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Abstract

COVID-19 is an emerging infection caused by a novel coronavirus that is moving so rapidly that on 30 January 2020 the
World Health Organization declared the outbreak a Public Health Emergency of International Concern and on 11 March 2020
as a pandemic. An early diagnosis of COVID-19 is crucial for disease treatment and control of the disease spread. Real-time
reverse-transcription polymerase chain reaction (RT-PCR) demonstrated a low sensibility, therefore chest computed tomog-
raphy (CT) plays a pivotal role not only in the early detection and diagnosis, especially for false negative RT-PCR tests, but
also in monitoring the clinical course and in evaluating the disease severity. This paper reports the CT findings with some
hints on the temporal changes over the course of the disease: the CT hallmarks of COVID-19 are bilateral distribution of
ground glass opacities with or without consolidation in the posterior and peripheral lung, but the predominant findings in
later phases include consolidations, linear opacities, “crazy-paving” pattern, “reversed halo” sign and vascular enlargement.
The CT findings of COVID-19 overlap with the CT findings of other diseases, in particular the viral pneumonia including
influenza viruses, parainfluenza virus, adenovirus, respiratory syncytial virus, rhinovirus, human metapneumovirus, etc.
There are differences as well as similarities in the CT features of COVID-19 compared with those of the severe acute res-
piratory syndrome. The aim of this article is to review the typical and atypical CT findings in COVID-19 patients in order
to help radiologists and clinicians to become more familiar with the disease.

Keywords Coronavirus pneumonia - Lungs - Chest CT - Ground glass opacities - Consolidation - Reticular pattern - Crazy-
paving pattern
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Introduction

The virus now known as SARS-CoV-2, showed up in
Wuhan market in December 2019 and, starting from there,
it rapidly spread throughout the world [1, 2], faster than
other coronaviruses such as SARS-CoV-1 previously did.
The global economic, social, historical, institutional and
scientific impact of COVID-19 is and will remain substan-
tial; the scientific community is still working to identify
the disease in its earlier stages, when it is asymptomatic
and the nasopharyngeal swab may still be negative.

The clinical expressions of COVID-19 range from
asymptomatic course to mild (low-level fever, fatigue,
and a dry cough together with symptoms such as nasal
congestion, a runny nose, diarrhea and slight weakness
with or without pneumonia) to severe form, characterized
by dyspnea and/or hypoxemia that can quickly progress to
septic shock, uncorrectable metabolic acidosis, coagula-
tion disorders, hospital admission, need for intensive care,
and death in 4.3-15% of patients [3].

Early disease progression can be rapid [4]. The severe clin-
ical form is characterized by abnormal laboratory findings,
such as hyperferritinemia, leukopenia, alterations of liver
function tests, and high levels of cytokines (i.e. IL6, IL-1B,
IL-1RA, IL-2, IL-10, and TNF-a) [4, 5] and chemokines such
as [P-10 and MCP-1 [6, 7]. Liver injury in patients with coro-
navirus infections is often transient and can be directly caused
by the viral infection of liver cells [8]. Several evidences
suggest that the virus may induce a pro-inflammatory state
related to the over-activation of effector T cells with associ-
ated massive production of pro-inflammatory cytokines that
may play a key role in the development of the lung disease
and damage, which in turn lead to acute lung injury (ALI)
[9-11]. In the absence of a specific treatment or vaccine for
COVID-19, early diagnosis and the subsequent isolation of
infected patients is essential for disease control [12].

Chest computed tomography (CT) has a significant role
in the very early stages of the infection, when the naso-
pharyngeal swab may still be negative, for eventually plac-
ing the diagnosis of COVID-19 in patients highly suspicious
(i.e. clinical features and exposure history) [13] and set up a
prognosis, as well as over the course of the disease for eval-
uating changes in severity requiring treatment adjustments.

Role of chest computed tomography
in COVID-19

Taking into account that real-time reverse-transcrip-
tion polymerase chain reaction (RT-PCR) of upper and
lower respiratory specimens (such as nasopharyngeal or

oropharyngeal swabs, sputum, tracheal aspirates, and bron-
choalveolar lavage) is the reference standard for diagnosis
of COVID-19 [14], it have to be highlighted that although
RT-PCR is highly specific, recent studies have shown that
it is only 30-60% sensitive [15] and it has been reported
to be less sensitive than CT during the early course of the
disease [16].

