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Abstract
Objectives To elucidate the CT manifestations and patterns of evolution in patients with COVID-19 pneumonia.
Methods This is a retrospective review of CT scans of 110 patients. All 110 patients had initial and second CT scans, 60 of 110
patients had three serial CT scans, and 17 of 60 patients had four serial CT scans. Numerous characteristics of pulmonary and
extrapulmonary abnormalities and recognizable patterns of evolution were evaluated.
Results Of the 110 initial CT scans, ground-glass opacities without consolidation (65.4%) were more common than a consolidation
or mixed pattern. The most common findings were subpleural involvement (77.2%), multifocal involvement (80.7%), and bilateral
involvement (67.3%). Three serial CT scans of 60 patients showed four patterns of CT evolution: type 1 showing relatively high CT
scores on initial CT (averaged 4 days after symptom onset), with mild progression and improvement on follow-up CT scans (25%);
type 2 with progression of CT findings from initial CT to first follow-up CT (averaged 9 days after symptom onset) with subsequent
improvement on second follow-up CT (averaged 13 days after symptom onset, 61.7%); type 3with no CT changes (5.0%); and type
4 pattern was similar to type 2 but with a more prolonged course and more severe CT findings (8.3%).
Conclusions Predominant findings at initial CT scans were bilateral multifocal subpleural GGO. The most commonly shown
evolution pattern was type 2: progression of disease with increased extent and density of opacities on first follow-up CT followed
by improvement on second follow-up CT.
Key Points
• Predominant findings at initial CT in patients with COVID-19 infection are bilateral multifocal subpleural ground-glass opacities.
• Ill-defined patchy or nodular opacities were most commonly observed on CT scans with the right lower lobe most commonly
involved.

• The most commonly shown evolution pattern on chest CT was type 2: progression of CT findings from initial CT to first follow-
up CT with subsequent improvement on second follow-up CT.
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COVID-19 Coronavirus disease 2019
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Introduction

In December 2019, a series of respiratory disease cases of
unknown etiology were reported in Wuhan, Hubei, China
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[1]. On January 7, 2020, Chinese health authorities confirmed
that these were associated with a novel coronavirus, now
termed COVID-19 [2]. Common symptoms of patients with
COVID-19 infection included fever, fatigue, shortness of
breath, and dry cough [3]. Current epidemiologic data indicate
that human-to-human transmission of COVID-19 was occur-
ring [4, 5]. The disease quickly spreads across China and
beyond, and as of Apr 29, 2020, a total of 3,018,681 con-
firmed COVID-19 cases have been reported worldwide with
207,973 deaths [6].

Chest computed tomography (CT) examination plays an
important role in diagnosis and monitoring of disease progress
especially during the early stage of the pandemic when testing
was limited and results were slow to come back.
Subsequently, CT scans have also been used to follow up
response to medical treatment and to evaluate progression or
changes in clinical symptoms. Numerous chest CT features of
COVID-19 pneumonia have been described in recent studies
[7–9]; however, the patterns of evolution have been less clear-
ly described. More recently, Pan et al investigated the time
course of lung changes on chest CT during recovery from
COVID-19 pneumonia, and concluded that lung abnormali-
ties on chest CT showed greatest severity approximately
10 days after initial onset of symptoms [10]. Due to the crucial
role of CT images in diagnosis, it is imperative for radiologists
to be aware of the CT manifestations and pattern of evolution
of this global health emergency. The objective of this study is
to investigate the chest CT manifestations and pattern of evo-
lution in patients with COVID-19 infection.

Materials and methods

Subjects

Between Jan 21, 2020, and Feb 5, 2020, chest CT and clinical
records for patients with real-time reverse-transcriptase-
polymerase chain reaction (rRT-PCR)-confirmed COVID-19
infection were reviewed retrospectively. For patients with se-
rial CT scans, our last day of follow-up CT was Feb 9, 2020.
This study was approved by the Human Research Ethics
Committee of the First Affiliated Hospital of Nanchang
University; informed consent was waived.

Selection criteria

At the start of the COVID-19 pandemic, viral testing was
limited and the results were slow to come back, hence chest
CT was used as the tool for initial diagnosis. For patients
hospitalized with COVID-19 pneumonia, follow-up CT scans
were used to assess response to medical treatment and/or in-
terventions. The selection criterion for chest CT was that the
patient presented with cough, shortness of breath, and fever.

