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A B S T R A C T   

Coronavirus disease 2019 (COVID-19) is associated with pneumonia and has various pulmonary manifestations 
on computed tomography (CT). Although COVID-19 pneumonia is usually seen as bilateral predominantly pe-
ripheral ground-glass opacities with or without consolidation, it can present with atypical radiological findings 
and resemble the imaging findings of other lung diseases. Diagnosis of COVID-19 pneumonia is much more 
challenging for both clinicians and radiologists in the presence of pre-existing lung disease. The imaging features 
of COVID-19 and underlying lung disease can overlap and obscure the findings of each other. Knowledge of the 
radiological findings of both diseases and possible complications, correct diagnosis, and multidisciplinary 
consensus play key roles in the appropriate management of diseases. In this pictorial review, the chest CT 
findings are presented of patients with underlying lung diseases and overlapping COVID-19 pneumonia and the 
various reasons for radiological lung abnormalities in these patients are discussed.   

1. Introduction 

Coronavirus disease 2019 (COVID-19) caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) is associated with 
pneumonia and has various pulmonary manifestations on computed 
tomography (CT). Although the typical findings of COVID-19 pneu-
monia are predominantly peripheral ground-glass opacities with or 
without consolidations, throughout the course of the disease, atypical 
findings may be observed which resemble the imaging findings of other 
lung diseases.1 The sensitivity and specificity of chest CT for diagnosis of 
COVID-19 pneumonia vary according to the presence of typical and 
atypical findings. In addition to diagnosis of COVID-19, chest CT is used 
to evaluate the severity of the disease and prognosis, to manage treat-
ment, to determine pulmonary complications in the acute phase, and to 
assess fibrotic lung diseases in the late phase.2–4 Furthermore, chest CT 
plays a vital role in the differentiation of COVID-19 pneumonia from 
other lung diseases. 

Diagnosis of COVID-19 pneumonia is much more challenging for 
both clinicians and radiologists when there is a concomitant lung dis-
ease.5,6 Chest CT findings may belong to both the pre-existing lung 
disease and COVID-19 pneumonia. Moreover, underlying lung diseases 
such as chronic obstructive pulmonary disease (COPD) and interstitial 

lung diseases may worsen COVID-19 pneumonia.7 Therefore, correct 
diagnosis with imaging and clinical findings is essential for the appro-
priate management. Knowledge about the chest CT findings of under-
lying lung diseases, possible complications, and COVID-19 pneumonia 
can lead the radiologist to the correct diagnosis. 

The aim of this pictorial review was to present the chest CT findings 
of patients with underlying lung diseases and overlapping COVID-19 
pneumonia and to discuss the various reasons for radiological lung le-
sions in these patients. 

2. Interstitial lung diseases 

Idiopathic interstitial pneumonias are classified as major idiopathic 
interstitial pneumonia, rare idiopathic interstitial pneumonia, and un-
classifiable idiopathic interstitial pneumonia. Major idiopathic intersti-
tial pneumonia has six subgroups; idiopathic interstitial fibrosis (IPF), 
nonspecific interstitial pneumonia (NSIP), cryptogenic organizing 
pneumonia (COP), acute interstitial pneumonia (AIP) respiratory bron-
chiolitis (RP), associated interstitial lung disease (ILD), and desquama-
tive interstitial pneumonia (DIP), while rare idiopathic interstitial 
pneumonia includes LIP and pleuroparenchymal fibroelastosis.8 

IPF shows UIP patterns which are listed as macrocystic 
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honeycombing, reticulation, traction bronchiectasis, architectural 
distortion, and focal ground-glass opacity with apicobasal gradient on 
chest CT. The main CT features of NSIP are ground-glass opacities, 
which are usually bilateral and symmetric with lower lobe predomi-
nance and subpleural sparing. Although COP may show diverse CT 
findings, the most common features are atoll sign, bilateral patchy and 
often migratory consolidative or ground-glass opacities with predomi-
nantly peripheral or peribronchovascular distribution. 

AIP can be divided into two phases as exudative phase and the 
organizing phase. GGOs with or without air space consolidation are seen 
due to diffuse alveolar damage in the exudative phase. Traction bron-
chiectasis and architectural distortion occur due to fibrosis in the 
organizing phase. 

RB-associated ILD and DIP are also known as smoking-related ILD. 
Centrilobular opacities, patchy GGOs, and bronchial wall thickening 
which show upper lobe predominance or diffuse distribution are 
observed on CT images of RB-ILD. Emphysema, GGOs, reticulation, and 
cysts with apicobasal gradient and peripheral predominance are seen in 
DIP. 

