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INTRODUCTION

Coronavirus disease 2019 (COVID-19), caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was initially reported in Wuhan, China. Following the initial 
outbreak, the virus rapidly spread throughout China, before 
being reported by many other countries and territories 
worldwide (1-4). The World Health Organization (WHO) 
promptly declared COVID-19 a Public Health Emergency of 
International Concern on January 30, 2020 (5), and raised 
the global risk level of COVID-19 to “very high” on February 
16, 2020 when a rapid worldwide spread emerged (6). To 
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date, the epidemic progress of COVID-19 in China has come 
under preliminary control, whereas the alarming levels of 
spread and severity worldwide have caused great distress 
and wider public health concerns. Thereafter, the WHO 
characterized COVID-19 as a pandemic on March 11, 2020 (7).

During the early outbreak in China, chest CT played a 
key role in the detection of COVID-19, prompting rapid 
prevention, control, and response measures (8). However, 
the reference standard for diagnosis remains reverse 
transcription polymerase chain reaction (RT-PCR) positive 
for the viral RNA (9). Many published studies and case 
reports have shown that chest CT is also of great clinical 
value in the dynamic assessment of disease course and 
severity (10, 11). Therefore, radiologists will play a key 
role in combating the pandemic and should keep their 
knowledge up to date with the newly published data. 
This review provides an updated framework and essential 
knowledge to help radiologists better understand the 
etiology, epidemiology, clinical manifestations, and 
pathology of COVID-19. Most importantly, it highlights the 
radiological findings and the potential effects of chest CT 
on the management of suspected and confirmed patients, 
with future challenges also discussed.
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basic reproduction number, but researchers believe SARS-
CoV-2 infects at least two secondary cases for each 
primary case. This includes a 60% transmission rate for 
asymptomatic or minimally symptomatic carriers, which 
could further lead to new outbreaks (20, 21). It is worth 
noting that a proportion of recovered patients may still 
be virus carriers, but it is currently unknown whether they 
remain infectious at that stage (22). The primary mode 
of transmission of SARS-CoV-2 is via droplets and close 
contact, but the virus has also been found in stool and 
blood which has raised questions about other potential 
transmission routes (23). Moreover, aerosol and fomite 
transmission of SARS-CoV-2 has been shown to be plausible 
(24). The remarkable ease of human-to-human transmission 
led to numerous instances of clustering COVID-19 cases, 
with a particularly large outbreak on the Diamond Princess 
cruise ship as a typical example (25). In the early stage of 
the outbreak, researchers worked on identifying susceptible 
populations, but concluded that everyone was assumed 
to be susceptible. Some reports showed that patients in a 
systemic immunosuppressed state (e.g., cancer patients) 
were more susceptible to infection (26), while patients 
with inflammatory bowel disease using biologics and 
immunosuppressive agents did not appear to be more 
susceptible (27). 

Clinical Features of COVID-19
The report from the Chinese Center for Disease Control 

and Prevention (China CDC) showed that 87% patients were 
30 years to 79 years, only 1% were 9 years or younger, 
and only 3% were 80 years or older (28). The median 
incubation period is estimated to be 5.1 days (29), and 
patients tend to have fever and cough on admission, with 
a median duration of 12.0 days (8.0–13.0) and 19.0 days 
(12.0–23.0), respectively. These symptoms are generally 
followed by continued sputum production and fatigue 
(30). A recent study reported that 32% (12/38) of patients 
demonstrated ocular manifestations, such as epiphora, 
conjunctival congestion, or chemosis; these symptoms were 
especially prominent in patients with more severe systemic 
manifestations (31). Common laboratory findings included 
lymphopenia, prolonged prothrombin time, and elevated 
lactate dehydrogenase. 

