycin MIC calculation, with the final 

inoculums of  5 x 10
5 
colony forming units (CFU)/ml 

in each well of the 96-well plate according to the 

CLSI guidelines and incubated at 37º C for 24 hours. 

MBC was determined by culturing 50µl of the 

suspension on MSA plates from the wells where no 

visible growth and color change was found. Plates 

were properly labeled with the well number and 

incubated for 24 hours at 37º C. After incubation note 

the minimum concentration showing no growth on 

inoculated plate. MBC was the minimum 

concentration of antibiotic which kill the bacteria 

within well, consequently reveals no growth on 

subsequent inoculation.  

Results 
3.1 Isolation and identification of S. aureus from 

Pus Samples 

S. aureus were isolated from wound exudates of 

hospitalized patients and characterized by 

biochemical tests. Out of 200 samples, 110 isolates 

were presumably recognized as S. aureus on them 

being coagulase positive, which further were 

characterized upon their biochemical profile. 

Remaining isolates contain coagulase negative 

Staphylococcus (CONS) and based upon the absence 

of Mannitol fermentation character was considered as 

Staphylococcus epidermidis. Colony character, 

morphological features and biochemical profile of the 

S. aureus isolates are displayed in Figure 1 shows 

the Mannitol fermentation character by the S. aureus 
culture.  

 
Figure 1: Yellow colonies of S. aureus on Mannitol Salt Agar 
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3.2 Prevalence of MRSA among S. aureus 

MRSA were detected by their sensitivity to oxacillin 

and cefoxitin as performed according to the CLSI 

guidelines. Interpretive standards for disc diffusion 

breakpoints of oxacillin and cefoxitin antibiotics 

given by CLSI are explained in Table 4 It was 

observed that out of 200 samples, 110 (55%) were 

coagulase positive S. aureus isolates, 51(25.5%) 

isolates were MRSA and remaining 56 (50.92%) 

isolates were MSSA and 3 (2.73%) isolates were 

methicillin intermediate S. aureus. Prevalence of 

MRSA was recorded. 18%. 38%, 22%, 24%, in 

Services Hospital, Mayo Hospital, Jinnah Hospital, 

Ganga Ram Hospital, respectively. Prevalence of 

MRSA and VRSA according to each hospital. 

 
Figure:-2 Oxacillin disc showing zone less than ≤ 10mm

Table 2: Sketch of 96 Well Plate used for MIC Calculation in Broth Micro dilution Test 

Well # Isolate ID 1 2 3 4 5 6 7 8 9 10 11 12 

1 A 2048 SC 1024 512 256 128 64 32 16 8 4 2 0 

2 B 2048 SC 1024 512 256 128 64 32 16 8 4 2 0 
3 C 2048 SC 1024 512 256 128 64 32 16 8 4 2 0 

4 D 2048 SC 1024 512 256 128 64 32 16 8 4 2 0 

5 E 2048 SC 1024 512 256 128 64 32 16 8 4 2 0 
6 F 2048 SC 1024 512 256 128 64 32 16 8 4 2 0 

7 G 2048 SC 1024 512 256 128 64 32 16 8 4 2 0 

8 H 2048 SC 1024 512 256 128 64 32 16 8 4 2 0 

Note: 2 Fold Serial Dilution of Antibiotic in µg/ml starting from well # 1 up to well #11. Well Seeded with Inoculum starting 

from well # 2 up to well # 12, Key: GC: Growth Control, SC: Sterility Control. 

Table 3: Microscopic, Macroscopic and Biochemical Characteristics S. aureus 
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    Table 4: Prevalence of MRSA and VRSA in Various Hospitals of Lahore City 

Name of Hospital Sample # S. aureus (%) MRSA (%) VISA (%) VRSA (%) 

Services Hospital 50 20 (40%) 9 (18%) 3 (6%) 1 (2%) 

Mayo   Hospital 50 34 (68%) 19 (38%) 10 (20%) 2 (4%) 

Jinnah  Hospital 50 25 (50%) 11 (22%) 2 (4%) 0 (0%) 

Ganga Ram Hospital 50 31 (62%) 12 (24%) 7 (14%) 2 (4%) 

Total 200 110 (55%) 51 (25.5%) 22 (11%) 5 (2.5%) 

3.3 Total Recovery of VISA by Agar Screening Test  

Vancomycin agar screening test of 51 MRSA isolates 

yielded 22 VISA which were resistant to 6µg/ml and 

showed growth on vancomycin screening agar plates. 

