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INTRODUCTION
Coronavirus Disease-2019 (COVID-19) is a pandemic that started in 
2019. It is an acute respiratory illness caused by a novel Severe Acute 
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The disease 
was first identified in Wuhan city of Hubei Province, China and then 
spread to other provinces of China. From China it outspread globally 
to involve countries all over the world [1]. Millions of people have 
been infected by this virus throughout the world. The SARS-COV-2 
is the seventh member of viruses, which are known to cause human 
respiratory tract infections. Four of these pathogenic viruses cause 
mild infections of upper respiratory tract, whereas three coronaviruses 
cause lower respiratory tract infections and also responsible for lung 
complications [2].

At the time of writing this article, globally infected cases are 
55,946,862 with 13,44,557 global deaths and overall case fatality 
rate 2.40% [3]. SARS-CoV-2 swiftly spread throughout the world 
in 2002. The SARS-CoV-2 has been more infective than SARS-
CoV, showing doubling time of 2.3-3.3 days and basic reproductive 
number (R0) of 5.7 [4]. The Angiotensin Converting Enzyme 2 (ACE 
2) is receptor for the SARS-CoV-2 plays a crucial role in human 
infections [5]. Drugs increasing the ACE2 expression may enhance 
the infection, such as Angiotensin-Converting Enzyme Inhibitors 

(ACEI) and Angiotensin II Receptor Blockers (ARB) [6]. Smoking 
could be a risk factor for SARS-CoV-2 because it can enhance 
ACE2 expression [7].

Both innate and adaptive immunity play a pivotal role to fight 
against COVID-19 infection [8]. One theory suggest that severe 
COVID-19 progression could be due to insufficient adaptive 
immunity and imprudent innate immunity response leading to 
increased proinflammatory cytokines and chemokines [9,10]. 
Varied inflammatory markers such as C-Reactive Protein (CRP), 
Interleukin-6 (IL-6), serum ferritin and Procalcitonin (PCT) have been 
reported to be remarkably associated with the escalating risks of 
severe COVID-19 progression [11,12]. Initial studies indicated 
vascular aetiology induced by activation of proinflammatory 
cytokines and complement pathway, is accountable for underlying 
organ damage in seriously sick COVID-19 patients [13,14].

High resolution Computed Tomography (HRCT) lung plays a pivotal 
role in the diagnosis and treatment of COVID-19 pneumonia [15]. 
Some studies demonstrated the varied HRCT findings, with the prime 
features being ground-glass opacities and pulmonary consolidation 
[16,17]. COVID-19 Reporting and Data System (CO-RADS) is an 
assessment system based on chest Computed Tomography (CT) 
and used to evaluate suspicion for lung involvement by COVID-19. 
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ABSTRACT
Introduction: Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) infection enters human body through respiratory 
tract and then rapidly spread to involve lungs and multiply swiftly 
leading to severe hypoxic pneumonia. Clinically, Coronavirus 
Disease-2019 (COVID-19) infection is identified by three stages 
based on viral infection, lung involvement with inflammation 
and pulmonary fibrosis. High resolution Computed Tomography 
(HRCT) lung play an important role in diagnosis and management 
of lung fibrosis in coronavirus disease patients.

Aim: To study association between inflammatory markers and 
development of lung fibrosis in post COVID-19 patients. Study 
also aimed at assessment of chest Computed Tomography 
(CT) Involvement Score (CT-IS) and COVID-19 Reporting and 
Data System (CO-RADS) for chest CT in post COVID patients 
presented with lung fibrosis.

Materials and Methods: This retrospective study included elaborate 
evaluation of HRCT findings and inflammatory markers of 54 
patients presented with pulmonary fibrosis at tertiary care 
centre for duration of six months from 1st June to 30th November 
2020. Only those patients were included in which both HRCT 
findings and clinical laboratory parameters were available. 

Interleukin-6 (IL-6), C-Reactive Protein (CRP), serum ferritin, 
Lactate Dehydrogenase (LDH), Erythrocyte Sedimentation Rate 
(ESR) and Procalcitonin (PCT) markers were studied. Statistical 
analysis was conducted using Chi-square test to compare the 
inflammatory markers with CT-IS score with p-value <0.05 was 
considered significant. 