Two summaries of a report including 44672 cases from 
China CDC, and a report including 22512 cases from Italy 
(28, 32) reported that no deaths occurred in the group 
aged 9 years and younger. However, those aged 80 years 

Etiology of COVID-19
The pathogen was recognized as a novel enveloped RNA 

beta-coronavirus sharing 96% sequence identity to the bat 
coronavirus RaTG13 (2), and was later officially named SARS-
CoV-2 (12). Similar to severe acute respiratory syndrome 
coronavirus (SARS-CoV), SARS-CoV-2 infection depends on 
the affinity of the host cell receptor, angiotensin-converting 
enzyme 2, which is highly expressed in alveolar epithelial 
cells (13). Coronavirus spike (S) glycoproteins promote 
virus entry into cells, and comprise two functional subunits 
responsible for binding to the host cell receptor (S1subunit) 
and fusion of the viral and cellular membranes (S2subunit). 
As most glycans in the S1subunit, and all glycans in the 
S2subunit, are conserved among SARS-CoV-2 S and SARS-
CoV S (14), SARS-CoV-2 S was also shown to be primed by 
TMPRSS2 as SARS-CoV (13, 15). However, the SARS-CoV-2 S 
glycoprotein harbors a furin cleavage site at the boundary 
between the S1/S2subunits, which is processed during 
biogenesis and sets this virus apart from SARS-CoV (16). 
Further research speculated that the expression of furin-like 
proteases could participate in expanding SARS-CoV-2 in cells 
and tissue tropism, as well as increase its transmissibility 
and/or alter its pathogenicity (14). 

Epidemiology of COVID-19
Since first reported in Wuhan, China, in late December 

2019, COVID-19 confirmed cases grew rapidly from January 
10–22, 2020. The spread from Wuhan to the whole of China 
peaked and plateaued between January 23 and 27, 2020. 
At present, China has passed the climax of the outbreak, 
largely due to active public health interventions, such as 
early detection of cases, contact tracing, and behavioral 
changes in the population. However, in the following weeks, 
the epicenter of the pandemic shifted to Europe, and new 
countries reported COVID-19 outbreaks on a large scale, and 
cases worldwide exceeded 200000 on March 19, 2020 (17). 
It took over 3 months to reach the first 100000 confirmed 
cases, and only 12 days to reach the next 100000. As of 
May 21, 2020, the United States of America is the worst-
hit country with confirmed cases of over 1.5 million, which 
accounts for more than a third of global cases, followed by 
Spain. Until now, COVID-19 has resulted in 323256 deaths 
(18), which is hundreds of times more than those reported 
from severe acute respiratory syndrome (SARS) and Middle 
East respiratory syndrome (MERS) combined (1632) (19). 
Figure 1 presents the epidemiology of COVID-19 outbreaks. 

Many uncertainties remain in regard to the estimated 



1140

Jiang et al.

https://doi.org/10.3348/kjr.2020.0526 kjronline.org

and older had a case-fatality rate of approximately 15% to 
20% (28, 32). This data corroborates other recent studies 
that suggested that increased age may be a risk factor for 
poor clinical outcomes (33, 34). Moreover, it is speculated 
that for patients with underlying comorbidities, such as 
cardiovascular disease, diabetes, or chronic respiratory 
disease, SARS-CoV-2 infection might act as a precipitating 
factor to worsen the condition and lead to death (35, 
36). Certain complications (acute cardiac injury and acute 
respiratory distress syndrome), and the rise of biochemical 
indicators indicating disease progression (neutrophils, 
serum amyloid A, procalcitonin, C-reactive protein, 
serum hypersensitive troponin I, D-dimer, and lactate 
dehydrogenase) were shown to be factors that predispose 
affected individuals to adverse clinical outcomes (33, 37-39).

To date, an increasing number of studies put an emphasis 
on pediatric infection. The two initial studies produced 
very different results with small samples (40, 41), while 
the latter study showed that most infected children appear 

to have a milder clinical course and 16% (27/171) were 
asymptomatic (42). This finding concurred with another 
study with a sample size of 731 laboratory-confirmed 
cases that showed that over 90% of all patients were 
asymptomatic, mild, or moderate cases. Children at all ages 
appeared susceptible to COVID-19, but young children, 
particularly infants, were more vulnerable to infection (43).

Pathological Findings of COVID-19 
There was limited data available on the pathological 

findings of COVID-19 at the time of this writing. Only 
one study of a patient who died of severe infection 
with COVID-19 pathologically showed hyaline membrane 
formation and bilateral diffuse alveolar damage with 
cellular fibromyxoid exudates (44), which is similar to that 
described in SARS. Interstitial mononuclear inflammatory 
infiltrates, dominated by lymphocytes and multinucleated 
syncytial cells in the intra-alveolar spaces, were also 
observed (6, 44). 