Recovery rate of VISA was 11%of the total MRSA 

isolates, while in each hospital the prevalence was 

recorded as 6%, 20%, 4%, 14%, in Services Hospital, 

Mayo Hospital, Jinnah Hospital, Ganga Ram  

 

 

Hospital, respectively. These 22 VISA were 

subjected to MIC calculations for the recovery of 

VRSA isolates. 22 VISA isolates were tested for MIC 

measurement and out of these 5 showed MIC value ≥ 

16 µg/ml and were considered as VRSA. 
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Table 5: Categorization of S. aureus Isolates into VISA 

and VRSA Based upon Their Minimum Inhibitory 

Concentration Values 

Sr # Isolate ID MIC value (µg/ml) Result 

1 2 8 VISA 

2 5 8 VISA 

3 6 8 VISA 

4 8 8 VISA 

5 11 64 VRSA 

6 13 8 VISA 

7 16 8 VISA 

8 21 32 VRSA 

9 22 8 VISA 

10 25 32 VRSA 

11 26 64 VRSA 

12 29 8 VISA 

13 33 8 VISA 

14 37 4 VISA 

15 38 8 VISA 

16 42 8 VISA 

17 43 8 VISA 

18 45 16 VRSA 

19 46 8 VISA 

20 48 8 VISA 

21 49 8 VISA 

22 51 8 VISA 

 

Note: VISA= Vancomycin intermediate Staphylococcus 

aureus, VRSA= Vancomycin-resistant Staphylococcus aureus 

 

 

3.4 MIC Calculations 

all 22 VISA isolates were tested for MIC 

measurement and out of these 5 (2.5%) showed to 

have MIC value ≥ 16 µg/ml and were considered as 

VRSA. The recovery rate of VRSA among MRSA 

strains from Services Hospital, Mayo Hospital, 

Jinnah Hospital and Ganga Ram Hospital was 1%, 

2%, 0% and 2%, respectively. 

Linezolid (LZD), Moxifloxacin (MFX) and 

Clindamycin (CD) were tested for susceptibility 

against five VRSA isolates by broth micro dilution 

method. It was observed that all 5 (100%) isolates 

were susceptible to Linezolid and Clindamycin 

antibiotic, while 4(80%) out of 5 isolates were 

susceptible to Moxifloxacin and only one isolate 

showed resistance to this particular antibiotic. MIC 

and MBC values are written in Table 6. 

Discussion 
In near past an obvious increase in the number of 

cases of hospital acquired MRSA infections have 

been recorded from different parts of the world. 

According to general surveillance, there are wide 

variations in the prevalence of MRSA cases from 

time to time in various areas, hospitals and health 

care centers around the year [24]. 

 
Table 6: Minimum Inhibitory Concentration and Minimum Bactericidal Concentration of Various Antibiotics against VRSA Isolates  

Sr. No Isolate ID MIC value in µg/ml MBC value in µg/ml Result 

LZD MFX CD LZD MFX CD LZD MFX CD 

VRSA 1 11 2 0.25 0.5 8 1 2 S S S 

VRSA 2 21 2 0.25 0.25 8 1 0.5 S S S 

VRSA 3 25 4 8 0.5 16 8 2 S R S 

VRSA 4 26 2 0.25 0.25 8 0.5 0.5 S S S 

VRSA 5 45 2 0.5 0.25 8 1 1 S S S 

Note: Key: LZD: Linezolid, MFX: Moxifloxacin, CD: Clindamycin  

In current study similar observation were reflected, 

where prevalence of MRSA is different in different 

hospitals located in Lahore city of Pakistan. S. aureus 
is becoming the most threatening pathogen among 

hospital setups and its prevalence is increasing 

globally day by day. We recovered S. aureus from 

55% of the pus samples collected from a variety of 

wounds of hospitalized patients which is in line with 

a previous finding of Pakistan in which 72% of total 

isolated organism from skin infections were found to 

be S. aureus [25]. 

