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Summary

Many pathogens can infect the lungs and cause pneumonia in immunocompetent patients. These
agents include bacteria, but also viruses, fungi and parasites. Recognising the radiological patterns
on chest X-rays and CT scans is crucial to identifying the causative pathogens and possible
complications, and thus improving the clinical management strategy. An accurate approach
facilitates the administration of effective therapies, which can significantly improve the patient’s
pPrognosis.

Resumen

Multiples agentes patdgenos pueden infectar el pulmdn y desencadenar neumonia en pacientes
inmunocompetentes. Estos agentes incluyen principalmente bacterias, pero también virus,
hongos vy parasitos. El reconocimiento de los patrones radioldgicos en radiografias y tomografias
computarizadas del torax es crucial para identificar los patdgenos causantes, asi como las posibles
complicaciones y optimizar la estrategia clinica del tratamiento. Una aproximacion precisa facilita
la administracion de terapias efectivas, lo que puede mejorar significativamente el prondstico del
paciente.

pneumonia acquired more than 48 hours after endo-
tracheal intubation (2, 3).

Introduction
Pneumonia is the leading cause of death from
infectious diseases worldwide and the sixth leading

Physiopathology

cause of overall mortality (1). It is defined as inflam- . . . .
. . . o . There are four main mechanisms involved in
mation of the air spaces and/or interstitium, associated o
. . . . lung defense: the cough reflex, mucociliary clearan-
with symptoms of infection and an acute infiltrate . .
. . ce, IgA-containing mucus production, and humoral

on a chest X-ray (1, 2). Risk factors include adults, . . .
. . ) immunity (as measured by complement activity) and
children under 5 years of age, immunocompromised . . . .
. o . cell-mediated immunity (2). Infection occurs when
patients, and comorbidities (COPD, heart failure, . . .
0 . . ; one of these mechanisms is compromised or when
chronic kidney disease, diabetes mellitus, etc.). . . . . .
the infectious load is very high (2). For pneumonia

to develop, the pathogen must reach the alveoli,

Clinical classification of and the host’s defenses must be overcome by the

pneumonia

Community-acquired pneumonia is pneumonia
acquired outside the hospital, in the community set-
ting (2). Hospital-acquired pneumonia is pneumonia
acquired more than 48 hours after admission, and

microorganism’s virulence. Routes of entry include
inoculation through the tracheobronchial tree via
droplets or aerosols, aspiration of oropharyngeal
secretions, or by direct contact.

hospitalization is always required for it to be clas-
sified as such (this does not include long-term care
facilities, rehabilitation centers, or other healthcare
settings) (2). Ventilator-associated pneumonia is
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Diagnostic imaging evaluation

The first-line imaging modality is chest X-ray;
however, determining the etiology based solely on chest
X-ray is unreliable (3). Chest X-ray is used in immuno-
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competent patients with acute respiratory illness, whether or not they
have a positive physical examination, normal or abnormal vital signs,
and with or without risk factors (4). In immunocompetent patients
with acute respiratory illness and a positive physical examination,
abnormal vital signs, and risk factors, but with a normal X-ray, a
non-contrast chest CT scan is preferred (4). In immunocompetent
patients with pneumonia complicated by pleural effusion or abscess,
a contrast-enhanced chest CT scan is preferred (4). A CT scan is also
preferred in cases of unexpected clinical progression and suspicion
of an underlying lesion (3, 4). Ultrasound is preferred for evaluating
pleural effusion or empyema and for guiding aspiration or drainage.

Clinical findings and radiological patterns
Semiological findings in pulmonary infections include conso-

lidations, “ground-glass” opacities, bronchiectasis obstructed by

secretions, nodules, patchy opacities, and cavitations (Figure 1).
Radiological patterns include:

* Lobar pattern: the most common presentation of community-
acquired pneumonia (CAP), with inflammatory exudate in distal
air spaces adjacent to the visceral pleura, spreading through
Lambert’s collateral air shunts and Kohn’s pores, involving a
lobe completely or partially, with homogeneous consolidation
delimited by the fissure, with or without an air bronchogram
(5-9) (Figure 2).

Bronchopneumonic pattern: microorganisms settle on the bron-

chial epithelium, causing acute bronchial inflammation, epithelial
ulcerations, and the formation of peribronchiolar exudate, which
extends to the peripheral airways (6-9). The involvement forms
nodules that tend to coalesce and generate areas of consolidation
in predominantly peripheral patches (5) (Figure 3). This is the
most common manifestation in S. aureus, H. influenzae, and P.
aeruginosa (6-8).

