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Abstract

Objectives To investigate the clinical and chest CT characteristics of COVID-19 pneumonia and explore the radiological

differences between COVID-19 and influenza.

Materials and methods A total of 122 patients (61 men and 61 women, 48 £ 15 years) confirmed with COVID-19 and 48 patients

(23 men and 25 women, 47 + 19 years) confirmed with influenza were enrolled in the study. Thin-section CT was performed. The

clinical data and the chest CT findings were recorded.

Results The most common symptoms of COVID-19 were fever (74%) and cough (63%), and 102 patients (83%) had Wuhan

contact. Pneumonia in 50 patients with COVID-19 (45%) distributed in the peripheral regions of the lung, while it showed mixed

distribution in 26 patients (74%) with influenza (p = 0.022). The most common CT features of the COVID-19 group were pure

ground-glass opacities (GGO, 36%), GGO with consolidation (51%), rounded opacities (35%), linear opacities (64%), bronchi-

olar wall thickening (49%), and interlobular septal thickening (66%). Compared with the influenza group, the COVID-19 group

was more likely to have rounded opacities (35% vs. 17%, p = 0.048) and interlobular septal thickening (66% vs. 43%, p = 0.014),

but less likely to have nodules (28% vs. 71%, p < 0.001), tree-in-bud sign (9% vs. 40%, p < 0.001), and pleural effusion (6% vs.

31%, p <0.001).

Conclusions There are significant differences in the CT manifestations of patients with COVID-19 and influenza. Presence of

rounded opacities and interlobular septal thickening, with the absence of nodules and tree-in-bud sign, and with the typical

peripheral distribution, may help us differentiate COVID-19 from influenza.

Key Points

* Bypical CT features of COVID-19 include pure ground-glass opacities (GGO), GGO with consolidation, rounded opacities,
bronchiolar wall thickening, interlobular septal thickening, and a peripheral distribution.

* Presence of rounded opacities and interlobular septal thickening, with the absence of nodules and tree-in-bud sign, and with the
typical peripheral distribution, may help us differentiate COVID-19 from influenza.
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Introduction
' Department of Radiology, The First Affiliated Hospital of Chongqing
Medical University, Chongqing 400016, China In December 2019, an outbreak of COVID-19 (formerly
2 Medical Imaging Center, Chongqing Three Gorges Central Hospital, known as 2019-nCoV) pneumonia began in Wuhan (Hubei
Chongging 404100, China Province, China). The COVID-19 spread rapidly across China
> Department of Cardiology, Chongqing Three Gorges Central and many other countries. As of January 30, 2020, the World
Hospital, Chongqing 404100, China Health Organization (WHO) has designated this outbreak as a
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global health emergency. By April 1, 2020, 823,626 con-
firmed cases and 40,598 death cases have been officially re-
ported by the WHO [1]. Respiratory droplets and direct con-
tact are likely to be the most important routes of transmission
[2, 3]. Therefore, early diagnosis and isolation becomes essen-
tial against novel coronavirus. Reverse transcriptase polymer-
ase chain reaction (RT-PCR) is the reference standard to con-
firm the diagnosis of COVID-19 infection. However, more
and more false negative RT-PCR results have been reported
recently [4, 5], making the diagnosis rather challenging.
Currently, chest CT is one of the best tools for screening,
primary diagnosis, estimation of disease severity, and predic-
tion of the prognosis.

