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Community-Acquired Necrotizing Pneumonia due to Panton-Valentine 
Leukocidin-Producing Methicillin-Sensitive Staphylococcus aureus 
Pneumonia Necrotizante Adquirida na Comunidade por Staphylococcus 
aureus Produtor de Leucocidina de Panton-Valentine  
Vitor Mendes1 , Patrícia Moniz1 , Pedro Póvoa1 

Abstract:
The Panton-Valentine leukocidin (PVL), produced by 

Staphylococcus aureus (SA) strains, is a potent virulence fac-
tor associated with severe invasive disease. One of the most 
serious clinical presentations, necrotizing pneumonia, affects 
disproportionally more young healthy individuals than other 
causes of necrotizing pneumonia.  However, PVL presence 
is not routinely tested, and strong clinical suspicion should 
guide clinicians, since appropriate antimicrobial therapy, with 
the association of agents capable of PVL production inhibi-
tion, is crucial. The authors hereby present a case report of 
a young, previously healthy adult male, admitted to an Inten-
sive Care Unit due to acute hypoxemic respiratory failure. The 
patient evolved with a severe necrotizing pneumonia due to 
methicillin-susceptible Staphylococcus aureus (MSSA) and 
Klebsiella pneumoniae requiring two beta-lactam antibiotic 
therapy and invasive mechanical ventilation. Persistent clinical 
deterioration led to the clinical suspicion of an underlying PVL-
producing SA strain. The patient evolved favourably with the 
association of linezolid and laboratory testing subsequently 
confirmed PVL-producing MSSA.  

Keywords: Bacterial Toxins; Leukocidins; Methicillin-Re-
sistant Staphylococcus aureus; Pneumonia, Necrotizing; Sta-
phylococcal Infections.

Resumo:
A leucocidina de Panton-Valentine (PVL), produzida por al-

gumas estirpes de Staphylococcus aureus (SA), é um potente 
fator de virulência associado a formas graves de doença invasi-
va. Uma das apresentações clínicas mais graves, a pneumonia 
necrotizante, afeta indivíduos jovens, previamente saudáveis, 
de forma desproporcionalmente mais frequente que outras 
causas de pneumonia necrotizante 

No entanto, a presença de PVL não é pesquisada de forma 
rotineira, e a forte suspeita clínica deve alertar para a necessida-
de da sua pesquisa, uma vez que a terapêutica antimicrobiana 

adequada, incluindo a associação de agentes capazes de inibir 
a produção de PVL, é essencial. 

Os autores apresentam o caso clínico de um jovem adulto, 
previamente saudável, admitido em Unidade de Cuidados In-
tensivos (UCI) por insuficiência respiratória aguda hipoxémica. 
O doente evoluiu com pneumonia necrotizante grave com iso-
lamento de Staphylococcus aureus sensível à meticilina (MSSA) 
e Klebsiella pneumoniae, motivando terapêutica antibiótica 
com dois beta-lactâmicos e ventilação mecânica invasiva. 

A persistência de deterioração clínica motivou a suspeição 
de uma estirpe de SA produtora de PVL. Após a introdução de 
linezolida, a evolução foi favorável e os exames laboratoriais 
confirmaram, posteriormente, a presença de Staphylococcus 
aureus sensível à meticilina, produtor de PVL. 

Palavras-chave: Infecções Estafilocócicas; Leucocidinas; 
Pneumonia Necrotizante; Staphylococcus aureus Resistente 
à Meticilina; Toxinas Bacterianas.

Learning Points 

1.

2.

3.

4.

5.

PVL presence is not systematically analysed, and 
therefore, the current prevalence of PVL-producing SA 
strains and incidence of PVL pneumonia is probably 
underestimated.
Clinicians should have an adequate understanding of 
underlying risk factors for PVL MSSA and the knowledge 
that PVL toxin is detected by PCR/molecular methods, 
often on specific request.
PVL production can be stimulated by beta-lactam 
antibiotics if these do not attain the respective MIC in 
targeted tissues.
The association of antimicrobial agents capable of toxin 
production inhibition, such as clindamycin or linezolid, 
can prevent PVL production stimulation.
In the absence of timely PVL toxin identification, clinical 
suspicion of PVL-SA (pneumonia with shock or signs of 
toxaemia, difficult to treat SA infection, difficult to treat 
necrotising pneumonia or history of SA skin infections) 
should motivate adequate antimicrobial therapy 
implementation.  1 Unidade Local de Saúde Lisboa Ocidental, Department of Intensive 
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Introduction
In recent decades, there has been an increase in se-

