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Abstract: 

Background & objectives: Methicillin resistant staphylococcus aureus are known to cause 

hospital acquired as well as community acquired infections. They are one of the most common 

pathogens of nosocomial infections. In this study we tried to find out the presence of community 

acquired MRSA in hospital acquired infections. SCCmec typing PCR was done to differentiate 

MRSA to CA-MRSA and HA-MRSA. Methods: Total of 150 clinical strains of S.aureus 

isolated from various clinical samples of hospitalized patients were collected from A multiplex 

PCR was performed to carry out the SCCmec typing for the MRSA. Antibiotic resistance was 

done by Kirby Bauer method and the detection of LukS-PV and LukF-PV gene was done to see 

the ability of MRSA to produce panton valentine leukocidin. Result: We found that out of 53 

MRSA 38(71.7%) were HA-MRSA and 13 (24.5%) were CA-MRSA. We also found the 

presence of pvl gene, it was more common among the CA-MRSA (69.2%) as compared to HA-

MRSA (13.1%). We also found that the CA-MRSA showed more resistance as compared to HA-

MRSA to antibiotics like, Ciprofloxacin(84.6%), Ampicillin(100%), Cefotaxime (61.53%), 

Erythromycin (53.8%). Interpretation & conclusion: In this study we found that there is a 

mixing between the MRSA associated with community and hospital infections. We also found 

that increased antibiotic resistance in CA-MRSA and presence of PVL gene in them. This could 

be an indication of exchange of virulence factor or antibiotic resistance among the two types of 

MRSA which can be a threat to the existing healthcare policy used for their treatment and 

control. 
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1. Introduction: 

Staphylococcus aureus is one of the most common pathogen that causes nosocomial infections in 

human being. It is also known for its ability to cause skin and soft tissue infections in 

community.[1] In the year 1959, Methicillin was introduced for the treatment of staphylococcal 

infection. In the year 1961, the first case of Methicillin resistant Staphylococcus aureus (MRSA) 

was reported. This case was reported from London.[2] The Methicillin resistance is acquired by 

the presence of the mec A gene that codes for an altered penicillin binding protein (PBP2a). The 

mec A gene along with its regulatory genes is carried by a mobile genetic element called 

Staphylococcus cassette chromosome mec (Sccmec).[3,4] Different types of Sccmec are reported, 

type I, II & III are considered to be hospital acquired MRSA (HA-MRSA) and  type IV & V are 

mostly Community associated MRSA.[5] Increased rate of community acquired MRSA spreading 

is a serious problem for public healthcare system worldwide. As compared to the HA MRSA 

strains which are mostly responsible for hospital acquired infections, CA MRSA strains do not 

have a specific risk factor. They can cause infection in healthy individuals too. This shows that 

they are more virulent than the HA-MRSA.[6] Based on many studies that are conducted across 

the world, cases of CA MRSA strains are reported from patients who are hospitalised or do not 

have the risk factors associated with CA MRSA infection.[7] In India, overcrowding and poor 

hygiene has led to the spread of CA-MRSA causing bacteraemia that mostly affects neonates, 

people from lower economic area and breast abscess in lactating mothers.[8] A toxin named 

Panton valentine leukocidin (PVL) is  produced by many CA-MRSA strains, this is an important 

virulence factor that can give infection in young children and immunocompetent people. PVL 

gene has two components lukS-PV and lukF-PV; it acts by lysing the polymorphonuclear cells 

thus affecting body’s defence mechanism. [9] This toxin is frequently detected in S. aureus 

isolated from samples of  skin and soft tissue infections. Strains of S. aureus that are PVL 

positive can cause infections severe than necrotizing pneumonia.[10]  

Based on the literatures reviewed, it has been found that the CA- MRSA is isolated from a high 

percentage of isolates that are grown from patients who are hospitalised or have no risk factor of 

community infections. S. aureus species have also shown the ability of biofilm production in 



many studies. This also is a challenge for the existing policies for the treatment of 

Staphylococcus aureus treatment. In this study, we have tried to find a correlation between the 

presence of PVL gene in CA-MRSA and HA-MRSA.  

 

 

2. Materials and methods 

Sample collection: A total of 150 isolates of Staphylococcus aureus isolated from various 

clinical samples were included in this study. 

 Identification of S. aureus: 

 Identification of the Staphylococcus aureus was done by microscopic examination of smears 

stained by Gram’s stain. All the strains showing gram positive cocci were included for further 

examination. Catalase test was performed, only catalase positive organisms were included in 

this study. Further, tube and slide coagulase was performed and strains showing positive test 

were included and identifies as Staphylococcus aureus. All the tests done for identification 

were done along with control strains. 