Chest CT manifestations of COVID-19 pneumonia have
not been well known. Recent studies showed that typical CT
findings included bilateral pulmonary parenchymal ground-
glass and consolidative pulmonary opacities, with a peripheral
lung distribution [6, 7]. However, the CT features of COVID-
19 are very diverse, and it is difficult to differentiate it from
other kinds of viral pneumonia. Recently, Bai et al compared
the chest CT features of COVID-19 pneumonia and non-
COVID-19 viral pneumonia, and found that COVID-19 pneu-
monia was more likely to have a peripheral distribution and
ground-glass opacity [8]. However, there are several kinds of
respiratory tract viruses that may lead to viral pneumonia, and
the CT features of the different kinds of viral pneumonia may
be different [9]. Influenza pneumonia is among the most com-
mon viral pneumonia, and now it is just during the “flu sea-
son”; therefore, it is essential to differentiate COVID-19 pneu-
monia from influenza. Herein, we described and summarized
the chest CT findings of 122 patients with COVID-19 pneu-
monia and 48 patients with influenza, and tried to explore the
radiological differentiation between the two groups.

Materials and methods
Patients

This study was approved by the institutional review board.
Written informed consent was waived for this retrospective
study. Laboratory-confirmed COVID-19 patients in the inpa-
tient databases of The First Affiliated Hospital of Chongqing
Medical University and Chongqing Three Gorges Center
Hospital from January 2020 to February 2020 were consecu-
tively collected. In addition, patients with influenza in the
inpatient database of The First Affiliated Hospital of
Chongqing Medical University from January 2015 to
February 2020 were consecutively enrolled. Diagnosis of
COVID-19 and influenza was based on the positive results
by real-time RT-PCR. Our exclusion criteria were (1) patients
without CT scan; (2) patients comorbid with other infections;
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and (3) patients with a past history of interstitial lung disease.
Clinical data and CT images of the patients were reviewed.

Image acquisition

All of the chest CT scans followed usual clinical acquisition
parameters according to local protocols. A total of 119 patients
were imaged with 1.5-mm-thick slices with a Siemens
SOMATOM Sensation scanner (Siemens Healthineers), and
51 patients were imaged with 1-mm-thick slices with a
Siemens SOMATOM Perspective scanner (Siemens
Healthineers). The scanning parameters were as follows:
120 kVp, 150 mA, 1.5 mm collimition, reconstruction matrix
of 512 x 512, slice thickness of 1.0 mm, and high spatial res-
olution algorithm. Radiation dose of chest CT was as follows:
volume CT dose index, 6.24 mGy; dose-length product,
208.45 mGy; effective dose, 2.98 mSv. The scanning range
included the whole chest from the first ribs to the diaphragm.
All the patients were examined without injection of contrast
media. Images were obtained with mediastinal (width, 350—
450 HU; level, 2040 HU) and parenchymal (width, 1200—
1600 HU; level, — 500 to — 700 HU) window settings.

Image interpretation

Two thoracic radiologists (with 8 years and 25 years of expe-
rience, respectively) blinded to the clinical data reviewed the
CT images independently, and the discrepancies were re-
solved by consensus. CT images of each patients were
assessed for the presence and distribution of parenchymal ab-
normalities, including (1) pure ground-glass opacities (GGO),
which was defined as a hazy increase in lung attenuation with
no obscuration of the underlying vessels; (2) GGO with con-
solidation, which was defined as an area of opacification ob-
scuring the underlying vessels in GGO; (3) consolidation
without GGO; (4) rounded opacities, which was defined as
opacities with a rounded morphology [7]; (S)nodules; (6) tree-
in-bud sign; (7) air bronchogram; (8) interlobular septal thick-
ening; (9) bronchiolar wall thickening; (10) crazy paving pat-
tern, which was defined as the appearance of GGO with
superimposed interlobular septal thickening and intralobular
septal thickening; (11) halo sign, which was defined as the
GGO surrounding a pulmonary nodule or mass; (12) cavita-
tion; (13) pleural effusion; (14) pericardial effusion; and (15)
lymphadenopathy, which was defined as a lymph node > 1 cm
in short-axis diameter. In addition, the outer one-third of the
lung was defined as peripheral, and the rest was defined as
central.

