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ABSTRACT 

Background: Complaints after COVID-19 have been widely reported, especially those 
related to the respiratory tract. This situation may be related to the presence of lung lesions 
even though the patient has been cured as evidenced by negative PCR results. Chest CT 
scan is a good imaging modality that can be used to follow up post-COVID-19 patients. 
This study aims to determine the characteristics of a negative post-conversion chest CT 
scan and the correlation of the clinical spectrum of illness and lesions in a chest CT scan. 

Method: This study is an analytic observational type with a retrospective approach. 
Researchers will examine the medical records of confirmed COVID-19 patients who are 
hospitalized at Dr. Soetomo and had a negative post-conversion chest CT scan at Dr. 
Soetomo Hospital. The severity system uses a modified severity level, then a statistical 
correlation analysis test is carried out with the Spearman Test. 

 
Result: Total sample was 79 patients, with 46 male subjects (58,2 %) and 33 female 
subjects (41,8 %). From the clinical spectrum of illness, as many as 0% of patients were 
asymptomatic, 30.4% with mild symptoms, 25.3% with moderate symptoms, 17.7% with 
severe symptoms/severe pneumonia, and 26.6% with critical symptoms. Of the 79 samples, 
93.7% had pulmonary abnormalities. The most abnormalities that were found were fibrosis 
at 88.6% and ground glass opacity (GGO) at 78.5%. 

 
Conclusion: Even though the patient has been declared cured of COVID-19 with a 
negative RT-PCR result, there are still abnormalities in the patient’s lungs. A significant  
correlation between clinical spectrum with pulmonary severity was found 

 
Keywords: Clinical spectrum ; Total severity score ; after COVID-19 ; Lung abnormalities 
; Chest CT Scan 
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Introduction 

First reported in late December 2019 in China, COVID-19 then spread rapidly around 
the world since early 2020, and has become a global health problem to date. COVID-19 is a 
disease caused by a new type of novel coronavirus called Severe Acute Respiratory 
Syndrome Corona Virus 2 (SARS-CoV-2) (1). Recovery from SARS-CoV-2 infection 
varies from completely cured to complaints that are still felt for a certain period. Although 
most will recover completely, others will experience sequelae long after they have 
recovered from the acute infection with varying severity of symptoms from mild to severe. 
In a limited study in Indonesia in 2021, it was stated that out of a total of 385 respondents, 
256 (66.5%) had persistent COVID-19 syndrome. The most common symptoms were 
fatigue (29.4%), cough (15.5%), and muscle aches (11.2%) (2). In the evaluation of patients 
with lung disease after COVID-19, most patients with radiographic abnormalities will have 
accompanying symptoms, namely shortness of breath with or without coughing, or 
physiological abnormalities in the lungs (3). 

Computed tomography (CT) scan of the chest is a good non-invasive test for the 
diagnosis and monitoring of COVID-19. Previous studies have addressed the radiological 
features of the disease at different stages, but post-treatment CT image patterns after PCR 
conversion have not been extensively elucidated, which is very important not only for 
understanding the pathophysiology but also for developing management strategies (4,5). 
Residual lung lesions are usually visible on a chest CT scan, even if the PCR swab is 
negative. It is usually seen in patients who have a greater inflammatory burden early in the 
disease, or a more severe clinical spectrum. Ground glass opacity (GGO) is the most 
common finding after negative conversion (4). Other studies mention that general features 
include ground-glass opacities (GGO), parenchymal bands, reticular abnormalities, traction 
bronchiectasis, and mosaic opacities (3). 

Based on the Indonesian Lung Doctors Association (PDPI), the clinical syndrome 
was adapted and then differentiated into asymptomatic, mild, moderate, severe, and critical. 
Asymptomatic is when the patient had no symptoms. It is said to be mild when there are 
symptomatic patients without evidence of viral pneumonia or without hypoxia. Patients 
with clinical signs of pneumonia (fever, cough, shortness of breath, rapid breathing) but no 
evidence of severe pneumonia including SpO2 > 93% with room air were classified in the 
moderate group. Patients with clinical signs of pneumonia (fever, cough, shortness of 
breath, fast breathing) plus respiratory rate > 30 breath/min, severe shortness of breath, or 
SpO2 < 93% on room air were classified as severe/ severe pneumonia. Patients in the 
critical group are defined as those with acute respiratory distress syndrome (ARDS), sepsis, 
and septic shock (6). 

