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Abstract

Purpose To investigate the dynamic evolution of image features of COVID-19 patients appearing as a solitary lesion at
initial chest CT scan.

Materials and methods Twenty-two COVID-19 patients with solitary pulmonary lesion from three hospitals in China were
enrolled from January 18, 2020 to March 18, 2020. The clinical feature and laboratory findings at first visit, as well as char-
acteristics and dynamic evolution of chest CT images were analyzed. Among them, the CT score evaluation was the sum of
the lung involvement in five lobes (0-5 points for each lobe, with a total score ranging from 0 to 25).

Results 22 COVID-19 patients (11 males and 11 females, with an average age of 40.7 + 10.3) developed a solitary pulmonary
lesion within 4 days after the onset of symptoms, the peak time of CT score was about 11 days (with a median CT score of
6), and was discharged about 19 days. The peak of CT score was positively correlated with the peak time and the discharge
time (p <0.001, r=0.793; p<0.001, r=0.715). Scan-1 (first visit): 22 cases (100%) showed GGO and one lobe was involved,
CT score was 1.0/1.0 (median/IQR). Scan-2 (peak): 15 cases (68%) showed crazy-paving pattern, 19 cases (86%) showed
consolidation, and 2.5 lobes were involved, CT score was 6.0/12.0. Scan-3 (before discharge): ten cases (45%) showed linear
opacities, none had crazy-paving pattern, and 2.5 lobes were involved, CT score was 6.0/11.0. Scan-4 (after discharge): three
cases (19%) showed linear opacities and one lobe was involved, CT score was 2.0/5.0.

Conclusion The chest CT features are related to the course of COVID-19 disease, and dynamic chest CT scan are helpful
to monitor disease progress and patients’ condition. In recovered patients with COVID-19, the positive CT manifestations
were found within 4 days, lung involvement peaking at approximately 11 days, and discharged at about 19 days. The patients
with more severe the lung injury was, the later the peak time appeared and the longer the recovery time was. Although the
lesion was resolved over time, isolation and reexamination were required after discharge.
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Introduction (CDC) analyzed the patients’ lower respiratory tract samples

and found a novel coronavirus that has not been reported.

In December 2019, an unknown viral pneumonia was first
reported in Wuhan, Hubei province, China, and spread rap-
idly [1]. Chinese Center for Disease Control and Prevention
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On February 11, 2020, the International Committee on the
Taxonomy of Viruses (ICTV) classified and named it severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).
On the same day, the WHO officially named the disease
caused by the virus Corona Virus Disease 2019 (COVID-
19). COVID-19 is spreading rapidly, which had been recog-
nized as a global pandemic. As of March 30, it has caused
693,224 confirmed cases and 33,106 deaths in more than
200 countries and regions worldwide [2].

The typical chest CT findings of COVID-19 showed
multiple ground-glass opacity, consolidation and intersti-
tial inflammation [3-5]. However, there were few studies
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focused on the dynamic changes of chest CT images of
patients with COVID-19 at present. A recent study ana-
lyzed the changes of chest CT findings in 21 COVID-19
patients during hospitalization by CT score [6]. But some
of the cases included in their study were not in early stages,
and the study excluded those who developed hypoxemia or
respiratory distress. So their studies may not show the over-
all evolution of the disease. As lung solitary lesions were
rare and early manifestations of COVID-19 [6-8], this study
collected 22 COVID-19 patients with lung solitary lesions
on the first CT scan in three hospitals, and aims to describe
dynamic changes of chest CT manifestations and clarifies
the value of chest CT in predicting the course of COVID-19.

