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ince December 2019, an outbreak of coronavirus disease

2019 (COVID-19) caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) first occurred in
Wuhan, China, and then quickly spread to other coun-
tries in the world (1,2). Coronavirus can cause various
systemic illnesses in animals but mainly respiratory tract
infections in humans, such as severe acute respiratory
syndrome (SARS) and Middle East respiratory syndrome
(MERS) (2). SARS-CoV-2, the cause of COVID-19, is
an enveloped RNA virus about 60-140 nm in diameter
that genetically belongs to lineage B of genus Betacorona-
virus. Its genetic characteristics are significantly different
from SARS-CoV and MERS-CoV. It has been shown to
share more than 85% identity with a bat SARS-like coro-
navirus (bat-SL-CoVZC45) (2). According to Guan et al,
although 84.3% of the infected patients had nonsevere
forms of COVID-19, up to 5.0% of the patients were ad-
mitted to intensive care units, 2.3% of them underwent
invasive mechanical ventilation, and 1.4% of the patients
died (3).

Real-time reverse-transcription polymerase chain reac-

tion (RT-PCR) testing for SARS-CoV-2 is the standard for

diagnostic confirmation (4). However, CT imaging could
contribute to clinical diagnosis and illness assessment by
flagging suspected cases and noninvasively evaluating
disease progression (5). Several studies have reported the
epidemiologic and clinical information of COVID-19
(1,6-8), including discussion of radiologic features (9-12).
Yet, comparative analysis of CT findings between patients
in different severity groups is scarce. Thus, the purpose of
our current study was to compare radiologic characteristics
of COVID-19 pneumonia at thin-section CT between pa-
tients with mild and severe disease. We aimed to identify
CT imaging features that could indicate clinical severity
among patients with COVID-19 pneumonia.

Materials and Methods

Patients

This retrospective study included a total of 70 patients with
COVID-19 pneumonia who were admitted to Zhongnan
Hospital of Wuhan University from January 20, 2020
to January 27, 2020, and who underwent non—contrast
material-enhanced thin-section chest CT scans on hospital
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CT Imaging of COVID-19 Pneumonia

Abbreviations

COVID-19 = coronavirus disease 2019, GGO = ground-glass
opacity, IQR = interquartile range, MERS = Middle East respira-
tory syndrome, RT-PCR = reverse-transcription polymerase chain
reaction, SARS = severe acute respiratory syndrome, SARS-CoV-2
= severe acute respiratory syndrome coronavirus 2, SpO, = oxyhe-
moglobin saturation

Summary

Interlobular septal thickening, air bronchogram, pleural effusion, and
pure consolidation were more prevalent in the severe clinical form,
while pure ground-glass opacity mainly manifested in patients with
the mild form of COVID-19.

Key Points

= Interlobular septal thickening (75%), air bronchogram (70%), and
pleural effusion (40%) were more likely to manifest at CT of pa-
tients with COVID-19 with the severe form rather than the mild
form (28%, 32%, and 14%, respectively).

= Pure ground-glass opacity mainly manifested in patients with mild
disease (38%), while consolidation tended to appear in patients
with severe disease (20%).

admission. The inclusion criteria included: (2) positive RT-PCR
testing for SARS-CoV-2 on pharyngeal swabs; (4) a thin-section
chest CT scan showing any evidence of pneumonia; and (¢) pa-
tients admitted for treatment or isolation. On the basis of the
World Health Organization interim guidance for clinical man-
agement of patients with COVID-19 (13), the patients were
divided into two groups depending on disease severity. Group
1 were patients with the mild form, which was defined as (2)
maximum respiratory rate < 30 breaths per minute, (4) oxy-
hemoglobin saturation (SpO,) > 90% in resting state, and (¢)
without respiratory failure, acute respiratory distress syndrome,
or shock. Group 2 were patients with the severe form, which was
defined as (#) maximum respiratory rate = 30 breaths per min-
ute, or (5) SpO, = 90% in resting state, or (c) respiratory failure
needing mechanical ventilation, or () acute respiratory distress
syndrome, or (¢) shock (13). This retrospective study was ap-
proved by the institutional review board of Zhongnan Hospital
of Wuhan University and written informed consent was waived.