Data of present study shows that prevalence of 

MRSA within S. aureus isolates recovered from 

Lahore city is 25.5%. The frequency of MRSA 

reported from different parts of the world shows that 

it is highly variable among countries. Past data also 

clearly specified a greatly inconsistent and a rising 

trend of MRSA occurrence. Surveillance made in 

Europe on prevalence of MRSA infection reported it 

up to 65% [26]. In past prevalence was reported as 

37.2% in Iran [27], while 42.5% and 54.7% of the 

isolates were recorded as MRSA by a study in United 

Kingdom and Ireland, respectively [28]. A report 

from USA showed 59% isolates among   S. aureus 

.were resistant to methicillin [29]. A study from India 

reported high frequency of MRSA in hospital set up 

and its rate was reported as 71% from wounds/pus 

[30]. These figures highlight the fact that frequency 

of MRSA is variable in different parts of the world. 

Pakistan has also been observing an uneven trend in 

MRSA infections. Prevalence of MRSA has been 

reported to be up to 42 % on an average in Pakistan 

[31]. According to a recent multi-center study, it is 

estimated that frequency of MRSA in Pakistan varies 
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between 2-61 %, with highest frequency seen in 

major cities of country [19]. Different studies 

conducted in different localities and regions at 

various time showed inconsistent recovery rates with 

a substantial factor of increasing incidence over time. 

A study done in Sargodha during 1999 showed 23 % 

MRSA in various clinical samples [32]. In 2001, 

38.5% MRSA were isolated from clinical samples in 

Mayo hospital Lahore [33]. Another study done in 

2005 in Karachi on clinical samples showed that 43% 

isolates were MRSA out of 190 S. aureus strains 

[34]. Research conducted in 2008 recovered 40 % 

MRSA from pus samples in hospital of Lahore, 

whereas in present study recovery rate of MRSA 

from pus samples is 46.36% in Lahore. This high 

frequency and varied prevalence of MRSA in 

different hospitals is due to self-medication and 

constant ill-advised use of antimicrobial agents. This 

may be either due to specifically high frequency of 

MRSA among the patients admitted in these hospitals 

or due to different control measures, variable 

prevention strategies, dissimilar environmental 

conditions and distinct screening programs. 

Nevertheless some studies from different countries 

reported very low prevalence of MRSA isolates. A 

report from Sweden showed that only 2.1 % isolates 

were MRSA, similarly in Netherland it is even more 

or less (<1%) [35]. These figures are much lower 

than that in the present study. Low frequency 

observed in these countries may be due to controlled 

use of antibiotics combined with strict screening 

programs for MRSA.  

Resistance to vancomycin has led to global concerns 

owing to the fact that vancomycin is well thought-out 

as the last successful drug to treat the Staphylococcus 

infections. So far the intermediate vancomycin 

resistance has been reported in many countries 

including Pakistan. Current study indicates the higher 

rate of VISA occurrence 11% in different hospitals of 

Lahore. An earlier study in Pakistan reported the 

presence of 13 % VISA strains [36]. 

Another finding claimed that vancomycin established 

38% intermediate resistance among MRSA isolates 

[37]. Likewise different rate of VISA isolates has 

been reported from different parts of the world. Up to 

6 % intermediate resistance to vancomycin was 

reported by a study done in 2007 [38], and 7.5 % was 

recorded in 2008 [39]. A study done in Dhaka 

Bangladesh on 122 clinical isolates collected from 

different hospitals, clinics and diagnostic centers 

between August 2010 and July 2011. Study did not 
detect any VRSA but they reported an alarming 

outcome that only 6.56 % S. aureus showed 

sensitivity to vancomycin and 93.44 % were 

intermediate [40]. Some strains of vancomycin 

intermediate S. aureus was also recovered from 

clinical samples in India [41].  