Antibiotic sensitivity testing: 

After the identification of Staphylococcus aureus, antibiotic sensitivity pattern is determined by 

Kirby bauer disc diffusion method. Muller hinton agar is used to perform the test. After 

incubation at 37°celcius for 18-24 hours the zone of inhibitions are measured and interpreted 

based on the Clinical and Laboratory Standards Institute (CLSI) guidelines.[11] Antibiotic discs 

from Himedia, India were used. The antibiotics include Gentamicin, Amikacin, 

Chloramphenicol, Ampicillin, Ciprofloxacin, Erythromycin, Cefotaxime, Trimethoprim-

sulphamethoxazole, Levofloxacin, Linezolid, Penicillin, Rifampicin, Tetracycline, Cephalexin.   

Identification of MRSA 

Cefoxitin disc (30µg) was used to identify Methicillin resistant Staphylococcus aureus by 

Kirby bauer disc diffusion method. Muller Hinton agar (Himedia India) was used. After the 



incubation at 37°Celcius for 18-24 hours, a zone size of ≤21mm was considered resistant 

(MRSA) and a zone size ≥22 was considered as sensitive.[12] All of the following tests were 

done using controls, where S. aureus ATCC 29213 was used as Methicillin sensitive control 

and ATCC 43300 as Methicillin resistant reference strain.[13]  

Molecular identification of MRSA was done by Polymerase chain reaction by the detection of 

MecA gene that code for altered penicillin binding protein. 

DNA isolation: 

Bacterial DNA isolation was performed by using the Bacterial genomic DNA isolation kit 

(Himedia India). Fresh 24 hours old pure cultures of all the strains of MRSA were used to 

isolate the DNA. The presence of extracted DNA was checked by running the final product into 

agarose gel with ethidium bromide (ETBr). Visible band of DNA were seen using the Gel 

documentation system (Bio-Rad, USA). 

 

Identification of HA-MRSA and CA-MRSA: 

In order to classify HA-MRSA and CA-MRSA based on Sccmec type, a multiplex PCR was 

performed. Staphylococcus Cassette Chromosome (SCC) mec typing MRSA Detection Kit 

(Multiplex) by Himedia India, is a qualitative conventional PCR kit which focuses on 

simultaneous amplification of 7 targets specific for types I to VI and mecA gene. All the 

amplified targets are confirmed by using the agarose gel electrophoresis method. 

Detection of PVL gene in MRSA: 

Detection of Panton valentine leukocidin is done by polymerase chain reaction. Primers were 

designed from sequence used in a different study for the detection of LukS-PV and LukF-PV 

components of the gene. [14] The specificity of the primer was determined using similarity 

search in National centre for Biotechnology Information (NCBI) databases. The PCR product 

was then analysed by running on agarose gel along with by gel documentation. 

 



 

3. Results 

Result of Identification of S. Aureus 

Total of 150 staphylococcus aureus strains grown from various clinical samples were collected 

from hospitals. The organisms were identified by Grams staining as gram positive cocci arranged 

in grape like clusters. Further the organisms were tested for the presence of the enzyme catalase 

and coagulase. Coagulase positive organisms are included in this study. The distribution of 

staphylococcus aureus as per the type of sample is given in Table I. 

Table I: S. aureus isolated from different samples. 

Sample type 

Pus  Blood  Broncheoalveolar 

Lavage (BAL) 

Tracheal 

aspirate  

Discharge 

fluid 

Sputum  Urine Catheter 

tip 

75 23 17 16 7 5 5 2 

 

 

Identification of Methicillin resistant staphylococcus aureus: 

Out of the 150 staphylococcus aureus, we got 53 MRSA and 97 MSSA by Cefoxitin (30mcg, 

Himedia India) disc diffusion method. All the 53 MRSA were found to carry MecA gene by 

PCR. The entire test was performed using positive and negative controls. The results obtained by 

the controls were satisfactory. 

The distribution of MRSA and MSSA in total 150 samples is shown in Table II. 

