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Abstract

AIM: We investigated the serial changes of chest computed tomography (CT) in patients with coronavirus 
disease-2019 (COVID-19) presenting with viral-induced lung damage on follow-up CT.

METHODS: We evaluated 66 patients with confirmed COVID-19, who had undergone at least two chest CTs from 
February 24 to April 21, 2020. Nine patients also had a third CT. All patients demonstrated viral-induced lung damage 
(organizing pneumonia-like pattern) on second CT. The involvement pattern of each lobe and the extent of infiltration 
(based on CT score) were assessed on serial CTs to determine changes throughout the disease course. Patients’ 
demographic and clinical data and final outcome were also recorded.

RESULTS: Mean age (standard deviation [SD]) of patients was 56.04 (15.2) years old; 51.5% were male. About 
93.9% of patients had survived. Mean (SD) interval between the first and second CT and second and third CT was 
7.6 (5.9) and 16.8 (8.3) days, respectively. The extent of total lung involvement was significantly higher in the second 
CT compared with the first CT (p < 0.001) and also increased non-significantly in the third CT (p = 0.29). The right 
lower lobe persistently had the highest CT score through the disease course.

CONCLUSION: Evaluation of serial CT imaging can reveal information regarding the stage of COVID-19, thus 
providing help for appropriate treatment planning.
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Introduction

The diagnosis of coronavirus (CoV) 
disease-2019 (COVID-19) is confirmed through 
real-time reverse transcriptase-polymerase chain 
reaction assay (RT-PCR) of upper respiratory tract 
specimens [1], but imaging modalities have also 
proved to be helpful for the diagnosis of COVID-19. 
In particular, computed tomography (CT) imaging is 
capable of monitoring disease progression and clinical 
response in COVID-19 [2], [3].

It is currently evident that COVID-19 is 
mainly associated with respiratory distress and acute 
lung injury; however, the long-term sequelae of 
COVID-19 on the lung parenchyma and pulmonary 
function are not yet clear. A study on patients 
recovered from nosocomial severe acute respiratory 
syndrome (SARS) infection showed that even after 
15 years of follow-up, chest CT abnormalities were 
not completely resolved, and residual lesions still 
existed on imaging [4]. Organizing pneumonia 

(OP) is a radio-histologic pattern commonly formed 
subsequent to lung damage in patients with focal 
or diffuse lung injury [5]. Many etiologies contribute 
to the secondary OP, among them, viral pneumonia 
such as H1N1 influenza, SARS-CoV, and Middle East 
respiratory syndrome-CoV [6], [7], [8]. Several studies 
have already reported the presence of viral-induced 
lung damage (OP-like pattern) in patients infected 
with SARS-CoV-2 [9], [10]. A diverse range of clinical 
outcomes is observed in patients with viral-induced 
lung damage (OP-like pattern), ranging from complete 
resolution of lesions to more severe progressive 
consequences such as pulmonary fibrosis [11], [12]. 
Hence, in patients who have developed viral-induced 
lung damage (OP-like pattern), CT is useful for 
determining the outcomes of lung involvement and 
defining patients’ long-term prognosis. Herein, we 
aimed to evaluate serial changes of CT imaging in 
hospitalized patients with confirmed COVID-19 who 
had manifested with viral-induced lung damage 
(OP-like pattern) on their second CT scan.
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Materials and Methods

Study design and participants

In this retrospective study, we evaluated 66 
adult patients (age >18 years old) with a laboratory-
confirmed diagnosis of COVID-19, who were 
hospitalized in our referral hospital from February 24 
to April 21, 2020, and had underwent at least two CT 
scans. All of the enrolled patients had imaging findings 
consistent with viral-induced lung damage (OP-like 
pattern) on their second CT scan. COVID-19 diagnosis 
was confirmed with positive RT-PCR assay for SARS-
CoV-2 obtained from a nasopharyngeal swab specimen 
and diagnosis of viral-induced lung damage (OP-like 
pattern) was based on consistent imaging findings on 
CT.