Interstitial pattern: caused by an inflammatory cellular infil-
trate in the alveolar septa and the distal peribronchovascular
interstitium, secondary to epithelial damage, with thickening
of the peribronchial zone and the interlobular septa, as well
as inflammation extending to a lesser degree into the airspace,
with “ground-glass opacity” and centrilobular nodules (6, 7, 9)
(Figure 4).

Etiological Classification of Pneumonia

Pneumonia is also classified according to the causative agent, which
may be bacterial, viral, fungal, or parasitic. The characteristics of each
agent are described below.

» Bacterial agents
- Streptococcus pneumoniae: This is the most common cause
of CAP and the prototypical pathogen responsible for lobar or
multifocal consolidation (3, 8) (Figure 2). The most significant
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risk factors include extreme ages and underlying pulmonary
and cardiac diseases (6). Lymphadenopathy and pleural effu-
sion are seen in 50% of patients; cavitation is uncommon, and
anaerobic organisms should be considered when it occurs (8).
The infection may be spherical, especially in children, due to
the absence of interalveolar communications (3, 6) (Figure 5).

Staphylococcus aureus: This is a common cause of health-
care-associated pneumonia (HAP), particularly in intensive
care units (ICUs) (3, 6). It is more common in patients who
use intravenous drugs or have indwelling intravenous cathe-
ters (3, 7). It can be a complication of a viral infection (7).
In most cases, it presents with a pattern of segmental bron-
chopneumonia predominantly in the lower lobes, which may
be unilateral or bilateral (3, 7) (Figure 3). Abscess formation
occurs in 15-30% of cases, and pleural effusion in 30—50%,
with empyema in half of the cases (8). Pneumoceles are more
common in children and can cause pneumothorax (7, 8). He-
matogenous spread of the infection results in a presentation
known as septic embolism, characterized by multiple periphe-
ral nodular masses with or without cavitation (7) (Figure 6).

Haemophilus influenzae: a Gram-negative bacillus that,
in some populations, is the second most common cause of
pneumonia (1). It is common in patients with COPD, in whom
it colonizes the upper airways, as well as in individuals with
endobronchial neoplasms, smoking, and alcoholism (3). It
presents with a bronchopneumonic pattern, thickening of
the bronchial walls, centrilobular nodules, “ground-glass
opacity,” and consolidations (6) (Figure 7).

Klebsiella pneumoniae: typically occurs in older adults with
chronic lung disease or in alcoholics (6). It presents as a ho-
mogeneous, non-segmental consolidation that rapidly spreads
to become lobar pneumonia (predominantly in the right upper
lobe) (7). Cavitation may occur in 30-50% of cases, which
distinguishes it from pneumonia caused by pneumococcus (7)
(Figure 8). Pleural effusion and empyema are often found.
Lobar expansion with bulging of the fissures may be observed
(more common before the antibiotic era) (7, 9, 10).

Anaerobic bacteria: are the result of aspiration of infected
oral contents; many patients have evident periodontal disease
(11-14). Most infections are polymicrobial (15). Risk factors
include altered consciousness, dysphagia, and alcoholism
(7). Consolidation with or without cavitation is observed,
predominantly in the posterior segment of the maxilla and
in the upper part of the mandible; this manifests when lying
down and in the basal position in standing patients, with a
predominance on the right side (Figure 9). Hilar and medias-
tinal lymphadenopathy may accompany the abscess and may
resemble carcinoma (7). One-third of patients present with
empyema (16).
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- Mycobacterium tuberculosis: Tuberculosis remains a global pro-
blem, with a prevalence of 32% (17, 18). The most significant
risk factors include HIV, diabetes, gastrectomy, homelessness,
living in nursing homes, being an immigrant, and exposure
to silica (5, 7). It is transmitted through the respiratory tract
via droplets and causes nonspecific focal pneumonia (Ghon’s
focus) (7). An initial infection known as primary tuberculosis
occurs: the bacteria are ingested by macrophages and spread
to the lymph nodes (5). Its presentation depends on the im-
mune response (5). 30% of people will develop the primary
infection; of these, the host is asymptomatic in 95% of cases,
and only 5% will experience early progression. Subsequently,
of the 95% who were asymptomatic, only 5% will experience
reactivation. Containment is represented by calcified nodules
in the parenchyma and hilar lymph nodes (Rathke’s complex).