LIP, which is usually associated with autoimmune diseases or AIDS, 
is characterized by GGOs, perivascular cysts, septal thickening, and 
centrilobular opacities with basilar predominance. Pleuroparenchymal 
fibroelastosis shows marked apical pleural thickening, subpleural 
consolidation with traction bronchiectasis, architectural distortion, and 
volume loss in the upper lobes.8–10 

2.1. Overlapping with COVID-19 and differentiation 

All ILDs, particularly IPF, have acute exacerbations which have an 
increased mortality rate ranging from 35% to 70%.11 Acute exacerba-
tions usually occur secondary to thoracic surgeries and viral infections, 
including COVID-19. Although the frequency of the COVID-19 in cases 
of acute exacerbations was very rare (1.4%), COVID-19 related acute 
exacerbations of IPF had a poorer prognosis than non-COVID-19-related 
patients.12 The lower frequency of COVID-19 in patients with underly-
ing lung disease may be due to the fact that these patients are more 
afraid of getting COVID-19 than normal population and more cautious 
about hygiene and contact rules. 

The differentiation of CT and clinical findings of ILDs from COVID-19 
and the demonstration of the severity of the underlying ILD and COVID- 
19 pneumonia are very important for accurate patient management. 
However, it is not always easy to make a correct diagnosis both clinically 
and radiologically as most of the findings overlap with each other. 
Consolidations in AIP and COP, the atoll sign in COP, and GGOs in all 
other ILDs can mimic the acute phase of COVID-19 pneumonia. While 
round-shaped GGOs are suggestive for COVID-19 pneumonia, sub-
pleural sparing is more in favor of NSIP, although it can be seen in 
COVID-19 pneumonia.13 On the other hand, traction bronchiectasis, 
reticulation, architectural distortion, and honeycombing in ILDs mimic 
the late phase of COVID-19 and worsen the course of the disease. 

Moreover, the long-term lung changes of COVID-19, including traction 
bronchiectasis, reticulation, and honeycombing, can aggravate ILD 
findings14,15 (Fig. 1). Evaluation by comparing with previous CT images 
of patients with ILD will be very useful for differential diagnosis. 

Patients with FVC of <80%, fibrotic changes, and obesity have been 
shown to have increased death rates in patients with both ILD and 
COVID-19. The data did not suggest any harm related to the treatment of 
ILD in patients with COVID-19, which could be because similar treat-
ments, including steroids, immunomodulators, and antifibrotics, are 
used in both COVID-19 and ILD.16 

3. Connective tissue diseases 

Connective tissue diseases (CTDs) are a varied group of systemic 
inflammatory disorders that often affect the lungs. The CTDs that 
frequently have thoracic involvement are rheumatoid arthritis (RA), 
systemic sclerosis (SS), systemic lupus erythematosus (SLE), polymyo-
sitis (PM), dermatomyositis (DM), Sjogren syndrome, and mixed con-
nective tissue disease. The main thoracic manifestations of CTDs are ILD 
and pulmonary arterial hypertension. In addition to pulmonary findings, 
pleural or pericardial effusions, esophageal dilatation, pulmonary artery 
enlargement, and mediastinal lymphadenopathies can be seen.17,18 

Although the radiological findings of CTDs are similar to each other, 
some clues can help in the differential diagnosis. 

Pleural thickening and effusion is the most common thoracic mani-
festation of RA. Although UIP is the most common ILD pattern in RA, 
other ILD patterns including NSIP and OP can occur. Obliterative 
bronchiolitis with mosaic attenuation pattern and follicular bronchio-
litis with multiple small nodules can also be seen. Rheumatoid pulmo-
nary nodules are frequently peripherally located in the mid and upper 
lung regions and may cavitate.19–21 

The most common ILD pattern in SS is NSIP, but UIP is also 
frequently seen. Pulmonary artery enlargement and esophageal dilata-
tion are usually observed whereas pleural involvement is 
uncommon.22–24 In contrast, pleural disease is the most common 
involvement in SLE. Acute lupus pneumonitis and diffuse alveolar 
hemorrhage are other rare but severe manifestations of SLE. Consoli-
dations and GGOs are seen and may mimic infection on CT.25,26 

The most common ILD patterns are NSIP and OP in DM/PM. Bilateral 
patchy often triangular or polygonal shaped consolidations with or 
without reverse halo sign are usually observed on CT.18 

3.1. Overlapping with COVID-19 and differentiation 

The frequency of CTDs was found 0.53% in 18,786 COVID-19 pa-
tients hospitalized in 23 centers. The lung involvement in CTDs may 
both mimic and worsen COVID-19 pneumonia..1,27,28 Bilateral GGOs 
predominantly located in the lower lobes can be confused in COVID-19 
and NSIP. The late phase of COVID-19 with the interstitial disease can 
also mimic CTD-associated ILD with persistent GGOs or fibrous stripe. 

