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Necrotizing pneumonia is a severe complication of pneumonia, characterized by local destruction of lung tissue
with development of multiple small cavities (abscesses) and may be associated with empyema. Empyema is an
unusual complication in neonates with limited data reported. We present a healthy term neonate with late-onset
sepsis caused by Methicillin-resistant Staphylococcus aureus (MRSA) bacteremia due to severe necrotizing

pneumonia associated with advanced stage empyema. To the best of our knowledge this is the youngest reported
patient with multifocal lung abscesses associated with stage 2 empyema treated successfully without surgical

intervention.

1. Introduction

Staphylococcus aureus (SA) is a Gram-positive, coagulase-positive
bacteria that belongs to the family Staphylococcaceae. It is often present
in human body parts as commensal with about 20% of individuals are
persistent nasal carriers [1]. SA infections can present in healthy neo-
nates with no apparent risk factors for infection. Clinical presentation
includes soft tissue infection, urinary tract infection, perinephric ab-
scess, necrotizing pneumonia, bacteremia, septic shock, and even death
[2]. The underlying mechanism of necrotizing pneumonia (NP) is poorly
understood, but likely related to host susceptibility and bacterial viru-
lence factors [3]. NP is a severe complication of pneumonia character-
ized by pulmonary inflammation with consolidation, peripheral
necrosis, producing local destruction of lung tissue, development of
multiple small cavities (abscesses), and mostly accompanied by empy-
ema. Although rare, the incidence of NP has increased over time since
first reported in children in 1994 [3]. Between 2006 and 2009 to
2009-2011 the incidence of NP among children increased from 4.5% to
9% [4]. The most common causes of NP include Streptococcus pneumonia
and SA [3,5].

NP complicates between 0.8 and 7% of community-acquired pneu-
monia and 20% of those with empyema end up admitted to tertiary
pediatric hospitals [5]. In a study of 47 children with empyema, half of
those had concomitant NP. There was no difference in microbiology,
oxygen requirement, and hospital length of stay. 13% with isolated
empyema had complications as pneumothorax and pleural fistula
compared to 16% in patients with concomitant NP [6].

We present a patient with late-onset sepsis caused by MRSA bacter-
emia due to severe NP and advanced stage empyema. To the best of our
knowledge, this is the youngest patient with multifocal lung abscesses
associated with stage 2 empyema successfully treated without surgical
intervention.

2. Case presentation

A previously healthy 3-week-old Hispanic female presented to our
emergency department (ED) with fever and difficulty breathing for 1
day. The patient was a full-term infant delivered via cesarean-section.
The maternal group B streptococcus (GBS) status was unknown. The
pregnancy was complicated by decreased fetal movement and second-
hand smoking exposure. At delivery, the patient was hypoglycemic
requiring admission to the Neonatal Intensive Care Unit (NICU) for
intravenous fluids for one day. The patient was discharged home
without complications.

On day of life 15, the patient was evaluated by her pediatrician for 2
weeks of nasal congestion and cough. Supportive treatment was rec-
ommended after which point the patient improved for 2 days. On day of
life 21, the patient was re-evaluated with one day of subjective fever and
fussiness where she was noted to have a temperature of 100.4 °F. The
patient was referred to the nearest ED, where the patient was noted to be
cyanotic with desaturations, in respiratory distress, and febrile to
100.8 °F.

Chest radiograph (CXR) showed left-sided pneumonia and left
pleural effusion. Fig. 1. The initial laboratory revealed leukocytosis with
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white blood cell count (WBC) 32 xlOg/L, hyponatremia (132 mmol/L),
and combined respiratory and metabolic alkalosis. Blood culture was
drawn, and she was started on Ampicillin and Cefotaxime. Subsequently
the patient was transferred for a higher level of care

Upon admission, the patient was tachycardic, normotensive, and
with decreased oxygen saturation (70%) on room air. On examination,
she had diminished breath sounds in the left lung with moderate airway
movement. She was placed on a 2L nasal cannula. WBC count was
34.1x10%/L with 72% neutrophils. C-reactive protein and erythrocyte
sedimentation rate were elevated (109mg/L and 28mm/h respectively).
Repeat CXR confirmed hazy bilateral airspace opacities with diffuse
consolidation of the left lung consistent with pneumonia associated with
left pleural effusion. Chest Ultrasound (US) showed moderate complex
left pleural effusion with internal debris and septations with consoli-
dation of the left lung base. A chest computerized tomography (CT) scan
showed air space consolidation of the left lower lobe, a 2 large periph-
erally enhancing fluid collections present in the left lower lobe with gas
consistent with abscesses (superior abscess 1.6 x 4.7 x 5.6 cm and
inferior abscess 2 x 3 x 4.2 cm) and small loculated left pleural effusion.
Fig. 2. Cerebral spinal fluid (CSF) studies showed normal glucose (63
mg/dL), protein (34 mg/dL) with no pleocytosis (nucleated cells 4).
Complete viral respiratory panel including Influenza, Respiratory Syn-
cytial Virus, Adenovirus, Parainfluenza were all negative. Chlamydophila
pneumonia and Bordetella pertussis polymerase chain reaction were also
negative. Ampicillin, Cefepime, and Azithromycin were initiated then
narrowed to Ampicillin/Sulbactam on hospital day 03. On hospital day
04, MRSA was isolated from blood culture. At this point Vancomycin
was added. Nasal swab MRSA culture and sputum culture were also
positive for MRSA. The patient remained bacteremic for 4 days. The
echocardiogram was normal.

