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follow-up CT scans☆ 
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H I G H L I G H T S  

• Post-COVID-19 lung abnormalities (Co-LA) was confirmed in 33% of COVID-19 patients. 
• Higher severity of COVID-19 pneumonia at diagnosis was associated with the likelihood of Co-LA. 
• The likelihood of Co-LA was 69% with extensive pneumonia and 18% with non-extensive pneumonia. 
• Fibrotic Co-LA was noted in 26 of 42 Co-LA patients (62%) with extensive pneumonia at diagnosis.  

A R T I C L E  I N F O   

Keywords: 
COVID-19 
COVID-19 pneumonia 
COVID-19 related lung abnormalities 
Lung 
Abnormalities 
Chest CT 

A B S T R A C T   

Purpose: To investigate the association of the maximal severity of pneumonia on CT scans obtained within 6-week 
of diagnosis with the subsequent development of post-COVID-19 lung abnormalities (Co-LA). 
Methods: COVID-19 patients diagnosed at our hospital between March 2020 and September 2021 were studied 
retrospectively. The patients were included if they had (1) at least one chest CT scan available within 6-week of 
diagnosis; and (2) at least one follow-up chest CT scan available ≥ 6 months after diagnosis, which were eval-
uated by two independent radiologists. Pneumonia Severity Categories were assigned on CT at diagnosis ac-
cording to the CT patterns of pneumonia and extent as: 1) no pneumonia (Estimated Extent, 0%); 2) non- 
extensive pneumonia (GGO and OP, <40%); and 3) extensive pneumonia (extensive OP and DAD, >40%). Co- 
LA on follow-up CT scans, categorized using a 3-point Co-LA Score (0, No Co-LA; 1, Indeterminate Co-LA; and 
2, Co-LA). 
Results: Out of 132 patients, 42 patients (32%) developed Co-LA on their follow-up CT scans 6–24 months post 
diagnosis. The severity of COVID-19 pneumonia was associated with Co-LA: In 47 patients with extensive 

Abbreviations: ARDS, acute respiratory distress syndrome; COVID-19, coronavirus disease 2019; OP, organizing pneumonia; Co-LA, post-COVID-19 lung ab-
normalities; DAD, diffuse alveolar damage; GGO, ground-glass opacity; ILA, interstitial lung abnormalities; ILD, interstitial lung disease; PE, pulmonary embolism; 
SARS-CoV2, severe acute respiratory syndrome coronavirus 2; 2019-nCoV, 2019 novel coronavirus. 
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pneumonia, 33 patients (70%) developed Co-LA, of whom 18 (55%) developed fibrotic Co-LA. In 52 with non- 
extensive pneumonia, 9 (17%) developed Co-LA: In 33 with no pneumonia, none (0%) developed Co-LA. 
Conclusions: Higher severity of pneumonia at diagnosis was associated with the increased risk of development of 
Co-LA after 6–24 months of SARS-CoV-2 infection.   

1. Introduction 

In March 2020, the Society of Thoracic Radiology, the American 
College of Radiology and the Radiological Society of North America 
published the first guidelines for COVID-19 pneumonia on chest CT 
[1–3]. Bilateral, multifocal, peripheral, and often rounded ground-glass 
opacity (GGO), associated with consolidation or crazy-paving pattern as 
well as similar findings of organizing pneumonia, were considered 
typical CT findings of COVID-19 pneumonia [3]. COVID-19 affected 
over 500 million people worldwide, causing pneumonia, and CT is the 
key for diagnosis and monitoring. 

Several recent studies have reported CT findings that are interpreted 
as probable sequalae of COVID-19 [4–11]. More specifically, some re-
sidual cases of COVID-19 have been associated with interstitial changes, 
including reticulation or traction bronchiectasis, which resemble the CT 
findings for other diseases such as fibrotic interstitial lung abnormalities 
(ILA) or acute respiratory distress syndrome (ARDS) related pulmonary 
fibrosis [12–15]. However, few studies investigated whether the initial 
COVID-19 pneumonia might lead to post-COVID-19 lung abnormalities 
(Co-LA). 