Results: Total 536 COVID positive patients were admitted in 
hospital and underwent HRCT lung from June 2020 to November 
2020. Out of 536, 54 (10.07%) patients showed findings of lung 
fibrosis on follow-up CT scan. Among 54 patients with lung fibrosis, 
CRP, serum ferritin and IL-6 levels were high in 46 (85.19%), 
42 (77.77%) and 48 (88.89%) patients respectively. Lactate 
dehydrogenase, ESR and PCT were increased in 12 (22.22%), 
15 (27.78%) and 06 (11.11%) patients respectively. These levels 
were higher in fibrotic phase compared to prefibrotic phase. 
Erythrocyte sedimentation rate was significantly associated with 
the severity of lung fibrosis, having significant p-value=0.004. 

Conclusion: Among all inflammatory markers, ESR value may be 
useful as a surrogate marker to predict the pulmonary fibrosis in 
COVID-19 patients. C-reactive protein, IL-6, LDH, serum ferritin 
and PCT levels do not show significant association with lung 
fibrosis on HRCT scan.
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All the patients were categorised according to Computed Tomography- 
Involvement Score (CT-IS) developed by Chung M et al., [20]. CT-IS 
was calculated using number of involved lung lobes and percentage of 
involvement [18,20].

STATISTICAL ANALYSIS
Data were analysed using Statistical Package for the Social Sciences 
version 16.0 (IBM Corp. Released 2012, IBM SPSS statistics for 
Windows, Armonk, NY). Quantitative variables were presented 
as mean values. Frequency distribution was done for categorical 
variables and determined as proportions. Chi-square test or Fisher’s-
exact test was used to compare the laboratory parameters with CT-
IS on CT scan. The p-value <0.05 was considered as significant.

RESULTS
Total 536 patients were confirmed as COVID-19 positive by RT-
PCR test and had undergone HRCT scan procedure. Out of 536 
patients, 54 patients developed pulmonary fibrosis on follow-up CT 
scan findings [Table/Fig-1,2].

The CO-RADS was introduced by Dutch Radiological Society [18]. 
Study of clinical, radiological and autopsy findings in COVID-19 
patients suggest lung fibrosis being a common occurrence following 
infection, and current evidence suggests that lung fibrosis might 
complicate the SARS-CoV-2 infection [19].

It is the need of hour to identify important inflammatory biomarkers 
which may be helpful in identifying patients in early clinical stage 
and proper clinical management may be provided to decrease 
the likelihood of clinical deterioration. The aim of this study was to 
analyse HRCT lung findings in COVID-19 patients with attention on 
development of pulmonary fibrosis and recognising those biomarkers 
with the help of understanding of progression of CT findings.

MATERIALS AND METHODS
This retrospective study of COVID-19 cases, showing pulmonary 
fibrosis on HRCT scan (admitted between 1st June 2020 to 
30th November 2020) was conducted in month of February 2021 
at Geetanjali Medical College and Hospital, Udaipur, a tertiary care 
centre in Udaipur, Rajasthan, India. A total of 536 COVID patients 
were admitted during the study period and were confirmed cases 
with at least one positive Reverse Transcription Polymerase Chain 
Reaction (RT-PCR) report. Out of 536 cases, 54 patients (10.07%) 
had fibrosis on HRCT scan. The laboratory reports of these patients 
were retrieved from their medical records and analysed. Inflammatory 
biomarkers utilised in this study were IL-6, CRP, serum ferritin, 
Lactate Dehydrogenase (LDH), Erythrocyte Sedimentation Rate 
(ESR) and PCT. Measurements during lung fibrosis on scan were 
compared with prefibrotic measurements of inflammatory markers.

Ethical Committee approval was obtained (no.1949) dated 01-02-
2021. All data was anonymised before the analyses. No informed 
consent was required due to the characteristics of the design.

inclusion criteria

Patients with at least one positive RT-PCR for SARS-CoV-2.1. 

Patients admitted at our hospital who had undergone testing 2. 
for inflammatory markers and CT scan findings.

Patients who developed lung fibrosis on subsequent follow-up 3. 
radiology.

exclusion criteria: Patients with negative RT-PCR for SARS-CoV-2 
or patients without follow-up CT scan findings or patients with 
incomplete investigation profile were excluded from the study.

CT Scan Protocol
The HRCT chest was done on 64 slice CT scanner (Siemens 
Somatom sensation, Germany) in supine position by using standard 
HRCT protocol. The scans were obtained by utilising 120 kvp and final 
images were reconstructed in axial, sagittal and in coronal sections. 
Scans were performed for both prefibrotic and fibrotic stages.