Primary tuberculosis is more common in young children and
immunocompromised individuals (7, 19). Initially, it spreads to
local lymph nodes, and lymphadenopathy is the most common
manifestation in children with or without pneumonia (3) (Figure
10). Hilar lymphadenopathy is usually unilateral, but in some
patients it may be bilateral, or mediastinal lymphadenopathy
may occur in isolation (7, 20). It presents as lobar pneumonia,
commonly in the lower lobes and on the right side (without
predilection), with centrilobular nodules of atypical distribu-
tion (different from those in the upper lobes) (5). Cavitation is

uncommon, and pleural effusion is frequent (7).

original article ( J

Post-primary tuberculosis can occur at any time after the initial
infection (5). It presents as irregular subsegmental consoli-
dations in the posterior segments of the upper lobes and the
upper segments of the lower lobes (7, 21). Lymphadenopathy
is uncommon, and cavitation is common, particularly in the
upper lobes (3, 5, 7) (Figure 11). Endobronchial spread may
occur with or without cavitary disease and is similar to that
seen in primary tuberculosis, resulting in a “branching tree”
pattern (5, 22, 23).

Nontuberculous mycobacteria: account for 1-3% of myco-
bacterial infections (3). Risk factors include an underlying
debilitating disease, immunosuppression, chronic airflow
obstruction, previous pulmonary tuberculosis, or silicosis (3,
24). There are different types of mycobacteria that are common
in the natural environment (7, 25, 26). The mycobacteria most
frequently capable of causing pulmonary infection are: M.
avium-intracellulare, M. kansasii, M. abscessus, and M. xenopi
(27-29). The classic form produces a presentation similar to that
of reactivated tuberculosis, with consolidations, cavitations,
or centrilobular nodules in the upper lobes (5). The nonclassic
form occurs in older women without prior lung disease. It is
noncavitary and manifests as cylindrical bronchiectasis asso-
ciated with multiple focal pulmonary nodules, with a higher
prevalence in the lingula and middle lobe (5) (Figure 12).

Figure 1. a, b, d, e, and f) Chest CT scans in lung window mode (axial sections) and ¢) Chest CT scan in lung window mode (coronal reconstruction). a) Lobar
consolidation in a patient with community-acquired pneumonia (arrow). b) “Ground-glass opacity” in a patient with COVID-19 infection (curved arrow). c)
Bronchiectasis obstructed by secretions in a patient with allergic bronchopulmonary aspergillosis (ABPA) (arrowhead). d) Centrilobular nodules in a patient
with bronchopneumonia (arrow). ) Cobblestone pattern in a patient with viral pneumonia (curved arrow) and f) Cavities in both upper lobes (arrowhead)
in a patient with Mycobacterium tuberculosis infection.
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Figure 2. a) Schematic diagram. b and ¢) Chest X-ray in PA and lateral views. a) Pattern of lobar pneumonia, with homogeneous consolidation delimited by
the fissure and air bronchogram. b and c¢) More or less well-defined homogeneous consolidation (black arrows), without signs of volume loss and with an air
bronchogram in the middle lobe, in a 40-year-old woman with S. pneumoniae pneumonia.

Figure 3. a) Schematic diagram b) Chest CT scan in lung window, coronal reconstruction. a) lll-defined centrilobular nodules, airspace nodules, and multifocal
areas of lobular consolidation. b) Multiple bilateral lobular consolidations and some centrilobular nodules predominantly in the lower lobes (black arrows), in
a patient with S. aureus infection.

Figure 4. a) Schematic. b and ¢) Chest CT scan in lung window with axial reconstructions. a) Interstitial pneumonia (thickening of the terminal bronchi, reti-
cular opacities, and “ground-glass” opacities). b and c¢) Thickening of the central bronchial walls (arrows) and areas of “ground-glass” opacities in the right
upper lobe (arrowheads).
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Figure 5. a and b) Chest X-ray, PA and
lateral views. A 3-year-old patient with
a round parenchymal opacity in the
posterior segment of the right upper
lobe (arrows); pneumococcal bactere-
mia was confirmed by blood culture.

