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Abstract
In the present study, the aim was to define the prevalence of Panton Valentine leukocidin gene and MecA genes among community acquired infection (CAI) and hospital acquired infections(HAI) due to S.aureus strains. 

The study was performed on one hundred ninety six S.aureus strains  isolated from clinical samples from hospital acquired infections obtained from HAI or CAI. S.aureus isolates were subjected to molecular study for MecA gene and PVL by multiplex polymerase chain reaction (multiplex-PCR). 
PVL gene was significantly detected in higher frequency in CAI (41.9%),P=0.0001 compared to HAI (16.1%).However, MecA gene was detected significantly in HAI (23.6%),P=0.02 compared to CAI (10.8%), The majority of MRSA strains had PVL gene (66.7%).

The findings of the present study supports the hypothesis that PVL gene was significantly associated with community acquired infections. However, the combined presence of MecA gene and PVL were also common in S.aureus isolated from hospital acquired infections. PVL gene was prevalent in wound infections. Further studies are required to determine if PVL gene can be used as a distinctive marker of CAI infections in Egypt 


      Staphylococcus aureus (S.aureus), gram positive cocci, is the etiology of wide variant of infections ranging from minor soft tissue infections up to life threatening bacteremia. It represents a major pathogenic bacteria either in hospital acquired infections (HAI) or community acquired infections(CAI))1). 
  There are several virulence factors associated with S.aureus infection the most prominent is the development of methicillin resistance leading to the emergence of methicillin-resistant S. aureus (MRSA) (2). MRSA is  strain resistant to β-lactam antibiotics. The resistance is mainly due to the production of  penicillin-binding protein 2a, encoded by the mecA gene (3). MecA gene is located on genetic element called cassette mec (SCCmec) (4,5).   
Another pathogenic factor associated with S.aureus is the production of cytotoxin production produced by the gene Panton Valentine leukocidin (PVL), encoded by lukS- PV and lukF-PV genes  (6). It is a member of the cytotoxic family that leads to the production of pores in the membranes of cells. The action of  PVL leads to  neutrophil lysis and apoptosis leading to tissue necrosis from the released cytotoxic lysed neutrophils contents (7,8). PVL gene can be expressed in susceptible and resistant strains of S.aureus (9). 
 Community acquired infections due to MRS strains positive for PVL gene is  usually associated with skin infections (10).Nevertheless severe penetrating  infections like pneumonia and sepsis have also been also reported to be caused by PVL S.aureus strains. The presence of PVL gene is claimed to be a molecular marker of community acquired MRSA strains and can differentiate between CAI and HAI MRSA strains (11).  

 There is insufficient reports about the prevalence of PVL gene in S.aureus associated with  CAI and HAI in Egypt. 
 In the present study, the aim was to define the prevalence of Panton Valentine leukocidin gene and MecA genes among community and hospital acquired infections due to S.aureus strains. 
Material and Method
 The study was performed on one hundred ninety six S.aureus strains  collected from clinical samples collected from clinical microbiology laboratory at Mansoura University Hospital Egypt from January 2016 till March 2017. S.aureus strains were classified according to source of infections either hospital acquired infections obtained from in patients and identified as criteria of center of disease control or community acquired infections from out patients clinics.  The study was approved by ethical committee of Mansoura Faculty of medicine. Written informed consent was obtained from each participating subkject. S.aureus strains were isolated from microbiological culture by standard techniques and identified by gram stain, coagulase test and catalase.
Antibiotics susceptibility test was done by disc diffusion method according to the Clinical and Laboratory Standards Institute(CLSI) 2016 (12). The discs that  were  used imipenem (10μg/disk), amikacin (30µg),amoxicillin/clavulinic acid (30µg), ciprofloxacin (10μg), cefotaxime (30µg), ceftazidime (10µg), cefoxitin (10µg), erythromycin (15µg) (Oxoid- Thermo Fisher Scientific-USA 02451). MRSA was defined as isolate resistant to cefoxitin.
DNA of the isolated strains were extracted by boiling technique and kept frozen at -20OC till amplification.
DNA Extraction
Colonies of fresh subculture of S.aureus were dissolved in 500 microns of sterile distilled water and vortexed for one minute. The mixture was incubated at 100O C in water bath for 15 minutes, then centrifuged for 20 minutes. Two hundred microns were obtained from the supernatant and kept in sterile eppendorf at -20OC. 
 (13).
PCR for PVL and MecA genes 
The sequences of the used primers were summarized in table 1.


