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Abstract Panton–Valentine leucocidin (PVL) is a virulence factor produced by certain strains

of Staphylococcus aureus (SA). Through its cytolytic action on the cell membranes of

human polymorphonuclear neutrophils, PVL causes a range of pathologies collec-

tively known as PVL-SA disease. The hallmark clinical signs of PVL-SA are recurrent

boils and necrotizing skin and soft tissue infections (SSTIs) in otherwise healthy

patients; however, it can lead to more severe and invasive presentations, including

necrotizing haemorrhagic pneumonia, necrotizing fasciitis and purpura fulminans.

Young adults with minimal previous exposure to healthcare settings tend to be at

highest risk for acquiring PVL-SA disease, with close physical contact playing a cen-

tral role in disease transmission. The prevalence of PVL-SA varies globally; however,

this is often underestimated owing to a lack of routine PVL testing. In the UK, PVL-

positive SA isolates have been rising over the past decade alongside an increasing

prevalence of multidrug resistance in larger cities. This review article aims to raise

awareness of the PVL toxin, to aid clinicians with diagnostic pointers and to provide

guidance with treatment, with an emphasis on the need for further population-

based studies.

Introduction

Panton–Valentine leucocidin (PVL) is an exotoxin pro-

duced by certain strains of Staphylococcus aureus (SA).

Originally discovered by Panton and Valentine in

1932,1 PVL is a virulence factor, which causes a

range of diseases known as collectively known as PVL-

SA disease, typically presenting as recurrent skin and

soft tissue infections (SSTIs) despite antibiotic treat-

ment.2,3 PVL may be produced by different strains of

SA, both methicillin-sensitive SA (MSSA) and

methicillin-resistant SA (MRSA). The proportion of

PVL-SA is higher in infections caused by MRSA (74–
100%) than in those caused by MSSA (9–46%), with

the proportion being dependent on the prevalence of

MRSA in the respective regions.4 Rarely, PVL can lead

to very serious invasive infections, including necrotiz-

ing haemorrhagic pneumonia (which has a mortality

of up to 75%).2 SA is known to colonize the skin and

mucosa of 20–30% of healthy adults.2 Recent analysis

of PVL-positive SA isolates in the UK have been

reported at ~20%.5 This is significantly different from

the prevalence in 2005, which was < 2%.1 With its

potential for severe disease, high transmissibility and

reports of antimicrobial resistance in comparison to

PVL-negative strains, it is important that dermatolo-

gists worldwide are aware of the urgency of early

recognition and treatment of PVL-SA infection.3,6
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Early clinical suspicion and diagnosis is crucial for sur-