Figure 6. a and b) Contrast-enhanced chest CT scanin lung
window, axial reconstructions. ¢) Contrast-enhanced chest
CT scan in mediastinal window, coronal reconstruction.
Adult male in his sixties with septic shock; blood cultures
positive for S. aureus. a and b) Nodules with a cavitated
center in both upper lobes (arrowheads). ¢) Increased
size and thickness of the right serratus anterior muscle,
indicative of myositis (arrow).
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Figure 7. a and b) Chest CT scan with lung window, axial and coronal reconstructions. Centrilobular nodules in the middle lobe (arrows) with thickening of
the bronchial walls.

Figure 8.a and b) Chest CT scan
with lung window and axial and
coronal reconstructions. Conso-
lidation with signs of volume loss
in the posterior segment of the
right upper lobe, as well as in the
superior, posterior, and lateral
segments of the right lower lobe,
with associated cavitation and
a fluid-air level in the posterior
segment of the right upper lobe.

Figure 9. a and b) Contrast-enhanced chest CT, lung window, axial and coronal reconstructions. Thick-walled cavities in the right lower lobe (arrows), with

adjacent "ground-glass” opacities.
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Figure 10. a) Contrast-enhanced chest CT, mediastinal window, coronal reconstruction. b and ¢) Contrast-enhanced chest CT, lung window, coronal and axial
reconstructions. Pediatric patient diagnosed with tuberculosis. a) Adenopathy and mediastinal lymph node clusters (arrows), some with a hypodense center.
b and ¢) Consolidation of the apical and posterior segments of the right upper lobe (arrowheads).

Figure 11. a and b) Chest CT in lung window with axial and coronal reconstructions. A 78-year-old patient with constitutional syndrome under investigation
and chronic cough, PCR positive for TB. Cavities of varying sizes with thick, irregular walls involving both upper lobes (arrows).

-

Figure 12. a and b) Chest CT in lung window in coronal and axial reconstructions. 60-year-old female patient. Centrilobular nodules in the middle lobe with
bronchiectasis and volume loss (arrows).

.
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Figure 13. a and b) Chest CT scan with lung window settings in axial and coronal reconstructions. “Ground-glass” opacities with thickening of the interlobular
septa, forming a “paving stone” pattern (arrows), predominantly in the central and peribronchovascular regions.

Figure 14. a and b) Chest CT scan with lung window settings in coronal (MIP) and axial reconstructions. Histoplasmomas appear as single or multiple soft-tissue
density nodules (arrows) of varying sizes, randomly distributed in both lungs; due to their fibrous capsule, they generally have smooth margins.

Figure 15. @) PA chest X-ray. b) Axial mediastinal-weighted chest CT scan. a) Consolidation in the left upper lobe with a semilunar-shaped radiolucency at its
upper margin (arrowhead). b) Cavitation with a rounded lesion inside it, with soft-tissue density and air surrounding it, forming the “growing air” sign (arrow).
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Figure 16. a and b) Chest CT scans in coronal sections using lung and mediastinal window settings; coronal reconstructions. A 51-year-old female patient with
a history of asthma, presenting with dyspnea and cough. a) Bronchiectasis of segmental and subsegmental bronchi obstructed by secretions, predominantly
in the upper lobes (arrows); central and peripheral “ground-glass” opacities. b) The material in the bronchi is hyperdense (arrowhead).

Figure 17. a and b) Chest CT in lung window on axial slices. Diffuse centrilobular nodules with a “budding tree” pattern (arrow) and "ground-glass” opacities
(curved arrow) with surrounding consolidations forming a “reverse halo” pattern (arrowheads) in the visualized portion of the lower lobes, also with areas of
architectural loss and fibrotic changes.

Figure 18. a and b) Chest CT scan in lung window, coronal and axial reconstructions. Right pneumothorax (arrow) with a thoracostomy tube and subcutaneous
emphysema; in the parenchyma, some areas of consolidation are observed, predominantly subpleural and in the lower lobes (arrowheads), with a cavitated center.

Rev. Colomb. Radiol. 2024; 35(4): 6259-72 6267



( original article

- J

Figure 20. Axial mediastinal-window CT scan. Non-free-fluid-appearing right
pleural effusion, with thickening of the pleural layers and enhancement (arrow),
consistent with empyema.

