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Summary. Little is known about the mechanism of necrotizing pneumonia caused by

Streptococcus pneumoniae in children. Pulmonary gangrene secondary to vascular thrombosis

was reported in adults with necrotizing pneumococcal pneumonia. We conducted a retrospective

study of 15 children with a diagnosis of necrotizing pneumococcal pneumonia at National Taiwan

University Hospital to explore its association with pulmonary gangrene, based on evidence

from chest computed tomography, serial chest radiographic patterns, and pathologic results.

S. pneumoniae serotype 14 was the prevalent pneumococcal serotype. Overall, 63.6% of isolates

were not susceptible to penicillin. One child with pneumonia caused by S. pneumoniae serotype

3 complicated by hemolytic uremic syndrome had a rapidly fatal course. An autopsy in this patient

documented lung necrosis and pulmonary gangrene. Radiographic follow-up was performed

during the clinical course in 9 patients, and showed no evidence of pulmonary gangrene. Four

children had no radiographic follow-up. The relationship between pulmonary gangrene and

necrotizingpneumoniawasunclear in the remainingone. In conclusion, necrotizingpneumococcal

pneumonia may be infrequently associated with pulmonary gangrene in children. Pediatr

Pulmonol. 2006; 41:623–629. � 2006 Wiley-Liss, Inc.
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INTRODUCTION

Severe pneumonia leading to necrosis, lung abscesses,
or pneumatocele is generally considered a rare complica-
tion of pneumococcal infection. In the past, necrotizing
pneumonia was primarily found in adults affected by
alcoholism or heavy cigarette smoking, leading some
experts to speculate that the mixed anaerobic infection
plays a major role in necrotizing pneumococcal pneumo-
nia.1,2 However, since 1990, an increase in necrotizing
pneumococcal pneumonia has been observed in children,
especially in Taiwan, where pneumococcal vaccination is
not widely implemented.3–7 Necrotizing pneumonia
caused by Staphylococcus aureus is highly associated
with the presence of Paton-Valentine leukocidin, a
cytotoxin-damaging leukocyte, and host tissues.8 After
group A Streptococcus infection, M protein, a virulence
factor associated with tissue necrosis, contributes to
intravascular thrombosis and rapid tissue destruction.9

Themechanisms responsible for destructive lung injury in
pneumococcal infection remain unclear.

Pulmonary gangrene, characterized by the sloughing of
a large amount of lung tissue due to severe pneumonia,
was reported to be the underlying process in adults with
necrotizing pneumococcal pneumonia.10,11 The diagnosis
of pulmonary gangrene is mainly made by serial radio-
graphic evaluation and pathological examination.11,12

We retrospectively reviewed 15 children with necrotiz-
ing pneumonia caused by S. pneumoniae, to analyze
the association with pulmonary gangrene via clinical
course, chest computed tomography (CT), and a series
of radiographic findings. This work was based on the
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difference between necrotizing pneumonia (a pathology)
and pulmonary gangrene (a pathophysiological mechan-
ism). In addition, a previously undocumented pediatric
condition of fatal pneumococcal infection complicated by
necrotizing pneumonia with abscess formation, pulmon-
ary gangrene secondary to vascular thrombosis, and
hemolytic uremic syndrome is reported in detail.

MATERIALS AND METHODS

Patients

All 56 children under 15 years old with a diagnosis of
pneumococcal pneumonia whowere admitted to National
Taiwan University Hospital (NTUH), a medical center
with 2,000 beds in northern Taiwan, between May 1998–
July 2003, were included. One child who died of
pneumococcal pneumonia in another hospital and was
sent to NTUH for autopsy in December 2004 was also
studied.

Diagnosis

The diagnosis of pneumococcal pneumonia was
established according to clinical symptoms, a consolida-
tion pattern on chest images, and positive blood culture,
positive pleural fluid culture, or positive antigen detection
in the pleural fluid using latex agglutination (Sanofi
Diagnostics Pasteur, France). Chest radiographs were
performed in each patient at admission, with follow-up
radiographs every 3–7 days during hospitalization. If the
patient was discharged, follow-up chest radiographs were
performed at clinics. All patients except one received
chest CT during hospitalization. Twelve patients received
chest CT within 1 week of admission, and 2 patients
received chestCTduring the secondweek after admission.
Chest images were independently reviewed by one
radiologist and one chest specialist. Necrotizing pneumo-
nia was defined as the presence of lucencies in the
consolidation area on chest radiograph, or cavities with a
background of liquefaction on CT of the chest. The
diagnosis of pulmonary gangrenewas based on character-
istic chest CT, serial radiographic, or pathological
findings.10–12 Pulmonary gangrene was diagnosed based

on previously described radiographic findings, including a
severely narrowed bronchus leading to the cavity, floating
pulmonary fragments, pattern of a crescent sign, mass
within the cavity, and loss of lung volume on the affected
lobe at the postpulmonary-gangrene stage.10–12 Patients
who only had empyema were excluded from the study.
Postmortem tissue samples were examined by light
microscopy.