Current work illustrates 2.5% recovery rate of VRSA 

isolates with a significant variation among four 

hospitals selected in the study. Occurrence of VRSA 

varies from one hospital to other which is 1% in 

Services Hospital, 2% in Mayo Hospital, 0% in 

Jinnah Hospital and 2% in Ganga Ram Hospital. 

These isolates belong to the MRSA phenotype as 

proved by their susceptibility testing. These results 

not only show unique percentage in hospitals but also 

reveal a distinctive outcome in contrast with literature 

existed. More recently VRSA strains have been 

reported from Jordan, Middle East [42]. Emergence 

of heterogeneous vancomycin resistant S. aureus 
strains have also been reported from several countries 

of Asia [43]. Some other researchers observed 4 and 

1.9 % prevalence of VRSA in clinical samples during 

recent years while high incidence (79.6%) of MRSA 

was reported from the same specimen [44, 45]. 

Emergence of VISA and VRSA has also been 

observed in different parts of India. A study found 

two MRSA strains which were showing vancomycin 

resistance with MIC value of 64 µg/ml and 32µg/ml. 

These VRSA strains have been isolated from the pus 

of two different hospitalized patients. They also 

reported the recovery of six VISA strains isolated 

from the pus specimen patients admitted in post-

operative ward [46]. 

A study conducted in Karachi, reported the 

emergence of VISA and VRSA from Pakistan. 

VRSA isolate having MIC 32µg/ml was recovered 

from the pus sample of 63 year old male and this 

isolate was found to be resistant to several other 

antibiotics as well [47]. 

Development of antibiotics resistance in the 

organisms is thought to be because of unjustified, 

irrational and irregular use of antibiotics by the 

human population. Most specifically the emergence 

of VRSA/VISA may be due to building of selective 

pressure of vancomycin. Uneven frequencies of 

VRSA among hospitals can be due to variable 

measures adopted for the control of infection and 

unsystematic use of antimicrobial agents.  High 

vancomycin prescription rate could also be linked 

with the development of such antibiotics resistance, 

however further research is needed to completely 

explore the phenomenon. Due to the increasing 

appearance of VRSA strains, there is a need to find 
out a good alternative of vancomycin. Linezolid, an 

Oxazolidinones, is being used for hospital acquired 
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and community acquired complicated skin infection, 

post-operative and surgical infections cause by 

MRSA. Linezolid demonstrated broad activity 

against all of the Gram-positive bacteria tested, 

including Staphylococci, Enterococci and 

Streptococci [48]. Linezolid has been proved to be an 

ideal alternative of vancomycin and isolates which 

were found resistant to vancomycin remained 

susceptible to Linezolid. Superiority of Linezolid 

reported by different studies from USA and Japan as 

oral administration of Linezolid can reduce patient’s 

stay in hospital and better choice than Vancomycin 

for multidrug resistant strains [49, 50].  

In present experiment Linezolid was found effective 

in vitro against all five VRSA isolates and it 

demonstrated 100% susceptibility with the MIC 

ranges from 2-4 µg/ml. Similar results have been 

reported in the past where MIC of Linezolid was 2-

4µg/ml against S. aureus with 100% susceptibility 

[51]. Furthermore 100% effectiveness of Linezolid 

has been proved by multiple researches in the past 

[52, 53, 19]. 

However, a finding demonstrated relatively higher 

MIC values of Linezolid (0.4-5 µg/ml) in comparison 

to the present study [54]. Clindamycin, a lincosamide 

antibiotic, was also found effective against VRSA 

isolates with an average MIC value of    0.25µg/ml. 

Similar results are shown in report with 100 % 

susceptibility of Clindamycin by broth microdilution 

test with the MIC of ≤ 0.5 µg/ml against S. aureus 

[55]. 

Moxifloxacin belong to 4
th
 generation Quinolones 

have greater activity against Gram-positive bacteria 

and has excellent in vitro activity against S. aureus. 

Results of current study revealed an excellent in vitro 

activity of Moxifloxacin against VRSA with MIC 

values between 0.25-8 µg/ml. Analogous results were 

depicted by a study where multidrug resistant isolates 

were tested against Moxifloxacin and found 

susceptible with the MIC up to 0.12µg/ml [56]. 