Statistical analysis

Statistical analyses were performed with the SPSS for
Windows software package (version 17.0, SPSS Inc.). Data
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were expressed as mean =+ standard deviation (SD), and each
discrete variables were compared using the independent ¢ test
or \? test depending on parametric or non-parametric data. A p
value < 0.05 was considered statistically significant. The p-

values for multiple comparisons of the lesion distribution
and chest CT findings between the patients with COVID-19
and those with influenza were not adjusted in our study.

Results
Clinical characteristics of patients

A total of 210 patients were confirmed with COVID-19 and
influenza. Of these patients, 5 patients did not undergo CT
scans, and 35 patients who had concurrent infection with other
pathogens were also excluded (see Fig. 1). Finally, 122 pa-
tients with COVID-19 and 48 patients with influenza (39 with
influenza A and 9 with influenza B) were collected in the
present study. The COVID-19 group included 61 (50%) men
and 61 (50%) women, with ages ranging from 15 to 80 years
(48 £ 15 years). The influenza group included 23 (48%) men
and 25 (23%) women, with ages ranging from 15 to 86 years
(47 £19 years). There was no statistically significant differ-
ence in age or sex (p = 0.886, 0.807, respectively). Among the
COVID-19 group, a hundred and two patients (83%) had con-
tact with individuals from Wuhan (traveled to/or lived in
Wuhan, or were in contact with confirmed COVID-19 pa-
tients). The most common symptoms of COVID-19 were fe-
ver (74%) and cough (63%). The less common symptoms
were headache (14%), sputum (12%), dyspnea (10%), sore
throat (8%), and stuffy and runny nose (7%). Seven patients
(6%) of COVID-19 were asymptomatic. The most common
symptoms of patients with influenza were fever (83%) and
cough (77%). The less common symptoms were stuffy and
runny nose (23%), sputum (21%), dyspnea (15%), sore throat
(15%), and headache (8%). Three patients of the COVID-19
group and 2 patients of the influenza group died of respiratory

failure or pulmonary embolism, and the rest discharged after
marked improvement. The clinical characteristics of these pa-
tients are shown in Table 1.

Chest CT evaluation

The median intervals between disease onset and chest CT scan
were 6.2 +4.8 days for the COVID-19 group and 6.0 +
3.9 days for the influenza group, respectively, which did not
differ statistically (p =0.713). The distribution of the CT le-
sions is listed in Table 2. Briefly, ten patients (8%) with
COVID-19 were negative for CT, while up to 13 patients
(27%) with influenza were CT-negative. Among the CT-
positive patients, all the five lobes were affected in most of
the patients in both groups. The frequency of lobe affected did
not differ across the two groups. There were 50 COVID-19
patients (45%) with lesions distributed in the peripheral/
subpleural regions of the lung, and the majority of the influ-
enza patients (63%) showed mixed distribution, which dif-
fered significantly (p = 0.022).

The radiological signs of the lesions were reviewed subse-
quently and are listed in Table 3. The most common CT fea-
tures of the COVID-19 group were pure GGO (36%, Fig. 2a),
GGO with consolidation (51%, Fig. 2b), rounded opacities
(35%, Fig. 2c¢), linear opacities (64%), interlobular septal
thickening (66%, Fig. 2d), and bronchiolar wall thickening
(49%, Fig. 2¢e). The less common CT features included nod-
ules (28%, Fig. 2f), crazy paving pattern (21%, Fig. 2g), air
bronchogram (20%), and pure consolidation (13%). The rare
CT features were tree-in-bud sign (9%), pleural effusion (6%),
halo sign (3%, Fig. 2h), pericardial effusion (3%), and lymph-
adenopathy (3%). On the contrary, main CT features in the
influenza group were GGO with consolidation (63%, Fig. 3a),
nodules (71%, Fig. 3c), linear opacities (71%), interlobular
septal thickening (43%), and tree-in-bud sign (40%, Fig. 3c).
Pure GGO (20%), consolidation without GGO (17%, Fig. 3b),
rounded GGO (17%), crazy paving pattern (17%), air
bronchogram (37%), bronchiolar wall thickening (34%), and

