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ABSTRACT
Objective: To highlight the current knowledge on pathogenicity, mode of transmission and emergence of antimicrobial resis-

tance in panton-valentine leukocidin (PVL)-positive Staphylococcus aureus. 
Material and Methods: Previously published abstracts and full articles relating to the study topic were selected, and relevant 

articles were downloaded and reviewed. Manuscripts which covered PVL and S. aureus were chosen for structured review. 
Quality assessment checks were performed on the papers and the findings were compared and interpreted.

Results: Recent reports have shown a worldwide increase in S. aureus infections caused by PVL-positive organisms. 
Moreover, PVL-positive S. aureus is responsible for more than one-third of all community and hospital based infections, associ-
ated with high mortality and morbidity. Nasal carriage transmission of PVL-positive S. aureus is an important risk factor for 
staphylococcal infections, with the primary source of infection in hospitals coming from colonized patients and healthcare work-
ers.

Conclusions: Increased diagnostic and management surveillance of suspected and confirmed staphylococcal infections will 
help decrease PVL-positive S. aureus spread. Indiscriminate antibiotics use must be strictly controlled in healthcare settings and 
communities to prevent further resistance selection by microorganisms. It is therefore crucial to initiate a global enhancement in 
the surveillance of PVL-positive S. aureus, to control the spread of infection. 
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INTRODUCTION

Staphylococcus aureus expressing the panton-valentine leukocidin 
(PVL) is a rapidly growing pathogen, with a powerful presence in glob-
al public health sectors. Phenotypically, S. aureus is a common Gram-
positive bacterium found on hair, skin and in the throat and nose. It is 
also one of the most frequently isolated pathogens in hospitals1). 
However, nasal carriage S. aureus can colonize up to 50% of individu-
als2). Staphylococcal nasal carriage transmission is a significant risk fac-
tor for a wide range of staphylococcal infections. Infection levels can be 
mild, such as superficial skin lesions, or severe such as pneumonia, 
meningitis, urinary tract infections, osteomyelitis and endocarditis3).

Several S. aureus strains produce staphylococcal enterotoxins (i.e. 
SEA-E, G-I), toxic shock syndrome toxin 1, exfoliative toxins and 
PVL4). Equally, S. aureus carriers also have a high risk of infection, 
caused by the strains they carry5). Recent studies have shown increasing 
numbers of worldwide infections caused by PVL-positive S. aureus6-8). 
The PVL toxin is found in almost all community-acquired methicil-
lin-resistant S. aureus (MRSA) strains, and is the main virulence factor 
enabling bacteria to trace and kill neutrophils in the body9). This review 
paper highlights the current knowledge on pathogenicity, mode of trans-
mission, and the emergence of antimicrobial resistance of PVL-positive 

S. aureus. 

METHODOLOGY

Abstracts and full manuscripts of previously published articles with 
titles relating to this study were viewed, and relevant articles were 
downloaded and analyzed. Literature selection was performed based on 
inclusion and exclusion criteria. Manuscripts which described PVL-
positive S. aureus were chosen for the structured review. Quality assess-
ment checks on papers were performed and research tables were con-
structed, compared, interpreted and discussed.

RESULTS

In total, 73,500 articles were found in the literature using the key-
words (PVL, S. aureus, nasal carriage) and additional filters. Abstracts 
of 27 articles relating to the study topic were viewed. Full text articles 
were then downloaded. In total, 70 articles meeting the inclusion and 
exclusion criteria were chosen for this study. We focused our literature 
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review on S. aureus and PVL toxin and their pathogenesis, transmission 
and antibiotic resistance. 

DISCUSSION

Pathogenicity of S. aureus
S. aureus is part of the normal human flora, naturally residing in the 

nose and on the skin. In general, approximately 40% of healthy individ-
uals carry S. aureus in anterior nare10). Microscopically, S. aureus is a 
Gram-positive coccus with a diameter of 0.5 to 1.5 μm, and is usually 
found as irregular grape-like clusters11). The bacteria belongs to the 
Staphylococcaceae family and is characterized by golden-yellow colo-
nies on blood agar. Staphylococci are usually non-spore-forming, 
non-motile, and facultative anaerobes, and are classified into coagu-
lase-positive and -negative based on their ability to clot blood plasma. 
Coagulase is involved in clotting cascades, and coagulase production 
may be used to differentiate pathogenic S. aureus (coagulase-positive) 
from non-pathogenic organisms (coagulase-negative). 

