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Abstract

The standard of reference for confirming COVID-19 relies on microbiological tests such as
real-time polymerase chain reaction (RT-PCR) or sequencing. However, these tests might not
be available in an emergency setting. Computed tomography (CT) can be used as an
important complement for the diagnosis of COVID-19 pneumonia in the current epidemic
context. In this review, we present the typical CT features of COVID-19 pneumonia and

discuss the main differential diagnosis.

Keywords: COVID-19 pneumonia; Tomography, X-Ray Computed; Cryptogenic Organizing

Pneumonia; Pneumonia.
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COVID-2019: Coronavirus disease 2019
GGO: ground glass opacities

MIP: maximum intensity projection

RT-PCR: real-time polymerase chain reaction

Introduction

Since March 11, 2020, the World Health Organization has declared Coronavirus
disease 2019 (COVID-2019) caused by SARS-CoV-2 to be a pandemic and public health
emergency of international concern [1]. To date, the epidemic had spread to more than 199
countries and more than 664,941 individuals have contracted the virus worldwide with 30,894
reported deaths, including 37,575 confirmed cases in France and 2,314 deaths [2]. However,
these numbers are probably underestimated as not all patients are tested, especially those who
are asymptomatic, or with only mild symptoms and no associated comorbidities. The standard
of reference for confirming COVID-19 relies on microbiological tests such as real-time
polymerase chain reaction (RT-PCR) or sequencing [3]. However, these tests might not be
available in an emergency setting and their results are not immediately available. Computed
tomography (CT) can be used as an important complement to RT-PCR for diagnosing

COVID-19 pneumonia in the current epidemic context [4,5]. Indeed, when the viral load is



insufficient, RT-PCR can be falsely negative while chest CT shows suggestive abnormalities
[4,5]. A large series based on 1014 patients reported a 97% sensitivity of chest CT for the
diagnosis of COVID-19, while the mean time interval between initial negative and positive
RT-PCR was approximately 5 days [5]. Thus, CT can play a pivotal role in the early detection
and management of COVID-19 pneumonia [6], at least for patients who have been
symptomatic for more than three days [4]. Indeed, 56% of patients imaged during the first 2

days following symptom onset may have normal CT findings [7].

Given the important role of chest CT, it is important for radiologists to become
familiar with the typical CT features associated with this new infection, as well as the imaging

criteria for an alternative diagnosis.

In this pictorial review, we present the typical CT features of COVID-19 pneumonia,
their changes during follow-up, together with the main differential diagnosis and clues for

their recognition.

Typical imaging findings

A wide variety of CT findings in COVID-19 have been reported in the different
studies [8,9] [9]. However, all studies indicate that the main CT feature of COVID-19
pneumonia is the presence of ground glass opacities (GGO), typically with a peripheral and
subpleural distribution (Figure 1). The involvement of multiple lobes, particularly the lower
lobes is reported in the majority of patients with COVID-19 [10]. These areas of GGO may be
admixed with areas of focal consolidation (Figure 2) and or associated with superimposed
intralobular reticulations, resulting in a crazy paving pattern (Figure 3). Linear consolidations
and other signs suggesting organizing pneumonia such as the reverse halo sign (i.e., areas of
ground-glass surrounded by peripheral consolidation) are very frequently observed, mostly in

patients several days after the onset of disease.

In the study by Salehi et al., the frequencies of the different CT abnormalities were as
follows: GGO was observed in 88.0% of patients, consolidation in 31.8%, bilateral

involvement in 87.5% and peripheral distribution in 76.0% of patients [8].

Various forms of severity

Patients with COVID-19 pneumonia present with variable disease extent, ranging

from mild involvement, affecting less than 10% of the lung parenchyma (Figure 4) to severe



disease extent with a “white lung” appearance on CT (Figure 5). Yuan et al. evaluated
imaging findings associated with mortality and reported that the frequency of consolidations
as well as the median CT score were both higher in the group of patients who died at the
hospital, as compared to patients who could be discharged [11]. The CT score in this study
was calculated as follows: CT attenuation was graded using a 3-point scale, with 1 for normal
attenuation, 2 for ground glass and 3 for consolidation. Then the degree of lung involvement
was evaluated for 6 lung regions: upper, middle and lower lung on each side and graded using
a 5-point scale: 0 no involvement, 1 less than 25%, 2: 25-50%, 3: 50-75% and 4 > 75%. The
maximal CT score was 72. Using a cut-off value of 24.5, the CT score predicted mortality
with a sensitivity of 85.6% and a specificity of 84.5% [11]. Other predictive factors for
mortality included older age and higher comorbidity rate [12]. In the series by Li et al. , the
incidence of consolidation, linear opacities and crazy-paving pattern in severe/critical patients
was significantly higher than that observed in non-severe (e.g., ordinary) patients [13]. This
series based on 83 patients also confirmed that severe /critical patients were older and with

more co-morbidities [13].