Materials and methods
Patients

From January 18, 2020 to March 18,2020, 22 COVID-19
patients diagnosed by China Resources & WISCO General
Hospital (Wuhan, Hubei Province), the First Affiliated Hos-
pital of Wenzhou Medical University (Wenzhou, Zhejiang
Province) and Yueqing People’s Hospital (Wenzhou, Zheji-
ang Province) were retrospectively analyzed. The inclusion
criteria were as follows:(1) Patients with positive detection
of SARS-CoV-2 in respiratory or blood specimens; (2) ini-
tial chest CT scan appearing as solitary lesion; (3) meet-
ing the discharge criteria in the diagnosis and treatment
of COVID-19 (trial 7th edition) published by the National
Health Commission of the People’s Republic of China
[9]; (4) patients underwent >3 chest CT scans before dis-
charge, and CT imaging data were complete and accessible.
All patients were recorded with initial clinical symptoms,
peripheral blood routine examination, hypersensitive c-reac-
tive protein examination, the interval between the onset of
initial symptoms and first CT scan and the period between
the onset of initial symptoms and discharge. “Severe pneu-
monia” was defined as any of the followings: (1) respiratory
rate > 30 breaths/min; (2) oxygen saturation <93% at rest;
(3) PaO,/Fi0, <300 mmHg: (4) patients with chest radiog-
raphy showing significant progression of lesions greater than
50% within 24-48 h managed are being treated for severe
pneumonia [9]. This retrospective study was consistent with
the principles of the Helsinki Declaration and was approved
by the ethics committee. Given that this is a retrospective
study, the need for patients’ written informed consent was
waived.

Chest CT protocols and infection control protocols

All CT scans were performed with one of the five CT
systems: SOMATOM Definition AS and SOMATOM

Scope (Siemens, Germany), HiSpeed NX/i and Light-
Speed VCT (GE, America), Brilliance 16 CT (Philips,
America). The scanning parameters were as follow: tube
voltage: 120 kV(p), tube current—exposure time product:
range 50-200 mAs, slice thickness: 5 mm, reconstruction
thickness: 0.625—1.5 mm, matrix:512 X 512, field of view
350 x 350 mm. Scanning position: all patients were supine
with arms extended and held their breath during the CT
scan.

To reduce nosocomial infection, there were 1-2 desig-
nated CT scanners in every hospital which were only used
to scan COVID-19 patients. And channels were estab-
lished between the isolation wards and the designated
CT scanners for COVID-19 patients only. After the CT
examinations of the patients, disinfected the examination
bed surface, floor, air and equipment [10].

Evaluation of the HRCT features

The CT images were independently evaluated by two
radiologists with rich chest radiology diagnostic expe-
rience (with 13 and 21 years of experience, separately),
when differences arose, they reached a consensus through
consultation. All images were showed in lung windows
(window width, 1500 HU; window level: — 750 HU) and
mediastinal windows (window width, 450 HU; window
level, 45 HU). The CT findings assessed according to the
following CT characteristics: (1) number of affected lobes;
(2) zones of involved lung: left upper lobe, left lower lobe,
right upper lobe, right middle lobe, right lower lobe; (3)
maximum diameter of lesions (4) predominant distribu-
tion of lesions: subpleural distribution, central distribution
or both; (5) features of lesions: presence of ground-glass
opacities (GGO), crazy-paving pattern, consolidation and
linear opacities; (6) pleural effusion. (7) CT score: the
semi-quantitative score was used to evaluate the extent of
disease at CT [11]. The abnormal manifestations included
GGO, consolidation and interstitial involvement (ignoring
the pre-existing pulmonary disease). Each lobe was rated
based on the following: score 0, 0% involvement; score 1,
less than 6% involvement; score 2, 6-25% involvement;
score 3, 26—50% involvement; score 4, 51-75% involve-
ment; and score 5, more than 75% involvement. The total
score is obtained by adding up the partial scores of five
lobes (theoretically ranging from O to 25). Based on the
course of disease and CT score, chest CT examinations
were chosen and grouped as: (1) Scan-1: the first chest CT
examination during the course of the disease; (2) Scan-2:
the CT examination with the peak of CT score during the
hospitalization; (3) Scan-3: the last chest CT examination
before hospital discharge; and (4) Scan-4: the first chest
CT after discharge.
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Statistical analysis

SPSS Statistics Software (version 22; IBM, New York,
USA) was used to statistically analyzed all data. The cat-
egorical variables were expressed as counts and percentages,
and the continuous variables were expressed by mean and
standard deviation (SD) if it fitted the normal distribution,
or median and interquartile range (IQR) if did not. Spearman
rank correlation coefficient was used to analyze the correla-
tion between two groups of continuous variables. The analy-
ses were considered significant when p value less than 0.05.

