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Abstract 

Community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA) can cause
skin and soft tissue infection and necrotizing
pneumonia. We report a patient who developed
ankle cellulitis following minor trauma and
developed MRSA bacteremia, necrotizing
pneumonia, respiratory failure, shock, and
multiple thrombi. This case highlights the ful-
minant course, the possible need for empiric
antibiotic coverage on admission for MRSA,
and the high likelihood of thrombotic compli-
cations in these patients.

Introduction

Community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA) infections
can present with necrotizing pneumonia and
progress rapidly to respiratory failure and mul-
tiorgan failure. Pediatric cases with MRSA
osteomyelitis often have deep venous throm-
bosis.1,2 We report a patient who had minor
ankle trauma complicated by CA-MRSA pneu-
monia, respiratory failure, shock, and multiple
thrombi.

Case Report

A 32-year-old woman presented to the emer-
gency department (ED) with shortness of
breath, hemoptysis, and right leg swelling for
four days. Four days prior to presentation, the
patient reported rolling her ankle off a curb.
One day after this event she noted diffuse
muscle pain followed by fever and chills, cough
with blood-tinged sputum, and persistent right
lower extremity pain and swelling. Social his-
tory included 15 pack-years smoking and
inhalational cocaine abuse. The patient had no
children and was not on oral contraceptives. 

In the ED, her vital signs included 28
breaths per minute, 115 heart beats per
minute, a normal blood pressure, a normal
temperature, and an oxygen saturation of 89%

on room air. Lung examination revealed
bronchial breath sounds with egophony over
the left upper zone. Cardiovascular and abdom-
inal examinations were within normal limits.
She had erythema and edema of the right
lower leg and pain on dorsiflexion of the right
foot. She had no peripheral signs of intra-
venous drug use.

Initial lab investigation included WBC of
3.6¥109/L, hemoglobin of 10.7 g/dL, platelet
count of 125¥109/L, prothrombin time of 15.7 s,
partial thromboplastin time of 35 s, a protein C
level of 38% of the reference range (normal 70
to 180 %), BUN of 33 mg/dL, and creatinine of
2.4 mg/dL. The initial arterial blood gas
revealed a pH of 7.27, a PaCO2 of 35.2 mmHg,
and a PaO2 of 62.3 mmHg on a FiO2 of 40%.
Chest x-ray revealed bilateral infiltrates
(Figure 1). A Doppler ultrasound of the lower
extremities revealed a right leg deep vein
thrombosis (DVT) that propagated into the dis-
tal popliteal vein. Urine drug screen was posi-
tive for cocaine. Computed tomography (CT)
scan of the chest showed multiple patchy infil-
trates with the largest in the anterior segment
of the left upper lobe (Figure 2); a CT
angiogram was negative for pulmonary emboli.

Initial management included intravenous
fluids, oxygen by mask, empiric antibiotic ther-
apy with levofloxacin and ceftriaxone, and
therapeutic enoxaparin. The orthopedic con-
sultant concluded that there were no signs of
necrotizing soft tissue infection, osteomyelitis,
or septic arthritis.  After seven hours, her
breathing became more labored, and her blood
pressure dropped. She underwent urgent intu-
bation and was started on norepinephrine.
Ultrasound of the abdomen to evaluate a possi-
ble right upper quadrant mass noted absent
flow in the superior mesenteric, splenic, and
main portal vein and its branches consistent
with splanchnic thromboses. Eight hours after
admission to the intensive care unit vaso-
pressin and stress dose hydrocortisone were
started. Twelve hours after admission empiric
vancomycin therapy was started. Eighteen
hours after admission, the patient developed
ventricular tachycardia and died after pro-
longed resuscitation efforts. Methicillin-resist-
ant Staphylococcus aureus was eventually
grown from both the sputum and blood cul-
tures. An assay for PVL or other staphylococcal
toxins was not obtained, but her clinical course
is consistent with a hypervirulent staphylococ-
cal infection.