vere infections associated with Panton-Valentine leukocidin 
(PVL)-producing Staphylococcus aureus (SA) strains.1,2 How-
ever, PVL is not routinely tested in microbiology laboratories. 
Consequently, this leukocidin is largely underreported. One 
of the most serious clinical presentations of PVL-producing 
SA infections is necrotizing pneumonia in previously healthy 
children and young adults associated with high mortality.3-5 
We present a case report of PVL-methicillin-sensitive Staph-
ylococcus aureus (MSSA) necrotizing pneumonia requiring 
intensive care unit (ICU) admission in a young and immu-
nocompetent adult patient with no underlying risk factors.

Case Report
A 46-year-old male patient presented to the emergency 

department with a dry cough, fatigue, fever, pleuritic chest 
pain, and blood-tinged sputum. His medical history includ-
ed allergic rhinitis and frequent physical activity. Recent travel 
and contact with family members from abroad was excluded. 
There were no recent symptoms suggesting viral infection.

On examination, the patient had a fever (38.6°C), poly-
pnea at rest, and normotensive values. No signs of skin in-
fection were observed. Arterial blood gas analysis revealed 
mild hypoxemia and normal lactate levels. Laboratory tests 
showed a white blood cell count of 8.2x10³/µL, C-reactive 
protein of 1.83 mg/dL, procalcitonin of 0.18 ng/mL, and 
normal renal and hepatic function. Urinary antigen tests for 
Streptococcus pneumoniae and Legionella pneumophila se-
rogroup 1 were negative. Initial sputum microbiology was 
performed, and radiologic findings were not suggestive of 
acid-fast bacilli (note that tuberculosis in Portugal should be 
considered). PCR testing detected human metapneumovi-
rus and excluded SARS-CoV-2. HIV testing was negative.

 
Figure 1: Admission imaging tests: [A] - Chest radiograph; [B] – Chest computed tomography.
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Chest radiograph (CXR) on admission (Fig. 1-A) showed 
heterogeneous opacity in the right hilar region. A presump-
tive diagnosis of community-acquired pneumonia (CAP) 
was made, and antimicrobial therapy (AMT) was initiated 
with amoxicillin/clavulanic acid (1.2g q8h) and clarithromy-
cin (500 mg q12h).

The patient's condition rapidly worsened, leading to re-
spiratory failure. Chest computed tomography (CT) revealed 
bilateral micronodular and centrilobular alveolar consolida-
tion with reactive mediastinal adenopathies (Fig. 1-B). 

He was admitted to the ICU, started on high-flow nasal 
cannula (HFNC), but progressed to severe acute respiratory 
distress syndrome requiring invasive mechanical ventilation, 
neuromuscular blockade, and prone positioning. No addi-
tional organ dysfunctions were observed. Methicillin-resis-
tant SA screening was negative.

Due to MSSA isolation from the admission sputum sam-
ple, flucloxacillin (12 g/day) was initiated, and clarithromycin 
was discontinued. Radiological deterioration on CXR (Fig. 
2-A) prompted a new chest CT on day 5, showing extensive 
consolidations with bilateral air bronchogram and fluid-filled 
cavitations (Fig. 2-B), consistent with bilateral necrotizing 
pneumonia.

AMT was escalated to piperacillin-tazobactam and 
linezolid. Klebsiella pneumoniae was isolated from bron-
choalveolar lavage (BAL) collected on the day of intubation, 
leading to a switch from linezolid to amoxicillin/clavulanic 
acid based on antimicrobial susceptibility testing. Despite 
this, clinical improvement was not observed. 

On day 9, chest CT (Fig. 3) showed extensive necrosis 
and abscesses. 

A new BAL on day 9 yielded MSSA, prompting the addi-
tion of linezolid to ongoing AMT. Genetic sequencing for the 
PVL gene and phenotyping of K. pneumoniae were request-
ed, but further testing was not possible.
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Following the reintroduction of linezolid, the patient 
showed favourable progress with resolution of fever, im-
provement in respiratory failure, and normalization of in-
flammatory biomarkers (Fig. 4). Blood cultures remained 
negative throughout the ICU stay.