Fig. 1. Epidemiology of COVID-19 outbreaks. Event timeline for COVID-19 outbreak from onset of symptoms in first case on December 
8, 2019 to current status as of July 24, 2020 in some of most affected countries. America = United States of America, CET = Greenwich mean 
time, COVID-19  = coronavirus disease 2019, CSG = Coronavirus Study Group, NHC = China National Health Commission, PHEIC = Public Health 
Emergency of International Concern, SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2, WHO = World Health Organization
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COVID-19 patients (Table 1), while the appearance of 
consolidation indicates that the alveoli are completely 
filled with inflammatory exudate (59). The features of the 
opacities are also diverse, including rounded and linear 
morphology, a “crazy-paving” pattern, and the reverse 
CT halo sign. Pleural effusion, pericardial effusion, air 
bronchogram, and lymphadenopathy were initially reported 
but later found in only a very small number of cases with 
disease progression (55-58). Pulmonary fibrosis, cavitation, 
and calcification have not been reported. Furthermore, most 
pulmonary lesions of COVID-19 involve bilateral lungs and 
multiple lung lobes, which is different from SARS which 
typically demonstrates a unifocal opacity (60). Chest CT 
findings also showed a posterior and peripheral predominant 
distribution (55), with the right lower lobes most commonly 
affected due to the shortness and straightness of the right 
bronchus. 

Some reports showed that younger adults tended to have 
more GGO, while older adults tended to have more areas 
of lung involvement and more consolidation (55, 61). 
Compared to adults, pediatric patients showed fewer CT 
findings with a relatively small and limited distribution, 
but a higher frequency of bronchial wall thickening and 
peribronchial distribution (41, 42). Table 1 summarizes the 
characteristic chest CT features of COVID-19. However, these 
CT features of COVID-19 are nonspecific, and the diagnosis 
should depend on epidemiological history, clinical, imaging, 
and etiological findings (62, 63).

In patients suspicious for COVID-19 with sudden onset 
of dyspnea and hypoxemia, respiratory deterioration with 
other clinical evidence of venous thrombosis should raise 
suspicion for pulmonary embolism (64, 65). As patients are 
admitted for treatment and isolation, prophylactic measures 
for avoiding venous thromboembolism should be taken. 
Mediastinal emphysema, giant bulla, and pneumothorax 
have also been shown to develop during the course of 
COVID-19 pneumonia (11, 66). Extrapulmonary infections 
or complications also need to be taken into account. 
Indeed, Poyiadji et al. (67) recently reported the first case 
of presumptive COVID-19-associated acute necrotizing 
hemorrhagic encephalopathy. Images from brain MRI 
demonstrated hemorrhagic rim enhancing multifocal lesions 
with bilateral thalamic involvement (67). While it is a 
rare encephalopathy, clinicians and radiologists should be 
watching for this presentation among patients presenting 
with COVID-19 and altered mental status, as the number of 
patients with COVID-19 increases worldwide. 

Chest CT vs. RT-PCR Testing in the Fight Against 
COVID-19

RT-PCR remains the reference standard for the diagnosis 
of COVID-19; however, insufficient availability and relatively 
low sensitivity of RT-PCR in the early stage of the initial 
outbreak were detrimental to the control of the pandemic. 
Some early reports showed that 3% (5/167) and 29% 
(15/51) of patients presented with an initially abnormal 
chest CT with ground-glass opacities (GGO) but negative 
RT-PCR results (45, 46). Caruso et al. (47) and Ai et al. 
(48) reported that chest CT had the same sensitivity, i.e., 
97%, for detecting COVID-19; hence, CT was suggested to 
be used as an important complement to RT-PCR assay due 
to its wide availability and relatively consistent, albeit non-
specific, CT imaging patterns of COVID-19 lung involvement 
(49). A recent meta-regression analysis demonstrated that 
the pooled sensitivity was 94% for chest CT and 89% for 
RT-PCR, while the pooled specificity was 37% for chest CT. 
Specifically, in countries with a prevalence less than 10%, 
the positive predictive value of RT-PCR was more than 10-
fold higher than that of CT scans (50). These results implied 
that the use of chest CT scans in low-prevalence regions 
could induce a large number of false-positive results, 
which coincided with the statements from the Society of 
Thoracic Radiology and American Society of Emergency 
Radiology that routine CT screening was not recommended 
for the diagnosis of COVID-19 (51). The Fleischner Society 
also published a multinational consensus statement that 
highlighted that CT was mainly indicated for patients with 
moderate to severe features of COVID-19, regardless of RT-
PCR test results, as well as for patients with COVID-19 and 
evidence of worsening respiratory status. RT-PCR testing is 
indicated in patients who were incidentally found to have 
findings suggestive of COVID-19 on a chest CT scan (52).

