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The COVID-19 pandemic, caused by the novel severe 
acute respiratory syndrome coronavirus type 2 (SARS-

CoV-2), has affected all countries worldwide and has con-
siderably increased the demand for acute and postacute 
health care. As of June 1, 2022, more than 527 million 
COVID-19 cases and 6.2 million COVID-19–related 
deaths have been reported by the World Health Organiza-
tion (https://covid19.who.int/; accessed June 1, 2022).

COVID-19 primarily manifests with pulmonary symp-
toms (1). SARS-CoV-2 mainly spreads via the respiratory 
tract (2) and can cause respiratory symptoms leading to 
respiratory insufficiency. Most patients admitted to the 
hospital display signs of poor oxygenation because of pneu-
monia, which can progress to acute respiratory distress 
syndrome (ARDS) (3). Radiologic appearance of acute 

COVID-19 pneumonia is dominated by ground-glass 
opacities (GGOs) and focal consolidations (4). Histologic 
changes in early stages of COVID-19 pneumonia include 
spots of patchy acute lung injury with alveolar type II cell 
hyperplasia and enlarged interalveolar capillaries, with-
out evidence of hyaline membranes (5). Follow-up CT  
performed 4–10 weeks after COVID-19 pneumonia  
infection shows pulmonary parenchymal abnormalities 
in 45%–63% of patients (6,7). However, the long-term  
pulmonary outcome is not well known (8).

COVID-19 is expected to have a large impact on health 
care systems because of its potential long-term pulmonary 
sequelae (9). In the Austrian state of Tyrol, an observa-
tional study on the development of interstitial lung disease 
in patients with SARS-CoV-2 infection (CovILD) was 

Background:  The long-term pulmonary sequelae of COVID-19 is not well known.

Purpose:  To characterize patterns and rates of improvement of chest CT abnormalities 1 year after COVID-19 pneumonia.

Materials and Methods:  This was a secondary analysis of a prospective, multicenter observational cohort study conducted from April 
29 to August 12, 2020, to assess pulmonary abnormalities at chest CT approximately 2, 3, and 6 months and 1 year after onset of 
COVID-19 symptoms. Pulmonary findings were graded for each lung lobe using a qualitative CT severity score (CTSS) ranging 
from 0 (normal) to 25 (all lobes involved). The association of demographic and clinical factors with CT abnormalities after 1 year 
was assessed with logistic regression. The rate of change of the CTSS at follow-up CT was investigated by using the Friedmann test.

Results:  Of 142 enrolled participants, 91 underwent a 1-year follow-up CT examination and were included in the analysis (mean 
age, 59 years 6 13 [SD]; 35 women [38%]). In 49 of 91 (54%) participants, CT abnormalities were observed: 31 of 91 (34%) 
participants showed subtle subpleural reticulation, ground-glass opacities, or both, and 18 of 91 (20%) participants had extensive 
ground-glass opacities, reticulations, bronchial dilation, microcystic changes, or a combination thereof. At multivariable analysis, 
age of more than 60 years (odds ratio [OR], 5.8; 95% CI: 1.7, 24; P = .009), critical COVID-19 severity (OR, 29; 95% CI: 4.8, 
280; P , .001), and male sex (OR, 8.9; 95% CI: 2.6, 36; P , .001) were associated with persistent CT abnormalities at 1-year 
follow-up. Reduction of CTSS was observed in participants at subsequent follow-up CT (P , .001); during the study period, 49% 
(69 of 142) of participants had complete resolution of CT abnormalities. Thirty-one of 49 (63%) participants with CT abnormali-
ties showed no further improvement after 6 months.

Conclusion:  Long-term CT abnormalities were common 1 year after COVID-19 pneumonia.
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ineers) without contrast agent administration or electrocar-
diographic gating. Examinations were performed at full in-
spiration. Scans were obtained with 0.6-mm collimation and 
a spiral pitch factor of 1.1 in the craniocaudal direction and 
in a low-dose setting (100-kVp tube potential, 50 mAs). Ax-
ial reconstructions were performed with a section thickness of 
1 mm and a section interval of 0.8 mm; sagittal and coronal 
reconstructions were performed with 3-mm section thickness 
using hard (I30f ) and soft (I50f ) kernels.