vival; however, only a quarter of cases present with

current skin infection or a history of recurrent skin

infections.7

Epidemiology

PVL was first reported in emerging community-

acquired MRSA strains in the 1990s, with the hyper-

virulent MRSA strain ST8/USA300 quickly becoming

the main PVL-producing clone in the USA.3,8 The doc-

umented prevalence of PVL-SA disease varies globally

and is linked to strain types and lineages.2

The community-acquired strains are differentiated

from hospital-acquired strains by the presence of the

mobile genetic elements, known as staphylococcal cas-

sette chromosomes mec (SCCmec), which code for

methicillin resistance genes. Of these, SCCmec Types I,

II and III are found in hospital-acquired MRSA (HA-

MRSA) strains and Types IV and V (which are smal-

ler) are found in community-acquired MRSA (CA-

MRSA) strains.9,10 Clonal complexes of CA-MRSA,

which dominate in Australia, Europe and North Amer-

ica, contain the Type IV SCCmec element along with

the PVL locus. The shorter SCCmec elements are

believed to contribute to the survival of these strains

and their shorter doubling time.9,10 In the USA, the

ST8-SCCmecIV USA300 clone is predominant, with

other strains predominating elsewhere: ST80 in Eur-

ope and the Middle East, ST59 in Asia, ST30 in New

Zealand, ST93 in Australia, ST88 in Africa, and ST22

and ST772 in Asia.3,8,11 Following the hypervirulent

USA300 strain, there are new hypervirulent strains

arising in Africa, Asia and Europe, such as the ST121

strain, which has a high frequency of PVL positivity

(~90%).12

PVL testing is not routinely carried out at local hos-

pital microbiology laboratories unless requested by a

clinician,5 hence the prevalence is often underesti-

mated. Specimens from severe disease are more com-

monly tested for PVL toxin genes rather than minor

SSTIs,2,3 leading to bias in many retrospective stud-

ies.3 Moreover, the broad range of PVL-SA disease

means it is not always suspected, further contributing

to inaccuracies in epidemiological data.2,3

In the UK, again not withstanding ascertainment

bias, data demonstrate that 20.8–46% of SA isolates

from skin or soft tissue infections contain PVL-

producing SA strains.13,14 These are most commonly

from skin abscesses.12 PVL-producing community

MRSA strains are rarely reported in the UK, with the

majority of PVL strains reported being MSSA.2,5,13

However, globally the strain type and prevalence

vary significantly (Table 1).2 In the USA, the hypervir-

ulent PVL-SA MRSA strain USA300 has a strong asso-

ciation with SSTIs.15 Europe has a lower number of

methicillin-resistant PVL-SA, apart from in Greece and

Cyprus, where PVL-positive MRSA isolates were found

have rates of 27% and 27.7% respectively.2,16,17

International travel is an established factor in the

global dissemination of strain types of the hyperviru-

lent USA300 clone, hence rapid diagnosis along with

effective antimicrobial therapy are imperative.18

Risk factors

Patients with PVL-SA are often young adults with

very little or no previous exposure to healthcare set-

tings.2,5,19,20 Factors increasing the risk of acquiring

PVL-SA-related disease have been categorized into the

‘Five Cs’ by the US Centre for Disease Control and

Prevention. These are: (i) close contact; (ii) contami-

nated items, (iii) crowding, (iv) cleanliness, and (v)

cuts and other compromised skin integrity.21 They

can be similar to features for other cutaneous infec-

tions. There have been reported outbreaks in a variety

of different communities, with certain groups being

recognized as at risk.22 These include children,23 pris-

oners,24 those who play close contact sports,25 men

who have sex with men26 and the military.27 Close

contact dominates as an important factor in disease

transmission.2

Pathogenesis

The pathogenesis of PVL-SA diseases arises from the

cytolytic pore-forming action of the PVL toxin, which

induces cell apoptosis through the intrinsic pathway of

cells.28,29 PVL is a cytotoxin composed of two proteins:

LukS-PV and LukF-PV, which are encoded by two

genes (lukS-PV and lukF-PV) carried on temperate bac-

teriophages.3,13

Table 1 Summary of Panton–Valentine leucocidin prevalence

published globally.

Region PVL-SA disease prevalence, %

USA 2915

Europe 18.648

Tehran 4.6%49

Australia 28–5450,51

Western Africa 47–7552

Nepal 35.6–56.836,53

PVL–SA, Panton–Valentine leucocidin Staphylococcus aureus.
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These two components are secreted by SA and act syn-

ergistically to create one hetero-octameric unit, which

binds to the C5AR and C5A2 human complement recep-

tors of human polymorphonuclear neutrophils (PMNs),

monocytes and macrophages.28,29 Initially, the LukS-PV

subunit binds to the human complement receptor C5AR,

which then results in the secondary binding of LukF-PV

to form the assembly of one bi-component toxin that cre-

ates pores in the cell membranes.30 This eventually leads

to cell membrane lysis and cell death.28,29,31

The mode of cell death in PVL-SA has been shown to

be toxin concentration-dependent. Concentrations of

0.3–2 lg/mL result in local cell necrosis, whereas at

lower sublytic concentrations, cell death occurs through

apoptosis in peripheral circulating cells.31 This indicates

that direct bacterial invasion by SA is not strictly

required for apoptosis to occur. Neutrophil apoptosis

occurring in the peripheral circulation plays a signifi-

cant role in the depletion of phagocytosis, significantly

reducing the first-line defence of cells against bacteria.31

Neutropenia is found to be significantly more frequent

in cases of necrotizing pneumonia that are PVL-positive,

compared with cases that are PVL-negative.31 The addi-

tional release of proinflammatory cytokines and nuclear

factor jB in neutrophils has also been reported to be a

virulence factor in necrotizing infections.3,10

Although USA300 is a widely accepted globally

hypervirulent strain, whether or not its virulence is

directly related to PVL gene expression is controversial.