The reason for that may be related to a low patient viral
load, improper sampling, the timing of sampling, or labo-
ratory issues [15]. False negative results may also occur
if amplification inhibitors are present in the specimen or
if an inadequate quantitative of organisms is present in
the specimen. Positive and negative predictive values are
highly dependent on prevalence.

Moreover, RT-PCR is time-consuming [17] and a rapid
decision-making is necessary in the early stages of an epi-
demic disease. Consequently, some COVID-19 patients
may not be promptly identified and, therefore, not treated
and isolated, with contribution to the disease spread; it is
highly suggested to discharge the patient after obtaining
two consecutive negative RT-PCR test results [15, 17, 18].
Chest CT is a widely accessible, fast and non-invasive
diagnostic tool for pneumonia.

Although RT-PCR remains the reference for the diag-
nosis of COVID-19, CT may at least partially overcome
the limitations of RT-PCR [13]. Using RT-PCR as the
reference, Ai et al. [17] confirmed the high sensitivity
of CT (97%), but a poor specificity was recorded (25%),
with an accuracy of 68% for the diagnosis of COVID-
19; therefore, typical findings on CT may rule out false
negative RT-PCR tests, however there is a considerable
overlap between COVID-19 and other viral pneumonia
CT features [19, 20]. The same authors also highlight the
fact that follow-up chest CT scans were capable of detect-
ing an improvement in the condition of 42% of patients
before their RT-PCR findings were negative [17]. They
also analyzed the positive predictive value (PPV), negative
predictive value (NPV), accuracy, sensitivity and specific-
ity of chest CT in different age groups of both genders,
and found that it was more accurate and had higher PPVs
in patients aged > 60 years than in younger patients and
that, although there were no gender-based differences in
its sensitivity, accuracy and PPV, it was more specific and
had higher NPVs in women [17]. The sixth edition of the
official diagnosis and treatment protocol of the National
Health Commission of China states that chest CT is one
of the diagnostic criteria for COVID-19 [21]. The Fleisch-
ner Society released a Multinational Consensus Statement
about the role of chest CT for patients management dur-
ing COVID-19 pandemic were they assess that imaging is
indicated in patients highly suspected of COVID-19 (i.e.
with moderate-severe clinical features and a high pre-test
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probability of disease) and in patients with COVID-19 and
worsening respiratory status [22].

Therefore, CT can play a major role both in diagnosis of
patients with high suspicion of COVID-19 [22], and in the
management of COVID-19 patients [23]: it is effective for
the detection of the disease in presence of unspecific or no
clinical symptoms, and for the detection of possible clini-
cal worsening before the peak of lung involvement occurs
(6-11 days) [24, 25].

Regarding the CT acquisition protocol, the need for
high-quality images may be conditioned by the high risk of
motion artifacts in dyspneic, coughing patients. Volumet-
ric acquisitions in deep inspiration are preferred; there are
no reports about sequential axial acquisitions [25]. Even if
some studies report protocols with high slice thickness (up
to 8 mm) [26], a slice thickness <3 mm is preferred, being
the optimal 0.6—1.5 mm with no reconstruction gap [27].
Optimal scan parameters for a non-contrast chest CT are
100-120 kV with modulated mA for dose-saving and opti-
mal pitch values of 1-1.5 [27, 28]. However, the manage-
ment of motion artifacts relies on low rotation times and
high pitch values; in this case the high-pitch, dual source
acquisition may be helpful though not fully validated for
pulmonary imaging [29]. In case of suspicion of pulmonary
embolism (PE), a post-contrast CT angiography is required.
The contrast material should be administered at a high
injection rate (>3 ml/s), followed by a saline chaser. The
post-contrast acquisition is optimized with bolus-tracking
techniques [30].