The purpose of this study was to find characteristics of lung abnormalities after 
COVID-19 on chest CT imaging and evaluate the correlation between the clinical spectrum 
with the severity of CT lesions after COVID-19. It is hoped that from this study, it will be 
easier for radiologists to recognize abnormalities that occur after COVID-19, and clinicians 
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can estimate lung abnormalities after COVID-19 based on the clinical spectrum during 
illness, and determine follow-up therapy. 

 
Material and methods 

The study conducted was an observational analytic study with a retrospective study 
design in patients with Covid-19 pneumonia after negative conversion at Dr. Sutomo 
Hospital, Surabaya. Medical records of 79 patients with confirmed cases of Covid 19 being 
treated at RSUD Dr. Soetomo Surabaya after negative PCR conversion from 1 June 2020 to 
31 December 2021. The clinical spectrum of diseases is divided into asymptomatic, mild, 
moderate, severe pneumonia, and critical. The CT images were reviewed by one radiologist 
who was blinded to the clinical data. Chest CT scan is one of the imaging methods used to 
diagnose and monitor various lung disorders, carried out at the Radiodiagnostic Installation 
of RSUD Dr. Soetomo by using a CT Scan Phillips 128 slices, Hitachi 16 slices, and 
Siemens 64 slices. The identification of ground-glass opacity, crazy paving pattern, 
consolidation, fibrosis, and bronchiectasis according to the terminology of The 
Nomenclature Committee of the Fleischner Society. The severity of the sequelae is 
calculated for each lobe and scored through a semiquantitative calculation, then summed 
and a total score is obtained with a value range of 0-20 which becomes data with an ordinal 
scale. The data were processed using the Statistical Program for Social Sciences (SPSS) 
version 26 software and then presented in table form with percentages (%) and tables. 
Correlation analysis between variables was carried out using the Spearman test with a value 
of p <0.05 which was considered significant. 

Result 

In this study, the number of research subjects was 79 samples, male sex as many as 
46 people (58.2%), more than female research subjects as many as 33 people (41.8%). Age 
range of research subjects is between 28 years to 79 years, with an average of 54,82 years. 

The clinical spectrum classification is divided into five subject groups, namely 
asymptomatic, mild, moderate, severe, and critical symptoms. In this study, there were no 
asymptomatic patients. Patients with mild symptoms were 24 patients (30.4%), patients 
with moderate symptoms were 20 patients (25.3%), and patients with severe symptoms 
were 14 patients (17.7%). There were 21 patients (26.6%) with critical symptoms (table 1). 

 
Table 1. Clinical spectrum of research subjects 

 
Clinical Spectrum Frequency Percentage 

Asymptomatic 0 0 

Mild 24 30,4 
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Moderate 20 25,3 

Severe 14 17,7 

Critical 21 26,6 

Total 79 100 
 

In this study, GGO (Fig. 1A, 2) was obtained in 62 people (78.5%), crazy paving 
(Fig. 1C) in 20 people (25.3%), consolidation (Fig. 1A) in 35 people (44.3%), fibrosis (Fig. 
3) in 70 people (88.6%), bronchiectasis in 32 people (44.5%). The most common lung 
abnormality in this study was fibrosis. GGO is the second most common lung disorder 
(table 2). 

 
 

Table 2. Frequency of lesions found CT images 
 

Lesion characteristics Frequency Percentage 

GGO    

 Y 62 78.5 
 N 17 21.5 

Crazy paving    

 Y 20 25,3 

 N 59 74,7 

Consolidation    

 Y 35 44,3 

 N 44 55,7 

Fibrosis    

 Y 70 88.6 
 N 9 11,4 

Bronchiectasis    

 Y 32 40.5 
 N 47 59.5 
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Figure 1. Chest CT scan, axial section, lung window of 34 years old male COVID-19 
patient, after negative RT-PCR examination. There is still consolidation (A), GGO 
(B), and crazy paving pattern (C). CT was performed at the interval of 15 days from a 
positive test, and 4 days from a negative PCR conversion 

 

Figure 2. Coronal, axial, and sagittal section, lung window, chest CT scan of 45 years 
old male, after COVID-19 patient, showed fibrosis, bronchiectasis and GGO. 

 
 
 
 
 
 
 
 
 
 

Figure 3. Axial section, lung window, chest CT scan after COVID-19 patient, 47 
years old female patient showed fibrosis 

 
 

In this study, there were 5 people (6.3%) with a severity score of 0 "zero" (without 
lung disorders). While 74 others (93.7%) with lung disorders with details 25 people 
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(31.6%) had mild degrees of lung disease with a severity score of 1-7, 36 people (45.6%) 
had moderate degrees of lung disease with a severity score of 8-14, 13 people (16.5%) had 
severe lung disorders with a severity score of more than 15 (table 3). 

