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ABSTRACT

Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), was first reported in Wuhan, China. The infection rapidly spread to more than
200 countries around the world. The clinical presentation of the disease may vary from mild ill-
ness to severe pneumonia such as acute respiratory distress syndrome (ARDS). The chest com-
puted tomography (CT) has an important complementary role in diagnosis of the disease. The
predominant CT findings of the disease are ground glass opacities and consolidations located in
subpleural areas of lower lobes. Widespread ground-glass opacities, consolidation, air broncho-
grams, central involvement of lung parenchyma, mediastinal lymphadenopathy are more com-
mon in patients with the severe form of the disease. CT imaging also guides in differentiation of
alternative diagnosis or in assessment of associated pulmonary embolism during the course of
the disease. In this pictorial review we aim to review the CT features of COVID-19 pneumonia and
mention the changes throughout the disease process.

n December 2019, the World Health Organization (WHO) reported pneumonia cases of

unknown etiology in Wuhan city, China. The epidemic that started in Wuhan was stated

as a pandemic by the WHO on 10 March 2020 and as of 24 April 2020, rapid spread to
more than 200 countries around the world has been reported (1, 2).

A new coronavirus, which was not previously detected in humans was detected in these
pneumonia cases and was named as severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). The spectrum of symptomatic infection caused by this virus may vary from
common cold to severe pneumonia such as acute respiratory distress syndrome (ARDS).
Early detection of the infected cases and control of spread are the main effective strategies
to limit this outbreak. The diagnosis is confirmed by the molecular test real-time reverse
transcription polymerase chain reaction (RT-PCR), which detects the new coronavirus nu-
cleic acid in swabs or sputum (1-6).

Computed tomography (CT) imaging is recommended to support faster triage when
access to the test kits is limited or when there is a concern for false negative test result. A
recent meta-analysis reported the pooled sensitivity of RT-PCR as 89% (7). However, sen-
sitivity of the test is affected by the sample collection method, timing of sample collec-
tion and the sensitivity of sampling kit. During the follow-up of patients, initial negative
RT-PCR test results may change to positive within a range of 4-8 days (8). Tao et al. (9)
mentioned that in patients with negative RT-PCR test results, 67% had positive CT find-
ings indicating diagnosis of COVID-19 pneumonia (9). The pooled sensitivity of chest CT
for diagnosis of COVID-19 pneumonia is reported at 90%-94% (7, 10). Therefore, CT has
an important complementary role in initially RT-PCR test negative cases with high clinical
suspicion of COVID-19 pneumonia (11). If radiological and clinical findings support the
diagnosis of COVID-19 disease, RT-PCR test negative patients should have a repeat test
after 24 hours.

The characteristic CT findings in COVID-19 pneumonia are patchy areas of ground glass
opacities (GGOs) or consolidations, scattered bilaterally at peripheral, subpleural areas of
lower lung fields (3-6). With the increased number of CT analysis data obtained, various CT
findings of COVID-19 pneumonia are described in the literature.
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Figure 1. a, b. Axial (a) and coronal (b) CT images of a 55-year-old female patient with progressive
dyspnea and fever shows the peripheral distribution of ground glass opacities (GGOs, black arrows)
more prominent at lower lobes. CT scans shows GGO surrounded by a rim of consolidation (the
reversed halo sign) at right lower and left upper lobes (red arrows).
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Figure 2. Contrast-enhanced axial CT image

of an 18-year-old COVID-19 patient with
complaints of headache, cough, and hemoptysis.
The CT image shows a large peripheral GGO in
the right lower lobe (black arrow).

The aim of this article is to review the
typical diagnostic imaging findings of
COVID-19 pneumonia and to report the
changes of these findings throughout the
disease process.

* Chest CT has an important role in diagnosis of
COVID-19 pneumonia. The characteristic CT
findings in COVID-19 pneumonia are patchy
areas of ground glass opacities or consolida-
tions, scattered bilaterally at peripheral and
subpleural areas of lower lung fields.

¢ Unilateral or multifocal ground glass opacities
are reported in CT examinations of subclinical,
asymptomatic patients. Laboratory-confirmed
COVID-19 patients may have a normal CT scan
during asymptomatic and early stages (within
first 2 days) of the disease.