Considering the need for seral examinations during the
disease course, some authors raised concerns about radia-
tion dose suggesting the implementation of low-dose CT

Fig.1 Average percentage of
each chest CT manifestation
of COVID-19 calculated from
published studies

Air bronchogram sign; 50%

Crazy paving pattern; 20%

Reticular pattern; 27%
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Reverse halo sign; 3%

Nodule; 15%
Pleural effusion; 10%

Bronchial wall thickening; 17%

protocols [31]. The available strategies involve both the
lowering of tube voltage and/or tube current with imple-
mentation of iterative reconstructions: it has to be pointed
that most of these protocols were developed in a screening-
setting for detection of lung nodules [32]. A relatively new
technique is the spectral shaping where a tin filter removes
the low component of the X-ray spectrum with significant
reduction of radiation dose. Preliminary results in COVID-
19 demonstrated encouraging results of spectral shaping
coupled with dual-source acquisition [33, 34].

CT imaging features of COVID-19

COVID-19 demonstrated characteristic CT features dur-
ing its course, so serial CT examinations may be helpful
for monitoring disease course and to ensure a timely treat-
ment. The hallmark of COVID-19 is the bilateral presence
of patchy ground glass opacities (GGOs) that may coalesce
into dense, consolidative lesions, with a predominantly
peripheral distribution under the pleura and along the bron-
chovascular bundles [3, 35]. As the disease progresses, the
number of lesions may rapidly increase and extend to central
areas with the left lower lobe being more often involved than
the upper/middle and right lobes [36]. During the disease
recovery, the lesions are gradually absorbed over a period of
two weeks, leading to the formation of fibrotic stripes [25].

In addition to GGOs and consolidations, COVID-19
pneumonia may show other CT findings or patterns such as
interstitial thickening, crazy-paving pattern, “reversed halo
sign”, “halo sign”, and airway and vascular changes. These

Lymphadenopathy; 8%
Pericardial effusion; 4%

GGO; 66%

Consolidation; 41%

GGO+consolidation; 47%

Interlobular septal
thickening; 53%
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Fig.2 64-year-old man with COVID-19 in early stage of illness.
Chest CT scan showing bilateral GGOs in the apical segments of both
lower lobes (white arrows)

may help to differentiate COVID-19 pneumonia from other
forms of pneumonia. Figure 1 shows the CT manifestations
of COVID-19 described in published articles.

Ground glass opacities (GGOs)

GGOs are unspecific findings defined as hazy lung opaci-
ties that do not obscure the underlying vascular or bron-
chial margins (Fig. 2), are supposed to be related to a par-
tial airspace filling or to interstitial thickening [37]. The
predominant CT pattern in COVID-19 is bilateral GGOs
associated with consolidations, but the findings may differ
from patient to patient or the stage of the disease [3, 35].
Bernheim et al. [36] described the imaging findings of 121
symptomatic patients in relation to the time between symp-
tom onset and the time of the patient underwent to a CT
scan. In this case series, 56% of the CT examinations of
“early” patients (i.e. 0-2 days after symptom onset) were
normal, whereas only 9% of the “intermediate “ patients
(3-5 days) and 4% of the “late “ patients (6—12 days) had
normal CT findings [36]. This is in line with the data pub-
lished by Pan et al. who observed a vast predominance
of small sub-pleural GGOs during early disease, with the
subsequent development of crazy-paving and of consolida-
tion up to two weeks (peaking after 10 days) [25]. Wang
et al. confirmed the predominance of GGOs after symptom
onset, with the percentage decreasing during the course of
the disease; they also described the co-presence of con-
solidation as the second most prevalent finding with the
percentage increasing to 24% at 611 days after disease
onset [24]. Xu et al. described the first post-mortem biopsy
study in which they found pulmonary edema and a hya-
line membrane, which suggests the underlying pathologi-
cal mechanism of GGOs [38]. In addition to GGOs the

authors reported the presence of interstitial thickening and
areas of consolidation [39], which together may suggest
lung damage due to organizing pneumonia [40].