To fill the gap, the present study was to investigate the correlation 
between the maximal severity of pneumonia on a CT scan obtained 
within a 6-week window around the time of diagnosis (− 2 to +4 weeks), 
and the eventual development of Co-LA. We tested the hypothesis that 
the presence of severe pneumonia on a CT scan obtained around the time 
of the diagnosis is associated with subsequent development of fibrotic 
lung disease. 

2. Materials and methods 

2.1. Patient selection, inclusion, and exclusion 

This study was approved by the institutional review board 
(IRB#2021P000981), and it was performed in accordance with princi-
ples of the declaration of Helsinki. COVID-19 patients diagnosed be-
tween March 1st 2020 and September 23rd 2021 were studied 
retrospectively. The inclusion criteria were: (1) at least one CT scan was 
available within a 6-week window around the time of the COVID-19 
diagnosis (− 2 to +4 weeks); and (2) at least one follow-up chest CT 
scan was available 24 weeks or more after the original diagnosis. Pa-
tients with preexisting interstitial lung disease (ILD)/ ILA were excluded 
due to the difficulty in distinguishing these pre-existing conditions from 
post-COVID-19 lung abnormalities (Co-LA). 

2.2. Demographic and clinical data 

Demographic data including age, sex, body mass index (BMI), 
smoking status, and vaccination status were obtained from the elec-
tronic medical record. The number of hospital stays, hospitalization, ICU 
admission, presence of ARDS, presence of pulmonary embolism (PE), 
platelet, D-dimer, and past medical history such as malignancy, hyper-
tension, diabetes mellitus, coronary artery disease, chronic kidney dis-
ease, lung disease, and all-cause death were also collected as clinical 
data. Lung diseases in this study included asthma, chronic obstructive 
pulmonary disease, lung cancers, and lung surgery. 

2.3. CT scans of chest 

Chest CT scans were performed using standard chest CT protocols at 

our institute with or without administration of the intravenous contrast. 
Images were reconstructed with a slice thickness from 1 to 3 mm, and all 
the section CT images were reviewed in a lung window: window width 
of 1000–2000 Hounsfield units; window level of − 700 to − 500 
Hounsfield units. 

2.4. Image evaluation and classification 

Initial CT scans were classified into 6-point-scale scores as Initial CT 
Scores, which is a modified method of the pattern categorization by Jin 
et al. [16]: 0: No Pneumonia (Estimated Extent, 0%), 1: GGO (<10%), 2: 
Transition from GGO to OP patten (10–20%), 3: OP patten (20–40%), 4: 
Extensive OP pattern (40–70%), and 5: diffuse alveolar damage (DAD) 
pattern (>70%) (Table 1) [17]. Two thoracic radiologists (HT, HH) 
independently reviewed and scored all available CT scans within the − 2 
to + 4 weeks window of COVID-19 diagnosis. The maximal severity CT 
score (Pneumonia Score) was determined using the highest score of 
serial CT scans in each patient. Pneumonia Scores were further classified 
into three Pneumonia Severity Categories as follows: 1) no pneumonia 
(Pneumonia Score = 0); 2) non-extensive pneumonia (Pneumonia Score 
= 1, 2, or 3); and 3) extensive pneumonia (Pneumonia Score = 4 or 5). 
Interobserver agreement of Pneumonia Severity Categories was also 
calculated. 

Follow-up CT images were categorized on a three-point-scale score, 
referred to here as the Co-LA Score: 0, No Co-LA, 1, Indeterminate Co- 
LA, and 2, Co-LA. Co-LA Score is defined by applying the framework 
of ILA [12,13]. Briefly, ILA is defined as incidental CT findings of 
non-dependent abnormalities affecting more than 5% of any lung zone 
(upper, middle, and lower lung zones are demarcated by the levels of the 
inferior aortic arch and right inferior pulmonary vein) on chest CT, 
where interstitial disease was not previously suspected [12]. The find-
ings include ground-glass or reticular abnormalities, lung distortion, 
traction bronchiectasis/bronchiolectasis, honeycombing, and 
non-emphysematous cysts [12,13]. Co-LA was subcategorized according 
to the presence/absence of fibrotic change: fibrotic or non-fibrotic Co-LA 
by the same two experienced thoracic radiologists mentioned above 
(HT, HH). 

