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Abstract

Objectives This study analyzed and compared CT findings and longitudinal variations after discharge between severe and non-

severe coronavirus disease (COVID-19) patients who had residual pulmonary sequelae at pre-discharge.

Methods A total of 310 patients were included and stratified into severe and non-severe COVID-19 groups. Cross-sectional CT

features across different time periods (TO: pre-discharge, T1: 1-4 weeks after discharge, T2: 5—8 weeks after discharge, T3: 9—12

weeks after discharge, T4: > 12 weeks after discharge) were compared, and the longitudinal variations of CT findings were

analyzed and compared in both groups.

Results The cumulative absorption rate of fibrosis-like findings in the severe and non-severe groups at T4 was 24.3% (17/70) and

52.0% (53/102), respectively. In both groups, ground-glass opacity (GGO) with consolidation showed a clear decreasing trend at

T1, after which they maintained similar lower levels. The GGO in the severe group showed an increasing trend first at T1 and

then decreasing at T4; however, the incidence decreased gradually in the non-severe group. Most fibrosis-like findings showed a

tendency to decrease rapidly and then remained stable. Bronchial dilatation in the severe group persisted at an intermediate level.

Conclusions After discharge, the characteristics and changing trends of pulmonary sequelae caused by COVID-19 were signif-

icantly different between the two groups. Pulmonary sequelae were more serious and recovery was slower in patients with severe/

critical disease than in patients with moderate disease. A portion of the fibrosis-like findings were completely absorbed in patients

with moderate and severe/critical diseases.

Key Points

* Lung sequelae were more serious and recovery was slower in severe/critical COVID-19 patients.

» Complete absorption of fibrosis-like findings after a short-term follow-up was observed in at least 17/70 (24.3%) of COVID-19
patients with severe/critical disease and 53/102 (52.0%) of COVID-19 patients with moderate disease.

* The most common fibrosis-like findings was a parenchymal band, irregular interface was a nonspecific sign of COVID-19, and
the percentage of bronchial dilatation in patients with severe/critical disease remained at a relatively stable medium level
(range, 31.6 to 47.8%) at all stages.
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Abbreviations
CO Consolidation

COVID-19 Coronavirus disease

GGO Ground-glass opacity

pGGO Pure ground-glass opacity

SARS-CoV-2 Severe acute respiratory syndrome coronavi-
rus 2

Introduction

Coronavirus disease (COVID-19), caused by severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2) infection,
has been spreading worldwide since December 2019 [1, 2].
The virus is characterized by rapid spreading and strong in-
fectivity. As of August 10, 2020, the disease has caused at
least 728,013 deaths and 19,718,030 infections worldwide,
and the numbers continue to increase [3]. However,
COVID-19 mortality is approximately 3.7%, which is lower
than that of SARS (9.6%) and Middle East respiratory syn-
drome (34.4%) [3, 4]. These numbers suggest that there
should be a large number of survivors from COVID-19 after
the pandemic. Thus, follow-up management after discharge is
an important issue for both the public and the medical
community.

Follow-up management of viral pneumonia is a key factor
in preventing re-transmission after discharge [5]. According to
previous studies, more than 80% of patients with COVID-19
have residual pulmonary damage at the time of hospital dis-
charge [6, 7]. Additionally, pulmonary sequelae, including
ground-glass opacity (GGO), consolidation (CO), and fibro-
sis, are present in patients after discharge [8-10]. However,
these previous studies had a follow-up time < 1 month, and
thus, it is not clear whether lung injury persists long-term
[8—10]. Moreover, there have been few reports about changes
in lung damage after discharge in patients with severe and
critical COVID-19. A better understanding of the longitudinal
changes in CT manifestations in COVID-19 patients with re-
sidual pulmonary sequelae at discharge is a significant value
for post-discharge management and prognosis monitoring,
and, more importantly, can provide insights into the degree
of lung injury and repair.