* Widespread ground-glass opacities, consolida-
tion, air bronchograms, central involvement of
lung parenchyma, mediastinal lymphadenop-
athy are seen more commonly in patients with
severe disease.

Figure 3. Unenhanced axial CT image of a
40-year-old male COVID-19 patient presenting
with fever and cough shows focal areas of GGOs
in the form of round nodules in both upper
lobes (white arrows).

Imaging method

A thin slice (1-1.5 mm) high-resolution
non-contrast-enhanced CT protocol is pre-
ferred in examination of the patients. De-
pending on the age and clinical findings
of the patients, initial CT examination may
be performed using standard-dose or low-
dose protocol. Follow-up imaging is rec-
ommended in case of clinical progression,
secondary cardiopulmonary diseases such
as pulmonary embolism or superimposed
bacterial infections. In patients with sus-
pected pulmonary embolism, contrast-en-
hanced CT angiography protocol is pre-
ferred considering renal function.

Imaging findings
Ground-glass opacity

GGO, described as areas of increased at-
tenuation in the lung with preserved bron-
chial and vascular markings, is the most
common abnormality (40%-83%) detected
in this disease (8, 10, 12, 13). The predom-

inant lobar distribution includes right and
left lower lobes. Involvement of more than
three or more lobes is commonly detected.
Bilateral, peripheral and subpleural distri-
bution is seen in most of the cases (Figs. 1,
2) (3, 10, 13-15). However, COVID-19 pneu-
monia may manifest as unilateral GGOs
even before the onset of symptoms and
may rapidly evolve into a diffuse, bilater-
al disease (3). GGO may be in the form of
round nodules (Fig. 3).

Consolidation

Consolidation is defined as replacement
of alveolar airspaces with an alveolar-filling
process. An increase in pulmonary paren-
chymal density and obscuration of the mar-
gins of airways and vessels are seen on CT.
Consolidation is the second most common
presentation of the disease (22%-43%) (Fig.
4) (8, 10). Consolidation may be associated
with GGOs or crazy-paving pattern (Fig. 5).
Consolidation is thought to reflect the pro-
gression stage of the disease and structural
distortion may accompany consolidation
over time (16). This mixed pattern, showing
perilobular and peripheral distribution sug-
gests the presence of a secondary organiz-
ing pneumonia. The organizing pneumonia
pattern associated with viral pneumonia
has been similarly described for HIN1 in-
fections and MERS-CoV infections (17, 18).

Air bronchogram sign

The air bronchogram sign is formed
when the air-filled bronchus is surrounded
with consolidated parenchyma. Although
this finding is frequently observed in bac-
terial infections, it can be encountered in
any type of infection and is also defined
in COVID-19 pneumonia (19). Air broncho-
gram was reported in around 10%-47% of
patients in different meta-analyses (8, 10).
This finding is more commonly detected in
patients with severe disease (Figs. 6, 7) (3,
16, 20). This sign suggests advanced stage
of COVID-19 pneumonia or possible pres-
ence of coexistent superimposed processes
such as pulmonary edema (16).

Tian et al. (21) have reported the patho-
logical findings in early phase of the
COVID-19 pneumonia. The pathological
changes such as proteinaceous exudate
and edema were present within lung spec-
imens corresponding to areas of GGO on
CT. The same group has reported postmor-
tem biopsy examinations of patients with
severe disease. Injury of alveolar epithelial
cells, fibrin forming clusters in airspaces
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Figure 4. a, b. Axial CT images of a 66-year-old male COVID-19 pneumonia patient presenting with
fever, cough and dyspnea shows consolidation (red arrows) and GGOs (black arrows) in peripheral

areas of both lungs.

Figure 5. Axial CT image of a 24-year-old male
COVID-19 pneumonia patient shows both crazy-
paving pattern (white arrow) and consolidation
(red arrow) in right upper lobe.

and hyaline membrane formation indicat-
ing diffuse alveolar damage were present
in this series. The corresponding CT images
of these patients had GGOs associated with
consolidation and air bronchogram. Super-
imposed bacterial infection findings such
as intraalveolar neutrophilic infiltration was
noted in one case with consolidation (21,
22). However, Copin et al. (23) stress on the
acute fibrinous and organizing pneumonia
(AFOP) pattern rather than diffuse alveolar
damage in their postmortem biopsy obser-
vations in patients with prolonged disease
course. Over time, the radiological-patho-
logical correlation will be better illuminated
with new postmortem studies.