« Viral agents

They are more common in young children, and the most com-
mon viral infections are those caused by respiratory syncytial virus
(RSV), parainfluenza, and adenovirus (30). In adults, the most
common are influenza A and B (6). The upper respiratory tract
is usually affected during the initial phase (6). It causes tracheo-
bronchitis, bronchiolitis, and pneumonia as it spreads to the small
airways and alveoli (31). The epithelial lining of the respiratory tract
is the primary target, and the bronchial and bronchiolar walls and
the interstitium thicken due to edema. As inflammation increases,
the alveoli fill with inflammatory exudate. Findings are typically
nonspecific regarding the causative pathogen (32). They manifest
as predominantly bilateral and diffuse reticular opacities, poorly
defined nodules in the airspace, irregular areas of peribronchial
“ground-glass” opacity, and consolidations (7). Hyperinflation
may occur when the small airways are involved. They are rarely
associated with complications or pleural effusion.

Figure 19. a and b) PA chest
X-ray and abdominal CT scan
in soft-tissue window, coronal
reconstruction. a) Elevation of
the right hemidiaphragm with a
fluid-air level in the right lower
lobe (arrow), with loss of dia-
phragmatic continuity. b) Image
consistent with a hepatic abscess
in segment VIl (arrowhead), ex-
tending by contiguity to the right
lower lobe and the pleura, causing
consolidation with gas bubbles
within it (curved arrow).

- SARS-CoV2: is an infectious disease caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (33,
34). The first human cases of COVID-19 were reported in
Wuhan, China, in December 2019 (33, 35). The World Health
Organization (WHO) declared it a pandemic on March 11,
2020 (33, 36). Radiological findings are classified as typical,
indeterminate, atypical, and negative for pneumonia (33).
The typical appearance (with the highest specificity) includes
peripherally distributed “ground-glass” opacities (Figure 1b),
which are bilateral or multifocal, round in shape, with or
without consolidation or visible intralobular lines (“cobbles-
tone” pattern). The “inverted halo” sign or other findings of
organized pneumonia may also be observed.

Respiratory syncytial virus (RSV): The main risk factors are
prematurity, heart disease, congenital abnormalities, and
immunosuppression (3). Imaging may reveal “ground-glass
opacities” (Figure 4), segmental consolidations, bronchial
wall thickening, and centrilobular nodules. The involvement
is bilateral and asymmetric, with a distribution that is more
central than peripheral (37).

Influenza: Influenza viruses are RNA viruses that cause sea-
sonal respiratory infections (37). They manifest as “ground-
glass” opacities, smooth thickening of the septa, centrilobular
nodules, and patchy consolidations (less common), with a
predominantly central distribution (Figure 13). It may be
bilateral or unilateral and resemble heart failure without other
findings such as cardiomegaly or pleural effusion (7).

Distinctive features: The findings of viral pneumonias are very
similar and overlap with one another. Some findings are more
common in certain viruses than in others, such as multifocal
involvement with consolidations and “ground-glass opacities”
in adenovirus, and centrilobular nodules and pleural effusion
in RSV (37) (Table 1). Parainfluenza, adenovirus, RSV, and
influenza do not show marked extrapulmonary involvement.
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Table 1. CT Findings of the Most Common Viral Pneumonias

Common Name Distribution Conso!ldatlon Groun::l-glass Nodules (%) Thlcke.nlng e Pleural effusion
(%) (%) bronchial walls
Adenovirus Multifocal 50-75 50-75 Ce”%‘gg“'ar Infrequent Common
. . . Centrilobular
Parainfluenza Airway, multifocal 10-25 10-25 25-50 Common Infrequent
. . Centrilobular
RSV Airway, multifocal 10-25 10-25 50- 75 Common Common
Influenza Airway, multifocal 10-25 10-25 25-50 Common Infrequent

Source: adapted from Koo et al. (37).

Fungal agents

- Histoplasmosis: Histoplasma capsulatum is found in the soil of
many temperate regions (7). Many cases occur after cleaning
chicken coops or exploring caves infested with bats. It is
common in the central and eastern United States, as well as in
Central and South America (7, 38). It is caused by inhalation of
spores, which tend to migrate to the mediastinal or hilar lymph
nodes. In individuals with a competent immune system, the
fungus multiplies intracellularly and cell-mediated immunity
develops, causing intense inflammation and caseous necrosis
that subsequently calcifies (7). In infants and patients with
impaired T-cell-mediated immunity, progressive dissemina-
tion occurs (39). Most cases of symptomatic histoplasmosis
occur in patients with a structural lung defect or an immuno-
deficiency, or when the infectious load is very high (7). There
are two main groups of manifestations (5):

