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Abstract

Background: A cluster of patients with coronavirus disease 2019 (COVID-19) pneumonia caused by infection with severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) were reported worldwide, but there are few reports on age-related computed tomog-
raphy (CT) signs and clinical characteristics of COVID-19 patients.

Objectives: We aimed to analyze the CT imaging characteristics and clinical features of elderly patients with novel COVID-19 and
compare them with young COVID-19 patients, in order to provide imaging basis for clinical diagnosis.

Patients and Methods: The clinical and chest CT imaging data of elderly patients (> 60 years) and young patients (age of 20 -
60 years) with positive novel coronavirus nucleic acid admitted to our hospital from January 28, 2020 to February 16, 2020 were
retrospectively analyzed, and the differences in clinical and imaging characteristics between the two groups were compared.
Results: One hundred eighty three COVID-19 patients (96 elderly: mean age, 72.76 = 5.65; 87 young: mean age, 42.69 & 12.44) with
positive novel coronavirus nucleic acid were retrospectively enrolled. The clinical symptoms of fever (79%), cough (64%) and weak-
ness (59%) in elderly patients were higher than those of young patients (P < 0.01). Asymptomatic young patients (15%) were more
common than the elderly (2%) (P < 0.01). Twenty-four patients (13%) had lesions that involved both the periphery and the center of
the lung, while the lesions were located in the periphery of the lung in 159 patients (87%). Ground-glass opacification in young pa-
tients (71%) was significantly higher than that of the elderly (26%) (P < 0.001). Compared with the young group (37%), the proportion
of extensive involvement of lung lobes was higher in the elderly group (72%) (P < 0.001).

Conclusion: Elderly and young patients with corona virus disease had some common CT and clinical features, but elderly patients
may have relatively severe CT findings, and these differences may be related to the severity and prognosis of COVID-19 pneumonia.
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1. Background

The first unexplained case of pneumonia in Wuhan,
Hubei province since December 2019 spread rapidly to
other provinces and cities in China and other countries in
the following weeks. After deep sequencing analysis, the
pathogen was found to be a novel coronavirus, Interna-
tional Committee on Taxonomy of Viruses (ICTV) named
the novel coronavirus severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). Meanwhile, the world health
organization (WHO) has named the pneumonia infected
by the novel coronavirus disease 2019 (COVID-19) (1, 2).

COVID-19 is arespiratory infectious disease, it is mainly
transmitted by droplets and contact, and may be transmit-
ted by aerosols after prolonged exposure to high concen-
trations of aerosols in a relatively closed environment (3).
It often causes infectious lesions of different degrees in the

lungs. Elderly people and people with chronic underly-
ing diseases are more likely to develop severe pneumonia,
which is not conducive to the treatment and rehabilitation
of patients (4, 5). However, young patients often have mild
or asymptomatic clinical symptoms and a better progno-
sis.

2. Objectives

This study retrospectively analyzed the clinical data
and imaging manifestations of elderly COVID-19 patients
and young COVID-19 patients diagnosed in our hospital,
and compared the differences of clinical and imaging char-
acteristics between the two groups. The aim was to deter-
mine and analyze the common and different details of the
disease in younger patients and older adults, provide imag-
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ing basis for timely diagnosis and early clinical treatment,
and avoid the development of refractory severe patients as
far as possible.

3. Patients and Methods

3.1. Patient Data

One hundred eighty three COVID-19 patients with pos-
itive novel coronavirus nucleic acid admitted to our hos-
pital from January 28, 2020 to February 16, 2020 were se-
lected, all of which met the relevant diagnostic criteria (5).
Exclusion criteria were as follows: (1) Previous history of
chronic obstructive pulmonary diseases; (2) pneumonia
caused by other pathogenic microorganisms, such as tu-
berculosis. The clinical and laboratory data were reviewed
from the electronic medical records. The chief complaints,
symptoms of the disease, and the time interval (in days)
from disease onset to computed tomography (CT) exami-
nation were recorded. Chest CT images were collected and
evaluated using the picture archiving and communication
systems (PACS).

3.2. Chest Thin-Section CT Scan

In these groups of cases, all patients received thin-
section CT scan of the chest. Patients were supine and
scanned at the end of inspiration, ranging from the tip
of the lung to the bottom of the lung. Scanning was per-
formed using one of the following three instruments: GE
discovery, Philips Ingenuity and Siemens Somatom Sensa-
tion, with the following parameters: thickness of the layer
was 1.25 mm, tube voltage was 120 kV, and tube current was
100 mA.