Therefore, this study retrospectively analyzed and com-
pared the differences and longitudinal variations of pulmonary
sequelae caused by COVID-19 between moderate and severe/
critical patients during a short-term follow-up, using a series
of CT scans.

Materials and methods

The ethics committee of our hospital approved the study and
waived the requirement for obtaining informed consent from

patients for this retrospective study. However, informed con-
sent was obtained from all patients to perform the CT
examination.

Patients

From January 11 to July 5, 2020, 459 patients were diagnosed
with SARS-CoV-2 infection by reverse transcription—
polymerase chain reaction (RT-PCR) and all met the dis-
charge standards after treatment [11]. Diagnoses were made
according to the Chinese guidelines [11]. Detailed diagnostic
and discharge criteria are presented in the supplementary
materials.

Exclusion criteria were as follows: (1) mild cases; (2) CT
scans not performed after discharge; (3) complete absorption
of lesions on radiological images before discharge; (4) > 7
days had elapsed from the last pre-discharge CT scan to dis-
charge; and (5) serious complications requiring long-term bed
rest (e.g., intracerebral hemorrhage).

Finally, 310 patients were included (Fig. 1a) and divided
into two groups according to clinical classification: severe
(severe and critical cases) and non-severe (moderate cases).
Clinical data (sex, age, length of hospitalization, days from
discharge to follow-up CT) were collected. Common under-
lying diseases, including emphysema, chronic bronchitis, ad-
vanced interstitial lung disease, obsolete pulmonary tubercu-
losis, hypertension, diabetes, and coronary disease, were also
recorded.

Severity classification

Disease severity was graded according to the Chinese
guidelines [11]. The patients were classified as having (1)
mild disease: mild symptoms without imaging manifesta-
tions of pneumonia; (2) moderate disease: fever, respirato-
ry manifestations, and radiological findings indicating
pneumonia; (3) severe disease: presenting any of the fol-
lowing: (i) respiratory rate > 30/min; (ii) resting oxygen
saturation < 93%; (iii) arterial oxygen partial pressure
(PaO,)/fraction of inspired oxygen (FiO,) < 300 mmHg
(1 mmHg = 0.133 kPa); or (iv) progression in > 50% of
lesions within 24 to 48 h on lung imaging; and (4) critical
disease: presenting any of the following: (i) respiratory
failure requiring mechanical ventilation; (ii) shock; or
(iii) failure of other organs requiring admission to the in-
tensive care unit.

CT follow-up strategy
After discharge, each patient underwent follow-up plain CT
assessments based on clinical scenario; the CT follow-up end-

ed when the pulmonary lesions were completely absorbed or
continued until the end of the study (July 5, 2020). Five time
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a Patients diagnosed with COVID-19 and discharged from January 11, 2020, to July 5, 2020
(n=459)

Exclusion:

Mild cases (n = 29)

Cases without follow-up CT scan after discharge
(n=063)

Cases with complete absorption before discharge
(n=50)

More than 7 days since the last CT scan before
discharge (n = 6)

Patient with intracerebral hemorrhage (n = 1)

\ 4

COVID-19 patients with residual pulmonary sequelae before discharge (n =310)

b
T0:310 310
follow-up
T1:270 40
end of follow-up (67)
T2: 184 59
continue follow-up (170) end of follow-up (73)
T3:56 114 16 32
continue follow-up end of follow-up
(122) (48)
T4:122

summary

197

|:| total cases

Dwithout CT scan at corresponding period

omplete absorption

E residual pulmonary sequelae at last CT scan

@performed CT scan at corresponding period and continued follow-up

Fig. 1 a Flow diagram of included and excluded patients. b Flow chart of the follow-up of all cases at each time point

periods were divided according to CT examination time. TO
was the number of days from the last pre-discharge CT scan to
the time of discharge. T1 to T4 represent the follow-up periods
after discharge—T1: 1-4 weeks, T2: 5-8 weeks, T3: 9-12
weeks, and T4: > 12 weeks. These CT follow-up intervals
were not strictly based on a 1-month follow-up in our study,
but mainly on a comprehensive assessment by the clinicians.
Therefore, we used an empirical method to divide post-
discharge CT follow-up into stages T1-T4. The flowchart in
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Figure 1b illustrates the details of the follow-up at different
time periods.