Chest CT Features of COVID-19

Chest CT Findings at Baseline
It is important to be aware of the imaging findings of 

COVID-19 that can trigger a timely response of prevention 
and control, especially for asymptomatic patients. As 
previously described (7, 47, 53-59), the most common CT 
findings of COVID-19 include bilateral lung involvement, 
GGO, and consolidative pulmonary opacities, which are 
mainly located peripherally (Fig. 2). Lung alveoli filled with 
blood, pus, water, or cells is recognized as the pathological 
basis of GGO, which are observed in 65–90% of confirmed 
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Evaluation of Disease Severity
CT can evaluate the disease severity and provide 

prognostic information. Chang et al. (68) initially proposed 
a CT severity score system during the outbreak of SARS, 
which was assigned on the basis of all abnormal lung areas 
involved; this has now been adopted to semi-quantitatively 
estimate the pulmonary involvement of COVID-19. Many 
studies (10, 69) have shown that the CT severity score was 

significantly higher in severe/critical COVID-19 patients or 
patients in the peak course stage, suggesting that a higher 
CT severity score on admission may be an independent 
predictor for progression in severely ill patients. Yang et al. 
(70) further confirmed that the optimal threshold of the 
CT severity score for identifying at-risk COVID-19 patients 
was 19.5 with 83.3% sensitivity, 94% specificity, and an 
area under the curve of 0.892. Furthermore, compared 

Fig. 2. Chest CT findings of COVID-19.
(A) Multifocal GGO with subpleural distribution, (B) patchy GGO with subpleural bands, (C) multifocal subpleural consolidations, (D) diffuse 
GGO and consolidation, (E) crazy-paving pattern, and (F) reversed halo sign. GGO = ground-glass opacities

A

C

E

B

D

F
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greater lung involvement, increased density, and new onset 
lesions. GGO quickly coalesced into dense consolidative 
opacities and then progressively evolved to interstitial 
septal thickening, a crazy-paving pattern and/or the reverse 
CT halo sign (74), which serves as an indicator of disease 
progression. The peak level is generally reached around 10 
days after the onset of symptoms, with the coexistence of 
mixed imaging patterns, but without obvious progression 
(10, 75). As the disease progresses into the recovery stage 
and the infection becomes controlled, lesions are gradually 
absorbed with residual GGO, fibrous stripes, bronchial 
wall thickening, and interlobular septal thickening. These 
findings are considered to represent imaging evidence of 
improvement (55-57, 76). Wang et al. (75) found that 94% 
(66/70) of patients discharged with residual disease on final 
chest CT scans had GGO as the predominant pattern. Figure 
3 shows the disease recovery course of one representative 
case with confirmed COVID-19 who was safely discharged.

For a proportion of patients with worsening disease, 
patients tended to demonstrate progressive radiographic 
deterioration without any sign of improvement (56). 
Lesions rapidly evolved to bilateral, diffuse heterogeneous 
consolidations, and GGO with air-bronchogram sign and 
bronchiectasis, instead of a variable degree of resolution of 
opacification and thickened interlobular septa (56). In the 
later stages of the disease, large lobular and subsegmental 
areas of consolidation with increased opacity presented 
as “white lung,” and the incidence of pleural effusion was 
common (74). If treatment was not received promptly, 
or if immunity failed to fight off the virus, the patient’s 

to moderately ill patients, severe/critical patients had a 
higher rate of bilateral pulmonary involvement (29, 71). 
In addition to the degree of lung involvement, some CT 
imaging patterns could also indicate disease severity. 
Indeed, Guan et al. (29) found that severely ill patients 
demonstrated a higher rate of interstitial abnormalities than 
non-severe patients on chest CT. Currently accumulated data 
show that consolidation, linear opacities, a crazy-paving 
pattern, bronchial wall thickening, and extrapulmonary 
lesions are imaging features of severely and critically ill 
COVID-19 patients (69). Incidences of lymphadenopathy, 
pleural effusion, and pericardial effusion in severe/critical 
patients were also higher than those with moderate disease, 
which is consistent with the previous MERS, SARS, and H5N1 
studies showing that the presence of pleural effusion or 
lymphadenopathy were poor prognostic indicators (72 ,73). 