All patients underwent the second CT scan 
due to clinical indication. In nine patients, a third CT 
scan had also been performed. According to national 
COVID-19 guidelines, non-contrast low-dose CT was 
performed for all patients with reconstructions of the 
volume at 3 mm–5 mm slice thickness. CT images 
were reviewed by two board-certified radiologists with 
4 and 10 years of experience. Both radiologists were 
blinded to the lab data, clinical features, and patients’ 
diagnosis. Imaging findings were first interpreted 
independently and in case of disagreement, final 
decision was reached by consensus. For reporting 
imaging features, international standard nomenclature 
defined by the Fleischner Society was used [13]. The 
involvement pattern of each specific lobe on the first, 
second, and third CT was recorded to determine serial 
changes of imaging. Furthermore, the extent of lobar 
involvement was assessed using a scoring system as 
follows: a numerical score was assigned to each of 
the five lobes based on the percentage of infiltration in 
each lobe: 0 (none), 1 (1–5%), 2 (6–25%), 3 (26–49%), 
4 (50–75%), and 5 (>75%); total score was obtained 
by summing the scores of all lobes for each patient. 
In addition to imaging findings, patients’ demographic 
and clinical data and final disease outcome were also 
collected.

Statistical analysis

Categorical variables are reported as 
number (percentages) and continuous variables 
are expressed as mean (standard deviation [SD]) 
and range. Normality tests were used to assess 
distribution. Continuous data were compared between 
the groups using t-test and categorical variables were 
compared using Chi-square or Fisher’s exact test. 
Statistical tests were performed by SPSS v.23 (IBM 
Inc., Chicago, IL, USA). p < 0.05 was considered 
statistically significant.

Ethics approval

This study was approved by the ethical review 
board of our institution (Ethics code: IR.SBMU.MSP.
REC.1399.084) and Helsinki Declaration of 1975, as 
revised in 2000. Written informed consent was waived 
due to retrospective nature of study.

Results

Table 1 presents patients’ demographic and 
clinical data. The mean age (SD) of patients was 
56.04 (15.2) years old; 51.5% were male. The most 
common clinical manifestation was respiratory distress 
(93.9%) followed by fever (45.4%). The mean (SD) 
interval from symptom onset to presentation was 7.50 
(4.11) days and the median hospitalization time was 
5 days; however, this duration varied from 1 to 34 days. 
Considering patients’ final outcome, 93.9% had survived 
and six patients had experienced death. Seven patients 
(10.6%) had leukocytopenia (leukocyte <4 × 109/L) 
and elevated CRP level (>50 mg/dL) was observed in 
22/66 (33.3%) patients. More than half of patients had 
co-existing morbidities (51.5%) with hypertension and 
diabetes being the most prevalent (Table 1).

Table 1: Demographic and clinical data of patients (n = 66)

Variable Result
Age, years 56.0 (15.2) 23–93
Gender

Male 34 (51.5)
Female 32 (48.5)

Duration of hospitalization, days 9.65 (7) 1–34
Symptom onset to presentation, days

0–4 9 (13.6)
4–14 51 (77.3)
>14 6 (9.1)

Outcome
Ward 54 (81.8)
Intensive care unit 8 (12.1)
Death 4 (6.1)

Lab data
C-reactive protein (mg/dL) 55.6 (48.4)
Lymphocyte (× 109/L) 1.46 (1.6)
Leukocyte (× 109/ L) 7.29 (6.6)

Comorbidities
Diabetes 18 (27.2)
Hypertension 23 (34.8)
Hyperlipidemia 9 (13.6)
Ischemic heart disease 6 (9.1)
Chronic kidney disease 2 (3)
Other 2 (3)

Presenting symptoms
Fever and chills 30 (45.4)
Respiratory distress 61 (93.9)
Neurologic involvement 7 (10.6)
Gastrointestinal involvement 17 (25.7)

Time from first to second CT (days) 7.6 (5.9) 2–30
Time from second to third CT (days) 16.8 (8.3) 7–30
Continuous data are represented as mean (SD) and range. Categorical data are reported as n (%). aThis 
includes patients presenting with cough or dyspnea. CT: Computed tomography, CI: Confidence interval, 
RUL: Right upper lobe, RML: Right middle lobe, RLL: Right lower lobe, LUL: Left upper lobe, LLL: Left lower 
lobe. SD: Standard deviation

The mean (SD) interval between the first and 
second CT was 7.6 (5.9) days; this duration was 16.8 
(8.3) days for the second and third CT. Table 2 shows 
the extent of lung involvement in each lobe on first, 
second, and third CT. As shown, through different time 
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points, the right lower lobe was involved at a greater 
extent compared with other lobes. More importantly, 
the results of our study showed that the CT score of 
all lobes was significantly higher in the second CT 
compared with the first CT. Furthermore, in patients 
who had undergone a third CT, it was shown that there 
was a greater amount of lung involvement as compared 
with the second CT, although not statistically significant. 

