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ABSTRACT
Morphologically pneumonia is usually classified into lobar pneumonia, bronchopneu-
monia, and interstitial pneumonia. Chronic pneumonia is also a kind of pneumonia in 
immunocompetent and mildly immunocompromised patients. Specific organisms may 
be involved in community-acquired pneumonia (CAP) according to patients’ age or un-
derlying conditions. The organisms involved in CAP are different from those in hospi-
tal-acquired pneumonia. Mixed pneumonia includes septic pneumonia, lung abscess, 
and focal organizing pneumonia. The role of imaging in pneumonia includes the detec-
tion or exclusion of the presence of pneumonia, narrowing down of differential diagno-
sis of the pneumonia from other lung conditions, planning of further diagnostic proce-
dure, and the assessment of treatment response with follow-up studies. New drugs for 
pneumonia are expected to open a door widely for antibiotic treatment for various 
pneumonias.
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INTRODUCTION

Pneumonia refers to lung inflammation caused by bacterial or viral infection and pathological-
ly to the condition where the alveolar spaces are filled with pus and the lungs become solid. 
The inflammation may affect the both lungs, one lung or only the certain lobe(s).
 The pneumonia can occur in young and healthy people, but the condition is most dangerous 
for elderly people, infants, and patients with other disease(s), and those (immunocompromised 
patients) with impaired immune systems. Pneumonia affects approximately 450 million people 
globally (7% of the population) and results in about 4 million deaths per year [1]. It occurs about 
five times more frequently in the developing countries than in the developed countries. Viral 
pneumonia accounts for about 200 million cases. In the United States, approximately one mil-
lion people are treated in the hospital for pneumonia in each year, and about 50 thousand peo-
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ple die of the disease. The disease is the leading cause of 
death owing to infection in children <5 years of age world-
wide, and pneumonia and influenza together are ranked as 
the eighth leading cause of death in the United States [2].
 The pneumonia start with symptoms similar to those of 
cold and flu, then a high fever, chills and cough, and sputum 
follow. Other symptoms include chest pain, tachycardia, 
nausea and vomiting, headache, muscle pain, confusion or 
delirium, or skin discoloration and cyanosis. These symp-
toms may vary depending on the type of pneumonia and 
other underlying conditions.
 The clinical, morphologic, and pathologic findings have 
been well known. However, still it is difficult to make an ac-
curate diagnosis of pneumonia particularly regarding caus-
ative organisms related to the morphologic pneumonia. 
Meanwhile, the incidence of chronic pneumonia is increasing 
as a manifestation of pneumonia in mild immunocompro-
mised patients. The aim of this review was to update the in-
formation on pneumonia focused on imaging features and 
new antibiotic agent in the diagnosis and treatment of pneu-
monia in the era of personalized medicine.

Settings of pneumonia development 
Community-acquired pneumonia 
Community-acquired pneumonia (CAP) is acquired in the 
community, outside of health care facilities. Compared with 
healthcare-associated pneumonia (HCAP), it is less likely to 
involve multidrug-resistant bacteria. Although the latter are 
no longer rare in CAP, they are still less likely. The mortality of 
CAP in cases of outpatients is reported to be 1% to 5%, where-
as that in CAP necessitating hospitalization is reported to be 
as high as 25% [3,4].

Healthcare-associated pneumonia 
HCAP is an infection associated with recent exposure to the 
health care system, including hospital, outpatient clinic, nurs-
ing home, dialysis center, chemotherapy treatment, or home 
care [3,4].

Hospital-acquired pneumonia (also called nosocomial 
pneumonia)
Hospital-acquired pneumonia (HAP) is acquired in a hospital, 
specifically, pneumonia that occurs 48 hours or more after ad-
mission, which was not incubating at the time of admission. It 
is likely to involve hospital-acquired infections, with higher risk 
of multidrug- or extensively drug-resistant pathogens. The HAP 
may contain HCAP and ventilator-associated pneumonia [5].

Ventilator-associated pneumonia
Ventilator-associated pneumonia occurs in people breathing 
with the help of mechanical ventilation. Ventilator-associat-
ed pneumonia is specifically defined as pneumonia that aris-
es more than 48 to 72 hours after endotracheal intubation.

Incidence of pathogens
CAP in patients of <60 years of age and without comorbidity 
Streptococcus pneumoniae, Mycoplasma pneumoniae, re-
spiratory viruses, Hemophilus influenzae, Chlamydia pneu-
moniae, and Legionella species are the most frequent organ-
isms involved [6].

CAP in patients of >60 years of age or with comorbidity 
S. pneumoniae, respiratory viruses, H. influenzae, aerobic 
gram-negative bacilli, and Staphylococcus aureus are the 
most frequently involved organisms [7].

