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Objective: To compare the pulmonary thin-section CT

findings in patients with seasonal influenza virus pneu-

monia with Streptococcus pneumoniae pneumonia.

Methods: The study group included 30 patients (20

males and 10 females; age range, 20–91 years; mean

age, 55.9 years) with seasonal influenza virus pneumonia

and 71 patients (47 males and 24 females; age range,

27–92 years; mean age, 67.5 years) with S. pneumoniae

pneumonia.

Results: The proportion of community-acquired infection

was significantly higher in patients with influenza virus pneu-

monia than with S. pneumoniae pneumonia (p50.001).

CT findings of ground-glass attenuation (GGA) (p50.012)

and crazy-paving appearance (p50.03) were significantly

more frequent in patients with influenza virus pneumonia

than with S. pneumoniae pneumonia. Conversely, con-

solidation (p,0.001), mucoid impaction (p,0.001),

centrilobular nodules (p50.04) and pleural effusion

(p50.003) were significantly more frequent in patients

with S. pneumoniae pneumonia than in thosewith influenza

virus pneumonia.

Conclusion: Pulmonary thin-section CT findings, such as

consolidation and mucoid impaction may be useful in

distinguishing between seasonal influenza virus pneumo-

nia and S. pneumoniae pneumonia.

Advances in knowledge: (1) Distinguishing seasonal

influenza virus pneumonia with S. pneumoniae pneumo-

nia is important. (2) The CT findings of GGA and crazy-

paving appearance were more frequently found in

patients with influenza virus pneumonia than in patients

with S. pneumoniae pneumonia, whereas consolidation,

mucoid impaction, centrilobular nodules and pleural

effusion were more frequently found in patients with

S. pneumoniae pneumonia.

Influenza virus is responsible for seasonal epidemics of
community-acquired pneumonia (CAP), with outbreaks oc-
curring predominantly during the winter months. Secondary
bacterial superinfections are the most frequent complications
among fatal cases of seasonal and pandemic influenza.

Streptococcus pneumoniae is the most common pathogen of
CAP and is also responsible for the increasing frequency of
nosocomial pneumonia.1–3 The mortality related with
pneumonia is affected by initial antibiotic therapy; there-
fore, early detection of S. pneumoniae pneumonia is im-
portant for reducing mortality. Moreover, S. pneumoniae
has been identified as the most prominent causative agent
for secondary bacterial pneumonia following influenza
virus infection.4

A rapid immunochromatographic membrane test was de-
veloped for the detection of S. pneumoniae antigens.5 It is
a useful technique for the rapid diagnosis of S. pneumoniae
pneumonia; however, it does have its limitations. For ex-
ample, urinary antigens of S. pneumoniae pneumonia
cannot be detected a few days after S. pneumoniae in-
fection, and assay sensitivity is approximately 70–80%.

There are several reports of the radiologic features of novel
influenza virus pneumonia and S. pneumoniae pneumonia.6–8

However, there are few reports of the CT findings of seasonal
influenza virus pneumonia.9–11 Furthermore, to the best of
our knowledge, no studies comparing CT findings in patients
with seasonal influenza virus pneumonia to those with
S. pneumoniae pneumonia have been published. The present
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study therefore compared the pulmonary thin-section CT find-
ings of patients with seasonal influenza virus pneumonia to those
with S. pneumoniae pneumonia.

METHODS AND MATERIALS
Patient population
This study was approved by the institutional review board and,
because of its retrospective nature, informed consent was not
required.

Based on the patient population of our institutions for the pe-
riod January 2007 to September 2012, we retrospectively iden-
tified 482 consecutive adult patients with seasonal influenza
virus infections and 276 consecutive adult patients with
S. pneumoniae pneumonia.

Of the 482 patients with influenza virus infections, 393 were
infected with influenza Type A virus (A) and 89 with Type B (B).
Of these patients, 31 (A, 29 patients and B, 2 patients) were
diagnosed with influenza virus pneumonia, and thin-section CT
examinations of the chest were performed. A single patient di-
agnosed with concurrent S. pneumoniae pneumonia, as de-
termined from serological tests and clinical findings, was
excluded from the present study.

Serological tests and clinical findings determined that of the 276
patients with acute S. pneumoniae pneumonia, 90 were di-
agnosed with concurrent infectious diseases (42 with Haemo-
philus influenza, 37 with Staphylococcus aureus, 18 with
Moraxella catarrhalis, 18 with Pseudomonas aeruginosa, eight
with Klebsiella pneumonia and one with influenza virus) and
were therefore excluded from the study. Of the remaining 186
patients solely infected with S. pneumoniae, 73 underwent thin-
section CT examinations of the chest. Two patients with
S. pneumoniae pneumonia were excluded from the study be-
cause of poor image quality of the CT scans; a result of motion
artefacts.