* Acute symptomatic infection, which appears ra-
diologically as patches of consolidation forming
a bronchopneumonic pattern, mediastinal or hilar
lymphadenopathy that may contain calcifications,
or as one or multiple histoplasmomas (5, 7, 39, 40).
Histoplasmomas appear as spherical nodules (ranging
from a few millimeters to 4 cm) with soft-tissue density
and random distribution (5) (Figure 14), with central
calcification at three months (7).

e Chronic infection occurs in structurally damaged lungs
(emphysema), with invasion of cavities. Its radiological
findings are similar to those of post-primary tuberculo-
sis, such as multiple, small, patchy consolidations with
cavitations, predominantly in the upper and bilateral
lobes (7, 41). Pleural effusion and lymphadenopathy
are uncommon.

- Aspergilosis: It is a fungal disease commonly caused by A. fu-
migatus, which grows in soil, water, decaying vegetation, and
animal waste (7); it can present in different ways depending
on the patient’s immune status (3). It has been classified into
saprophytic, allergic, and invasive forms, the latter occurring
primarily in immunocompromised patients (3, 42, 43).

Rev. Colomb. Radiol. 2024; 35(4): 6259-72

An aspergilloma is a ball of mycelial hyphae that typically co-
lonizes preexisting cavities without invading the parenchyma
(5, 44). Imaging reveals round lesions within a thin-walled
cavity or cyst, sometimes with a sign known as the “air cres-
cent,” which consists of a curved gas space surrounding the
fungal ball within the cavity (5, 44). On CT, the fungal ball
appears as a mass with air spaces that moves when the patient
changes position (45) (Figure 15).

Allergic bronchopulmonary aspergillosis (ABPA) is associa-
ted with asthma, elevated IgE levels, positive skin reactivity
to Aspergillus, and positive serum precipitins (44). This
is a hypersensitivity reaction to fungi, which causes their
proliferation within the airway lumen, as well as bronchial
dilation and trapping of large masses of mucus and Aspergillus
hyphae, leading to mucoid impaction due to secretions (3, 5,
44). The images show central branching opacities, known
as the “glove-finger pattern,” which is also associated with
air trapping, lobar consolidation, central bronchiectasis, and
mucus-impacted bronchi, primarily in the upper lobes (5, 44).
Mucus in the bronchi may appear hyperdense, likely due to
calcium deposits (44, 46) (Figure 16).

- Paracoccidiomicosis: It is the most common systemic mycosis
in Latin America (47). It is transmitted through inhalation of
particles that cause parenchymal lung infection (48, 49). There
are two forms: an acute form, which accounts for 5% of cases
and primarily affects children and adolescents, and a chronic
form, which accounts for 95% of cases and primarily affects
men in their 30s. The latter results from the reactivation of
quiescent pulmonary lesions (47). The acute form manifests
primarily with mediastinal lymphadenopathy and pleural
effusion (47, 50, 51). In the chronic form, the most common
findings are “ground-glass” opacities, consolidations, nodu-
les of varying sizes, masses, cavitations, interlobular septal
thickening, and fibrotic lesions (47, 48, 52) (Figure 17). The
distribution is usually bilateral and symmetrical, with predo-
minant involvement of the peripheral and posterior regions.
Extrapulmonary abnormalities may also occur (47).
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Parasitic agents

- Paragonimiasis: It is caused by infection with Paragonimus
westermani, an endemic disease in South America resulting
from the consumption of undercooked seafood. Immature
flukes penetrate the intestinal wall, travel through the peri-
toneal cavity, migrate through the diaphragm and pleura to
enter the parenchyma (7). The images show multiple areas of
consolidation with a rounded morphology and irregular bor-
ders, located primarily in the middle zone (53-55). Subpleural
nodules with a necrotic center that may become cavitated can
be observed, as well as thickening of the adjacent pleura and,
occasionally, the worm’s trail (Figure 18). Pleural effusion,
pneumothorax, and hydropneumothorax may occur, and these
are usually bilateral (7).

Amoebiasis: Pleuropulmonary disease is the most common
extraintestinal manifestation after liver abscess (56). The
abscess may spread and involve the pleura and lung. Imaging
findings include elevation of the right hemidiaphragm, pleural
effusion or empyema, abscess or consolidation of the lower
lobe, and hepatomegaly (Figure 19).