In the event of discrepancy between the readings for the Initial CT 
Score or Co-LA Score, a third experienced thoracic radiologist (MN) 
reviewed the corresponding cases and determined the final score. The 
interobserver agreement of the Co-LA Score was calculated. 

Table 1 
Pneumonia Score: CT severity score based on pattern and extent of COVID-19.  

Pneumonia Score Pattern Estimated Extent* 

0 No pneumonia 0% 
1 GGO < 10% 
2 Transition from GGO to OP patten 10–20% 
3 OP patterny 20–40% 
4 Extensive OP pattern 40–70% 
5 DAD pattern‡ > 70% 

GGO, ground-glass opacity; OP, organizing pneumonia; DAD, diffuse alveolar 
damage; 
AIP, acute interstitial pneumonia 
*Extent was estimated based on the percentage of lung involvement in the entire 
bilateral lungs 
yOP patten is characterized by multifocal bilateral parenchymal consolidation 
‡DAD pattern is characterized by diffuse or multifocal GGOs/consolidation 
predominantly in dependent lung region, may be accompanied by lung volume 
loss and traction bronchiectasis 
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2.5. Statistical analyses 

Numeric values were expressed as follows; mean ± standard devia-
tion with normal distribution and median (interquartile range) with 
non-normal distribution. Categorical data including sex, smoking his-
tory, death, all-cause ICU admission, presence of PE, lung disease, ARDS, 
and past medical history among three groups by Co-LA Score were 
assessed using Fisher’s exact test. Age and BMI among three groups were 
examined with one-way ANOVA, while platelet, D-dimer, and hospital 
stays were examined with the Kruskal-Wallis test by ranks. The con-
tingency table of Co-LA vs Pneumonia Score was described. The differ-
ence of distribution according to Co-LA Score was also examined with 
Fisher’s exact test. Co-LA Score was assessed with a multivariate linear 
regression analysis to confirm the presence or absence of confounder 
factors. Statistical analyses were conducted with R 4.0.4. Two-sided P 
values less than 0.050 were considered statistically significant. 

3. Results 

3.1. Inclusion criteria of the cohort 

We first identified 1242 patients diagnosed with COVID-19 utilizing 
our institutional research patient data repository (RPDR). The flow chart 
for inclusion/exclusion criteria is shown in Fig. 1. Four hundred twenty- 
five cases were excluded because of the following reasons: no available 
chest CT scans (n = 334), restricted data access (n = 63), unconfirmed 
COVID-19 test results (n = 28). As such, 817 COVID-19 patients with at 
least one available CT scan were identified. An additional 269 cases 
were excluded because they had no CT scan in a six-week window (− 2 to 
+4) around diagnosis, and another 20 due to preexisting interstitial lung 
disease (ILD) or ILA (n = 17), lung transplant after COVID-19 infection 
(n = 1), and post cardiac arrest (n = 2). As a result, 528 COVID-19 pa-
tients were identified who had at least one appropriate initial CT scan, 
but 396 of these did not have a CT scan 6 months or more after diagnosis 
and were thus excluded. Ultimately, a total of 132 COVID-19 patients 
(62.9 ± 14.2 years old; 57 males) were included in this study. Fig. 2 
shows typical results from a patient with severe COVID-19 pneumonia 
who subsequently developed fibrotic Co-LA with serial CT scans at 1 
month, 10 months and 16 months. 

