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Abstract

COVID-19 has become a public health emergency due to its rapid transmission. The appearance of pneumonia is one of the
major clues for the diagnosis, progress and therapeutic evaluation. More and more literatures about imaging manifestations
and related research have been reported. In order to know about the progress and prospective on imaging of COVID-19, this
review focus on interpreting the CT findings, stating the potential pathological basis, proposing the challenge of patients
with underlying diseases, differentiating with other diseases and suggesting the future research and clinical directions, which

would be helpful for the radiologists in the clinical practice and research.
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Introduction

In early December 2019, a series of viral pneumonia cases
of unknown cause emerged in Wuhan, Hubei, China [1].
This virus is a novel type of the coronavirus family, which
is named 2019 novel coronavirus (2019-nCoV) by World
Health Organization (WHO) in January 7, 2020. The 2019-
nCoV will cause acute respiratory system infections, and
is called coronavirus disease 19 (COVID-19). The WHO
has recently declared the COVID-19 a public health emer-
gency of international concern, because of rapid spread from
Wuhan to the entire China as well as many other countries
[2].

Due to its highly contagious clinical feature, rapid and
reliable diagnosis of COVID-19 is very important. It can not
only guide the follow-up therapies to improve outcomes, but
also help to control the disease spread effectively. Chest CT
is one of the key components in the diagnostic work-up for
patients with suspected infection.

In this pictorial review, we focus on interpreting the CT
findings, stating the potential pathological basis, proposing
the challenge of patients with underlying diseases, differen-
tiating with other diseases and suggesting the future research
and clinical directions.

Clinical features and diagnosis criteria
Clinical features

The infection source is mainly the COVID-19 patients
with or without symptoms. The main routes of transmis-
sion are respiratory droplets and close contact. 2019-
nCoV is highly infectious with high incidence of suscep-
tibility crowd. According to the current epidemiological
data, the mean incubation period of COVID-19 is 3 days
(0-24 days) [3]. The main clinical symptoms are fever
(87.9%) and cough (67.7%). Some mild patients show no
symptoms. Serious ill patients may present with dyspnea
and hypoxemia about 1 week after onset of initial symp-
toms, even aggravate as acute respiratory distress syn-
drome (ARDS), septic shock, refractory metabolic aci-
dosis, et al.

On admission, 82.1% and 33.7% patients had lympho-
penia and leukopenia, respectively. The elevated level of C
reactive protein (CRP) and erythrocyte sedimentation rate
(ESR) were observed. Severe cases had more prominent
laboratory abnormalities (i.e., lymphopenia, leukopenia,
elevated C-reactive protein levels) as compared with non-
severe cases [3]. The nucleic acid of 2019-nCoV can be
detected in respiratory secretions, blood, and stool speci-
men, which is the evidence of definite diagnosis.

Diagnosis criteria

According to Diagnosis and Treatment Protocols of
COVID-19 Infection (6th edition) (hereafter referred to as
Protocols-Ver6) issued by the National Health Commis-
sion of the People’s Republic of China, in February 19,
2020 [4], the diagnosis of COVID-19 should be decided
by epidemiological, clinical and laboratory characteristics
comprehensively.

Epidemiological histories include: (1) travel history or
residence history in and around Wuhan City no earlier than
14 days before initial symptoms onset; (2) close contact
history with COVID-19 patients no earlier than 14 days
before initial symptoms onset; (3) contact history with
patients with fever or respiratory symptoms from Wuhan
City and its surrounding area no earlier than 14 days
before initial symptoms onset; (4) clustering occurrence.

Clinical manifestations include: (1) fever and/or res-
piratory symptoms; (2) the imaging findings of COVID-
19 pneumonia; (3) reduced/normal total WBC count, or
reduced lymphocyte count.

Suspended cases should have both one of the epidemio-
logical histories and two of the clinical manifestations,
or have three of the clinical manifestations without epi-
demiological history. If the nucleic acid of 2019-nCoV
in samples of respiratory tract and blood was detected in
suspended case by using reverse transcription polymerase
chain reaction (RT-PCR) technique, then the final diagno-
sis should be issued.

The detection rate of nucleic acid with RT-PCR is influ-
enced by many factors and the reaction itself is time con-
suming. Considering the large amounts of patients with
epidemiological histories and typical clinical manifestations
in Hubei Province, suspended cases with typical imaging
findings would be considered as clinically diagnosed cases
in Protocols-Ver5. This is only applicable in special period,
and the has Protocols-Ver6 has deleted it from the diagnosis
criteria. In some extent, this represents the outbreak leveling
off at the release time of Protocols-Ver6.