Incidence of pathogens in pneumonia requiring hospital-
ization
They are S. pneumoniae, H. influenzae, polymicrobial organ-
isms, anerobic gram-negative bacilli, Leginella species, S. au-
reus, C. pneumoniae, and respiratory viruses.

Hospital-acquired pneumonia
Gram-negative organisms including Pseudomonas aerugino-
sa, enterobactor species, Klebsiella pneumoniae, Escherichia 
coli, and H. influenzae account for approximately 60% of in-
volved organisms; gram-positive bacilli including S. aureus 
and S. pneumoniae are involved in about 20% of infection; 
and fungi are involved approximately in 5% of HAP. 

CLASSIFICATION

Morphologic classification
Pulmonary infection can also be classified into several radio-
logic and pathologic patterns according to its morphologic 
features. The three most common patterns are lobar pneu-
monia, bronchopneumonia, and interstitial pneumonia. Less 
common forms of infection include cellular bronchiolitis, 
septic embolism, miliary infection, and lung abscess. Be-
cause less common forms of infectious condition shall be 
dealt with the subheading of mixed infection, the three most 
common patterns are described here.

Lobar pneumonia
Lobar pneumonia is characterized histopathologically by fill-
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ing of alveolar airspaces by an exudate of edema fluid and 
neutrophils. This filling is usually uniform within the affected 
lung and typically extends across pulmonary segments. The 
consolidation usually begins in the periphery of the lung adja-
cent to the visceral pleura, and spreads via interalveolar pores 
and small airways centripetally, sometimes to involve the en-
tire lobe. Bronchi that remain filled with gas and become sur-
rounded by the expanding inflammatory exudate are often 

seen as air bronchograms on computed tomography (CT) 
scans. The most common causative organisms are S. pneu-
moniae, K. pneumoniae (Fig. 1), and Legionella pneumophila.
 On CT scans, homogeneous airspace consolidation involv-
ing adjacent segments of a lobe is the predominant finding. 
On high-resolution computed tomography (HRCT), areas of 
ground-glass opacities (GGOs) denoting incomplete filling of 
alveoli can be seen adjacent to the airspace consolidation 

Fig. 1. Klebsiella pneumonia in a 62-year-old woman. (A) Mediastinal window image of enhanced computed tomography (CT) scan (2.5-mm-
section thickness) obtained at level of liver dome shows dense lobar consolidation in both lower lobes containing multi-focal areas of 
necrotic low-attenuation areas (arrows). (B) Coronal-reformatted (2.0-mm-section thickness) image demonstrates necrotic (arrows) lobar 
consolidation involving both lower lobes. Also note CT-angiogram signs (open arrows).

A B

Fig. 2. Computed tomography (CT) morphology of bronchopneumonia in community-acquired pneumonia in a 22-year-old woman. (A) 
Lung window image of CT scans (2.5-mm-section thickness) obtained at level of left basal trunk shows bronchopneumonia comprised of 
variable-sized ground-glass opacity lesions (arrows) and small ground-glass opacity nodules (arrowheads) along bronchovascular bundles. 
Please note poorly-defined nature of lesions. (B) Coronal-reformatted (2.0-mm-section thickness) image demonstrates same-natured 
ground-glass opacity lesions (arrows) and nodules (arrowhead).

A B
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(Fig. 1) [8]. The consolidation typically extends across lobular 
and segmental boundaries.
 Segmental or lobar form of tuberculous pneumonia may 
occur in adults; in acquired immune deficiency syndrome 
(AIDS) or non-AIDS immunocompromised patients including 
pregnant women, elderly, diabetes, alcoholics, and trans-
planted patients. Multiple small cavities may be shown with-
in the consolidative lesion [9,10].

Bronchopneumonia
Bronchopneumonia is characterized pathologically by patchy, 
predominantly peribronchiolar inflammation. The reason 
why this localization is different from lobar pneumonia is un-
clear, but may be related to relatively less abundant edema 
formation (associated with more difficult spread of infection 
within the lung) and more virulent organisms (resulting in 
greater tissue destruction) in bronchopneumonia. Although 
initially patchy, progression of disease may result in lobular 
and segmental consolidation. The main causative organisms 
are S. aureus, H. influenzae, P. aeruginosa, and anaerobic 
bacteria. 
 Characteristic findings on HRCT include centrilobular 
small nodules and branching nodular structures, airspace 
nodules, and multi-focal lobular consolidation or GGO (Figs. 
2, 3) [8]. The small nodules and branching linear opacities re-
sult in an appearance resembling a tree-in-bud and are relat-
ed to the presence of the inflammatory exudate in the lumen 
and walls of membranous and respiratory bronchioles and 
the lung parenchyma immediately adjacent to them. This 