In new Jersy Moxifloxacin was considered effective 

antibiotics against most of the tested bacterial strains 

with MIC values ranging between 0.5-2µg/ml [57]. 

Good activity of Moxifloxacin was reported by 

Farrell [54].  

Conclusion 
Emergence of MRSA and VRSA infections is a 

growing problem in our setup. Therefore there is 

need for early recognition of these isolates in 

hospitals. Implementation of strict aseptic technique 
and suitable antimicrobial policy may reduce the 

spread of MRSA in our community. This study 

exposed the presence of MRSA and VRSA in 

different hospitals. Consequently there should be an 

immediate response from the concerned authorities to 

check further emergence and spreading of these 

notorious VRSA strains. A strict regulation on 

irrational antibiotic usage might be an appropriate 

and effective approach in this direction. Moreover 

nationwide surveillance program should be carried 

out to map the Methicillin and Vancomycin 

susceptibility pattern in our community. Rational use 

of Methicillin and Vancomycin and the approval of 

adequate control measures of infection are necessary 

to avoid the surfacing of glycopeptides resistant 

microorganisms and their distribution within 

hospitals. 

The importance of regular surveillance of hospital 

associated infections including monitoring antibiotic 

sensitivity pattern and strict drug policy for 

antibiotics used within and outside the hospital 

environments. Moreover, in-vitro susceptibility 

testing of every isolate of MRSA in the clinical 

laboratories may be helpful for reducing the 

incidence of these infections. The failure of 

antibiotics diverts the focus of modern science 

towards the discovery and application of new 

alternative antimicrobial agents. 

References 
[1] Peacock S. Staphylococcus aureus. Principles and practice of 

clinical bacteriology. Gillespie SH, Hawkey PM, editors. England, 

Wiley, 2005, p. 73-98.  
[2] Ryan KJ, Ray CG. Sherris Medical Microbiology. 4th ed. McGraw 

Hill; 2004, p. 3628. ISBN 0-8385-8529-9. 

[3] Hardy KJ, Hawkey PM, Gao F, Oppenheim BA. Methicillin 
Resistant Staphylococcus aureus in the critically ill. Br J Anaesth 

2004;92:121-130.  

[4] Brown DF, Edwards DI, Hawkey PM, Morrison D, Ridgway GL, 
Towner KJ, et al. Guidelines for the laboratory diagnosis and 

susceptibility testing of Methicillin-Resistant Staphylococcus aureus 

(MRSA). J Antimicrob Chemother 2005;56:1000-1018. 
[5] Day NP, Moore CE, Enright MC, Berendt AR, Smith JM, Murphy 

MF, Peacock SJ, Spratt BG, Feil EJ. A link between virulence and 

ecological abundance in natural populations of Staphylococcus 
aureus. Science 2001;292:114–116. 

[6] Palavecino E. Clinical, epidemiological and laboratory aspects of 
Methicillin-Resistant Staphylococcus aureus (MRSA) infections. 

Methods Mol Biol 2007;391:1-19. 

[7] Robinson DA, Enright MC. Multilocus sequence typing and the 
evolution of Methicillin-Resistant Staphylococcus aureus (MRSA). 

Clin Micrbiol Infect 2004;10:92-97.  

[8] Norazah A, Lim VK, Munirah SN, Kamel AG. Staphylococcus 
aureus carriage in selected communities and their antibiotic 

susceptibility patterns. Med J Malaysia 2003;58:255-2561.  

[9] Lu PL, Chin LC, Peng CF, Chiang YH, Chen TP, Ma L, et al. Risk 
factors and molecular analysis of community Methicillin-Resistant 

Staphylococcus aureus (MRSA) carriage. J Clin Microbiol 

2005;43:132-139. 
[10] Sheng WH, Chie WC, Chen YC, Wang JT, and Chang SC.  

Impact of Nosocomial Infections on Medical Costs, Hospital Stay, and 

Outcome in Hospitalized Patients. Journal of the Formosan Medical 
Association Taiwan Yi Zhi 2005;104(5):318-326.  