SA isolates were characterized for the PVL gene and pro-
tein A sequence (spa typing), revealing the presence of the 
PVL gene and spa type t355, associated with ST152 strains.

The patient was extubated on day 15 and transferred 
to the Pulmonology ward on day 17. Chest CT on day 20 

showed significant improvement, and he was discharged 
home on day 34.

Since hospital discharge, the patient has been observed 
in a follow-up outpatient clinic. Almost complete resolution 
of chest CT findings has been documented, and he has re-
cently completed his one-year post-ICU follow-up. Although 
he has resumed professional and sports activities with no 
exertional dyspnoea, he manifests complaints of psycholog-
ical distress. Collaboration with the Psychology department 
has been prioritized.

 
Figure 3: Chest CT on the 9th day.

COMMUNITY-ACQUIRED NECROTIZING PNEUMONIA DUE TO PANTON-VALENTINE LEUKOCIDIN-PRODUCING 
METHICILLIN-SENSITIVE STAPHYLOCOCCUS AUREUS 

 
Figure 2: Chest imaging on the 5th day of admission. [A] - Chest radiograph; [B] – Chest CT.
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Discussion
This case describes a young, immunocompetent adult 

with no known risk factors for MDR pathogens who de-
veloped severe necrotising pneumonia secondary to a 
PVL-producing MSSA, requiring ICU admission. There was 
no relevant travel history or known contact with endemic 
regions.

PVL is a cytotoxin produced by some SA strains, im-
plicated in recurrent skin and soft tissue infections. Rarely, 
fulminant necrotising pneumonia, especially in healthy indi-
viduals, can occur.3,4,6-9 

It was initially discovered by Van deVelde in 1895 due to 
its ability to lyse leukocytes and it was named in 1932 after 
the work of Sir Philip Noel Panton and Francis Valentine.10 

It is a 2-component pore-forming leukocidin,11 with very 
potent cytotoxic effect  on human neutrophils,12 coded by 
bacteriophage genes lukS and lukF (which could explain its 
association with recent viral infections, especially influenza).

Although more prevalent in community-associated meth-
icillin-resistant Staphylococcus aureus (CA-MRSA), PVL is 
also present in MSSA strains.3,13,14

There is controversy regarding the impact of the PVL 
genes on disease severity and clinical outcome in CAP and 
ventilator-associated pneumonia, with clinical studies show-
ing conflicting results.1,7,15-17

The isolate in this case belonged to sequence type 
ST152, one of the clones previously identified in Portugal,18 
predominantly in skin and soft tissue infections. In this case 
report, it caused rapidly progressive pulmonary disease. 

Notably, co-infection with Klebsiella pneumoniae compli-
cated early management, prompting dual beta-lactam ther-
apy (flucloxacillin and amoxicillin/clavulanic acid), which may 
have worsened the clinical course.10

The patient deteriorated under beta-lactam treatment, 
with clinical improvement only after initiating linezolid (600 
mg IV 12-hourly). This supports the role of protein synthesis 
inhibitors in suppressing PVL production. Clindamycin and 
linezolid are preferred due to their ability to inhibit exotox-
in synthesis and excellent tissue penetration, particularly of 
pulmonary compartments.19 Vancomycin lacks this inhibito-
ry effect on toxin production.20 Rifampicin was not used be-
cause of its high potential to promote bacterial resistance.

Beta-lactams may increase PVL production21 and act on 
the cell wall leading to bacterial lysis, resulting in the release 
of intracellular toxins.22

UK recommendations23 suggest empirical use of clinda-
mycin, linezolid, and rifampicin in suspected PVL-associat-
ed pneumonia. Though evidence remains limited, adjunctive 
intravenous immunoglobulin may be considered in severe 
cases.24 In this case, given the absence of shock or other 
evidence of toxaemia, immunoglobulin was not used.

Given the rarity of PVL-SA in Europe, routine testing is 
often overlooked. However, its presence should be consid-
ered in severe necrotising pneumonia, particularly among 
young patients without comorbidities. Prompt recognition 
is essential to guide appropriate AMT. Travel history, recent 
viral illness (e.g., influenza), or recurrent skin infections may 
suggest PVL-SA involvement.

