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Abstract.

OBJECTIVE: To retrospectively analyze and stratify the initial clinical features and chest CT imaging findings of patients
with COVID-19 by gender and age.

METHODS: Data of 50 COVID-19 patients were collected in two hospitals. The clinical manifestations, laboratory exam-
ination and chest CT imaging features were analyzed, and a stratification analysis was performed according to gender and
age [younger group: <50 years old, elderly group >50 years old].

RESULTS: Most patients had a history of epidemic exposure within 2 weeks (96%). The main clinical complaints are
fever (54%) and cough (46%). In chest CT images, ground-glass opacity (GGO) is the most common feature (37/38, 97%)
in abnormal CT findings, with the remaining 12 patients (12/50, 24%) presenting normal CT images. Other concomitant
abnormalities include dilatation of vessels in lesion (76%), interlobular thickening (47%), adjacent pleural thickening (37%),
focal consolidation (26%), nodules (16%) and honeycomb pattern (13%). The lesions were distributed in the periphery
(50%) or mixed (50%). Subgroup analysis showed that there was no difference in the gender distribution of all the clinical
and imaging features. Laboratory findings, interlobular thickening, honeycomb pattern and nodules demonstrated remarkable
difference between younger group and elderly group. The average CT score for pulmonary involvement degree was 5.0 £4.7.
Correlation analysis revealed that CT score was significantly correlated with age, body temperature and days from illness
onset (p <0.05).

CONCLUSIONS: COVID-19 has various clinical and imaging appearances. However, it has certain characteristics that can
be stratified. CT plays an important role in disease diagnosis and early intervention.

Keywords: COVID-19, SARS-CoV-2, novel coronavirus-infected pneumonia, X-ray computed tomography, analysis of CT
imaging findings

1. Introduction

In late December 2019, a new coronavirus disease (COVID-19) caused by SARS-CoV-2 had been
discovered and quickly spread to many countries around the world [1, 2]. World Health Organization
(WHO) had declared this global outbreak disease as a pandemic [3].
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SARS-CoV-2 is a new type of B coronavirus that has never been seen before. From the recently
published literature, the epidemiologic, clinical features and radiological imaging of COVID-19 have
been described [4—6]. Clinical manifestations and chest CT examination were important for the clinical
screening of COVID-19. CT imaging plays an important role in the diagnosis of COVID-19, especially
in the early stages of the disease or with a low viral load; real-time reverse-transcriptase-polymerase
chain reaction (rRT-PCR) may produce initial false negative results [7, 8]. Thus, it is important to study
the initial features of patients with COVID-19. According to recent data, COVID-19 pneumonial has
various clinical and imaging manifestations. GGO is the most common features, the other reported
features include septal thickening, consolidation, pulmonary nodules, pulmonary nodules with a halo
sign, crazy-paving pattern, microvascular dilation sign, pleural thickening, air bronchogram sign and
so on [9-12]. To date, most of reports have focused on the pattern and distribution of initial CT findings
of COVID-19 pneumonial. However, whether these findings differ between different genders and ages
has not been studied. Therefore, further subgroup analysis for individualizing diagnosis and improving
clinicians and radiologists’ diagnostic confidence was needed.

The aim of this study was to analyze and stratify the clinical features and initial CT findings of
50 patients diagnosed with COVID-19 in two institution to better detect and diagnose this epidemic
disease.

2. Methods
2.1. DATA sources

Two hospital ethics committee approved this retrospective study and waived the requirement for
informed consent. We retrospectively collected the clinical, laboratory and CT imaging data of 656
outpatients who presented fever from the time of the initial outbreak of COVID-19 to February 25, 2020
in two hospital. Inclusion criteria were as follows: (1) Respiratory secretions (nasopharynx, oropharynx
or bronchoalveolar lavage) were RT-PCR positive for SARS-CoV-2. (2) Laboratory examinations
within 1 day before or after the initial CT scan. (3) Complete clinical data and CT imaging data. The
exclusion criteria were as follows: 1. other influenza viruses, and 2. no initial imaging data. Among the
656 outpatients, 74 were positive for the SARS-CoV-2 nucleic acid test, 50 of whom were included
in this study (Fig. 1). The median time from symptoms onset to first visit doctor was 5.8 (1-14)
days.