	
	Primer Sequences
	bp
	Reference

	PVL
	luk-PV-1, 5′-ATC ATT AGGTAA AAT GTC TGG ACA TGA TCC A-3′
luk-PV-2, 5′-GCA TCA ACT GTA TTG GATAGC AAA AGC-3′;
	433
	(14)

	MecA
	forward 5′-AAA ATC GAT GGT AAA GGT TGG C-3′,
reverse 5′-AGT TCT GCA GTA CCG GAT TTG C-3′.
	310
	(15)



  Amplification  procedures were 5 min at 94 °C, followed by 30 amplification cycles, each consisting of 30 s of denaturation at 94 °C, 30 s of annealing at 55 °C and 1 min of extension at 72 °C. Final extension was performed at 72 °C for 10 min. PCR products were separated by electrophoresis by gel 1.5% for half an hour). The analyses was compared to  a 100 bp Gene Ruler (Thermo, Lithuania) (16).
Results
 The study included 93 strains of S.aureus from HAI and similar isolates number from CAI. The most common site of infections in HAI was wound and blood (34.4% for each) then urine culture (29%). In the other hand in CAI, the most frequent isolates were from wound infections (60.2%),followed by urine (31.1%) and blood culture (15.1%). There was statistically significant difference in sites of infections between HAI and CAI, P=0.001, table 2.

Table (2): Distribution of types of Infections

	
	HAI
N0.            %
	CAI
N0.            %

	
Wound
	
32              34.4%
	
56            60.2%

	Blood
	32              34.4%
	14            15.1%

	Urine
	29               31.1%
	23            24.7%

	Total
	93               100%
	93            100



P=0.001

Table (3): Antibiotics resistance comparison between PVL positive and PVL negative S.aureus strains
	P
	PVL Negative
(n=142)

	PVL Positive
(n=54)

	

	P=0.05
	59            41.5%
	33       61.1  %
	Amikacin

	P=0.02
	 93         65.5   %
	28       51.8%
	Amoxacillin/clavulinic

	P=0.5
	49           34.5 %
	23      42.6   %
	Garamycin

	P=0. 1
	54           38  %
	15         27.8%
	Cefotaxime

	P=0.1
	57          40.1  %
	17      31.4  %
	Ceftazidime

	P=0.001
	15           10.6 %
	30      55.6  %
	Cefoxitin

	P=0.1
	69          35.5%   %
	22        40.7%
	Imipenem

	P=0.04
	53        37.3%    %
	13         24.1%
	Erythromycin

	P=0.3
	59           41.5  %
	20       37%
	Ciprofloxacin



PVL positive S.aureus strains had significantly higher resistance associated with cefoxitin antibiotics (P=0.001). PVL negative S.aureus had significantly higher resistance to erythromycin (P=0.04) and amoxicillin/clavulinic acid (P=0.02), , table 3.



Table (4): Distribution of PVL and mecA genes among HAI and CAI
	P
	CAI
(n=93)
No.            %
	HAI
(n=93)
N0.              %
	

	P=0.000
	39              41.9%
	15           16.1%

	PVL

	P=0.02
	10          10.8%
	22             23.6%
	MecA



PVL gene was significantly detected in higher frequency in CAI (41.9%),P=0.0001 compared to HAI (16.1%).However, MecA gene was detected significantly in HAI (23.6%),P=0.02 compared to CAI (10.8%), table 4.
 The majority of MRSA strains had PVL gene (66.7%), table 5
Table (5): Association of PVL gene within MRSA.
	
	    MRSA  
(n=45)

	PVL 
	30 (66.7%)




The majority of PVL S.aureus strains and MecA S.aureus strains were isolated from wound infections (59.3%, 59.4% respectively), table 6. 