Bacterial Isolates, Antimicrobial
Susceptibility Testing, and Serotyping

The only S. pneumoniae isolate from the autopsy case
was fromblood. Isolates in 10 of the other 14 patientswere
from blood or pleural effusion (2 isolates from the blood,
5 isolates from pleural effusion, and 3 isolates from both
blood and pleural effusion). Minimal inhibitory concen-
trations (MICs) of penicillinwere determined by theE-test
(AB Biodisk, Solna, Sweden). Criteria used to define
susceptibility or nonsusceptibility followed the guidelines
of the Clinical and Laboratory Standards Institute (CLSI,
formerly the National Committee for Clinical Laboratory
Standards; meningitis criteria).13 Isolates were tested in
duplicate, using a slide agglutination assay with capsular
type-specific antisera to determine the serotype of each
strain (Statens Seruminstitut, Copenhagen, Denmark).14

RESULTS

Fifty-six patients in NTUH with pneumococcal pneu-
moniawere identified betweenMay 1998–July 2003. The
incidence of necrotizing pneumonia among children with
pneumococcal pneumonia was 25% (14/56). The char-
acteristics of a total of 15 patients with necrotizing
pneumococcal pneumonia were analyzed (Table 1). The
mean age was 49 months (median, 49 months; range, 9–
85 months). The female-to-male ratio was 6.5 to 1. All
patients were previously healthy, without underlying
disease. Fever was noted for a median duration of 4 days
prior to admission; themedian duration from admission to
the finding of cavitary lesions was 6 days; the median
duration from admission to defervescence was 9 days; the
median length of stay in hospital was 18 days. The clinical

TABLE 1—Clinical Characteristics in 15 Patients With Necrotizing Pneumococcal
Pneumonia

Characteristics Median (range) or number (%)

Age (months) 49 (9–85)

Gender: female, male 13 (86.7), 2 (13.3)

Fever days prior to admission (equivalent to duration from

beginning of symptoms to initiation of antibiotic therapy)

4.0 (2–11)

Duration from admission to finding of cavitary lesions (days) 6 (1–12)

Duration from admission to defervescence (days) 9 (4–30)

Length of stay in hospital (days) 18 (5–40)
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course was complicated by empyema in 14 patients, and
chest tube insertionwas performed in 14 patients (93.3%).
Eight patients (53.3%) underwent video-assisted thoraco-
scopic surgery (VATS) for decortication. One child died
due to the complication of pneumococcal infection. Eleven
bacterial isolates were assayed for antibiotic sensitivity,
using the E-test. Among them, 36.4% of the isolates were
susceptible (MIC, �0.06 mg/ml), 45.4% of the isolates
were intermediate (MIC, 0.1–1 mg/ml), and 18.2% of
the isolates were resistant to penicillin (penicillin MIC,
�2 mg/ml) (Table 2). Ten isolates were available for
serotyping. Serotype 14 was found in 50% of patients,
serotype 3 in 30%, and serotype 6A and 18C were each
found in 10% of patients (Table 2). Except for S.
pneumoniae, no other concomitant pathogens, including
anaerobic bacteria, were found in these patients. Anti-
biotic treatment included parenteral b-lactams such as
high-dose penicillin (400,000 U/kg/day), cefotaxime
sodium, ceftriaxone sodium, or amoxicillin-clavulanic
acid or glycopeptide (Vancomycin) (Table 2).

