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Abstract 
Objectives: To evaluate the computed tomography (CT) based scoring system, called as CT severity 

score (CT-SS), in the severity assessment of COVID cases with clinico-radiological correlation. 

Methods: This retrospective study was done among 303 patients, who are RT-PCR positive for 

COVID-19. The CT chest images of the above patients were reviewed in the radiology database. CT 

severity score (CT-SS) was calculated as the sum of scores in five lobes, based on the percentage of 

parenchymal opacification (0:0%; 1, < 5%; 2:5–25%; 3:26–50%; 4:51–75%; 5, > 75%; range 0–5; 

global score 0–25). All patients were clinically categorized as mild, moderate and severe, based on 

severity by the Government of India Ministry of Health and Family Welfare, Directorate General of 

Health Services. 

Results: The area under the ROC curve for identifying severe group was 0.937 and the optimal CT-SS 

threshold for identifying severe disease was 17.5, with a good sensitivity of 97.8% and specificity of 

85.3%. 

Conclusion: A CT-SS more than 17.5 could identify severe from non-severe forms of disease, and 

hence will be potentially useful in the triage of patients in scenarios combining high patient volumes 

and limited healthcare resources or PCR testing capabilities. 

Clinical impact: 

1. The CT severity score (CT-SS) was higher in patients with severe COVID-19 in comparison with 

patient with mild or moderate disease. 

2. The optimal CT-SS threshold for identifying severe disease was 17.5, with 97.8% sensitivity and 

85.3% specificity. 

3. Hence, CT-SS will be very useful in triage of patients due to high patient volumes and limited 

available healthcare resources. 
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Introduction 
Covid-19 is caused by a novel corona virus with rapid spread across the world and so 
declared as a pandemic disease by World Health Organization (WHO) on January 30, 2020 
[1]. An early diagnosis is crucial for the treatment and to control the spread of disease [1]. 
Although, RT-PCR remains the standard reference for the diagnosis, it carries high false 
negative rates, and hence computed tomography (CT) plays a vital role in overcoming such 
limitation [1, 2]. The most common imaging finding is ground glass opacities which are 
typically peripheral and bilateral [1, 3, 4]. Although these findings might lack specificity, in 
proven cases, CT could be used to provide objective assessment about the extension of the 
lung opacities [4].  Hence, CT is also helpful in assessing the severity status of the disease as 
well [3, 4]. The CT severity score (CT-SS) is calculated based on the parenchymal lobar 
involvement (0:0%; 1, < 5%; 2:5–25%; 3:26–50%; 4:51–75%; 5, > 75%; range 0–5; global 
score 0–25) [3]. The aim of our present study was to evaluate the performance of this semi-
quantitative CT severity score to identify the severity of COVID-19. This might be helpful in 
quick triage of cases who might require intensive care unit admission [4]. 
 
Subjects and Methods 
We retrospectively studied 303 patients diagnosed with COVID-19 from June 21, 2020 to 
September 21, 2020 in our hospital. 
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According to our hospital protocol, all patients with 
suspected COVID-19 routinely underwent non-contrast CT 
chest, at the time of admission, instead of chest radiographs 
as the former is more sensitive to detect lung opacities. This 
study included 303 patients, who were confirmed to have 
COVID-19 infection by RT-PCR. Patients with lung 
malignancy, a history of preexisting interstitial lung disease 
or lobectomy, pregnant patients and RT-PCR positive cases 
without lung opacities were excluded from this study.  
According to the clinical management protocol: COVID-19, 
Government of India Ministry of Health and Family 
Welfare, Directorate General of Health Services (EMR 
Division) (version 3) on June 13, 2020 [5], COVID-19 
patients are classified as mild, moderate and severe. All the 
patients underwent non contrast chest CT with a 64-slice GE 
scanner in supine position. CT images were obtained with 
single inspiratory breath-hold. The scanning range was from 
the apex of lung to costophrenic angle. CT scan parameters: 
X-ray tube parameters - 120KVp, 350mAs; rotation time - 
0.5 second; pitch - 1.0; section thickness – 5 mm; 
intersection space – 5 mm; additional reconstruction with 
sharp convolution kernel and a slice thickness of 1.25 mm. 
Thin sections were reviewed at a window width and level of 
1000 to 2000 HU and -700 to -500 HU, respectively, for 
lung parenchyma. 
The CT severity score (CT-SS) is calculated based on the 

parenchymal lobar involvement in the form of opacity 

(0:0%; 1, < 5%; 2:5–25%; 3:26–50%; 4:51–75%; 5, > 75%; 

range 0–5; global score 0–25) [3]. Each lobe was given a 

score and total CT-SS obtained by the sum of scores in all 

five lobes. The representative images of CT are given in 

figures 1-3. 