111 
 

[11] Archibald LK, Jarvis WR. Incidence and nature of endemic and 

epidemic nosocomial infections. In: Jarvis WR, editor. Bennett and 
Brachman's Hospital Infections. 5th ed. Philadelphia: Lippincott 

Williams & Wilkins; 2007, p. 483–506. 

[12] Vincent JL. Nosocomial infections in adult intensive-care units. 
Lancet 2003;361:2068-2077. 

[13] Richards MJ, Edwards JR, Culver DH, Gaynes RP. Nosocomial 

infections in combined medical-surgical intensive care units in the 
United States. Infect Control Hosp Epidemiol 2000;21:510-515. 

[14] Cole AM, Tahk S, Oren A, Yoshioka D, Kim YH, Park A, Ganz 

T. Determinants of Staphylococcus aureus nasal carriage. Clin Diagn 
Lab Immunol 2001;8(6):1064-9. 

[15] Ardic N, Ozyurt M, Sareyyupoglu B, Haznedaroglu T. 

Investigation of erythromycin and tetracycline resistance genes in 
Methicillin-Resistant Staphylococcus aureus (MRSA). International 

Journal of Antimicrobial Agents 2005;26:213-218. 

[16] Keiichi H, Longzhu C, Makoto K, Teruyo I. The emergence and 
evolution of Methicillin-Resistant Staphylococcus aureus. Trends in 

Microbiology 2001;9:486-493. 

[17] Harley JP, Prescott LM. Laboratory Exercises In Microbiology, 
5th ed. McGraw-Hill College; 2002. 

[18] Kateete DP, Kimani CN, Katabazi FA, Okeng A, Okee MS, 

Nanteza A, Joloba ML, Najjuka FC. Identification of Staphylococcus 
aureus; Dnase and Mannitol salt agar improve the efficiency of the 

tube coagulase test. Ann Clin Microbiol Antimicrob 2010;9:2-7.  

[19] Kaleem F, Usman J, Hassan A, Omair M, Khalid A, Roz U. 
Sensitivity Pattern of Methicillin-Resistant Staphylococcus aureus 

isolated from patients admitted in a tertiary care hospital of Pakistan. 
Iran J Microbiol 2010;2:141-143. 

[20] Tenover FC , Weigel LM, Appelbaum PC , McDougal LK, 

Chaitram J, McAllister S, Clark N, Killgore G, Hara CM, Jevitt L, 
Patel JB, Bozdogan B. Tenover FC , Weigel LM, Appelbaum PC , 

McDougal LK, Chaitram J, McAllister S, Clark N, Killgore G, Hara 

CM, Jevitt L, Patel JB, Bozdogan B. Vancomycin Resistant 
Staphylococcus aureus isolated from a patientin Pennsylvania. 

Antimicrob Agents Chemother 2004;48(1):275-280.  

[21] Tiwari HK, Sen MR. Emergence of Vancomycin Resistant 

Staphylococcus aureus (VRSA) from tertiary care hospital from 

northern part of India. BMC Infect Dis 2006;6:1-6. 

[22] Bhateja P, Mathur, T, Pandya M, Fatma T, Rattan A. Detection of 
Vancomycin Resistant Staphylococcus aureus: A comparative study 

of three different Phenotypic Screening Methods. Indian J Med 

Microbial 2005;23:52-55. 
[23] Clinical and Laboratory Standards Institute. Methods of dilution 

antimicrobial susceptibility tests for bacteria that grow aerobically; 

Approved Standard-Ninth Edition. M07-A 2012;9:2-32. 
[24] Naqvi ZA, Hashmi K, Kharal AS. Methicillin Resistant 

Staphylococcus aureus (MRSA) in Burn Patients. Pak J Pharm Sci 

2007;24:7-11. 
[25] Bashir A, Mujahid TY, Jehan N. Antibiotic resistance profile: 

isolation and characterization of clinical isolates of Staphylococci 

from patients with community acquired skin infection. Pak J Pharm 
Sci 2007;20:295-299. 

[26] Vandenbroucke GC. Epidemiology of Staphylococcus infection a 

European perspective. J Chemother 1994;6:67-70. 
[27] Mehdinejad M, Sheikh AF, Jolodar A. Study of Methicillin 

Resistance in Staphylococcus aureus and species of coagulase 

Negative Staphylococcus Isolated from various Clinical Samples. Pak 
J Med Sci 2008;24:719-724. 