Prefibrotic phase is characterised by ground-glass opacity and 
consolidation patches, whereas fibrotic phase is defined by reticular 
opacities, fibrotic strands and traction bronchiectasis. Prefibrotic 
phase was considered for 0-4 days from clinical onset and fibrotic 
phase was considered for 7-10 days after onset of symptoms [15].

COVID-19 Reporting and Data System (CO-RADS)
CO-RADS 0 imply incomplete scan or insufficient quantity.•	

CO-RADS 1 and CO-RADS 2 implies chosen in case of very •	
low level and low level of suspicion for COVID-19 infection 
respectively.

CO-RADS 3 implies in case of equivocal findings of lung •	
involvement by COVID-19.

CO-RADS 4 and 5 correspond to high level and very high level •	
of suspicion.

CO-RADS 6 is given in case of positive COVID-19 case •	
confirmed by RT-PCR test [18].

Computed Tomography- involvement Score (CT-iS) grade no. of patients

01-08 Mild 04

09-15 Moderate 15

16-25 Severe 35

[Table/Fig-1]: Study of Computed Tomography- Involvement Score (CT-IS) in 
COVID-19 patients (n=54).

inflammatory 
marker

normal range 
(unit)

mean prefibrotic 
phase value

mean fibrotic 
phase value

IL-6 (pg/mL) 0-10 15.12 67.13

CRP (mg/L) 0-10 6.08 54.21

Serum ferritin (ng/mL) 15-150 172.6 284.3

ESR (mm/hr) 0-20 14.3 16.4

PCT (ng/mL) 0.10-0.50 0.088 0.183

LDH (U/L) 200-400 233 262

[Table/Fig-2]: Study of inflammatory markers.
IL-6: Interleukin-6; CRP: C-reactive protein, ESR: Erythrocyte sedimentation rate; PCT: Procalcitonin; 
LDH: Lactate dehydrogenase

laboratory 
parameter n, %

with mild 
CT-iS 
(n=4)

with 
 moderate 

CT-iS 
(n=15)

with 
severe 
CT-iS 
(n=35)

p-
value

IL-6, >10 pg/mL 
n (%)

48 (88.89) 3 (75) 12 (80) 33 (94.2) 0.22

CRP, >10 mg/L 
n (%)

46 (85.18) 2 (50) 15 (100) 29 (82.9) 0.11

Serum ferritin, 
>150 ng/mL n (%)

42 (77.78) 4 (100) 11 (73.3) 27 (77) 0.95

ESR, >20 mm/hr 
n (%)

15 (27.78) 1 (25) 9 (60) 5 (14.3) 0.004*

PCT, >0.5 ng/mL 
n (%)

6 (11.11) 0 2 (13.3) 4 (11.4) 0.7

LDH, >400 U/L 
n (%)

12 (22.22) 1 (25) 5 (33.3) 6 (17.1) 0.4

[Table/Fig-3]: Laboratory parameters association with CT-IS.
IL-6- Interleukin-6; CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; PCT: Procalcitonin; 
LDH: Lactate dehydrogenase; CORAD-COVID-19 reporting and data system; Test used- Chi-square 
test or Fisher’s-exact test; p-value <0.05 was considered statistically significant

Inflammatory biomarkers were studied in 54 patients of lung fibrosis. 
CRP, Ferritin and IL-6 levels were high in 46 (85.18%), 42 (77.78%) 
and 48 (88.89%) patients out of 54 patients. LDH, ESR and PCT 
were increased in 12 (22.22%), 15 (27.78%) and 6 (11.11%) patients 
out of 54 patients [Table/Fig-3].

The CT-IS was associated with laboratory parameters. Evaluation of 
the inflammatory markers in severe category (severe CT-IS) patients 
revealed that 94.2% patients had raised IL-6 levels, 82.9% had raised 
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CRP levels, 77% had raised Ferritin levels, 14.3% had raised ESR 
levels, 11.4% had raised PCT levels and 17.1% had raised LDH levels. 
About 80% of patients with moderate CT-IS, showed raised IL-6 
levels, 73.3% had raised Ferritin levels, 60% had raised ESR levels, 
13.3% had raised PCT levels and 33.3% had raised LDH levels. All 
patients with moderate CT-IS had raised CRP levels. Amongst all the 
inflammatory markers, only ESR value was found to be significantly 
associated with CT-IS, with p-value of 0.004 [Table/Fig-3].