Evolution during follow-up

COVID-19 pneumonia CT features change over time, with different presentations according
to the phase and severity of lung infection. Pan et al. investigated lung changes by time in
patients who recovered from COVID-19 [14]. They classified the evolution of lung
abnormalities into four stages (early 0-4 days, progressive 5-8 days, peak 9-13 days, and
absorption > 14 days) according to time periods. They visually quantified the extent of CT
abnormalities. Each of the 5 lung lobes was visually scored from 0 to 5 as follows: 0, no
involvement; 1, < 5% involvement; 2, 25% involvement; 3, 26%-49% involvement; 4, 50%-
75% involvement; and 5, >75% involvement [14]. The total CT score ranged from O to a
maximal value of 25. They found that the total CT score increased until about 10 days after
symptom onset and then gradually decreased. Regarding the category of CT abnormalities,
stage 2 was characterized by an increase of GGO extent, with a crazy-paving pattern more
frequently observed [8]. On the opposite, in stage 3, consolidation was the main feature with a
decreased GGO ratio. In a series of 919 patients, Salehi et al. confirmed this observation and
reported that CT findings in the intermediate stage of the disease were characterized by an
increase in the number and size of GGOs, a progressive transformation of GGO into

multifocal consolidation, with septal thickening and development of a crazy-paving pattern



[8]. The transformation of GGO into linear consolidation is typical for an evolution towards
organizing pneumonia, which is a nearly universal response to lung injury whether it is focal
or diffuse, due to infection, radiation therapy or following drug-induced pneumonitis (Figure
6) [15]. Wang et al. also evaluated longitudinal changes and confirmed that pure ground glass
was the most common observation after symptoms onset, whereas a mixed pattern combining

ground glass with irregular linear opacity peaked on illness days 6-11 [10].

In patients with clinical worsening not explained by an extension of lung opacities on
CT, pulmonary embolism should be suspected and a contrast-enhanced CT examination
should be performed if possible, taking into consideration the clinical severity and the renal
function. Of note, patients with severe COVID-19 pneumonia have a marked elevation of d-
dimers, so that this d-dimer levels do no help identify those who have superimposed

pulmonary embolism [16].

CT features suggesting pneumonia of other cause

Among differential diagnosis, one major differential is pneumonia from bacterial
origin. Community-acquired pneumonia is usually characterized by an airspace consolidation
in one segment or lobe, limited by the pleural surfaces. CT may additionally show ground
glass attenuation, centrilobular nodules, bronchial wall thickening and mucoid impactions
(Figures 7 and 8) [17]. COVID-19 pneumonia presentation is very different, with an absence

of centrilobular nodules and no mucoid impactions in the absence of superinfection.

Pneumocystis Jiroveci pneumonia is another infectious cause of diffuse ground glass
on CT, but occurs in immunocompromised patients. Even though GGO is the main CT
feature, its distribution within the lung parenchyma is not similar to that observed in patients
with COVID-19, it is more diffusely distributed with a tendency to spare the subpleural
regions (Figure 9) [18].

It is much more difficult to distinguish COVID-19 from pneumonia due to other viral
causes. CT features largely overlap, even though it has been reported that CT abnormalities in
COVID-19 pneumonia more frequently exhibit a peripheral predominance, with less frequent
pleural effusion and lymphadenopathy (Figure 10) [19]. It is mainly the high current
epidemic context which suggests COVID-19 as the cause of GGO in patients with fever and

respiratory symptoms.



Non-infectious causes of acute GGO

Pulmonary edema is a very common cause of diffuse GGO, but is characterized by a
central predominance with sparing of the peripheral portions of the lung contrary to COVID-
19. It is associated with other suggestive signs such as septal lines, pleural effusion, large
pulmonary veins and mediastinal lymphadenopathy. It has been reported that COVID-19
might be responsible for acute myocarditis [20]. This diagnosis should be suspected if there
are signs of interstitial pulmonary edema such as septal lines in younger patients (Figure 11).
Intra alveolar hemorrhage due to small vessel vasculitis is also characterized by diffuse GGO,
but patients usually present with mild hemoptysis and acute renal failure is associated
especially in Goodpasture syndrome. There is no subpleural predominance contrary to that
seen in COVID-19 (Figure 12) [21]. Drug-induced pneumonitis manifesting as nonspecific
interstitial pneumonia is another cause of ground glass. Subpleural sparing, history of drug
exposure help diagnosis. Those manifesting as organized pneumonia have similarities to

COVID-19, but are associated with GGO and occur in a very different context [22].