Results
Clinical characteristics of the patients

Among all patients, there were 11 men and 11 women, they
were 40.7 (SD 10.3; range 23-54) years old. Patient charac-
teristics and laboratory results were summarized in Table 1.
The most common initial symptom was fever (11/22, 50%),
and 4 (18%) patients were asymptomatic at their first visit,
but sought medical care due to exposure to confirmed cases.
On admission, laboratory examinations of 14 (64%) patients
were normal. 2 (9%) and three (14%) patients had decreased
white blood cell count and lymphocyte count, respectively.
5 (23%) patients showed elevated levels of C-reactive pro-
tein. All patients were discharged between 11 and 44 days
(median, 19 days) after the onset of symptoms (Table 1).

Dynamic changes of chest CT imaging

A total of 88 chest CT examinations was performed in 22
patients in the period of hospitalization, and 16 of them
underwent chest CT scan after discharge. Based on the
course of disease and CT score, Scan-1 to Scan-4 were
shown (Table 2, Figs. 1, 2, 3): Scan-1 (first visit, n=22)
(Figs. 1a, 2a, 3a); Scan-2 (peak, n=22) (Figs. 1b, 2b, 3b);
Scan-3 (before discharge, n=22) (Figs. lc, 2c, 3c); and
Scan-4 (after discharge, n=16) (Fig. 1d). Maximum lung
involvement with CT score of 6 points at about 11 days after
the initial onset of symptoms. The interval between onset of
symptoms and discharge ranged from 11 to 44 days, with
the median interval 19 days. And the peak value of CT score
was positively correlated with the peak time and discharge
time (Fig. 4).

In Scan-1, the interval between the first CT examination
and the onset of disease was 0—4 days, and the median inter-
val was 1 day. Of the 22 patients with unifocal involvement,
the lesions tended to be distributed in the lower lobe [14/22
(64%)] and subpleural area [16/22 (73%)]. The maximum
diameter of the lesion was 6-48 mm, and four cases pre-
sented as sub-centimeter nodules. The CT findings of this
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Table 1 Patient characteristics and laboratory results

Patient (n=22)

Age (years) 40.7+10.3
Sex
Men 11 (50%)
Women 11 (50%)
Initial symptoms
Fever 11 (50%)
Cough 9 (41%)
Expectoration 3 (14%)
Pharyngalgia 2 (9%)
Chest pain 2 (9%)
Chest tightness 4 (18%)
Nausea and vomiting 1(5%)
Abdominal pain 1(5%)
Myalgia 7 (32%)
Fatigue 5(23%)
Headache 1 (5%)
Laboratory examination
White blood cell count
Normal 20 (91%)
Descend 2 (9%)
Lymphocyte count
Normal 19 (86%)
Descend 3 (14%)
CRP
Normal 17 (77%)
Increased 5(23%)
The interval between the onset of initial symptoms ~ 19.0 (10.25)

and discharge (days)

The categorical variables were expressed as count (percentage of
the total). The continuous variables were expressed as mean=+SD or
median (IQR)

stage were GGO [22/22 (100%)], crazy-paving pattern [8/22
(36%)] and consolidation [9/22 (41%)]. CT score was 1-2
points. No patients had pleural effusion (Table 2).

In Scan-2, 22 patients showed varying degrees of pro-
gression in lung lesions. The interval between the onset of
the symptoms and Scan-2 was 4-22 days. The number of
affected lobes were 1-5 and median was 2.5. Eight (36%)
patients had only one affected lobe, while another eight
(36%) patients had five involved lobes. 5 of these eight
patients had deteriorated into severe pneumonia. In the
stage, predominant distribution of lesions was subpleural
[9/22 (41%)] and both [8/22 (36%)]; more lesions showed
crazy-paving pattern [15/22 (68%)] and consolidation [19/22
(86%)], and five (23%) patients presented a small amount
of pleural effusion. The peak value of CT score was 1-23
points.