CT Analysis
All CT images were reviewed independently by three radi-
ologists (G.W., A.K.L, C.S.; 16, 8, and 3 years of experience 
in thoracic radiology, respectively), and discrepancies were 
resolved by consensus. Readers were blinded to the partici-
pants’ initial and subsequent clinical presentation but were 
allowed to review the CT scans obtained at the previous 
follow-up visits. In a subgroup of participants (n = 48), a 
chest CT scan was available upon initial hospital admission. 
CT scans, which had been assessed during the acute phase of 
the disease, were additionally analyzed for radiologic findings 
typical of ARDS or organizing pneumonia patterns. ARDS 
was defined by radiologic diffuse alveolar damage patterns 
(ie, geographic or diffuse GGO) or consolidations involving 
large parts of the lung. Lower lobe predominance, interlobu-
lar septal thickening, and “crazy paving” pattern were also at-
tributed to ARDS (10). Diagnosis of organizing pneumonia 
was based on the presence of GGOs; airspace consolidation 
in subpleural, basal, or peribronchial distribution; or both 
and was further characterized by the typical arcadelike sign or 
atoll sign (11). In addition, the recently described vessel tree-
in-bud sign in COVID-19 pneumonia was considered (12).

Pulmonary findings were graded for each lobe using a 
previously published CT severity score (CTSS): 0, none; 1, 
minimal (subtle GGO, very few findings); 2, low (several 
GGOs, subtle reticulation, or both); 3, moderate (multiple 
GGOs, reticulation, and/or small consolidation); 4, marked 
(extensive GGOs, consolidation, and/or reticulation with 
distortion); and 5, massive (massive findings, parenchymal 
destructions, or both). The maximum score was 25 (ie, max-
imum score of five per lobe [7]). We considered structural 
alterations as CT abnormalities only if they were confirmed 
to be in the same location as the initial CT findings in the 
affected lung areas.

In addition, the Syngo.via CT Pneumonia Analysis (ver-
sion 2; Siemens Healthineers) research prototype for the de-
tection and quantification of abnormalities at chest CT con-
sistent with pneumonia was used to evaluate the percentage 
of opacity (corresponding to GGO) and high opacity (cor-
responding to consolidation) (7).

Statistical Analyses
Data were analyzed with R software, version 4.0.5, with 
tidyverse environment and ggplot2 package for result visu-
alization (pipeline available at GitHub: https://github.com/
PiotrTymoszuk/radio_CovILD). Normality of variables and 
model residuals was assessed with qq plots and the Shapiro-

designed to prospectively evaluate pulmonary recovery after the 
first COVID-19 wave. In this report, we aim to characterize pat-
terns and rates of improvement of chest CT abnormalities 1 year 
after COVID-19 pneumonia.

Materials and Methods

Study Design and Participants
The CovILD study was a prospective, multicenter observa-
tional cohort study (ClinicalTrials.gov, NCT04416100) con-
ducted from April 29 to August 12, 2020, to assess the extent 
of abnormalities seen on chest CT scans. Follow-up visits 
were scheduled at 2, 3, and 6 months and 1 year after initial 
COVID-19 symptoms; however, deviations of up to 20 days 
due to clinical or logistic reasons were accepted. Low-dose 
chest CT (effective dose ,0.5 mSv0) was performed at every 
follow-up visit.

Participants aged at least 18 years who experienced mild 
to severe COVID-19 were screened consecutively at the study 
centers (Medical University of Innsbruck; REHA Center 
Münster, Münster, Austria; St Vinzenz Hospital). Patients 
were excluded if they declined to participate in the study or 
if their CT images were of poor quality. Disease severity was 
graded clinically as mild (outpatient care), moderate (hospi-
talization, without respiratory support), severe (hospitaliza-
tion, in need of oxygen supply), or critical (treatment in the 
intensive care unit [ICU] and need for invasive or noninva-
sive ventilation) (7).

The study was conducted in accordance with the Declara-
tion of Helsinki and European Data Policy. All participants gave  
informed written consent. The institutional review board at 
Innsbruck Medical University approved the study (approval 
number, 1103/2020).