Figure 1: Mean computed tomography (CT) score of each lung lobe 
on first, second, and third CT

Figure 1 shows the median CT score of each specific 
lobe on first, second, and third CT scan. Figure 2 shows 
the total CT score based on the time from admission.

Table 3 shows in detail the serial changes in 
the involvement pattern of each specific lobe. On the 
first CT, ground-glass opacity (GGO) was the main 
involvement pattern in all lobes. The presence of this 
pattern ranged from 56.1% in the right middle lobe to 
75.7% in the right upper lobe. As a show, the pattern 
of viral-induced lung damage (OP-like pattern) tended 
to remain in the majority of patients who had third CT. 
Regarding the changes in lesion distribution, in the first 
and second CT, peripheral distribution was the most 
common; however, there was a shift towards a diffuse 
pattern of involvement in the third CT (Table 4). When 
comparing the presence of other abnormal findings 
(Table 5), there was a substantial increase in the 
number of patients with pleural effusion in the second 
CT compared with the first (1.5% vs. 19.7%).

Discussion

In this study, we aimed to investigate the 
changes in serial chest CT imaging of patients with 
confirmed COVID-19 who, due to clinical indications, 
underwent a second or third follow-up chest CT during 
hospitalization and had developed viral-induced 
lung damage (OP-like pattern) on second CT. In a 
retrospective observation, we found that the total CT 
score as well as the CT score of all five lobes was 
significantly higher in the second CT scans compared 
with that of the initial CT scans, and also those from 
the third CT scans were higher, although not significant, 
than the second CT scans. In both the first and 
second CT scans, the right lower lobe and left lower 
lobe had the highest extent of involvement. This is 
consistent with previous studies that reported a basal 
predominance of pulmonary lesions among patients 
with COVID-19 [14], [15]. Furthermore, viral-induced 
lung damage (OP-like pattern) was most frequently 
seen in the right and left lower lobes, supporting the 
previously described predominance of lower lobes in 
viral-induced lung damage [16].

Viral pulmonary infections can cause 
a pattern of lung injury that is characterized by 
fibroblast proliferation. This pattern, which is seen 
in the organizing phase of diffuse alveolar damage 
and OP, has both histological and radiological 
manifestations [17]. Based on the current evidence, 
COVID-19 infection can similarly result in secondary 

Table 2: Extent of lung involvement based on CT score

Lobe First CT score (n = 66) Second CT score (n = 66) p-value (95% CI)a Third CT score (n = 9) p-value (95% CI)b

RUL 1.98 (0.92) 2.45 (8.98) <0.001 (0.26–0.68) 2.33 (1.00) 0.44 (−0.61–1.27)
RML 1.58 (0.95) 2.02 (0.92) <0.001 (0.23–0.65) 2.44 (1.24) 0.51 (−0.52–0.96)
RLL 2.33 (1.03) 2.89 (0.82) <0.001 (0.29–0.83) 2.78 (0.83) 0.68 (−0.71–0.49)
LUL 1.94 (1.13) 2.53 (0.95) <0.001 (0.33–0.84) 2.67 (0.71) 0.28 (−0.99–0.33)
LLL 2.11 (0.99) 2.76 (0.82) <0.001 (0.40–0.91) 2.56 (1.01) 0.45 (−0.86–0.48)
Total score (range) 9.93 + 3.77 (0–18) 12.65 + 3.07 (4–19) <0.001 (1.75–3.66) 15.55 + 4.03 (11–22) 0.29 (−1.63–4.75)
Data are reported as mean (SD). ap-value (95% CI) represents the statistical difference between first and second CT. bp-value (95% CI) represents the statistical difference between second and third CT. CT: Computed 
tomography, SD: Standard deviation.