S. aureus releases two coagulase forms which bind coagulase and 
free coagulase12). Bound coagulase is examined by performing a slide 
coagulase test, while free coagulase is examined using a tube coagulase 
test. Coagulase production results from the conversion of fibrinogen to 
fibrin, when it interacts with prothrombin in the blood, causing the plas-
ma to coagulate13). The fibrin clot may defend the bacterium from 
phagocytosis, and dissociates it from other host defenses to make it 
more virulent14). S. aureus naturally expresses cell surface polysaccha-
rides and proteins associated with virulence and these factors are 
expressed throughout infection to mediate the following functions; 
adherence and colonization of skin and nares mucosa; penetration into 
the bloodstream; avoidance of host immunological responses; building 
protective biofilms; and developing antibiotic resistance15).

S. aureus possesses an elaborate cell wall structure and secretes vir-
ulence factors involved in toxin production, adherence to and invasion 
of host tissue and immune evasion. Staphylococcal infections cause 
severe conditions if they extend deeply into the bloodstream, joints, 
bones, lungs and heart. Staphylococcal infection severity is associated 
with virulence factors, which overcome the immune system and cause 
harmful toxic host effects. These infections involve localized inflamma-
tion, commonly leading to abscess formation. Nowadays, staphylococ-
cal infections are widespread, and are particularly detrimental to those 
individuals with chronic conditions such as diabetes, cancer, vascular 
disease, eczema and lung disease. 

S. aureus causes a wide range of infections, from mild superficial 
skin infections to life-threatening bacteremia and infective endocarditis, 
especially among immune-compromised patients, patients with surgical 
procedures or intravenous catheters16). Infections caused by S. aureus are 
quite common, as transmissions occur through wounds or trauma in the 
skin and mucosal membranes. 

S. aureus  nasal carriage 
In humans, the most frequent carriage site for S. aureus is the ante-

rior nares of the nose17). 
Typically, approximately 40% of healthy populations carry S. 

aureus in their anterior nares10). This mode of carriage is common in 

approximately one-third of the world population. Also, approximately 
30% of colonized individuals may be sources of S. aureus nosocomial 
infections18). Colonizing strains are present as endogenous reservoirs for 
clinical infections, or may transmit infections to other patients. A previ-
ous study concluded that 82.2% of S. aureus isolates from anterior 
nares, were identical to S. aureus isolates in blood19). The prevalence of 
S. aureus in nasal carriages is usually higher in hospitals, and in those 
recently hospitalized such as patients, infants and children20). 

Transmission of S. aureus  via the nasal carriage
The primary source of nosocomial infection is via S. aureus colo-

nized patients or healthcare workers. A previous report emphasized the 
similarity of MRSA isolates between in-patients and healthcare work-
ers21). The transmission of S. aureus occurs through the fomite-to-finger 
route, however disinfectant wipes have elicited reductions in surface 
contamination by pathogenic organisms22). An S. aureus infection is ini-
tiated when there is trauma or injury to the skin or mucosal membrane. 
A study found that S. aureus may reach the nose directly through the air, 
but not enough evidence was generated to prove these findings23). 
However, hands are the leading source of S. aureus transmission, from 
contaminated equipment to anterior nares24).

Nevertheless, airborne transmission plays important roles in trans-
mitting staphylococci to different reservoirs. Furthermore, S. aureus 
nasal carriers may inflict their carrier status upon other household mem-
bers25). An earlier study by Muthukrishnan et al. (2013) reported that 
individuals who lived in the same household, tended to carry genetically 
similar strains in their nares, suggesting horizontal transmission26). Other 
research found that more than five members of the same household 
were S. aureus nasal carriers27). Equally, other activities generating skin 
lesions such as playing contact sports like football and rugby may lead 
to increased rates of S. aureus nasal carriage28,29). Transmission of S. 
aureus in healthcare settings occur via contact with contaminated sur-
faces30); hospital equipment, uniforms and identification badges carry S. 
aureus and MRSA, which persist for weeks31). 