CT Imaging

CT scanning (Discovery 64, GE Medical Systems, Milwaukee,
Wis and SOMATOM Definition, Siemens Healthcare, Erlangen,
Germany) was performed at the end of full inspiration. The ac-
quisition and reconstruction parameters were as follows: 120-kV
tube voltage with automatic tube current modulation (100-350
mAs), 1-mm slice thickness without interslice gap, using filtered-
back-projection (FBP) reconstruction (SOMATOM Definition)
or blended FBP/iterative reconstruction (Discovery 64). Axial
images with slice thickness of 1 mm were used for coronal and

sagittal reconstructions. Images were displayed on lung windows
(window level at =700 HU and window width at 1500 HU).

Review of CT Images

We reviewed the CT scans performed within 1 day from ad-
mission in all 70 patients. All axial and reconstructed (coronal/

sagittal) CT images were independently reviewed by three ra-
diologists (M.Y., D.X,, and L.L.) with 6 to 7 years of clini-
cal experience using a standard clinical picture archiving and
communication system workstation. Any disagreement was
resolved by discussion and consensus. All radiologists were
blinded to clinical status of the patients. CT findings were re-
viewed according to the following aspects: location, distribu-
tion, size, and type (14). Location referred to different lobes
and segments involved. Distribution was described as periph-
eral (outer one-third of the lung), central (inner two-thirds), or
both central and peripheral. Opacities were classified into small
(diameter < 1 c¢m), moderately sized (diameter 1 cm to < 3
cm), large (diameter 3 cm to < 50% of the segment), or seg-
mental (volume involving 50% of the segment or more), and
the number of segments containing a specific category of opac-
ities per patient were counted and compared between groups.

Definition of CT Findings
Ground-glass opacity (GGO) was defined as hazy increased

opacity of the lung, with preservation of bronchial and vascu-
lar margins (15). Consolidation was defined as a homogeneous
increase in pulmonary parenchymal attenuation that obscured
the margins of vessels and airway walls (15). Crazy-paving pat-
tern was defined as GGO with associated interlobular septal
thickening (15). Air bronchogram was defined as a pattern of
air-filled (low attenuation) bronchi on a background of opaque
(high attenuation) airless lung (15). Parenchymal band was de-
fined as linear opacity that usually extends to the visceral pleura
(15). Pleuroparenchymal interface irregularities were defined
as finely irregular and thickened pleural surfaces (16). Masslike
opacity was defined as a rounded, solid, or partly solid opacity
of pulmonary lesion greater than 3 cm in diameter (15). In
addition, interlobular or intralobular septal thickening, bron-
chiectasis, mosaic attenuation, coarse reticular pattern, lymph
nodes (more than 1 cm in short-axis diameter), and pleural
effusion were recorded as well.

Statistical Analysis

Continuous variables were expressed as median (IQR) and
compared with the Mann-Whitney U test; categorical variables
were expressed as number (%) and compared by x* test or
Fisher exact test between groups. A P value < .05 (two-sided)
was considered statistically significant. All data were analyzed

using SPSS (version 23.0, SPSS, Chicago, IlI).

Results

Clinical Characteristics

Seventy patients with confirmed COVID-19 pneumonia were
included in this study. None of the enrolled patients were im-
munocompromised. Demographic and clinical characteristics
of both groups are shown in Table 1. Patients in group 2 (me-
dian age, 65 years; IQR: 54.75-75.00) were older than those
in group 1 (median age, 42.5 years; IQR: 32.75-58.50) (P <
.001). All patients (20 of 20) in group 2 had dyspnea, whereas
only 10% (five of 50) of group 1 had dyspnea (P < .001),
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Table 1: Clinical and Laboratory Characteristics of Included Patients

Clinical Characteristic Group 1 (7 = 50) Group 2 (7 = 20) P Value
Age (y) 42.5 (32.75-58.50) 65.00 (54.75-75.00) <.001