In Scan-3, the lesions were gradually absorbed
and tended to be stable, and patients recovered
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Table2 CT features of the
patients with COVID-19 at

Scan-1 (n=22) Scan-2 (n=22) Scan-3 (n=22) Scan-4 (n=16)

different stages The period between the onset of

initial symptoms and the CT scan

(days)
CT score
Number of affected lobes
0
1
2-4
5
Zones of involved lung
Left upper lobe
Left lower lobe
Right upper lobe
Right middle lobe
Right lower lobe
Maximum diameter of lesion*

Predominant distribution of lesions

No lesion
Subpleural distribution
Central distribution
Both

Ground-glass opacities
Yes
No

Crazy-paving pattern
Yes
No

Consolidation
Yes
No

Linear opacities
Yes
No

Pleural effusion

1.0 (1.25) 11.2+4.9 18.3+7.9 27.0 (12.5)
1.0 (1.0) 6.0 (12.0) 4.5 (11.0) 2.0 (5.0)
1.0 2.5 (4.0) 2.5 (4.0) 1.0 (3.0)
0 0 1 (5%) 5(31%)
22 (100%) 8 (36%) 8 (36%) 5(31%)
0 6 (27%) 5(23%) 3 (19%)
0 8 (36%) 8 (36%) 3 (19%)
4 (18%) 12 (55%) 9 (41%) 2 (13%)
7 (32%) 18 (82%) 10 (45%) 4 (25%)
2 (9%) 9 (41%) 16 (73%) 9 (56%)
2 (9%) 10 (45%) 11 (50%) 5(31%)
7 (32%) 16 (73%) 16 (73%) 8 (50%)
25.1+12.7

0 0 1 (5%) 5(31%)
16 (73%) 9 (41%) 8 (36%) 6 (38%)
6 (27%) 5(23%) 3 (14%) 1 (6%)

0 8 (36%) 10 (45%) 4 (25%)
22 (100%) 22 (100%) 16 (73%) 9 (56%)
0 0 6 (27%) 7 (44%)
8 (36%) 15 (68%) 0 0

14 (64%) 7 (32%) 22 (100%) 16 (100%)
9 (41%) 19 (86%) 15 (68%) 4 (25%)
13 (59%) 3 (14%) 7 (32%) 12 (75%)
0 7 (32%) 10 (45%) 3 (19%)
22 (100%) 15 (68%) 12 (55%) 13 (81%)
0 5(23%) 0 0

The categorical variables were expressed as count (percentage of the total). The continuous variables were
expressed as mean =+ SD or median (IQR)

*With the development of the disease, some lesions were fused and diffused, and the maximum diame-
ter could not be obtained. Therefore, only the maximum diameter at the first CT scan was provided

in accordance with clinical cure standard. The period
between the onset of disease and the CT scan was 641 days.
The number of involved lobes was ranged 0-5, with a median
of 2.5. 1 patient had no lesion in chest CT scan. GGO lesion
[16 (73%)] and consolidation [15 (68%)] were significantly
absorbed, and 10 (45%) patients had linear opacities, while
no lesion presenting as crazy-paving pattern. CT score was
0-20 points. None of the patients had pleural effusion.

In Scan-4, all 16 patients had further absorption of the
lung lesions compared with the Scan-3, and the interval from
the onset of initial symptoms was 22—51 days. The number
of affected lung lobes was 0—5 with a median of 1 lobe. In

this stage, negative CT findings were revealed in 5 (31%)
patients. 9 (56%) patients showed GGO, 4 (25%) patients
presented consolidation, and 3 (19%) patients had linear
opacities. CT score was 0—12 points.

