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Background and objectives: S. aureus is a renowned pathogenic Gram-positive, round-shaped bacteria found as normal 
flora in the nasal cavities, in the respiratory system, and on the skin. The main cause behind the increasing prevalence 
of MRSA may be due to the misdiagnosis and subsequently inappropriate use of antibiotics. The foremost purpose of 
this research was to estimate the prevalence of pediatric MRSA infections from the population of South Punjab and the 
estimation of associated risk factors based on the pediatric population subgroups, based on gender, and the relevant 
sample sources from which the pathogens were isolated. Method: For this purpose, 69 S. aureus samples (38 samples 
from male patients and 31 samples from female patients) were collected from pediatric patients. Results: Out of 69 
samples, 59 samples were positive for S. aureus. Out of 59 samples, 30 samples were identified as MRSA based on 
antibiotic disks susceptibility by Kirby Bauer disk diffusion method by applying cefoxitin, oxacillin, and vancomycin disks. 
10 samples from 30 confirmed samples were subjected to molecular diagnosis with PCR using targeting three genes 
which include 16S rRNA, nuc, and mecA genes. All 10 samples were found positive for 16S rRNA, 9 samples for nuc, 
and 7 samples for mecA. Interpretation and conclusions: The results suggest that there should be a proper diagnosis of 
MRSA strains to confirm the presence of mecA gene otherwise it will be misdiagnosed and subsequently leading to 
misuse of antibiotics and hence may give rise to the real superbugs, MRSA and VRSA as well. 
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INTRODUCTION 

Staphylococcus aureus is a well-known pathogen that 
is a Gram-positive, round bacterium generally found as 
normal flora in the nose, in the respiratory system, and on 
the skin1. In addition to many life-threatening healthcare 
issues such as pneumonia, meningitis, osteomyelitis, and 
toxic shock syndrome S. aureus causes major skin 
diseases which include impetigo, scalded skin syndrome, 
boils, and abscesses2. The virulence factors of S. aureus 
include the production of potent toxins and cell-surface 
protein to promote infections. The resistant strains are 
serving as a worldwide emergent healthcare problem. 
Superficial to the invasive range of its infections makes it 

notorious bacteria whose significance is increasing as it is 
becoming resistant against first-choice treatment which is 
methicillin1. S. aureus which is resistant to methicillin are 
termed as Methicillin-resistant S. aureus (MRSA) 
possesses a mobile genetic element, Staphylococcal 
Cassette Chromosome mec (SCCmec) which carries the 
mecA gene and these strains are becoming pandemic. 

MRSA strains had been spread to hospitals and 
universal dissemination within a year of the tarter of 
methicillin3. After the first reported case of MRSA in 1961, 
MRSA has been reported to increase in major U.S. 
hospitals extended from 34% in the decade of the 1980s 
to 50% in the late 1990s by the National Nosocomial 
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Infections Surveillance System (NNISS). In few hospitals 
MRSA strains have been reported up to 80% of all S. 
aureus infections4. MRSA has been reserved like a 
nosocomial pathogen, so far in past, MRSA has arisen 
outdoor of health care situations being spread in the 
general population and environment5. These community-
associated strains of MRSA have also been shown to be 
the reason of healthcare-associated infections. The mecA 
gene, specific for methicillin resistance, codes for a novel 
penicillin-binding protein PBP-2a which exhibits reduced 
affinity towards β-lactams was that was not identified until 
over 20 years6. There is nnoauthentic information 
regarding the original donor of mecA to Staphylococci 
while the suggested origin of the cassette SCCmec is 
Staphylococcus sciuri, because the PBP from S. sciuri 
exhibited 87.8% amino-acid sequence similarity with 
PBP2Community-acquired MRSA (CA-MRSA), and 
Hospital-acquired MRSA (HA-MRSA) are different from 
one another with reference to antibiotic resistance on 
three features. Both strains have somehow different 
mobile genetic elements, the CA-MRSA are sensitive 
towards other than beta-lactams whereas HA-MRSA is 
known as multidrug-resistant and the value of minimal 
inhibitory concentrations are usually higher for HA-MRSA 
than that for CA-MRSA strains8.  