Cavitary lesions commonly appeared in the right upper
lobe (6/15, 40%) of the lungs. On the background of
consolidation with an air bronchogram, multifocal
cavitations without a large area of liquefaction were noted
in 13 patients (patients 1–13, Table 2). Four children had
no radiographic follow-up (patients 1–4). During follow-
up in patients 5–13, chest images showed complete
resolution or only minimal residual fibrotic change over
the previous area of consolidation (Table 2).Most patients
had radiographic recovery within 1–3 months. Radio-
graphic loss of lung volume was described as a sign of
pulmonary gangrene in adults.11 However, in the youngest
patients who have potential postnatal lung growth, the
sequelae of pulmonary gangrene in children can be
minimal. Gangrenous pneumonia was not likely in these
9 patients (patients 5–13), due to good radiographic
resolution without lung-volume reduction, based on serial
radiographic follow-up. In patient 14, however, severe
massive necrosis was noted on chest CTat admission. She
was treated with antibiotics and VATS decortication.
Although therewere no typical cavitary lesions suggestive
of pulmonary gangrene on chest radiograph, cicatrizing
atelectasis of the right upper lobe was found on follow-up
radiograph 6months later (Table 2). Thus, the relationship
between pulmonary gangrene and necrotizing pneumonia
remained unclear in this patient.

Report of Patient 15 (Autopsy Case)

A previously healthy 5-year-old Taiwanese girl was
admitted 3 days after the onset of fever and cough. A
chest radiograph showed consolidation of the right
middle and lower lung, accompanied by empyema. Blood
tests showed: leukocytes, 12,000/mm3 (normal value,
5,500–15,500); hemoglobin, 12.3 g/dl (normal value,

11.5–15.5); platelets, 116,000/mm3 (normal value,
150,000–400,000); and C-reactive protein (CRP),
42.9 mg/dl (normal value, <0.35). Prothrombin time
was 20.7 sec (normal value,11–15 sec), and partial
thromboplastin time was 45 sec (normal value, 25–
35 sec). Under the impression of severe sepsis, Vanco-
mycin (45 mg/kg daily) and cefotaxime sodium (150 mg/
kg daily) were given on day 1. On day 2, a chest tube was
inserted due to dyspnea. The pleural fluid was bloody, and
analysis revealed 333/mm3 leukocytes, with 25% neu-
trophils and 75% lymphocytes. Protein was 3.6 g/dl,
glucose was 11 mg/dl, and lactate dehydrogenase
was 6,030 IU/ml. Blood culture yielded Streptococcus
pneumoniae serotype 3. The MIC of penicillin was
0.064 mg/ml. On day 3 of hospitalization, she developed
oligouria. Hemoglobin fell to 5.9 mg/dl, platelets fell to
4,000 /mm3, and creatinine rose from 1.1 to 3.3 mmol/l
(normal value, 0.3–0.7). Fibrinogen was 243.2 mg/dl
(normal value, 200–400). Analysis of biochemical
hepatitis markers showed: aspartate aminotransferase,
485 units/l (normal value, 15–55); alanine aminotranfer-
ase, 101 units/l (normal value, 5–45); total bilirubin,
3.3 mg/dl (normal value, 0.2–1); and direct bilirubin,
1.1 mg/dl (normal value, 0–0.2). Urinalysis revealed
proteinuria, positive occult blood, and 16–30 red blood
cells per high-power field. Fresh-frozen plasma, platelets,
and unwashed packed red blood cells were transfused due
to symptoms of epistaxis and tarry stool. On hospital day
5, respiratory failure developed, and she was intubated
with ventilator support. She died due to refractory shock
and pulmonary edema on hospital day 5. An autopsy was
performed within 12 hr after death. Gross inspection
revealed that the middle lobe of the right lung was
emphysematous, necrotic, and gangrenous. The gang-
renous area showed large regions of infarction and
necrosis (Fig. 1A). Intravascular thrombi were evident
in the pulmonary artery within the infarcted region in the
middle lobe of the right lung (Fig. 1B). Although
pulmonary hypertension and right heart failure could
have occurred secondary to pulmonary artery occlusion,15

we found no evidence of pulmonary hypertension, such as
medial hypertrophy or right ventricular hypertrophy, in
the postmortem findings. The lower lobe of the right lung
was consolidated. Microscopically, it showed diffuse
neutrophilic infiltration within the alveolar spaces, with
occasional disruption of the alveolar septum, which was
demonstrated by reticular stain (Fig. 2A,B). The patho-
logical finding of necrotizing pneumonia in the lower lobe
of the right lung was not related to infarction. Histologi-
cally, both kidneys showed frequent fragmented red cells,
fibrinous thrombi in the glomerular capillary lumen,
and occasional extension to the afferent arterioles (Fig. 3).
These findings met the criteria for a diagnosis of
hemolytic uremic syndrome. No similar thrombus was
seen in other organs.
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DISCUSSION

A review of the literature reveals a paucity of data
about cavitation in pediatric pneumococcal pneumonia.