[28] Sader HS, Watters AA, Fritsche TR. Daptomycin antimicrobial 

activity tested against Methicillin Resistant Staphylococcus aureus 
and Vancomycin Resistant Enterococci isolated in European medical 

centers. BMC Infect Dis 2007;7:1-9.  

[29] Moran GJ, Krishnadasan A, Gorwitz RJ. Methicillin Resistant 
Staphylococcus aureus infections among patients in the emergency 

department. N Engl J Med 2006;335:666-674. 

[30] Tambekar DH, Dhanorkar DV, Gulhane SR, Dudhane MN. 
Prevalence and antimicrobial susceptibility pattern of Methicillin 

Resistant Staphylococcus aureus from healthcare and community 

associated sources. Afr J Infect Dis 2008;1:52-56.  

[31] Romeeza T, Nadeem A, Nauman J, Afia A, Kunwal R. 

Discrepancies in the diagnosis of Methicillin Resistant Staphylococcus 
aureus  among different hospitals in Lahore, Pakistan. The Int Med J 

2009;8:7-10.  

[32] Siddiqi GM, Siddiqi T, Anwar MS. Methicillin-Resistant 
Staphylococcus aureus: A study in a tertiary care hospital. Biomedica 

2009;25:56-58.  

[33] Khatoon N, Bukhari H, Riaz JR, Sheikh AS. Prevalence of 
Methicillin Resistant Staphylococcus aureus (MRSA) infection 

laboratory study at Mayo hospital Lahore. Biomedica 2002;18:49-52. 

[34] Perwaiz S, Barakzi Q, Farooqi BJ, Khursheed N, Sabir N. 
Antimicrobial susceptibility pattern of clinical isolates of Methicillin-

Resistant Staphylococcus aureus . J Pak Med Assoc. 2007;57:2-4.  

[35] VriensMR, Fluit AC, Troelstra A. Is Methicillin resistant 
Staphylococcus aureus more contagious than Methicillin susceptible 

S. aureus in a surgical Intensive Care Unit.? Infect Control Hosp 

Epidemiol 2002;23:491-494. 
[36] Hakim ST, Arshed S, Iqbal M, Javaid SG. Vancomycin 

sensitivity of Staphylococcus aureus isolates from hospital patients in 

Karachi, Pakistan. Libyan J Med 2008;1:176-179. 
[37] Farzana K, Hameed A. Resistance pattern of clinical isolates of 

Staphylococcus aureus against five groups of antibiotics. J Res Sci. 

2006;17:19-26. 
[38] Sonavane A, Mathur M. Screening of Vancomycin intermediate 

resistant Staphylococcus aureus among clinical isolates of MRSA. 

India J Med Microbial 2007;25:79-80. 
[39] Mehdinejad M, Sheikh AF, Jolodar A. Study of methicillin 

resistance in Staphylococcus aureus and species of coagulase negative 
Staphylococcus isolated from various clinical samples. Pak J Med Sci 

2008;24:719-724. 

[40] Shahriar M, Shahid S, Katha KK, Nasreen W, Bhuiyan MA. 
Vancomycin sensitivity of Staphylococcus aureus isolates from 

clinical patients in Dhaka city, Bangladesh. Bangladesh Pharma J 

2012;15:1-4. 
[41] Assadullah S, Kakeu DK, Thokar MA, Bhat FA, Hussain N, Shah 

A. Emergence of low level vancomycin resistance in MRSA. Indian J 

Med Microbial Res 2003;6:16-19. 

[42] Bataineh AB. Resistance of Staphylococcus aureus to 

vancomycin in Zarqa, Jordan. Pak J Med Sci 2006;22:144-148.  

[43] Song JH, Hiramatsu K, Suh JY, Ko KS, Ito T, Kapi M, Kiem S, 
Kim YS , Oh WS, Peck KR, Lee NY. Asian network for surveillance 

of resistant pathogens study group: Emergence in Asian countries of 

Staphylococcus aureus with reduced susceptibility to vancomycin.  
Antimicrob Agent Chemother 2004;48:4926-4928.  