Figure 2: Serial changes of total computed tomography score after 
admission (*p-value statistically significant)
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Table 3: Serial changes in CT involvement pattern

Lobe First CT (n = 66) Second CT (n = 66) Third CT (n = 9)
RUL

Primary pattern
GGO 50 (75.7) 14 (21.2) 2 (22.2)
Consolidation 12 (18.2) 11 (16.7) 1 (11.1)
Crazy-paving 1 (1.5) 4 (6.1) -
Reversed-halo 1 (1.5) 11 (16.7) -
Smooth round GGO/consolidation 7 (10.6) 1 (1.5) -
Non-specific pattern of GGO/consolidation 7 (10.6) 2 (3) -
Irregular round GGO/consolidation 8 (12.1) 2 (3) -
Viral-induced lung damage (OP-like pattern) - 40 (60.6) 6 (66.7)
Sub-pleural band - 12 (18.2) 1 (11.1)
PBV opacity - 8 (12.1) 1 (11.1)
Bronchial dilation - 10 (15.2) -
Air space nodule - 4 (6.1) -
Sub-pleural consolidation - 1 (1.5) -
Fibrosing interstitial network - 3 (4.5) 1 (11.1)
Reticulation - - 4 (44.1)
Complete resolution - - 1 (11.1)

RML
Primary pattern

GGO 44 (66.7) 14 (21.2) 4 (44.4)
Consolidation 12 (18.2) 9 (13.6) 1 (11.1)
Crazy-paving 1 (1.5) 2 (3) -
Reversed-halo - - -
Smooth round GGO/consolidation 7 (10.6) - -
Non-specific pattern of GGO/consolidation 9 (13.6) 5 (7.6) -
Irregular round GGO/consolidation 5 (7.6) 2 (3) -
Viral-induced lung damage (OP-like pattern) - 41 (61.2) 5 (55.5)
Sub-pleural band - 5 (7.6) -
PBV opacity - 5 (7.6) -
Bronchial dilation - 19 (28.8) -
Air space nodule - 11 (16.7) 1 (11.1)
Sub-pleural consolidation - - -
Fibrosing interstitial network - 1 (1.5) 1 (11.1)
Reticulation - 5 (7.6) 3 (33.3)
Complete resolution - - -

RLL
Primary pattern

GGO 37 (56.1) 2 (3) 3 (33.3)
Consolidation 22 (33.3) 6 (9.1) 1 (11.1)
Crazy-paving - 2 (3) -
Reversed-halo - 2 (3) -
Smooth round GGO/consolidation 10 (15.2) - -
Non-specific pattern of GGO/consolidation 7 (10.6) - -
Irregular round GGO/consolidation 6 (9.1) - -
Viral-induced lung damage (OP-like pattern) - 56 (84.8) 7 (77.7)
Sub-pleural band 1 (1.5) 25 (37.9) 4 (44.4)
PBV opacity - 9 (13.6) -
Bronchial dilation - 17 (25.7) -
Air space nodule - 1 (1.5) -
Sub-pleural consolidation - 3 (4.5) 1 (11.1)
Fibrosing interstitial network - 7 (10.6) 1 (11.1)
Reticulation - 9 (13.6) 9 (100)
Peri-lobular pattern - 4 (6.1) -
Complete resolution - - -

LUL
Primary pattern

GGO 45 (68.2) 13 (19.7) 3 (33.3)
Consolidation 10 (15.2) 9 (13.6) 1 (11.1)
Crazy-paving 1 (1.5) 2 (3) -
Reverse-halo - 2 (3) -
Smooth round GGO/consolidation 6 (9.1) - -
Non-specific GGO/consolidation 11 (16.7) 5 (7.6) -
Irregular round GGO/consolidation 4 (6.1) 2 (3) -
Viral-induced lung damage (OP-like pattern) - 39 (59.1) -
Sub-pleural band - 11 (16.7) 6 (66.7)
PBV opacity - 10 (15.2) 2 (22.2)
Bronchial dilation - 9 (13.6) -
Air space nodule - 3 (4.5) -
Sub-pleural consolidation - 2 (3) -
Fibrosing interstitial network - 1 (1.5) -
Reticulation - 7 (10.6) -
Peri-lobular pattern - - 3 (33.3)
Complete resolution - - -

