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Abstract Panton–Valentine leukocidin-producing strains of
Staphylococcus aureus can cause severe skin and soft tissue
infections and necrotizing pneumonia with a high mortality
rate. This is a report on the first case of fatal pneumonia with
mediastinitis in an infant in the Czech Republic. The caus-
ative agent was a methicillin-susceptible S. aureus strain
with pronounced production of the PVL toxin and hyper-
production of enterotoxin A.

Abbreviations
PVL Panton–Valentine leukocidin
MRSA methicillin-resistant Staphylococcus aureus
MSSA methicillin-susceptible Staphylococcus aureus

ENT ear, nose, and throat investigations
NRL National Reference Laboratory
RPLA reversed passive latex agglutination
ICU intensive care unit
CT computed tomography

Introduction

Panton–Valentine leukocidin (PVL) is a necrotizing exotox-
in produced by both methicillin-susceptible and methicillin-
resistant Staphylococcus aureus (MRSA) strains. PVL is a
pore-forming toxin that causes damage to the membrane of
leukocytes, leading to the destruction of white blood cells
and tissue necrosis. Consequently, the immune response
is altered, and the patient develops a highly virulent infec-
tion with a high mortality rate of up to 80 % (Kefala-
Agoropoulou et al. 2010). The infection affects mostly
younger patients. It is typically manifested by skin and soft
tissue lesions (Daskalaki et al. 2010; Masiuk et al. 2010;
Fontanilla et al. 2010) and often by fatal necrotizing pneu-
monia (Hidron et al. 2009; Kreienbuehl et al. 2011). In
addition, PVL can be implicated in a number of other
conditions such as bacteremia, sepsis, osteomyelitis, arthri-
tis (Hall et al. 2010), myositis (Lehman et al. 2010),
intravascular thrombosis (Kramkimel et al. 2009), brain
abscess (Ramos et al. 2009), infectious endocarditis (Tsai
et al. 2008), or Lemierre syndrome-imitating disease
(Shivashankar et al. 2008). PVL-producing strains of
S. aureus are found globally, and necrotizing skin lesions
have repeatedly been reported in travellers returning from
the tropics (Schleucher et al. 2008).
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According to literature data, PVL is produced by 2 % of
S. aureus strains. In the Czech Republic, the PVL toxin-
producing strains are monitored by the National Reference
Laboratory (NRL) for Staphylococci. The first detection of
PVL in S. aureus in the Czech Republic was reported in
2004. In the past 8 years (2004–2011), a total of 5,584S.
aureus strains were investigated, and 318 (5.7 %) of them
were PVL producers. Of the PVL producers, 244 were
methicillin-susceptible S. aureus (MSSA), and 74 were
community MRSA strains. The higher rate of PVL pro-
ducers detected by the NRL for Staphylococci in compari-
son with literature data can be explained by the fact that the
staphylococcal strains referred to the NRL by field labora-
tories were collected selectively from patients with uncom-
mon conditions.

Most PVL-producing strains were from patients with skin
diseases; only eight of them were from those with necrotiz-
ing pneumonia (seven adults and one child). Three of these
patients survived, and five died (a case fatality rate of
62.5 %). The first case of fatal abscessing pneumonia in
the Czech Republic was reported in 2008 (Petras et al.
2008). The infection had a rapid fatal outcome: a 22-year-
old male died within 6 days of the onset of symptoms, i.e.
2 days after admission to the hospital. Septic shock in fatal
pneumonia caused by PVL-positive S. aureus in a 29-year-
old man was reported by Benes et al. (2010). Despite inten-
sive care, the patient died 8 h after admission for severe
septic shock and incipient pneumonia.

This paper is a case report of a 10-month-old boy
with infection caused by a PVL-producing strain of S.
aureus. It is the first known fatal case in a child in the
Czech Republic. The child was treated successively in
three clinical departments (Infectious Diseases, Paediatrics,
and Anaesthesiology and Resuscitation) of three Prague
teaching hospitals.

Methods and the patient

Origin of strains

A total of 5,584S. aureus strains were screened for carriage
of the lukS-PVand lukF-PV genes. The strains were referred
to the NRL for Staphylococci, NIPH, Prague, by hospital
microbiology departments of 14 regions of the Czech
Republic.