Fig. 1. COVID-19 pneumonia and ILD. 
Axial (a, b) and coronal (c) CT images showing bilateral round ground-glass opacities in a patient with COVID-19 pneumonia and ILD. Findings of UIP, such as 
peripheral and basal ground-glass opacities, traction bronchiectasis, and honeycombing can also be seen. 
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The concentration of fibrosis in the anterior aspects of the upper lobes 
also known as the anterior upper lobe sign and isolation of fibrosis to the 
lung bases with sharp demarcation in the craniocaudal image also 
known as the straight-edge sign can be helpful for the diagnosis of CTD- 
related ILD. But, fibrotic lung changes within anterior upper lobes in 
some COVID-19 related ARDS survivors should be kept in mind.29,30 

Mediastinal lymphadenopathy and pleural involvement, which are 
rarely seen in COVID-19 pneumonia, are other frequent imaging find-
ings in CTDs, especially SLE.18,31 Acute lupus pneumonitis and diffuse 
alveolar hemorrhage, which are rare but severe complications of SLE, 
may resemble infectious pneumonia including COVID-19 pneumonia 
both radiologically and clinically. 

Patients with CTDs may have more severe COVID-19 disease due to 
immune dysregulation. However, COVID-19 may cause the aggravation 
of underlying ILD. The NSIP pattern of CTDs may convert to fibrotic 
NSIP or UIP pattern with the late effects of COVID-19 pneumonia.14 

In addition to the lung involvement of CTDs, opportunistic infections 
due to immunosuppressive treatment or secondary infectious diseases 
can occur and interfere with the imaging findings. For example, in a 
patient with COVID-19 pneumonia, cavitating rheumatoid lung nodules 
can be confused with secondary infections and vice versa. Clinical 
findings and knowledge about imaging findings of underlying lung 
diseases play a key role in correct diagnosis (Fig. 2). 

4. Sarcoidosis 

Sarcoidosis is a multisystemic chronic inflammatory disorder char-
acterized by non-caseating granulomas. Thoracic involvement is the 
most common finding and is responsible for most of the morbidity and 

mortality in patients with sarcoidosis. Typical radiological findings of 
pulmonary sarcoidosis are hilar and mediastinal lymphadenopathy, and 
parenchymal abnormalities predominantly located in the upper and 
middle zone.32 Micro/macronodules, GGOs, and airspace consolidation 
are suggestive of active and reversible disease whereas parenchymal 
distortion, honeycomb-like opacities, traction bronchiectasis, volume 
loss, and retraction of hila are indicators of the sequela and irreversible 
sarcoidosis.32,33 

4.1. Overlapping with COVID-19 and differentiation 

The estimated frequency of COVID-19 was reported as 5.1% in one of 
the largest multicenter clinical cohorts of sarcoidosis with a 9% overall 
mortality rate.34 In addition to typical findings, sarcoidosis can mimic 
various lung diseases, including COVID-19 pneumonia.1,33 The imaging 
findings of active sarcoidosis and acute COVID-19 pneumonia may 
mimic each other, whereas irreversible sarcoidosis resembles the late 
findings of COVID-19. Pulmonary involvement of sarcoidosis may 
reduce normal lung parenchyma volume and cause severe disease in 
patients with COVID-19 pneumonia. 

GGOs, alveolar consolidation, and crazy paving patterns may be seen 
in both sarcoidosis and COVID-19 pneumonia. However, upper and- 
middle zone predominance, perihilar predilection, and the presence of 
small nodules with perilymphatic distribution and peribronchovascular 
thickening are indicators of sarcoidosis.6 Also, mediastinal and hilar 
lymphadenopathies are typical features of sarcoidosis, but are not 
common in COVID-19 pneumonia. However, the presence of lympade-
nopathies in COVID-19 were related to disease severity.35 