Interlobular septal thickening

Interlobular septal thickening is the linear
pattern observed as a result of thickening in
the interstitium surrounding the secondary
pulmonary lobule. This pattern is recog-
nized in 14%-35% of COVID-19 pneumo-
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Figure 6. A 21-year-old female COVID-19
pneumonia patient, presenting with cough
and dyspnea. Axial minimum intensity
projection (MinIP) CT image shows the
peripheral consolidation in air bronchogram
right lower lobe (white arrow) and focal GGO
in left lower lobe (red arrow).

nia cases (3,10). It is commonly associated
with GGOs and often appears as the disease
severity progresses and the disease course
extends (Fig. 8) (16, 24).

Crazy-paving pattern

The crazy-paving pattern, defined as
linear pattern superimposed on GGO, is
observed in COVID-19 pneumonia simi-
lar to other coronavirus pneumonias (3,
12, 13, 24). Crazy-paving pattern has been
reported in 10%-15% of COVID-19 pneu-
monia patients in recent studies (3, 10). In
their study, Pan et al. (25) investigated the
radiological changes observed during the
disease course. They mention that the sub-
pleural GGOs observed in the early period
grow over time, and progress to crazy-pav-
ing appearance and consolidation (Fig. 9).

Vascular dilatation
Vascular dilatation is the enlargement of
the small pulmonary vessels within the af-
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Figure 7. A 24-year-old male patient with
COVID-19 pneumonia presenting with fever,
headache, and diarrhea. Axial MinIP CT image
shows the air filled bronchi within consolidation
and GGO (air bronchogram) (white arrow).

Figure 8. Axial CT image of a 53-year-old male
COVID-19 patient presenting with complaints of
diarrhea and back pain shows GGO (red arrow)
and interlobular septal thickening (white arrow)
in left lower lobe.

fected pulmonary parenchyma. This finding
has been reported in 45%-89% of the cases
(4, 8, 26, 27). In a recent series of autopsies,
authors have mentioned the thrombosed
small vessels detected in the lung periphery
(28). Thrombotic microangiopathy findings
detected in the autopsy series may be the
underlying mechanism of the vascular dila-
tation appearance on CT (Fig. 10).

Subpleural lines

Subpleural lines are curvilinear lines lo-
cated at subpleural area. They run parallel
to pleura and have been reported in 2%-
33% of the COVID-19 pneumonia patients
(8, 29). Subpleural lines are most commonly
observed during the recovery stage of the
disease and may represent a repair process
with fibrosis (Fig. 11) (23, 29).

Pleural thickening and retraction
Pleural thickening and retraction can be

detected adjacent to areas of subpleural in-
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Figure 9. Axial CT image of a 62-year-old male
COVID-19 pneumonia patient shows GGO with
thickened intralobular and interlobular septum
(crazy paving appearance) (black arrows).
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Figure 10. a, b. CT images of a 71-year-old male COVID-19 patient. Image (a) shows peripheral
location of GGOs in both lower lobes (black arrow). Image (b) shows vascular enlargement seen in

right lower lobe within a GGO (red arrow).

Figure 11. Axial CT image of 57-year-old male
COVID-19 pneumonia patient presenting

with cough and fever shows subpleural line
extending parallel to pleura in both lower lobes
(black arrows).
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Figure 13. Axial chest CT image of a 48-year-old
male COVID-19 pneumonia patient with fever
and dyspnea, shows a focal area of GGO in left
superior lingular segment (white arrow) and
solid nodular infiltration surrounded by GGO
(the halo sign) in the right lower lobe (red arrow).

volvement in 32%-48% during the course
of the disease and this may be due to a re-
active inflammatory reaction (3, 29).

Pleural effusion
Pleural effusion generally develops in
5%-7% during the course of the disease

Figure 12. a, b. Axial MinIP CT images of a 40-year-old male patient with COVID pneumonia. Image
(a) shows the vacuole-like focal air bubble within areas of GGO (vacuolar sign) in the right upper lobe
(white arrows). Image (b) shows reticular pattern superimposed on the background of GGO at the
right lower lobe (white arrows). Bronchial dilatation is seen within the GGO (red arrow).

and is thought to be a more prevalent in
severe/critical form of the disease (3, 8, 12,
16).