Diabetes mellitus 5(10) 5(25) 135

Dyspnea 5(10) 20 (100) <.001

White blood cell count (X10°/L) 4.35 (3.69-6.21) 7.93 (5.56-10.26) <.001

Length of hospital stay (d) 7.0 (5.0-10.0) 14.0 (9.5-20.0) .003

Days from illness onset to the CT scan 4.0 (1.0-7.0) 7.0 (3.0-10.0) .024

Note.—Unless otherwise indicated, data are either are median (IQR) or numbers with percentages in parentheses.
* Maximum respiratory rate refers to the maximum respiratory rate during hospitalization. Information on diabetes, fever, and
dyspnea was collected on patient admission.

Table 2: Number of Patients with Specific Segments Affected in Two Groups

Parameter Group 1 (7 = 50) Group 2 (7 = 20) P Value
No. of segments affected per patient 7.50 (3.00-13.50)* 17.50 (15.25-18.00)* <.001f

Upper lobe Apical right 22 (44%) 18 (90%) <.001f

Posterior right 22 (44%) 19 (95%) <.001F

Anterior right 20 (40%) 18 (90%) <.001F

Middle lobe Medial 21 (42%) 16 (80%) .004

Lingula Superior 23 (46%) 17 (85%) .003

Lower lobe Superior right 29 (58%) 18 (90%) .010

Anterior basal right 18 (36%) 14 (70%) .010

Medial basal right 14 (28%) 17 (85%) <.001F

Lateral basal right 30 (60%) 19 (95%) .004

Posterior basal right 34 (68%) 18 (90%) .057

Note.—Unless otherwise indicated, data are numbers of patients, with percentages in parentheses.

* Data: median (IQR).

¥ Data: Significant P value after Bonferroni correction.

# NA = not applicable: Left lung is considered to contain an apicoposterior segment and an anteromedial basal segment rather than
the separate segments as seen on the right.

but there was no difference in prevalence of fever. The maxi-
mum respiratory rate of group 2 patients (median, 30.5; IQR:
26.25-34.25) was higher than that in group 1 patients (median,
19.0; IQR: 18.0-20.0) (P < .001). The median white blood
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cell count was within the normal range in both groups, but the
median lymphocyte count in group 2 patients was decreased
in comparison with the normal reference range (0.62 X 10°/L;
IQR: 0.46-0.93) and lower than that of group 1 patients (0.94
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X 10°/L; IQR: 0.68-1.11) (P = .031).
The median length of hospital stay was
7 days among group 1 patients and
14 days among group 2 patients (P =
.003). One patient with severe form of
COVID-19 died of shock 11 days after
admission to the hospital.

Considering the time interval be-
tween symptom onset and imaging,
group 2 patients underwent chest CT
scan later than did group 1 patients.
The median of days from illness onset
to the CT scan was 4 days in group 1
patients and 7 days in group 2 patients
(P=.024).

Number of Segments Affected

There were differences in the number
and location of involved segments be-
tween groups 1 and 2. The per patient
number of segments involved in group
2 patients (median, 17.50; IQR: 15.25—
18.00) was higher than that among
group 1 patients (median, 7.50; IQR:
3.00-13.50) (P < .001, see Table 2).
Affected segments were located predom-
inandy in the lower lobes (389 of 741
segments, 52.5%) among all patients,
231 of 427 (54.1%) segments in group
2 patients, and 158 of 314 (50.3%) in
group 1 patients. A per-segment analy-
sis also revealed a higher prevalence of
COVID-19 pneumonia involvement in
group 2 versus group 1 patients in the
majority of segments (Table 2).