2.2. High-resolution chest CT scanning protocol

All high-resolution CT examinations were performed with 16-row spiral CT (Brilliance 16, Philips,
Holland). To minimize motion artifacts, patients was required to breath-holding, CT scan was com-
pleted during a single breast-hold. The CT parameters were as follows: tube voltage 100-120kV,
and tube current 200-300 mAs. CT images were reconstructed as axial images with a matrix size of
512 x 512 (slice thickness of 1.0 mm).

2.3. CT Imaging evaluation

The evaluation of all CT imaging features was independently completed by three senior radiologists,
and disagreements were decided by the most experienced radiologist after discussion. According to the
viral pneumonia literature [13—15], the imaging features of the evaluation include the following: (1)
ground glass opacity (GGO), (2) lesion with dilatation of vessels, (3) the presences of interlobular thick-
ening, (4) lesion-adjacent pleural thickening, (5) honeycomb pattern, (6) nodules, (7) consolidation,
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Fig. 1. The workflow of patient data collection.

and (8) other abnormalities (including small airway wall thickening, fibrosis, pleural effusion and
mediastinal lymph node lesions). The degree of pulmonary involvement of these abnormalities was
evaluated by a semiquantitative scoring system [ 16]. Each of the five lung lobes was assessed for degree
of involvement and scored as 0 (no involvement), 1 (<5% involvement), 2 (5-25% involvement), 3
(26—49% involvement), 4 (50-75% involvement), or 5 (>75% involvement). The total CT score was the
sum of the individual lobar scores and ranged from 0 (no involvement) to 25 (maximum involvement).
Lesions located within 3 cm from the hilum were regarded as central distribution; lesions located within
3 cm from the visceral pleura were regarded as subpleural distribution; and mixed distribution were
regarded as all other distribution patterns [17].

2.4. Statistical analysis

All data were analyzed with SPSS 20.0 (IBM, Armonk, NY, USA) statistical software. The continu-
ous measurements between two samples were compared with #-test or Whitney U test, the categorical
variables were expressed as the frequency and percentage and were tested by the chi-squared test or
Fisher exact probability method. The correlations between all parameters were calculated by using
Spearman-rank correlation test. P value of <0.05 was considered statistically significant.

3. Results
3.1. Patients characteristics

Table 1 listed the clinical characteristics of the patients. A total of 50 patients (25 males and 25
females) were included in the study. The average age was 44.84 &+ 16.26 years, with a median age of
41 years (age range: 12—84 years old). Mostly patients (46/50, 92%) had a history of direct or indirect
exposure history within 2 weeks before they were seen at hospital. The main initial complaints were
fever (27/50, 54%), cough (23/50, 46%) and fatigue (18/50, 36%). The highest body temperature was
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Table 1
Basic Characteristics of 50 patients Diagnosed with COVID-19

Characteristics No. of patients
Sex

Male 25(50%)

Female 25(50%)
Age (years)

Mean £ SD 44.84 +16.26
Exposure history

Yes 46(92%)

Unknown 4(8%)
Symptoms

Fever 27(54%)

Cough 23(46%)

Fatigue 18(36%)

Others 16(32%)
Laboratory findings

Normal 30(60%)

Abnormal 20(40%)

38.8 °C, and there were no patients with high fever. The initial laboratory test of 50 patients showed
normal (30/50, 60%) or decreased leukocyte (10/50, 20%), decreased lymphocyte counts (7/50, 14%)
or increased lymphocyte counts (3/50, 6%)

3.2. High-resolution chest CT findings

3.2.1. Location and distribution

Of 50 confirmed patients, 38 (38/50, 76%) showed abnormal CT manifestations, and 12 (12/50,
24%) showed normal CT manifestations. Twenty-nine (29/38, 76%) showed bilateral lung lesions
with subpleural (19/38, 50%) or mixed (19/38, 50%) distributions, but none of the patients presented
with central distribution. The lower lobe of the lung was more involved than the upper lobe of the
lung (50% vs. 36%), and the lower lobe of the right lung was quite commonly involved (32/120, 27%)
(Table 2).