3.3. Image Interpretation

The CT images were analyzed separately by two senior
radiologists with 5 to 10 years of experience in chest diag-
nosis, they independently and freely assessed the CT fea-
tures using both axial CT images and multiplanar recon-
struction images, and the final CT features were agreed
upon. The following characteristics were evaluated: (1)
Number of lobes involved: The minimum involved scope
was single lung lobe involved and the maximum involved
scope was five lobes involved; (2) lesion distribution: Pe-
ripheral areas, and peripheral and central areas (division
by 3cm under pleura); (3) lesion density (presence of pure
ground glass opacity, ground glass opacity and consolida-
tion, crazy paving pattern and the above three types of hy-
brid); (4) interstitial changes; (5) accompanying signs; (6)
pleural effusion.

3.4. Statistical Analysis

SPSS version 22.0 (SPSS Inc., Chicago, Il., USA) was
used for statistical analysis of the data. Patients were di-
vided into two groups according to age as follows: (1) age
younger than 60 years group; (2) age 60 years and older
group. Normal distribution test was conducted on the
measurement data, normally distributed data were rep-
resented by mean =+ standard deviation, then t-test was
used for comparison. The counting data was expressed by
frequencies and percentage, and Fisher’s exact probability
test was used for comparison (for categorical data). P <
0.05 was considered statistically significant.

4. Results

In total, 183 COVID-19 patients (96 elderly: mean age
72.76 £ 5.65; 87 young: mean age 42.69 = 12.44) were iden-
tified. One hundred four (56.8%) were men and 79 (43.2%)
were women, with slightly more men than women. The
clinical characteristics, imaging manifestations and opaci-
fication distribution of COVID-19 patients are summarized
in Tables 1-3. There was no gender difference between the
two groups (P = 0.666). Elderly patients often had hy-
pertension (44 patients [46%]), diabetes (36 patients [38%])
and other underlying diseases. The most common clini-
cal symptoms were fever (66%), cough (52%) and weakness
(45%). There were more young asymptomatic patients (15%)
than elderly patients (2%). Significant differences in some
clinical parameters were found (P < 0.05). In 142 patients
(78%), lymphocyte count decreased, neutrophils increased
in 55 patients (30%), neutrophils decreased in 15 patients
(8%), leucocyte count increased in 31 patients (17%), leuco-
cyte count decreased in 40 patients (22%), and C-reactive
protein increased in 151 patients (83%).

Chest CT lesions of some COVID-19 patients are shown
in Figures 1-2. Compared with the young group (37%), the
proportion of extensive involvement of lung lobes was
higherin the elderly group (72%). Twenty four patients (13%)
had lesions that involved both the periphery and the cen-
ter of the lung, while the lesions were located in the pe-
riphery of the lung in 159 patients (87%). The main imaging
findings of the young patients were ground-glass opacifi-
cation (71%) in the lung, while the elderly patients mainly
showed coexistence of ground-glass opacification and con-
solidation (47%) and crazy paving pattern (22%). The el-
derly patients with severe pneumonia were more common
(16%) than young patients (6%). In the patients with se-
vere pneumonia, a large amount of exudation occurred
in the lungs, and chest CT showed a diffuse distribution
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Table 1. Summary of Clinical Characteristics of COVID-19 Patients®

Characteristics Total patients (n=183) Elderly patients (n=96) Young patients (n = 87) Pvalue®
Male: Female 104:79 56:40 48:39 0.666
Symptoms
Fever 120 (66) 76 (79) 44 (51) < 0.001
Dyspnea 63 (34) 50 (52) 13(15) < 0.001
Cough 95(52) 61(64) 34(39) 0.001
Sputum 75 (41) 52(54) 23(26) < 0.001
Pectoralgia 72(39) 46 (48) 26(30) 0.015
Weakness 82(45) 57(59) 25(29) < 0.001
Diarrhea 17(9) 11(11) 6(7) 0.319
Headache 28 (15) 13 (14) 5(17) 0.541
Vomiting 16 (9) 9(9) 7(8) 0.799
No symptom 15(8) 2(2) 13(15) 0.002
Time interval (from disease onset to CT examination), d
<3 78 (43) 42 (44) 36 (41) -
>3,<7 60 (33) 32(33) 28(32)
>7 45(25) 22(23) 23(26) -
Abbreviation: COVID-19; coronavirus disease 2019
*Values are expressed as No. (%).
Ppifference among elderly patients and young patients.
Table 2. Opacification Distribution of Chest CT Lesions in COVID-19 Patients®
Distribution Total patients (n=183) Elderly patients (n=96) Young patients (n=87) P value”
Single lobe 23(13) 5(5) 18 (21) 0.002
2lobes 14(8) 6(6) 8(9) 0.58
3 lobes 18(10) 8(8) 0(11) 0.62
4 lobes 19 (10) 5(5) 14 (16) 0.027
5lobes 109 (60) 72(75) 37(43) < 0.001
Periphery 159 (87) 92(96) 67(77) < 0.001
Periphery and center 24 (13) 6(6) 18 (21) 0.004