The selection criterion for the follow-up CT scans was if pa-
tients’ symptoms changed or progressed. Each subsequent CT
scan was performed consecutively for the individual patient.

Imaging techniques

CT scans were obtained with the patients in the supine posi-
tion, and scanning was performed at end inspiration. Thin-
section CT was performed using one of the following CT
scanners: 16-CT Emotion (Siemens Healthcare), or 256-CT
Brilliance (Philips Healthcare). The protocol used was as fol-
lows: (Siemens Healthcare) 130 kV, 30–150 mAs, 8-mm slice
thickness; (Philips Healthcare) 120 kV, 100–120 mAs, 5-mm
slice thickness. Reconstruction section thickness, 1 mm. All
CT scans for each patient were performed with the same CT
scanner.

Image analysis

The initial and serial follow-up CT during treatment were
retrospectively reviewed in consensus by two fellowship-
trained thoracic radiologists (D.C. and J.Z.). The images
were viewed on lung (window width, 1600 HU; window lev-
el, − 600 HU) and mediastinal (window width, 350 HU; win-
dow level, 60 HU) windows. The axial CT images were ana-
lyzed but multiplanar reformats were available for use should
the readers choose to do so.

The CT images were assessed for pulmonary parenchy-
mal abnormalities, including (1) location: the left lung (up-
per lobe, lower lobe), right lung (upper lobe, middle lobe,
lower lobe); (2) distribution: subpleural, random,
peribronchovascular; (3) extent of involvement: assessed
by visually estimating the percentage of pneumonia in-
volvement in each lobe [7]; (4) morphology: patchy, lobar,
segmental, irregular, or nodular; (5) density: ground-glass
opacities (GGO), consolidation, mixed pattern of GGO and
consolidation; (6) internal structure: crazy-paving pattern,
interlobular septal thickening, vascular thickening, air
bronchogram, and bronchial wall thickening; (7) edge:
well-defined or ill-defined; (8) evolution over time: for
the follow-up chest CT, recognizable pattern of change
was evaluated by comparing the overall percentage of lung
involvement for each patient on serial chest CT. The CT
scans were also assessed for extrapulmonary manifesta-
tions, including mediastinal lymphadenopathy, pleural ef-
fusion, and pleural thickening.

The anatomic distribution was noted as being predominant-
ly subpleural if abnormality involved mainly the peripheral
one-third of the lung, random if abnormality involved without
predilection for subpleural or central regions, or being
peribronchovascular if the abnormality involved along the
bronchovascular bundles. GGO were defined as increased
lung density without obscuration of the underlying vessels
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[11]. Consolidation was defined as increased lung density
with obscuration of the underlying vessels. Crazy-paving pat-
tern was defined as thickened interlobular septa and
intralobular lines with ground-glass opacification [12]. Each
of the five lung lobes was assigned a score that was based on
the following: score 0, 0% involvement; score 1, 1–25% in-
volvement; score 2, 26–50% involvement; score 3, 51–75%
involvement; and score 4, 76–100% involvement. Summation
of scores provided overall lung involvement (range of possi-
ble scores, 0–20) [7, 13].

Data analysis of the CT evolution pattern was performed
based on the stages of COVID-19 pneumonia established by
Zhou et al (progression stage from 1 to 7 days, advanced pla-
teau stage from 8 to 14 days, and absorption stage > 14 days)
[14]. In this study, subjects were divided into 4 groups based on
the time to peak: group 1 with total CT lung involvement
peaking within 7 days; group 2 with total CT lung involvement
peaking from days 8 to 14; group 3 with total CT lung involve-
ment peaking after day 14; group 4 for patients with asymp-
tomatic infection or with CT scores less than 1.

Statistical analysis

Statistical analyseswere performed using IBMSPSS Statistics
Software (version 21; IBM). Quantitative data were presented

Table 1 Clinical characteristics of 110 patients with COVID-19
infection

Gender

Male 67 (60.9%)

Female 43 (39.1%)

Age (years) 43.8 ± 13.4 (18–80)

Exposure history

Living in or traveling to Wuhan within 14 days 46 (41.8%)

Exposure to infected patient 48 (43.6%)

Unknown exposure 16 (14.6%)

Symptoms

Fever 102 (92.7%)

Cough 71 (64.5%)

Shortness of breath 5 (4.5%)

Sore throat 5 (4.5%)

Diarrhea 3 (2.7%)

Nausea and vomiting 2 (1.8%)

Fear of cold 2 (1.8%)

Headache 2 (1.8%)