Clinical category

According to the Protocols-Ver6 [4], COVID-19 is divided
into mild type, moderate type, severe type and critical type
based on its severity. (1) Mild type, clinical symptoms are
mild, and no pneumonia appearance was found in imaging;
(2) moderate type, with fever, respiratory symptom or oth-
ers, and pneumonia appearance was found in imaging; (3)
severe type, with any of the followings, respiratory distress,
RR > 30 times/min; oxygen saturation <93% in resting state;
arterial partial pressure of oxygen (PaO,)/concentration of
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Fig.1 Male, 30 years. A history of travel to Wuhan in the last
2 weeks, fever, normal WBC, and decreased lymphocyte count. No
abnormal findings were found on CT images

oxygen (FiO,) <300 mmHg; fast progression on imaging
findings (more than 50%) within 24-48 h; (4) critical type,
with any of the followings, respiratory failure, mechanical
ventilation, shock and other organ failure resulting in the
treatment in the Intensive Care Unit (ICU).

Imaging manifestation of COVID-19
Imaging technique

Chest X-ray is the most convenient and economic modality
for the screening and follow up of most pulmonary diseases.
However, since the early imaging manifestation of COVID-
19 is ground glass opacity (GGO), which could be missed by
chest X-ray due to its low-resolution nature and projection
overlapping. Therefore, CT is recommended for the screen-
ing of COVID-19, while chest X-ray, especially the bed side
X-ray, plays an important role in the follow-up of the severe
and critical cases [5]. High resolution CT is the best choice
to detect possible pulmonary opacities in COVID-19 suspi-
cious patient. At present, low dose CT is not recommended
for the screening of COVID-19 due to the low imaging qual-
ity and possibility of false negative GGO detection.

CT findings

COVID-19 CT findings vary with the patient’s age, immu-
nity status, disease stage, underlying diseases and drug inter-
ventions at the time of scanning [6]. In the largest cohort
(n=1099) study by Guan et al. [3], 23.6% confirmed cases
with CT scanning (n=840) showed no pneumonia on CT
images (Fig. 1).

According to the published data [7-20], the imag-
ing manifestations of COVID-19 are somewhat overlap-
ping with other viral pneumonia, especially SARS, which
belongs to the same viral family. According to the reported
patient cohorts, the most typical chest CT findings in
patients with COVID-19 include unilateral or bilateral,
focal, multifocal, or diffuse areas of GGO and consolidation

@ Springer

with subpleural, peripheral or peribronchovascular distribu-
tion [7-15]. GGO superimposed the thickening of interlob-
ular or intralobular septa manifest as ‘crazy-paving’ sign.
Several atypical features have been reported as well, includ-
ing halo sign, reversed halo sign (the atoll sign), cavity,
small pleural effusion, pneumothorax, and lymphadenopa-
thy [16-18]. Over time and following treatment, findings
of fibrosis, including architectural distortion, traction bron-
chiectasis and peribronchovascular thickening may be seen.
The following aspects should be evaluated comprehensively
to make the diagnosis in combination with the epidemio-
logical, clinical and laboratory characteristics.

1. Distribution pattern
The distribution of the pulmonary disease depends
on the pathogenesis. The most frequent distribution is
subpleural or peripheral area (86%, 44/51) [18] (Figs. 2,
3). Moreover, the lower lobe (53%) and posterior lung
(89%) is more prone to be involved [19]. Occasionally,
inner zone of lung can be affected (Fig. 4). Peri-bron-
chovascular bundle thickening can be found (Fig. 5).
2. Quantity and range
Some cases show uni-focal lesion as the initial CT
finding, then multifocal with the disease progression;
while some show multifocal lesions at onset. 71%
(15/21) patients had involvement of at least two lobes
[20]; 63% (32/51) patients involved four to five lobes
[19] (Fig. 6).
3. Density
The density of lesion is usually heterogeneous. GGO
is the most common imaging feature, presenting in about
50% (550/1099) cases. Consolidation (37.2%, 409/1099)
[3], GGO with consolidation (59%, 30/51) [19], and
fibrosis [12] can occur in severe type cases (Fig. 7). The
first pathological findings of COVID-19 by postmortem
biopsy showed the bilateral diffuse alveolar damage with
cellular fibromyxoid exudate, which is the basis of GGO
and consolidation [21].