Abbreviation: COVID-19; coronavirus disease 2019
Values are expressed as No. (%).
®The mean difference is significant at a level of 0.05.

of large, opacification or interstitial changes in bilateral
lungs, sometimes accompanied by atelectasis, pleural ef-
fusion, air bronchogenic or tree-in-bud signs. The main
characteristic was the diffuse distribution of lesions. Other
CT findings included air bronchogram (38%), thickening of
the adjacent pleura (31%), and lymphadenopathies (9%).

5. Discussion

The novel coronavirus pneumonia is an acute infec-
tious disease caused by infection with SARS-CoV-2. The
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disease presents obvious population aggregation, mainly
family aggregation. Current epidemiological investiga-
tions show that the incubation period is generally 3-7 days,
rarely more than 14 days. The elderly and those with under-
lying diseases are more seriously ill after infection, lead-
ing to severe pneumonia and even death. Adults can be
diagnosed with severe pneumonia if they meet any of the
following criteria: (1) shortness of breath (RR > 30/min);
(2) at rest, oxygen saturation < 93%; (3) arterial partial
oxygen pressure (Pa0O,)/oxygen absorption concentration
(FiO,) <300 mmHg (1 mmHg = 0.133 kpa); (4) pulmonary
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Table 3. Comparison of Imaging Manifestations of COVID-19 Patients®

Imaging manifestations Total patients (n=183) Elderly patients (n=96) Young patients (n=87) Pvalue®
Pure ground-glass opacification 87(48) 25(26) 62(71) < 0.001
Ground glass opacification and consolidation 66(36) 45(47) 21(24) 0.002
Crazy paving pattern 24(3) 21(22) 3(3) < 0.001
The above three hybrid types 6(3) 5(5) 1(1) 0.214
Air bronchogram 70 (38) 38(40) 32(37) 0.761
Bronchiolectasis 13(7) 13 (14) 0(0) < 0.001
Pleural effusion 8(4) 6(6) 2(2) 0.283
Lymphadenopathies 16 (9) 10 (10) 6(7) 0.443
Thickening of the adjacent pleura 56 (31) 31(32) 25(29) 0.633
Atelectasis 10 (5) 9(9) 1(1) 0.020

Abbreviation: COVID-19; coronavirus disease 2019
*Values are expressed as No. (%).
5The mean difference is significant at a level of 0.05.

Figure 1. A, A 46-year-old man who presented with fever for 4 days. Axial CT shows interlobular septal thickening in regions of ground glass opacifications (crazy paving
pattern); B, A 62-year-old woman who presented with fever and cough for 7 days. CT scan shows multiple ground glass opacification in both lungs; C, A 68-year-old man who
presented with fever for 6 days. CT showed patchy ground glass opacification and consolidation in bilateral multiple lobular pattern.
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Figure 2. A, A 57-year-old man who presented with fever for 5 days. Axial CT shows ground-glass opacities with consolidation in the left upper lobe; B, A 78-year-old woman who
presented with fever and cough for 12 days. She had bilateral white lung, and air bronchogram is detected in the lesion; C, A36-year-old asymptomatic man who has peripheral

patchy ground glass opacification in both lungs on CT.

imaging shows that the lesion progresses more than 50%
within 24 to 48 hours (5). Young people tend to have milder
symptoms, and children and infants can also develop the
disease. Recent reports (6, 7) have shown that, the dis-
ease tends to occur in men, and the clinical manifesta-
tions are mainly fever and dry cough, and some patients
may have diarrhea and vomiting. In our study, there were
slightly more male patients, and the main symptoms of
most COVID-19 patients were fever, cough, and sputum,
which is more common in elderly patients.