Rhinobyon 1 (0.9%)

Asymptomatic 2 (1.8%)

Time from symptom onset to performing initial CT
(days)

4.43 ± 3.54 (0–15)

Quantitative data were presented as mean ± standard deviation (mini-
mum-maximum), while the counting data were presented as percentage
of the total

Table 2 Initial chest CT findings of 110 patients with COVID-19
infection

No involvement 9 (8.2%)

Unilateral lung 27 (24.5%)

Bilateral lung 74 (67.3%)

Number of lobes affected

0 9 (8.2%)

1 21 (19.1%)

2 11 (10.0%)

3 9 (8.2%)

4 18 (16.4%)

5 42 (38.2%)

Frequency of lobar involvement

Left upper lobe 64 (63.4%)

Left lower lobe 72 (71.3%)

Right upper lobe 68 (67.3%)

Right middle lobe 60 (59.4%)

Right lower lobe 87 (86.1%)

Density feature

No involvement 9 (8.2%)

Only GGO 72 (65.4%)

Only consolidation 6 (5.5%)

Both GGO and consolidation 23 (20.9%)

Either GGO or consolidation 101 (91.8%)

Distribution feature

Subpleural 65 (64.4%)

Random 11 (10.9%)

Peribronchovascular 12 (11.9%)

Subpleural and peribronchovascular 13 (12.9%)

Morphology

Nodular 48 (47.5%)

Lobar or segmental 17 (16.8%)

Patchy 70 (69.3%)

Irregular 18 (17.8%)

Margins

Ill-defined 85 (84.2%)

Well-defined 16 (15.8%)

Signs

Crazy-paving pattern 37 (36.6%)

Vascular enlargement 43 (42.6%)

Air bronchogram 60 (59.4%)

Bronchial wall thickening 62 (61.4%)

Fibrous strips 28 (27.7%)

Nodular opacity with a surrounding halo 15 (31.5%)

Pleural thickening 12 (11.9%)

Pleural traction 12 (11.9%)

Cavitation 2 (2.0%)

Pleural effusions 2 (2.0%)

Mediastinal lymphadenopathy 0 (0%)

CT scores 4.0 ± 3.2
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as mean ± standard deviation (minimum-maximum) and the
counting data were presented as the percentage of the total. CT
pattern evolution analysis was performed according to the
scatter diagram of each group, and the quadratic function

was fitted with SPSS to obtain the corresponding curve. The
comparisons of the quantitative data were evaluated using
two-sample t test, the comparative quantitative data of the
same patient were evaluated using pair t test, and counting

Fig. 1 Chest CT findings of COVID-19 pneumonia on axial images: (a) ground-glass opacities (GGO), (b) crazy-paving pattern, (c) nodular opacity
with a surrounding halo, (d) air bronchogram and bronchial wall thickening

Table 3 Comparison between
initial and first follow-up CT
findings of 62 patients with
COVID-19 infection

Category Initial chest CT First follow-up

CT

Chi-square/Fisher’s
exact/t test

p value

Unilateral or bilateral lung 11.513 0.002
No involvement 5 (8.1%) 0 (0%)
Unilateral lung 13 (21.0%) 4 (6.5%)
Bilateral lung 44 (71.0%) 58 (93.5%)

Number of lobes affected 11.852 0.032
0 5 (8.1%) 0 (0%)
1 10 (16.1%) 3 (4.8%)
2 7 (11.3%) 9 (14.5%)
3 6 (9.7%) 7 (11.3%)
4 10 (16.1%) 7 (11.3%)
5 24 (38.7%) 36 (58.1%)

Density feature 21.84 < 0.001
No involvement 5 (8.1%) 0 (0%)
Only GGO 44 (71.0%) 27 (43.5%)
Only consolidation 3 (4.8%) 2 (3.2%)
Both GGO and consolidation 10 (16.1%) 33 (53.2%)

Distribution feature 2.17 0.558
Subpleural 38 (61.3%) 39 (62.9%)
Random 6 (9.7%) 5 (8.1%)
Peribronchovascular 3 (4.8%) 8 (12.9%)
Subpleural and peribronchovascular 10 (16.1%) 10 (16.1%)

Morphology / /
Nodular 31 (50.0%) 15 (24.2%)
Lobar or segmental 9 (14.5%) 9 (14.5%)
Patchy 39 (62.9%) 47 (75.8%)
Irregular 6 (9.7%) 33 (53.2%)