Furthermore, laboratory examinations do not help in differentiation 

Fig. 2. COVID-19 pneumonia and connective tissue diseases. 
Axial CT image (a) of a patient with systemic sclerosis shows lung involvement findings such as peripheral opacities, reticulations, and traction bronchiectases. There 
are also bilateral GGOs in the lower lobes due to COVID-19 pneumonia (a, white arrows).The GGOs regressed in the follow-up CT image (b) obtained 3 months later. 
Esophageal dilatation due to scleroderma involvement can be seen on both CTs (a, b, red arrows). 
Axial CT image (c) of a patient with RA and COVID-19 pneumonia showing bilateral cavitating rheumatoid nodules, and peripheral GGOs in the left upper lobe due to 
COVID-19 pneumonia. Cavitary rheumatoid lung nodules and cavitary superinfections may mimic each other in COVID-19 pneumonia. Axial CT image (d) of another 
patient with COVID-19 pneumonia and without CTDs, showing cavitary opacities in the right lower lobe and lingula (arrows). Deep tracheal aspiration and blood 
culture revealed Acinetobacter baumanii superinfection. 
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as elevated C-reactive protein (CRP) and lymphopenia occur in both 
diseases.36 Although corticosteroid treatment is used for both acute 
flare-ups of sarcoidosis and COVID-19 pneumonia, the management of 
the two diseases changes according to different scenarios. Therefore, 
multidisciplinary management is required, with the consultation of 
rheumatology and pulmonology, as well as specialists of infectious 
diseases and radiology. 

5. Other autoimmune diseases 

Antineutrophil cytoplasmic autoantibody (ANCA)-associated vascu-
litides are multisystem disorders that have three main clinicopatholog-
ical variants including granulomatosis with polyangiitis (GPA), 
eosinophilic granulomatosis with polyangiitis (EGPA), and microscopic 
polyangiitis (MPA). ANCA-associated vasculitides may affect both air-
ways and parenchyma and have secondary findings such as lymphade-
nopathy, and pleural and pericardial effusion. Although thoracic 
involvement of ANCA-associated vasculitides is varied and poorly spe-
cific, some imaging features can help in the differential diagnosis.37–39 

The most common CT finding of GPA is bilateral multiple pulmonary 
nodules or consolidations that may cavitate. The other imaging findings 
are GGOs frequently with peribronchovascular and perihilar distribu-
tion, airway thickening, bronchiectasis, and centrilobular nodules.37,40 

The main imaging findings of EGPA are bilateral transient, patchy, 
non-segmental GGOs and consolidations without predilection of any 
lung lobe. Interlobular septal thickening because of edema and eosino-
philic infiltration, bronchial dilatation, and wall thickening due to 
airway involvement can also occur.41 

MPA is characterized by bilateral, diffuse, or patchy GGOs with 
consolidations due to diffuse alveolar hemorrhage or hemorrhagic 
diffuse alveolitis in the acute phase whereas reticular pattern and 
interstitial fibrosis may occur secondary to repetitive hemorrhage in the 

chronic phase.42,43 

IgG4-related disease is another systemic disorder that is associated 
with elevated IgG4 levels and has recently attracted increasing atten-
tion. The CT findings are variable and consist of rounded consolidations 
and GGOs, thickening of bronchovascular bundles, interlobular septae, 
bronchiectasis, and honeycombing. In addition to parenchymal and 
airway involvement, pleural thickening, mediastinal lymphadenopathy, 
and fibrosing mediastinitis can occur. Pleural effusion is a rare finding in 
patients with IgG4-related disease.44,45 

5.1. Overlapping with COVID-19 and differentiation 

In a cohort of 102 ANCA-associated vasculitides, 29 patients had 
COVID-19 with a 27.6% severe disease rate and a 10.3% mortality 
rate.46 COVID-19 and vasculitides may have similar pathways and 
clinical characteristics such as neutrophil extracellular traps, high 
venous thromboembolism, hypo/anosmia, cough, and myalgia.47–50 In 
addition to the clinical features, both diseases may show similar radio-
logical characteristics including ground-glass opacities and 
consolidations.50,51 

GGOs are seen in both EGPA and COVID-19 pneumonia. But, 
rounded GGOs are usually seen in COVID-19 pneumonia while patchy, 
migratory GGOs and usually coexisting small centrilobular nodules are 
suggestive of EGPA. MPA in the acute phase mimics the acute phase of 
COVID-19 pneumonia, and MPA in the chronic phase resembles the late 
phase of COVID-19 pneumonia. Moreover, all ANCA–associated vascu-
litides can worsen late fibrotic changes of COVID-19 pneumonia. 