appearance is similar to cellular bronchiolitis caused by vi-
ruses, M. pneumoniae and Chlamydia [8,11]. Unlike the latter 
(atypical pneumonias), however, the tree-in-bud pattern in 
bacterial bronchopneumonia usually comprises only a small 
proportion of the HRCT abnormalities. In addition, thicken-
ing of bronchovascular bundles is more frequently observed 
in atypical pneumonia, in which individual opacity tend to be 
distributed at the inner zone in addition to the middle and 
outer zones and be recognized smaller than those of bacteri-
al pneumonias [8].
 Pulmonary tuberculosis (TB) also presents with prototypi-
cal morphologic dense (much denser [Fig. 4] than ordinary 
bacterial pneumonia) bronchopneumonia. On CT, the lesion 
consists of tree-in-bud pattern, acinar nodule, lobular con-
solidation, and cavitating or noncavitating nodules or sub-
segmental or segmental consolidation. Bronchial wall thick-
ening may be associated [9]. Clustering of tree-in-bud sign 
may result in CT-galaxy sign (Fig. 4).

Interstitial pneumonia
Interstitial pneumonia is characterized histologically by a 
mononuclear inflammatory cell infiltrate in the alveolar sep-
ta and interstitial tissue surrounding small parenchymal ves-
sels (Fig. 5). The most common causes are M. pneumoniae, 
viruses, and Pneumocystis jirovecii. 
 The followings are common pathologic findings in viral 
pneumonia: viruses can result in several pathologic forms of 
low respiratory tract infection including tracheobronchitis, 
cellular bronchiolitis, and pneumonia. Because viral organ-

Fig. 3. Computed tomography (CT) morphology of bilateral bronchopneumonia in community-acquired pneumonia in a 20-year-old man. 
(A, B) Lung window images of CT scans (2.5-mm-section thickness) obtained at levels of azygos arch (A) and right upper lobar bronchus (B), 
respectively, depict ground-glass opacity lesions (arrows) in subpleural or subfissural location or along bronchovascular bundles and 
ground-glass opacity nodules (arrowheads) along bronchovascular bundles in both lungs. Also note poorly-defined nature of abnormalities.

A B
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isms replicate within tissue cells, the most prominent histo-
logic changes are observed in the epithelium and adjacent in-
terstitium. In tracheobronchitis, airway walls are congested 
and lumen contains mononuclear cell infiltrates. Degenera-
tion and desquamation of the epithelial cells are seen. Cellular 

(inflammatory) bronchiolitis, particularly important in chil-
dren, appears with epithelial necrosis, neutrophilic exudate in 
the airway lumen, and predominantly mononuclear infiltrates 
in its wall. Parenchymal involvement, the pneumonia, starts 
with the involvement of the lung adjacent to the terminal and 

A CB

Fig. 4. Computed tomography (CT) morphology of dense bronchopneumonia in active pulmonary tuberculosis in a 56-year-old man. (A) 
Lung window image of CT scan (2.5-mm-section thickness) obtained at level of great vessels arising from aortic arch demonstrates 
combined lesions of dense opacity (arrows) and branching small nodular lesions (arrowheads) in right upper lobe. Please note dense 
nature of lesions differently from lesions of community-acquired pneumonia (Figs. 2, 3). (B) Coronal reformatted (2.0-mm-section 
thickness) image depicts same-natured dense opacity lesions (arrows) and branching small nodules (arrowheads). (C) Gross pathologic 
specimen discloses tuberculosis lesions comprised of dense consolidation (arrows) and small branching nodules (arrowheads).

Fig. 5. Interstitial-pneumonia pattern in adenoviral pneumonia in a 
44-year-old immunocompetent woman. (A) Lung window image of 
computed tomography (CT) scan (2.5-mm-section thickness) obt-
ained at level of right inferior pulmonary vein shows patchy areas of 
parenchymal opacity distributed along bronchovascular bundles 
(arrowheads) or subpleural lungs (arrows). (B) CT scan obtained at 
level of basal trunk demonstrates more extensive parenchymal opacity 
in both lungs. (C) Low-magnification photomicrograph (H&E stain) of 
surgical lung biopsy specimen obtained in superior segment of right 
lower lobe discloses multifocal consolidation (arrows) with intra-
alveolar fibrin exudate and interstitial widening (arrowheads) owing 
to fibroblastic proliferation and lymphocyte infiltration.
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respiratory bronchioles; however, extension throughout the 
lobule may occur (Fig. 5). Rapidly progressive pneumonia may 
occur particularly in the elderly and in immunocompromised 
patients where the lungs histologically show diffuse alveolar 
damage (Fig. 5) comprising interstitial lymphocyte infiltration, 
airspace hemorrhage, edema and fibrin, type 2 cell hyperpla-
sia, and hyaline membrane formation [12].
 Viral pneumonia manifest radiologically as poorly-defined 
nodules (airspace nodules of 4 to 10 mm in diameter) and 
patchy areas of peribronchial GGO and airspace consolida-
tion (Fig. 5). Because of the associated cellular bronchiolitis, 
hyperinflation is commonly present [12-14]. Progressive 
pneumonia shows the rapid confluence of consolidation 
leading to diffuse alveolar damage, consisting of homoge-
neous or patchy unilateral or bilateral airspace consolidation 
and GGO or poorly-defined small centrilobular nodules [12].
 