o

Fig.2 Female, 34 years. Close contact with confirmed case, fever,
cough, short breath, decreased WBC and lymphocyte count. CT
shows subpleural consolidation and ill-defined nodule in the posterior
basal segment of left lower lobe
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Fig.3 Male, 51 years. A his-
tory of travel to Wuhan in the
last 2 weeks, fever, cough,
decreased WBC and lympho-
cyte count, elevated CRP. CT
shows bilateral, multiple and
subpleural GGO and consolida-
tion

v

Fig.4 Male, 66 years. A history of travel to Wuhan in the last
2 weeks, fever, cough, decreased WBC and lymphocyte count, ele-
vated CRP and LDH. CT shows multiple GGO with subpleural and
peribronchovascular distribution, involvement of the inner zone of
right middle lobe

Fig.5 Male, 68 years. Cluster transmission, fever, cough, normal
WBC, decreased lymphocyte count, and elevated CRP. CT shows
multiple GGO with peribronchovascular distribution and sparing the
pleural surface

4. Shape and interface

The shape is related to the distribution pattern. Com-
mon shapes include patchy, cone-shape or triangle, sub-
segmental, and segmental. Sometimes, round or centri-
lobular nodule with halo sign [17] or reversed halo sign
[18] also can be seen. The interface between lesion and
the normal pulmonary is often ill-defined. Occasionally,
the mosaic perfusion may be present (Figs. 8, 9, 10, 11,

Fig.6 Male, 50 years. A history of travel to Wuhan in the last
2 weeks, fever, cough, short breath, hypoxemia, normal WBC,
decreased lymphocyte count, and elevated CRP and LDH. CT shows
multiple GGO involvement of five lobes

Fig.7 Male, 41 years. A history of travel to Wuhan in the last
2 weeks, fever, cough, decreased WBC lymphocyte count, elevated
CRP. CT shows multiple consolidation, GGO, and AB sign

Fig.8 Male, 40 years. A history of travel to Wuhan in the last
2 weeks, no fever, no cough, normal WBC, decreased lymphocyte
count, elevated CRP and ESR. CT shows multiple patchy, ill-defined
consolidation, GGO, thickening of intralobular septa and fibrosis. AB
sign and mosaic perfusion was seen

@ Springer
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Fig.9 Male, 29 years. A history of travel to Wuhan in the last
2 weeks, fever, sore throat, normal WBC and lymphocyte count.
CT shows multiple centrilobular nodules, thickening of the adjacent
small vessels, and cone-shape in the apical segment of right upper
lobe

A

Fig. 10 Female, 58 years. Close contact with confirmed case, fever,
cough, nasal congestion, and runny nose. CT shows multiple sub-
pleural GGO with thickening of small vessel, and cone-shape in the
left upper lobe

]

Fig. 11 Male, 51 years. A history of travel to Wuhan in the last
2 weeks, fever, cough, decreased WBC and lymphocyte count, ele-
vated CRP. CT shows bilateral, round GGO with AB sign

12, 13). Halo sign is defined as a circle of GGO sur-
rounding a soft tissue density lung nodule, may be seen
in some patients with a solitary pulmonary nodule. The
histologic nature of halo varies with the disease, such
as the hemorrhage, and lipid spread of tumor. The halo
sign in patients with COVID-19 may be caused by the
alveolar edema and hemorrhage. While reversed-halo
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Fig. 12 Male, 25 years. A history of travel to Vietnam, fever, cough,
normal WBC, decreased lymphocyte count and elevated CRP. CT
shows consolidation surrounded by the GGO (halo sign) in the left
upper lobe

Fig. 13 Female, 21 years. A history of travel to Wuhan in the last
2 weeks, fever, cough, nasal congestion, runny nose and diarrhea,
decreased WBC and lymphocyte count, elevated CRP. CT shows
multiple small patchy GGO with ill-defined margin

Fig. 14 Male, 65 years. No epidemiological history, fever, cough,
hypoxemia, normal WBC, decreased lymphocyte count, elevated ESR
and LDH. CT shows subpleural GGO with AB sign, thickening of
intralobular septa (crazy-paving sign) and thickening of small vessels

sign may be related to the organization and resolution
of alveolar exudates.
5. Internal feature in the lesion