CT Acquisition Parameters
CT scans were acquired with a 128-section multidetector 
CT scanner (SOMATOM Definition Flash; Siemens Health-

Abbreviations
ARDS = acute respiratory distress syndrome, CTSS = CT severity score, 
GGO = ground-glass opacity, ICU = intensive care unit, OR = odds ratio, 
SARS-CoV-2 = severe acute respiratory syndrome coronavirus type 2

Summary
One year after the onset of COVID-19 pneumonia, chest CT demon-
strated abnormalities, such as subtle subpleural reticulations, ground-
glass opacities or both, in 54% of participants.

Key Results
	N A total of 91 study participants were evaluated longitudinally with 

chest CT until 1 year after the onset of COVID-19; at 1 year, CT 
abnormalities were present in 54% (49 of 91) of participants.

	N CT abnormalities decreased at subsequent follow-up examination; 
however, 63% (31 of 49) of participants showed no further improve-
ment after 6 months.

	N In multivariable analysis, age older than 60 years (odds ratio [OR], 
5.8; P , .001), critical COVID-19 severity (OR, 29; P , .001), 
and male sex (OR, 8.9; P , .001) were associated with persistent 
CT abnormalities at 1 year.
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Wilk test, and homoscedasticity was assessed with the Levene 
test. Non–normally distributed parameters of age (stratifi-
cation cutoff of 60 years), body mass index (cutoffs of 25  
and 30 kg/m2), and smoking history (cutoffs of 0, 1, 10, and 
20 pack-years) were categorized.

Differences in frequencies of clinical and CT features  
between the follow-up examinations or COVID-19 severity 
strata were investigated with the x2 test. Risk factors (explana-
tory variables: sex, age, body mass index class, smoking history, 
number of pack-years, acute COVID-19 severity) associated 
with 1-year follow-up CT abnormalities were identified by  
using univariable logistic regression. Factors associated with the 
severity of chest CT abnormality (absent or CTSS of 1–5, 6–10, 
or 11–25) were identified with univariable ordinal logistic re-
gression. Multiparameter models were constructed with Akaike 
information criterion–directed backward-term elimination from 
the full multiparameter model (initial explanatory variables: sex, 
age, body mass index class, smoking history, acute COVID-19 
severity) and 20-fold cross validated. Change in CTSS value over 
time (58 participants with complete longitudinal CT record) 
was investigated by using the Friedman test, and the global effect 
size was estimated by using the Kendall W test. Differences in 
CTSS between consecutive visits were compared with a paired 
Wilcoxon post hoc test and r effect size statistic. Correlation of 

CTSS and percentage opacity was in-
vestigated with the Spearman test. Ef-
fects with a P value less than .05 were 
considered significant.

Results

Participant Characteristics
Of 190 participants who were 
screened, 142 were enrolled and 91 
were included in this secondary anal-
ysis (Fig 1). Mean age of participants 
was 59 years 6 13 (SD), and 35 par-
ticipants were women (38%). Of the 
91 participants, 19 (25%) underwent 
outpatient treatment (mild disease 
severity), 23 (25%) were hospitalized 
without respiratory support (moder-
ate), 23 (25%) were hospitalized in 
need of oxygen supply (severe), and 
26 (29%) underwent treatment in an 
ICU (critical) (Table 1).

Chest CT Abnormalities at 12 
Months after COVID-19
Forty-nine of 91 participants (54%) 
who attended the 1-year follow-up 
visit displayed pulmonary CT abnor-
malities. The predominant pulmonary 
abnormalities were GGOs in 44% (40 
of 91) of participants and subpleural 
reticulations in 44% (40 of 91). The 
combination of both patterns was 

found in 34% (31 of 91) of participants. In a minor percentage 
of participants, subpleural curvilinear lines (four of 91 [4%]) 
and bronchial dilation (nine of 91 [10%]) were observed. No-
tably, none of the participants had honeycombing. Table 2 lists 
all pulmonary changes for each follow-up examination.

Of the 49 participants with CT abnormalities at the 1-year 
CT examination, two (4%) had undergone outpatient treatment 
only, whereas 25 (51%) received care in a general hospital ward 
and 22 (45%) had undergone treatment in the ICU. Of those 
who had been in an ICU, 21 of 22 (95%) had been intubated.