Pattern approach in pneumonia
The con of pattern approach lies in the fact that such ap-
proach helps to design targeted antibiotic treatment or ex-
perimental and presumed antibiotic treatment. However, 
the pros of such approach may include (1) overlap of caus-
ative organisms causing a certain pattern of pneumonia, (2) 

changes in presenting pattern of pneumonia according to 
patients’ immunity, and (3) changes in the manifesting pneu-
monia pattern related to pre- or co-existing lung disease. 

Pattern approach in diffuse pneumonia
CT parenchymal lung abnormalities in diffuse pneumonia 
may be classified into three main patterns according to the 
distribution and patterns of the lung abnormalities; crypto-
genic organizing pneumonia (OP) (Fig. 6), acute interstitial 
pneumonia (AIP) (Fig. 5), and bilateral extensive broncho-
pneumonia. This classification may help stratify patients 
with viral pneumonia in terms of their prognoses. In a partic-
ular viral pneumonia (influenza A [H1N1] pneumonia), pa-
tients with bronchopneumonia pattern have a tendency to 
belong to the mild illness group, whereas patients with AIP 
pattern show more severe clinical course in their outcome 
[8,15,16]. According to one study, CT findings in patients hav-
ing a mild pneumonia course consist mainly of inflammatory 
lesions involving large or small airways with focal centrilobu-
lar small nodules with tree-in-bud sign and bronchiolar wall 
thickening [17]. Fatal cases of the same pneumonia present 
as areas of consolidation with or without GGO on CT scans 
(AIP pattern) and the abnormalities are pathologically cor-

Fig. 6. H1N1 viral pneumonia manifesting as organizing pneumonia 
pattern on computed tomography (CT) scans in a 52-year-old immun-
ocompetent woman. (A, B) Lung window images of CT scan (2.5-mm-
section thickness) obtained at levels of right basal trunk (A) and liver 
dome (B), respectively, demonstrate patchy and wide areas of pare-
nchymal opacity and poorly-defined nodules (arrowheads) showing 
their distribution along bronchovascular bundles or along subpleural 
lungs. (C) Coronal reformatted (2.0-mm-section thickness) image 
depicts more clearly patterns and distribution of lung lesions, namely 
organizing pneumonia pattern (parenchymal opacity and poorly-
defined nodules along bronchovascular bundles or subpleural lungs).
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related with diffuse alveolar damage [18]. Therefore, it seems 
that pattern and extent of lung lesions observed at CT in viral 
pneumonias may be a determining factor for predicting pa-
tient’s clinical course and prognosis [8].
 The radiologic findings of adult viral pneumonias are vari-
able and overlapping (Table 1). Specific organism diagnosis 
of a viral pneumonia cannot be made on the basis of imaging 

features alone. Clinical features such as patient age, immune 
status, time of year, illness in other family members, commu-
nity outbreaks, onset, severity, duration of symptoms, and 
the presence of a rash remain as important aids in diagnos-
ing viral causes of both atypical pneumonia and pneumonia 
in immunocompromised patients [12]. 

Table 1. Summary of computed tomography findings in viral pneumonias  

Centrilobular  
nodules

GGO with lobular 
distribution

Segmental  
consolidation

Thickened  
interlobular septae

Diffuse GGO

Influenza +++ +++ +

Measles ++ + + + +

Hantavirus ++ + +++

Adenovirus ++ + +++

HSV + +++ +++ +

VZV +++ +

CMV ++ ++ + + ++

EBV + + + +

Reprinted from Kim et al., with permission from Radiological Society of North America [5].     
GGO, ground-glass opacity; HSV, herpes simplex virus; VZV, varicella-zoster virus; CMV, cytomegalovirus; EBV, Epstein-Bar virus.

Fig. 7. Septic lung manifesting as multiple peripheral nodules or mu-
ltifocal areas of consolidation in both lungs in a 47-year-old man. (A, 
B) Lung window images of computed tomography scans (2.5-mm-
section thickness) obtained at levels of aortic arch (A) and segmental 
bronchi in lower lobe (B), respectively, demonstrate multiple variable- 
sized nodules (arrows in A) and areas of variable-sized (acinus or 
lobule size) consolidation (arrowheads in B) in both lungs. (C) Low-
magnification photomicrograph (H&E stain) of pathologic specimen 
obtained from right upper lobe using video-assisted thoracoscopic 
surgery disclose organizing abscess nodule (arrows). 
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MIXED PNEUMONIA

Septic pneumonia
The source of infectious emboli includes infected cardiac 
valves, septic thrombophlebitis, and infected venous cathe-
ter or pacemaker. The pneumonia is caused by the obstruc-
tion of pulmonary arteries with infected emboli. 