Tracheal wall thickening, especially in the subglottic region, and 
nodules with cavitation are suggestive of GPA while these imaging 
findings are not expected in COVID-19 pneumonia. However, cavitation 
especially within consolidation areas can occur in COVID-19 pneu-
monia. Nodules with cavitation can also mimic secondary infections 

Fig. 3. COVID-19 pneumonia and GPA. 
Axial CT image of a patient with known GPA (a) shows GGOs with superimposed septal thickenings in the upper lobe compatible with COVID-19 pneumonia. Axial 
CT image (b) demonstrates circumferential tracheal wall thickening (arrow) due to GPA involvement. Tracheal stenosis can also be seen in COVID-19 pneumonia due 
to prolonged intubation. Axial (c) and coronal (d) CT images of another patient show post-intubation tracheal wall thickening and stenosis (arrows). 
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including fungal and bacterial pneumonia or septic emboli in patients 
with COVID-19.52 Increased clinical symptoms such as fever, dyspnea, 
and cough would help the differentiation. Furthermore, tracheal ste-
nosis can also occur in patients with COVID-19 after long-term intuba-
tion and tracheostomy. The location of tracheal stenosis on CT images 
guides the radiologist in the differential diagnosis. Subglottic stenosis 
suggests GPA whereas stenosis matching the location of the endotra-
cheal tube on prior images is suggestive of prolonged intubation (Fig. 3). 

The presence of ANCA is the key in differentiating COVID-19 pneu-
monia from ANCA-associated vasculitis. When both diseases occur at the 
same time, the disease management is more challenging. COVID-19 has 
higher mortality rates in patients with ANCA-associated vasculitides 
than in the general population. Furthermore, the use of rituximab which 
is the most commonly used therapeutic agent in ANCA-associated 
vasculitides can cause a more severe hospital course of COVID-19 and 
re-infection.53 The hospitalization and management of the overlapping 
diseases should be arranged according to the clinical findings by 
multidisciplinary specialists. 

IgG4-related disease can show poorer COVID-19 outcomes. Although 
consolidations and GGOs can be seen in both IgG4-related disease and 
COVID-19 pneumonia, fibrosing mediastinitis should suggest IgG4- 
related disease. 

6. Pneumoconioses 

Pneumoconioses are a broad group of lung diseases caused by the 
inhalation of particles. Silicosis, coal worker pneumoconiosis, and 
asbestosis are the most common types of pneumoconiosis. Multiple, 
well-defined, uniform nodules predominantly located in upper lobes and 
hilar/mediastinal lymphadenopathies commonly with calcification are 
the main imaging features in silicosis and coal-worker pneumoconiosis. 
Fibrotic, focal soft-tissue masses with irregular margins, calcification, 
and associated surrounding pericicatricial emphysema in upper zones 
are seen as complicated forms of silicosis and coal-worker pneumoco-
niosis. While pleural plaques, pleural effusion, subpleural lines, and 
reticulation are the most common CT findings of asbestosis, traction 
bronchiectasis, honeycombing, and parenchymal bands can occur in the 
later phase of the disease.54,55 

6.1. Overlapping with COVID-19 and differentiation 

COVID-19 rates among mineworkers exceed the population rates in 
South Africa. Mineworkers are at risk for both pneumoconiosis and 
COVID-19 pneumonia because of working in crowded and poorly 
ventilated places. COVID-19 may also cause severe outcomes, especially 
in patients with interstitial lung disease due to pneumoconiosis.56 

Although imaging features of silicosis and coal worker pneumoconiosis 
are not usually confused with COVID-19, subpleural lines and 

Fig. 4. COVID-19 pneumonia and asbestosis. 
Axial CT images (a, b) demonstrate bilateral calcified pleural plaques secondary to asbestosis and bilateral GGOs due to COVID-19 pneumonia. In the previous CT 
image (c) (8 months earlier) there are reticular densities and mild GGOs adjacent to the pleural plaques compatible with asbestosis, which may be confused with 
COVID-19 pneumonia. 

Fig. 5. COVID-19 pneumonia and cystic fibrosis. 
Axial (a) and coronal (b) CT images show widespread bronchiectases and bronchial wall thickenings in both lungs due to cystic fibrosis. In the left lung, multiple 
cystic bronchiectases have destroyed the lung parenchyma causing significant volume loss. GGOs can be seen in the right lung due to COVID-19 pneumonia. 
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interlobular linear opacities in asbestosis can mimic the recovery phase 
of COVID-19 pneumonia. Associated linear opacities with pleural pla-
ques in asbestosis can help the differential diagnosis. Furthermore, 
interstitial fibrosis in pneumoconiosis may not only mimic long-term 
persistent lung disease after COVID-19 but may also cause severe 
COVID-19 disease and progression to chronicity of lung abnormality. 
Therefore, vaccination and self-isolation become more important in 
these patients15,16 (Fig. 4). 