The typical and most common internal features are
‘crazy-paving’ sign (GGO superimposed the thicken-
ing of interlobular or intralobular septa), thickening of
small vessels with natural course, and air bronchogram
(AB) (80%, 41/51). Sometimes, bronchovascular bundle
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Fig. 15 Male, 42 years. A history of travel to Wuhan in the last
2 weeks, fever, cough, nasal congestion, and runny nose, normal
WBC, decreased lymphocyte count, elevated CRP. CT shows GGO
with AB sign and thickening of small vessels

Fig. 16 Male, 33 years. A history of close contact with the fever per-
son from Wuhan, fever, mild chest tightness, normal WBC, decreased
lymphocyte count, elevated CRP, ESR and LDH. CT shows GGO and
thickening of small vessels with natural course in the right lower lobe

Fig. 17 Male, 49 years. Close contact with the confirmed case, fever,
cough, hypoxemia, normal WBC, decreased lymphocyte count,
elevated CRP, ESR and LDH. CT shows multiple GGO with crazy-
paving sign, thickening of small vessels and shifted bilateral oblique
fissure

is thickened within the lesion. Cavity can occur in occa-
sion [16] (Figs. 14, 15, 16).
6. Adjacent structures changes
The common changes of adjacent structures include
the thickening and/or shifting of pleural (Fig. 17). The
subpleural region may be spared (Fig. 18) or not [22],
speculating related to the amount of alveolar exudates

Fig. 18 Female, 38 years. A history of close contact with the fever
person from Wuhan, cough, mild chest tightness, normal WBC,
decreased lymphocyte count, elevated CRP and LDH. CT shows sub-
pleural consolidation sparing the pleural surface in the right lower
lobe

and the distance to the pleural. Pleural effusion, pericar-
dial effusion and lymphadenopathy are rare.

CT staging system

CT staging system is important to evaluate the disease pro-
gress and evolution. In general, CT staging system is based
on the pathological change, the combination of CT find-
ings and pathological features could provide more accurate
information. The first CT staging system was reported by Shi
H, in which COVID-19 CT findings is classified into early
stage, progressive stage and severe stage [7]. Then, taking
clinical manifestation and pathologic changes into account,
Jin proposed a five-stages system which include ultra-early
stage, early stage, rapid progression stage, consolidation
stage and dissipation stage [6]. The first CT staging system
is based on the imaging findings alone; while the second one
is mainly based on the days of symptom onset. In practice,
the imaging findings and clinical symptoms may not match.
Therefore, the most optimized CT staging system should be
based on the evolution of pathology.

Quantitative CT and Al

CT findings of COVID-19 depend heavily on its disease
severity. It has been reported that CT quantitation of pneu-
monia in the severe and critical type was significantly higher
than that of moderate type [8]. The ratio of pneumonia vol-
ume to the entire lungs can be used as a quantitative param-
eter of disease severity evaluation. The quantitative evalua-
tion of pneumonia volume has been defined as an important
indicator for management of the severe type patients. Several
Al assistant diagnosis systems have already being developed
and are being tested in hospitals currently, focusing on the
intelligent scanning, diagnosis and severity evaluation, in
order to minimize the contact transmission, improve the
diagnostic accuracy and guide the treatment.
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Imaging outcome and dynamic change
during follow up

The evolution process of COVID-19 on CT image is not
quite clear yet. Feng et al. [23] reviewed 21 patients recov-
ering from COVID-19 (without severe respiratory distress
during the disease course). The mean interval between
baseline and follow-up CT scans was 4 + 1 days, and the
mean hospitalization duration was 17 +4 days. The major-
ity of cases with COVID-19 were controlled with stable
and improving conditions after effective personalized treat-
ment. The peak severity was at approximately 10 days and
the improvement happened at approximately 14 days after
initial onset of symptoms. The follow-up CT showed that
the lesions in lungs were decreased in both number and size.
The density of lesions was reduced as well [12, 24]. The CT
findings of clinically cured cases showed full recovery or
only small amounts of residual stripes (Fig. 19). For some
cases, the GGO and consolidation in lungs became some
thick fibrotic stripes in short term, which need follow-up
studies to explore its final outcome.

Some cases with COVID-19 failed to receive effective
therapy will reach their deterioration and the changes will
be rather rapid. The lesions on CT will become more diffuse
distributed in a truly short-term [25].