CT scanning protocol
Different CT scanners were used: AquilionTSX-101A

(Toshiba Medical Systems), Ingenuity Flex (Philips Medical
Systems), UCT760 (United Imaging Healthcare), and
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ANATOM 32 Fit (Anke Company). The reconstruction thick-
ness ranged from 0.625 to 2 mm.

Interpretation of CT findings

All CT images were independently reviewed by two radiolo-
gists (C. P. and J. Z.), and another senior radiologist (L. W., >
30 years’ experience) made the final decision in cases of dis-
agreement. The following imaging characteristics were
evaluated:

1. Absorption of lesions: Complete absorption on radiolog-
ical images (no lesions associated with COVID-19, Fig.
2c¢) and only residual fibrosis-like findings (residual
fibrosis-like findings on CT, but without any GGO or
CO).

2. Density: GGO, CO, and GGO with CO. GGOs were fur-
ther divided into three sub-types as follows: (1) GGOs
superimposed on irregular linear opacities (Fig. 3a): irreg-
ular linear opacities [12] were characterized as short and
thin lines (1-3 mm) that were too small to be seen as a
parenchymal band (described below), and the linear opac-
ity was not caused by thickening of the interlobular septal
and interlobular interstitium. (2) GGOs superimposed on

reticulation: the reticulation [13] was characteristic of
intralobular lines (Fig. 3a) or interlobular septal thicken-
ing (Fig. 3¢) and was formed by these lines crossing each
other. (3) Pure GGOs (pGGOs): no lesions were
superimposed on GGOs (Fig. 3e).

3. Distribution and location: Peripheral (involving only the
outer third of the lung), central (involving only the central
two-thirds of the lung), or diffuse (involving both periph-
eral and central regions) [7]. Lung lobe involvement was
recorded.

4. Fibrosis-like findings: The following fibrosis-like find-
ings were evaluated in each CT scan. A parenchymal
band [12, 13] refers to a linear opacity with a thickness
of several millimeters and a length of up to 5 cm that
crosses the pulmonary parenchyma and is often ob-
served in the periphery (Fig. 4a, d). It often causes
thickness and retraction of the contiguous pleura and
causes distortion of the bronchial-vascular bundle and
lung parenchyma. Bronchial dilatation (Fig. 4h, i) re-
fers to a macroscopic change in the bronchus [14].
Irregular interface [9, 15, 16] refers to an irregular or
spiculated appearance of the pleural (Fig. 2d, e),
bronchovascular (Fig. 4h, i), or mediastinal (Fig. 2d—
f) surfaces. The radiologists also observed whether the

Fig. 2 a—c CT images of a 34-year-old male moderate patient at TO (a),
T1 (b), and T2 (c), showing the ground-glass opacities (GGOs), consol-
idations, and reticulation were gradually absorbed, until complete radio-
logical absorption by T2. Pure GGO (pGGO) is seen in b (arrowhead). d—

f CT images of a 56-year-old male critical patient at TO (d), T2 (e), and T4
(f), reveal gradual absorption of lesions, but pGGO persisted in both lungs
at T4. d—f Irregular interfaces are found in the mediastinum. Irregular
linear opacity is seen in e (arrow)
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Fig. 3 Longitudinal variations in ground-glass opacities (GGOs). Patient
1 (a, b). a GGOs superimposed on fine reticulation at TO, which are
caused by intralobular lines; irregular linear opacity was also found (thin
arrow); b residual GGO and irregular linear opacity at T1. Patient 2 (¢, d).
¢ GGOs superimposed on coarse reticulation at TO (thick arrow: interlob-
ular septal thickening); d residual minimal GGO and thinner interlobular
septal thickening at T2. Patient 3 (e, f). e Pure GGO at TO; f complete
absorption at T4

irregular interface existed independently from other
fibrosis-like findings.