Fig. 1 Flow diagram of the study

Confirmed viral pneumonia(n=210)

COVID-19(n=140)

Influenza(n=70)

4

Exclusion

Patients without CT scan (n=5)

Patients with concurrent other infection (n=35)
- Combined bacterial infection (n=18)

- Combined other viral infection (n=3)

- Combined fungal infection (n=3)

- Combined tuberculosis (n=5)

- Mixed infection of several pathogens (n=6)

Pure viral pneumonia(n=170)

COVID-19(n=122)

Influenza(n=48; influenza A=39; influenza B=9)
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Table 1 Demographic and clinical characteristics of the patients
included in the present study

Table 2  Distribution of the lesions in the patients with COVID-19 and
influenza

Characteristics COVID-19 group  Influenza group  p Characteristics COVID-19 group Influenza group p value
(N=122) (N=48) value (N=122) (N=48)
Sex Unilateral lung affected 8 (7%) 8 (17%) 0.067
Male 61 (50%) 23 (48%) 0.807 Bilateral lung affected 104 (85%) 27 (56%)
Female 61 (50%) 25 (52%) Numbers of lobes affected
Age (years) 48+ 15 (range 47+19 (range 0.886 0 10 (8%) 13 (27%) 0.669
15-80) 15-86) 1 10 (8%) 5 (10%)
Wauhan contact 2 15 (12%) 5(10%)
Yes 102 (83%) - 3 7 (6%) 3 (6%)
No 20 (17%) - 4 28 (23%) 5 (10%)
Comorbidity 5 52 (43%) 17 (35%)
Diabetes 13 (11%) 2 (4%) 0.179 Frequency of lobe affected
Hypertension 10 (8%) 3(6%) 0.667 Right upper lobe 95 (78%) 28 (58%) 0.749
Chiomc . 4 (3%) 6 (13%) 0.021 Right middle lobe 85 (69%) 18 (38%) 0.058
t
obstructive Right lower lobe 104 (85%) 27 (56%) 0.085
pulmonary
disease Left upper lobe 99 (81%) 27 (56%) 0.275
Cardiovascular 3 (2%) 3 (6%) 0.228 Left lower lobe 104 (85%) 30 (63%) 0.493
dlsez.ise . Predominant distribution
Hepatic disease 3 2%) 0 0.273
) Central 2 (2%) 2 (6%) 0.022
Malignancy 2 (1%) 1 %) 0.843 Peripheral 50 (45%) 7 (20%)
Symptoms Mixed 60 (53%) 26 (74%)
No obvious 7 (6%) 0 0.090
symptoms Italicized entries when P < 0.05
Fever 90 (74%) 40 (83%) 0.186 N
Cough 77 (63%) 37 (77%) 0.081 opacities anc} absence of nodules' (22% vs. 0%, p=0.002); (4)
Sputum 15 (12%) 10 21%) 0.157 presence of interlobular septal thickening and absence of noc‘l—
Stuffy and runny 8 (7%) 11 (23%) 0.002 u'les (45% vs. 6%, p < 0.001),' ) presence of rounded opaci-
nose ties and interlobular septal thickening and absence of pleural
Dyspnea 12 (10%) 7 (15%) 0.153 effusion (19% vs. 3%, p =0.021).
Headache 17 (14%) 4 (8%) 0.318
Nausea and vomit 3 (2%) 2 (4%) 0.553
Chest pain 3 (2%) 2 (4%) 0.553 . .
Sore throat 10 (8%) 7 (15%) 0211  Discussion
Diarrhea 4 (3%) 2 (4%) 0.778 . _ , _
. Eighty-three percent of the patients with COVID-19 in the
Clinical outcome . .
Died 30%) 2 (4%) 0.553 present study hgd a hls.tory of Wuhan contapt, which wa§ very
Discharged 119(98%) 46 (96%) important for diagnosis. However, a considerable portion of