After 1 year, 34% (31 of 91) of participants showed mini-
mal CT abnormalities, reflected by a CTSS of 1 or greater 
per lobe, with a total score of 5 or less. In these participants, 
chest CT revealed subtle reticulations, GGOs, or both. In 
20% (18 of 91) of participants, CTSS was greater than 5 and 
CT depicted marked reticulation, extensive GGO, parenchy-
mal distortion, bronchial dilatation, microcystic changes, or a 
combination thereof. CTSS is shown in Figure 2.

The CT abnormalities of pure GGO, reticulations, or 
both found in 49 participants at the first follow-up examina-
tion resolved entirely in 39% (19 of 49) of participants at 1 
year. By contrast, all 19 participants (100%) with consolida-
tion or bronchial dilation or organizing pneumonia pattern at 
2 months also showed CT abnormalities after 1 year.

Figure 1:  Study flowchart. Hospitalized patients were consecutively enrolled. Persistent symptoms of  
participants with outpatient treatment were defined by persistent dyspnea, cough, or impaired performance status. 
PCR = polymerase chain reaction.
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Factors Associated with CT Abnormalities 1 Year after 
COVID-19
At univariable analysis (Fig 3A), male sex, age older than 60 
years, and moderate, severe, or critical COVID-19 were as-
sociated with greater likelihood of CT abnormalities at 1 year  
follow-up. At multivariable analysis, age older than 60 years (odds 
ratio [OR], 5.8; 95% CI: 1.7, 24; P = .009), critical COVID-19 
severity (OR, 29; 95% CI: 4.8, 280; P , .001), and male sex 
(OR, 8.9; 95% CI: 2.6, 36; P , .001) were associated with per-
sistent CT abnormalities at 1 year (reference standard: female 
sex, noncritical COVID-19, and age  60 years) (Fig 3B).

CT results at 1-year follow-up assessed with the CTSS gener-
ally paralleled the preceding findings (Fig E1 [online]). In the 
multivariable analysis, participants with critical COVID-19, 
male participants, and participants older than 60 years had a 
higher risk of developing more severe CT abnormalities than 
did participants in the reference group (female sex, noncritical  
COVID-19, and age  60 years).

Rate of Change of CT Abnormalities
Most participants showed gradual improvement of pulmonary 
injury on subsequent follow-up CT scans (Fig 4). The median 
CT severity scores were 8.5, 3.0, 2.0, and 1.0 at follow-up CT 
at 2, 3, and 6 months and 1 year, respectively (Fig 5). The rate 
of recovery from chest CT abnormalities in the whole cohort 
was slower between 1-year and 6-month follow-up (r = 0.84,  
P , .001) compared with the early convalescence phase (3 vs 2 
months: r = 0.47, P = .002). Participants recovering from severe 
or critical COVID-19 had both higher CTSS values and higher 
rate of overall CTSS improvement (Kendall W correlation: se-
vere COVID-19, W = 0.79; critical COVID-19, W = 0.88) 
compared with mild or moderate disease (mild COVID-19,  
W = 0.48; moderate COVID-19, W = 0.61) (Fig 5).

In 44% (40 of 91) of participants, CT abnormalities re-
solved completely. In 63% (31 of 49) of participants with CT 
abnormalities, these CT abnormalities did not improve after 6 

Table 1: Baseline Characteristic of 91 Study Participants 
with 12-month Follow-up CT

Characteristic Value
Female sex 35 (38)
Age (y) 57 (51–70)*
Age . 60 years 37 (41)
Smoking history
  Never smoked 60 (66)
  Ex-smoker 28 (31) 
  No. of pack-years in ex-smokers 16 (7.5–25)*
Body mass index (kg/m2) 26 (24–29)*
  Normal 34 (37)†

  Overweight 39 (43)†

  Obese 18 (20)†

Complications
  Pulmonary embolism 1 (1.1)
  Heart failure 0
  Outpatient treatment 19 (21)
  Hospitalization 72 (79)
  Normal ward 46 (51)
  Intensive care unit 26 (29)
  Oxygen supply 49 (54)
  Noninvasive ventilation 3 (3.3)
  Invasive ventilation 20 (22)
  ECMO 1 (1.1)
Disease severity
  Mild 19 (21)
  Moderate 23 (25)
  Severe 23 (25)
  Critical 26 (29)

Note.—Except where indicated, data are numbers of participants, 
with percentages in parentheses. ECMO = extracorporeal 
membrane oxygenation.
* Data are median, with interquartile range in parentheses.
† Body mass index: normal, ,25 kg/m2; overweight, .25 kg/m2; 
obese, .30 kg/m2.