Statistical analysis

SPSS software (SPSS 24.0, IBM Corporation) was used for all
data analyses. Continuous variables are presented as medians
(interquartile range [IQR]), and the Kruskal-Wallis test was
used to compare continuous variables between the two
groups. Categorical variables are presented as numbers
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(percentages) and were compared using Pearson’s x> or the
Fisher test. A p value < 0.05 was deemed statistically
significant.

Results
Comparison of basic clinical features

The number of days for the TO, T1, T2, T3, and T4 periods
were 1 (IQR: 1.0, 3.0), 17.0 (IQR: 16.0, 19.0), 33.0 (IQR:
31.0, 38.0), 71.0 (IQR: 61.0, 76.8), and 92.0 (IQR: 90.0,
100.0) days, respectively. Other clinical features are summa-
rized in Table 1.

Cumulative percentage of complete absorption

The cumulative percentages of complete absorption in the severe
and non-severe groups were 0 (0%), 2 (2.4%), 3 (3.7%), and 10
(12.2%); and 29 (12.7%), 47 (20.6%), 62 (27.2%), and 103
(45.2%), respectively, at T1 to T4 (Table 2).

Cumulative rate of absorption of fibrosis-like findings

During the study period, 172 patients, including 70 (85.4%)
severe/critical patients and 102 (44.7%) moderate patients,
showed fibrosis-like findings, which was present at TO in
170 patients, and was found after discharge in the remaining
two patients. The cumulative rate of absorption of fibrosis-like
findings in the severe and non-severe groups was 3 (4.3%), 11
(15.7%), 12 (17.1%), and 17 (24.3%); and 32 (31.4%), 40
(39.2%), 42 (41.2%), and 53 (52.0%), respectively, from T1
to T4 (Table 2).

Comparison and longitudinal variations of lesion
absorption

The trend chart shows that the percentage of complete absorp-
tion gradually increased with time in both groups, and this
percentage increased more obviously in the non-severe group
than in the severe group (Fig. 5a). In terms of the proportion of
patients with complete absorption, the first significant increase
in the non-severe group was observed at T1 (TO [0/228, 0%]
vs. T1[29/203, 14.3%], p < 0.001); however, such a signifi-
cant increase in the severe group was observed at T4 (TO
[0/82, 0%] vs. T4 [7/38, 18.4%], p < 0.001).

The presence of only residual fibrosis-like findings was
observed in the non-severe group, and the incidence from
TO to T4 was 3 (1.3%), 3 (1.5%), 1 (0.8%), 0 (0%), and
7(8.3%), respectively.
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Fig. 4 Longitudinal variations in
fibrosis-like findings. Patient 1
(a—c). Parenchymal band is grad-
ually absorbed from TO (a)
through T1 (b), to T2 (c). Patient
2 (d—f). Parenchymal band per-
sists at TO (d) through T2 (e) to
T4 (f). Patient 3 (g—i). g The initial
computed tomography scan
shows no bronchial dilatation in
the right lower lobe. A typical
bronchial dilatation is present at
TO (h) and T1 (i). Irregular inter-
face of the bronchus is displayed
(arrowhead) and a typical pattern
of irregular linear opacities is also
found in the periphery (h, i)

Table 1 Baseline characteristics
of the severe and non-severe
groups

Characteristics Severe, n = 82 Non-severe, n = 228 Total, N=310 p value
Sex, n (%) 0.008
Male 51(62.2) 103 (45.2) 154 (49.7)

Female 31(37.8) 125 (54.8) 156 (50.3)