 
Figure 4: Graphic representation of microbiological isolates and C-reactive protein with simultaneous display of antimicrobial 
strategies throughout ICU admission.
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This case emphasizes the potential severity of PVL-MS-
SA pneumonia, even in healthy individuals, and highlights 
the need for clinician awareness, appropriate diagnostic in-
vestigation, and early targeted therapy. 

Contributorship Statement
VM, PM and PP – Conceptualization, design, writing, and editing of the 

manuscript.

All authors approved the final version to be published. 

Declaração de Contribuição
VM, PM e PP – Conceção, design, redação e edição do manuscrito.

Todos os autores aprovaram a versão final a ser publicada.

Ethical Disclosures 
Conflicts of Interest: The authors have no conflicts of interest to declare.

Financing Support: This work has not received any contribution, grant or 

scholarship.

Confidentiality of Data: The authors declare that they have followed the 

protocols of their work center on the publication of patient data.

Patient Consent: Consent for publication was obtained. 

Provenance and Peer Review: Not commissioned; externally peer-re-

viewed.

Responsabilidades Éticas 
Conflitos de Interesse: Os autores declaram a inexistência de confli-
tos de interesse na realização do presente trabalho.
Fontes de Financiamento: Não existiram fontes externas de financia-
mento para a realização deste artigo.
Confidencialidade dos Dados: Os autores declaram ter seguido os 
protocolos da sua instituição acerca da publicação dos dados de 
doentes. 
Consentimento: Consentimento do doente para publicação obtido. 
Proveniência e Revisão por Pares: Não comissionado; revisão externa 
por pares.

© Author(s) (or their employer(s)) and SPMI Case Reports 2025. 
Reuse permitted under CC BY-NC 4.0. No commercial reuse.
© Autor (es) (ou seu (s) empregador (es)) e SPMI Case Reports 2025. 
Reutilização permitida de acordo com CC BY-NC 4.0. Nenhuma re-
utilização comercial.

Corresponding Author / Autor Correspondente 
Vitor Rogério Palmeiro de Sousa Mendes - vrmendes@ulslo.min-
saude.pt
Unidade Local de Saúde Lisboa Ocidental 
Estrada do Forte do Alto do Duque, 1449-005 Lisboa, Portugal

Received / Recebido: 2025/07/18 

Accepted / Aceite: 2025/12/16 

Published online / Publicado online: 2026/03/0 

Published / Publicado: 2026/03/0

REFERENCES
1. Paolino G, Di Nicola MR, Pontara A, Didona D, Moliterni E, Mercuri SR, 
et Saeed K, Gould I, Esposito S, Ahmad-Saeed N, Ahmed SS, Alp E, et al. 

Panton-Valentine leukocidin-positive Staphylococcus aureus: a position

statement from the International Society of Chemotherapy. Int J Antimicrob 

Agents. 2018;51:16–25. doi: 10.1016/j.ijantimicag.2017.11.002.

2. Leistner R, Kola A, Gastmeier P, Kruger R, Hoppe PA, Schneider-Burrus S,

et al. Pyoderma outbreak among kindergarten families: Association with a

Panton-Valentine leukocidin (PVL)-producing S. aureus strain. PLoS One.

2017;12:e0189961. doi: 10.1371/journal.pone.0189961.

3. Lina G, Piemont Y, Godail-Gamot F, Bes M, Peter MO, Gauduchon V,

et al. Involvement of Panton-Valentine leukocidin-producing Staphylo-

coccus aureus in primary skin infections and pneumonia. Clin Infect Dis.

1999;29:1128–32. doi: 10.1086/313461. 

4. Gillet Y, Issartel B, Vanhems P, Fournet JC, Lina G, Bes M, et al. Asso-

ciation between Staphylococcus aureus strains carrying gene for Panton-

-Valentine leukocidin and highly lethal necrotising pneumonia in young

immunocompetent patients. Lancet. 2002;359:753–9. doi: 10.1016/

S0140-6736(02)07877-7.

5. Gillet Y, Tristan A, Rasigade JP, Saadatian-Elahi M, Bouchiat C, Bes

M, et al. Prognostic factors of severe community-acquired staphylo-

coccal pneumonia in France. Eur Respir J. 2021;58:2004445. doi:

10.1183/13993003.04445-2020. 