Evaluation of Disease Course
Some reports have illustrated the disease course of 

COVID-19, which has helped in elucidating the natural 
history of the disease. For discharged patients, the most 
common pattern of disease evolution on chest CT is an 
initial progression from an early, mild stage to a peak level, 
followed by radiological improvement (10, 56). Typical 
mild COVID-19 pneumonia generally starts as unilateral or 
bilateral multifocal GGO distributed peripherally in the lower 
lobes. However, some patients demonstrated an initially 
normal chest CT, with imaging findings that subsequently 
became increasingly apparent as the course of infection 
progressed. The progression of disease always presented as 

Table 1. Summary of Chest CT Imaging Features of Coronavirus Disease 2019
Literature Presentation

Total
Ng et al. 

(53),
n = 21

Chung et al. 
(54),
n = 21

Pan et al. 
(10),
n = 21

Shi et al. 
(56),
n = 81

Bernheim 
et al. (57),

n = 121

Xu et al. 
(58),
n = 90

Wu et al. 
(59),
n = 80

Most common CT characteristic, n (%) 
Ground-glass opacification 18 (86) 18 (86) 18 (75) 53 (65) 91 (75) 65 (72) 73 (91) 336 (77)
Consolidation 13 (62) 6 (29) 10 (42) 14 (17) 52 (43) 12 (13) 50 (63) 157 (36)
Crazy-paving pattern N/A 4 (19) 6 (25) 8 (10) 6 (5) 11 (12) 23 (29) 58 (14)

Less common CT characteristic, n (%) 
Normal 2 (10) 3 (14) 4 (17) 0 (0) 24 (20) 21 (23) 4 (5) 58 (13)
Lymphadenopathy 0 (0) 0 (0) 0 (0) 5 (6) 0 (0) 1 (1) 3 (4) 9 (2)
Pleural effusion 0 (0) 0 (0) N/A 4 (5) 1 (1) 4 (4) 5 (6) 14 (3)

Predominant distribution, n (%) 
Bilateral N/A 16 (76) 10 (42) 64 (79) 73 (60) 53 (59) N/A 216 (65)
Peripheral 18 (86) 7 (33) 13 (54) 44 (54) 63 (52) 46 (51) N/A 191 (54)

N/A = unavailable
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condition became life-threatening, especially for those 
with multiple comorbidities. Figure 4 shows the progressive 
radiographic deterioration process in one patient who died 
of COVID-19.

Chest Radiographic Findings of COVID-19
There is an abundance of literature describing CT findings 

in the preliminary stage of COVID-19 infection, due to 
the preferential use of chest CT over chest X ray (CXR) in 
China, which may be the result of the limited sensitivity 
of CXR in the diagnosis of infection and the relatively easy 
access to CT in China. However, CXR is still given priority 
in many countries experiencing the current pandemic (77, 
78). Wong et al. (78) reviewed 64 patients and found that 
the sensitivity of baseline CXR was 69% (44/64), lower 
than that of initial RT-PCR (91%); however, six patients 
(9%) demonstrated CXR abnormalities prior to eventual 
positive RT-PCR results. Different to chest CT with GGO 
as the predominant feature, current studies show that on 
CXR, consolidation is the most common pattern, followed 

by GGO. Nevertheless, the lesions also tended to have a 
peripheral, bilateral, and lower zone distribution on CXR, 
which is consistent with CT. Furthermore, pleural effusion 
could be seen but is uncommon, only was found in 3% 
cases (2/64) (77-79). To quantify the extent of infection, a 
severity score of 0–4 was assigned to each lung depending 
on the extent of involvement by consolidation or GGO (0 = 
no involvement; 1 ≤ 25%; 2 = 25–50%; 3 = 50–75%; 4 ≥ 
75% involvement). The scores for each lung were summed to 
produce the final severity score. CXR severity scores changed 
over time and peaked at 10–12 days from symptom onset on 
CXR, at which the median CXR severity score was 3 (78). 