Age (year, IQR) 58.5 (49.5, 64.0) 48.0 (36.0, 58.0) 51 (31.8, 61.0) < 0.001
Length of 28.5(21.0, 38.0) 19.0 (15.0, 25.0) 21.0 (16.0, 28.0) < 0.001

hospitalization (day)

Underlying diseases, n (%) 25 (30.5) 26 (11.4) 51 (16.5) < 0.001
Emphysema 2(24) 1(0.4) 3(1.0) 0.172
Chronic bronchitis 3.7 2(0.9) 5(1.6) 0.118
OTB 1(1.2) 3(1.3) 4(1.3) 1.000
Advanced ILD 224 0 (0) 2 (0.6) 0.069
Hypertension 17 (20.7%) 16 (7.0) 33 (10.6) < 0.001
Diabetes 7 (8.5) 4(1.8) 11 (3.5) 0.004
Coronary disease 6(7.3) 2(0.9) 8 (2.6) 0.002

ILD, interstitial lung disease; IQR, interquartile range; OTB, obsolete pulmonary tuberculosis
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Table 2 Cumulative values of

complete absorption and Time period, n (%)

Cumulative values of complete

Cumulative values of absorption of fibrosis-

absorption of fibrosis-like find- absorption like findings

ings in the severe and non-severe

disease groups Severe, Non-severe,  Total, Severe, Non-severe, Total,

n=_82 n=228 N=310 n=70 n=102 N=172

Tl 0(0) 29 (12.7) 29 (9.4) 34.3) 32(31.4) 35(20.3)
T2 2124 47 (20.6) 49 (15.8) 11 (15.7) 40 (39.2) 51(29.7)
T3 33.7) 62 (27.2) 65(21.0) 12(17.1) 42 (41.2) 54 (31.4)
T4 10 (12.2) 103 (45.2) 113(36.5) 17 (24.3) 53 (52.0) 70 (40.7)

T1, 1-4 weeks after discharge; T2, 5-8 weeks after discharge; T3, 9—12 weeks after discharge; T4, > 12 weeks

after discharge

Comparison and longitudinal variations in GGOs and
COs

The CT findings are compared between the two groups in
Table 3. The frequency of GGO with CO in both groups
showed a significant reduction at T1 (severe group: TO [40/
82,48.8%] vs. T1[9/67, 13.4%], p < 0.001; non-severe group:
TO [31/228, 13.6%] vs. T1 [3/203, 1.5%], p < 0.001). The
frequency of GGO with CO in both groups remained stable
from T2 to T4 (Fig. 5b).

The trend chart showed that the percentage of GGOs de-
creased gradually in the non-severe group, particularly at T3
(TO [194/228, 85.1%] vs. T3 [23/38, 60.5%], p < 0.001), while
the severe group demonstrated a trend for an increase at T1 (TO
[42/82, 51.2%] vs. T1 [58/67, 86.6%], p < 0.001) and then
decreased at T4 (T2 [53/58, 91.4%] vs. T4 [28/38, 73.7%],
p = 0.02) (Fig. 5c). The most common GGO subtype in the
severe group was GGOs superimposed on irregular linear opac-
ities, the prevalence of which was significantly higher than in the
non-severe group at each time period after discharge (p < 0.001
[T1 to T4]). From T1 to T3, GGOs with superimposed reticula-
tion was more common in the severe than in the non-severe
group (p < 0.001 [T1], p = 0.002 [T2], and p = 0.008 [T3],
respectively). The percentage of GGOs superimposed on irreg-
ular linear opacities and reticulation was immediately stabilized
after discharge (Fig. 5d, ). pGGO was the predominant pattern
in the non-severe group from TO to T3.

At different time periods, the most common patterns of dis-
tribution in the severe and non-severe groups were diffuse and
peripheral, respectively. From TO to T3, the percentage of diffuse
distribution gradually decreased, and the percentage of peripher-
al distribution gradually increased in the severe group (Fig. 6a).