In this study, there was no significant difference in
the distribution of time intervals from disease onset to
CT examination between elderly patients and young pa-
tients. The interference of different imaging manifesta-
tions caused by the course of disease was excluded. El-
derly COVID-19 patients are associated with a variety of ba-
sic diseases, such as hypertension, and diabetes. Their clin-
ical symptoms are relatively more complex than those of
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young people. Some studies have shown that the serum
antibody concentration of the elderly is reduced and the
antibody response to the disease is lower than that of the
young. Immune decline and immune aging make elderly
COVID-19 patients more serious after infection. Disease
progression is faster than young people and easy to de-
velop into severe or critical patients, accounting for a high
proportion of patients with severe pneumonia and leading
toanincrease in case fatality. In terms of imaging findings,
chest CT of elderly COVID-19 patients was characterized by
mixed ground-glass opacification and consolidation, and
their lesions were always in the dynamic change and severe
pneumonia in the majority, while the majority of lesions
were ground-glass opacification in the group of young pa-
tients, and pulmonary consolidation is more common in
elderly patients. This may indicate that elderly patients
show a more severe inflammatory response and deteriora-
tion of lung structure.



CaoJetal.

Thin-section CT scan of the chest is especially impor-
tant for early clinical screening, disease evaluation and ef-
ficacy follow-up of COVID-19 patients, and has become a re-
quired test item for clinical diagnosis (8, 9). Chest CT is
mainly characterized by ground-glass opacities and con-
solidation (10). In the early stage, it is mainly manifested
as the patchy ground-glass opacities in the lung, which is
mostly distributed in the outer lung zone and under the
pleura, and is common in the middle and lower lung lobes.
In the progressive stage, multiple ground-glass opacities
and consolidation can be seen in both lungs, which can
cause grid-like changes and show crazy paving pattern.
In some lesions, vascular shadow crossing and air bron-
chogram can be seen. In the critical stage, the lesions were
diffuse (presence of extensive involvement of bilateral
lung lobes, ground-glass opacity and ground-glass opac-
ity with consolidation) and even presented as white lung,
with bilateral pleural thickening. Pleural effusion and me-
diastinal lymphadenopathies are rare (11). The imaging
findings of COVID-19 are similar to those of severe acute res-
piratory syndrome (SARS) and Middle East respiratory syn-
drome (MERS) (12, 13). These chest CT findings were mostly
distributed in the peripheral bilateral lung field and the
subpleural area, probably because the virus mainly affects
the terminal bronchioles and lung parenchyma around
therespiratory bronchioles in the early stage, which is con-
sistent with the current report (14, 15). Some patients also
had crazy paving pattern, air bronchogram, bronchiolec-
tasis, pleural effusion, lymphadenopathies, thickening of
the adjacent pleura and atelectasis, which are slightly
more common among the elderly. The main differential
diagnosis of COVID-19 includes mycoplasma pneumonia,
cytomegalovirus pneumonia, SARS, MERS and other viral
pneumonia.

CT images of COVID-19 patients have comparatively
characteristic manifestations. Familiarity with these find-
ings can help us to accurately diagnose COVID-19 pneumo-
nia in different age groups. A small percentage of young
people have no clinical symptoms and only imaging find-
ings. Hence, chest thin-section CT scan is particularly im-
portant in screening asymptomatic patients with infec-
tion. There is a certain false negative rate in RT-PCR test.
Some patients who are finally diagnosed as COVID-19 have
negative nucleic acid tests in pharynx swabs while their CT
scans have characteristic pneumonia manifestations (16).
CT should be used as the main imaging method for diag-
nosis on the basis of nucleic acid detection combined with
clinical manifestations and epidemiological history. Fa-
miliarity with these will facilitate early diagnosis of COVID-

19 and timely isolation of patients, guide treatment and as-
sess efficacy, and contain the spread of the epidemic. Due
to the small sample size and short time in this study, CT im-
ages of the entire treatment process of COVID-19 patients
were not analyzed, which needs to be further studied in fu-
ture clinical work.

In conclusion, pulmonary coexistence of ground-glass
opacities and consolidation are relatively common in the
elderly patients. Existence of underlying diseases in these
patients tends to increase the possibility of developing
into severe pneumonia. However, ground-glass opacifica-
tion is more common in young patients. The proportion
of extensive involvement of lung lobes was higher in the
elderly group compared to the young group. It can be seen
from the difference that the clinical symptoms and imag-
ing manifestations of the elderly are more serious, indicat-
ingthatold age, male sexand complications may be impor-
tant factors affecting the severity and therapeutic effect of
COVID-19 patients.
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