The final study group included 30 patients with influenza virus
(A, 28 patients and B, 2 patients) pneumonia (20 males and 10
females; age range, 20–91 years; mean age, 55.9 years), and 71
patients with S. pneumoniae pneumonia (47 males and 24
females; age range, 27–92 years; mean age, 67.5 years). Among
the 71 patients, two patients with S. pneumoniae pneumonia
after influenza virus infection were included.

A diagnosis of pneumonia was made when clinical syndromes,
cough with or without sputum, fever, leucocytosis or leucopoenia,
and pulmonary infiltrates on the chest radiograph were present,
and the symptoms coincided with the detection of influenza virus
using an immunochromatography rapid diagnostic kit (n5 30),
or of S. pneumoniae isolated from sputum (n5 47), tracheal as-
pirate (n5 15), or both sputum and urine (n5 9).

A patient was considered to have CAP if, at the time of hospital
admission, he/she presented with respiratory symptoms and
sputum, and exhibited pulmonary infiltrates on chest radio-
graphs. No patient in our study had been admitted to or treated
in a hospital in the 2 weeks prior to admission.

CT examinations
Thin-section CTexaminations were performed volumetrically with
8-, 31- or 64-detector CT system with a 1-mm reconstruction. CT
was done during a breath hold at full inspiration with the patient
in a supine position and was reconstructed using a high-spatial-
frequency algorithm. Images were captured at window settings that
allowed viewing of the lung parenchyma (window level, 2600 to
2700HU; window width, 1200–1500HU) and the mediastinum
(window level, 20–40HU; window width, 400HU).

A pulmonary CT examination was performed within 1–7 days
(mean, 1.1 days in patients with influenza virus pneumonia and
4 days in patients with S. pneumoniae pneumonia) after the
onset of respiratory symptoms.

Image interpretation
Two radiologists (with 25 and 11 years’ experience in chest CT
image interpretation) unaware of the underlying diagnoses, in-
dependently interpreted the CT images in random order. The
final decision was reached by consensus.

CT images were assessed for the following radiological features:
ground-glass attenuation (GGA), bronchial wall thickening,
crazy-paving appearance, centrilobular nodules, interlobular
septal thickening, consolidation, cavities, mucoid impaction,
pleural effusion and enlarged hilar/mediastinal lymph node(s)
(.1-cm diameter short axis). GGA was defined as an area
showing hazy increases in attenuation without obscuring vas-
cular markings.12,13 Crazy-paving appearance was considered
to be a network of a smooth linear pattern superimposed on an
area of GGA.12,13 Centrilobular nodules were defined as nod-
ules around the peripheral pulmonary arterial branches or
3–5mm from the pleura, interlobular septa or pulmonary
veins. Interlobular septal thickening was defined as abnormal
widening of the interlobular septa.13 Consolidation was defined
as an area of increased attenuation that obscured vascular
markings.12,13

The distribution of parenchymal disease was also evaluated.
We assessed whether the abnormal findings were located
unilaterally or bilaterally. If the main lesion was predominantly
located in the inner third of the lung, the disease was classified
as a central distribution, whereas if the lesion was pre-
dominantly located in the outer third of the lung, the disease
was classified as a peripheral distribution. If the lesions showed
no predominant distribution, the disease was classified as
randomly distributed. In addition, zonal predominance was
classified as upper, lower or random. Upper lung zone pre-
dominance indicated that most abnormalities were seen at
a level above the tracheal carina, whereas lower zone pre-
dominance indicated that most abnormalities were located
below the upper zone. When abnormalities showed no clear
zonal predominance, the lung disease was classified as ran-
domly distributed.

Statistical analysis
Statistical analysis for the frequency of symptoms and CT
findings was conducted using the Fisher’s exact test and x2 tests.
A mean age comparison was conducted using Student’s t-test.
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RESULTS
Patient profiles
The characteristics of all patients are summarized in Table 1. The
mean age of patients with influenza virus pneumonia was lower
than that of patients with S. pneumoniae pneumonia (Table 1).
All 30 patients with influenza virus pneumonia had community-
acquired infections. Of the 71 patients with S. pneumoniae pneu-
monia, 51 had community-acquired infections and 20 nosocomial
infections. The proportion of community-acquired infection was
significantly higher for patients with influenza virus pneumonia
than those with S. pneumoniae pneumonia (p50.001).