 CT findings of septic pneumonia consist of multiple sub-
pleural nodules of 5 to 30 mm in diameter, feeding vessel 
sign (trace of vessels to the parenchymal lesions [usually 
nodules]), cavitation of the nodules, air-bronchogram signs 
within the nodules, and pleural extension of the lesions with 
effusion (Fig. 7).
 K. pneumoniae, S. aureus, and Streptococcus viridans are 

Fig. 8. Miliary tuberculosis in a 71-year-old man. (A) Chest radiograph 
obtained in April 2016 shows small millet-sized (1 to 3 mm in dia-
meter) nodules in both lungs. (B) Follow-up radiograph obtained in 
June 2016 demonstrates that millet-sized nodules have become 
larger and coarser. (C, D) Lung window images of computed tom-
ography scans (1.5-mm-section thickness) obtained at levels of right 
upper lobar bronchus (C) and bronchus intermedius (D), respectively, 
depicts small millet-sized relatively well-defined nodules involving 
the whole lungs with random distribution, i.e., distributed along the 
pleurae and fissures (arrowheads), bronchovascular bundles (arrows) 
and haphazardly in the lung parenchyma. (E) Low-magnification 
photomicrograph (H&E stain) of pathologic lung specimen obtained 
via transbronchial lung biopsy disclose multiple granulomas (arrows) 
showing internal caseation necrosis.

A B
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common organisms isolated in septic pneumonia. Even 
though the pathogens of septic pneumonia are diverse de-
pending on the primary foci of infection, early diagnosis and 
prompt antimicrobial therapy can result in successful treat-
ment outcome [19].

Miliary infection
Miliary infection of the lung occurs by seeding of microorgan-
isms present in the blood; free microorganisms per se rather 
than those in fragments of thrombus as in septic pneumonia. 
Because the microorganisms are minute in size, they lodge 
within pulmonary capillaries which are present throughout 
the whole lung. Spread of the microorganisms to the adja-
cent alveoli and consequent inflammatory reaction tend to 
demonstrate the distribution of infection randomly in the 
lung parenchyma (Fig. 8).
 The most common organism responsible for a miliary pat-
tern is Mycobacterium tuberculosis. The small granulomas 

developing in relation to the minute foci of infection tend to 
be well delineated, resulting in a distinct nodular appearance 
both pathologically and radiologically (Fig. 8). The character-
istic imaging findings consist of nodule, 1 to 3 mm in diame-
ter, randomly distributed throughout both lungs [20,21].

Lung abscess
Lung abscess is defined as a liquefactive necrotic lung tissue 
caused by microbial infection where cavities (usually greater 
than 20 mm in diameter) are contained with necrotic debris 
and fluid (Fig. 9). The sources of microbial infection include 
the aspiration of oral flora, necrosis within antecedent pneu-
monia, central malignancy causing obstructive pneumonia, 
septic emboli, and penetrating trauma. The common loca-
tions of lung abscess are the posterior segment of right up-
per lobe, superior segment of the right lower lobe, superior 
segment of the left lower lobe and the posterior basal seg-
ment of the left lower lobe (Fig. 9).

Fig. 9. Lung abscess in a 21-year-old man. (A) Chest radiograph shows a large mass in left lower lung zone containing air-fluid level (arrows) 
within the lesion. (B) Mediastinal window image of computed tomography (CT) scan (2.5-mm-section thickness) obtained at level of liver dome 
demonstrates multiloculated cavitary lesion having enhancing wall (open arrows) and internal air-fluid level (arrows) within the lesion. (C) 
Coronal reformatted (2.0-mm-section thickness) image depicts abscess cavity having enhancing wall (open arrows). Also note surrounding 
area of consolidation containing CT air-bronchogram sign (arrowhead) within it medial to the cavitary lesion. (D) High-magnification of 
pathologic specimen (H&E stain) obtained from necrotizing bronchopneumonia with abscess discloses neutrophilic abscess (arrows), fibrin 
and necrotic debris (arrowheads) and consolidation in surrounding lung (open arrows) from inner to outer aspect of the cavitary lesion.