Phenotyping methods

Production of S. aureus enterotoxins (A, B, C, D), exfolia-
tive toxins (A, B), and toxic-shock syndrome toxin 1 (TSST-
1) was assayed by the RPLA method (Denka Seiken kits:
SET-RPLA, EXT-RPLA, TST-RPLA). Susceptibility to 16

antibiotics (ciprofloxacin, clindamycin, trimethoprim/sulfa-
methoxazole, erythromycin, fusidic acid, gentamicin, line-
zolid, oxacillin, rifampicin, tigecyclin, vancomycin,
cefoxitin, mupirocin, tetracycline, tobramycin, and chlor-
amphenicol) was tested by the broth microdilution meth-
od or disc diffusion method (Oxoid discs, Muller-Hinton
agar) and interpreted according to the EUCAST criteria
(EUCAST 2012).

Genotyping methods

Carriage of the lukS-PV and lukF-PV genes for PVL was
tested with the PCR primers described previously (Lina et
al. 1999). Spa typing was performed according to Shopsin et
al. (1999) using the Ridom SpaServer database. Multilocus
sequence typing was performed according to Enright et al.
(2000).

Patient

The patient was a 10-month-old so-far healthy boy
with an insignificant epidemiological history.

Case report and discussion

Case report

At Christmas 2008, a 10-month-old boy presented to the
Department of Infectious Diseases with fever and diarrhoea.
His mother suffered from nausea; otherwise, his epidemio-
logical history was insignificant. Two days prior to admis-
sion to the hospital, he developed fever around 38 °C. On
the day of admission, the boy was agitated, vomited repeat-
edly, and had one watery stool. After the ENT investigation
to rule out otitis media, he was referred to the hospital. On
admission, he was conscious, pale, eupneic, had no sign of
respiratory infection, hydration within normal limits, clean
breathing, adequate cardiopulmonary compensation, no ab-
dominal pain on palpation, and no meningeal signs.
Laboratory tests revealed increased inflammatory parame-
ters, i.e. a white blood cell count of 11,700–14,800×109/L
with a shift to the left and C-reactive protein (CRP) of 211–
245 mg/L. The patient had haemoglobin values of 96–93 g/L,
haematocrit of 0.28, slightly increased urea at 8.4 mmol/L,
creatinine and minerals repeatedly within the normal range,
and protein and erythrocytes detected in the urine. The stool
culture revealed Citrobacter youngae, while latex agglutina-
tion test for rotaviruses and adenoviruses remained negative.
Tonsillar swab culture was negative, and results of ultraso-
nography of the abdomen and abdominal examination by a
paediatric surgeon were normal. Samples were collected for
blood and urine culture.
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During the first 2 days of hospital stay at the Department
of Infectious Diseases, the boy had fever with a peak of up
to 38.2 °C on both days, but there were no vomiting, no
diarrhoea, and no signs of respiratory infection. Based on
urinalysis results, high inflammatory parameters, and sus-
pected urine infection, the patient was treated with cotri-
moxazole (no urinary tract infection was detected by urine
culture). On the third post-admission day, the patient got
worse, became apathetic and developed dyspnoea, tachyp-
noea, and tachycardia; oxygen saturation was 89 %, and on
auscultation, breathing sounds were reduced on the left side.
X-ray investigation of the lungs showed a homogenous
opacity in the left hemithorax due to infiltrate in combina-
tion with exudate in the pleural cavity, and hypoventilation
changes were also observed in the right upper pulmonary
lobe (Fig. 1a). Intravenous cefotaxime was started, and the
patient was transferred to the ICU of the Department of
Paediatrics.

On admission to the ICU, the boy was pale, negativ-
istic, with tachypnoea (68 breaths per min), tachycardia
(155 beats per min), superficial breathing with intermit-
tent grunting, a significant auscultatory finding above
the left lung wing, and oxygen saturation without oxy-
gen supplementation below 90 %. Laboratory tests
revealed persistently elevated inflammatory parameters
(white blood cells 10,000–49,800×109/L, CRP 256.7–
177.5 mg/L, procalcitonin 63.3–15.2 ng/mL, and D-
dimers more than 4,000). At the beginning of his 6-
day hospital stay at the Department of Paediatrics, the
X-ray investigation revealed alar left-sided pleuropneu-
monia and minor basal lung inflammatory infiltration on
the right side. A control X-ray showed partial aeration
of the left hemithorax, left-sided empyema, and also a
progression of the inflammatory infiltration in the right
upper and middle areas (Fig. 1b).