Table 3: Particular Characteristics at CT Imaging in All 70 Patients

Characteristic Group 1 (2=50) Group 2 (n=20) P Value
Lung region*
Upper lobe 28 (56%) 18 (90%) .007
Middle lobe or lingula 35 (70%) 18 (90%) .078
Lower lobe 41 (82%) 19 (95%) .160
Bilateral lobes 39 (78%) 19 (95%) .088
Distribution .043
Central 1 (2%) 0 (0%) >.05
Peripheral 16 (32%) 1 (5%) .038
Both central and peripheral® 33 (66%) 19 (95%) 012
Opacification .286
Ground glass 19 (38%) 5 (25%) .301
Consolidation 4 (8%) 4 (20%) B3
Mixed ground glass and consolidation® 27 (54%) 11 (55%) 940
Interstitial thickening
Interlobular septal 14 (28%) 15 (75%) <.001
Intralobular 34 (68%) 17 (85%) 148
Bronchiectasis 3 (6%) 1 (5%) >.05
Mosaic attenuation 1 (2%) 0 (0%) >.05
Crazy paving 20 (40%) 11 (55%) 254
Air bronchogram 16 (32%) 14 (70%) .004
Pleuroparenchymal irregularity 23 (46%) 8 (40%) .648
Coarse reticular pattern 6 (12%) 2 (10%) >.05
Parenchymal band 20 (40%) 11 (55%) 254
Masslike opacity 6 (12%) 0 (0%) 173
Lymphadenopathy 4 (8%) 9 (45%) .001
Pleural effusion 7 (14%) 8 (40%) .017

Note.—Data are numbers of patients, with percentages in parentheses.

* Lung region: Each patient may have multiple lung lobes affected.

" Both central and peripheral: the opacities located both central and peripheral in a patient.
# Mixed ground glass and consolidation: the features of opacities with both GGO and
consolidation in a patient.

Distribution of the Lung

Table 4: Number of Segments Containing Opacities of Different Sizes between Pa-

Opacities tients in Two Groups

The distribution of the lung ] .

opacities varied signiﬁcantly be- Lesion Diameter Group 1 (7 = 50) Group 2 (n = 20) P Value
tween patients in groups 1 and <lcm 3.00 (1.00-6.25) 3.00 (1.25-4.75) 530
2 (P = .043) (Table 3). Overall, 1 to <3 cm 2.50 (1.00-5.00) 5.00 (2.00-7.75) .055
most patients had bilateral in- 3 cm to <50% of segment 2.00 (0.00-6.25) 5.50 (3.00-8.00) .006
volvement (58 of 70, 82.9%). 50% of segment or more 0.00 (0.00-0.25) 7.50 (1.25-11.75) <.001

The number of patients with

lower lobe involvement (60 of

Note.—Data are median (IQR). Each segment may have several opacities of different sizes.

70, 85.7%) was greater than that
with upper lobe involvement

(46 of 70, 65.7%) (P = .006)

(Table 3). The opacities were distributed mainly in peripheral Size of the Lung Opacities
or both central and peripheral areas in group 1 patients (49 of ~ As shown in Table 4, there was a significant difference in lung

50, 98%), while the dominating distribution in patients with opacity size across groups. Group 2 patients had a relatively

severe disease was both central and peripheral (19 of 20, 95%). larger number of opacities measuring more than 3 cm (P =

A purely central distribution was uncommon in all patients ~ .006) or involving more the 50% of the segment volume (P <

(one of 70, 1.4%).

.001) compared with group 1 patients.
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Figure 1: Axial CT images in a 51-year-old man with fever, fatigue, mild dyspnea, and confirmed with COVID-19. A, B, The
baseline noncontrast thin-section chest CT on January 20, 2020 shows pure ground-glass opacity (white arrows) in bilateral lobes
and mainly peripheral sections. The largest lesion is located in the lower lobe of the left lung. C, D, Fourteen days later, follow-up chest
CT was performed. The opacities increased significantly in both lower lobes, with more consolidation (short black arrows) and a litfle
parenchymal band (long black arrow) appearing.

Figure 2: CTimages in a 65-year-old woman with fever, dyspneaq, fatigue, and confirmed with COVID-19. A, B, Axial noncon-
trast thin-secfion chest CT shows typical COVID-19 imaging characteristics. Bilateral lobes of pure ground-glass opacity (white ar-
rows), ground-glass opacity with consolidation (short black arrow), intralobular interstitial thickening (crazy-paving pattern) (asterisks)

and air bronchogram (long black arrows) are identified.