Discussion

Coronavirus, an RNA virus widely found in nature, has iden-
tified six subtypes in the past half century. Similar to the
other two highly pathogenic coronaviruses in human, severe
acute respiratory syndrome coronavirus (SARS-CoV) and
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Fig. 1 Dynamic changes of

CT imaging in a 35-year-old
woman with fever (37.8 °C) for
1 day. a At the first chest CT
scan (day 1), a ground-glass
lesion with partial consolidation
was shown in the subpleural
area of the right lower lobe; b
at peak time (day 10), the lesion
in the right lower lobe expanded
with interlobular septal thicken-
ing and consolidation, and new
lesions appeared in the upper
lobes; ¢ before discharge (day
17), the lesions were gradually
absorbed and linear opacities
were observed in the bilateral
upper lobes; d after discharge
(day 51), chest CT scan showed
few GGO in the right lung, and
the consolidation and linear
opacities disappeared

Fig.2 A 48-year-old man with
COVID-19 presented no obvi-
ous symptoms initially. a At the
first chest CT scan (day 0), a
sub-centimeter lesion was found
in the right middle lobe; b at
peak time (day 16), it developed
to diffuse lesions in bilateral
lung with GGO, consolidation
and interlobular septal thicken-
ing; ¢ before discharge (day 33),
it showed remarkable absorp-
tion on CT image, GGO and
linear opacities were observed

middle eastern respiratory syndrome coronavirus (MERS-
CoV), SARS-CoV-2 can cause severe respiratory disease [3,
12]. And there was 82% homology between SARS-CoV-2
and SARS-CoV at the nucleotide level [13]. The most com-
mon symptom of COVID-19 is fever, with an incidence of
about 83-98.6% [14, 15]. Although fever was the most com-
mon initial symptom in our study, only 50% of the patients
presented with fever, and four (18%) patients were asymp-
tomatic initially. The proportion of patients with leukopenia
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and increased C-reactive protein was 14% (3/22) and 23%
(5/22), respectively, which was also lower than previous
studies [15]. In our study, initial symptoms of the patients
were mild and the positive rate of laboratory examination
was low. That revealed the patients were in the early stage
of the disease at first visit [6], and in this stage, the immune
response was not fully activated [16, 17].

Most studies had shown that, similar to other viral pneu-
monia, COVID-19 tended to involve in bilateral lower
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Fig.3 A 51-year-old man was
hospitalized for polyps and the
pulmonary lesion was acciden-
tally detected by chest CT. a At
the first chest CT scan (day 0), it
showed a patchy opacity in the
left lower lobe; b at peak time
(day 20), it developed to bilat-
eral lung with GGO, consolida-
tion and crazy-paving pattern;
¢ before discharge (day 26), the
CT scan demonstrated GGO,
consolidation, reticulation and
traction bronchiectasis
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Peak CT score

Fig.4 The peak CT score is positively correlated with peak time (a)
and discharge time (b) in 22 COVID-19 patients. Spearman rank cor-
relation test was performed, because the discharge time and the peak

lobes and distribute in the subpleural region, which might
be related to viral invasion of the bronchioles and alveoli,
as well as higher perfusion in the lower lung lobes [4, 6,
18]. In this study, most of the lesions were subpleural (64%)
on the first CT examination. With the progression of dis-
ease, the size of lesions increased, the number of lesions
and involved lung lobes increased, and the lesions spread
from the subpleural region to the central area of the lung,

Peak CT score

CT score did not coincide with normal distribution and Spearman r
and p values were provided in graphs

which was consistent with previous studies [6, 8, 19]. Pleural
effusion was an uncommon imaging finding in COVID-19
patients [5, 6, 20]. A recent study found that pleural effu-
sion was more common in severe and critical COVID-19
patients [18], another study pointed that pleural effusion
generally occurred in the advanced phase [21]. In our study,
all patients had no pleural effusion on the first CT scan, but
a small pleural effusion was found in 5 (23%) patients at
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the time of maximum lung lesions during hospitalization,
among whom four were patients with severe COVID 19.
So we proposed that pleural effusion might correspond to
clinical worsening.