Complications

Pneumonia can lead to several complications. These include

parapneumonic effusion, lung abscess, necrotizing pneumonia, and
pneumothorax. Each is described below.

6270

- Parapneumonic effusion and empyema: This refers to an ac-
cumulation of pus in the pleural space, which is a complication
of pneumonia that occurs when the lung infection spreads to
the pleura (8). The course of the condition can be divided into
three stages (7, 8). Ultrasound helps confirm the effusion and
ensure proper drainage. Echogenic pleural effusions, whether
heterogeneous, septated or non-septated, or homogeneous,
are always exudates, whereas hypoechoic effusions may be
transudates or exudates (8). Most parapneumonic effusions and
empyemas are septated (57). The appearance on CT depends on
the pathophysiological stage. In the exudative phase, there is
pleural fluid without significant pleural thickening (58). In the
fibropurulent phase, the visceral and parietal pleuras typically
appear thickened and separated by fluid, with the “split pleura”
sign (59) and also with pleural enhancement (Figure 20). In
the third phase, pulmonary fibrosis occurs with pulmonary
entrapment due to the fibrotic reaction and extensive thickening.

Pulmonary abscess: It may be secondary to pneumonia or
obstruction by a foreign body (8). It corresponds to an area of
parenchymal destruction with the formation of a suppurative co-
llection within it. The images show a cavity with thick, irregular
walls, a spherical morphology, and adjacent lung destruction or
surrounding consolidation with an air-bronchogram extending
throughout the area, with little or no compressive effect on the
adjacent parenchyma (7, 8). It differs from empyema in that the
abscess forms an acute angle with the chest wall, has a spherical
shape (in all evaluated planes), a non-uniform thickened wall,
and air-fluid levels (7, 60) (Figure 21).

Figure 21. (a) and (b) Chest X-rays: PA and lateral views. A rounded opacity
in the left upper lobe (arrows) with irregular borders that maintains its round
shape across different planes, unlike empyema, in which the opacity may
appear rounded in some planes but takes on a lenticular shape in others.

Figure 22. Contrast-enhanced chest CT scan in mediastinal window on an axial
slice. Pediatric patient with community-acquired pneumonia. A thin-walled,
round cystic lesion in the lung parenchyma of the right lower lobe (arrow),
adjacent to the bronchial tree, with an air-fluid level within it.
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- Necrotizing pneumonia: This corresponds to necrotic tissue
in an infected lung, caused primarily by Staphylococcus au-
reus infection (5). Arteritis and vascular thrombosis can lead
to ischemic necrosis and the death of a portion of the lung. It
appears on images as hypodense areas within a consolidated
lobe or segment, associated with multiple cavitations (Figure 8),
often with air-fluid levels. A cavitation is an abnormal structure
filled with gas or fluid, typically with a thick, irregular wall,
resulting from the expulsion or drainage of a necrotic portion
of the lesion through the bronchial tree (61).

- Pneumocele: A thin-walled gas-filled space in the lung, caused
by pneumonia or trauma (61). It results from a combination of
parenchymal necrosis and airway obstruction due to a valve
mechanism that prevents air from escaping, thereby promoting
dilation and the formation of the pneumothorax. It appears as
a round, thin-walled air space, usually surrounded by lung pa-
renchyma and containing a small amount of fluid (62) (Figure
22). It may predispose to spontaneous pneumothorax.

Conclusions

Lung infections are one of the leading causes of morbidity and
mortality worldwide. A thorough understanding of their pathophysio-
logy is essential for recognizing the characteristic radiological patterns
associated with each causative agent, which facilitates the identification
of the responsible pathogen and, consequently, enables more precise
and effective treatment.

Bacterial infections are the most common and typically present as
lobar pneumonia or bronchopneumonia, depending on the distribution
of the inflammatory process. In contrast, viral infections tend to present
with a pattern of interstitial pneumonia, in which radiological images
are often similar across different viral agents, which can make precise
identification difficult without the use of other diagnostic methods.

On the other hand, fungal infections are characterized by the for-
mation of pulmonary nodules that often progress to cavitation. Parasi-
tes, depending on their route of dissemination, can cause a variety of
pulmonary manifestations ranging from diffuse infiltrates to localized
lesions, which also influences the radiological pattern observed.

Finally, early identification of pulmonary complications such as
abscesses, pleural effusions, or pneumothorax is essential to provide
timely treatment to patients, thereby reducing morbidity and improving
clinical outcomes.
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