7. Cystic fibrosis 

Cystic fibrosis (CF) is an autosomal recessive inherited disease 
resulting from defective mucociliary clearance. The most common pul-
monary CT features of CF are upper lobe predominant bronchiectasis, 
bronchial wall thickening, mosaic attenuation pattern, tree-in-bud 
pattern, consolidation, and atelectasis.57 The tree-in-bud pattern may 
occur due to the involvement of small airways or endobronchial spread 
of infection. Consolidation is usually seen secondary to infection in ex-
acerbations of CF. In addition to infection, consolidation and GGO can 
also be seen due to hemoptysis caused by enlarged bronchial 
arteries.58,59 

7.1. Overlapping with COVID-19 and differentiation 

Although infectious agents commonly cause acute exacerbations in 
individuals with CF, the incidence of COVID-19 pneumonia (0.07%) and 
severe disease appear not to be higher than in the general population. 
Lower incidence may be the result of higher awareness of infection and 
control practices in patients with CF. However, post-transplant in-
dividuals experience more severe disease.60 Consolidation and GGO on 
CT images can be seen in patients with CF due to pulmonary hemorrhage 
and pneumonia. While clinical findings may help in differential diag-
nosis, an enlarged bronchial artery on CT can help the diagnosis and 
guide the interventional treatment of hemoptysis. Bacterial infections 
can mimic COVID-19 pneumonia both clinically and radiologically in 
individuals with CF. Laboratory findings such as high neutrophil count 
and some imaging features including tree-in-bud pattern or lobar 

pulmonary opacities with bulging fissures suggest bacterial pneumonia. 
Co-infections can occur especially in hospitalized patients with CF and 
COVID-19 pneumonia. The co-existence of COVID-19, co-infection and 
CF in the same patient can cause decreased pulmonary function and 
increased morbidity and mortality (Fig. 5). 

8. Chronic obstructive pulmonary disease 

Chronic obstructive pulmonary disease (COPD) is a spectrum of 
obstructive airway diseases including two major subtypes of chronic 
bronchitis-small airway disease and emphysema. The main CT findings 
can be classified as emphysema, airway disease, and associated features. 
Emphysema can occur as centrilobular and paraseptal. Airway disease 
can be seen as bronchial wall thickening, centrilobular opacities, and air 
trapping. Saber sheath trachea, tracheobronchomalacia, tracheobron-
chial diverticula, bronchiectasis, patchy ground-glass abnormality, mild 
subpleural reticulation, and pulmonary arterial enlargement can be 
observed as associated findings.61 

8.1. Overlapping COVID-19 and differentiation 

The pooled prevalence rates of COPD patients in COVID-19 cases 
were 2%.62 Patients with COPD may suffer severe COVID-19 disease and 
require intensive care unit (ICU) admission, although mortality rates are 
no higher than the ordinary risk of death from other causes. The use of 
glucocorticoids in the treatment of both COPD and COVID-19 may be 
the reason why patients with both diseases do not have worse out-
comes.7,63 Although emphysema is not expected to occur in patients 
with COVID 19, reticulation, bronchial wall thickening, and ground- 
glass opacities may be seen in both COPD and COVID-19 pneu-
monia.61,64 Furthermore, traction bronchiectasis may occur in the late 
phase of COVID-19 pneumonia and mimic the findings of COPD. Un-
derlying COPD in patients with COVID-19 might also result in a more 
severe, long-term, persistent lung disease and interstitial fibrosis. 

GGOs of COVID-19 within emphysema may resemble a crazy-paving 
pattern which can be an indicator of severe COVID-19.4 However, air 
cysts predominantly located in the anterior part of the lungs can be seen 

Fig. 6. COVID-19 pneumonia and emphysema. 
Axial CT images in the upper row show lung parenchymal changes in a patient with COVID-19 pneumonia. Bilateral opacities that are seen on the first CT image (a) 
progressed over time to ARDS, and bilateral subpleural bullae are seen in the anterior part of upper lobes in follow-up CT image (b). The last CT image (c) shows that 
the opacities have regressed, but there are persisting subpleural bullae leading to pneumothorax on the left. 
Axial CT image of another patient (d) shows opacities due to COVID-19 pneumonia in the right upper lobe superimposed on emphysematous parenchyma. The 
previous CT image (e) of the same patient better delineates the emphysematous parenchyma. 
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secondary to COVID-19 pneumonia itself or prolonged ventilation and 
mimic emphysema52,65 (Fig. 6). COPD patients with emphysema and 
COVID-19 may be at high risk of pneumothorax.66 Early diagnosis of 
pneumothorax and definition of CT findings of both diseases would be 
helpful for clinicians and provide appropriate management of the 
diseases. 