CT patterns
The thoracic CT findings of the 101 patients are summarized in
Table 2. For the 30 patients with influenza virus pneumonia,
GGA (n5 30, 100%) and bronchial wall thickening (n5 14,
46.7%) were most frequent, followed by crazy-paving appear-
ance (n5 8, 26.7%), centrilobular nodules (n5 7, 23.3%) and
interlobular septal thickening (n5 3, 10.0%) (Figures 1 and 2).
Cavity or mucoid impaction was not observed in any patient.

For the 71 patients with S. pneumoniae pneumonia, GGA
(n5 58, 81.7%) was most frequent, followed by consolidation

(n5 54, 76.1%), mucoid impaction (n5 37, 52.1%), cen-
trilobular nodules (n5 32, 45.1%) and bronchial wall thicken-
ing (n5 30, 42.2%) (Figures 3–5). Crazy-paving appearance
(n5 7, 9.9%) and interlobular septal thickening (n5 3, 4.2%)
were also observed (Figure 3). No cavitary lesions were detected
for any patient.

The frequencies of GGA and crazy-paving appearance were
significantly higher in patients with influenza virus pneumonia
compared with S. pneumoniae pneumonia (p5 0.012 and
p5 0.03, respectively) (Figures 1 and 2). Conversely, the fre-
quencies of consolidation, mucoid impaction and centrilobular
nodules were significantly higher in patients with S. pneumoniae
pneumonia than in patients with influenza virus pneumonia
(p, 0.001, p, 0.001, p5 0.04, respectively) (Figures 3–5).
There were no significant differences for the other CT findings,
including bronchial wall thickening and interlobular septal
thickening, between the two groups.

Disease distribution
In the influenza virus pneumonia group, abnormal findings
were found unilaterally in 17 patients (56.7%) and bilaterally in
13 patients (43.3%). The predominant zonal distribution was
the upper zone in 16 patients (53.3%) (Figure 1) and lower zone
in 10 patients (33.3%) (Figure 2). In the S. pneumoniae pneu-
monia group, abnormal findings were found unilaterally in 31
patients (43.7%) and bilaterally in 40 patients (56.3%). The
predominant zonal distribution was the upper zone in 26
patients (36.6%) (Figure 3) and lower zone in 29 patients
(40.8%) (Figures 4 and 5). There were no significant differences
in zonal distributions between the two groups.

For the group with influenza virus pneumonia, parenchymal
abnormalities were observed to be predominantly randomly
distributed (n5 16, 53.3%), and peripherally distributed in 14
patients (46.7%). For the group with S. pneumoniae pneumonia,
parenchymal abnormalities were observed to be peripherally
distributed (n5 50, 70.4%), and randomly distributed in 15
(21.1%) patients. The frequency of peripheral distribution was

Table 1. Characteristics of 101 patients with each type of
pneumonia

Characteristics
Influenza
virus

(n5 30)

Streptococcus
pneumoniae
(n5 71)

Male/female 20/10 47/24

Age (years)

Range 20–91 27–92

Mean 55.9 67.5

Community
acquired

30.0 (100.0) 51.0 (71.8)

Nosocomial 0.0 (0.0) 20.0 (28.2)

Data in parentheses are percentages.

Table 2. Thoracic CT findings for each type of pneumonia

Findings Influenza virus (n5 30) Streptococcus pneumoniae (n5 71) p-value

Ground-glass attenuation 30 (100.0) 58 (81.7) 0.012

Bronchial wall thickening 14 (46.7) 30 (42.2) NS

Crazy-paving appearance 8 (26.7) 7 (9.9) 0.030

Centrilobular nodules 7 (23.3) 32 (45.1) 0.040

Interlobular septal thickening 3 (10.0) 3 (4.2) NS

Consolidation 0 (0.0) 54 (76.1) ,0.001

Cavity 0 (0.0) 0 (0.0) NS

Mucoid impaction 0 (0.0) 37 (52.1) ,0.001

Pleural effusion 0 (0.0) 17 (23.9) 0.003

Lymph node enlargement 0 (0.0) 4 (5.6) NS

NS, not significant.
Data in parentheses are percentages.
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significantly higher in the S. pneumoniae pneumonia group than
in the influenza virus pneumonia group (p5 0.024).

Effusion and lymph nodes
Pleural effusion was found in 17 of the 71 patients with S.
pneumoniae pneumonia (23.9%), and bilaterally in 11 patients
(15.5%). The frequency of pleural effusion was significantly
higher in patients with S. pneumoniae pneumonia than in those
with influenza virus pneumonia (p5 0.003).