6. Hidron AI, Low CE, Honig EG, Blumberg HM. Emergence of communi-

ty-acquired meticillin-resistant Staphylococcus aureus strain USA300 as

a cause of necrotising community-onset pneumonia. Lancet Infect Dis.

2009;9:384–92. doi: 10.1016/S1473-3099(09)70133-1. 

7. Shallcross LJ, Fragaszy E, Johnson AM, Hayward AC. The role of the Pan-

ton-Valentine leucocidin toxin in staphylococcal disease: a systematic re-

view and meta-analysis. Lancet Infect Dis. 2013;13:43–54. doi: 10.1016/

S1473-3099(12)70238-4.

8. Morgan MS. Diagnosis and treatment of Panton-Valentine leukocidin

(PVL)-associated staphylococcal pneumonia. Int J Antimicrob Agents.

2007;30:289–96. doi: 10.1016/j.ijantimicag.2007.04.019.

9. Labandeira-Rey M, Couzon F, Boisset S, Brown EL, Bes M, Benito Y, et

al. Staphylococcus aureus Panton-Valentine leukocidin causes necrotizing

pneumonia. Science. 2007;315:1130–3.  doi: 10.1126/science.1137165. 

10. Panton PN, Valentine FCO. Staphylococcal Toxin. Lancet. 1932;219:506–8. 

11. Alonzo F, 3rd, Torres VJ. The bicomponent pore-forming leucocidins of

Staphylococcus aureus. Microbiol Mol Biol Rev. 2014;78:199–230. doi:

10.1128/MMBR.00055-13.

12. Loffler B, Hussain M, Grundmeier M, Bruck M, Holzinger D, Varga G, et al. 

Staphylococcus aureus Panton-Valentine leukocidin is a very potent cyto-

toxic factor for human neutrophils. PLoS Pathog. 2010;6:e1000715. doi:

10.1371/journal.ppat.1000715.

13. Rasigade JP, Laurent F, Lina G, Meugnier H, Bes M, Vandenesch F, et

al. Global distribution and evolution of Panton-Valentine leukocidin-positive

methicillin-susceptible Staphylococcus aureus, 1981-2007. J Infect Dis.

2010;201:1589–97. doi: 10.1086/652008.

14. Brown ML, O'Hara FP, Close NM, Mera RM, Miller LA, Suaya JA, et al.

Prevalence and sequence variation of panton-valentine leukocidin in me-

thicillin-resistant and methicillin-susceptible staphylococcus aureus strains

in the United States. J Clin Microbiol. 2012;50:86–90. doi: 10.1128/

JCM.05564-11. 

15. Peyrani P, Allen M, Wiemken TL, Haque NZ, Zervos MJ, Ford KD, et al.

Severity of disease and clinical outcomes in patients with hospital-acquired 

pneumonia due to methicillin-resistant Staphylococcus aureus strains not

influenced by the presence of the Panton-Valentine leukocidin gene. Clin

Infect Dis. 2011;53:766–71. doi: 10.1093/cid/cir541.

16. Zhang C, Guo L, Chu X, Shen L, Guo Y, Dong H, et al. Presence of the

Panton-Valentine Leukocidin Genes in Methicillin-Resistant Staphylo-

coccus aureus Is Associated with Severity and Clinical Outcome of Hos-

pital-Acquired Pneumonia in a Single Center Study in China. PLoS One.

2016;11:e0156704. doi: 10.1371/journal.pone.0156704. eCollection 2016.

17. Hoppe PA, Holzhauer S, Lala B, Buhrer C, Gratopp A, Hanitsch LG, et

al. Severe infections of Panton-Valentine leukocidin positive Staphylo-

coccus aureus in children. Medicine. 2019;98:e17185. doi: 10.1097/

MD.0000000000017185.

18. Ferreira C, Costa SS, Serrano M, Oliveira K, Trigueiro G, Pomba C, et

COMMUNITY-ACQUIRED NECROTIZING PNEUMONIA DUE TO PANTON-VALENTINE LEUKOCIDIN-PRODUCING 
METHICILLIN-SENSITIVE STAPHYLOCOCCUS AUREUS 

5

5



177

CASE REPORTS
CASOS CLÍNICOS

PUBLICAÇÃO TRIMESTRAL
VOL.3 | N.º4 | OUT/DEZ 2025

al. Clonal Lineages, Antimicrobial Resistance, and PVL Carriage of Sta-

phylococcus aureus Associated to Skin and Soft-Tissue Infections from 

Ambulatory Patients in Portugal. Antibiotics. 2021;10:345. doi: 10.3390/

antibiotics10040345. 