Discussion

This patient was young and healthy. Both
the CURB65 and pneumonia severity index
predicted a low mortality rate. However, she
had a fulminant staphylococcal infection with

cellulitis, bacteremia, necrotizing pneumonia,
acute respiratory failure, and multiple deep
venous thrombi. Staphylococcal lung infec-
tions usually develop after viral infections of
the respiratory tract, which allows staphylococ-
cal adherence to epithelial surfaces and inva-
sion. Gillet and coworker reported on 16
patients with necrotizing pneumonia second-
ary to Staphylococcus aureus strains producing
the Panton-Valentine leukocidin (PVL).3 These
patients were young (median age 15) and
healthy. Most (75%) had an influenza-like syn-
drome prior to presentation. They presented
with high temperatures, tachycardia, tachyp-
nea, cyanosis, and hypotension. Thirty-eight
percent had hemoptysis. The median trough
WBC was 1.8 kU/L, and the median trough
platelet count was 70 kU/L. Most (86%)
required mechanical ventilation, and the mor-
tality rate was 75 % even though none had an
underlying disorder. Most of the bacterial iso-
lates were methicillin-sensitive. Autopsies
revealed massive ulceration of the tracheo-
bronchial tree with adherent staphylococci and
alveolar hemorrhage and necrosis with large
clusters of staphylococci. A recent literature
review reported that PVL positive community-
acquired pneumonia also occurs in patients
with methicillin-resistant Staphylococcus
aureus (MRSA), and these patients often have
influenza-like symptoms, complicated hospital
courses with acute respiratory failure and mul-
tiorgan system failure, and high mortality
(50%).4

Staphylococcal pneumonia can also develop
during episodes of staphylococcal bacteremia.
Our patient likely developed cellulitis following
minor ankle trauma, which resulted in bac-
teremia. Community-acquired methicillin-
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resistant Staphylococcus aureus (CA-MRSA)
infections often involve the skin and soft tis-
sues and then visceral organs such as lung and
bone. Swaminathan reported a case with
staphylococcal skin abscesses complicated by
septic arthritis, multiple metastatic bone and
soft tissue infections, and cavitary pneumonia
secondary to a community-acquired methi-
cillin-sensitive Staphylococcus aureus infec-
tion which was PVL positive.5 These authors
suggested that their patient had the PVL syn-
drome characterized by necrotizing pneumo-
nia, severe soft tissue and bone infection, and
DVT. These patients are typically young and
healthy and may or may not have a history of
skin infection. The DVT presumably develops
as a consequence of venous injury related to
the adjacent cellulitis. Our patient meets the
definition for this syndrome but also had
venous thrombi remote from the lower extrem-
ity site of inflammation, which suggests that
these infections can cause systemic hyperco-
agulability. Vardakas’s literature review
demonstrated that DVT is relatively frequent in
these patients even without cellulitis and has a
strong association with mortality. In this study
74% of patients (29/39) who died had DVT.4

Two recent publications have described chil-
dren with staphylococcal osteomyelitis and
deep venous thrombosis.1,2 Most of these
thrombi occurred in the proximal leg veins but
some were at remote sites including the infe-
rior vena cava, superior vena cava, and left bra-
chiocephalic vein.2 However, Lin et al. have

described four adult patients with septic pul-
monary emboli, bacteremia, and deep tissue
infection.6 These patients didn’t have deep
venous thrombi, and, therefore, DVT is not a
consistent complication of these infections.
Splanchnic vein thrombosis often occurs in
patient with cirrhosis, inflammatory disorders
in the abdomen, abdominal trauma and hyper-
coagulable states.7,8 Our patient did not appear
to have any other contributing factors beyond
her acute staphylococcal infection. However, it
is possible that she had an underlying hyperco-
agulable disorder such as antiphospholipid
syndrome, which was triggered by ankle trau-
ma and cellulitis and contributed, to her clini-
cal course.