3.2. Demographic data 

Summarized demographic data for the whole cohort are provided in 
Table S1. The median interval from diagnosis to initial CT was 1.5 days, 

while the median interval to the last follow-up CT was 11.7 months. 
Demographic and clinical data as stratified by Co-LA Score are provided 
in Table 2. Co-LA patients had longer hospital stays (P < 0.001), and 
higher probability of hospitalization (P = 0.002), ARDS (P < 0.001), or 
ICU admission (P = 0.004). There was no difference in presence of PE, 
platelet, D-dimer, comorbidities, and all-cause death among the three 
groups of Co-LA, Indeterminate Co-LA, and No Co-LA. 

3.3. Difference between initial CT score and maximal severity CT score 
(Pneumonia Score) 

Twenty-seven patients (20%) had more than one CT scan within the 
− 2 to + 4 weeks interval from diagnosis. Of these 27 patients, 13 (48%) 
had an increase in pneumonia severity over time, i.e., their maximal 
severity CT score (Pneumonia Score) was not established based on their 
initial CT scan but rather on a subsequent CT scan, which showed signs 
of more severe pneumonia. The relationship between Initial CT Score 
and Pneumonia Score is summarized in Table S2. 

3.4. Pneumonia score and pneumonia severity categories 

Pneumonia Scores were 0 in 33 (25%), 1 in 11 (8.3%), 2 in 27 (20%), 
3 in 14 (11%), 4 in 36 (27%), and 5 in 11 (8.3%), respectively (Table 3). 
Pneumonia Severity Categories were no pneumonia in 33 (25%), non- 
extensive pneumonia in 52 (39%), and extensive pneumonia in 47 
(36%). Interobserver agreement of the Pneumonia Severity Categories 
was substantial (weighted kappa score = 0.71). 

3.5. Co-LA score 

Out of 132 patients, 42 patients (33%) developed Co-LA on the 
follow-up CT scan obtained within 6–24 months. Co-LA Scores were 0 in 
77 (58%), 1 in 13 (10%), and 2 in 42 (32%). (Table 3) Out of 42 patients 
with Co-LA, 22 patients had fibrotic Co-LA and 20 had non-fibrotic Co- 
LA. Interobserver agreement of Co-LA was substantial (weight kappa 
score = 0.71). 

3.6. Pneumonia score vs Co-LA score 

The contingency table between Pneumonia Score and Co-LA score is 
shown in Table 3. Co-LA developed in 0 out of 33 patients (0%) with 
Pneumonia Score = 0, 0 out of 11 patients (0%) with Pneumonia Score 
= 1, 4 out of 27 patients (15%) with Pneumonia Score = 2, 5 out of 14 
patients (36%) with Pneumonia Score = 3, 24 out of 36 patients (67%) 

Fig. 1. Inclusion and exclusion criteria.  
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with Pneumonia Score = 4, and 9 out of 11 patients (82%) with Pneu-
monia Score = 5. The higher the Pneumonia Score, the more patients 
developed Co-LA. 

3.7. Pneumonia severity categories vs Co-LA 

Pneumonia Severity Categories and the presence/absence of Co-LA 
and fibrosis is summarized in Table 4. Out of 47 patients with exten-
sive pneumonia, 33 patients (70%) developed Co-LA, of which 18 (55%) 
out of 33 developed fibrotic Co-LA. Out of 52 patients with non- 
extensive pneumonia, 9 patients (17%) developed Co-LA, of which 7 
(78%) out of 9 developed non-fibrotic Co-LA. Out of 33 patients with no 
pneumonia, 0 patients (0%) developed Co-LA. Pneumonia Severity 
Categories demonstrated the different distribution, which was 
confirmed in every two-group comparison (P < 0.001). (Table 4, Fig. 3). 