Margins 1.707 0.257
Ill-defined 48 (77.4%) 57 (91.9%)
Well-defined 9 (14.5%) 5 (8.1%)

Signs
Crazy-paving pattern 22 (35.5%) 21 (33.9%) 0.036 1.000
Vascular enlargement 21 (33.9%) 29 (46.8%) 2.145 0.2
Air bronchogram 32 (51.6%) 39 (62.9%) 1.615 0.276
Bronchial wall thickening 32 (51.6%) 45 (72.6%) 5.791 0.026
Fibrous strips 8 (12.9%) 46 (74.2%) 47.369 < 0.001
Pleural thickening 6 (9.7%) 23 (37.1%) 13.008 0.001
Pleural traction 5 (8.1%) 13 (21.0%) 4.159 0.072
CT scores 3.9 ± 3.2 6.2 ± 3.8 − 3.585 < 0.001
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data were evaluated using Chi-square test or Fisher’s exact
test. A p value of < 0.05 was defined as statistically
significant.

Results

Clinical characteristics

A total of 110 subjects (67 males and 43 females) were
included in the study (Table 1). Forty-eight patients had a
history of sick contact with proven COVID-19 cases, 46
patients had a history of living in or traveling to Wuhan
within 14 days before onset of symptoms, and the remain-
ing 16 patients had unknown exposure history. The main
presenting symptoms were fever (92.7%) and cough
(64.5%). Up to the last day of follow-up CT (February 9,
2020), 32 of 110 patients were discharged in accordance
with clinical cure standard.

Chest CT image analysis

All 110 patients underwent initial CT after admission per hos-
pital protocol. The mean time from symptom onset to initial
CT was 4.4 days (range from 0 to 15 days). For initial CT
images in 110 patients, bilateral multiple subpleural GGO
were the predominant pattern seen on initial chest CT
(Table 2 and Fig. 1). Ill-defined patchy or nodular opacities
were observed more frequently. Other CT presentations in-
clude crazy-paving, nodular opacity with surrounding halo,
and air bronchograms with bronchial wall thickening (Fig.
1). The right lower lung (86.1%) was most commonly in-
volved. No mediastinal lymphadenopathy was present. Nine
of 110 (8.2%) patients had normal initial chest CT. The total
lung severity scores ranged from 0 (in the nine normal CT) to
a maximum of 14, with a mean scores of 4.0.

All of the 110 patients had a follow-up chest CT (second
CT) during the study period. The mean time between initial
and follow-up chest CT was 5.3 days (range 2–9 days). Six of
110 patients showed no interval changes; and of them, 4 had
both normal initial and first follow-up CT. Sixty-two of 110
patients showed progression (Table 3): 20 patients showed
density progression from GGO to consolidation, 17 patients
showed increasing number of opacities, 8 patients showed
overall progression with both opacities increasing and de-
creasing, 44 patients showed increase in extent of opacities.
The mean CT scores of these 62 patients increased from 3.9
(range 0–14) to 6.2 (range 1–19). Forty-two patients demon-
strated interval improvement; the mean CT scores of these 42
patients decreased from 4.5 (range 1–14) to 4.0 (range 1–14).

Sixty of the 110 patients had second follow-up chest CT
(third CT) during the study period. The mean time between
second and third chest CT was 4.4 days (range 2–8 days).

Three of 60 patients had no interval change; and of them, 2
had normal CT scans on their initial and first follow-up chest
CT. Forty-five patients had interval improvement and 12 pa-
tients showed progression.

Using previously established stages of COVID-19 pneu-
monia found in Zhou et al, which included early rapid
progressive stage (1–7 days), advanced plateau stage (8–
14 days), and absorption stage (> 14 days) [14], we have
identified four patterns of CT progression (Fig. 2). Type 1
pattern has relatively high initial CT scores with minimal
progression and subsequent improvement. Type 2 pattern
showed rapid progression of CT findings with subsequent
CT improvement. Type 3 pattern was a static CT appear-
ance with low CT scores throughout the imaging follow-
up. Type 4 pattern was similar to type 2 but with a more
prolonged course and more severe CT findings.

