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Introduction
Staphylococcus aureus is able to produce 
a vast range of virulence factors including 
toxins.[1] Panton-Valentine leukocidin (PVL) 
was, for the fi rst time, described by Panton 
and Valentine from strain S. aureus V8, 
which was isolated from a patient with 
chronic furunculosis.[2] PVL is a gamma-toxin 
produced by S. aureus,[1] which consists of 
two subunits F and S. Toxin is encoded by 
lukS/lukF-PV genes.[3] This toxin targets the 
outer membrane of polymorphonuclear cells, 
monocytes, and macrophages. This toxin 
increases the cell membrane permeability 
that leads to the degradation and necrosis 
of leukocytes.[4,5] “PVL positive” S. aureus 
increases virulence and are responsible 
for intense infections such as furuncles, 
cutaneous abscesses, and intensive necrotic 
skin infections.[1,6] Although PVL has been 
forcefully associated with community 
acquired methicillin-resistant S. aureus 
(CA-MRSA), lukS/lukF-PV genes can be 
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Abstract
Background: Panton-Valentine leukocidin (PVL) is a gamma-toxin produced by 
Staphylococcus aureus encoded by genes lukS/lukF-PV with several single-nucleotide polymorphisms. 
A mutation at nucleotide position 527 results in substitution of histidine (H) to arginine (R) at amino 
acid 176. The groups defi ned based on the amino acid change, the “R isoform” group and the “H 
isoform” group. The purpose of this study was to determine the frequency of PVL gene isoforms in 
S. aureus strains isolated from patients at Al-Zahra Hospital Isfahan and molecular characterization 
of PVL-positive methicillin-resistant S. aureus (MRSA) strains including the detection of mecA gene 
and staphylococcal chromosomal cassette mec (SCCmec) typing. Materials and Methods: In this 
study, 130 isolates of S. aureus were collected from Al-Zahra Hospital. The PVL gene identifi ed 
using polymerase chain reaction (PCR); PCR products were sequenced to identify the type of 
isoform. The molecular characterization of isolates of PVL-positive MRSA including detection of 
mecA gene by PCR and also SCCmec typing was performed by multiplex PCR. Results: Out of 
130 isolates, 23% were positive for the presence of PVL genes. The PVL positive isolates were 
comprised 37% (11/30) of methicillin-resistant isolates and 63% (19/30) of methicillin-susceptible 
S. aureus (MSSA) isolates. The results showed that 17 isolated carrying isoform H and 13 isolated 
carrying the R isoform. Conclusion: The PVL gene was predominantly found in MSSA isolates. 
There was no relation between PVL isoforms and the presence of mecA and SCCmec types.
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carried as well by methicillin-susceptible 
S. aureus (MSSA) isolates.[7,8] CA-MRSA 
usually carries staphylococcal chromosomal 
cassette mec (SCCmec) type IV or V, 
and frequently express the PVL genes.[4,9] 
lukF and lukS genes have 12 main single 
nucleotide polymorphisms, the majority of 
which are synonymous. A nonsynonymous 
mutation at position 527, leads to an 
(A → G) His to Arg substitution at amino 
acid 176 (H and R isoforms).[10-12] The R 
isoform was strongly related to isolates 
from the USA and exclusively the USA300 
MRSA clone. The H isoform was related to 
isolates outside the USA and both MSSA and 
MRSA.[11,13] Molecular modeling suggests 
these isoforms may affect pore formation 
and leukotoxicity.[8,11,12] Moreover, molecular 
models suggest that the R isoform can 
be increased resulting in pore formation 
and greater leukotoxicity[14] which is also 
dependent on the presence of mecA.[4] 
Therefore, evaluating and determining PVL 
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gene isoforms distribution of the isolates of S. aureus is an 
important issue. This study attempts to examine the prevalence 
of PVL gene and determine its isoforms in clinical samples, 
the molecular characterization of PVL-positive MRSA isolates 
including identifi cation of the mecA gene and SCCmec typing.

Materials and Methods
In an 8-month study from September 2013 to April 
2014, 130 clinical isolates of S. aureus were collected 
from Al-Zahra Hospital in Isfahan. These isolates were 
taken from wound, blood, urine, abscess, trachea, throat, 
cerebrospinal fl uid, and catheter samples. S. aureus 
isolates were identifi ed by biochemical tests including 
gram-staining, catalase, coagulase, DNase test, and 
mannitol fermentation.[15]

Genomic DNA extraction

Genomic DNAs of S. aureus isolates were extracted using 
phenol-chloroform method.[16]

Polymerase chain reaction tests for detection of 
Panton-Valentine leukocidin gene