Fig. 2. An 82-year-old man without vaccina-
tion, lung disease, or smoking history. A. Initial 
CT scan was performed six days after diagnosis. 
Well-defined ground glass opacities (GGOs) 
were extended in subpleural region, while 
central area was spared. Initial CT score and 
Pneumonia Score was 4. B. Follow-up CT at one 
month after diagnosis. The previously identified 
GGOs became denser consolidation with archi-
tectural distortion indicating fibrosis with 
indication of traction bronchiolectasis. C. 
Follow-up CT at ten months after diagnosis. 
GGO and consolidation have decreased. How-
ever, asymmetrical moderate to severe traction 
bronchiectasis/bronchiolectasis has developed 
in subpleural areas. Microcystic honeycombing 
was also suspected. D. Follow-up CT at 16 
months after diagnosis. Subpleural GGO with 
progression of asymmetrical severe traction 
bronchiectasis/bronchiolectasis, consistent 
with fibrotic Co-LA. Co-LA, post-COVID-19 lung 
abnormalities; GGO, ground-glass opacity.   

Table 2 
Demographic data and clinical information stratified by Co-LA Score.   

Co-LA 
(n = 42) 

Indeterminate 
Co-LA (n = 13) 

No Co-LA 
(n = 77) 

P value 

Age, yrs 62.2 ± 15.0 64.2 ± 16.7 63.9 ± 11.8 0.79 
Male 23 (55%) 4 (31%) 30 (39%) 0.17 
BMI, kg/m2 29.9 ± 8.1 28.4 ± 4.4 29.3 ± 6.6 0.76 
Smoking 

history 
Never 
Former/ 
Current 

26 (62%) 
16 (38%) 

8 (62%) 
5 (38%) 

40 (52%) 
37 (48%) 

0.51 

PE 7 (17%) 2 (15%) 7 (9%) 0.50 
Platelet, 103/μL 190 

[144–251] 
(n = 36) 

204 [164–296] 
(n = 10) 

239 
[173–299] 
(n = 59) 

0.14 

D-dimer, ng/ 
mL 

1105 
[874–2020] 
(n = 33) 

1650 
[580–4085] 
(n = 8) 

1590 
[888–3644] 
(n = 47) 

0.51 

Vaccination 2 (5%) 0 (0%) 8 (10%) 0.54 
Hospital stays, 

days 
6 (0–14) 5 (0–9) 14 (8–34) < 0.001 

Hospitalization 40 (95%) 8 (62%) 57 (74%) 0.002 
ICU admission 15 (36%) 1 (8%) 9 (12%) 0.004 
ARDS 22 (52%) 1 (8%) 13 (17%) < 0.001 
Lung disease 16 (38%) 8 (62%) 37 (48%) 0.51 
HT 22 (52%) 8 (62%) 51 (66%) 0.33 
CAD 7 (17%) 1 (8%) 11 (14%) 0.81 
DM 10 (24%) 2 (15%) 15 (19%) 0.77 
CKD 7 (17%) 1 (8%) 10 (13%) 0.75 
Malignancy 25 (60%) 8 (62%) 46 (60%) > 0.99 
All-cause death 2 (5%) 2 (15%) 11 (14%) 0.22 

ARDS; acute respiratory distress syndrome; BMI, body mass index; CAD, coro-
nary artery disease; 
CKD, chronic kidney disease; Co-LA, post-COVID-19 lung abnormalities; DM, 
diabetes mellitus; 
HT, hypertension; PE, pulmonary embolus 

Table 3 
Pneumonia Score vs Co-LA Score.   

Presence/Absence of Co-LA at follow-up CT, n (%) 

Pneumonia 
Score 

Co-LA 
(n = 42) 

Indeterminate Co-LA 
(n = 13) 

No Co-LA 
(n = 77) 

0 0 (0%) 3 (9%) 30 (91%) 
1 0 (0%) 2 (18%) 9 (82%) 
2 4 (15%) 5 (18%) 18 (67%) 
3 5 (36%) 2 (14%) 7 (50%) 
4 24 (67%) 1 (3%) 11 (30%) 
5 9 (82%) 0 (0%) 2 (18%) 

Co-LA, post-COVID-19 lung abnormalities. 