Our study was designed to evaluate the occurrence of 
MRSA infections among pediatric patients from the 
population of South Punjab, Multan, Pakistan, and to find 
the relevant risk factors for the development of MRSA 
infections. A variable figure was hypothesized for the 
occurrence of MRSA infections depending on the different 
pediatric subgroups, gender-wise distribution of MRSA 
infections, and among different sample sources from 
which the MRSA strains were to be isolated. In this study, 
pediatric patients were divided into pediatric subgroups 
which comprised of neonates, infants, children (2-5Year), 
children (5-12Year), and adolescents. 
  
MATERIALS AND METHODS 

Sample Collection 
The ethical statement was given by the biosafety 

committee of the University of the central Punjab Lahore. 
A total of 69 samples were collected from Children’s 
Hospital, Multan (from June 2017 to May 2018) targeting 
patients of pediatric age groups i.e., 38 samples from 
pediatric males and 31 samples from pediatric female 
patients. The sources of the sample were nasal swabs, 
skin swabs, sputum samples, wound swabs, blood, and 
pus swabs. 

Isolation of S. aureus from Samples: 
Blood samples were aseptically collected in the Brain 

Heart Infusion (BHI) broth bottles and incubated at 37℃ 
for the observation of growth in the bottles within 14 days. 
The incubated bottles with bacterial growth were cultured 
on MacConkey’s agar and blood agar medium for isolation 
and phenotypic characterization. Throat swabs and pus 

samples were directly cultured on the blood agar medium 
and MacConkey’s agar at the same day and incubated at 

37 ℃ for 24 hours. Urine samples were inoculated on the 
same day on CLED agar (Cysteine, lactose, and 
electrolyte deficient) and incubated at 37 ℃ for 24 hours 

For the selective isolation of the presumptive 
pathogenic S. aureus, further colonies from agar plates 
were inoculated on mannitol salt agar, again incubated at 

37 ℃ for 24 hours. Gram staining was performed for 
microscopic identification of S. aureus. 

Determination of Hemolytic Pattern of S. aureus:  
To observe the hemolysis pattern of S. aureus, 

colonies from mannitol salt agar were inoculated on blood 

agar and incubated at 37 ℃ for 24 hours. The hemolytic 
pattern of S. aureus was visually examined on a blood 
agar medium.  

Determination of DNase Activity of S. aureus: 
The 24 hours fresh colonies of Gram-positive cocci 

were inoculated on DNase agar medium and then 

incubated at 37 ℃ for 24 hours. For the interpretation of 
the results, 1N HCl was poured on an agar surface having 
a bacterial culture clearer zone near the inoculated colony 
indicates the presence of the DNase enzyme of S. aureus.   

Biochemical Characterization of S. aureus: 
The biochemical tests i.e., catalase test and 

coagulase test were performed for biochemical 
characterization of S. aureus.  

Antibiotic Susceptibility Test (Kirby-Bauer Disc 
Diffusion Method): 
All the identified strains for S. aureus which were positive 
for the mannitol test and DNase test were tested for 
antibiotic sensitivity. The bacterial lawn of isolated strains 
was prepared on Muller-Hinton agar medium and 
antibiotic disks (Oxoid Thermofisher Scientific) were 

placed on it. Plates were incubated at 37 ℃ for 24 hours. 
After incubation, the diameter of the zone of inhibition was 
measured in mm using a digital vernier caliper and 
interpreted as sensitive or resistant strain. The zone of 
inhibition was measured according to CLSI standards for 
disk diffusion interpretive criteria (Table-1). 