9. Malignant diseases 

Thoracic malignancies consist of metastases and primary malig-
nancies such as lung, airway, pleural, and chest wall tumors. Lung me-
tastases are usually seen as well-circumscribed, rounded solid lesions of 
variable sizes, while primary lung tumors are often characterized by sub- 
solid density, air bronchogram, and lobulated or spiculated margin.67 In 
addition to solitary nodules and mass, primary lung tumors particularly 
adenocarcinomas can also appear as consolidation and GGOs and 
resemble infectious diseases. Pleural effusion, pleural thickening, and 
mediastinal lymphadenopathy can accompany both primary and sec-
ondary cancers.68 

9.1. Overlapping with COVID-19 and differentiation 

An underlying malignant disease can worsen the outcome of COVID- 
19. The pooled incidence of cancer in COVID-19 patients was 6%. 

The incidence of COVID-19 in cancer patients is highest in hemato-
logical and lung cancers. Patients with lung cancer have been associated 
with a near doubling of severe COVID-19.7,69 Potential causes of higher 

rates of severe disease and death are impaired immunity due to 
chemotherapy, especially in hematological malignancies and lung 
involvement, particularly in lung cancer. Receiving chemotherapy 4 
weeks before the symptoms of COVID-19 leads to a high risk of death.69 

Vaccination before chemotherapy and self-isolation during chemo-
therapy is very important to prevent COVID-19 in cancer patients. 

COVID-19 may mimic lung cancer by showing atypical chest CT 
findings including isolated upper lobe involvement, the presence of a 
solitary lesion, and pleural effusion.13 On the other hand, the presence of 
cystic change, vessel convergence sign and pleural retraction are mostly 
seen in lung cancer.70 In addition to solitary lesions, multiple GGOs and 
consolidations may resemble mucinous lung adenocarcinomas and 
hemorrhagic metastases such as angiosarcoma.1 

New GGOs can be confused with new foci of lung adenocarcinoma in 
patients with both diseases. In addition, interlobular septal thickening 
and crazy paving pattern in COVID-19 pneumonia may imitate lym-
phangitic carcinomatosis in cancer patients. Follow-up chest CT may be 
useful in differentiation, as previously reported dynamic changes of 
COVID-19 pneumonia occur in a shorter period of time. GGOs and 
consolidations of COVID-19 pneumonia can also obscure metastases in 
cancer patients, so the investigation of lung metastases and disease 
progression can be performed after the resolution of COVID-19 
pneumonia. 

Besides COVID-19, cancer patients are prone to other opportunistic 
infectious diseases which can be confused with COVID-19 pneumonia. 
Anamnesis, increased tumor markers, and clinical findings suggesting 
viral infection can help to establish the correct diagnosis (Fig. 7). 

Fig. 7. COVID-19 pneumonia and malignancy. 
Axial CT image in the mediastinal window (a) shows irregular mediastinal and costal pleural thickenings (arrows) on the left in a patient with malignant meso-
thelioma and COVID-19 pneumonia. Axial CT image in the lung window (b) of the same patient shows GGOs with superimposed septal thickenings in the right lung 
due to COVID-19 pneumonia. 
Axial CT images (c, d) of another patient with metastatic breast carcinoma and COVID-19 pneumonia demonstrate both round GGOs due to COVID-19 pneumonia 
and metastatic nodules (arrows) in both lungs. 
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10. Pulmonary edema 

Pulmonary edema is caused by the increased accumulation of fluid in 
the pulmonary interstitium and alveoli due to the increased hydrostatic 
pressure, permeability, or both. Although the most common reasons for 
pulmonary edema are heart failure and acute respiratory distress syn-
drome (ARDS), several other reasons such as acute mitral valve insuf-
ficiency, pulmonary embolus, re-expansion, reperfusion, and 
neurogenic injuries can cause pulmonary edema. GGOs, consolidations, 
bronchovascular thickening, and septal thickening are the most com-
mon imaging features of pulmonary edema. 