Table 4 
Pneumonia Severity Categories vs Co-LA Scores with presence/absence of 
fibrosis at 6–24 months after diagnosis.   

Presence/absence of Co-LA at follow-up CT, n (%) 

Pneumonia 
Severity 
Categories 

Fibrotic Co- 
LA 
(n = 20) 

Non-fibrotic 
Co-LA 
(n = 22) 

Indeterminate Co- 
LA (n = 13) 

No Co-LA 
(n = 77) 

No pneumonia 0 (0%) 0 (0%) 3 (9%) 30 (91%) 
Non-extensive 

pneumonia 
2 (4%) 7 (14%) 9 (17%) 34 (65%) 

Extensive 
pneumonia 

18 (38%) 15 (32%) 1 (2%) 13 (28%) 

Co-LA, post-COVID-19 lung abnormalities. 
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Similar analyses were performed in the patients with CT scans in 
12–24 months (Table S3, n = 63). The results were consistent among 
three analyses with different timeframes of follow-up CT scans. 

3.8. Association of pneumonia score with Co-LA score 

A multivariable linear regression analysis of the continuous Co-LA 
Score on Pneumonia Score (continuous), adjusted for age, sex, BMI, 
and smoking history, was performed; see the results in Table 5. Pneu-
monia Score was significantly associated with the Co-LA Score 
(P < 0.001) in the presence of these common confounders, confirming 
the results reported in Table 4. 

4. Discussion 

In this study, we present information about the natural progression 
of Covid pneumonia, reporting data on 132 COVID-19 patients who had 
at least one available CT scan within a 6-week window (− 2 to +4 weeks) 
of the diagnosis and at least one follow-up chest CT scan more than six 

months after diagnosis. Of these 132 patients, one-third eventually 
developed Co-LA: 70% of the patients who originally had extensive 
pneumonia, 17% of those with non-extensive pneumonia, and 0% of 
those with no pneumonia. Of the 47 patients with extensive pneumonia, 
18 (38%) went on to develop fibrotic Co-LA. To our knowledge, previous 
reports from China and Europe studied fewer than 120 patients with up 

Fig. 3. Pneumonia Severity Categories vs Co- 
LA. Case 1. 81-year-old woman without vacci-
nation, lung disease, or smoking history. Initial 
CT was performed one day after diagnosis. 
Focal consolidation or ground-glass opacities 
(GGOs) were confirmed mainly in peripheral 
lesions, which is consistent with Pneumonia 
Score 3. On CT scan performed 22 months after 
diagnosis, minimal subpleural GGOs were seen 
in the subpleural region of left lower lobe, 
which is consistent with indeterminate Co-LA. 
Case 2. 42-year-old woman without lung dis-
ease or smoking history. Initial CT scan was 
performed three days after diagnosis. Multiple 
consolidation or ground-glass opacities (GGOs), 
including reversed halo pattern, were 
confirmed mainly in peripheral areas. This case 
is consistent with Pneumonia Score 4. On CT 
scans obtained nine months after diagnosis, all 
the opacities have resolved, which is consistent 
with no Co-LA. Case 3. 56-year-old woman 
with unknown smoking history, and without 
vaccination or lung disease. CT performed 22 
days after diagnosis showed diffuse GGOs or 
consolidations accompanying focal spared 
areas, which is consistent with Pneumonia 
Score 5. On CT scan obtained 16.5 months after 
diagnosis, subpleural linear opacity, GGO, and 
interlobular septal thickening remained in 
subpleural areas. Mild traction bronchiolectasis 
was also identified, consistent with fibrotic Co- 
LA. Co-LA, post-COVID-19 lung abnormalities; 
GGO, ground-glass opacity.   

Table 5 
Multiple linear regression analysis of Co-LA Score on Pneumonia Score, age, sex, 
BMI, and smoking history.   