Vacuolar sign

Vacuolar sign refers to a vacuole-like focal
air bubble measuring less than 5 mm in di-
ameter detected in affected lung areas. This
finding may be seen secondary to distortion
and dilatation of the bronchiole within pa-
renchymal consolidation. It is mentioned as
round cystic changes or air bubble sign in
several studies (Fig. 12a) (3, 29).

Airway involvement

Airway involvement in the form of bron-
chial wall thickening and bronchial defor-
mation due to fibrosis has been mentioned
in 10%-52% of the cases (Fig. 12b) (4, 27).
This deformation in the wall may later have
an effect on respiratory function.

Halo sign
Halo sign is a CT finding describing a
nodule or consolidation surrounded by a

GGO. This finding was initially thought as
a specific finding for invasive pulmonary
aspergillosis. However, it was identified
in other diseases such as other infectious
diseases (mucormycosis, candidiasis, viral
pneumonias) and hemorrhagic nodules
of noninfectious origin (such as granulo-
matous polyangiitis, metastasis, Kaposi
sarcoma). This sign has been reported in
12%-17.6% of COVID-19 pneumonia cases
(Figs. 13, 14) (26, 27).

Reversed halo sign

Reverse halo sign refers to an area of cen-
tral GGO surrounded by a peripheral cres-
centic or circumferential consolidation. Or-
ganizing pneumonia is the most common
cause of this finding. Lung biopsy findings
of organizing pneumonia have been re-
ported in viral infections (18, 22). The acute
fibrinous and organizing pneumonia has
been reported in postmortem biopsy ob-
servations of COVID-19 pneumonia cases
(23). A similar lung injury pattern may be
present in COVID-19 pneumonia cases.
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Figure 14. Axial CT image of a 48-year-old
male COVID-19 pneumonia patient presenting
with fever and cough shows solid nodular
opacity surrounded by GGO (red arrow) in the
left upper lobe anterior to major fissure and a
focal area of GGO at subpleural area in the left
upper lobe (white arrow).
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Figure 16. a, b. Axial CT image (a) of a 60-year-old female COVID-19 pneumonia patient presenting with
fatigue and sore throat shows peripheral GGO in subpleural area of the right lower lobe at the early
stage of the disease (black arrow). The follow-up CT scan (b) is acquired 10 days after the onset of the first
symptom due to clinical progression. The axial CT image, shows the evolution of GGO to consolidation
pattern in the right lower lobe indicating progressive stage (black arrow).

Figure 15. a, b. Contrast-enhanced CT image (a) of a 69-year-old male patient with intensive care
unit admission due to severe COVID-19 pneumonia, shows bilateral diffuse GGOs (white arrow) and
consolidation (black arrow). Image (b) shows pulmonary embolism at right lower lobe pulmonary
artery (red arrow) on mediastinal window settings.

Reversed halo sign has been reported in
around 4% of COVID-19 pneumonia pa-
tients and is more prominent in later stages
of the disease (Fig. 1) (5, 27, 30).

Pulmonary embolism

Recently there are emerging reports re-
garding acute pulmonary embolism asso-
ciated with COVID-19 pneumonia (31, 32).
Leonard-Lorant et al. (31) have reported
that they detected pulmonary thrombo-
embolism in 32 of 106 cases (30%) exam-
ined by CT angiography in their tertiary
medical center. They mention that this
rate is much higher compared with criti-
cally ill patients without COVID-19 pneu-
monia (1.3%). These data suggest that
coagulopathy cascade is affected by this
disease (Fig. 15).

Temporal evolution of CT
findings

Laboratory-confirmed COVID-19 patients
may have a normal CT scan (11%-56%)

during asymptomatic and early stages
(within first 2 days) of the disease. However,
during the follow-up period, parenchymal
changes are detected in most of the pa-
tients (5, 8). Therefore, a normal chest CT ex-
amination does not rule out SARS-CoV-2 in-
fection. Unilateral or multifocal GGOs were
reported in CT examinations of subclinical,
asymptomatic patients (3). The CT changes
during the course of the disease are sum-
marized below.