The CT scan of the thorax showed an extensive
exudation in the left pleural cavity with increased den-
sity of the left lung lobes, right basal pneumonia, and
exudates in the right paramediastinal area and upper
anterior mediastinum—v.s. mediastinitis. Puncture of
the thorax was performed, and similar to the blood

culture done previously at the Department of Infectious
Diseases, the puncture specimen culture revealed S.
aureus susceptible to oxacillin, vancomycin, clindamy-
cin, and lincomycin. Due to respiratory insufficiency,
mechanical ventilation and intravenous noradrenaline to
support blood pressure were needed, and cefotaxime,
clindamycin, gentamicin, fluconazole, and corticoste-
roids were given. After a temporary 70-h clinical and
laboratory improvement, the patient got worse, develop-
ing an extensive left-sided empyema with fluid re-
accumulation after repeated thoracocentesis. After 6 days,
the patient with bilateral pneumonia, left-sided empyema,
suspected mediastinitis, and respiratory insufficiency was
transferred to the Department of Anaesthesiology and
Resuscitation for possible surgical intervention.

During his 4-day stay at the Department of Anaesthesiology
and Resuscitation, mechanical ventilation and noradren-
aline to support blood pressure were continued. Based
on susceptibility testing results, the patient was switched
to oxacillin and clindamycin in combination with gen-
tamicin. During the drainage of the left hemithorax,
50 mL of thick creamy pus was discharged. On the
second day, effusion appeared in the neck and upper
chest soft tissues.

Neck ultrasonography revealed a left-sided fluid collec-
tion starting from the mediastinum, along the sternocleido-
mastoid muscle to the cranial base. The puncture yielded
20 mL of pus. S. aureus was detected by culture again.
Despite a decrease in inflammatory parameters, ventilation
parameters declined after 4 days of stay at the third consec-
utive clinical department, with progression of barotraumas,
bilateral pneumothorax, pneumoperitoneum (Fig. 1c), and
circulatory failure leading to death.

Causative agent

The causative agent was a methicillin-susceptible S. aureus
strain with pronounced production of the PVL toxin and
hyperproduction of enterotoxin A, classified into spa type
t443 and ST-30 and phage-typeable into phage group I. The
strain was susceptible to 16 antibiotics tested.

Fig. 1 X-ray investigation of the lungs: a Bulovka Hospital, Prague; b Thomayer Hospital, Prague; c Motol University Hospital, Prague
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Discussion

Here, we report the first and, so far, only known case of
severe necrotizing pneumonia complicated with mediastini-
tis in a child in the Czech Republic. The onset of the disease
was clearly atypical: the child was free of any respiratory
signs but had gastrointestinal symptoms. Their presence can
be explained by the hyperproduction of enterotoxin A in-
duced by the PVL-positive S. aureus strains. Based on high
inflammatory parameters and findings in the urine, infection
of the urinary tract was first suspected. After the diagnosis
was made, treatment with antibiotics was started and soon
adjusted according to culture and susceptibility testing
results. Although the strain was susceptible to the anti-
staphylococcal antibiotics used, only a temporary improve-
ment was achieved followed by the development of uncon-
trollable empyema and mediastinitis. In severe infections
caused by the PVL-producing strains of S. aureus, there is
an urgent need for an early diagnosis and a targeted, un-
compromising antibiotic therapy combined, if necessary,
with a surgical intervention.

Acknowledgments The authors thank Assoc. Prof. Roman Pantucek,
PhD, from the Faculty of Science, Masaryk University, Brno, for the
detailed microbiological characterisation of the causative agent, Eva
Kodytkova for her valuable help, and the National Reference Labora-
tory for Antibiotics, NIPH, Prague, for the antibiotic susceptibility
testing. The study was supported by grant no. 310/09/0459 from the
Czech Science Foundation.

References

Benes J, Myslivec O, Lastikova J, Gabrielova A, Petras P, Pantucek R
(2010) Septic shock in fatal pneumonia caused by S. aureus: the
significance of producing Panton–Valentine leucocidine—case
report. Anest Intenziv Med 21:337–341

Daskalaki M, Rojo P, Marin-Ferrer M, Barrios M, Otero JR, Chaves F
(2010) Panton–Valentine leukocidin-positive Staphylococcus aureus
skin and soft tissue infections among children in an emergency
department in Madrid, Spain. Clin Microbiol Infect 16:74–77

Enright MC, Day NP, Davies CE, Peacock SJ, Spratt BG (2000)
Multilocus sequence typing for characterization of methicillin-
resistant and methicillin-susceptible clones of Staphylococcus
aureus. J Clin Microbiol 38:1008–1015

EUCAST (2012) European committee on antimicrobial susceptibility
testing: clinical breakpoints—bacteria (v 2.0). http://www.eucast.
org/clinical_breakpoints/