Conclusion

In this epidemic situation, CT undoubtedly plays an important role, for early
identification of COVID-19 pneumonia. Typical CT features include peripheral GGOs with
multifocal distribution, and a progressive evolution towards organizing pneumonia patterns.
CT may be used for prognosis purposes, with poorer outcome for patients having important
disease extent and more consolidative forms and also to early detect complications in patients
who require further mechanical ventilation [23]. Centrilobular nodules, mucoid impactions
and unilateral segmental or lobar consolidations suggest a bacterial origin of pneumonia, or
superinfection. RT-PCR remains needed for final confirmation but its positivity can be

delayed, with the need to repeat the test if the CT features are suggestive.
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Figure legends

Figure 1. Unenhanced CT images show typical findings of COVID-19 pneumonia in a 55-year-old
man. Peripheral GGO is seen in the upper portion of both lungs (a, b) (arrows), associated with
linear consolidations in the lower lobes (c) (arrowhead). The results of first and second RT-PCRs
were negative, with only the third test, repeated in view of CT findings, becoming positive.

Figure 2. Unenhanced CT examination performed 6 days after the onset of symptoms in a 64-
year-old-man with COVID-19 pneumonia. Axial (a) and coronal (b) CT images demonstrate
bilateral ground glass opacities admixed with patchy areas of consolidation (arrow) in the
central and peripheral portions of the lung.

Figure 3. Unenhanced CT images of an 86-year-old woman with a crazy-paving pattern due to
COVID-19 pneumonia. (a) CT examination performed 4 days after symptom onset (dry cough
and chest pain) demonstrates moderate disease extent (10-25%). (b) Peripheral ground-glass
opacities with superimposed intralobular reticulations (arrows) resulting in a crazy-paving
pattern, are seen in both lower lobes.

Figure 4. Unenhanced CT image in a 50-year-old woman with a mild form of COVID-19. She has
asthma with no respiratory symptoms except fever. Her husband has been recently diagnosed
with COVID-19. CT demonstrates rounded ground-glass opacities in both upper lobes, some in
the sub pleural region (arrowhead) and others more centrally distributed (arrow).

Figure 5. Unenhanced CT images of a “white lung” appearance in an 89-year-old man with
respiratory distress due to COVID-19 pneumonia. Axial (a) and coronal (b) CT images,
performed before admission in ICU demonstrate extensive ground glass opacities, with more
than 75% of the lung involved.

Figure 6. Initial and follow-up CT images in a 71-year-old woman with COVID-19 pneumonia.
Unenhanced initial CT performed before RT-PCR confirmation (a,c) shows bilateral peripheral
ground-glass in the dorsal segment of upper (a) and lower lobes (c) (arrows). Contrast-
enhanced CT (b,d) performed 6 days later to rule out pulmonary embolism demonstrates linear
consolidations typical for an organizing pneumonia pattern (arrowheads).

Figure 7. Unenhanced CT images in a 55-year-old-patient with bacterial bronchopneumonia.
Centrilobular nodules (a) with a tree-in-bud pattern better seen on MIP reformatted images (b)
(arrows) are seen in the right lower lobe, together with a segmental consolidation (arrowhead)

().

Figure 8. Unenhanced CT images of a 45-year-old man with bacterial pneumonia. Ground glass
opacities (arrow) limited to the posterior and lateral segment of the right lower lobe are
demonstrated (a), associated with endobronchial secretions (arrowhead) (b) more proximally.

Figure 9. Unenhanced CT images of a 30-year-old man with Pneumocystis Jiroveci infection.
Bilateral ground glass opacities with right lung predominance are demonstrated. Note the
relative subpleural sparing (arrows) on both axial (a) and coronal (b) CT images.



Figure 10. Unenhanced CT image in a 45-year-old-patient with Influenza virus-associated
pneumonia. Bilateral diffuse ground glass opacities are demonstrated. Differential diagnosis
with COVID-19 pneumonia is not possible and relies on RT-PCR results, even though peripheral
predominance is less common. RT-PCR result for SARS-Cov-2 was negative but positive for
influenza A.

Figure 11. Unenhanced CT images of a 64-year-old man with COVID-19 and pulmonary edema.
Ground glass opacities admixed with patchy consolidation are seen in both lungs and associated
with linear consolidation in the subpleural region of the left lower lobe (arrow) (a). The
associated smooth thickening of the interlobular septa (b), indicating pulmonary edema,
suggests left ventricular failure and potentially associated myocarditis.

Figure 12. Unenhanced CT performed in a 48-year-old woman with Goodpasture syndrome. CT
image shows bilateral ground glass opacities with central predominance, associated with pleural
effusion, which is very uncommon in COVID-19 pneumonia. The patient presented with mild
hemoptysis related to intra alveolar hemorrhage and acute renal failure. Histopathological
analysis of tissues samples obtained from renal biopsy confirmed Goodpasture syndrome.









