We studied 22 patients with COVID-19 and found that
lung involvement peaking at approximately 11 days and the
median discharge time was about 19 days, which was similar
to study results of Pan et al. [6] and Zhou et al. [22]. In addi-
tion, we further found that the peak value of CT score was
positively correlated with the peak time and discharge time.
This meant that patients with more severe the lung injury
was, the later the peak time appeared and the longer the
recovery time was. In 16 patients who underwent CT exami-
nation after discharge, compared with the previous CT scan,
all the lung lesions showed different degrees of absorption. It
is noteworthy that only 19% (3/16) of the patients presented
linear opacities in CT, which was significantly lower than
the last CT scan before discharge [10 (45%)]. This indicates
that the linear opacities showed on CT was not equivalent
to actual pathologic fibrosis, although no relevant patho-
logical studies have been conducted. A similar view was
proposed in a previous study on SARS [11]. At the same
time, it should also be noted that some patients who had
reached the discharge standards still had lesions in the lung
despite their clinical symptoms were obviously improved
and their nucleic acid test is negative. A small number of
recovered patients were re-hospitalized because of the re-
positive nucleic acid detection [23]. Therefore, the diagnosis
and treatment of COVID-19 (trial 7th edition) suggested that
follow-up visits should be conducted after discharge and CT
reexamination should be performed if necessary [9]. Our
study showed the continuous absorption of lesions in some
patients after discharge, which proves that this measure is
reasonable. However, it has to be admitted that this increased
the risk of radiation exposure to some degree. Although low-
dose CT scan was not used in this study, it should be consid-
ered for follow-up examinations.

During dynamic observation, we found that eight patients
in our study developed to bilateral lung diffuse lesions. And
according to the diagnosis and treatment of COVID-19
(trial 7th edition) [9], five of eight patients were classified
as severe pneumonia, while the other three were in a stable
condition. This suggested that the severity of disease was
consistent with the imaging findings to some degree, but not
exactly match. It is consistent with a recent research by Guan
et al. [24]. The study enrolled 1099 patients with COVID-
19 found that the area of lung injury in severe patients was
usually larger than non-severe patients in CT examination,
but there were also 26.3% of non-severe patients and 8.7%
of severe patients with no abnormalities in chest CT scan.

Notably, we found four patients appearing as a solitary
sub-centimeter lesion on the first CT scan, two of them
involved only one lobe throughout the course of disease,
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while the other two developed to multilobe distribution.
On the basis of a previous study on SARS by Chang et al.
[11], we speculated that the differing severity of lung
injury in patients with COVID-19 could be related to viral
loads and variable immune response of the individuals,
and had little relation with the initial CT manifestations.
Liu et al. [25] also proposed a similar view, suggesting
that viral load was the key to determining the severity of
the disease. Therefore, even if the lesions of some patients
are limited and small at the time of the first chest CT, they
should never be ignored, and chest CT examinations can
help to monitor patients’ condition.

There are some limitations in this study. First, since it
was a retrospective study, the patients did not perform CT
scan at regular intervals and the therapeutic measures of
the patients were different, all of which made certain influ-
ence on the course of observation of the disease. Second,
because solitary pulmonary lesions is the rare CT findings
of COVID-19, a relatively small number of patients were
included in the study. Finally, when calculating the CT
score, we counted GGO, consolidation and linear opaci-
ties as 1 point, and did not distinguish them by different
points, which might be the reason why the CT score before
discharge in some patients was still close to the peak CT
score.

To sum up, the chest CT features are related to the
course of COVID-19 disease, with certain characteristics
and dynamic changes, and CT examinations are helpful to
monitor the patients’ condition. Dynamic changes of CT
images in the chest: the positive CT manifestations were
found in patients with COVID-19 within 0-4 days after
the onset of the initial symptoms, lung involvement peak-
ing at approximately 11 days, then the pulmonary lesions
improved significantly and reached the discharge standard
at about 19 days after the onset of the initial symptoms.
Moreover, the patients with more severe the lung injury
was, the later the peak time appeared and the longer the
recovery time was. Although the lesions were resolved
over time in most patients, isolation and follow-up vis-
its were required after discharge and CT reexamination
should be performed if necessary.
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