Early stage

At this stage of the disease patchy GGOs
affecting peripheral areas of the lower lobes
is the predominant finding. Unilateral or
bilateral involvement may be present (Fig.
16a) (3, 12, 25).

Progressive stage

As the disease progresses, new lesions
may appear and bilateral multilobar in-
volvement develops. Relative decrease in
GGO pattern and evolution to crazy-pav-
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Figure 17. A 78-year-old female patient with
history of diabetes and chronic renal failure
admitted to hospital with complaints of
dyspnea and fever. The patient was diagnosed
as COVID-19 pneumonia and admitted to
intensive care unit due to progressive dyspnea.
The axial CT image shows diffuse bilateral
upper lobe involvement with GGOs (black
arrow) and consolidation (red arrow).The
imaging findings are consistent with severe
stage of the disease.

ing and consolidation is seen (Fig. 16b)
(3, 25).

Severe stage

The peak levels of lung involvement
generally develop around 10-13 days from
symptom onset (11, 22). Consolidation be-
comes prominent at this stage. Air broncho-
grams and architectural distortion, bron-
chial dilatation accompany these findings.
Pleural effusion may be present (Fig. 17) (3,
6,33).

Absorption stage

The consolidation gradually resolves and
consolidation areas are replaced by GGOs.
Linear lines and interfaces may accompany
GGOs. The resolution of parenchymal find-
ings may extend beyond 26 days (Fig. 18) (3,
6, 25,33).
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Figure 18. a, b. Tha axial CT image (a) of a 47-year-old female COVID-19 pneumonia patient with
cough and fever shows peripheral consolidation (black arrow) and ground glass opacities (red
arrow) in both lower lobes. Follow-up CT scan (b) acquired 1 week later shows the replacement of
consolidation areas with GGOs (black arrows) and the subpleural line in right lower lobe (red arrow)

indicating the absorption stage.

Figure 19. a, b. CT images of a 79-year-old male patient with severe COVID-19 pneumonia findings.
Axial CT image (a) shows the diffuse distribution of GGOs in lower lobes (black arrows). Coronal CT
image (b) shows extensive GGOs in both lung fields (black arrows). Tracheal bronchus is also seen as

an incidental finding (red arrow).

Figure 20. a, b. Axial CT image (a) of a 60-year-old male COVID-19 pneumonia patient presenting
with dyspnea shows right pleural effusion (black arrow) and GGOs in bilateral lower lobes (red arrows).
Coronal CT image (b) shows the extension of GGOs to upper lobes (black arrows) and subpleural line
(red arrow) at the right lower lobe.

CT differences between mild
and severe disease

While peripheral subpleural focal GGOs
are observed in milder forms of the disease,
in severe forms of the disease, the GGOs
become extensive and diffuse parenchy-
mal involvement develops. Consolidation,

air bronchograms, central and upper lobe
involvement of lung parenchyma, medi-
astinal lymphadenopathy are seen more
common in patients with intensive care unit
admission and have prognostic importance
(Figs. 17, 19) (3, 20).

Pleural fluid, which may be due to fluid
overload or parapneumonic effusion, is de-

tected in patients with severe form of the
disease (Fig. 20) (16, 20). Yang et al. (34) in
their study, mention about CT severity score
that they used to quantify the number of
affected segments. They state a correlation
between CT scores and disease severity.
Similarly Yu et al. (16), also showed that in
patients with more severe disease, there
was widespread parenchymal opacification
in the lung parenchyma than in patients
with mild clinical course.These findings sug-
gest that the CT score can be an important
criterion in determining the severity of the
disease and can be potentially used in the
triage of patients requiring hospitalization.

Conclusion

Radiological imaging plays an important
role in the diagnosis of COVID-19 pneumo-
nia. The characteristic imaging findings are
helpful in diagnosis. Findings such as ex-
tensive involvement of the lungs, predom-
inant consolidation and air bronchogram
pattern, associated pleural fluid detected
on CT are more common in patients with
severe disease. CT imaging also guides in
differentiation of alternative diagnosis or in
assessment of associated pulmonary em-
bolism. This review attempts to highlight
typical CT findings of COVID-19 pneumo-
nia. It is of vital importance for radiologists
to familiarize with these findings for correct
diagnosis of the patients.
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