The trend charts show that the GGOs or COs in each lobe
gradually absorbed over time (Fig. 5g—k). The absorption trend
in the lower lobes in the severe group was more gradual (Fig.
51, k). Compared to the non-severe group, a marked absorption
trend in the severe group in the lower lobes was observed at T3

@ Springer

and T4 (right lower lobe: TO [82/82, 100%] vs. T3 [16/18,
88.9%], p = 0.031; left lower lobe: TO [80/82, 97.6%] vs. T4
[28/38, 73.7%], p < 0.001). The total number of affected lobes
was greater in the severe than in the non-severe group at each
time point (all p < 0.001, Table 3 and Fig. 6b).

Comparison and longitudinal variations in fibrosis-
like findings

The percentage of patients with fibrosis-like findings, paren-
chymal band, and bronchial dilatation was significantly higher
in the severe than in the non-severe group at each time point
(all p < 0.05, Table 3). The proportions of irregular interfaces
and irregular pleural interfaces were significantly higher in the
severe than in the non-severe group at TO, T1, T2, and T4 (all
p < 0.05, Table 3). Irregular bronchovascular interfaces were
more common in the severe than in the non-severe group at TO
and T1 (all p < 0.05, Table 3). Irregular mediastinal interfaces
were very rare in both groups, without significant differences.

The trend charts for fibrosis-like findings were divided into
two patterns (Fig. 51-r). Pattern 1: The percentage rapidly
decreased at T1 or T2 (percentage: TO vs. T1/T2, p < 0.05)
and then remained stable, including fibrosis-like findings, pa-
renchymal band, irregular interfaces, and irregular pleural in-
terfaces in both groups. Pattern 2: The percentage remained
stable over time, including bronchial dilatation and irregular
bronchovascular and mediastinal interfaces in both groups.

Cumulatively, 5/70 (7.1%) patients showed irregular inter-
faces but no other fibrosis-like findings in the severe group
during the study, compared to 3/102 (2.9%) patients in the
non-severe group.

Discussion

In this short-term follow-up study, serial CT scans were used
to compare pulmonary damage and to systematically evaluate
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the changing trends in pulmonary sequelae in severe and non-
severe COVID-19 patients. The cumulative number of cases
showing complete absorption of lung changes in the severe
and non-severe groups at T4 showed superior pulmonary re-
pair in the non-severe group compared to the repair in the
severe group. Therefore, early intervention to avoid progres-
sion of mild/moderate disease to severe/critical disease is es-
sential to reduce pulmonary sequelae. Additionally, for pa-
tients with fibrosis-like findings, the cumulative number of
cases showing absorption in the severe and non-severe groups
confirmed that partial fibrosis-like findings were absorbed af-
ter a short-term follow-up [17]. Furthermore, in a few patients,
fibrosis-like findings without any GGO or CO remained, in-
dicating that the absorption of fibrosis-like findings and GGO/
CO was heterochronous.

The percentage of GGO with CO maintained similarly low
levels between the two groups after the rapid absorption of CO
by T1 (Fig. 5b). Liu et al [10] showed that only 2.0% of
moderate COVID-19 patients exhibited persistent CO at the
fourth week after discharge, similar to our findings. Moreover,
we showed this to be true for severe/critical COVID-19
patients.

The incidence of GGOs in the non-severe group was mark-
edly reduced from 85.1% at TO to 41.7% at T4; however, the
incidence in the severe group increased from 51.2% at TO to
91.4% at T2, and then decreased to 73.7% at T4. The other
most marked difference in the severe group was the proportion
of GGO that remained high at T4. These results indicated that
GGOs were absorbed slowly and persisted for a relatively
long time in the severe group. Of note, the tendency for
GGO to be superimposed on irregular linear opacities or re-
ticulation remained stable after discharge. Irregular linear
opacities and reticulation could develop into fibrotic lesions
[18-20]; moreover, reticulation has been found to remain for
as long as 7 years in SARS survivors [21]. Therefore, irregular
linear opacities/reticulation may be an important factor in the
slow absorption seen in the severe group.