Estimate Standard error t value P value 

(Intercept)  -0.166  0.503  -0.331 0.74 
Age  0.005  0.005  1.031 0.31 
Sex  0.030  0.134  0.225 0.82 
BMI  -0.006  0.009  -0.670 0.50 
Smoking history  -0.074  0.135  -0.552 0.58 
Pneumonia Score  0.326  0.039  8.377 < 0.001 

Co-LA, post-COVID-19 lung abnormalities. 
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to one year following SARS-CoV-2 infection [4–11,15]. The present 
study represents the first report from a US academic medical center. In 
addition, this study is unique because the study population included a 
wider spectrum of patients who presented with a varying degrees of 
initial lung involvement, ranging from no pneumonia to severe pneu-
monia. In contrast, prior studies investigated only hospitalized patients, 
mostly with severe pneumonia. This retrospective and observational 
study may be valuable when SARS-CoV-2 is changing and evolving 
constantly, which makes prospective study difficult to plan. 

Both the Pneumonia Severity Categories and the Co-LA Score had 
substantial (weight kappa score >0.7) interobserver agreements and 
were considered reproducible, which is one of the important charac-
teristics for the ‘good imaging criteria’. The Pneumonia Score captured 
the severity of the pneumonia more accurately than the Initial CT Score, 
because CT findings of pneumonia sometimes occur with a delay from 
the diagnosis of SARS-CoV-2 infection. (Table S2) We avoided using ILA 
terminology in COVID-19 patients because ILA is defined as an inci-
dental finding [12]. Instead, we coined the term ‘post-COVID-19 lung 
abnormalities’ (Co-LA) for the CT findings observed following 
SARS-CoV-2 infection, even though the image interpretation approach 
was similar to that employed with ILA [12]. Indeed, the CT findings after 
COVID-19 pneumonia in some patients were very similar to those seen 
in ILD [12]. To avoid confusion, the time frame described represents the 
period from date of the diagnosis of SARS-CoV2 infection throughout the 
manuscript. 

Of interest, there were no statistically significant differences in age, 
sex or smoking status among the three groups of Co-LA, Intermediate Co- 
LA, and No Co-LA. As expected, there was highly significant difference in 
hospital stays, hospitalization, ICU admission, and ARDS. There were 
large numbers of patients with underlying lung disease, malignancy, and 
other comorbidities, as could be expected for a study at a tertiary aca-
demic center. Of note, there was a decrease in platelets in the Co-LA 
group, whereas no significant difference was observed in PE or D- 
dimer level among the three groups of Co-LA, Intermediate Co-LA, or No 
Co-LA. Furthermore, no significant difference was observed in the 
prevalence of lung disease, malignancy, and other comorbidities among 
these groups. There was no significant difference in all-cause mortality, 
presumably because only long-term survivors could be selected by the 
present study design. 

When the relationship between Pneumonia Score and Co-LA at 
follow-up CT was investigated in Table 2, more than half of the patients 
with Pneumonia Score 4 and 5 developed Co-LA. Therefore, we cate-
gorized Pneumonia Score 4 and 5 as extensive pneumonia in the 
Pneumonia Severity Categories. The patients with Pneumonia Score 1–3 
were further categorized as non-extensive pneumonia in the Pneumonia 
Severity Categories. Thus, we developed a contingency table between 
Pneumonia Severity Categories and Co-LA in Table 3. The subsequent 
results clearly demonstrated: (1) that 70% of patients with extensive 
pneumonia developed Co-LA, whereas none of the patients without 
pneumonia developed Co-LA: and (2) that 38% of patients with exten-
sive pneumonia developed fibrotic Co-LA, whereas 4% of patients with 
non-extensive pneumonia developed fibrotic Co-LA and none of the 
patients without pneumonia developed fibrotic Co-LA. 