Consolidations

Consolidations are due to the complete replacement of
alveolar airspaces by pathological fluids or cells, thus lead-
ing to an increase in parenchymal density that obscures
the underlying vessels and bronchial walls [37] (Fig. 3).
Consolidations are reported in 2-63% of cases, they may
be multifocal, patchy or segmental, with sub-pleural or
peri-bronchovascular distribution [28, 41]. The underly-
ing pathological mechanism in COVID-19 may be the
presence of cellular fibromyxoid exudates in the alveo-
lar spaces [37]. The development of consolidations may
be related to disease progression within two weeks after
disease onset [25], this is in accordance with the fact that
within 1-3 weeks, GGOs are preceding or co-existing with
consolidations [42]. Moreover, as consolidations have
been found to be more common in middle-late disease or
in patients aged > 50 years [39], they may be a warning
sign of a severe course.

Reticular opacities

A reticular pattern consists in a complex network of lin-
ear opacities related to interlobular and intralobular septal
thickening [37, 43] (Fig. 4) due to lymphocyte infiltration
[38]. It is the third most common finding in COVID-19

Fig.3 77-year-old man with COVID-19 in intermediate stage of ill-
ness. Chest CT scan showing large bilateral areas of consolidation
with an air bronchogram in both lower lobes (black arrows). Less
extensive consolidations can be seen in the left upper and middle lobe
(white arrowheads), as well as a solid nodule surrounded by a ground
glass halo in the middle lobe (white arrow)

@ Springer



640

La radiologia medica (2020) 125:636-646

Fig.4 69-year-old woman with COVID-19 in remission stage of ill-
ness. Chest CT scan showing GGOs and thickened pulmonary inter-
stitial structures (black circles), with a reticular pattern and fibrous
stripes in both lower lobes (black arrows)

Fig.5 67-year-old man with COVID-19 in intermediate stage of ill-
ness. CT scan showing bilateral multifocal GGOs with superimposed
interlobular septal thickening and visible intralobular lines (“crazy-
paving”) (black circles). Bronchial wall thickening (black arrowhead)
and multiple small vascular enlargements (“white arrowheads”) can
also be seen in the right upper lobe

after GGOs and consolidations [28, 39, 42], and its fre-
quency increases along the course of the disease [42].

Crazy-paving
A crazy-paving pattern is defined as the presence of GGOs
with superimposed interlobular septal thickening giving

the appearance of irregular paving stones [37] (Fig. 5). In
COVID-19, this finding is less frequent than GGOs alone

@ Springer

and consolidations [25]. As previously found in the case
of SARS, it may be related to alveolar edema coupled with
inflammation of interstitial structures [28, 44]. It has been
reported in 5-36% of COVID-19 patients [41], and may be
considered a sign of progression or the peak stage when
associated with GGOs and consolidations [25].

Air bronchograms

Air bronchograms, in which air-filled bronchi are visible
within a highly attenuated parenchymal background [37]
(Fig. 3), have been recorded in case-series of patients
affected by COVID-19 [39]. However, an autoptic study of
COVID-19 patients by Xi et al. [45] reported that actually
the bronchi are filled by gelatinous mucus plugs, therefore
the term “air bronchogram” may be considered inaccurate
as the bronchi are not filled with air and were found in asso-
ciation with a slight bronchial dilatation. For these reasons,
Ye et al. [35] suggested that “bronchiolectasis” may be a
more appropriate term; they also hypothesised that the high
viscosity of the mucus may lead to bronchiolar damage, thus
causing the bronchiolectasis and characteristic dry cough of
COVID-19 patients.

Airway changes

The reported COVID-19-related airway changes were bron-
chiectasis [16] in some patients and bronchial wall thicken-
ing in 10-20% of cases [28, 41] (Fig. 5). The assumed patho-
logical mechanism is bronchial obstruction and bronchial
wall inflammatory damage, both leading to the destruction
of bronchial wall structures, to the development of fibrosis,
and to consequent bronchiectasis [37]. A recently published
study found a significantly higher percentage of bronchial
wall thickening in patients with severe/critical COVID-19
[41].