Table-1:  CLSI standard zones for AST 
AST Zone Diameter (mm) 

Interpretation 
FOX 30 μg OX 1 μg VA 30 μg 

≤21 ≤10 ≤14 Resistant 

— 11-12 15-16 Intermediate 

≥22 ≥13 ≥17 Sensitive 

 

Genomic DNA Extraction 
Genomic DNA of bacteria was extracted from the 

isolated colonies by NaCl/CTAB method9. The SDS 
(sodium dodecyl sulfate) was added as detergent to lyse 
bacterial cells and to remove the proteins by adding 
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proteinase K, polysaccharide, cell debris and different 
proteins were separated by precipitation with CTAB and 
followed by higher weight DNA by precipitating with 
isopropanol. Bacterial cells were grown for 24 hours in the 
nutrient broth medium. 1.5 ml of cultures were centrifuged 
at 12000 rpm in sterile Eppendorf tubes separately for 10 
minutes. At that point, supernatant was discarded and the 
pellet was re-suspended in 300µl lysis buffer. The pellet 
was then mixed thoroughly in the lysis solution and was 
incubated at 65°C in the water bath for 30 minutes. An 
equal volume of 24:1 chloroform/isoamyl was added after 
incubation and centrifuged at 12000 rpm for 10 minutes. 
The upper aqueous layer was taken to a new Eppendorf 
tube and the remaining was discarded. An equal volume 
of isopropanol and one-tenth of sodium acetate solution 
was mixed gently and subsequently a stringy white DNA 
precipitate was formed. At that point, this mixture was 
again centrifuged for 10 minutes at 12000 rpm at room 
temperature. The supernatant was discarded and 20 µl of 
70% ethanol was added to the pellet. This was finally 
centrifuged at 12000 rpm for 2 minutes and the 
supernatant was discarded. After this step the pellet was 
let to dry and was re-suspended in 25 µl ampule water 
and was stored at -20 °C. 

Polymerase Chain Reaction (PCR): 
For PCR, the extracted DNA template was subjected 

to amplify the desired genes using the specified primers. 
Three genes were amplified in this experimental work. nuc 
gene was amplified to confirm S. aureus strain, and mecA 
gene was amplified to confirm MRSA. 

Gel Electrophoresis 
Agarose gel electrophoresis was performed according 

to the standard method, 1% agarose gel in 0.5X TBE 
buffer was prepared. Ethidium bromide was added into the 
normally cool gel, at a concentration of (5 µl/ 50 ml). 
Electric current was allowed to pass through the gel at 90 
V for 40 minutes until the dye moved 75-80% of the way 
down the gel. The DNA fragments were visualized using 
UV-illuminator. 
 
RESULTS  

Among 69 samples, 59 samples were positive for S. 
aureus. The Gram staining of the samples showed Gram-
positive cocci in clusters. Prevalence of MRSA isolated 
from these different sources of the patient’s body is given 
below in a graphical view (Graph-1). 

 
 
Graph-1: shows the prevalence of MRSA from 
samples collected from hospital 

 
Moreover, according to the gender-wise distribution of 

the results, 33 positive S. aureus strains were isolated 
from males and 26 positive samples were isolated from 
females among 59 positive S. aureus isolates. This 
distribution represents the higher MRSA incidence 
towards male pediatric patients as compared to the female 
pediatric patients in the graph below (Graph-2).  

 

 
 
Graph-2: Presenting prevalence of S. aureus in 

male and female pediatric patients  
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The small white round colonies of S. aureus were 

observed on blood agar surrounded by zone of partial or 
beta hemolysis as shown in the (Figure-1).  

 

 
Figure-1: Colonies of S. aureus on blood agar 
 

On the DNase agar medium, all 69 isolated strains 
showed a clear zone around them hence identified as S. 
aureus strains as showed in (Figure-2). 

 

 
 

Figure 2: Shows D Nase activity of S. aureus  

 
Oxacillin (Methicillin), Cefoxitin and Vancomycin discs 

were used to test the susceptibility of oxacillin resistant S. 
aureus strains. Out of 59 positive S. aureus isolates, 30 
isolates were oxacillin and cefoxitin and 18 isolates were 
resistant to vancomycin. Further, 10 isolates were 
sensitive to vancomycin and only 2 isolates showed 
intermediate sensitivity towards vancomycin as shown in 
the table below (Table-2).(Figure-3). 