Neutrophil lysis is widely accepted to have a role in

PVL-SA disease; however, initially in trials on rabbits (in

which neutrophils are highly sensitive to PVL gene

expression) it was found that lysis had a limited impact

on virulence and there may be a role for the expression

of other virulence factors, such as the a toxin from agr

gene expression.32 This was further reflected in human

trials, in which it was found that PVL-positive infections

did not result in a worse clinical outcome regardless of

methicillin resistance; in fact, other genes were also

noted to produce a statistically significant clinical

impact on disease response, including the aforemen-

tioned type IV SCCmec element and the agr group of

genes.33 Furthermore, a recent case–control study in

the USA found no difference in final clinical outcomes

when comparing PVL-positive cases with control cases,

highlighting the role of agr-dependent expression of a
toxins, as well as the arginine catabolic mobile element

(ACME).16 Regardless, it has been shown in both animal

and human studies that there is consistently a link

between PVL positivity and its hallmark clinical mani-

festations of SSTIs and severe pneumonia, especially in

younger populations.33,34

Clinical presentation

PVL-SA presents as a broad range of disease, ranging

from asymptomatic nasopharyngeal carriage of PVL-

SA to severe necrotizing disease.35 These can be

divided into dermatological and nondermatological

presentations.

Dermatological presentations

The hallmark signs of PVL-SA include recurrent boils

and necrotizing SSTIs in otherwise healthy patients,

particularly when other members of the same house-

hold or close community also present with similar

signs (Fig. 1). The most common SSTIs seen with

PVL-SA are furunculosis, carbuncles, folliculitis, cel-

lulitis, abscesses and skin necrosis, which tend to recur

despite several courses of antibiotics and delay the

diagnosis of PVL-SA disease.2,19,21 It is also important

to appreciate that associated pain/erythema can be

out of proportion to the severity of the clinical signs.

Nondermatological presentations

PVL-SA can lead to invasive infections in previously

immunocompetent patients. In those with community-

acquired pneumonia, haemoptysis should be a major

alerting sign for necrotizing pneumonia2,7 with further

imaging to elucidate this. Haemoptysis is typically pre-

ceded by a period of influenza-like prodrome in these

patients (typically children and young adults).3

Around a quarter of patients have a prior history of

skin lesions, either personal or in a close contact.20

Other invasive infections include necrotizing fasciitis

and purpura fulminans. PVL-SA disease can present as

severe musculoskeletal infections such as osteomyelitis,

pyomyositis and septic arthritis, especially in children.

Compared with PVL-negative SA infections, these mus-

culoskeletal infections have been associated with

higher complication rates, elevated levels of inflamma-

tion and prolonged hospital stay, and overall are more

likely to require surgical treatment.3,36,37

Investigations

A bacterial swab should be taken if there is a clinical

suspicion of PVL-SA, based on features such as recur-

rent boils/abscesses or necrotizing SSTIs, or if there is

≥ 1 case in a home or closed community.

For diagnosis of suspected cases, a swab should be

taken from the infected areas of the skin and nares in all

cases, including pus, exudate from a lesion or sputum

Clinical and Experimental Dermatology 3� 2022 British Association of Dermatologists.
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for invasive cases, and sent to the laboratory with a

request for microscopy, culture and antimicrobial sus-

ceptibility testing. PVL should be specifically requested

in the clinical details. Diagnosis of PVL-SA disease

requires clinical samples from suspected cases to be sent

to for molecular diagnostics.2 This is not routinely done

in many healthcare settings, hence clinical suspicion is

key in the diagnosis of PVL-SA disease.3,8 With a sus-

pected case of necrotizing pneumonia, co-infection with

influenza should also be investigated.20,38 In hospital, if

there are suspected or confirmed cases of PVL-SA, per-

sonal protective equipment (PPE) should be used, partic-

ularly if PVL necrotizing pneumonia is suspected, as this

requires side room isolation.

Molecular diagnostics are often not performed in

peripheral laboratories and require referral to national

reference laboratories (as in the UK via Public Health

England, which can introduce a significant delay in

results).22 As multiplex PCR assays become cheaper

and able to be miniaturized, PVL testing should

become more decentralized, particularly in high-

resource countries. For use in low- and middle-income

countries, there are now lateral flow assays that pro-

vide near real-time results from cultures of SAs, albeit

with reduced sensitivity compared with molecular

diagnostics; however, these may prove pragmatic in

services where molecular diagnostics are inadequate.39

Treatment

Once diagnosed, PVL-SA infection must be treated

appropriately, without delay. Initial empirical antimi-

crobial coverage generally includes an anti-

staphylococcal regimen and an anti-toxin agent able

to block the production of the toxin.3 Treatment for

PVL-SA disease depends on the severity of the clinical

presentation (Table 2).40

To date, all treatment option combinations (Table 2)