Pleural changes

The most frequent pleural change in COVID-19 patients is
not pleural effusion (5% of cases), but pleural thickening
(32%) [42] (Fig. 6). Intriguingly, as in the case of Middle
East respiratory syndrome coronavirus (MERS-CoV) infec-
tion, the presence of pleural effusion has been suggested as
a prognostic factor of a worse outcome [41, 42]. The pres-
ence of pleural thickening seems to be confirmed by autopsy
findings [45].

Nodules
A pulmonary nodule is defined as a rounded or irregular

parenchymal opacity of <3 cm in diameter [37] (Fig. 3);
it is frequently related to the presence of viral pneumonia
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Fig.6 70-year-old woman with COVID-19 in intermediate stage of
illness. CT scan showing the presence of right pleural effusion (white
full arrow), and consolidation and pleural thickening in the left lower
lobe (white empty arrow)

[46]. Multifocal solid irregular nodules were found in 3-13%
of COVID-19 patients [25], sometimes in association with
“halo sign” [47].

Fig.7 59-year-old woman with COVID-19 in intermediate stage of
illness. CT scan showing a reversed halo sign (focal rounded GGOs
surrounded by ring-like consolidation) in the anterior segment of
the right upper lobe (white circle). It also shows GGOs bilaterally in
the upper lobes and in the apical segment of the left lower lobe, with
superimposed interlobular septal thickening and intralobular lines
(“crazy-paving”) in the left lung (white full arrowheads), and focal
consolidation with an air bronchogram in the right upper lobe (white
empty arrowhead)

Halo sign and reversed halo or atoll sign

A “halo sign” is a nodule or mass surrounded by GGOs [37]
(Fig. 7). It is not considered to be specific for COVID-19 as
it has only been reported in a few case series [21, 47]. The
pathological mechanism underlying this sign is unclear; it
has been associated with angio-invasive fungal infections or
hypervascular metastases, as a possible sign of peri-lesion
hemorrhage [48], viral infections, and organizing pneumo-
nia [49]. Specularly, the “reversed halo sign” or “atoll sign”
is the presence of a ring-like area of consolidation with a
superimposed rounded GGO [37]. These signs have been
reported in association to COVID-19 and is thought to be
related to a healing lesion with a lower density core or an
evolving lesion around a pre-existing GGO [50, 51]. It has
previously been described in association with cryptogenic
organizing pneumonia and other pulmonary infections [52,
53]. However, Li et al. [21] found the halo or reversed halo
sign respectively in 17.6% and 3.8% of the COVID-19
patients, and were not reported in SARS or MERS patients.

Lymphadenopathy

A mediastinal lymph node is defined as lymphadenopathy
when its short-axis diameter is>1 cm [37] (Fig. 8). This
finding has been reported in 4-8% of patients with COVID-
19 [28, 42], and it has been suggested as a likely significant
risk factor for COVID-19-patients with severe/critical pneu-
monia [41]. However, a bacterial superinfection should be
suspected when lymphadenopathies are found in association
with pleural effusion and tiny lung nodules [15, 17, 18].

Fig.8 80-year-old man with COVID-19 in worsening stage of illness.
Chest CT scan showing enlarged mediastinal lymph nodes (white
arrows)
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Fig.9 75-year-old man with COVID-19 in worsening stage of illness.
CT scan showing pericardial effusion (white full arrow) and multiple
extensive consolidations in both lower lobes and in the left upper lobe
(white empty arrows)

Pericardial effusion

Pericardial effusion has been reported in about 5% of
COVID-19 patients and is assumed to be related to the pres-
ence of severe inflammation [28, 41] (Fig. 9). This hypoth-
esis that may have been confirmed by a recent study that
showed a higher incidence of pericardial effusion in associa-
tion with severe/critical patients [41].

COVID-19 and pulmonary embolism (PE)

Recently, some papers reported presence of coagulation dis-
orders in patients affected by COVID-19 and suggested that
microvascular thrombotic events may be involved in respira-
tory failure in COVID-19 [54-56] rising the hypothesis that
subsegmental vascular enlargement close to GGOs could be
a sing related to thrombosis [27, 35, 57], however this sign
may be also related to loco-regional hyperemia. Increased
level of D-dimer has been reported in severe COVID-19 and
correlated with poor prognosis [3, 56, 58]. Broadly speak-
ing, infection of the respiratory tract is a known risk factor of
inpatient PE [59], current literature reports PE in 22-30% of
patients affected by COVID-19 [30, 56, 60, 61] (Fig. 10) and
CT angiography is indicated when PE is clinically suspected.