Serotype 3 has often been associated with pulmonary
suppuration and necrosis in adults, owing to its large
amount of capsular polysaccharide antigen and its ability
to resist phagocytosis.1,10 A strain of serotype 14 with a

TABLE 2—Radiographic, Microbiologic Data and Antibiotic Therapy in 15 Patients With Necrotizing Pneumococcal
Pneumonia

Case no.

Location of

cavitation1 Radiographic finding

Radiographic outcome

(days after admission)

Serotype/penicillin

MIC (mg/ml)

Antibiotic therapy5 route, regimen,

dose (mg/kg/day), and duration (days)

1 LLL Necrosis, cavitation No follow-up 14/0.38 1. i.v., amoxicillin/clavulanic

acid, 100, 2

2. i.v., cefotaxime, 150, 36

22 LLL Necrosis, cavitation No follow-up ND/� 1. i.v., ampicillin/sulbactam, 100, 2

2. i.v., vancomycin, 40, 31

i.v., ceftriaxone, 100, 31

3 LLL, LUL Necrosis, cavitation No follow-up 14/0.5 1. i.v., cefotaxime, 150, 16

4 RUL Necrosis, cavitation,

abscess formation

Cyst formation (55), no

follow-up since then

14/0.094 1. i.v., vancomycin, 40, 22

5 RUL, RML Necrosis, cavitation Complete resolution (70) 6A/3 1. i.v., vancomycin, 40, 14

2. i.v., teicoplanin, 10, 13

62 RUL, RLL Necrosis, cavitation Minimal fibrotic

infiltration (61)

ND/� 1. i.v., vancomycin, 40, 30

i.v., ceftriaxone, 100, 30

72 RLL Necrosis, cavitation Minimal fibrotic

infiltration (20)

ND/� 1. i.v., amoxicillin/clavulanic

acid, 100, 8

2. i.v., vancomycin, 40, 11

i.v., cefotaxime, 100, 11

82 LLL Necrosis, cavitation,

abscess formation

Complete resolution (82) ND/� 1. i.v., amoxicillin/clavulanic

acid, 100, 4

2. i.v., vancomycin, 40, 28

i.v., cefotaxime, 100, 28

9 LLL Necrosis, cavitation Minimal fibrotic

infiltration (21)

ND/2 1. i.v., vancomycin, 40, 6

i.v., cefotaxime, 100, 6

2. i.v., penicillin, 400,000 U, 12

10 RML, RLL Necrosis, cavitation,

abscess formation

Mild peribronchial

thickening (158)

3/<0.06 1. i.v., penicinillin, 400,000 U, 2

2. i.v., cefotaxime, 100, 4

3. i.v., ampicillin, 150, 10

4. Oral, amoxicillin, 40, 7

11 RUL Necrosis, cavitation,

pneumatocele

Minimal fibrotic

infiltration (25)

14/1 1. i.v., cefotaxime, 200, 12

2. i.v., vancomycin, 40, 6

12 RUL Necrosis, cavitation Minimal fibrotic

infiltration (67)

3/<0.06 1. i.v., cefotaxime, 200, 15

2. Oral, amoxillin, 50, 7

3. Oral, amoxicillin/clavulanic

acid, 40, 10

13 RLL Pneumothorax,

necrosis, cavitation,

pneumatocele

Minimal fibrotic

infiltration (22)

18C/<0.06 1. i.v., cefotaxime, 150, 12

14 RUL Necrosis, cavitation Cicatrizing atelectasis of

RUL (186)

14/0.25 1. i.v., cefotaxime, 150, 14

2. i.v., vancomycin, 40, 2

153 RML, RLL Necrosis, cavitation4 Died 3/0.064 1. i.v., vancomycin, 45, 5

i.v., cefotaxime, 150, 5

1LLL, left lower lobe; LUL, left upper lobe; ND, not done; RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe; i.v., intravenous.
2Patients were diagnosed by positive antigen test.
3Only chest radiographs were available for patients.
4Findings were noted by postmortem examination. There were no findings of cavitation on chest radiographs.
51–3 indicate sequences of antibiotic regimen in each patient.
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penicillin MIC of 4 mg/ml was reported as the cause of
necrotizing pneumonia in a child.3 Pulmonary gangrene
secondary to vascular thrombosis is thought to be involved
in the tissue necrosis following pneumococcal infection,
but this condition has never been documented in
children.3,11