Type of Opacities

As for the different types of lung opacities, there was no differ-
ence between the two groups (P = .286). Most patients showed
mixed ground glass and consolidation in both group 1 (27 of
50, 54%) and group 2 (11 of 20, 55%) (Table 3; Figs 1, 2).
Consolidation alone was rare, only seen in four patients in both
groups (Fig 3). Interlobular septal and intralobular thickening
were frequent in all patients (Figs 2, 4). Interlobular septal thick-
ening was seen in 14 (28%) of group 1 patients and 15 (75%)
of group 2 patients (P < .001). Intralobular thickening was seen
in 34 (68%) of group 1 patients versus 17 (85%) of group 2
patients (P = .148) (Table 3).
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Bronchiectasis and mosaic attenuation were rare, with bron-
chiectasis seen in four patients and mosaic attenuation in one pa-
tient, overall. Other uncommon signs included coarse reticular
pattern (eight of 70, 11.4%), masslike opacity (six of 70, 8.6%),
lymphadenopathy (13 of 70, 18.6%), and pleural effusion (15
of 70, 21.4%) (Table 3). Overall, common characteristics seen at
chest CT of COVID-19 pneumonia included crazy paving (31
of 70, 44.3%) (Figs 2, 4), air bronchograms (30 of 70, 42.9%)
(Fig 2), pleuroparenchymal irregularities (31 of 70, 44.3%),
and parenchymal bands (31 of 70, 44.3%) (Table 3) (Fig 3).
Among these, a higher proportion of air bronchograms was seen
in group 2 (14 of 20, 70%) compared with group 1 patients (16
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Figure 3: The noncontrast thin-section CT images in a 39-year-old man with fever and fatigue for 5 days and confirmed with
COVID-19. A, Pure ground-glass opacity lesion (white arrow) located in left lower lobe. B, Five days later, another follow-up chest
CT scan was performed. The pure ground-glass opacity lesion tumed fo consolidation (short black arrow) and parenchymal band

(long black arrow).

Figure 4: The noncontrast thin-section chest CT in a 61-year-old woman with fever and dyspnea, confirmed with COVID-19 (A,
B: axial CT; C: coronal CT; D: sagittal CT). The imaging shows interlobular septal thickening (black arrow) and crazy paving (asterisks).
Opacities located predominately in the peripheral areas of both lungs.

of 50, 32%) (P = .004). There was no significant difference in
the prevalence of crazy paving (P = .254), pleuroparenchymal
irregularities (P = .648) (Fig 5), or parenchymal band (P = .254)
between the two groups.

Dj ion
We studied the findings from chest CT at hospital presenta-
tion in patients diagnosed with COVID-19 pneumonia, fo-
cusing our comparisons between the patients with mild and

severe disease. Patients with the severe form of disease were
older than those with the mild form of disease, suggesting
that SARS-CoV-2 pathogenicity may depend on the underly-
ing immune response, similar to MERS-CoV (17). Fever was
the most common clinical symptom, while dyspnea occurred
more often in patients with severe disease, consistent with
previous findings, and in part attributable to the clinical defi-
nition of severe disease (7). We also confirmed that reduced
lymphocyte count is a feature that may help in diagnosing

rctirsna.org = Radiology: Cardiothoracic Imaging Volume 2: Number 2—2020
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Figure 5: The noncontrast thin-section chest CT in a 53-year-old man
with fever and confirmed with COVID-19. The CT image shows pleuropa-
renchymal interface irregularity (black arrows) and consolidation (asterisks).

COVID-19, especially in patients with the severe form of dis-
case. All patients with severe symptoms were admitted to the
intensive care unit, and the length of hospital stay was longer
than that of patients with mild disease. Patients with the se-
vere form of the disease underwent chest CT scan later in the
course of disease than did those with the mild form of the dis-
case. We suspect that the initial symptoms in some patients
with the severe form could have been subtle and nonspecific,
resulting in later hospital presentation.

As for characteristics on CT images, COVID-19 pneumonia
seems to be more extensive in the severe form of disease, involv-
ing a larger number of lung segments. Regarding specific seg-
ment involvement, severe form patients were more likely to have
opacities involving nine or more segments. Most of the opacities
were located in the lower lobes, which is also seen in other viral
pneumonias, such as that caused by influenza (18). Individual
opacities also tended to involve a larger extension of the lung
parenchyma in the severe form of disease.