The distribution of the imaging abnormalities provides clues to the 
etiology of pulmonary edema. Unilateral right lung, especially upper 
lobe, involvement suggests acute mitral valve insufficiency, while pul-
monary edema secondary to neurogenic injury usually affects lung 
apices. Gravitational gradient usually appears in ARDS. Bilateral peri-
hilar opacities, also known as the batwing sign, are often seen in heart 

failure. Pleural effusion and cardiomegaly usually accompany the 
parenchymal findings of pulmonary edema due to decompensated heart 
failure.71,72 

10.1. Overlapping with COVID-19 and differentiation 

COVID-19 can cause pulmonary edema because of increased pul-
monary venous pressure and alveolar capillary membrane permeability. 
In COVID-19, cytokine storm and inflammation induce increased alve-
olar capillary membrane permeability while dysregulation of the renin 
angiotensin aldosterone system (RAAS) causes increased hydrostatic 
pressure and volume overload. Subsequently, ARDS may develop due to 
secondary inflammation and fibrosis.73 Therefore, COVID-19 can 
worsen underlying pulmonary edema and cause decompensated heart 
failure. 

However, imaging findings of pulmonary edema and COVID-19 
pneumonia show high similarity with GGOs, consolidations, septal 

Fig. 8. COVID-19 pneumonia and pulmonary edema. 
Axial CT image (a) of a patient with subacute COVID-19 pneumonia shows cardiomegaly and bilateral pleural effusions (arrow). CT image in lung window (b) 
demonstrates bilateral peripheral opacities due to COVID-19 pneumonia. Coronal CT image (c) shows that there are also perihilar opacities due to accompanying 
pulmonary edema. 

Fig. 9. COVID-19 and pulmonary thromboembolism. 
Coronal CT image of a patient with previously diagnosed CTEPH shows chronic PTE in the right interlobar artery (arrow). Right ventricular dilatation and inter-
ventricular septal flattening due to increased right ventricular pressure is seen on axial CT image (b). Axial CT image (c) of the same patient shows bilateral pe-
ripheral GGOs compatible with COVID-19 pneumonia. 
Axial CT image (d) of another patient with COVID-19 pneumonia demonstrates thrombi in the right lower pulmonary artery branches (arrow). The CT image in the 
lung window (e) shows bilateral peripheral opacities of subacute COVID-19 pneumonia, and pleura-based opacity is seen in right lower lobe representing pulmo-
nary infarction. 
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thickening. Although differentiating CT findings can be very chal-
lenging, the distribution of GGOs, and the presence of pleural effusion 
can help the radiological differential diagnosis. The presence of fever 
also suggests accompanying COVID-19 in patients with pulmonary 
edema.74 In addition to treatment for COVID 19 pneumonia, the drugs 
that decrease the fluid in the lung can contribute to reducing lung 
damage75 (Fig. 8). 

11. Pulmonary thromboembolism 

Pulmonary thromboembolism (PTE) can occur due to coagulation 
abnormalities which are provoked by various factors including surgery, 
trauma, chemotherapy, cancer, immobilization, and COVID-19.76 

Although pulmonary CT angiography is very sensitive in the demon-
stration of PTE, knowledge of accompanying parenchymal findings is 
the cornerstone, especially in patients with COVID-19 who usually un-
dergo non-contrast chest CT. Acute pulmonary embolism is character-
ized by wedge-shaped pleural-based opacification or consolidation with 
air bubbles. The halo sign may be seen secondary to adjacent hemor-
rhage. Mosaic attenuation and peripheral irregular linear densities due 
to residual scars from infarcts can be observed in patients with chronic 
PTE. Enlargement of the pulmonary artery and the right ventricle can 
also help the diagnosis of PTE.77 

11.1. Overlapping with COVID-19 and differentiation 

The incidence of PTE in hospitalized patients with COVID-19 has 
been found to be approximately 1.9–8.9%. Critically ill COVID-19 pa-
tients requiring ICU show a higher incidence for PTE.76 Also, underlying 
chronic PTE may worsen with COVID-19 and vice versa. 

Predominantly peripheral GGOs and consolidations may obscure 
accompanying or underlying infarct. Furthermore, imaging findings of 
pulmonary infarct may overlap with COVID-19 pneumonia. Wedge- 
shaped and bubbly consolidation can be clues for PTE. Pulmonary CT 
angiography can be performed upon suspicious radiological and clinical 
findings. The use of therapeutic anticoagulants and balancing the risk of 
increased bleeding play a vital role in the management of patients with 
COVID-19 and accompanying PTE (Fig. 9). 

12. Conclusion 

The evaluation of lung involvement in patients with COVID-19 and 
underlying lung disease is challenging both clinically and radiologically. 
The imaging features of COVID-19 and underlying lung disease can 
overlap and cause difficulties in the differential diagnosis. Although a 
multidisciplinary approach is essential for appropriate disease man-
agement, radiologists play an important role in facilitating the diagnosis 
by knowing the imaging findings of COVID-19 and existing lung disease. 
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