3.2.2. CT features and scores

The CT imaging features were summarized in Figs. 2 and 3. GGO was the most common abnormality
in all 38 cases with abnormal CT manifestations, with 4 cases (4/8, 11%) presenting an only GGO.
Other concomitant abnormalities included dilatation of vessels in lesion (29/38, 76%), interlobular
thickening (18/38, 47%), adjacent pleural thickening (14/38, 37%), focal consolidation (10/38, 26%),
nodules (6/38, 16%) and honeycomb pattern (5/38, 13%). None of the patients had pleural effusion
or mediastinal lymphadenopathy. After scoring the degree of pulmonary involvement, the 12 patients
with a normal CT received a score of 0, and the average score of the other 38 patients was 6.61 =4.40
(range 1-19). Correlation analysis showed that CT score was significantly correlated with age, body
temperature and days from illness onset. The correlation coefficient values were 0.43, 0.29, 0.54
respectively (Fig. 4).
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Table 2
CT Findings Distribution of the 50 Patients Diagnosed with COVID-19
Characteristic Findings No. of patients (%)
Distribution
Periphery 19 (42.31)
Mixed 19 (38.46)
Involved lung
Left lung 2(5.26)
Right lung 7 (18.42)
Both lung 29 (76.32)
Involved lobes
Right upper lobe 22 (18.33)
Right middle lobe 16 (13.33)
Right lower lobe 32 (26.67)
Left upper lobe 22 (18.33)
Left lower lobe 28 (23.33)
In total - | 7— 131
GGO4 37
With dilatation of vessels 4/ 2
Interlobular septal thickening_ 18
Adjancent pleural thickening 4 14
GGO
S With dilatation of vessels
Honeycomb pattern - 10 W Interlobular septal thickening
Adjacent pleural thickening
Honeycomb pattern
NodulesH 6 Nodules
Consolidation
W= Other abnormalities
Consolidation 5 Normal CT
Other abnormalities4 0
0 20 40 60 80 100 120 140

Fig. 2. Distribution of CT features. The number of patients with corresponding feature is presented on the right side of
horizontal axis.

3.3. Stratification analysis by sex and age

Furthermore, the patients’ clinical features and CT findings were stratified by sex and age. We found
that there was no difference in the sex distribution of all the clinical and imaging features. However, the
laboratory findings, interlobular thickening, honeycomb pattern and nodules demonstrated remarkable
difference between younger group and elderly group (all P <0.05). It seemed that normal laboratory
results and interlobular thickening, honeycomb pattern were more likely to be found in the elderly
group. Nodules were more common in the younger group. In addition, interestingly, the total CT score
was significantly different between different age groups (P =0.01), the average total CT score in elderly
group was 7.3 while in younger group was 3.9 (Table 3).
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Fig. 3. CT findings of COVID-19 pneumonia. The red arrows and boxes indicated the abnormalities. Multifocal GGO was
showed in both lungs, subpleural distribution (a) or the mixed distribution (b). Concomitant features included lesion with
dilatation of vessels (c, d), Interlobular septal thickening (c), and lesion adjacent pleural thickening (d). The rare CT features
were nodules (e), honeycomb pattern (f), and focal consolidation (g).
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Fig. 4. The graph of the data correlation analysis.

4. Discussion

COVID-19 is an infectious disease that first appeared at the end of 2019 and has rapidly spread
throughout the world. Its high transmissibility poses a tremendous threat to global public health [18,
19]. Therefore, detecting the disease quickly so that prevention and early control measures can be
carried out in a timely manner is important. Compared with the current nucleic acid detection method,
chest high-resolution CT has the advantages of high sensitivity, high universality and high efficiency,
which plays a vital role in COVID-19 pneumonia screening. In this study, we analyzed and stratified
the clinical and chest CT findings of 50 patients with COVID-19.

In this study, we found that many patients included in this study had a history of direct or indirect
epidemic exposure within 2 weeks before their admission, indicating the importance for diagnosing
COVID-19. Most patients were adults and there was no significant difference in sex. In accordance
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Table 3
Clinical Characteristics and CT Findings among Different Patient Groups Stratified by Gender and Age
Characteristics Age<50years Age > 50years P Male Female P
(n=34) (n=16) (n=25) (n=25)

Laboratory findings 0.01* 0.56

Normal 16 14 14 16

Abnormal 18 2 11 9
Temperature 0.41 0.78

Normal 17 6 11 12

Abnormal 17 10 14 13
Distribution 0.18 0.75

Periphery 14 5 10 9

Mixed 10 9 9 10
GGO 23 14 0.45 19 18 0.31
With dilatation of vessels 16 13 0.07 13 16 0.26
Interlobular thickening 8 10 0.02¢ 6 12 0.05
Adjacent pleural thickening 8 6 0.56 8 6 0.50
Honeycomb pattern 1 4 0.03* 3 2 0.63
Nodules 6 0 0.04* 4 2 0.38
Consolidation 7 3 0.61 6 4 0.46
Other abnormalities 0 0 NA 0 0 NA
Normal CT 10 2 0.19 6 6 1.00
CT score 3.94(+4.29) 7.31(£5.06) 0.01* 5.00(£5.39) 5.04(£4.18) 0.74

Note-Data are number of patients or P value. GGO = ground-glass opacities. NA =not applicable. *Statistically significant
difference.

with previous studies, fever and cough were the most common clinical symptoms with normal or
decreased laboratory index [20, 21].