To identify the PVL genes, we designed the forward 
and reverse PVL genes primers using computer 
software  Gene-Runner (Hastings Software Inc; http://www.
genelink.com/tools/gl-downloads.asp). Sequences of primers 
are listed in Table 1. Polymerase chain reaction (PCR) 
technology was used to characterize all S. aureus isolates 
on the basis of the presence or absence of the PVL gene 
determinants. S. aureus strain NCTC13300 was used as 
positive control for detecting of PVL gene. DNA was 
amplifi ed on an Eppendorf thermocycler with the fi nal 
volume of 25 μl containing 2.5 μl of ×10 buffer, 0.75 μl of 
MgCl2 (25 mM) and 0.5 μl of dNTP mix, 10 pMol of each 
primers, 0.25 U of Taq polymerase, 2 μl of template DNA, 
and 17 μl of distilled water were taken.

PCR was performed with the following thermal setting: 
Initial denaturation at 95°C for 5 min, followed by 

35 cycles of denaturation at 95°C for 30 s, annealing at 
55.8°C for 30 s, and extension at 72°C for 1-min with fi nal 
extension at 72°C for 10 min.

The PCR products were loaded on 1.5% agarose gel and 
were analyzed by gel electrophoresis.

PCR Identifi cation of mecA for all isolates and Multiplex 
PCR for SCCmec typing of isolates PVL-positive MRSA 
were performed as previously described.[17-19] The primers 
used for the PCR are shown in Table 1.

Nucleotide sequencing

The PCR products of lukS-PV-positive isolates (n = 30) 
were sequenced, and R/H isoform for all isolates was 
defi ned. All sequences were aligned with the NCBI 
reference sequence (S. aureus lukS-PV-AB 006796).

Statistical analysis

The data were analyzed using  SPSS version 18.0 (SPSS 
Inc., Chicago, Illinois, USA). Chi-square test and Fisher’s 
exact test were used for data analysis (P < 0.05 was 
considered as signifi cant).

Results
The 23% of S. aureus isolates were positive for PVL 
and most the PVL-positive isolates related to S. aureus 
isolated from wounds (37%). PVL positive isolates 
comprised 37% (11/30) of methicillin-resistant isolates 
and 63% (30/19) of MSSA isolates [Table 2]. Thirteen 
sequences have a G at position 527, which results in an 
arginine (R) at aa 176, and 17 sequences have an A at 
527, resulting in a histidine (H) at aa 176. These will 
be referred as the “isoform R” and the “isoform H,” 
respectively [Table 3].

Polymerase chain reaction for mecA gene detection and 
typing staphylococcal chromosomal cassette mec

Of 130 S. aureus isolates, the authors found 61 isolates 
(45%) were MRSA and positive for the presence of 

Table 1: Primers used in this study
Target Primer Sequence (5’-3’ ) Product 

size (bp)
LukS-PV (527) F AGAAGATACAAGTAGCGATAAGTG 575

R AAGGATTGAAACCACTGTGTAC
mecA F TGGCTATCGTGTTCACAATCG 310

R CTGGAACTTGTTGAGCAGAG
SCCmec F β ATTGCCTTGATAATAGCCYTCT 937

Rα3 TAAAGGCATCAATGCACAAACACT
F ccrC CGTCTATTACAAGATGTTAAGGATAAT 518
R ccrC CCTTTATAGACTGGATTATTCAAAATAT
F 1272 GCCACTCATAACATATGGAA 415
R 1272 CATCCGAGTGAAACCCAAA
F5RmecA TATACCAAACCCGACAACTAC 359
R 5R431 CGGCTACAGTGATAACATCC

SCCmec: Staphylococcal chromosomal cassette mec
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genes mecA. SCCmec typing was used for all MRSA 
PVL + isolates. The fi ve (45.4%) MRSA strains were 
SCCmec type II, 3 (27.2%) were type IV, 1 (9%) were 
type III, and 1 (9%) were type I. The MRSA strains 1 (9%) 
could not be typed [Table 3].

Discussion
PVL-positive S. aureus has received signifi cant attention 
in the recent years.[13] In this study, the prevalence of PVL 
gene in S. aureus strains were 23%, and the majority were 
associated with skin and soft tissue infections. In studies from 
Iran, the prevalence of 14.3% and 18% of this gene has been 
reported among staphylococcal strains,[20] which is smaller 
than the PVL percentage reported by authors. In a study 
conducted by Nickerson et al. in Thailand, it was shown that 
PVL gene positive S. aureus isolates were 49%, and all of 
them were MSSA.[21] The frequency of PVL positive isolates 
was found 27% in Chini et al. study.[22] In the USA from 
1055 examined isolates, 36% carried PVL gene which was 
higher than the percentage reported by the authors.[13] The 
overall difference in results of these studies could be due to 
differences in geographic location and type of samples.