In general, the absorption of GGOs and CO in the severe
group has certain characteristics. First, from TO to T3, the
proportion of diffuse distribution in the severe group gradually
decreased, accompanied by a simultaneous increase in the
proportion of peripheral distribution, implying a trend for cen-
tral absorption first and peripheral absorption later. Second,
the absorption trend in both lower lobes was more stable than
that in other lobes. Third, both lower lobes began to show
significant absorption at T3 or T4 in the severe group. The
most likely reason for this differential absorption pattern was
that the lower lobes and lung periphery were most frequently
involved in this disease [22, 23]. Additionally, the influence of
advanced age and underlying diseases on patients with
COVID-19 cannot be ignored [24].

Postviral lung damage and fibrosis can lead to a decline in
lung function and quality of life [25, 26]. In our study, 29.1%

(59/203) of patients in the non-severe group showed fibrosis-
like findings at T1, similar to a previous study [9]. What is
more concerning is that the frequency of fibrosis-like findings
was relatively higher in the severe disease group.

Parenchymal band is the most common among fibrosis-like
findings and appears as early as the second week after onset [8,
27]. They usually represent atelectasis or advanced pulmonary
fibrosis [12]. A significant downward trend in the frequency of
parenchymal bands was observed at T1 or T2 (Fig. Sm), sug-
gesting that the absorbed parenchymal bands may represent
temporary atelectasis. The risk of fibrosis must be considered
in patients with persistent parenchymal bands. Compared to
patients with moderate disease, bronchial dilatation in patients
with severe/critical disease persisted at a relatively stable medi-
um level at all stages. Whether bronchial dilatation persists and
eventually evolves into traction bronchiectasis is an important
consideration, as traction bronchiectasis is associated with mor-
tality [28, 29]. Irregular interfaces rarely existed independently
in this study, confirming that an irregular interface is a nonspe-
cific CT finding usually accompanied by other more specific
signs [16]. Furthermore, irregular interfaces were observed
most commonly in the pleura, while irregular interfaces were
rare in the bronchovascular bundle and mediastinum. This ap-
pears to be related to the distribution characteristics of COVID-
19 pneumonia [30].

There were some limitations to the present study. First,
there were many patients for whom the outcome and final
prognosis were not observed. Moreover, the follow-up time
was too short to confirm that the residual fibrosis-like findings
represented mature fibrosis. Consequently, studies with long-
term follow-ups are necessary. Second, the impact of residual
pulmonary sequelae on the daily life of patients and the sever-
ity of lung injury was not evaluated in detail. Future clinical
multivariate analyses, including lung function and activity tol-
erance, are needed. Third, there was no pathological evidence
to assess the fibrosis-like findings.

In conclusion, this study demonstrated short-term patterns
and changing trends of pulmonary sequelae (GGO, CO, and
fibrosis-like findings) in COVID-19 patients after discharge.
Lung sequelae were more serious and recovery was slower in
patients with severe/critical disease than in patients with mod-
erate disease. Fibrosis-like findings were completely absorbed
after the short-term follow-up in more than 20% of patients
with severe/critical disease and more than 50% of patients
with moderate disease.

Fig.5 Longitudinal variations of pulmonary sequelae (including ground- P>
glass opacities, consolidations, and fibrosis-like findings) in the severe
and non-severe group, from TO to T4. The symbols (*, T, 1) indicate
significant differences between the two groups at the corresponding time
points (*p < 0.001, fp < 0.01, {p < 0.05). CO, consolidation; GGO,
ground-glass opacity
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Fig. 6 a Distribution of ground-glass opacities and consolidations.
Categories with percentage > 20% were shown. Without GGO/CO refers
to the pattern of complete absorption or only residual fibrosis. b The total
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