 
Table 3. CT severity score of research subjects 

 
Severity score Frequency Percentage 

0 (no abnormalities) 5 6,3 

1-7 (mild) 25 31,6 

8-14 (moderate) 36 45,6 

15-20 (severe) 13 16.5 

Total 79 100 

 
The time span for carrying out a CT scan for each subject differed depending on 

when the PCR was negative and complaints after COVID-19 occurred. Based on the period 
of a positive test and a CT scan, the fastest time was 7 days and the longest time was 130 
days. 

Based on the correlation of the non-parametric Spearman rho test and the 2-tailed 
significance test, a significant correlation was found between the clinical spectrum and CT 
severity score with a p-value of 0.000 (a significant correlation if the p-value <0.05). The 
test results also obtained an r-value of 0.585 which means that the strength of the 
relationship between clinical spectrum and CT severity score of 58.5% is included in the 
category of moderate relationship. 

 
Discussion 

 
From this study, 46 people (58.2%) were male and 33 people (41.8%) were female. 

This is in accordance with research analyzed by Roziqo et al., 2022 that men are more 
susceptible to infection with SARS-CoV-2. This is because male patients have higher 
expression of angiotensin-converting enzyme 2 (ACE2) due to the influence of male sex 
hormones, while women are said to be more able to resist the development of SARS-CoV-2 
infection (7,8). The lowest age in this research sample is 28 years and the highest age is 79 
years, where the average age of the sample is 54 years. With the highest age group being 
53-57 years as many as 20 people. In a study by Barek, Azis, and Islam, 2022 (9) it was 
stated that the elderly or parents of both sexes (50 years) are more susceptible to SARS- 
CoV-2 infection due to weakened immunity and other organ dysfunction. It was also stated 
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in a study by Sensusiati et al., 2020 (10), that age has a relationship with the mortality of 
COVID-19 patients. 

The Indonesian Lung Doctors Association (PDPI) and four other professions in 
Indonesia, divide COVID-19 based on the severity of cases into asymptomatic, mild, 
moderate, severe, and critical symptom (6). In research conducted at RSUD Dr. Soetomo as 
a referral center, no asymptomatic patients were found. Of the 79 samples, 24 people 
(30.4%) had mild symptoms, 20 people (25.3%) had moderate symptoms, 14 people 
(17.7%) had severe symptoms, and 21 people (26.6%) had critical symptoms. In a study by 
Kwok et al., 2021 (11) in the Asia Pacific area it was said that the majority of COVID-19 
patients had mild (40%) or moderate (40%) illness, around 15% were severe, and another 
5% developed into critical illness. A large number of critical patients in this study sample 
was due to the research location being a referral center, so the number of critical patients 
was higher. 