Imaging presentation of COVID-19
in Children

Most children cases with COVID-19 are characterized
as family cluster disease. The symptoms in children with
COVID-19 are mild and the prognosis is very good. The
nucleic acid of 2019-nCoV should be examined with anal
swab, which is more sensitive than throat swab in children.

Chest X-ray may show no abnormality, therefore it is not
recommended as a screening tool in children. CT findings
of COVID-19 in children were variable and non-specific.

LA |

Fig. 19 Female, 62 years. From Wuhan, fever for 5 days, normal
WBC and decreased lymphocyte count, elevated CRP and PCT. The

CT obtained at first day after admission showed bilateral, multiple
and subpleural GGO and consolidation. The follow-up CT 3 days
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Fig.20 Female, 8 years. Clustering occurrence, fever, pharyngalgia,
normal WBC and decreased lymphocyte count, elevated CRP. CT
showed bilateral, multiple and subpleural GGO and consolidation.
The follow-up CT 5 days later showed the lesions were smaller in size
and lighter in density

The GGO and consolidation were also the most common
findings in bilateral lungs, while the lesions in children were
less diffused than adults [25]. One relative specific CT char-
acteristics in children was the presentation mimic broncho-
pneumonia. Pleural effusion and lymphadenopathy were also
not observed (Fig. 20).

For suspicious children cases, CT findings can help to
setup treatment plan in time, as well as patient isolation
to avoid further contamination. While, the final diagnosis
should be confirmed by laboratory examination (PCR).

COVID-19 complicated with underlying
disease

Common underlying diseases include chronic obstructive
pulmonary disease, diabetes, hypertension, coronary heart
disease, cerebrovascular diseases, hepatitis B infection, can-
cer, chronic renal diseases, immunodeficiency, hematopathy,
et al. The largest cohort study showed that 25.2% (255/1099)
patients coexisted at least one underlying disease, and the
ratio of underlying cases in severe group was significantly
higher than that in non-severe group (38.2% vs. 22.5%,
P <0.001) [3]. Patients with underlying disease may result
in more severe COVID-19 [1], there is yet no literatures

later showed the consolidation were smaller in size and the GGO
became diffused. The follow-up CT 16 days later showed consolida-
tion and GGO were resolved instead of fibrous strips
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about the COVID-19 imaging manifestation in patients with
underlying pulmonary diseases. Patients with potential dis-
ease, especially for immunodeficiency, are more prone for
the infection, especially the viral infection [26, 27]. In clini-
cal practice, the differential diagnosis should include the
disease associated with the underlying disease. The imaging
features of patients with underlying disease should be accu-
mulated and investigated.

Differential diagnosis

The differential diagnosis between COVID-19 and other
pulmonary infection and/or non-infectious disease is very
important but also very difficult due to its overlapping imag-
ing features. The epidemiological history, clinical symptoms,
laboratory and imaging manifestations should be considered
comprehensively before diagnosis is reached. But the con-
firmed diagnosis should be based on the etiology eventually.
Although definitive diagnosis cannot be made on the basis
of imaging features alone, the imaging patterns may help to
improve the accuracy of diagnosis in this disease. Accord-
ing to the imaging findings of COVID-19 summarized by
the current confirmed cases, it should be differentiated with
other viral pneumonia, bacterial pneumonia, mycoplasmal
pneumonia as well as many non-infectious diseases.

Other viral pneumonia

Imaging patterns can help to identify the viral pathogens.
Viruses in the same viral family share a similar pathogenesis
of pneumonia, and the imaging patterns have distinguish-
able characteristics for the entire viral family. The spec-
trum of CT findings can be classified into five categories:
(a) parenchymal attenuation disturbances; (b) ground glass
opacity and consolidation; (c) nodules, micronodules, and
tree-in-bud opacities; (d) interlobular septal thickening; and
(e) bronchial and/or bronchiolar wall thickening [28]. Some
selected viral pneumonias including influenza, respiratory
syncytial virus (RSV), adenovirus, and coronavirus are dis-
cussed below.

Influenza viruses are members of the Orthomyxoviridae
family. They can be divided into three groups (A, B, and
C) according to the internal membrane and nucleoprotein
antigens [29]. Influenza (A) are more common in infancy,
while often mild and restricted to the upper respiratory tract
in immunocompetent adults. In recent years, influenza virus
has been reported as a major cause of pneumonia in immu-
nocompromised patients. The pathogenesis is the destruction
of airway epithelial barrier, resulting in necrotizing bron-
chitis and diffuse alveolar damage [30]. The predominant
CT findings are unilateral or bilateral ground-glass opacities

with or without associated focal or multifocal areas of con-
solidation, with the predominant peribronchovascular and
subpleural distribution.