Differential diagnosis

Being RT-PCR the reference for COVID-19 diagnosis, CT
demonstrated high sensitivity (97%) but poor specificity
(25%) [17]. This is mostly due to the fact that the CT appear-
ance of COVID-19 overlap with other viral pneumonia,
including influenza viruses, parainfluenza virus, adenovirus,
respiratory syncytial virus, rhinovirus, human metapneumo-
virus, etc. (Table 1) [19, 21, 62]. Similarly to COVID-19,
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Fig. 10 67-year-old man with COVID-19 complicated by pulmonary
embolism, in worsening stage of illness. CT Angiography. Image
shows a pulmonary embolus in a segmental branch of the right pul-
monary artery for the middle lobe (white arrow) in a patient with
bilateral consolidations and pleural effusion (empty arrows)

most of the viral pneumonia involve both lungs and multiple
lung lobes with predominant distribution in posterior and
peripheral part of the lungs; however, there are some find-
ings that could be useful in the differential diagnosis. The
main CT feature of pneumonia by respiratory syncytial virus
are small centrilobular nodules and areas of consolidation
which are often asymmetrically distributed in the lungs. On
chest CT, adenovirus pneumonia shows bilateral multifocal
GGOs with patchy consolidations and may present lobar or
segmental distribution. In human parainfluenza virus pneu-
monia presence of centrilobular nodules with bronchial
wall thickening may allow to differentiate from other viral
pneumonias. Chest CT in patients with influenza pneumonia
shows bilateral patchy areas of GGOs with or without focal
areas of consolidation, usually in the lower lobes.
Radiological presentation of COVID-19 is not much dif-
ferent from pneumonia associated with the other two coro-
naviruses, SARS and MERS, probably the reason of that
should be related to the fact that since they belong to the
same coronaviridae family, they present the same underlying
pathological mechanism. The pulmonary lesions in SARS-
CoV-1 included bilateral extensive consolidation; localized
hemorrhage and necrosis; desquamative pulmonary alveoli-
tis and bronchitis; proliferation and desquamation of alveolar
epithelial cells; exudation of proteins, monocytes, lympho-
cytes, and plasma cells in alveoli; and hyaline membrane
formation [5, 16, 35, 63, 64]. However, differently from the
reported SARS cases, the COVID-19 pneumonia showed a
tendency of multifocal distribution and a periphery distribu-
tion of GGO at the upper lobes and a basilar or subpleural
preference in the lower lobes [65]. Moreover, the frequency
of consolidation and severity score were also much lower
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Table 1 CT manifestations of different types of pneumonia (modified from [62])

Common pneumonia

Other viral pneumonias

COVID-19

Bacteria such as streptococci, mycoplasma, and chla-

mydia

Influenza A and B viruses, parainfluenza virus, cyto-

SARS-CoV-2

Etiology

megalovirus, adenovirus, respiratory syncytial virus

Fever, mild nasal obstruction, rhinorrhea, etc., in most

Fever and dry cough in most cases, sometimes diarrhea High fever, cough, pharyngalgia, myalgia, etc

Early symptoms

cases

Common in children in winter and spring; less common Common in winter in children and the community

History of exposure to Wuhan or other epidemic

History

in adults or the community

regions; mainly males aged 40-60 years

High WBC count, high erythrocyte sedimentation rate,

Positive NAAT detection of influenza A and B viruses,
and significantly high CRP concentration