Fontanilla JM, Kirkland KB, Talbot EA, Powell KE, Schwartzman JD,
Goering RV et al (2010) Outbreak of skin infections in college
football team members due to an unusual strain of community-

acquired methicillin-susceptible Staphylococcus aureus. J Clin
Microbiol 48:609–611

Hall MJ, Steer JA, Keenan J (2010) Panton–Valentine leukocidin
Staphylococcus aureus osteomyelitis of the adult tibia—a case
report. Ann R Coll Surg Engl 92:17–19

Hidron AI, Low CE, Honig EG, Blumberg HM (2009) Emergence of
community-acquired meticillin-resistant Staphylococcus aureus
strain USA300 as a cause of necrotising community-onset pneu-
monia. Lancet Infect Dis 9:384–392

Kefala-AgoropoulouK, Protonotariou E, Vitti D, Sarafidou S, Anastasiou
A, Kollios K et al. (2010) Life-threatening infection due to
community-acquired methicillin-resistant Staphylococcus aureus:
case report and review. Eur J Pediatr 169:47–53

Kramkimel N, Sbidian E, Duong TA, Lesprit P, Roujeau JC, Bagot M
(2009) Septic facial vein thrombosis due to Panton–Valentine
leukocidin-positive Staphylococcus aureus. Arch Dermatol
145:1460–1461

Kreienbuehl L, Charbonnez E, Eggimann P (2011) Community-
acquired necrotizing pneumonia due to methicillin-sensitive
Staphylococcus aureus secreting Panton–Valentine leukocidin: a
review of case report. Ann Intensive Care 1:52. doi:10.1186/
2110-5820-1-52

Lehman D, Tseng CW, Eells S, Miller LG, Fan X, Beenhouwer DO et
al (2010) Staphylococcus aureus Panton–Valentine leukocidin
targets muscle tissues in a child with myositis and necrotizing
fasciitis. Clin Infect Dis 50:69–72

Lina G, Piemont Y, Godail-Gamot F, Bes M, Peter MO, Gauduchon V,
Vandenesch F, Etienne J (1999) Involvement of Panton–Valentine
leukocidin-producing Staphylococcus aureus in primary skin
infections and pneumonia. Clin Infect Dis 29:1128–1132

Masiuk H, Kopron K, Grumann D, Goerke C, Kolata J, Jursa-Kulesza
J et al (2010) Association of recurrent furunculosis with Panton–
Valentine leukocidin and the genetic background of Staphylococ-
cus aureus. J Clin Microbiol 48:1527–1535

Petras P, Rumlerova M, Machova I, Nekvinda P, Berouskova P (2008)
Fatal abscessing pneumonia caused by oxacillin-resistant Staphy-
lococcus aureus producing Panton–Valentine leukocidin. Prakt-
icky Lekar 88:236–239

Ramos A, Ley L, Munez E, Videl A, Sanchez I (2009) Brain abscess
due to Panton–Valentine leukocidin-positive Staphylococcus
aureus. Infection 37:365–367

Schleucher RD, Gaessler M, Knobloch J (2008) Panton–Valentine
leukocidin-producing methicillin-sensitive Staphylococcus aureus
as a cause for recurrent, contagious skin infections in young,
healthy travelers returned from a tropical country: a new world-
wide public health problem? J Travel Med 15:137–139

Shivashankar GH, Murukesh N, Varma MP, Sharif IM, Glynn G
(2008) Infection by Panton–Valentine leukocidin-producing
Staphylococcus aureus clinically mimicking Lemierre’s syn-
drome. J Med Microbiol 57:118–120

Shopsin B, Gomez M, Montgomery SO et al (1999) Evaluation of
protein A gene polymorphic region DNA sequencing for typing
of Staphylococcus aureus strains. J Clin Microbiol 37:3556–3563

Tsai HC, Chao PJ, Sy CL, Lee SS, Chen YS, Wann SR et al (2008)
Community-associated methicillin-resistant Staphylococcus aure-
us infective endocarditis with Panton–Valentine leukocidin gene
in an injection drug user with HIV infection. Intern Med 47:1485–
1489

Folia Microbiol

http://www.eucast.org/clinical_breakpoints/
http://www.eucast.org/clinical_breakpoints/
http://dx.doi.org/10.1186/2110-5820-1-52
http://dx.doi.org/10.1186/2110-5820-1-52

	The...
	Abstract
	Introduction
	Methods and the patient
	Origin of strains
	Phenotyping methods
	Genotyping methods
	Patient

	Case report and discussion
	Case report
	Causative agent

	Discussion
	References