Italicized entries when P < 0.05

pleural effusion (31%) were less common CT findings of the
patients with influenza. Compared with influenza pneumonia,
COVID-19 pneumonia was more likely to have rounded opac-
ities (35% vs. 17%, p = 0.048) and interlobular septal thicken-
ing (66% vs. 43%, p=0.014), but less likely to have nodules
(28% vs. 71%, p <0.001), tree-in-bud sign (9% vs. 40%,
p<0.001), and pleural effusion (6% vs. 31%, p<0.001). In
addition, we found the following combinations were helpful
to differentiate COVID-19 from influenza: (1) presence of
pure GGO and absence of nodules (29% vs. 11%,
p<0.001); (2) presence of pure GGO and interlobular septal
thickening (21% vs. 6%, p = 0.042); (3) presence of rounded
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patients with Wuhan contact were finally diagnosed with in-
fluenza or bacterial pneumonia in our hospital. Therefore, the
etiological tests of other pathogens of the respiratory tract are
needed for the patients with negative PCR for COVID-19.
The total positive rate of initial RT-PCR for throat swab sam-
ples was reported to be about 30 to 60% [10]. Xie et al found
positive CT findings on patients with COVID-19 who had
negative initial RT-PCR [4]. In addition, the sensitivity of
chest CT was reported to be greater than that of RT-PCR
(98% vs. 71%) [11]. Therefore, chest CT differentiation was
of high importance. However, patients with PCR-confirmed
COVID-19 may have normal CT findings at admission [12],
and thus, a normal CT scan cannot rule out the diagnosis.
Therefore, the combination of chest CT and RT-PCR is nec-
essary for the diagnosis of COVID-19.
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Table 3 Chest CT findings in the patients with COVID-19 and
influenza
Characteristics COVID- Influenza p value
19 group  group
Interval between onset and CT scan (days) 6.2 +4.8 6.0+39 0.713
Ground-glass opacities and consolidation
Pure GGO 40 (36%) 7 (20%) 0.082
GGO with consolidation 57 (51%) 22 (63%) 0.215
Pure consolidation 15 (13%) 6 (17%) 0.580
Opacity characteristics
Linear opacities 72 (64%) 25 (71%) 0.436
Rounded opacities 39 (35%) 6 (17%) 0.048
Crazy paving pattern 24 21%) 6 (17%) 0.583
Halo sign 3 (3%) 3 (8%) 0.124
Nodules 31 28%) 25(71%) <0.001
Tree-in-bud sign 10 (9%) 14 (40%) < 0.001
Air bronchogram 22 20%) 13 (37%) 0.264
Interlobular septal thickening 74 (66%) 15 (43%) 0.014
Bronchiolar wall thickening 55 (49%) 12 34%) 0.124
Cavitation 0 (0%) 0 (0%)
Pleural effusion 7 (6%) 11 (31%) < 0.001
Pericardial effusion 2 (3%) 0 (0%) 0.426
Lymphadenopathy 2 (3%) 0 (0%) 0.426
Combinations
Pure GGO (+) + nodules (—) 32(29%) 4 (11%) <0.001
Pure GGO (+) + interlobular septal 23 (21%) 2 (6%) 0.042
thickening(+)
Rounded opacities (+) + interlobular 21 (19%) 2 (6%) 0.064
septal thickening(+)
Rounded opacities (+) + nodules (—) 25 (22%) 0 (0%) 0.002
Interlobular septal thickening(+) + 50 (45%) 2 (6%) <0.001
nodules (-)
Rounded opacities (+) + interlobular 21 (19%) 1 (3%) 0.021

septal thickening (+) + pleural
effusion(—)

Italicized entries signify p < 0.05

We have confirmed in the present study that the lesion
distribution of the two diseases has much in common.