Type 1 pattern has mean CT scores of 5.27 and mean time
to peak of 5.8 days since symptom onset. Type 1 CT pattern
was seen in 25% (15/60) of patients (sample case is shown on
Fig. 3). Type 2 pattern has mean CT scores of 7.1 and mean
time to peak of 10.7 days from initial symptom onset. Type 2
CT pattern was seen in 61.7% (37/60) of patients (sample case
is shown on Fig. 4). Type 3 pattern was seen in 5.0% (3/60)

Fig. 2 Schematics depicting the four patterns of CT progression
determined from three serial chest CT scans in 60 COVID-19 patients.
Type 1: peak total CT lung involvement occurred within 7 days (curve
fitting equation: y = 0.206 × 2–0.16x + 3.968); type 2: peak total CT lung
involvement occurred from days 8 to 14 (curve fitting equation: y =
0.975 × 2–0.037x-0.024); type 3: peak total CT lung involvement
occurred after day 14 (curve fitting equation: y = 0.037 × 2–0.002x +
0.202); type 4: patients with asymptomatic infection or with CT scores
less than 1 (curve fitting equation: y = 1.146 × 2–0.038x + 0.548), in
which x = time from the onset of the initial symptoms, y = total CT
scores of the pulmonary involvement). See Table 4 for time to peaks
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patients. These patients had very mild clinical course. Type 4
pattern was similar to type 2 but with a more prolonged course
and more severe CT findings. Average of CT scores was 10.8
with time to peak 17 days from onset of initial symptoms.
Type 4 CT pattern was seen in 8.3% (5/60) of patients (a
sample case is shown in Fig. 5). Time to peak for the four
types of CT patterns is summarized in Table 4.

The body temperatures of these 60 patients were
shown in Table 5 which showed statistically significant
difference in total days of fever in type 1, type 2, type
3, and type 4 (p < 0.05). There were significant differ-
ences in days of preadmission fever between type 1 and
type 4 (p < 0.05). There was also statistically significant
maximum body temperature in type 4 compared to type
3 (p < 0.05).

In addition, 17 of the 60 patients had a third follow-up CT
(fourth CT) during the study period. The mean time between
second and third follow-up CT was 5.0 days (range 3–8 days).
Fifteen showed progression, one no interval change, and one
interval improvement.

Discussion

The purpose of this study was to provide further data for
imaging characteristics and to determine the pattern of change
in chest CT associatedwith COVID-19 pneumonia from serial
CT examinations. Our results showed that GGO were the
most common pattern seen on initial chest CT. GGO with
no consolidation occurred in 65.4% of patients which is

Fig. 3 Type 1 pattern. A 54-year-old male patient presenting with persis-
tent fever for 6 days. a Initial axial thin-section CT images (day 6 after
onset of symptom, January 28, 2020) showed multifocal region of
subpleural GGO with partial consolidation and irregular linear opacities

in the bilateral lung, (b) follow-up CT on day 9 (January 31, 2020)
showed reduced focal attenuation, (c) follow-up CT on day 14
(February 4, 2020) showed reduced focal attenuation with residual linear
opacities
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similar to that of Chung et al, where 12 of 21 patients (57%)
had GGO only [7]. The subpleural location of opacities was
another common CT feature of COVID-19 pneumonia in our
study. The opacities occupied a subpleural or mixed
subpleural and peribronchovascular location in 77% of pa-
tients. These findings are consistent with findings by Fu
et al, which studied 56 laboratory-confirmed patients and
showed that 32.7% (18) with GGO only, 52.7% (29) had
GGO and consolidative opacities, and 14.5% (8) with only
consolidation. A total of 54.5% of the opacities involved both
peripheral and central parenchymas and 45.5% were purely
peripheral distribution [13].

Our study showed that the right lower lung (86.1%) was
most commonly involved which is also found by Zhou et al,
which showed that the middle and lower zones were more
commonly involved [14]. This pattern may be associated with
the shorter right lower lobe bronchial anatomy. Pertinent neg-
atives included the lack of mediastinal lymphadenopathy and
pleural effusions.

First follow-up CT (approximately 9 days after onset of
symptom) commonly showed progression of disease as man-
ifested by increased extent and density of lung opacities. A
combination of GGO and consolidation was the predominant
pattern on the first follow-up chest CT. In this study, 60

Fig. 4 Type 2 pattern. A 45-year-old male patient presenting with persis-
tent fever for 4 days. a Initial axial thin-section CT images (day 5 after
onset of symptom, January 21, 2020) showed a small region of subpleural
GGO in bilateral lung lobe, (b) follow-up CT on day 10 (January 26,
2020) showed increased number and extent of GGO in bilateral lung

lobes, (c) follow-up CT on day 15 (January 31, 2020) showed progression
of disease with decreased extent and density of opacities, (d) follow-up
CT on day 19 (February 4, 2020) showed reduced focal attenuation with
residual linear opacities
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patients had second follow-up CT scans (approximately
13 days after onset of symptom) providing a more reliable
data set for establishing the pattern of CT evolution. The most
common CT pattern was type 2 in 61.7% of patients which
showed progression of CT findings from initial to first follow-

up CT scans with maximum difference in overall lung in-
volvement. There is subsequent improvement on the second
follow-up CT. Type 2 pattern is in accordance with a previous
case report presenting the longitudinal changes of CT findings
in COVID-19 pneumonia [15].