Table 2: Lung CT Abnormalities at Follow-up Visits

CT Feature
2-month CT  
(n = 76)*

3-month CT  
(n = 86)*

6-month CT  
(n = 70)*

1-year CT  
(n = 91)* P Value†

Any abnormality 58 (76) 54 (63) 47 (67) 49 (54) .02
GGO 56 (74) 50 (58) 39 (56) 40 (44) .002
Reticulation 44 (58) 45 (52) 39 (56) 39 (43) .21
Consolidation 10 (13) 6 (7) 1 (1.4) 1 (1.1) .002
Bronchial dilatation 8 (11) 6 (7) 6 (8.6) 8 (8.8) .89
“Crazy paving” pattern 1 (1.3) 0 (0) 0 (0) 0 (0) .36
ARDS pattern 0 (0) 0 (0) 0 (0) 0 (0)
Organizing pneumonia  

pattern
6 (7.9) 6 (7.1) 2 (2.9) 0 (0) .04

Subpleural curvilinear  
lines

27 (36) 27 (32) 16 (23) 5 (5.5) ,.001

Note.—Data are numbers of participants, with percentages in parentheses. ARDS = acute respiratory distress syndrome, GGO = ground-
glass opacity.
* Data are percentages of the complete cases at the time point, and data in parentheses are numbers of participants.
† x2 test for differences between the follow-up examinations.



Chest CT of Lung Injury 1 Year after COVID-19 Pneumonia

466	 radiology.rsna.org  n  Radiology: Volume 304: Number 2—August 2022

months; this finding was confirmed with a side-by-side compari-
son of the CT scans.

Performance of Software-based Opacity Detection of CT 
Abnormalities
In general, the software-based automated opacity quantifica-
tion displayed high concordance with radiologist-assessed CTSS  
(r  0.81) (Fig E2 [online]). However, especially for the later 
follow-up studies, the software did not recognize up to 14% of 
CT abnormalities.

Subgroup Analysis of Participants with CT Scans during 
Acute COVID-19 Disease
Chest CT scans obtained during acute COVID-19 were avail-
able in 48 participants. Of these, three (6%) had mild, seven 
(15%) had moderate, 18 (38%) had severe, and 20 (42%) had 
critical COVID-19. Acute-phase CT showed an ARDS pat-
tern in 13 (27%), organizing pneumonia in 18 (38%), and a 
“crazy paving” pattern in nine (19%) participants. A vessel tree-
in-bud sign (13) (recently described as an abnormal feature of 
COVID-19) was not present. All 13 participants (100% [13 of 
13]) with an ARDS pattern on acute CT scans had persistent 
CT abnormalities at 1 year; 21 of 32 (62%) participants without 
ARDS had persistent CT abnormalities at 1 year.

Discussion
In this secondary analysis of participants with COVID-19 
pneumonia and 1 year of chest CT follow-up, we frequently 
found areas of persistent interstitial lung abnormalities. In 
49 of 91 (54%) participants, chest CT findings were ob-
served: 31 of 91 (34%) participants showed subtle subpleu-
ral reticulation, ground-glass opacities (GGOs), or both, 
and 18 of 91 (20%) participants had extensive GGOs, 
reticulations, bronchial dilation, microcystic changes, or a 
combination thereof.

Critical acute COVID-19 (OR, 29; 95% CI: 4.8, 280;  
P , .001), male sex (OR, 8.9; 95% CI: 2.6, 36; P , .001), and 
age older than 60 years (OR, 5.8; 95% CI: 1.7, 24; P = .009) 
were independent predictors of persistent structural lung abnor-
malities. During the study period, 44% (40 of 91) of participants 
showed complete resolution of CT abnormalities. Thirty-one 
of 49 (63%) participants with CT abnormalities did not show  
further improvement after 6 months.