19.	 Soavi L, Signorini L, Stellini R, Acquarolo A, Fiorese B, Magri S, et al. Line-

zolid and clindamycin improve the outcome of severe, necrotizing pneu-

monia due to community-acquired methicillin-resistant Staphylococcus 

aureus (CA-MRSA). Infez Med. 2011;19:42–4. 

20.	 Micek ST, Dunne M, Kollef MH. Pleuropulmonary complications of Pan-

ton-Valentine leukocidin-positive community-acquired methicillin-resis-

tant Staphylococcus aureus: importance of treatment with antimicrobials 

inhibiting exotoxin production. Chest. 2005;128:2732–8. doi: 10.1378/

chest.128.4.2732.

21.	 Dumitrescu O, Choudhury P, Boisset S, Badiou C, Bes M, Benito Y, et 

al. Beta-lactams interfering with PBP1 induce Panton-Valentine leukocidin 

CASE REPORTS

expression by triggering sarA and rot global regulators of Staphylococcus 

aureus. Antimicrob Agents Chemother. 2011;55:3261–71. doi: 10.1128/

AAC.01401-10.

22.	 Stevens DL, Ma Y, Salmi DB, McIndoo E, Wallace RJ, Bryant AE. Impact 

of antibiotics on expression of virulence-associated exotoxin genes in me-

thicillin-sensitive and methicillin-resistant Staphylococcus aureus. J Infect 

Dis. 2007;195:202–11.  doi: 10.1086/510396.

23.	 Guidance on the diagnosis and management of PVL-associated Staphylo-

coccus aureus infections (PVL-SA) in England. PVL sub-group of the Stee-

ring Group on Healthcare Associated Infection - Health Protection Agency; 

2008 November, 7. 

24.	 Libert N, Batjom E, Cirodde A, de Rudnicki S, Grasser L, Borne M, et 

al.   Traitements antitoxiniques et pneumopathies nécrosantes à Staphylo-

coccus aureus sécréteurs de leucocidine de Panton-Valentine. Med Mal 

Infect. 2009;39:14–20.

At a certain point, I thought I was already in another country 
receiving treatment. I don't know if this happened in my "sleep" 
during induced coma or before.  Truly traumatic was the com-
munication, by the medical team, that I would be intubated and 
induced into a coma. I was devastated, and I know I pleaded 
not to do it because I feared for my life. I recall being informed 
by the medical team of the absolute necessity of that proce-
dure, without remembering exactly what was said. I also know 
that I spoke with my wife and that, finally, I "accepted". 

Fortunately, I woke up on a sunny day, under the gaze 
of my older brother. It seemed like I had had a rejuvenating 
sleep, and everything had happened in a matter of minutes 
or hours, but it hadn't. I was in this induced coma state for 
9 days, and the worst was feared.  

I was transferred a few days after waking up to the pneu-
mology ward. The experience of passing through the ICU 
due to severe bilateral bacterial pneumonia was traumatic 
because it was very intense and in a very short period. 

I think psychological support during and after this type of 
illness should be a priority.

Patient Perspective
I was admitted to the intensive care unit (ICU) on the 

same day that I arrived at the hospital. I felt unwell during the 
night with reddish expectoration and lack of energy. I went 
to the hospital, where my health seemed to deteriorate while 
under observation in the emergency room.

Realizing that my illness could be serious, I became in-
creasingly anxious. I did not expect to be there so abruptly, 
let alone to be hospitalized directly in the ICU.  

The entry into the ICU was very scary, involving painful 
procedures. As my entry into the ICU was presented as a 
precaution, I became more anxious as the days passed with 
the realization that my condition was always worsening. 

Fortunately, my wife visited me regularly and was the 
light of my day. As soon as she left, there was only emp-
tiness and a huge silence. I began to have a lot of diffi-
culty sleeping, as my dreams invariably involved chases by 
bizarre and frightening characters. I had a lot of pain and 
difficulty breathing, despite all the medication and medical 
equipment. 