A B
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 Gross pathology shows central suppuration and surrounding 
wall of fibrous and granulation tissue. On CT, the abscess pres-
ents as a cavity with irregular and thick wall (Fig. 9). The cavity 
wall shows enhancement supplied by the bronchial artery on 
enhanced scans. The cavity may rupture into the pleural cavity 
with resultant pleural effusion (usually multiloculated).
 In pre-antibiotic era, anaerobes were found in up to 90% of 
cases, but nowadays they are much less frequent. Aerobic 
bacteria such as Staphylococcus, Klebsiella, and Hemophilus 
are also frequently involved. Broad-spectrum antibiotics to 
cover mixed flora is the mainstay of treatment. Most cases 
respond to antibiotics and prognosis is usually excellent un-
less there is a debilitating underlying condition. Mortality 
from lung abscess alone is around 5% and is improving.

Focal organizing pneumonia
Focal OP is defined as unresolving pneumonia or pneumonia 
with delayed resolution. With antimicrobial treatment, pneu-
monia usually resolves within 4 weeks after its initial mani-
festation on chest radiograph. However, in about 5% to 10% 

of patients, the pneumonia remains unresolved [22].
 Focal OP appears as a nodule or mass, ranging in their diam-
eter from 9 to 66 mm, with various (smooth, lobulated, or lob-
ulated and speculated) contours (Fig. 10). The focal OP may 
simulate a lung cancer with diverse appearances on CT [23].

Chronic pneumonia
Chronic pneumonia is an illness that lasts at least 6 weeks 
and is caused by a microorganism. The pneumonias are usu-
ally caused by slow-glowing organisms, such as fungi or my-
cobacteria. Occasionally, chronic pneumonias cannot be di-
agnosed, even when lung biopsy specimens ware cultured 
or studied histopathologically [24].

Cryptococcosis
Cryptococcus neoformans is a ubiquitous encapsulated yeast-
like fungus that is found worldwide; particularly in soils that 
are contaminated with pigeon excreta and decayed wood 
[25]. Inhalation of cryptococcal particles into the lungs is a 
route of pulmonary infection, and subsequent hematoge-

Fig. 10. Organizing pneumonia in a 69-year-old man. (A) Lung window 
image of computed tomography (CT) scan (2.5-mm-section thickness) 
obtained at level of supra-hepatic inferior vena cava sows an oval soft 
tissue mass surrounded by ground-glass opacity (arrows) in right 
lower lobe. (B) Fludeoxyglucose (FDG) positron emission tomography 
/CT obtained at similar level to (A) demonstrates similar FDG uptake 
(arrow) to mediastinal blood pool uptake, suggesting rather benign 
nature of the lesion. (C) Low-magnification of photomicrograph (H&E 
stain) of pathologic specimen obtained with video-assisted thoracos-
copic surgery discloses consolidative lung lesion comprised of varying 
extent of organizing fibrosis and chronic inflammation (inset: airway 
walls showing peribronchiolar lymphocyte infiltration [arrows in 
inset] without cellular uniformity). 
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nous dissemination may cause central nervous system infec-
tion [25,26].
 Pulmonary cryptococcosis is an indolent lung disease in 
non-AIDS patients that is slowly progressive in nature, even 
without adequate treatment. Moreover, it does not show a 
rapid resolution of the lung abnormalities even with antifun-
gal therapy. 
 The disease may appear with various patterns of lung le-
sions; however, a multiple clustered-nodular pattern, local-
ized to a lung lobe, is the most common abnormality (Fig. 
11). In half of the cases, the disease appeared in patients with 
underlying disease, in which most of the patients have an ex-
tra-thoracic malignant condition. Therefore, when lung le-

sions show clustered or scattered nodules of an indolent na-
ture, pulmonary cryptococcosis should be considered in the 
differential diagnosis, even for a patient with an extrathorac-
ic malignancy. The lesions may show high 18F-fludeoxyglu-
cose (18F-FDG) uptake and may thus simulate a malignant 
lung condition at positron emission tomography (PET). Al-
though clinical improvement can be achieved in all patients, 
radiological improvement is slow, even after antifungal ther-
apy. Moreover, lung lesions may persist for a long time, 
showing a divergence from the clinical response [25].
 
Actinomycosis
Thoracic actinomycosis is a chronic suppurative pulmonary 

Fig. 12. Actinomycosis in an 80-year-old man. (A) Mediastinal window image of computed tomography (CT) (2.5-mm-section thickness) scan 
obtained at levels of cardiac ventricle shows a nodule harboring central geographic necrosis (arrow) in right middle lobe. (B) Coronal-
reformatted (2.0-mm-section thickness) CT image demonstrates same lesion containing necrotic area (arrow). (C) High-magnification 
photomicrograph (H&E stain) of surgical specimen obtained with video-assisted thoracoscopic surgery discloses abscess having basophilic 
material within cavity (proved to be sulfur granule with special staining, arrow). Also note cavity wall (open arrows) and surrounding 
organizing pneumonia (circle).