With sparsely available long-term data, Wu et  al (13) 
first described persistent radiologic abnormalities in 24% 
of patients 12 months after COVID-19. They consisted 
of GGO (23%), interlobular septal thickening (5%), re-
ticular opacity (4%), subpleural curvilinear opacity (1%), 
mosaic attenuation (4%), and bronchiectasis (1%). In 
contrast, residual parenchymal alterations occurred more 
than twice as frequently in our cohort (54% [49 of 91 par-
ticipants]). Differences in patient selection might have 
contributed to these variations (ie, exclusion of patients 
with ARDS and patients with comorbid conditions in the  
Chinese cohort and treatment in the ICU of 26% of patients 
in the Austrian cohort, as well as different regionally circulat-
ing SARS-CoV-2 subtypes).

Figure 2:  Unenhanced axial (left) and sagittal (right) chest CT scans corre-
sponding to CT severity score. (A) Score of 1: minimal (subtle ground-glass opaci-
ties [GGOs], few findings). Scans show subtle subpleural GGO (arrow) in the 
right and left lower lobes. (B) Score of 2: low (several GGOs, subtle reticulation). 
Scans show several subpleural GGOs and superimposed reticulation (arrow) in 
the right and left lower lobes and the left upper lobe. (C) Score of 3: moderate 
(multiple GGOs, reticulation, small consolidation). Scans show multiple GGOs 
in all lobes. (D) Score of 4: marked (extensive GGOs, consolidation, reticulation 
with distortion). Scans show extensive subpleural GGOs and consolidations  
(arrow) in the dependent lung. (E) Score of 5: massive (massive findings,  
parenchymal destructions). Scans show massive consolidations in the dependent 
lung areas, as well as extensive GGOs in the upper lobes. (Parenchymal  
destruction includes pneumatocele, cavitation, or abscess formation.)
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In our study, most pulmonary alterations regressed, and 44% 
(40 of 91) of study participants had recovered completely at subse-
quent follow-up examinations. However, a substantial number of 
participants (63% [31 of 49]) showed persistent CT abnormalities 
after 6 months. Similarly, Han et al (14) found constant radiologic 
changes in 50% (31 of 62) of participants after 12 months.

A long-term study, which followed patients for 15 years after 
severe acute respiratory syndrome coronavirus type 1 (SARS-
CoV-1) infection, found improvement of fibroticlike changes 
mainly in the 1st year after disease and stable fibroticlike changes 
over the remaining 14 years (15).

Despite the shorter follow-up period in our cohort, the 
observed temporal resolution is consistent with these previous 

findings, suggesting persistent but stable CT abnormalities 
after COVID-19. However, because of the far smaller case 
numbers of SARS-CoV-1 infection and the broad spectrum 
of SARS-CoV-2 infection, a direct comparison should be con-
sidered with caution at this point of the ongoing pandemic.

To evaluate the extent of pulmonary alterations, recent  
COVID-19 studies used a semiquantitative CT score, consisting 
of five groups delineated according to the percentage of affected 
lung parenchyma (,5%, 5%–25%, 26%–50%, 51%–75%, 
.75%) (16). However, from our experience, it was difficult to 
estimate the extent of subtle GGO and almost impossible to 
estimate the percentage of irregular lines, subpleural lines, or 
interlobular septal thickening, which were the most common 

Figure 3:  Risk of developing persistent CT abnormalities at 1-year follow-up. 
Odds ratio (OR) significance was determined with the Wald Z test. ORs with 
95% CIs are presented in a forest plot. Numbers of complete observations and 
the reference levels of the explanatory variables are indicated on the y axis. 
Orange indicates positive correlation, and gray indicates not significant or refer-
ence. BMI = body mass index, Ref. = reference. (A) Univariable analysis. Risk 
factors for developing any lung CT abnormalities at 1-year follow-up were iden-
tified with logistic regression. (B) Multivariable analysis. Independent risk factors 
for lung CT abnormalities were identified with multiparameter logistic regression 
with backward elimination.
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signs of CT abnormalities in our cohort. Furthermore, the soft-
ware-based quantitative evaluation lacked sensitivity for those 
subtle radiologic changes. The clinical effect of these mild find-
ings might be gained by their comparison with the pattern of 
interstitial lung abnormalities, which have already been shown 
to potentially progress to pulmonary fibrosis (17).