In June 2020, autopsy cases of COVID-19 with pulmonary fibrosis 
were reported; acute DAD with fibrosis accompanying fibroblast and 
honeycombing-like remodeling was seen in histopathological specimen 
of lungs [18]. In COVID-19 cases, remodeling reactions of lungs to 
ARDS/DAD, cytokine storm, thromboembolism or mechanical ventila-
tion can induce fibroblasts, followed by subsequent pulmonary fibrosis 
[19–21]. COVID-19 pulmonary fibrosis shares a variety of characteris-
tics with idiopathic pulmonary fibrosis (IPF), which strengthens the 
association between post COVID-19 pulmonary fibrosis and IPF [22,23]. 

CT images of the case leading to autopsy showed traction bronchi-
ectasis, septal thickening, consolidation with parenchymal change, 
suggesting pulmonary fibrosis [18]. Notably, recent studies have shown 
that more than one third of severe COVID-19 patients had 

fibrotic-change progression in six-month follow-up chest CTs [4,5]. 
Luger et al. have reported that reticulation did not diminish at one-year 
follow-up [11,15]. Our similar analyses in patients with CT scans in 
6–24 months (Table 4, n = 132) and in 12–24 months (Table S3, n = 63) 
reconfirmed the persistent nature of the Co-LA throughout analyses with 
two different timeframes. 

The long-term prognosis of patients with ARDS is poor despite 
improving mechanical ventilation therapy [24]. COVID-19 infection and 
DAD with other causes share the indistinguishable pathological pre-
sentation of DAD [25]. It is well known that ARDS is one of the etiologies 
for the subsequent development of fibrotic lung disease. In our study, it 
was not possible to distinguish between the effect of severe COVID-19 
pneumonia and the effect of ARDS and associated high-concentration 
oxygen administration mechanical ventilation, since the majority of 
the patients with COVID-19 extensive pneumonia had ICU admission 
and ARDS. 

Several papers have reported that COVID-19 and IPF share genetic 
signals [26,27]. However, the association of genetic variants of MUC5B, 
linked to IPF and ILA, seems to confer protection against COVID-19, 
although the combined effect of all other IPF risk loci seem to bring 
higher risks for COVID-19 severity [26–28]. It is important to investigate 
whether patients who developed fibrotic Co-LA might share common 
genetic variants with IPF patients. 

This study had several limitations. First, it is a retrospective study 
from a single institution in the United States. Confirmation of the results 
by multi-center and international studies will be needed in the future. 
Furthermore, the underlying genetic predisposition of patients were not 
included in this study. We plan to investigate the relationship between 
potential genetic markers and the development of Co-LA as a next step. 
In this retrospective study, 106 (64%) out of 166 patients had pulmo-
nary CT angiography for suspected PE inpatients with prolonged 
elevation of D-dimer value and often with symptoms of dyspnea. This 
helps explain why these patients had one or more further CT scans 
prescribed in the next 6–24 months. On the other hand, those who had 
died or discharged hopelessly never obtained the follow-up CT studies. 
Out of 528 patients with an initial CT scan, only 132 (25%) received the 
further CT scan(s) needed for inclusion in this study, which may have 
created a potential bias. It was not possible to differentiate between the 
consequence of severe COVID-19 pneumonia versus ventilator-related 
oxygen toxicity or lung injury, because many of the patients with se-
vere COVID-19 pneumonia did have intubation with ventilator assis-
tance at ICU. It could have been more desirable to have excluded 
ventilated patients focusing on moderate disease: it is conceivable that 
mild-moderate pneumonia will be the most frequent forms following the 
wide spread of vaccination. It is also necessary to conduct a future study 
with a longer observational period to distinguish fibrotic-like scars as 
sequelae of acute inflammatory damage from slowly progressive 
fibrosing tissue remodeling that may have a longer course and more 
subtle evolution. 

In conclusion, higher severity of pneumonia at diagnosis was asso-
ciated with increased likelihood of subsequent development of Co-LA at 
6–24 months following SARS-CoV-2 infection. In patients with no 
pneumonia noted on initial CT scans, none developed Co-LA. Assess-
ment of the presence and severity of pneumonia at diagnosis may help 
optimize monitoring and surveillance strategies for COVID-19 patients, 
especially with regard to the development of Co-LA. 
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