RSV is the most frequent viral cause of lower respiratory
tract infection in infants [31]. The pathogenesis is the
destruction of bronchial and alveolar epithelium with small
airway obstruction, and the typical CT findings are multiple
centrilobular nodules and bronchial wall thickening [29].

Adenovirus accounts for 5-10% of acute respiratory infec-
tions in infants and children [32]. Meanwhile, it is also a
common cause in immunocompromised individuals, espe-
cially stem cell and solid organ transplant recipients. The
pathogenesis is the bronchiolar and alveolar damage. The
radiographic manifestations are multifocal consolidation in
a lobular or segmental distribution and/or bilateral ground-
glass opacities with a random distribution [33]. Lobar col-
lapse, especially of the right upper lobe is common in chil-
dren [28].

Coronaviruses include severe acute respiratory syndrome
coronavirus (SARS) and Middle East respiratory syndrome
coronavirus (MERS), which were outbroken in 2003 and
2012 respectively [34, 35]. COVID-19 also belongs to this
viral family. Therefore, their pathogenesis and imaging pres-
entations were quite similar. SARS manifested as unilateral
or bilateral ground-glass opacities, consolidation, thicken-
ing of the intralobular interstitium or interlobular septa and
a crazy-paving appearance due to diffuse alveolar damage.
Cavitation, lymphadenopathy, and pleural effusion are rare
[36]. MERS pneumonia appears as subpleural and basilar
airspace lesions, with extensive GGO. Consolidation is
relatively rare in MERS, while more common in COVID-
19. Crazing-paving appearance is usually with the distor-
tion of pulmonary architecture in SARS in comparison with
COVID-19. Pleural effusion and pneumothorax are more
common in MERS [37].

Bacterial pneumonia

Streptococcus pneumonia is the most common cause of
pneumonia associated with Gram-positive cocci [27]. Typi-
cal clinical symptoms consist of abrupt onset of high fever,
rusty brown sputum, shaking chills and chest pain. CT
images show the unilateral or bilateral, lobar or segment
consolidation, extending to pleural surfaces. And the air
bronchogram and pleural effusion is very common.

Mycoplasmal pneumonia

Mycoplasmal pneumonia is a common cause of community-
acquired pneumonia, and mostly occurs in young patients.

@ Springer
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The most common pathogenesis is the direct cytotoxicity
and damage incurred from the host inflammatory response
[38]. The clinical symptoms are similar with those of viral
infection, such as dry cough, fever, and malaise. The CT
images manifest as patchy, segmental, and lobular consoli-
dation or ground glass opacity, and sometimes showing the
thickening of perihilar interstitium, which is different from
the COVID-19.

Non-infectious diseases

Until now, GGO is one of the major CT findings of COVID-
19. Some non-infectious diseases, such as interstitial pul-
monary edema, hypersensitivity pneumonitis, and alveolar
proteinosis, manifest as GGO. Patients with interstitial pul-
monary edema usually have the definite clinical history, and
the corresponding CT images show the smooth interlobular
septal thickening, thickening of the peribronchovascular
interstitium and GGO. Hypersensitivity pneumonitis is an
allergic lung disease caused by exposure to the antigen. The
typical CT imaging show patchy GGO and small ill-defined
centrilobular GGN. The clinical symptoms, known exposure
to antigen and GGO on CT can make the clinical diagnosis.
The typical CT findings of alveolar proteinosis include the
bilateral areas of GGO, smooth interlobular septal thicken-
ing, consolidation, and geographic distribution [38].

Conclusion

CT imaging findings cannot be used as gold-standard of
COVID-19 diagnosis due to its overlapping and non-spe-
cific features with many other pulmonary diseases. How-
ever, it still plays a great role in detecting pneumonia exist-
ence, assessing disease progression as well as monitoring
treatment response. COVID-19 imaging manifestation in
patients with underlying diseases has not been investigated
comprehensively. Moreover, multicenter study including
the epidemiological, clinical and laboratory characteristics,
and imaging should be performed to improve the diagnosis,
guide the treatment and accelerate the implementation of
isolation measures, then control the transmission.
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