Out of 54 patients of lung fibrosis, 42 (77.78%) patients had bilateral 
lung lesions on HRCT lung. Bilateral lower lobes were the most 
common site to be involved, followed by upper lobes and middle 
lobes. Peripheral region or sub pleural ground glass opacities 
were the most common form of lesion distribution on HRCT scan 
in prefibrotic stage. Reticular opacities, parenchymal bands and 
traction bronchiectasis findings are seen in lung parenchyma of post 
COVID fibrosis patients. Initial changes of pulmonary ground glass 
opacities were present at 0-4 days from clinical onset. Maximum 
involvement of lung on CT was seen at 7-10 days from symptoms 
onset [Table/Fig-4-7].

DISCUSSION
The COVID-19 pandemic, caused by SARS-CoV-2, is rapidly 
expanding throughout the world. Albeit it is widely known that 
most cases have mild symptoms with a good prognosis, COVID-
19 disease may develop into Acute Respiratory Distress Syndrome 
(ARDS) or may culminate in death. Till date, there is no efficacious 
treatment for COVID-19 [21,22]. Several studies have demonstrated 
increased serum levels of proinflammatory cytokines in COVID-19 
patients. Even, anti-inflammatory reagents therapy among COVID-
19 patients also focusses on the scathing role of inflammation in the 
progressive pathogenesis of COVID-19 [23,24].

In the present study, all the patients were categorised according to 
CT-IS score [20]. CT-IS was assessed using each of the five lobes 
of the lung (three right lobes and two left lobes) and percentages 
of involvement. Lobe score 1 equals to less than 5% involvement, 
Lobe score 2 equals to 5-25% involvement, Lobe score 3 equals to 
26-49% involvement, Lobe score 4 equals to 50-75% involvement 
and Lobe score 5 equals to 76-100% involvement [20]. Whereas, 
CO-RADS system is used to categorised patients radiologically, 
depending upon degree of suspicion for COVID-19 lung involvement. 
CO-RADS system has a significant role in COVID-19 pneumonia 
diagnosis [18]. As per the classification, patients with very high 
suspicion for COVID-19 are categorised into CO-RADS 5. In our 

[Table/Fig-4]: HRCT lung of COVID-19 patient (a) On patient admission, axial 
sections of HRCT lung show ground glass opacities mainly in peripheral and in sub 
pleural region of upper lobes of bilateral lungs; (b) One week later axial sections of 
HRCT lung at same level shows fibrotic changes in form of parenchymal bands and 
reticular opacities in peripheral and in sub pleural region; (c) Axial sections of HRCT 
lung shows ground glass opacities mainly in peripheral and in sub pleural region of 
basal segments of bilateral lungs; (d) One week later axial sections of HRCT lung 
at same level shows fibrotic changes in form of reticular opacities and parenchymal 
bands in peripheral and in sub pleural region.

[Table/Fig-5]: HRCT lung of COVID-19 patient. (a) Sagittal reformatted image 
of HRCT lung shows ground glass opacities in basal segment; (b) 15 days later 
sagittal reformatted image of HRCT lung shows fibrotic changes in form of reticular 
opacities in basal segment; (c) Coronal reformatted image of HRCT shows ground 
glass opacities in lower lobes of bilateral lungs mainly in peripheral and in sub 
pleural region; (d) 15 days later coronal reformatted image of HRCT shows fibrotic 
changes in form of reticular opacities in lower lobe of bilateral lungs.

[Table/Fig-6]: HRCT lung of post COVID-19 patients before and after steroid 
therapy. a,b: (before steroid therapy) Axial and Coronal image of HRCT lung shows 
ground glass opacities with significant fibrotic changes and few foci of minimal 
bronchiectasis; c,d: (after steroid therapy) One month after starting steroid therapy 
showed significant reduction in fibrotic changes.

[Table/Fig-7]: HRCT lung of COVID-19 patient. Coronal reformatted image of 
HRCT shows ground glass opacities and fibrotic changes in lower lobe of bilateral 
lungs with traction bronchiectasis in lower lobe of right lung.
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study, we included only COVID-19 positive patients confirmed by 
RT-PCR test, corresponding to CO-RADS 6 category.