Mediastinal and/or hilar lymph node enlargement was observed
in four patients (5.6%) with S. pneumoniae pneumonia but was
not observed for patients with influenza virus pneumonia. There
was no significant difference between the two groups.

Follow-up study
All 30 patients with influenza virus pneumonia underwent an-
tivirus therapy. All 71 patients with S. pneumoniae pneumonia
underwent antibiotic therapy. For three of the patients with
influenza virus pneumonia, a follow-up CT examination and/or
chest radiography was performed, and abnormal findings
showed improvement. For the remaining 27 patients with in-
fluenza virus pneumonia, their clinical symptoms had improved.
For 64 (90%) patients with S. pneumoniae pneumonia, a follow-
up CT examination and/or chest radiography demonstrated an
improvement in abnormal findings. No deaths were reported for
patients in either of the groups.

DISCUSSION
Seasonal influenza virus is one of the most pandemic infections
globally. Although influenza virus frequently causes severe

pneumonia, which can rapidly progresses to acute respiratory
distress syndrome, the greatest contributor to mortality is sec-
ondary bacterial infections.14–16 The majority of patients who
develop pneumonia are older and have severe comorbid con-
ditions, such as heart disease, chronic obstructive pulmonary
disease, renal disease, diabetes and immunosuppression. How-
ever, serious influenza virus pneumonia has also occurred in
previously healthy patients.

There is strong and consistent evidence of epidemiological and
clinically important interactions between influenza virus and
secondary bacterial respiratory pathogens, particularly S. pneu-
moniae. Influenza virus infection causes the destruction of re-
spiratory epithelium and virus neuramidase activity, which
increases bacterial adhesion to epithelium.17 Moreover, influenza
virus infection leads to the synthesis of virus-activating bacterial
proteases, and the inflammatory responses to viral infection may
upregulate expression of molecules utilized as receptors by
bacteria.17,18 Seki et al19 reported that “immune mediators, in-
cluding cytokines and chemokines, through Toll-like receptor/
mitogen-activated protein kinase pathways, play important roles
in the pathology of co-infection caused by influenza virus and
S. pneumoniae”. Another proposedmechanism, which pre-disposes
the host to S. pneumoniae pneumonia, is influenza-induced Type 1
interferon sensitization to secondary bacterial infection.20 Influenza
virus infection also decreases tracheal mucociliary velocity and initial
S. pneumoniae clearance, which results in an increase in S. pneumo-
niae burden.21

Autopsy findings have widely demonstrated that S. pneumoniae
was the most common bacterial pathogen (29–48%) responsible

Figure 1. Pneumonia caused by seasonal influenza virus (Type

A) in a 41-year-old male, 1 day after the onset of cough and

fever. Transverse CT image (1-mm thickness) of the right upper

lobe shows ground-glass attenuation and bronchial wall

thickening (arrows).

Figure 2. Pneumonia caused by influenza virus (Type A) in

a 59-year-old male, 1 day after the onset of cough and fever.

Transverse CT image (1-mm thickness) of the level of the left

B3 division shows ground-glass attenuation, crazy-paving

appearance and bronchial wall thickening (arrow).
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for superimposed infections in patients with influenza pneu-
monia, followed by Staphylococcus aureus (7–40%).22–26

A number of studies have reported on the radiological findings
in S. pneumoniae pneumonia.6–8 In the present study, our results

demonstrated that CT findings in patients with S. pneumoniae
pneumonia consisted mainly of GGA, consolidation, mucoid
impaction, centrilobular nodules and bronchial wall thickening.
With the exception of frequency of mucoid impaction (no
published data are available), our results were consistent with
those reported elsewhere.6–8

A number of studies on radiologic findings in patients with
novel influenza virus pneumonia were reported. However, there
have been few studies conducted on the radiologic findings of
seasonal influenza virus pneumonia;9–11,27,28 furthermore, no
reports have focused on the differences between seasonal in-
fluenza virus pneumonia and S. pneumoniae pneumonia.