For chest CT, 38 patients had abnormalities and GGO (37/38, 97%) was the most common CT
feature. Consistent with previous reports, the initial CT showed GGOs were more common in the
right lower lobe [22, 23]. In addition, we found that GGO was usually followed by dilatation of
vessels in lesion (29/38, 76%), interlobular thickening (18/38, 47%) and adjacent pleural thickening
(14/38, 37%). These lesions showed subpleural distribution or mixed distribution, with none showing
an only central distribution; this consistent with the report by Li M et al. [24], but contrasted with the
report by Shim SS et al on novel influenza A (HIN1) infection, which mainly involved the central lung
parenchyma [17]. Previous studies had shown that GGO was related to alveolar wall injury with hyaline
membrane formation [25, 26]. Earlier studies on coronavirus infections had shown that coronavirus
easily colonizes the alveolar and respiratory bronchioles, which were rich in angiotensin converting
enzyme II (ACE II [27]). Therefore, the characteristics of GGO and lung involvement with a peripheral
predominance observed in SARS and MERS were also observed in COVID-19 pneumonia. However,
multifocal involvement seems to more common in COVID-19 than the typically unifocal distribution
of SARS and the basilar and subpleural distribution of MERS [28, 29]. In addition, a small number of
patients also showed focal consolidation and nodules, which may be related to the degree of systemic
inflammatory reaction or the progression of the disease.

For Stratified analysis, we found that normal laboratory findings, interlobular thickening and hon-
eycomb pattern were more common in elderly people while nodules were more common in younger
people. At present, to our knowledge, there were many studies showed that older age was a fac-
tor related to severity of COVID-2019 [30, 31]. However, few studies researched the imaging or
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pathology differences between elderly and younger people. Our study showed that the CT score which
reflected the degree of pulmonary involvement was higher in elderly people than younger people. So,
we speculated that because the immunity of elderly patients is relatively poor, the lesions are relatively
extensive, which caused more pulmonary interstitial involved, so the presence of interlobular thicken-
ing and honeycomb pattern are more common. Younger people had stronger immunity, which caused
inflammation limitation and presented nodules. The specific mechanism remains to be further studied.

Interestingly, after scoring the degree of pulmonary involvement in CT, we found that the CT score
significantly correlated with age, body temperature. This implies that elderly people, higher temperature
patients maybe more incline to have a lager pulmonary involvement (Fig. 5). After fellow-up to 24
patients, we found that CT score was correlated with days from illness onset but not significantly
correlated with hospitalization days. This maybe because the degree of pulmonary involvement in
CT reflected the course of lung changes in COVID-19 pneumonia [32], but not necessarily related to
clinical actual severity, which should attract the attention from clinicians.

The limitations of this study include its small sample size, and there may be certain research bias. We
studied the initial clinical features and CT findings of COVID-19 pneumonia, so the temporal changes
after treatment have not been summarized.

In conclusion, Although COVID-19 has various clinical and imaging manifestations, it has certain
characteristics and can be stratified. Comprehensive analysis and stratification of clinical and CT
characteristics may help increase confidence in diagnosing COVID-19 pneumonia. Prevention and
early intervention can be carried out immediately.

4k

Fig.5. A 70-year-old man with confirmed COVID-19, Patient had short-term exposure history to Wuhan and onset symptoms
of fever (38.5°C) and cough. CT images show bilateral mixed distributions of ground-glass opacities (GGO). The concomitant
abnormalities included honeycomb pattern (red arrows) and interlobular thickening (boxes). CT involvement score is 11 (a—c).
A 46-year-old man with confirmed COVID-19, Patient had short-term exposure history to Wuhan and onset symptoms of
fever (37.3°C) and cough. CT images show lung right lobe multi ground-glass opacities (GGO) and nodules (red arrows).
CT involvement score is 3 (d—f).
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