As is found in other coronavirus infections, COVID-19 causes injury to multiple 
organs and tissues, with extensive lung involvement PCR swab is one of the final markers 
of COVID-19 infection. However, research by Fu et al., 2020 (4) showed that lung lesions 
persisted even after RT-PCR conversion which showed an asymmetry between the PCR test 
and chest CT scan abnormalities in COVID-19 patients after negative conversion. In line 
with this research, in this study, out of 79 post-negative COVID-19 samples, 74 samples 
(93.7%) had abnormalities on the chest CT scan while 5 samples (6.3%) had no 
abnormalities with a severity score of "zero". Most of the 36 samples (45.6%) had a 
moderate degree of severity. Fibrosis (Fig. 3) was the highest lesion found on a post- 
conversion CT scan in 70 samples (88.6%). This is in accordance with research by 
Maranatha et al., 2022 where the incidence of pulmonary fibrosis after COVID-19 is high 
(93.7%) (12). This is also in line with several other studies that state that fibrosis is the most 
common sequelae feature of coronavirus infection which is described as caused by viral 
lung injury, immune response, and activation of repair processes by fibroproliferation 
(5,13). The study by Roziqo, Widyoningroem and Setiawati, 2022 states that in the final 
phase (2-3 weeks) when patients usually have negative PCR results, it can be referred to as 
the fibrosis phase, where the lungs show dense septal and alveolar fibrosis (8). A further 
study by Ojo et al., 2020 explains that the initial stages of lung injury are followed by acute 
inflammation and repair efforts by the body's immune response. In the later stage, there is a 
breakdown of the fibroblastic tissue organized by the fibrinolytic system or remodeling into 
the stroma coupled with sufficient epithelial and endothelial proliferation to repair if its 
basement membrane is intact. Concomitantly, however, in severe or prolonged injury with 
damage to the basement membrane, fibroblast activity persists, changing the organization to 
persistent and/or progressive fibroblastic tissue. This scar tissue formation is both focal and 
diffuse, resulting in a disorganized alveolar architecture with excessive extracellular matrix 
deposition central to the process of pulmonary fibrosis (14). The second most common 
finding from post-conversion chest CT scans was GGO (Fig. 1B, 2) in 62 people (78.5%). 
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In a study by Fu et al., 2020 it was stated that GGO remains the most common finding after 
a negative PCR conversion test, which differs from the findings in the early phase of a 
mixture with consolidation becoming dominant accompanied by thickening of the bronchial 
walls and bronchiectasis indicating inflammation of the pulmonary bronchi. Wong et al., 
2004 found GGO with the reticular formation and irregular interlobular septal thickening in 
91.4% of patients with CT scans within 48 days of treatment for common coronavirus- 
related infections. The study showed little change in findings at 3 and 6-month follow-up 
examination (4,15). Fibrosis caused by COVID-19 most often occurs in the chronic or 
convalescent phase. During the chronic or convalescent phase, bronchial wall inflammation 
and bronchial obstruction, cause damage to bronchial wall structures, fibrous tissue 
proliferation, fibrosis, and traction bronchiectasis. The fibrous component gradually 
replaces the normal cellular component to form the scar (16). Pathologically, the virus in its 
initial phase attacks the bronchioles and alveolar epithelium, then replicates in the epithelial 
cells and causes alveolar cavity leakage, then inflammation of the walls or thickening of the 
alveolar spaces occurs, especially around the lungs or subpleural, giving a picture of GGO. 
In the peak phase and absorption phase, consolidation lesions are found where inflammation 
develops in the alveoli and ulceration of the mucosa, the body reacts violently to the 
inflammatory storm, resulting in widespread alveoli exudating from both lungs. The air in 
the alveoli has been replaced by the pathological fluid, and the tissue cells then appear as a 
consolidated appearance (8,16). In this study, there were still many GGO lesions found, and 
the consolidation lesions were decreasing. In the absorption phase, more than 14 days after 
the onset of initial symptoms, the infection is controlled gradually and the consolidation is 
absorbed gradually. However, in this process, extensive GGO can be observed as a 
demonstration of the consolidation absorption (17). In the healing phase of more than 30 
days, there were still GGO lesions and fibrosis. The long-term outcome of the sequelae of 
COVID-19 is not fully known. In one case study, pulmonary fibrosis disappeared after 65 
days after the first onset (12). In a study by Han et al., 2021, a follow-up chest CT scan 6 
months after COVID-19 showed that more than a third of patients still had fibrous lesions 
(13). In another study, follow-up at 3 and 6 months showed findings largely unchanged 
(4,15). The finding of consolidation in the healing phase requires further investigation, 
which may not be caused by the COVID-19 process, but caused by other processes and 
complications, for example, viral or other bacterial pneumonia or neoplastic processes. In 
this study, the longer the negative PCR time interval with a chest CT scan, the longer it 
showed fewer lesions. A study by Vijayakumar et al., 2022 showed that abnormalities on a 
chest CT scan can last up to 12 months after discharge from the hospital. With 81% of 
participants, having radiological abnormalities decreased between 3-month and 12-month 
CT scans (18). 

Furthermore, the researchers tested the relationship between the clinical spectrum and 
the severity of the post-conversion CT scan where a moderate correlation was obtained, 
which means that the more severe the clinical spectrum of the disease, the more severe the 
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severity of the post-conversion CT scan findings. In the study by Han et al., 2021 it was 
stated that what influences the onset of fibrosis in post-COVID-19 patients includes acute 
respiratory distress syndrome (ARDS), which in the PDPI clinical spectrum is classified as 
a critical condition (13). The study by Nabahati et al., also concluded that severe COVID-19 
pneumonia increases the risk of fibrotic lung damage in patients (19). The more the patient 
is in a state of severe illness, in this case, ARDS, the more likely there is a lung abnormality 
on post-COVID-19 CT examination. 

The limitation of this study is that the CT scan after COVID-19 pneumonia has not 
become a permanent procedure so the screening results are not at the same time. In addition, 
we also did not evaluate other factors that might play a role, such as comorbid factors, 
length of ICU stay and mechanical ventilation, smoking, and chronic alcoholism. 

 
Conclusion 

 
There are still lung abnormalities in after COVID-19 patients, where the most 

common lesions are fibrosis and GGO. The degree of severity from chest CT imaging after 
COVID-19 is related to the clinical spectrum during illness. 
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