Although there is no evidence showing the direct transmission of 
MRSA from surrounding environments to patients, there is evidence 
that MRSA contamination from the environment may be transferred to 
the gloves of healthcare workers, and later to patients32). Healthcare 
workers who are S. aureus carriers are at risk of developing S. aureus 
infections33), and transmitting S. aureus to patients34). A previous study 
showed that poor hygiene, sanitary conditions and overcrowding 
increased the risk of inter-individual transmission of S. aureus35). 
Staphylococci, including MRSA, can survive in dry conditions and per-
sist in unclean body areas to cause infection36). MRSA has been shown 
to contaminate hospital materials such as pens, mattresses, chairs, and 
bed frames37). The potential of environmental contribution in the trans-
mission of pathogens to other patients depends on the frequency of con-
tact between contaminated surfaces and healthcare workers. The rapid 
spread of infection may be due to lower hygiene care among visitors, 
although many hospitals have taken precautions to maintain cleaner 
environments.

Mechanisms of action of antibiotics against bacteria 
The resistance of S. aureus to various antibiotics is a challenging 

issue17). Antibiotic susceptibility tests are routinely performed to deter-
mine effective antibiotics for in vivo bacterial infections. In general, dif-
ferent antibiotics use different mechanisms of action, due to different 
structures and affinities towards certain target sites on bacterial cell 
walls. 

Inhibitors of cell wall synthesis

The cell wall is essential for maintaining bacterial sustainability. 
Antibiotics such as penicillin, cephalosporins, bacitracin, and vancomy-
cin target cell walls to selectively destroy or suppress bacterial growth38). 

Inhibitors of bacterial cell membrane function

The cell membrane is a key barrier that separates and controls the 
flow of intracellular and extracellular materials. Cell membrane disrup-
tion results in significant leaking of intracellular components, causing 
cell death39). Both eukaryotic and prokaryotic cells contain cell mem-
branes, however some antibiotics are not selective, and can be toxic to 
human physiology. Therefore, such antibiotics are limited to topical 

Table 1. The global prevalence of PVL-Positive S. aureus. 
 Country Sample Prevalence Source Reference
  size (%)

 Indonesia 259 18.5 Hospital [65]
 UK 390 9.7 Hospital [66]
 China 259 28.6 Hospital [67]
 Philippines 108 38 Community &  [68]
    Hospital
 Egypt 223 2.2 Hospital [69]
 Malaysia 49 16 Hospital [70]
 India 19 57 Hospital [7]
 Nepal 139 56.8 Hospital [8]
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applications, instead of clinical use, e.g., polymyxin B and colistin40,41).

Inhibitors of protein synthesis

Most antibiotics that block bacterial protein synthesis interfere with 
these processes by targeting the 30S or 50S subunit of the 70S bacterial 
ribosome42). This activity disrupts bacterial metabolism, causing death 
and suppressing growth and multiplication. Such antibiotics include 
aminoglycosides, macrolides, lincosamides, streptogramins, chloram-
phenicol, and tetracyclines.

Inhibitors of nucleic acid synthesis

Several antibiotics bind to components involved in DNA or RNA 
synthesis, disrupting cellular processes, compromising bacterial multi-
plication and survival43). Such antibiotics include rifampin, metronida-
zole and quinolones.

Inhibitors of other metabolic processes

Other antibiotics act on cellular pathways vital for bacterial growth. 
For instance, both trimethoprim and sulfonamides interfere with the 
folic acid pathway, which is an important vitamin pathway for the pro-
duction of precursors involved in DNA synthesis. The sulfonamides tar-
get and bind dihydropteroate synthase, whereas trimethophrim inhibits 
dihydrofolate reductase44). Both enzymes are important for the produc-
tion of folic acid, which is synthesized by bacteria.

The emergence of antimicrobial resistant S. aureus

Before 1940, patients with staphylococcal infections were likely to 
die. In later years, S. aureus developed resistance towards penicillin in 
1940. By 1950, almost 80% of hospital-acquired staphylococcal infec-
tions were untreatable with penicillin45). Penicillin works by suppressing 
penicillin-binding proteins (PBPs) in cell walls46), weakening cells and 
causing bacterial death from osmosis47). The principal mechanism 
behind β-lactam resistance in Gram-negative bacteria is the production 
of β-lactamase, which is encoded by the blaZ gene, and causes β-lactam 
antibiotics to become inactive by β-lactam ring hydrolysis48). This gene 
is also part of a plasmid based transposable element, which contains 
genes resistant to other antibiotics, such as erythromycin49). However, 
penicillin resistance in Gram-positive bacteria is mainly mediated by 
their PBPs. In 1959, the semi-synthetic penicillinase-resistant antibiotic, 
methicillin was introduced50). This antibiotic has an additional phenol 
group, with a methoxy group in its structure, and acts by inhibiting 
PBPs involved in peptidoglycan and cell wall synthesis51). However, in 
1961, the first methicillin-resistant S. aureus was discovered. 
Methicillin resistance occurs via the expression of mecA, which encodes 
penicillin-binding protein 2a. The protein has a very low affinity for 
methicillin and most other β-lactam drugs. The mecA gene is carried on 
a staphylococcal cassette chromosome (SCC) that facilitates β-lact-
amase resistance52). Most hospital-acquired MRSA strains harbor 
SSCmec types I, II, and III, while most strains of community-acquired 
MRSA (CA-MRSA) harbor SCCmec types IV, V, and VII. 