 Table (6): Characterization of PVL and MecA S.aureus strains 
	MecA
(n=32)
N0.         %
	PVL
(n=54)
N0.                %
 
	

	
19              59.4%
7                21.9%
6                 18.8%
P=0.2
	
32          (59.3%)
10          18.5%  
12          22.2%
P=0.1
	Source of Infection
Wound
Blood
Urine

	
12     37.5%
20      62.5%
P=0.5
	
21            38.9%
33            61.1%
P=0.5
	Gender
Male
Female

	41.0± 12.0
	40.1±   14.4
	Age




Table (7): Correlation between the presence PVL and MecA genes among MRSA strains
	
	P=0.4
	14         31.1%
	PVL

	
	P=0.0001
	32         71.1%
	mecA
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Figure (1): PCR amplifications products
Lanes 1,2,3 positive S.aureus for mecA gene
Lane 5: Marker 100bp.
Lanes 5,6,7,8 positive S.aureus for PVL genes

Discussion
   The worldwide spread of MRSA is a serious clinical problem. There are various factors that contribute to the pathogenecity of S.aureus (3).
 The prevalence of MRSA differs according to the type of infection whether it is HAI or CAI. In the present study  MRSA was significantly higher in HAI (30.2%) compared to CAI (16.1%), (P=0.02). Similar results were obtained previously regarding the predominance of MRSA strains in HAI than in CAI (16).  The rates of prevalence of HAI MRSA strains ranges from 15% up to 30% (20,25). The prevalence of MRSA in CAI in Egyptian studies varied from 45 up to 47% (17, 18). The variations between the present study and others may be due to difference in geographical locations and different sample size of the studied population.
The most prevalent gene associated with development of methicillin resistant S.aureus strains is MecA gene. In the present study, MecA gene was detected in S.aureus strains isolated from  HAI in (23.6%) and from S.aureus strains isolated from CAI in significantly lower prevalence (10.8%, P=0.02). Similarly, Wang et al. (19) reported the prevalence of mecA in S. aureus isolates were 13/60. In one Egyptian study, PVL gene was was  prevalent in 19.04%. of CAI (20).
   MRSA isolates are hospital strains that cause infection in any susceptible host with the right combination of risk factors.(21).
   Another virulence gene in S.aureus is the PVL which is usually used as marker for CAI associated with skin infections (22,23). The association rates between PVL gene in MRSA differs. In the present study, 78.1%  of MRSA strains had PVL gene. There are various reports describing the prevalence of PVL gene among MRSA strains that ranges from 4.9% in UK up to 85.1% in India (24-28). These findings reflect the variation of the  prevalence of PVL according to geographical locations and populations. 
   In the present study, PVL gene was significantly detected in higher frequency in CAI (41.9%),P=0.0001 compared to HAI (16.1%).
PVL was considered as important marker for differentiation of HA-MRSA and CA-MRSA. However, some studies have shown association of PVL genes among HA- MRSA isolates also (21,28).  In previous study  the prevalence of PVL in was 51% in HAI  and in 79% of CAI (28).
  The majority of PVL S.aureus strains and MecA S.aureus strains were isolated from wound infections (59.3%, 59.4% respectively).
 Generally, it is claimed that PVL producing organisms are the principle pathogens causing skin and soft tissue infections. This is attributed to the  leucocidal activity of PVL provides survival advantage to the bacteria. The association of PVL with isolates from other specimens such as blood stream infections and urine was less. Similar finding was reported previously (3) This finding may be attributed to the poor association of PVL with invasiveness of MRSA.
   The study of the  antimicrobial resistance revealed higher  resistance among PVL negative S.aureus isolates when compared to PVL positive  S. aureus isolates that was statistically significant for erythromycin (P=0.04) and amoxicillin/clavulinic acid (P=0.02). Similar finding was observed in case of clindamycin and tetracycline in another study from Nepal (21).
The limitation of the present study was the relatively lower number of the studied strains. Longitudinal studies with larger number of S.aureus strains from different distinct from Egypt are recommended to determine the virulence factors of CAI and HAI. Also, to determine if PVL gene can be used as a distinctive marker of CAI infections in Egypt.
 The findings of the present study supports the hypothesis that PVL gene was significantly associated with community acquired infections. However, the combined presence of MecA gene and PVL were also common in S.aureus isolated from hospital acquired infections. PVL gene was prevalent in wound infections. Further studies are required to determine if PVL gene can be used as a distinctive marker of CAI infections in Egypt 
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