 

 
 

Fig 1: Axial CT image with few patchy peripheral opacities - Mild 

covid-19 pneumonia 

 
 

Fig 2: Axial CT image with multiple patchy peripheral opacities - 

Moderate covid-19 pneumonia 

 

 
 

Fig 3: Axial CT image with multiple patchy and confluent central 

and peripheral opacities - Severe covid-19 pneumonia 

 

Results 
The demographic profile of 303 patients are summarized in 
table 1. Among 303 patients, 157 were in the mild group, 
101 were in the moderate category and 45 were in the severe 
group, with respective average ages of 51.4, 56.2 and 59.0 
(P = 0.001) and male/female ratios of 108/49, 79/22 and 
41/4. The most common clinical symptom was fever 
(143/157, 91.1%) in mild group and moderate categories 
(95/101, 94%), whereas, dyspnea was the predominant 
complaint in severe group (44/45 97.8%). The time from 
onset of symptoms in the severe group (11 days) were 
higher than that of the mild (5.7 days) or moderate (8.8 
days) groups. The ROC curve analysis for CT-SS, for severe 
group is shown in graph 1. The area under the ROC curve 
for identifying severe group was 0.937 and the optimal CT-
SS threshold for identifying severe patients was 17.5, with a 
good sensitivity of 97.8% and specificity of 85.3%. 

 

Table 1: Demographic profile and statistical analysis 
 

Variable Mild(n=157) Moderate(n=101) Severe(n=45) P-Value 

Sex 
Male 108(68.8%) 79(78.2%) 41(91.1%) 

.006 Sig 
Female 49(31.2%) 22(21.8%) 4(8.9%) 

Age 
Mean 51.4±14.7 56.1±13.7 59.0±10.5 

.001 Sig 
Range 18 - 82 19 - 85 34 - 83 

Fever 
Yes 143(91.1) 95(94.1%) 42(93.3%) 

.657 NS 
No 14(8.9%) 6(5.9%) 3(6.7%) 

Cough 
Yes 81(51.6%) 68(68.0%) 36(80.0) 

.001 Sig 
No 76(48.4%) 32(32.0%) 9(20.0%) 

Myalgia 
Yes 82(52.2%) 59(58.4%) 25(55.6%) 

.618 NS 
No 75(47.8%) 42(41.6%) 20(44.4%) 

Dyspnoea 
Yes 5(3.2%) 29(28.7%) 44(97.8%) 

.001 Sig 
No 152(96.8%) 72(71.3%) 1(2.2%) 

Duration 5.7±2.8 8.8±.80 11.0±.82 .002 Sig 
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Graph 1: ROC curve to identify severe covid-19 pneumonia with 

CT severity score (CTSS) 

 

Discussion 

A novel virus named by International Virus Classification 

Commission, as Severe Acute Respiratory Syndrome 

Coronavirus-2 (SARS-CoV-2) [6] is known to cause a 

disease termed by the WHO as “Coronavirus Disease 2019 

(COVID-19)” [7]. Containment of this highly contagious 

disease heavily relies upon early diagnosis and contact 

tracing [8, 9, 10]. Though RT-PCR remains as the diagnostic 

investigation of choice [11], it has less utility in describing 

disease severity and also has high false negative rates, 

wherein CT has an edge over it [1, 2]. Various studies stated 

that CT has higher sensitivity than RT-PCR in the disease 

diagnosis [12, 13]. The disease is further complicated with 

asymptomatic carriers who can act as super spreaders of the 

disease [14]. CT chest findings of lungs include ground-glass 

opacities (GGO), consolidation, interstitial thickening and 

subpleural band [15]. The common pattern of involvement is 

bilateral, peripheral one-third and posterior segments of 

lung [15, 16, 17].  

There are various risk factors associated with the 

development of acute respiratory distress syndrome (ARDS) 

and mortality, including age, lab parameters like 

neutropenia, increased D-dimer, lactate dehydrogenase 

(LDH) levels etc. [18]. Many recent studies highlight the role 

of CT as a severity predictor by using a semi-quantitative 

scoring system, known as CT severity score (CT-SS) [3, 4]. 

Score of more than 18 out of 25 is associated with more 

severity and the requirement for intensive care unit 

admission [3]. 

In our study, we found that the semi-quantitative scoring 

method using the amount of lung opacification involving 5 

lobes of lungs as a useful surrogate for COVID-19 burden. 

We found that the CT-SS was higher in severe when 

compared to mild and moderate cases. We also found that 

the CT-SS value of 17.5, has optimal threshold in 

identifying the severe COVID-19 infection, with a good 

sensitivity of 97.8% and specificity of 85.3%. 

The various limitations of our study include that the CT-SS 

assumes that the amount of lung opacification as a surrogate 

for COVID-19 burden; however, there was no histologic 

confirmation of the findings. Secondly, we chose to analyze 

the first chest CT obtained at the time of admission; 

therefore, the studies were not controlled by the number of 

days since the start of symptoms, which could have 

potential implications for interpretation of the CT-SS. Also, 

our data showed that patients in the severe group had a 

larger interval between beginning of symptoms and hospital 

admission in comparison with patients in the mild and 

moderate groups. Further research is needed to identify the 

degree of consistency of CT-SS with larger cohort studies.  

To conclude, this study provides a rapid semi-quantitative 

method for assessing severity of COVID-19 in the initial 

chest CT. A CT-SS more than 17.5 could identify severe or 

critical forms of disease with a good sensitivity of 97.8% 

and specificity of 85.3%. Further CT-SS could be 

potentially used in the triage of patients needing hospital 

admission, especially in scenarios combining high patient 

volumes and limited healthcare resources or PCR testing 

capabilities. 
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