have been proven successful; however, antimicrobial

susceptibility tests should be performed to direct the

antibiotic treatment option of choice. There is no evi-

dence suggesting that dual therapy is essential, except

when using rifampicin or covering multiple pathogens

in severe infection. Monotherapy with rifampicin alone

should never be prescribed as monoresistance rapidly

occurs after days.3,20

There have been reported experience of community

PVL-MSSA cases failing treatment with commonly

used antibiotics such as flucloxacillin.2 This can be

explained by studies showing that suboptimal tissue

concentration of flucloxacillin enhances the transcrip-

tion of the PVL toxin gene, thus upregulating the

release of PVL increasing toxicity.41 By contrast, clin-

damycin, linezolid and fusidic acid have been found to

significantly downregulate the release of the PVL toxin

through suppression of translation, thought to be due

to better soft tissue penetration.2,3,42

After primary treatment of the patient’s disease, pre-

ventative measures are crucial to stop infections from

recurring and to interrupt the transmission through

the community. Decolonization plays a key role in

achieving this.3,40 All patients (along with their close

contacts and/or family members living in the same

household) should undergo a 5-day course of topical

decolonization with chlorhexidine 4% wash once daily

and mupirocin nasal ointment applied three times

Figure 1 (a, b) A patient presenting with Panton–Valentine leucocidin-induced skin infection with violaceous nodules present on (a)

the calf and (b) inner thigh with surrounding erythema and minimal discharge in a nonspecific distribution.

� 2022 British Association of Dermatologists.4 Clinical and Experimental Dermatology
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daily, without prior PVL gene screening.43,44 To fur-

ther prevent the spread of PVL-SA, personal hygiene

measures in relation to close contacts must be fol-

lowed. Fomites such as toiletries, towels and clothes

should be kept separately from those of others and

washed frequently, while shared household areas and

shared personal/household items should be regularly

vacuumed and/or cleaned with a household detergent.

Washing hands frequently with liquid soap and water,

especially after changing plasters/dressings and touch-

ing infected skin should be encouraged. To date, there

are no reports of a significant association between

livestock-associated MRSA and antibiotic-resistant

PVL-MRSA strains; however, standard hygiene precau-

tions should be adhered to when dealing with animals

and handling raw meat.45

Repeated decolonization has been found to greatly

reduce the chances of reinfection, with patients being

89% less likely to be reinfected after the fifth course of

topical decolonization.46 If mupirocin resistance is

found, neomycin-based nasal ointments can be used,

and if there is allergy to chlorhexidine, octenidine

antimicrobial wash lotion (Octenisan�; Sch€ulke &

Mayr, Norderstedt, Germany) can be used.

Conclusion

Although the discovery of PVL-SA has been in exis-

tence for almost a century, the recent increased preva-

lence of the disease may be attributed to a number of

reasons, including wider access to PCR-based tech-

nologies in routine diagnostic laboratories, a higher

index of clinical suspicion with available testing, and

an increase in human–human contact and interna-

tional travel. However, this remains to be fully eluci-

dated. Large cities reflect this by demonstrating a wide

and evolving genetic diversity of PVL-SA, and our cen-

tre has confirmed this with a high prevalence of mul-

tidrug resistance seen in northwest London.47 Further

work is needed to establish a more accurate represen-

tation of the global prevalence of PVL-SA and its

increasing antibiotic resistance, particularly in the

community, through population-based studies. Public

health surveillance is crucial here, either through con-

solidated laboratory surveillance systems or through a

sentinel surveillance programme. Future research

should be prospective to avoid ascertainment biases,

with a greater emphasis on network analyses to iden-

tify modes of crosstransmission with public health

Table 2 Summary of Panton–Valentine leucocidin-producing Staphylococcus aureus-associated skin and soft tissue disease classified

according to severity of presentation.

PVL-SA severity Treatment

Incidental diagnosis Requires decolonization of both patient and household members with chlorhexidine as a daily wash and

shampoo on Days 1, 3 and 5, as well as mupirocin nasal ointment applied three times daily for 5 days.

Personal hygiene measures, avoiding sharing fomites and regularly cleaning of shared household areas should

also be followed20

Minor SSTI Lesions should be appropriately covered with a clean and dry dressing. Topical antibiotics (fusidic acid three

times daily for 5 days for MSSA, mupirocin three times daily for 5 days for MRSA), may be considered for

localized areas or in patients who are immunocompromised or show clinical deterioration22

Additional incision and drainage if required for presentation with abscesses2,3,41

Moderate SSTI (not for hospital

admission)

Requires a 5–7-day course of oral antibiotic treatment22

MSSA infection options:

Clindamycin 450 mg four times daily

Flucloxacillin 500 mg four times daily

MRSA infection options

Rifampicin 300 mg twice daily + doxycycline 100 mg twice daily (not for children < 12 years of age)