This is the first report to document necrotizing
pneumococcal pneumonia associated with pulmonary
gangrene in a child. Pulmonary gangrene is a life-
threatening complication of severe pulmonary infection.
It is characterized by pulmonary infarction of an entire
segment or lobe due to simultaneous thrombosis of the
dural arterial supply of the lung, pulmonary, and bronchial
circulation.11 Such extensive infarction is different from

thromboembolic disease, in which only the pulmonary
artery is occluded, and the infarction is located periph-
erally. Massive necrotic tissue, including the thrombotic
large vessels, results in difficulty in expectoration, which
further complicates the disease. Clinically, necrotizing
pneumonia or lung abscesses develop in the late phase of
the disease. Distinguishing pulmonary gangrene from
necrotizing pneumonia and lung abscesses becomes
important in the early stage of the disease, when
physicians must decide whether to perform surgical
drainage in patients who are unresponsive to medical
care.11

In this study, various serotypes were associated with
necrotizing pneumonia in children. Serotype 14 was the

Fig. 1. A: Extensive inflammation and necrosis in right lower field indicates gangrene change (hematoxylin-eosin stain, �200).

B: Fibrinous thrombus (arrow)was found in large vesselwithin infarctedarea. Fibrin contentwasconfirmedbyphosphotungstic acid

hematoxylin (PTAH) stain (PTAH stain, �200).

Fig. 2. A: Necrotizing pneumonia was characterized by diffuse neutrophilic infiltration and septal destruction (hematoxylin-eosin

stain, �10). B: Destruction of alveolar septa is evident on reticular staining (reticular stain, �100).
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most prevalent serotype in this study, which is different
from findings in adults.1 In addition, these pediatric
patients consisted predominantly of healthy female
children, in contrast to previous reports in which patients
consisted mainly of adult males with an underlying
comorbid condition.1,2 This observation may suggest that
the pathogenesis of necrotizing pneumococcal pneumonia
in children is different from that in adults. This study was
limited by its evaluatation of the relationship between
necrotizing pneumonia and pulmonary gangrene using
only radiographic images in the 14 survivors. It was not
feasible to collect pathological specimens from these
patients. In patient 15, necrotizing pneumonia related to
pulmonary gangrene was not diagnosed radiographically
but on pathologic examination at autopsy. A possible
explanation for the lack of radiographic findings sugges-
tive of this relationship is that additional time may be
required from the onset of tissue liquefaction until the loss
of tissue integrity and cavitation become apparent radio-
graphically. The rapidly fatal course in this patient may
not have allowed sufficient time for such radiographic
findings to become manifest prior to death. Interpretation
of serial radiographic follow-up images in patients 5–13
led to the conclusion that typical findings of pulmonary
gangrene or radiographic loss of lung volume were not
present in these 9 patients. Instead, the lesions gradually
resolved or recovered completely without sequelae. These
radiographic findings might suggest that pulmonary
gangrene was not part of the underlying pathophysiolo-
gical process in these 9 cases. The destructive injury to the
lung parenchyma was possibly the consequence of severe
inflammation, or of an unknown virulence factor secreted
by the pneumococci.
Another important feature in the autopsy case of this

report was the occurrence of thrombotic events in both the
lung and kidney after S. pneumoniae infection, which was

not due to disseminated intravascular coagulopathy.
Pneumococcus-induced hemolytic uremic syndrome is a
rare disease which has high morbidity and mortality.16

Neuraminidase release from S. pneumoniae was postu-
lated to expose crypted Thomsen-Friedenreich antigen
from red blood cells and endothelial cells, and to
contribute to thrombotic microangiopathy in the kidney.16

On the other hand, pneumococcal cell walls were
demonstrated to have the ability to activate the procoagu-
lant cascade, leading to intravascular fibrin formation and
deposition.17,18 Whether the extensive pulmonary vascu-
lar thrombosis is attributable to a large bacterial load, or to
the increased activity of neuraminidase that damages
pulmonary endothelial cells, is worthy of investigation.
In conclusion, S. pneumoniae can cause necrotizing

pneumonia in children, which may result from vascular
thrombosis and pulmonary gangrene in a low percentage
of children. Further studies to determine themechanismof
tissue necrosis caused by S. pneumoniae are needed.
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