 

Table II: MRSA & MSSA distribution in various samples 

Sample MSSA MRSA HA- CA- Chi- P value 



type (Mec A 

gene) 

MRSA MRSA square 

value 

Pus 46 29 19 9 

2.985 0.88625 

Blood 17 6 5 1 

BAL 10 7 5 2 

Tracheal 

aspirate 

12 4 3 1 

Discharge 

fluid 

5 2 1 0 

Sputum 3 2 2 0 

Urine 4 1 1 0 

Catheter tip 0 2 2 0 

 

Result of multiplex PCR for Scc Mec typing: 

After the detection of all the Methicillin resistant staphylococcus the bacterial DNA of the 

organisms (MRSA) are isolated and subjected to multiplex PCR to detect the SCC mec type 

(figure 1) . Based on the findings of PCR the data is given in Table II & III. Out of the total 53 

MRSA strains, 38, (type I-13, type II-7, type III-18) were hospital acquired strains and 13 (type 

IV-5, type IVa-5, type V-3) were community acquired. This shows out of total 53 MRSA that are 

obtained from hospitalised patients with no risk of getting community infection 13 (24.5%) are 

showing the genotypic traits of CA-MRSA. 

 



 

Figure 1: Sccmec typing PCR result showing amplification of various targets. 

 

Table III: Results of SCCmec typing 

Total 

isolates 

(150) 

SccMec 

type I 

SccMec 

type II 

SccMec 

type III 

SccMec 

type IV 

SccMec 

type Iva 

SccMec 

type V 

Unable 

to type 

MRSA 

(n=53) 

13 7 18 5 5 3 2 

Types of 

MRSA 

HA- MRSA (total=38) CA-MRSA (total=13)  

 

Table IV: Results of antibiotic resistance Pattern: 

 

Antibiotics MRSA(n=53)*   

HA-MRSA 

(n=38) (Resistant 

%) 

CA-MRSA 

(n=13) 

(Resistant %) 

Chi-Square  P- value 

Gentamicin 13 (34) 4 (30.7) 
0.0516 0.82 

Ampicillin 38 (100) 13 (100) 
NA NA 

Ciprofloxacin  30 (79) 11 (84.6) 
0.1974 0.6568 

Erythromycin  16 (42) 7 (53.8) 
0.5393 0.4627 



Levofloxacin 17 (44.7) 2 (15.3) 
3.7801 0.0488** 

Cefotaxime 21 (55.2) 8 (61.53) 
0.1555 0.6933 

Trimethoprim- 

sulphamethoxazole 

14 (36.8) 4 (30.7) 

0.1564 0.692472 

Linezolid  1 (2.4) 0 (0) 
15.4942 0.000083** 

Chloramphenicol 2 (5.2) 0 (0) 
4.2801 0.038562** 

Rifampicin  5 (13.1) 1 (7.6) 
0.2787 0.597525 

Teicoplanin  1 (2.4) 0 (0) 
15.4942 0.000083** 

Tetracycline  7 (18.4) 2 (15.3) 
0.0615 0.804216 

Cephalexin 20 (52.6) 3 (23) 
3.4171 0.064523 

Cefoxitin 38(100) 13(100) 
NA NA 

*2 strains that we are unable to type are not included here 

**Significant 

NA not applicable 

 

 

 

Result of PVL gene detection 

Polymerase chain reaction for the detection of pvl gene was performed for the 13 strains of CA-

MRSA. Out of the total MRSA strains 14 MRSA showed the presence of the gene. The details 

are given in TableV. 

Table V: PVL gene detection 

Total MRSA 

(53)* 

PVL gene 

detected 

PVL gene not 

detected 

Chi-Square  P- value 

CA-MRSA (13) 9 (69.2%) 4 
15.2923 0.000092** 

HA-MRSA (38) 5 (13.1%)  33 

*2 strains that we are unable to type are not included here 



**Significant 

 

4. Discussion: 

Staphylococcus aureus is an important human pathogen. It is capable of causing both the hospital 

as well as community acquired infections. The nature of illness may vary from a simple infection 

to a fatal life threatening condition. It can spread from human to human and cause a wide 

spectrum of diseases.[15] Around the world Methicillin resistant staphylococcus aureus is known 

to cause skin and soft tissue infections however it is also known to cause many other fatal 

illnesses.[16]  Although MRSA infections were initially identified as hospital acquired (HA-

MRSA) only and community associated infection of methicillin resistant staphylococcus aureus 

were confined to community.[17] Many reports of CA-MRSA intruding the hospital settings and 

causing Hospital acquired infections has been reported worldwide.[18] In addition to that it is also 

found that CA-MRSA posses a toxin called Panton-valentine leukocidin that responsible for the  

lysis of  leukocytes  and necrosis of tissues.[19]  In the present study we mainly focused on 

identifying the mixing of CA-MRSA in hospitals leading to their isolation from patients who are 

hospitalized and do not have any risk factors of community infections. We tried to detect the 

antibiotic resistance pattern of the CA-MRSA and compared it with the HA-MRSA isolated from 

hospitals. Out of the total 150 Staphylococcus aureus we got 53 (35%) MRSA and 94 (65%) 