Most patients had bilateral lung involvement, with both cen-
tral and peripheral distribution. Unilateral or pure central lung
involvement was rare, which is consistent with previous studies
(12,19). Wong et al (14) also showed that opacities in SARS
were mainly distributed bilaterally and peripherally, while opaci-
ties in MERS have been described as predominantly basilar, peri-
bronchovascular, or subpleural (20).

None of the imaging features described here existed alone
in COVID-19 pneumonia but appeared together with multi-
ple other characteristics. The common imaging signs included
pure GGO, GGO with consolidation, interstitial thickening,
crazy paving, air bronchogram, pleuroparenchymal irregulari-
ties, and parenchymal band, which was consistent with pre-
vious studies (10,12). Such findings may overlap other viral
pneumonias; for instance, HINI influenza pneumonia also
presents GGO in a patchy pattern, with interlobular septal
thickening and consolidation (21). But for H7N9 influenza
pneumonia, consolidation is reported to be the most com-
mon sign (22). Pure consolidation, bronchiectasis, mosaic
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attenuation, or masslike opacity were rare for COVID-19
pneumonia. Patients with the mild form of disease showed
pure GGO more often than patients with severe disease, while
the latter was more frequently associated with pure consolida-
tions. Thus, we speculate that pure GGO may be associated
with early or mild stage of disease, while pure consolidation
could indicate severe clinical form or occur at a more advanced
stage, consistent with previous reports (9). The rate of patients
with interlobular septal thickening and air bronchogram was
higher in patients with severe disease than in patients with mild
disease, indicating that interlobular septal thickening and air
bronchogram could relate to advanced or late stage of CO-
VID-19 pneumonia or coexistence of superimposed processes,
such as pulmonary edema. Neither interlobular septal thicken-
ing nor air bronchogram was specific for COVID-19 pneu-
monia. Pleural effusion was uncommon, manifesting mainly
in patients with severe disease, which may indicate parapneu-
monic effusion or fluid overload. Lymphadenopathy is usually
rare in viral pneumonias, occurring predominantly in patients
with the severe form of disease in our study.

There were several limitations in this study. First, these ob-
servations were restricted only to the patients presenting to the
hospital and admitted for treatment and isolation. Therefore,
the conclusions from our study only apply to a small segment
of patients affected by the disease. Second, while we included
patients with laboratory confirmation of COVID-19 (23), a
controlled investigation for coinfection and comorbidities was
not made in this retrospective study. One could speculate that
some of the differences encountered between patients with se-
vere and mild forms of disease could be partially attributed
to underlying cardiovascular or renal conditions. For example,
interlobular septal thickening, pleural effusions, and lymph-
adenopathy could be indicative of fluid overload rather than
direct pathogenic effect caused by the virus. Future controlled
studies may help in differentiating the direct effects from the
infection versus those caused by other underlying medical con-
ditions. Last, there was a statistically significant difference in
the time from symptom onset to hospital presentation between
patients with severe and mild form of disease, which poses a
challenge to the interpretation of the results. Understanding
whether the imaging differences between groups were truly
dictated by severity of disease versus the time course of disease
would require a systematic longitudinal assessment of findings
at different time points.

In conclusion, pure GGO, GGO with consolidation, inter-
stitial thickening, crazy paving, air bronchograms, pleuroparen-
chymal irregularities, and parenchymal bands were the main CT
imaging features of COVID-19 in our study. Pure consolidation
was rare and seemed to occur in patients with severe disease,
while pure GGO occurred in patients with mild disease. Inter-
lobular septal thickening, air bronchogram, and pleural effusions
were more frequently found in the severe clinical form. Opacities
affected both lungs, especially in the lower lobes. Opacities were
more frequently peripheral, although both central and periph-
eral opacities can also occur in conjunction. Lung opacification
involved a larger extension of the lung parenchyma in patients
with severe disease.
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