 

 
 

Figure-3: Showed MRSA (no zone of inhibition) 
The overall susceptibility of S. aureus towards 
vancomycin, cefoxitin, oxacillin is presented in the graph 
below (Graph-3). 
Out of 30 tested MRSA samples, 10 samples were 
confirmed based on PCR detecting 3 primers which 
include 16S rRNA gene to confirm genus Staphylococcus, 
nucA gene to detect thermo-nuclease activity for the 
species confirmation of S. aureus, and mecA gene to 
confirm methicillin-resistant S. aureus. The letters A, B, 
and C represent the primers for the genes 16S rRNA, nuc, 
and mecA gene respectively, whereas numbers 1 to 10 
represent the samples diagnosed by PCR. 
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Table 2: Susceptibility patterns of S. aureus strains towards different antibiotics 

 

Sample No. 
Vancomycin 30 μg Cefoxitin 30 μg Oxacillin 1 μg 

Zones (mm) Results Zones (mm) Results Zones (mm) Results 

1 18 S 19 R 7 R 

2 13 R 17 R 8 R 

3 19 S 20 R 8 R 

4 19 S 17 R 8 R 

5 15 I 18 R 9 R 

6 20 S 16 R 10 R 

7 14 R 17 R 10 R 

8 13 R 19 R 9 R 

9 20 S 19 R 8 R 

10 12 R 18 R 8 R 

11 13 R 20 R 9 R 

12 14 R 19 R 9 R 

13 20 S 17 R 9 R 

14 19 S 17 R 9 R 

15 12 R 18 R 9 R 

16 12 R 17 R 10 R 

17 14 R 19 R 8 R 

18 19 S 18 R 8 R 

19 16 I 19 R 9 R 

20 12 R 17 R 9 R 

21 17 S 18 R 9 R 

22 12 R 18 R 10 R 

23 13 R 19 R 10 R 

24 13 R 19 R 9 R 

25 13 R 18 R 8 R 

26 18 S 20 R 8 R 

27 13 R 20 R 8 R 

28 14 R 17 R 9 R 

29 13 R 17 R 9 R 

30 13 R 19 R 9 R 
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PCR product bands for 16S rRNA (479bp) gene were 
observed for all 10 MRSA strains. Samples 1, 2, 3, 4, 5, 6, 
7, 9, and 10 had shown 270bp bands on agarose gel while 
sample 8 had no band for nuc gene predicting a 
biochemically misdiagnosed nuclease activity. Samples 1, 
2, 3, 4, 7, 9, and 10 had shown 533bp bands on agarose 
gel while samples 5, 6, and 8 had no band for the mecA 
gene predicting a biochemically misdiagnosed nuclease 
activity. The absence of bands for the nuc gene in sample 
8 shows the absence of the nuc gene in this isolated 
strain. Similarly, the absence of bands for samples 5, 6 

and 8 represent the absence of mecA gene in these three 
isolates which exhibits the discrepancies among these 
samples diagnosed and confirmed by biochemical tests 
and antibiotics from the molecular diagnosis of these 
samples (Figure-4.1) (Figure-4.2).    

Hence, according to group wise distribution of MRSA, 
the incidence was found to be higher 49% in school-going 
children aged 5-12 years old, 22% in adolescents, 12% in 
children aged from 2-5 years, 10% in infants, and is lowest 
in neonates that were found to be 7% as shown in the 
graph below (Graph-4). 

 

 
 
 

Graph-3: Represents susceptibility results for vancomycin, cefoxitin and oxacillin antibiotic disks 
  

 
Figure-4.1: PCR Results; Agarose gel with bands of 16S rRNA (479bp) and nuc (270bp) gene 
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Figure-4.2: PCR Results; Agarose gel with band of mecA (533bp) gene 

 

 
 

Graph-4: Pediatric subgroup-wise distribution of MRSA strains 
 

 
DISCUSSION 

This study comprises the detailed evaluation of 
methicillin-resistant S. aureus isolates among the pediatric 
population of South Punjab, Pakistan, and to highlights the 
factors associated with it. The main factors focused on this 
study were to find the frequency of MRSA and its trends in 
different genders, pediatric age groups, and source of the 
sample.   