Nevertheless, the role of inflammatory markers in monitoring the 
severity of COVID-19 is still questionable. In our study, we concluded 
that among inflammatory markers, only ESR was positively 
associated with the severity of COVID-19. Interleukin 6 has been also 
implicated in the H5N1 avian influenza infections and 2003 SARS 
outbreak [25,26]. Recent study unveiled that in COVID-19 patients, 
activated T-cells may secrete IL-6 and Granulocyte-Macrophage 
Colony Stimulating Factor (GM-CSF). Also, GM-CSF could activate 
monocytes (CD14 and 16 positive), which would further enhance 
secretion of IL-6 and other proinflammatory cytokines [27].

C-reactive protein is a crucial systemic marker of acute-phase 
response, which is very sensitive in tissue inflammation, tissue 
damage and infections. So, it can be used as a benchmark of 
systemic inflammation in COVID-19 patients [28]. However, Chen 
L et al., did not reveal any statistically significant difference in CRP 
levels between the severe and the non severe group, the mean CRP 
level was higher in the severe group compared to the non severe 
group [29]. PCT is also an important inflammatory marker measured 
in routine clinical practice. Chang Z et al., reported that, levels of 
PCT were all higher in the critical patients in comparison to the non 
critical group [30]. Erythrocyte sedimentation rate is another non 
specific inflammatory marker. Essentially, it reflects the changes of 
plasma protein types. Zeng F et al., in their study, found a higher 
ESR level in the severe group compared to the non severe group 
(p-value=0.005). Exuberant inflammation in severe group patients 
could be the reason for the above results [27]. Zeng F et al., also 
found higher levels serum ferritin in the severe group of corona 
patients than those in the non severe group (p-value <0.001) [27].

The present study revealed that almost all inflammatory markers 
were raised in patients showing fibrotic changes in HRCT lung. 
Inflammatory markers were predominantly increased in patients in 
the moderate and severe category namely IL-6 (80% and 94.2%), 
CRP (100% and 82.9%), ESR (60% and 14.3%), PCT (13.3% and 
11.4%) and LDH (33.3% and 17.1%), respectively. This finding is 
similar to the results shown in a study done by Bhandari S et al., 
which revealed that inflammatory markers CRP, LDH, ferritin and 
PCT were elevated in the severely ill patients [31]. The radiological 
findings of COVID-19 patients on HRCT lung reflected typical 
features of viral pneumonia, and it was characterised by a rapid 
change similar to that in middle-east respiratory syndrome and 
severe acute respiratory syndrome [32-34]. Present study shows 
that utmost pulmonary findings on HRCT scan were found around 
7-14 days from onset of symptoms. Results were comparable to 
studies by Wang Y et al., and Pan F et al., [15,35].

Follow-up studies using HRCT scans in COVID-19 patients showed 
fibrotic changes. Zhou S et al., revealed that fibrotic changes were 
seen in 21 patients (33.9%) out of total 62 patients. Moreover, his study 
also concluded that fibrotic changes were more likely to take place 
in late phase of corona disease (8-15 days after symptoms onset) 
than early phase of the disease (<8 days after the symptoms onset) 
[36]. Likewise, study by Pan Y et al., showed fibrotic changes in 11 
out of 63 patients on HRCT lung performed on COVID-19 confirmed 
patients. [16]. These HRCT lung findings are reinforced further by 
autopsy reports. One study reported that four patients who died of 
COVID-19 pneumonia revealed microscopic picture of diffuse alveolar 
damage along with consolidation by fibroblast proliferation. ECM and 
fibrin deposition in the alveolar spaces was seen in postmortem core 
biopsy [37]. Nevertheless, it is precocious in the course of the disease 
to figure out if this finding would undergo resolution or in the course of 
time or may develop pulmonary fibrosis [38].

Limitation(s)
Limitation of study includes lack of data regarding therapeutic 
application against inflammatory markers positively associated with 

severity of lung disease in COVID-19 patients. Further studies need 
to be conducted for new drugs invention utilising the laboratory 
parameter data.

CONCLUSION(S)
In conclusion, among studied inflammatory markers, only ESR was 
positively associated with the severity of COVID-19 and changes of 
pulmonary fibrosis on HRCT scan. The association of serum ferritin 
levels with the severity of COVID-19 needs to be further clarified. 
Study of inflammatory biomarkers may be helpful to treating 
physicians in predicting the prognosis of disease. In the absence 
of any proven established target therapy, aim of the clinician should 
be at restricting the disease grievousness and prevent any major 
pulmonary complications.
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