We analyzed whether the development of CT abnormali-
ties could be associated with imaging markers or disease sever-
ity. Notably, CT findings, which were assessed at acute or early 
postacute follow-up (2 months after symptom onset), allowed 
reliable prediction of CT abnormalities. Similarly, Han et al (18) 
found an association between ARDS and the presence of fibroti-
clike changes after 6 months. This observation might be of clini-
cal importance because it revealed CT patterns at an early point 
in the disease course that might provide a profound basic prin-
ciple for future therapeutic intervention studies (eg, the evalua-
tion of anti-inflammatory or antifibrotic medication regimens to 
prevent marked residues).

Only half of the participants with CT abnormalities in the 
long-term follow-up received care in an ICU during the acute 
phase of disease. The remaining 50% received care in a general 
ward or even in an outpatient care setting. This demonstrates that 
long-term CT abnormalities are not an exclusive feature found 
only after critical COVID-19; this finding also correlates with the 
results of Wu et al (13). Persistent pulmonary abnormalities after 
ARDS have thus far been explained by the pulmonary disease 
itself and by the harmful effects of mechanical ventilation (19). 
However, the hypothesis of specific COVID-19–triggered inter-
stitial lung disease has recently been established (20). Our find-
ings provide additional evidence that independent of progressing 
to ARDS or barotrauma, the natural course of COVID-19 pneu-
monia itself contributes to the structural lung damage.

Our study had several limitations. We did not correlate CT 
abnormalities with lung function testing, which will be required 
to understand the clinical outcome of these structural alterations. 
Approximately one-third of patients were lost to follow-up at 12 

Figure 4:  Serial unenhanced axial chest CT scans in three study participants with previous COVID-19 pneumonia. (A–C) Scans in a 44-year-old man. During acute 
COVID-19, scan shows extensive bilateral ground-glass opacities (GGOs) and subpleural reticulation (A). At 2-month follow-up, almost complete resolution of GGOs 
with residual subpleural reticulation in the middle lobe is noted (B). These subpleural reticulations (arrow) persisted up to 1 year after onset (C). (D–F) Scans in a 68-year-
old-man. During active infection, scan shows patchy bilateral consolidations, a subpleural arcadelike sign, and pleural effusions (D). At 2-month follow-up, a substantial 
improvement in organizing pneumonia pattern is seen, with GGO and subpleural reticulation, including arcadelike sign (arrowhead) in the left lower lobe (E). At 1-year 
follow-up, further improvement is seen, but subtle reticulation and GGO can still be detected (F). (G–I) Scans in a 79-year-old man. During admission to intensive care unit, 
scan shows bilateral consolidations and small areas of GGO (G). At 2-month follow-up, residual GGO and small subpleural microcystic changes (arrow) are seen (H), 
and persisted up to 1 year after onset (I).
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Figure 5:  Change in CT severity score (CTSS) over time. CTSS kinetic at the 
consecutive time points was investigated with the Friedman test (grouping by the 
individual) in the entire cohort and the acute COVID-19 severity subsets. The effect 
size was determined by using the Kendall W test, and differences between time points 
were compared by using the paired Wilcoxon test. Plots display individual CTSS 
value trajectories as thin gray lines, thick colored lines represent medians, and inter-
quartile ranges are presented as colored regions. P values of the Friedman test and 
the Kendall W statistic are presented in the plot captions. Numbers of individuals with 
the complete set of consecutive CT scans are shown under the plots.

months, with unknown bias on study results. Study participants 
were recruited during the first wave of the pandemic in Europe 
(March–June 2020), and treatment algorithms have changed 
over time. For instance, corticosteroids are now recommended for 
severe COVID-19 to ameliorate acute inflammatory responses. 
None of the participants in our study received corticosteroids in 

the early phase of infection. Finally, interstitial lung abnormalities 
may be present in approximately 10% of the population (21). To 
distinguish pre-existing interstitial lung abnormalities from CT 
abnormalities after COVID-19, we considered structural abnor-
malities as postinfectious CT abnormalities only if they were con-
fined to lung areas previously affected by COVID-19 pneumonia.

In conclusion, our results emphasize early and longitudinal 
monitoring of participants with COVID-19. Unfortunately, there 
is still an urgent need for further studies focusing on histologic and 
clinical correlations within the first 3 months after COVID-19 
infection to identify participants who are at risk for developing CT 
abnormalities and who would benefit from early tailored therapy.
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