A CB

Fig. 11. Cryptococcosis in a 60-year-old immunocompetent man. (A) Lung window image of computed tomography scans (2.5-mm-section 
thickness) obtained at level of segmental bronchi shows poorly-defined nodules (arrows) in left lower lobe. (B) Coronal-reformatted 
(2.0-mm-section thickness) image demonstrates nodular clustering in superior segment of left lower lobe.
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or endobronchial infection caused by Actinomyces israelii, a 
gram-positive anaerobic organism. Actinomyces infection 
typically follows aspiratin of endogenous organisms of the 
oropharynx into the lungs in persons with poor oral hygiene 
or from extension of cervicofacial infection. The clinical man-
ifestations of pulmonary actinomycosis are productive cough, 
low-grade fever, and blood tinged sputum. The prognosis is 
generally good, provided that the infection is recognized and 
appropriate antibiotic therapy is instituted [27].
 The typical CT feature of parenchymal actinomycosis is a 
chronic segmental air-space consolidation containing necrotic 
low-attenuation areas with frequent cavity formation (Fig. 12) 
[27]. A broncholith can be secondarily infected with Actinomy-
ces organisms, resulting in endobronchial actinomycosis. It 
usually manifests as a proximal endobronchial calcification 
associated with distal obstructive pneumonia (Fig. 13) [28].

Table 2. Diagnostic criteria of CNPA and CCPA 

CNPA CCPA

Clinical 1–3-month history of chronic pulmonary symptoms 
 or chronic illness

Three month history of chronic pulmonary symptoms 
 or chronic illness

Radiological Chronic parenchymal opacity, subsequent progressive 
 cavitation, and consequent aspergilloma within cavity

Progressive radiological abnormalities, with cavity, pleural thickening, 
 pericavitary infiltrates, and sometimes a fungus ball

Laboratory Positive Aspergillus galactomannan antigen in blood 
 or respiratory fluid

Aspergillus IgG antibody elevated, or other microbiological data

Based on Infectious Diseases Society of America (IDSA) criteria.      
CNPA, chronic necrotizing pulmonary aspergillosis; CCPA, chronic cavitary pulmonary aspergillosis; IgG, immunoglobulin G. 

Chronic pulmonary aspergillosis
The Infectious Diseases Society of America (IDSA) have pro-
posed three major subtypes of chronic forms of pulmonary 
aspergillosis, namely chronic necrotizing pulmonary aspergil-
losis (CNPA; categorized in subacute invasive form of aspergil-
losis or subacute invasive pulmonary aspergillosis), chronic 
cavitary pulmonary aspergillosis (CCPA), and aspergilloma 
[29]. Updated IDSA guidelines have indicated that the differ-
ences between CNPA and CCPA include prolonged time frame 
(CNPA, 1 to 3 months vs. CCPA, >3 months) (Table 2).
 When chronic parenchymal opacity, subsequent progres-
sive cavitation, and consequent aspergilloma formation are 
serially seen, the diagnosis of CNPA may be made (Fig. 14). 
Conversely, when pre-existing cavities are subsequently be-
ing surrounded by peri-cavitary opacity with or without as-
pergilloma, the diagnosis of CCPA could be made [30].

A B

Fig. 13. Bronchial actinomycosis associated with broncholithiasis in a 70-year-old woman. (A) Mediastinal window image of computed 
tomography scan (2.5-mm-section thickness) obtained at level of left atrium shows low-attenuation soft-tissue lesion (arrows) containing 
calcific attenuation (arrowhead) within it in left lower lobe. (B) Low-magnification photomicrograph (H&E stain) of surgical specimen 
obtained with video-assisted thoracoscopic surgery discloses dilated bronchus harboring a broncholith covered with inflammatory cell 
exudate and bacterial colonies with sulfur granule (arrows).
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 Patients with chronic pulmonary aspergillosis are 60 years 
in their mean age (interquartile range, 45 to 65 years), and 
show male predominance (approximately 80%). The most 
common underlying lung disease is pulmonary TB that is 
seen in more than 90% of the patients [31].

THE ROLE OF IMAGING IN PNEUMONIA

The main role of imaging lies in the detection or exclusion of 
the presence of pneumonia. Other roles include narrowing 
down of differential diagnoses of pneumonia regarding caus-
ative organisms involved. Further diagnostic approach may 
be enlightened by observing initial imaging findings. The re-
sponse to antibiotic therapy may be evaluated by observing 
follow-up imaging studies.