LLL
Primary pattern

GGO 38 (57.6) 1 (1.5) 2 (22.2)
Consolidation 20 (30.3) 6 (9.1) -
Crazy-paving 1 (1.5) 2 (3) -
Reversed-halo - 2 (3) -
Smooth round GGO/consolidation 7 (10.6) - -
Non-specific pattern of GGO/consolidation 11 (16.7) 1 (1.5) -
Irregular round GGO/consolidation 6 (9.1) - -
Viral-induced lung damage (OP-like pattern) - 57 (86.4) 9 (100)
Sub-pleural band 1 (1.5) 29 (43.9) 5 (55.5)
PBV opacity - 7 (10.6) -
Bronchial Dilation - 10 (15.2) -
Air space nodule - 4 (6.1) 2 (22.2)
Sub-pleural consolidation - 3 (4.5) 1 (11.1)
Fibrosing interstitial network - 7 (10.6) 1 (11.1)
Reticulation - 9 (13.6) 2 (22.2)
Peri-lobular pattern - 1 (1.5) -
Complete resolution - - -

CT: Computed tomography, GGO: Ground-glass opacity.
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OP [18], [19], [20]. Although the majority of cases 
with OP resolve, irreversible fibrosis occurs in some 
instances [17]. Limited evidence is currently available 
on the pulmonary sequela and residual radiologic 
abnormalities in those who have survived. On the other 
hand, as indicated by studies from previous pandemics, 
resolution of pulmonary imaging abnormalities may 
take several months to even several years [4], [21], 
[22]. In a recently published study by Liu et al., the 
cumulative percentage of complete radiological 
resolution at 3-weeks post-discharge was 53%. They 
concluded that COVID-19-associated pulmonary 
lesions may resolve approximately 2 weeks after 
discharge. In addition, 3 weeks after discharge, GGO, 
and fibrous stripe were the most common radiologic 
findings on CT [23]. Another study investigating the 
time course of chest CT changes during COVID-19 
recovery found that gradual resolution of consolidation 
occurs ≥14 days after symptom onset. In this stage, 
also known as the absorption stage, the chest CT 
scores began to decrease [24]. This is in contrast with 
our study in that the total CT score of the third CT 
scan, which was performed approximately 17 days 
after initial CT, was higher than that of the first and 
second CT scans. Earlier studies on patients with 
COVID-19 reported that maximum lung involvement 
occurs approximately 10 days after the onset of initial 
symptoms [1], [24]. However, in a case report by Duan 
and Qin, GGOs in the right and left lower lobes started 
to resolve at day 7 after admission, while GGOs in 
the right lower lobe completely resolved at day 13 
after admission [25]. These varying findings prompt 
further follow-up studies in convalescent patients after 
COVID-19.
Table 5: Serial changes in abnormal findings of chest CT

Imaging finding First CT (n = 66) Second CT (n = 66)
Cardiomegaly 6 (9.1) 6 (9.1)
Atherosclerotic plaque 23 (34.8) 22 (33.3)
Pleural effusion 1 (1.5) 13 (19.7)
Pericardial effusion - 1 (1.5)
Data are reported as n (%). CT: Computed tomography.

Several factors, including patient’s age, 
duration of hospitalization, presence of comorbidities, 
and severity of lung disease, have been proposed to 

determine the risk of residual lung abnormalities among 
survivors of viral pulmonary infections [21], [26], [27]. 
The mean age of patients in our study was 56 years; 
previous studies have shown that OP usually presents 
within the fifth and sixth decades of life [28]. In this 
study, patients had a 10-day hospital length of stay, 
similar to previous reports [29], [30]. In addition, 27% 
and 35% of the patients had diabetes and hypertension, 
respectively, which is higher than the prevalence 
of diabetes and hypertension among the general 
population with COVID-19 [31], [32], [33]. Follow-up 
studies are needed to verify whether these factors 
contribute significantly to the development of residual 
fibrosis in patients with COVID-19. 