Table 4 Patterns of CT evolution
of COVID-19 in 60 patients with
three CT reexaminations

Progression pattern Type 1 Type 2 Type 3 Type 4 F value p value

No. of cases 15 (25.0%) 37 (61.67%) 3 (5.0%) 5 (8.33%) / /

CT scores 5.27 ± 1.5 7.1 ± 3.0 N/A 10.8 ± 6.4 6.065 0.004

*Time to peak (days) 5.8 ± 1.3 10.7 ± 2.2 N/A 17.0 ± 1.5 70.157 < 0.001

Post hoc test (Bonferroni) showed there are significant differences between the type 1, type 2, and type 4 of time to
peak, and significant differences between the type 1 and type 4, and type 2 and type 4 of CT scores (p < 0.05).N/A
not applicable. *Time to peak is defined as the time from the onset of initial symptom (in days) when the peak total
CT scores were reached

Fig. 5 Type 4 pattern. A 51-year-old male patient with fever for 4 h. a
Initial axial thin-section CT images (day 0 after onset of symptom,
January 22, 2020) showed no involvement, (b) follow-up CT on day 4
(January 26, 2020) showed newly developed subpleural GGO in bilateral

lung, (c) follow-up CT on day 8 (January 30, 2020) showed increase in
extent of GGO with partial consolidation, (d) follow-up CT on day 12
(February 3, 2020) showed increase in extent of GGO with partial con-
solidation and superimposed inter- and intralobular septal thickening
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On the initial CT (early stage, averaged 4 days after symp-
tom onset), the CT showed mainly subpleural bilateral GGO.
On the first follow-up CT (progression stage, averaged 9 days
after symptom), the pattern develops into predominantly a mix
pattern of GGO and consolidation. On the second follow-up
CT (resolution stage, averaged 13 days after symptom onset),
the pleural findings have started to resolve. These results were
consistent with previously reported temporal lung changes on
chest CT in patients with COVID-19 infection [10]. Zhou et al
studied 100 patients with a total of 272 CT scans and found
that in the early rapid progressive stage (1–7 days), 58.1%
were GGO with reticular pattern, 43% GGO with consolida-
tion, and 41.9%GGOonly. In the advanced stage (8–14 days),
79.8% had GGO with consolidation. In the absorption stage,
GGO plus consolidation decreased significantly [14].

There were significant differences in days of preadmission
fever between the type 1 and type 4 (p < 0.05) and statistically
significant maximum body temperature in type 3 compared to
type 4 (p < 0.05). These findings provide a preliminary indi-
cation that CT patterns may be able to assist in predicting
clinical course.

There are some limitations to our early study. The patients in
this study were heterogeneous andwhile we were able to obtain
the body temperature of the patients, further respiratory status
data, such as oxygen requirement, blood oxygen saturation, and
respiratory therapy requirements were not available. Future
study will have to include more clinical symptom and CT pat-
tern correlation. The different number of CT scans in the dif-
ferent groups could introduce selection bias as the patients with
four serial CT scans could have more severe clinical symptoms
compared with the groups with fewer serial CT scans. The
differences in the number of patients in each CT pattern group
also pose a statistical analytic challenge, especially the small
sample numbers in type 3 and type 4, which renders them
underpowered and susceptible to statistical errors. Another lim-
itation is the nonuniform scanning intervals among all patients
due to the retrospective nature of this study.

In conclusion, the most common CT manifestation in hospi-
talized patients with COVID-19 infection is that of bilateral
multiple peripheral GGO or consolidation. The most commonly
shown evolution pattern was progression of disease with

increased extent and density of lung opacities on the first
follow-up CT (averaged 9 days after symptom onset) followed
by improvement of disease on second follow-up CT (averaged
13 days after symptom onset). Preliminary findings suggest that
CT pattern may be able to assist in predicting clinical course;
future dedicated studies with clinical correlations will be needed.
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