Rifampicin 300 mg twice daily + fusidic acid 500 mg three times daily

Rifampicin 300 mg twice daily + trimethoprim 200 mg twice daily

Rifampicin 300 mg twice daily + doxycycline 100 mg twice daily

Clindamycin 450 mg four times daily

Additional incision and drainage if required for presentation with abscesses2,3,41

Severe infection or systemic

upset

Empirical antibiotic therapy of parenteral clindamycin 1.2 g four times daily and linezolid 600 mg twice daily

should be started and continued for 48–72 h until culture results are received from Microbiology for

clindamycin sensitivity. If resistance is found, clindamycin can be replaced with linezolid.8,29 If patient is

clinically deteriorating (toxic shock, necrotizing fasciitis or purpura fulminans), consider the use of IV

immunoglobulins and early surgical debridement if warranted. IV flucloxacillin (either alone or in combination

with other agents) should not be given.22 Treatment should be continued for 10–14 days until the patient

has improved and is clinically stable

IV, intravenous; PVL, Panton–Valentine leucocidin; SA, Staphylococcus aureus; SSTI, skin and soft tissue infection.
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measures to interrupt this. Finally, there needs to be

further emphasis on those who manage SSTIs (pri-

mary care physicians, acute physicians and dermatolo-

gists), highlighting the awareness of PVL and the need

to specifically liaise with microbiology colleagues to

enact testing where it is suspected.

Learning points

• PVL is a virulence factor produced by certain

strains of SA.

• The hallmark clinical signs of PVL-SA are

recurrent boils and necrotizing SSTIs.

• Nondermatological manifestations can include

necrotizing haemorrhagic pneumonia in other-

wise healthy patients.

• There is no routine testing for PVL and there-

fore the prevalence is likely to be underestimated.

• For moderate to severe skin infections, an anti-

toxin antimicrobial such as clindamycin or line-

zolid is advised.

• After primary treatment, SA decolonization

plays an important role in reducing recurrence of

the condition.
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CPD questions

Learning objective

To gain up-to-date knowledge about Panton–Valentine
leucocidin-producing Staphylococcus aureus and associ-

ated disease.

Question 1

Which of the following groups is most commonly

affected by Panton–Valentine leucocidin-producing

Staphylococcus aureus (PVL-SA) disease?

(a) Elderly patients in hospital.

(b) Immunosuppressed patients.

(c) Prisoners of any age.

(d) Women of childbearing age.

(e) Young adults with no comorbidities.

Question 2

Which of the following describes the correct preventa-

tive measures after the primary infection has been

managed?

(a) A 3-day course of chlorhexidine 4% wash used

once daily by the infected patient.

(b) A 5-day course of chlorhexidine 4% wash used

once daily and mupirocin nasal ointment applied

three times daily by the infected patient and their

close contacts.

(c) A 10-day course of chlorhexidine 4% wash used

once daily and mupirocin nasal ointment applied

three times daily by the infected patient and their

close contacts.

(d) A 5-day course of chlorhexidine 4% wash used

once daily and mupirocin nasal ointment applied

three times daily by the infected patient.

(e) A 5-day course of chlorhexidine 4% wash used

once daily by the infected patient and their close

contacts.

Question 3

Which of the following is effective in the treatment of

a Panton–Valentine leucocidin-related skin and soft

tissue infection?

(a) Amoxicillin.

(b) Cefalexin.

(c) Clindamycin.

(d) Trimethoprim.

(e) Doxycycline.
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Question 4

Based on the literature, which of the following can be

used to help identify a case of Panton–Valentine leuco-

cidin positive necrotizing pneumonia?

(a) Eosinophilia.

(b) Neutrophilia.

(c) Haemoptysis.

(d) Neutropenia.

(e) Eosinopenia.

Question 5

Which of the following should never be used to treat a

patient with severe infection with systemic symptoms?

(a) Intravenous immunoglobulins.

(b) Intravenous clindamycin and linezolid.

(c) Intravenous flucloxacillin.

(d) Early surgical debridement.

(e) IV rifampicin.

Instructions for answering questions

This learning activity is freely available online at

http://www.wileyhealthlearning.com/ced

Users are encouraged to

• Read the article in print or online, paying particular

attention to the learning points and any author

conflict of interest disclosures.

• Reflect on the article.

• Register or login online at http://www.

wileyhealthlearning.com/ced and answer the CPD

questions.

• Complete the required evaluation component of the

activity.

Once the test is passed, you will receive a certificate

and the learning activity can be added to your RCP

CPD diary as a self-certified entry.

This activity will be available for CPD credit for

2 years following its publication date. At that time, it

will be reviewed and potentially updated and extended

for an additional period.
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