[44] Bukhari SZ, Ahmed S, Zia N. Antimicrobial susceptibility pattern 

of Staphylococcus aureus on clinical isolates and efficacy of 
laboratory tests to diagnose MRSA: A multi-centre study. J Ayub Med 

Coll Abbottabad 2011;23:139-142. 

[45] Thati V, Shivannavar CT, Gaddad SM. Vancomycin resistance 
among Methicillin Resistant  Staphylococcus aureus  isolates from 

intensive care units of tertiary care hospitals in Hyderabad . India J 

Med Res 2011;134:704-408 . 
[46] Tiwari KB. Vancomycin resistance in Staphylococcus aureus 

may occur faster than expected. Int J Life Sci 2009;3:6-13. 

[47] Taj Y, Abdullah FE, Kazmi SU. Current pattern of antibiotic 
resistance in Staphylococcus aureus clinical isolates and the 

emergence of vancomycin resistance. J Coll Physician Surg Pak 

2010;20:728-732. 
[48] Wilcox MH. Update on linezolid: The first oxazolidinones 

antibiotics. J Expert Opin Pharmacother 2005;6:2315-2326 . 

[49] Weiglt J, Kaaforani HM, Itani KM, Swanson RN. Linezolid 
eradicates Methicillin Resistant Staphylococcus aureus better than 

vancomycin from surgical site infections. Am J Surg 2004;188:760-

766. 
[50] Khono S, Yamaguchi K, Aikawa N, Sumiyama Y, Odagiri S, 

Aoki N, Niki Y, Watanabe S, Furue M, Ito T, Croos DRJ. Linezolid 

versus vancomycin for the treatment of infections caused by 
Methicillin Resistant Staphylococcus aureus in Japan. J Antimicrob 

Chemother 2007;60:1361-1369. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC96227


112 
 

[51] Gemmell CG. Susceptibility of variety of clinical isolates to 

linezolid: a European inter-country comparison. J Antimicrob 
Chemother 2001;48:42-52. 

[52] Hannan S, Hafiz AN, Ali L, Chughtai AS, Memon B, Ahmad A. 

Methicillin Resistant Staphylococcus aureus a Multicenter Study. J 
Pak Med Assoc 2002;52:312-315. 

[53] Fatholahzadeh B, Emaneini M, Gilbert G, Udo E, Aligholi M, 

Modarressi MH, Nouri K, Sedaghar H, Feizabadi MM. 
Staphylococcus cassette chromosome mec analysis and antimicrobial 

susceptibility pattern of Methicillin Resistant Staphylococcus aureus 

(MRSA) isolates in Tehran, Iran. Microbial Drug Resistance 
2008;14:217-220. 

[54] Farrel DJ, Liverman LC, Biedenbach DJ, Jones RN. A new 

fluoroquinolone with potent in vitro activity against Staphylococcus 
aureus including methicillin and fluoroqunolone resistant strains.  

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Antimicrob Agents Chemother 2011;55:3631. 

[55] Tang P, Pike K, Simor A, Richardson S, Low DE, Willey BM. 
Investigation of Staphylococcus aureus with vitek-1 erythromycin 

intermediate susceptibility: Comparison with vitek-2 and phoenix. 

Intersci Conf Antimicrob Agents Chemother 2002;2:1-2.  
[56] Entenza JM Que YA, Vouillamoz JM, Glauser P, Moreillon P. 

Efficacies of moxifloxacin, ciprofloxacin and vancomycin against 

experimental endocarditis due to Methicillin Resistant Staphylococcus 
aureus expressing various degrees of ciprofloxacin resistance. 

Antimicrob Agents Chemother 2001;45:3076-3083.  

[57] Morrow BJ, Abbanat D, Baum EZ, Crespo-Carbinate SM, Davies 
TA, He W, Shang W, Queenan AM, Lynch AS. Anti-Staphylococcal 

activity of the new flouroquinolone JNJ-Q2. Antimicrob Agents 

Chemother 2011;55:5512-5521.  

 