MSSA.  The highest number of MRSA was isolated from pus sample (n=29). Out of the 53 

MRSA, 38 (71.6%) were HA-MRSA, 13 (24.5%) were CA-MRSA and 2 (3.7) were untypable 

strains as per the report of SCCmec multiplex PCR result. All the samples were collected from 

hospitalized patients without any risk of community infection; however we isolated 13 strains of 

CA-MRSA.  The presence of PVL gene was predominantly seen in CA-MRSA 9(69.2%) as 

compared to 5(13.1%) in HA-MRSA, which was found to be statistically significant (p-

value=0.000092). If we look at the antibiotic resistance pattern of the CA-MRSA, we can see the 

findings of our studies that are discussed above indicates the presence of CA-MRSA in 

healthcare setup which was similar to the findings of a study conducted in Mangalore, Amritsar,  

where  CA- MRSA were isolated from hospitalized patients. [19,20] The CA-MRSA were 

predominantly resistant to Ampicillin (100%), Ciprofloxacin (84.6%), Erythromycin (53.8%), 

Cefotaxime (61.53%) as compared to HA-MRSA strains. However we found Linezolid, 



Teicoplanin  and Chloramphenicol to be sensitive to all the strains of CA-MRSA included in this 

study. The CA-MRSA also showed similar or low percentage of resistance as compared to HA-

MRSA for antibiotics like Trimethoprim- sulphamethoxazole, Tetracycline, Cephalexin, 

Gentamycin, Levofloxacin etc. Drug resistance is not very common in CA-MRSA but most of 

the strains showed resistance to antibiotics which is common in an organism mostly associated 

with hospitals. In the current study, the presence of PVL gene in the MRSA strains were 

identified, a total of 9 out of 13 CA-MRSA (69.1%) were carrying the pvl gene which was much 

higher as compared to 5 out of 38 HA-MRSA carrying PVL gene (13.1%). This shows that PVL 

gene is more common among the CA-MRSA but also posses by the HA-MRSA. In a study 

conducted in west Bengal we found similar findings where the CA-MRSA were showing 

resistance to multiple antibiotics and the presence of PVL gene.[21]  

 Based on the studies conducted across the world we have seen an increasing trend of CA-MRSA 

in hospital settings, in addition to that CA-MRSA has also shown increasing resistance to 

antibiotics in many studies. In our study we found the presence of CA- MRSA in hospitalized 

patients, the high drug resistance pattern could be due to its adaption in the hospital environment 

for a long time, which could also be the reason for the presence of pvl gene among the HA-

MRSA strains. These findings, as concluded in many studies, may differ based on various factors 

like geographical area, public health system and awareness, environmental conditions, healthcare 

planning etc. [21, 22]  In our study, we found a significant number of isolates of CA-MRSA in the 

samples of hospitalized patients with no risk of community infection. This finding shows the 

mixing of community strains in hospitalized patients. We also observed multiple drug resistance 

in CA- MRSA, which is not very common in them but seen in HA-MRSA. This could be due to 

the mutual transfer of character among the two types as they encounter each other in hospital 

environment. We also have found strains that are HA-MRSA carrying PVL gene and multidrug 

resistant, these organisms are having multiple virulence factors like pvl gene producing the 

Panton valentine leukocidin that destroys the phagocytic activity of the immune system and 

resistance to multiple antibiotics. This makes the treatment of the organism difficult for the 

clinicians. We found that antibiotics like Levofloxacin, Linezolid, Chloramphenicol and 

Teicoplanin can still be an effective treatment options provided there are strict rules to stop over 

the counter selling of antibiotics. 



5. Conclusion: 

Staphylococcus aureus can be a threat to the healthcare system due to its developing resistance to 

antibiotics and other virulence factors. In our study we found the mixing up of community type 

MRSA into hospital setup. The presence of PVL gene makes it more virulent as they can lead to 

necrosis by destroying the leukocytes. More studies should be conducted and routine diagnosis 

pattern needs to be updated so that genotypic picture of the organism is revealed. The health care 

systems must run a surveillance program specifically for staphylococcus aureus outbreaks or 

screening of carriers among hospital personnel. This will help in formulating advanced ways of 

dealing with the pathogen. 
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