In Malaysia, several antibiotics are partially resistant to S. aureus, 
including gentamycin (77%), rifampicin (56%), and fusidic acid (32%), 
whereas vancomycin shows no resistance53). Increasing antimicrobial 
resistance is due to the misuse of antibiotics in terms of dosing and 
duration, or it could be due to increased hospital admissions and low 
infection control measures54).

Tremendous efforts are being made to identify effective antibiotics 
against MRSA. Two new synthetic antibiotics, CD437 and CD1530 
(both vitamin A analogues) were identified by screening 82,000 small 
synthetic molecules, and tested in mouse models55). Earlier antibiotics 
killed MRSA by disrupting and destroying MRSA lipid bilayer mem-
branes. These aforementioned synthetic antibiotics exhibit high killing 
rates when combined with gentamicin, with low probabilities of resis-
tance development. 

The PVL toxin gene
The virulence of S. aureus is attributed to the presence of the PVL 

toxin gene, which codes for a pore-forming leukotoxin initially desig-
nated as "substance leukocidin" by Van de Velde in 1894, due to its abil-

ity to lyse leukocytes56). In 1932, Panton and Valentine associated the 
leukotoxin with soft tissue and skin infections, long before penicillin-re-
sistant Staphylococcus aureus and MRSA emerged56). This toxin is 
released by approximately 5% of all S. aureus strains57), and is an extra-
cellular bi-component, with two non-associated classes of secretory pro-
tein, lukS-PV and lukF-PV.

The lukS-PV and lukF-PV gene sequences are separated by a single 
thymine, and are transcribed as a single mRNA molecule4). They are car-
ried by temperate bacteriophages. The PVL toxin usually targets the 
outer membranes of polymorphonuclear cells, e.g., monocytes and mac-
rophages, to create cell membrane pores that disrupt permeability barri-
ers of leukocytes and erythrocytes58). 

Pathogenesis of PVL

The dimeric PVL protein toxin comprises four lukF and four lukS 
subunits, which form an octameric pore in the target membrane. They 
interrupt the membrane of leukocyte, thus leading to increased viru-
lence. This process releases cytokines, activates intracellular proteases, 
induces apoptosis and finally culminates in cell death59). Studies have 
shown that these toxic effects result from the synergistic actions of 
lukS-PV and lukF-PV60). It has been reported that the S-component of 
PVL binds to the cell surface ganglioside receptor, GM1 on polymor-
phonuclear cells61). A study found that the release of neutrophil chemo-
tactic factors induced by PVL, including interleukin-8 and leukotriene 
B4 in the lung, mediated tissue necrosis in patients with PVL-positive 
CA-MRSA pneumonia62). Furthermore, lukS-PV was detected in lung 
sections from patients with necrotizing pneumonia, together with DNA 
fragmentation, suggesting that PVL induces apoptosis in vivo and is 
involved in the pathophysiology of necrotizing pneumonia63,64).

The prevalence of PVL-positive S. aureus

Globally, several studies on PVL-positive S. aureus prevalence have 
been performed (Table 1). India had the highest prevalence of PVL-
positive S. aureus isolates, while Egypt had the lowest prevalence of 
PVL-positive S. aureus isolates from hospital acquired infections.

CONCLUSIONS  AND  FUTURE  WORK

Understanding and evaluating bacterial infection sources and how 
transmission occurs will help prevent and control such infections, there-
fore diagnostic and management surveillance of suspected and con-
firmed staphylococcal infections should be increased. The indiscrimi-
nate use of antibiotics must be taken seriously in healthcare settings and 
communities to prevent further resistance selection by microorganisms. 
Ineffectual staphylococcal infection control and prevention may drive 
regional transmission across the world. The global enhancement of 
MRSA systematic surveillance is crucial in creating national and inter-
national initiatives to limit and control the spread of infection. Hence, 
further studies are required to better understand the epidemiology and 
pathogenicity of these pathogens.
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