Positive NAAT, normal or low WBC count, low lym-

Laboratory test

parainfluenza virus, cytomegalovirus, adenovirus,

phocyte count, and high serum CRP levels

and respiratory syncytial virus; increased lymphocyte

count

Bronchial pneumonia, lobar pneumonia, bronchial wall

Interstitial inflammation, high-attenuation reticular

Chest CT findings Early stage: pure GGOs

thickening, centrilobular nodules, multiple consolida-
tions mainly involving the lung parenchyma

patterns or multiple high-attenuation fibrous streaks,

localized pulmonary edema and/or atelectasis

Progressive stage: multiple GGOs, consolidations in

lesions, crazy-paving pattern
Advanced stage: diffuse exudative lesions, lung whit-

eout

CRP C-reactive protein, CT computed tomography, GGO ground-glass opacity, NAAT nucleic acid amplification test, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2, WBC white

blood cell

than in SARS, which might explain the lower death rates
of COVID-19 pneumonia than SARS. Similarly to MERS,
COVID-19 pneumonia also presents a distribution at the
right and left lower lobes but a more peripheral distribution
could be recognized in the right and left upper lobes [65].
The archetypal responses associated with COVID-19 pneu-
monia are acute GGOs that may later fuse together into con-
solidations that gradually develop and organize themselves
in a linear pattern with a prevalent peripheral distribution,
and eventually show a crazy-paving pattern or a reversed
halo sign [66]. Conversely, SARS and MERS pneumonias
are usually associated with single foci [66] and there are no
references to halo or reversed halo signs in the literature.
Furthermore, unlike COVID-19, neither SARS nor MERS
were significant associated with lymphadenopathy, pleural
effusion, nodules, or cavitations [65].

Moreover, COVID-19 CT features demonstrated some
overlap with other pulmonary conditions such as pulmo-
nary edema, pulmonary hemorrhage [67], bronchiolitis
obliterans, chronic obstructive pulmonary disease and drug-
induced lung disease [62]. In pulmonary edema, chest CT
demonstrates GGOs with central distribution, often associ-
ated with smooth interlobular septal thickening, pleural effu-
sion, and cardiomegaly, indicating congestive heart failure.
In diffuse pulmonary hemorrhage, CT demonstrates patchy
or diffuse GGOs often in association with consolidations or
ill-defined centrilobular opacities [67]. In bronchiolitis, air
trapping is the principal CT feature and it may be associated
to bronchial wall thickening, bronchiectasis, and profusion
of centrilobular opacities. In chronic obstructive pulmonary
disease, bronchial wall thickening may be seen in addition
to lung emphysema. Drug-induced lung diseases are various
and may demonstrate a variety of lung presentations, ranging
from an adult respiratory distress syndrome to pulmonary
fibrosis. For example, the most common chest CT features
in methotrexate-induced lung disease diffuse parenchymal
opacification, reticular opacities, and centrilobular nodules
with a non-specific interstitial pneumonia pattern [62].

Therefore, it is necessary that the radiologists are confi-
dent with the different imaging patterns of COVID-19 and
their changes during the course of the disease [24, 35] in
order to guarantee the prompt detection of disease progres-
sion and potential complications.

Conclusions

In conclusion, our comprehensive review of published stud-
ies and front-line experience of interpreting CT images of
COVID-19 pneumonia confirm the importance of CT in the
diagnosis and management of COVID-19 infection. Unlike
other forms of pneumonia, COVID-19 pneumonia shows
a high prevalence of bilateral GGOs with a predominantly
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peripheral distribution on CT scans that are often paired
with consolidations and interstitial thickening, and is less
frequently associated with widespread distribution, pleural
effusion or lymphadenopathy [19, 62].

Clinicians and radiologists should familiarize themselves
with CT findings in COVID-19 patients for various reasons
[68, 69]: chest CT images can arise an early suspicion of
COVID-19 pneumonia and, in the correct clinical setting,
bilateral GGOs or consolidation should prompt radiologists
to suggest it as a possible diagnosis; CT can, therefore, com-
plement RT-PCR in COVID-19 diagnosis [22]. Chest CT,
also, plays an important follow-up role as the progression
of the CT features of the disease may indicate a parallel
progression in disease severity that should be promptly noti-
fied to clinicians (e.g. the suspicion of a secondary bacte-
rial infection). A possible limitation of CT is the radiation
dose because COVID-19 can affected everyone, including
newborns and infants; preliminary data on low-dose CT pro-
tocols showed encouraging results.
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