With regard to the radiological findings in seasonal influenza virus
pneumonia, Oikonomou et al9 reported CT findings for four
patients with haematologic malignancies. The CT findings from
that study consisted of GGA, patchy consolidation, centrilobular
nodules and branching linear opacities. Leung et al27 reported on
a single case of influenza virus B pneumonia from 59 cases of
pulmonary infection in bone marrow transplant recipients. The
chest radiograph showed multiple nodules in the middle and lower
zones of both lungs. Information of the radiographic findings of
seasonal influenza virus pneumonia in immunocompetent patients
is also limited. Kim et al10 evaluated CT findings in two patients
and reported that both lungs had areas of multifocal peri-
bronchovascular or subpleural consolidation with GGA. Recently,
Tanaka et al11 compared CT findings in 10 patients with seasonal
influenza virus pneumonia with 19 patients with novel influenza
virus pneumonia. They found that consolidationwasmore frequent

Figure 3. Pneumonia caused by Streptococcus pneumoniae in

a 61-year-old male, 4 days after the onset of fever, cough with

sputum and dyspnoea. Transverse CT image (1-mm thickness)

at the level of the tracheal carina shows consolidation, ground-

glass attenuation and crazy-paving appearance. Interlobular

septal thickening is also present (arrow).

Figure 4. Pneumonia caused by Streptococcus pneumoniae in

a 68-year-old male, 5 days after the onset of cough with

sputum and fever. Transverse CT image (1-mm thickness) of

the left lower lobe shows consolidation, ground-glass attenu-

ation, centrilobular nodules (arrowheads) and mucoid impac-

tion (arrows).

Figure 5. Pneumonia caused by Streptococcus pneumoniae in

a 52-year-old male, 3 days after the onset of cough with

sputum and fever. Transverse CT image (1-mm thickness) of

right lower lobe shows bronchial wall thickening, mucoid

impaction (arrowheads) and centrilobular nodules (arrows).
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in novel influenza virus pneumonia and that reticular opacity oc-
curred more frequently in seasonal influenza virus pneumonia. CT
findings such as consolidation or lymph node enlargement were
more frequently observed in their study, compared with what was
observed in ours. Such discrepancies may have arisen because of the
differences in the interval following the onset of respiratory symp-
toms and CT examinations or the differences in the pathological
phases of diffuse alveolar damage or severities.29 Further studies are
needed to clarify the frequencies of the CTfindings and using a larger
sampling population.

In the present study, we compared the CT findings of seasonal
influenza virus pneumonia with that of S. pneumoniae pneu-
monia. We found that the frequencies of GGA and crazy-paving
appearance were significantly higher in patients with influenza
virus pneumonia compared with S. pneumoniae pneumonia,
whereas the frequencies of consolidation, mucoid impaction,
centrilobular nodules and pleural effusion were significantly
higher in patients with S. pneumoniae pneumonia.

Fujita et al28 reported that on chest CT findings of 12 patients
with influenza virus pneumonia, consolidation could not be
observed from 7 patients with pure influenza virus pneumonia
but could be observed from 5 patients with concurrent bacterial
pneumonia. The results were consistent with those found in the
present study.

In the pathological findings of influenza virus pneumonia,
bronchial and bronchiolar walls are congested, mononuclear
cells infiltrate the lumina and parenchymal changes exhibit
typical features of diffuse alveolar damage.30,31 It has also
been reported that GGA and crazy-paving appearance cor-
related well with the pathological findings of diffuse alveolar

damage.29,32 Therefore, the CT findings of GGA and crazy-
paving appearance would be considerably more frequent in
patients with influenza virus pneumonia than in S. pneumo-
niae pneumonia.

Conversely, S. pneumoniae pneumonia takes the form of lobar
pneumonia, whereby alveolar lumens are filled with exudates
containing leukocytes and alveolar walls are thickened by cap-
illary congestion and oedema.33,34 Therefore, CT findings,
such as consolidation or mucoid impaction, in patients with
S. pneumoniae pneumonia would be more frequently found
than for influenza virus pneumonia.

It should be noted that there are several limitations to this study.
First, this was a retrospective study and CT image interpretation
was performed by consensus. Second, this study included only
a small number of patients; therefore, it might be difficult to
generalize the thin-section CT findings observed in this study as
“characteristic findings”. Third, no correlation with pathological
findings was possible. Fourth, the thin-section CT images were
obtained at several institutions using different protocols. Fi-
nally, CT images in the patients with both influenza virus and
S. pneumoniae could not be evaluated because there was only
one patient available in our institution.

In summary, the CT findings of GGA and crazy-paving ap-
pearance were more frequently found in patients with influenza
virus pneumonia than for patients with S. pneumoniae pneu-
monia, while consolidation, mucoid impaction, centrilobular
nodules and pleural effusion were more frequently found in
patients with S. pneumoniae pneumonia. Consolidation and
mucoid impaction were the most important findings, especially
for discriminating between these two types of pneumonia.
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