The Panton-Valentine leukocidin is a bicom-
ponent protein secreted by some staphylococ-
cal strains. This toxin binds to leukocyte mem-
branes and creates pores.9 At high concentra-
tions it causes cell lysis with the release of
toxic enzymes, chemotactic factors, and reac-
tive oxygen species. It can cause severe
inflammation when injected into rabbit skin
and pneumonia when inoculated into rabbit
lungs. There are high concentrations of PVL in
human skin abscesses caused by PVL positive
bacteria. At low concentrations it causes leuko-
cyte apoptosis. Both results cause leukopenia
and potentially reduce WBC numbers at sites
of infection. PVL-mediated leukocyte lysis
could contribute to venous damage in clinical
syndromes like sepsis with low flow states and
endothelial activation. Epidemiological studies
report that PVL has a strong association with
virulent CA-MRSA infections, and animal stud-
ies provide potential explanations. However,
some experimental studies in animals, espe-
cially mice, suggest that virulence also reflects
other toxins. These would include alpha-toxin
which lyses macrophages and lymphocytes and
has other proinflammatory effects and phenol-
soluble modulin, a surfactant-like peptide,
which lyses neutrophils.10-12 These toxins may
have additive or synergistic effects in CA-
MRSA infections. In addition, virulence might
reflect overexpression of toxin production
rather than a particular toxin effect.
Staphylococcal regulatory genes control toxin
production, and this process depends on bacte-
rial density and mutations in these genes. 

The mortality rate is approximately 50% in
CA-MRSA necrotizing pneumonia, and most
patients require mechanical ventilation. The
Infectious Disease Society of America guide-
lines published in 2011 recommends empiric
coverage for MRSA in patients with communi-
ty-acquired pneumonia if they require ICU
admission, have necrosis, or have empyema.
This represents a AIII recommendation based
on expert opinion.13 Vancomycin is the first
line treatment and should be used in doses to
achieve trough levels of 15-20 µg/mL. However,
after a positive culture for MRSA is identified,

it is important to determine the vancomycin
minimum inhibitory concentration for that
particular isolate. If the MIC is near the break-
point for susceptibility (2 μg/mL) or the clini-
cal picture deteriorates, linezolid should be
used. In addition, antimicrobials that suppress
exotoxin production and secretion should be
considered. Clindamycin decreases staphylo-
coccal exotoxin production in vivo and in vitro,
and some authors think that the initial thera-
py should include linezolid and clindamycin.14

A D-test should be performed to rule out
inducible clindamycin resistance. In very sick
patients with multiorgan failure or shock,
intravenous immunoglobulin might be consid-
ered since it neutralizes PVL in vitro15,16 It has
been used in a small number of cases at doses
of 2 gm per kilogram with a second dose at 48
hours. Thrombi should be treated with thera-
peutic doses of heparin. Household contacts of
patients with skin infections should be evalu-
ated for infection.

In summary, CA-MRSA can cause both skin
and soft tissue infections and fulminant necro-
tizing pneumonia. Staphylococci with the PVL
genotype have a strong epidemiological associ-
ation with virulent infections. This toxin caus-
es leukocyte lysis at high concentrations and
leukocyte apoptosis at low concentrations.
Both effects cause leukopenia and probably
contribute to the virulence of the bacteria. The
PVL syndrome includes necrotizing pneumo-
nia, skin infection, and deep venous thrombo-
sis. Treatment should include vancomycin or
linezolid. The addition of clindamycin to inhib-
it toxin production and IgG to bind toxins
should be considered. Patients should be eval-
uated carefully and perhaps repeatedly for DVT.
Our patient had a fulminant course, and it is
unlikely that earlier administration of van-
comycin would have changed the outcome.
However, she provides an important lesson for
clinicians treating patients with pneumonia.
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