ANTIBIOTIC THERAPY

Etiologic diagnosis is important for choosing appropriate an-
tibiotics to treat pneumonia. Etiologic diagnosis is often diffi-
cult even though the development of imaging and microbio-
logic diagnostic techniques. Antibiotic treatment should be 
empirically started against pathogens presumed based on 
clinical manifestations and imaging patterns before microbi-
ologic results are available. The current paradigm for man-
agement of serious hospital-associated infections is to initi-
ate empiric therapy with a broad-spectrum regimen covering 
likely pathogens, based on local surveillance and susceptibil-
ity data, and presence of risk factors for involvement of a re-
sistant microorganism. Subsequent modification (de-escala-
tion) of the initial regimen become possible later, when cul-
ture results are available and clinical status can be better as-

Fig. 14. Chronic necrotizing pulmonary aspergillosis in a 75-year-
old man. (A) Lung window image of computed tomography scan 
(2.5-mm-section thickness) obtained at level of aortic arch shows 
parenchymal consolidation (arrows) containing internal nodule 
with surrounding air-crescent sign (arrowheads) in left upper lobe. 
Also note emphysematous upper lobes. (B) Gross pathologic 
specimen obtained with left upper lobectomy demonstrates dense 
consolidation and fibrosis (C). Within consolidation, irregular-
shaped cavity (arrows) contains internal fungus ball (FB). (C) High-
magnification photomicrograph (H&E stain) discloses fungal 
organisms and mucus (open arrows) within cavity. Also note 
dense fibrosis and inflammation (arrows) in cavity wall.
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sessed, 2 to 4 days after initiation of empiric therapy [32].
 Ampicillin, amoxicillin, ceftriaxone, cefotaxime, and respi-
ratory fluoroquinolones (levofloxacin, moxifloxacin) are rec-
ommended treatment agents for S. pneumoniae, the most 
common pathogen causing CAP. Macrolides (azithromycin, 
clarithromycin) and respiratory fluoroquinolones are treat-
ment options for atypical pneumonia [33]. When fluoro-
quinolone (a critical component of antituberculous drug reg-
imens for multidrug-resistant TB) is selected, the possibility 
of TB should be excluded, because exposure to fluoroquino-
lone prior to the diagnosis of TB has been associated with 
fluoroquinolone resistance, particularly when the fluoro-
quinolone exposure occurs >60 days before TB diagnosis 
and for longer than 10 days [34].
 New antibiotics having activity against pathogens resistant 
to conventional antibiotics have been developed: anti-MRSA 
(methicillin-resistant S. aureus) cephalosporins (ceftaroline, 
ceftobiprole), β-lactams active against resistant Pseudomo-
nas (ceftolozane/tazobactam, ceftazidime/avibactam), new 
carbapenems (tomopenem, razupenem, imipenem/relebac-
tam), a novel aminomethylcycline agent (omadacycline), etc. 
Intrapulmonary penetration of antibiotics should be consid-
ered in the management of pneumonia. Daptomycin is well 
known not to be used to treat pneumonia owing to the diffi-
culty of lung penetration of the antibiotics [35]. Regardless of 
initial antibiotics, coverage should be narrowed down on the 
basis of susceptibility test results of isolated pathogens. 
 The conventional 10- to 14-day treatment duration is anec-
dotal patterns of behavior, not supported by evidence. Re-
cent guidelines recommend 5- to 7-day treatment based on 
studies showing that a period shorter than 7 days was as ef-
fective as longer duration of therapy for mild to moderate 
CAP [33]. Many adjunctive therapeutic agents including corti-
costeroids, statins, immunoglobulins, granulocyte colo-
ny-stimulating factors, probiotics, and anticoagulants did 
not show a significant role in pneumonia therapy.
 For the viral pneumonia, supportive management is the 
main therapy. Since several specific antiviral agents are avail-
able (oseltamivir or peramivir for influenza, ribavirin for re-
spiratory syncytial virus [RSV], and cidofovir for adenovirus), 
detection of these viruses is important [36]. Studies on the 
efficacy of novel antiviral drugs are ongoing.

CONCLUSION

The imaging features of pneumonias caused by various or-
ganisms are overlapping. Morphologic classification of pneu-

monia may help differentiate pneumonias induced by di-
verse organisms. CT clearly demonstrates the presence of 
pneumonia and help morphologic classification of the pneu-
monia. HAP present with complicated imaging findings and 
should be differentiated from various lung conditions. 
Chronic indolent nature both in evolution and improvement 
may suggest the presence of chronic pneumonia such as 
cryptococcosis, actinomycosis, or CNPA or CCPA. Invasive di-
agnostic procedure may be needed to make a definite diag-
nosis of pneumonia and its causative organisms. 
 New antibiotics having activity against pathogens resistant 
to conventional antibiotics have been developed. The con-
ventional 10- to 14-day treatment duration is anecdotal pat-
terns of behavior, and recent guidelines recommend 5- to 
7-day treatment for mild to moderate CAP with evidence- 
based studies. Since several specific antiviral agents are 
available (oseltamivir or peramivir for influenza, ribavirin for 
RSV, and cidofovir for adenovirus), detection of these viruses 
is important.
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