Our results showed that after approximately 
8 days, GGO, the main imaging finding on initial CT, 
had been replaced by viral-induced lung damage 
(OP-like pattern). The axial distribution of pulmonary 
lesions did not change between the initial and second 
CT scans; the majority of lesions had a peripheral 
distribution, in line with previous reports in patients with 
COVID-19 [1]. Along with viral-induced lung damage 
(OP-like pattern), sub-pleural band, bronchial dilation, 
and reticulation were the most common patterns 
observed on second CT scans and were predominantly 
observed in the lower lobes. These patterns that may 
be a manifestation of OP-associated fibrosis have been 
reported to be predominantly lower-lobe dependent in 
other studies [34], [35]. In patients with SARS, reticular 
changes were observed nearly 2 weeks after the 
onset of initial symptoms and remained stable after 
4 weeks in more than half of the patients. Bronchial 
dilation was also evident in a few patients after the 
4th week [36]. Our study showed that in patients who 
had undergone a third CT scan, reticulation was more 
commonly observed compared with previous CT scans. 
Furthermore, the observation of these patterns on chest 
CT, as well as other findings such as reversed-halo 
sign can provide a clue about the stage of the disease 
and guide physicians to select the most appropriate 
treatment strategy that is most beneficial in the post-
acute phase of the disease. This will help in optimizing 
resource allocation and avoiding unnecessary acute-
phase treatments to patients.

Based on our results, while pleural effusion was 
only evident in one initial CT, 13 patients had pleural 
effusion on the second CT. In a systematic review, 
Salehi et al. found that pleural effusion is one of the 
less common imaging findings associated with COVID-
19 that may be seen with disease progression [1]. Of 
the four patients in our study who experienced death, 
three patients had atherosclerotic plaques on imaging, 
and two had concomitant cardiomegaly and pleural 
effusion.

In terms of management of patients with the 
secondary OP, the treatment of OP mainly consists of 
corticosteroid therapy, as well as treating the underlying 
disease [17], [28]. Most recently, preliminary results 

Table 4: Serial changes in axial distribution of lung lesions

Lobe First CT (n = 66) Second CT (n = 66) Third CT (n = 9)
RUL

Diffuse 18 (27.2) 22 (33.4) 5 (55.5)
Peri-bronchovascular 9 (13.6) 8 (12.2) 1 (11.1)
Peripheral 39 (59.1) 36 (54.5) 2 (22.2)

RML
Diffuse 19 (28.8) 21 (31.8) 5 (55.5)
Peri-bronchovascular 6 (9.1) 7 (10.5) 1 (11.1)
Peripheral 41 (62.1) 38 (57.5) 3 (33.3)

RLL
Diffuse 18 (27.2) 21 (31.8) 6 (66.7)
Peri-bronchovascular 6 (9.1) 6 (9.1) -
Peripheral 42 (63.6) 39 (59.1) 3 (33.3)

LUL
Diffuse 19 (28.8) 23 (34.8) 6 (66.7)
Peri-bronchovascular 7 (10.5) 6 (9.1) -
Peripheral 40 (60.6) 37 (56.1) 3 (33.3)

LLL
Diffuse 16 (24.2) 20 (30.3) 6 (66.7)
Peri-bronchovascular 7 (10.5) 5 (7.5) 1 (11.10
Peripheral 43 (65.1) 41 (62.1) 2 (22.2)

Data are reported as n (%).
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from the RECOVERY trial showed that dexamethasone 
has the potential to reduce mortality by 30% in critically 
ill patients with COVID-19 [37]. This could be due to 
the effect of corticosteroids on the degradation of 
fibroblastic plugs in those patients with OP pattern on 
chest imaging, thereby reducing mortality.

Conclusion

In this study, we showed that the total CT 
scores of patients with COVID-19 who developed an OP 
–like pattern on CT imaging during hospitalization had a 
steady rise from 1st day of admission to approximately 
17 days later, and the right lower lobe had the highest 
involvement at all-time points. In addition, observation 
of imaging findings such as the reversed halo sign, 
which indicates that the viral response phase has 
already occurred, should prompt physicians to use 
medications other than antivirals since they are less 
likely to provide any benefits to the patient in the later 
phases of disease. Taken together, serial CT imaging 
renders helpful information that could be implemented 
in the management of patients with COVID-19.
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