Many prior studies have mainly concentrate on 
community-associated MRSA; one of the key results of our 
study is the high rate of PVL positive in MSSA isolates. 
Nearly, 60% of total PVL-positive S. aureus isolates in 
England in the past 5 years found to be susceptible to 
methicillin.[10] A high PVL positive MSSA spread (70%) 
was reported from France from surgically drained 
abscesses.[23]

O’Hara et al. in a study conducted in the USA (2008) 
detected the nucleotide variation at the lukSF-PV sequence. 
Their results showed the lukS-PV sequence was more 
variable than the lukF-PV sequence. In their study, 111 
isolates were found to carry the H isoform of PVL, whereas 
63 isolates harbored the R isoform.[4] This study results 
were similar to their study. In a study by Tong et al. in 
northern Australia (2010), the frequency of the isoforms 
carrying the PVL genes in S. aureus strains was examined. 
PVL positive isolates comprised 54% of CA-MRSA isolates 
and 40% of MSSA isolates. There were 113 H isoform– and 
110 R isoform–harboring isolates.[14] We found distribution 
to be similar to the mentioned study, however, PVL positive 
isolates comprised 37% of MRSA and 63% of MSSA 
isolates. In a study by Brown et al., among the 86 strains 
of S. aureus typed, 72 R isoforms and 14 H isoforms were 
identifi ed.[13] Results obtained by O’Hara et al. found R 
isoform to be strongly associated with the presence of 
mecA, however, Tong et al. found no relation between 
PVL isoforms and the presence of mecA.[4,11] In our study, 
Chi-square test and Fisher exact tests indicated that there 
was no correlation between the isoforms of PVL and mecA 
gene (P > 0.05) [Table 3].

O’Hara et al. suggested that H isoform is older than 
the R isoform.[4] This hypothesis is supported by wider 
geographical distribution, distributed among several clonal 
complexes, and increase in the diversity of H isoform 
sequence rather than R isoform. Older isoform is more 
related to MSSA strains, whereas newer isoform is related 
to CA-MRSA strains. This hypothesis indicates that 
PVL-positive MSSA strains act as a reservoir for PVL genes 
and then have been incorporated in CA-MRSA lineage.[4]

CA-MRSA generally carries SCCmec type IV or V and 
often produces PVL.[9] SCCmec typing of PVL-positive 
MRSA isolates in the samples showed that SCCmec 
type II and type IV are signifi cantly prevalent. Chi-square 
test showed that there was no correlation between PVL 
isoforms and SCCmec types (P > 0.05). Keeping in 
mind that types IV and II are, respectively, the origins of 
community- and nosocomial-related infections, so hospital 
infection control measures should primarily focus on 
preventing cross-contamination.

Conclusion
Since the infections caused by PVL-positive S. aureus 
strains have high virulence[10] and regional differences in 
the prevalence of PVL gene and its isoforms may affect 
the clinical spectrum of staphylococcal infections, so 
knowledge about the prevalence of strains containing PVL 
gene and isoform distribution can be helpful in estimating 
their pathogenicity and implementing better treatment 
policies.
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Table 2: Association of Panton-Valentine leukocidin-
positive isolates with types of staphylococcal infection

Type 
infection

Number 
of isolates 
sampled

Number (%) 
of PVL-
isolates

Number (%) of isolates in 
group

MRSA MSSA
Total PVL+ Total PVL+

Wound 45 11 (24) 21 (47) 4 (19) 24 (53) 7 (29)
Blood 22 7 (32) 8 (36) 3 (37) 14 (64) 4 (28)
Urin 21 6 (28) 12 (57) 2 (17) 9 (43) 4 (44)
Abscess 14 4 (28) 4 (28) 1 (25) 10 (71) 3 (30)
Trashe 9 1 (11) 4 (44) 1 (25) 5 (56) 0
CSF 5 1 (20) 2 (40) 0 3 (60) 1 (33)
Other 14 0 10 (71) 0 4 (29) 0
MRSA: Methic i l l in- res is tant  Staphylococcus  aureus , 
MSSA: Methicill in-susceptible Staphylococcus aureus , 
PVl: panton-valentine leukocidin, CSF: Cerebrospinal fl uid

Table 3: The relationship between Panton-Valentine 
leukocidin isoforms and mecA gene

PVL 
isoforms

Number (%) gene mecA SCCmec type
P Positive Negative

R (n=13) 6 (46) 7 (54) 0.08 II (4)-IV (1)-III (1)
H (n=17) 13 (76) 4 (24) 0.09 IV (2)-II (1)-I (1)
PVL: Panton-Valentine leukocidin, R: Arginine, H: Histidine, 
SCCmec: Staphylococcal chromosomal cassette mec
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