As the patient was clinically stable, pediatric surgery preferred to
continue medical management given the complications of draining the
abscess such as the risk of anesthesia, bronchopleural fistula formation,
hemothorax, and pneumothorax. Our patient completed Vancomycin for
2 weeks followed by IV Clindamycin IV for 2 weeks. Serial Imaging
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showed dramatic improvement over the course of her hospitalization. A
CXR before discharge showed well-expanded lungs and clear.

3. Discussion

In this report we describe a 3-week-old term infant with MRSA
bacteremia due to severe NP associated with advanced stage empyema
who was successfully treated without surgical intervention. Common
pathogens associated with late-onset sepsis or pneumonia among infants
include GBS, Escherichia coli, Listeria, and SA. Viral infections, especially
influenza, frequently precede the development of SA pneumonia [8].

Our patient had a potential risk factor for MRSA infection due to 1-
day previous hospitalization in the NICU. SA colonization is common
in the first week of life (23%) especially in premature neonates who
required intensive care admission with only 2.3% developed infection
[9]. The rate of SA infection is 15-30 per 1000 neonatal admission [7].
In newborns with complicated pneumonia, non-infectious etiologies
need to be considered including pulmonary malformation, bronchogenic
cyst, tracheoesophageal fistula, and cystic fibrosis as well as immuno-
deficiency. Her imaging was not suggestive of a congenital defect and
immunology evaluation was normal including quantitative immuno-
globulins (IgG, IgM, IgE, and IgA), Mitogens phytohemagglutinin (PHA)
and Concanavalin A (ConA), dihydrorhodamine flow cytometry test
(DHR), lymphocyte phenotyping and lymphoproliferation assay.

Our patient presented with complicated pneumonia. In a recent re-
view of 2358 children hospitalized with pneumonia very few [23 pa-
tients (1%)] were associated with SA and even less with MRSA [17
(<1%)]. The median age was 15 months with male predominance
(71%). 26% had MRSA bacteremia. Although less common, children
with MRSA pneumonia compared to non-SA pneumonia more
commonly had higher associated parapneumonic effusions (88% vs
12%), prolonged hospital stay (10 vs 3 days), more frequent Intensive
Care Unit (ICU) admissions (83% vs 21%), intubation (65% vs 7%) and
higher mortality rate (6% vs less than 1%) [10]. Another study on 117
pediatric patients admitted with SA pneumonia between 2001 and 2009,

Fig. 1. Chest X-rays: Image (A) on day of
admission showing hazy bilateral airspace
opacities with diffuse consolidation of the
left lung associated with a left pleural effu-
sion, image (B) on Day 6 of antimicrobial
therapy showing hazy confluent opacity in
the left hemithorax represents necrotizing
pneumonia with lung abscesses and normal
right lung, image (C) on Day 19 of therapy
showing continued resolution of the left
upper lobe pneumonia and decreased size of
the abscess cavity, image (D) on Day 30 of
treatment and upon discharge showed clear
lungs with mild left basilar residual pleural
thickening.
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the rate of admission increased by 4.94 per 10,000 admissions. MRSA
patients were younger compared to MSSA. Median hospital stay for
MRSA was 13 days, 50% required ICU admission with 27.9% required
intubation [8]. The overall number of community-acquired MRSA in-
fections and the incidence of empyema has increased in the early 2000s
but it continues to decline since 2006 [2,11]. There was a 4-fold increase
in thoracic empyema in the pediatric population from 0.6 cases per 100,
000 children from 1996 to 1998 to 2.5 cases per 100,000 children from
2005 to 2007 in children less than 2 years of age and was most
frequently caused by SA [8].

Our patient’s course was complicated by empyema. Empyema pro-
gresses through 3 stages. Stage 1 is the early exudative phase, stage 2 is
the fibro purulent phase with large quantities of white cells and fibrin
deposition, resulting in loculations formation and stage 3 is the orga-
nizing phase. Management of empyema remains controversial. Medical
decision therapy depends on the stage of the disease [12]. Early-stage
empyema may respond to antibiotics but as loculations develop,
advanced stages usually require referral for surgical consultation [12,
13]. For these patients, surgical options include chest drain alone, chest
drain with fibrinolysis (CDF), thoracotomy and VATS, with the latter
preferred over thoracotomy [12-15]. A systematic review and
meta-analysis showed that VATS and CDF for empyema have similar
rates of perioperative complications, however, VATS is associated with
reduced need for re-intervention and shorter postoperative hospital stay
[13,16,17]. VATS has its own complications such as the risk of anes-
thesia and bronchopleural fistula formation [15]. There are limited case
reports for the use of non-operative interventions in neonates. Our
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Fig. 2. Chest CT scan on the third day of therapy
demonstrates air space consolidation of the left lower
lobe, small loculated left pleural effusion, and a 2
large peripherally enhancing fluid collections present
in the left lower lobe with gas consistent with ab-
scesses. The more superior and anterior abscess
measures approximately 1.6 x 4.7 x 5.6 cm. The
inferior and posterior abscess measures approxi-
mately 2 x 3 x 4.2 cm. Small loculated left pleural
effusion was present. No pneumothorax was seen.
Both components intraparenchymal and pleural
empyema.

patient was treated without surgical intervention.

Empiric IV vancomycin is recommended in patients who have
necrotizing cavities or empyema or in severe clinical status requiring
ICU admission. IV clindamycin can be used for stable patients without
bacteremia and Linezolid can be used in children less than 12 years of
age [18].

In summary, reports of empyema in newborns are rare. This case
advances the literature by providing a rare instance of NP in a previously
healthy neonate and highlights the challenges of management and the
importance of medical treatment without surgical intervention. How-
ever, more studies are required to further investigate the efficacy of
these alternative strategies in management.
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