In our study, MRSA was found to be 85.5% depicting 
an alarming statistic in the region of South Punjab, 
Pakistan. A similar multicenter study was conducted from 
2000 to 2002 to find MRSA frequencies among different 
cities of Pakistan. This study covered 8 government and 
private labs from major cities of Pakistan including 
Karachi, Lahore, Sukkur, Islamabad, Quetta, MirPur. In 
this study 42% MRSA isolates were encountered while 
there was no Vancomycin-resistant isolate encountered. 
The distribution of MRSA in different cities was a diverse 

statistic with the highest being 61% from Lahore, 57.5% 
from Karachi, 46% from Islamabad/Rawalpindi, and 36% 
from Peshawar. Sukkur had encountered only 2% of 
MRSA cases10. Multan is the major city of Pakistan in the 
region of South Punjab and here 85.5% MRSA frequency 
has been found. It is a much greater figure than that found 
in the above-mentioned study which shows a maximum 
value of 61% MRSA in Lahore.  For decades the rate of 
MRSA occurrence has been considerably increased in 
Pakistan.  

MRSA colonizes individuals of different age groups 
(Philip et al. 2006) 11. In our study, the incidence was 
found to be higher 49% in school-going children aged 5-12 
years old, 22% in adolescents, 12% in children aged from 
2-5 years, 10% in infants, and is lowest in neonates that 
were found to be 7%. 

We found another thing in this study, which was the 
absence of bands for nuc gene in sample 8 showing the 
absence of nuc gene in this isolated strain. Similarly, the 

Neonates, 4, 7%

Infants, 6, 10%

Child (2-5Y/Not 
School Going), 7, 12%

Child (5-12Y/School 
Going), 29, 49%

Adolescent, 13, 22%

PEDIATRIC GROUPWISE DISTRIBUTION OF 59 
ISOLATED MRSA STRAINS

Neonates Infants Child (2-5Y/Not School Going) Child (5-12Y/School Going) Adolescent



Shahbaz et al.           Occurrence and relative risk factors of pediatric MRSA infections among population of South PunjabPakistan 

 

    Bioscience Research, 2022 volume 19(1): 110-117                                                            117 

 

absence of bands for samples 5, 6, and 8 represented the 
absence of mecA gene in these three phenotypically 
MRSA isolates which exhibits the discrepancies among 
these samples diagnosed and confirmed by biochemical 
tests and antibiotics from the molecular diagnosis of these 
samples. As these discrepancies are concerned, these 
can mislead the healthcare practitioners to properly treat 
the infection, and ultimately it can give rise to the 
emerging antibiotic resistance for other susceptible strains 
because of misuse of antimicrobial agents in treating a 
misdiagnosed MRSA infection. A similar biochemical 
study was conducted in Lahore, Pakistan in 2009 to find 
the discrepancies in the diagnosis of MRSA on the basis 
of biochemical characterization.  

CONCLUSION 
This study included 100 confirmed MRSA strains and 
exposed that only 64 of them were S. aureus actually and 
the other 36 strains were coagulase-negative strains of 
Staphylococci instead of S. aureus. Serological 
characterization of those 64 isolates revealed that only 50 
of them were MRSA and 14 were MSSA. In that 
biochemical study, overall, 50 out of 100 MRSA strains 
were misidentified as MSSA12. Subsequently, the 
misdiagnosis of MRSA strains can lead to an unfortunate 
prescription of antibiotics to the patients leaving an 
economic burden to the patients and the development of 
new antibiotic-resistant strains. This is an alarming 
circumstance for the healthcare sectors in South Punjab 
and there is a great necessity to revise the control 
strategies for MRSA in the modern age. 
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