Both COVID-19 and influenza groups involved bilateral
lungs with multiple lung lobes, and a majority of patients
in both groups involved all five lobes, which was consis-
tent with previous studies [9, 13—16]. However, the
COVID-19 group mainly involved peripheral part of the
lung, which was in line with other coronavirus infection
such as SARS [17], while influenza pneumonia was more
diffuse and involved both central and peripheral parts.
Our results showed that the most common imaging signs
of the COVID-19 group were pure GGO, GGO with con-
solidation, rounded opacities, bronchiolar wall thickening,
and interlobular septal thickening, which were in line with
previous studies [8, 18-20]. Only few patients with
COVID-19 appeared as pure consolidation. According to
a recent study, more consolidation would be found in
patients with COVID-19 as the disease course increased,
and more consolidation lesions were found in elder pa-
tients (>50 years) than in the younger patients [14, 21].
Since a substantial amount of patients with COVID-19 in
the present study were at early stage, and the median age
of the patients was just 48 years, this might be a possible
explanation why there were less complete consolidation
lesions in the COVID-19 group. Follow-up CT scan
should be done to validate this speculation. Interlobular
septal thickening is a common sign on thin-slice chest CT;
it may be seen in the presence of interstitial fluid, cellular
infiltration, or fibrosis. This sign can be found in various
viral pneumonias such as parainfluenza, Hantavirus, and
SARS [9, 22]. Edema and smooth muscle hyperplasia
could result in bronchiolar wall thickening, which has
been reported in influenza, parainfluenza, and adenovirus
[17, 22]. Nodule size is helpful in the differential diagno-
sis of infectious causes of nodules. It is reported that pa-
tients whose nodules were smaller than 10 mm in

Fig. 2 CT features of COVID-19-related pneumonia. a Ground-glass
opacities with a peripheral distribution. b Ground-glass opacities with
consolidation. ¢ Rounded GGO. d Interlobular septal thickening. e

Bronchiolar wall thickening (arrow). f Nodule (arrow). g Crazy paving

pattern. h Halo sign (arrow)
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Fig.3 Most common CT features
of influenza pneumonia. a
Ground-glass opacities with con-
solidation with a peripheral dis-
tribution. b Consolidation without
ground-glass opacities. ¢ Multiple
nodules and tree-in-bud sign
(arrow)

diameter were most likely to have a viral infection [23].
Nodules were present in 71% of the patients with influ-
enza but in only 28% patients with COVID-19, which was
consistent with a previous study [13]. Although each of
the above sign is not specific, some combinations of the
CT features may help better differentiate COVID-19 from
influenza pneumonia: presence of pure GGO/rounded
opacities/interlobular septal thickening and the absence
of nodules; presence of pure GGO and interlobular septal
thickening; presence of rounded opacities and interlobular
septal thickening; and the absence of pleural effusion.
Combining the above CT signs with predominant distri-
bution in peripheral part of the lungs may help us differ-
entiate COVID-19 from influenza.

Our study had several limitations. Firstly, the present study
was a retrospective study, and the radiological differences be-
tween the COVID-19 group and influenza group in our study
could be data-driven, so external validation was needed before
our findings can be widely used in the clinical practice.

Secondly, the sample size was relatively small, especially
the influenza group. Finally, we did not review the follow-up
CT. Pulmonary GGO and consolidation lesions may change
as the disease progresses [24, 25], so analyzing the following
up CT may help us better understand the dynamics of the
disease. In the future, we will investigate the chest CT features
of differential stages of patients with COVID-19 by using
larger and more diverse samples.

Conclusions

In conclusion, the most common imaging patterns of
COVID-19 pneumonia are pure GGO, GGO with consol-
idation, rounded opacities, linear opacities, interlobular
septal thickening, and bronchiolar wall thickening, with
predominant distribution in bilateral lower lobes and in
peripheral part of the lungs. Presence of rounded opacities
and interlobular septal thickening, with the absence of
nodules and tree-in-bud sign, and with the typical periph-
eral distribution, may help us differentiate COVID-19
from influenza.
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