Artificial Intelligence can Assist with Combatting 
COVID-19 

During the early stages of the pandemic, when it was 
a priority to control the spread of the outbreak, fast, 
safe, and accurate CT, aimed to detect large numbers of 
suspected cases for appropriate quarantine and treatment 
measures. However, the number of radiologists available 

Fig. 3. Confirmed COVID-19 in 37-year-old woman with fever and fatigue.
A. Chest CT study obtained 7 days after symptom onset (2020-1-29) shows multiple consolidations in right lung. B. Chest CT image obtained 
10 days later (2020-2-8) shows resolution of consolidation. C, D. Chest CT images obtained 6 days (2020-2-14) and 10 days (2020-2-18) later 
showing recovery from disease. Patient was discharged 2 days after second CT scan.
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local and 3D global representative features to provide a 
clinical diagnosis, Li et al. (80) developed a robust deep 
learning (DL) model, of which the pre-exam sensitivity 
and specificity for detecting COVID-19 was 90% and 96%, 
respectively. More importantly, the robust diagnostic 

for such a task was not sufficient to meet the needs 
of incoming patients. Artificial intelligence (AI) could 
complete the diagnosis in a few seconds, and shows 
great potential to accelerate detection and provide a 
mechanism of workload relief. By extracting both 2D 

Fig. 4. Confirmed COVID-19 in 63-year-old man with fever, cough, and diarrhea.
A, B. Chest CT images obtained 8 days after symptom onset (2020-2-7) show multifocal hazy GGO in both lungs. C, D. Chest CT images obtained 
3 days later (2020-2-10) show expansion of bilateral pulmonary lesions with subpleural consolidation and peripheral GGO. E, F. Chest CT images 
obtained 2 days later (2020-2-12) show disease progression, with more extensive and more dense pulmonary consolidations, with interlobular 
and intralobular septal thickening. Patient died 12 days after final CT scan.
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E

B

D
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performance of DL was helpful in differentiating COVID-19 
and community acquired pneumonia (CAP) on chest CT 
images. The corresponding area under the curve values 
were 0.96 (95% confidence interval [CI]: 0.94, 0.99) for 
COVID-19 and 0.95 (95% CI: 0.93, 0.97) for CAP (80). 
Although CXR may be more available in less developed parts 
of the world, CXR is less sensitive than CT. DL approaches 
to augment radiographs with a color probability have been 
proposed to identify COVID-19-associated pneumonia/acute 
lung injury, highlighting subtle abnormalities that may be 
missed by less experienced radiologists, and triage patients 
for CT (81, 82). These results provide evidence that AI could 
be a powerful tool to combat the outbreak, but further 
studies are still necessary to determine its performance in 
this scenario.

Future Challenges
Although chest CT is important during COVID-19 

management, some challenges remain. Firstly, chest CT is 
not sufficiently reliable to be used as a standalone tool 
to diagnose COVID-19, and a better workflow is required 
to select patients for CT examination to overcome this 
diagnostic dilemma. Secondly, regarding the premise of 
meeting patients’ needs, low radiation dose methods, and 
techniques to minimize radiation dosage should always 
be applied. Finally, as the outbreak has spread rapidly 
worldwide, international multicenter studies with larger 
sample sizes are needed to further reveal prognostic 
differences between ethnicities and populations and the 
natural history of COVID-19. 

CONCLUSIONS

In conclusion, CT plays an important role in the early 
detection of COVID-19 infection, especially in appropriate 
settings of patient exposure or in areas of endemic disease. 
Bilateral distribution of GGO and consolidation are typical 
hallmarks of chest CT for COVID-19. Considering that CT 
could also help to evaluate the disease severity and course, 
combining AI with the power of CT for containing COVID-19 
is expected to become more apparent. With enormous 
efforts from medical professionals, substantial public health 
prevention measures, and accelerated research, we hope that 
the day that brings the outbreak to a close will arrive soon.
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