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Abstract  

Background: Coronavirus disease 2019 (COVID-19) is a highly contagious 

respiratory infection that can impact a person's physical and mental health. 80% 

of those affected had mild to moderate disease, while 5% of those with severe 

disease went on to develop critical illness. This study aims to quantify the High-

Resolution Computed Tomography (HRCT) severity score in confirmed 

COVID-19 disease to assess the severity of COVID-19 pneumonia and connect 

the HRCT severity score with clinical and laboratory data. The aim and 

objective are to correlate the clinico-laboratory profile and HRCT thorax 

severity scoring at admission with treatment outcomes among moderate and 

severe COVID-19 cases. Materials and Methods: A record-based cross-

sectional study was conducted among 106 patients diagnosed with COVID-19 

and admitted as inpatients between October 2020 and June 2022. Patients above 

18 years of age diagnosed with moderate and severe COVID-19, as confirmed 

by RT-PCR, were included in the study. The study tools include HRCT Thorax 

severity scoring, clinico-laboratory profile i.e., CRP, D-dimer, LDH, 

neutrophil-lymphocyte ratio, ferritin levels, and treatment outcomes. Result: 

Based on the HRCT scoring system, nearly 60% of study subjects were 

classified as moderate, and 35% as severe. Blood profile parameters such as 

CRP, D-dimer, LDH, and NLR were significantly elevated among the deceased 

patients in comparison to those who had recovered. Conclusion: HRCT severity 

score positively correlated with inflammatory lab markers, length of hospital 

stays, and oxygen requirement among patients with COVID-19 infection, which 

has proven very useful in the management protocols. 

 
 

 

INTRODUCTION 
 

Coronavirus disease 2019 (COVID-19) is a highly 

contagious respiratory infection. 80% of those 

affected had mild to moderate disease, while five 

percent with severe disease went on to develop 

critical illness.[1,2] High-Resolution Computed 

Tomography (HRCT) can be used to determine the 

severity and prognosis of the condition. There is 

currently a lack of information linking the 

characteristics of HRCT with systemic inflammatory 

markers in COVID-19 patients. This study aims to 

quantify the HRCT severity score in COVID-19 

pneumonia disease to assess the severity of COVID-

19 pneumonia and to connect the HRCT severity 

score with clinical and laboratory data. 
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MATERIALS AND METHODS 

 

This was a record-based cross-sectional study 

conducted at our institute on patients diagnosed with 

COVID-19 and admitted as inpatients in COVID-19 

care spots. The study was conducted between 

October 2020 and June 2022. The sample size of the 

study was 106. The sampling technique used was 

convenience sampling. Patients above 18 years of age 

and diagnosed with moderate and severe COVID-19 

confirmed by Real Time-Polymerase Chain Reaction 

(RT-PCR) were included in the study and records 

with incomplete data entry were excluded from the 

study. The study tools include HRCT Thorax severity 

scoring, clinico-laboratory profile i.e., clinical 

severity (fever, cough, coryza, anosmia, ageusia, 

myalgia, difficulty in breathing), CRP, D-dimer, 

LDH, neutrophil-lymphocyte ratio (NLR), ferritin 

levels, and treatment outcomes (Number of days 

hospital stay, the requirement of oxygen support, a 

complication such as pulmonary embolism, death, 

and recovery). Data entry was done using MS Excel 

2016 and data analysis was done using SPSS version 

23.0. Descriptive statistics were interpreted in 

frequency and percentage, mean and standard 

deviation, chi-square test, and Fisher exact test was 

used to find out the strength of association between 

the variables. A p-value of < 0.05 was considered 

statistically significant. 

 

RESULTS 

 

In our study, 73.6% belonged to male gender and 

26.4% were females. The chief complaints of the 

patients were breathlessness, cough, fever, chest pain 

& myalgia and majority of the participants had fever. 

The majority of the subjects had diabetes (42.5%) and 

hypertension (30.2%). 3.8% had hypothyroidism, 3% 

had CAD and 36.8% of subjects did not have any co-

morbidities. With respect to complications, the 

majority of the participants developed moderate 

ARDS and the rest of the patients had severe ARDS, 

pulmonary embolism, atrial fibrillation, cardiogenic 

shock, and sudden cardiac arrest. Depending upon the 

grades of ARDS, 66% of the patients had developed 

moderate ARDS and 34% had developed severe 

ARDS. Based on the HRCT scoring system, nearly 

60% of study subjects were classified as moderate 

category, and 35 % were classified as severe 

category. Inflammatory markers such as CRP, D- 

dimer, and ferritin showed that most of the 

participants had elevated levels of these markers 

[Table 1]. Whereas concerning NLR it was 

decreased. 36% of the patients were deceased and 

66% had recovered from COVID-19 infection. 

Among the deceased population, 88.9% were males, 

and among the patients who have survived 65.7% 

were males. This trend was statistically significant 

with an odds ratio of 0.24. This explains why females 

have a 76% lower risk of developing mortality than 

males in our study population. Patients with 

intermediate grading were 93% less likely to die than 

those with severe grades and this was statistically 

highly significant as the p-value was 0.001. Blood 

profile parameters such as CRP, D-dimer, LDH, and 

NLR were elevated among the deceased in 

comparison to those who have recovered and 

independent t-test showed statistical significance 

except ferritin (p – 0.164) and NLR (p – 0.07)  

[Table 2]. Along with the blood profile, duration of 

oxygen requirement and hospital stays were 

increased among the deceased patient in comparison 

to those who have recovered and independent t test 

showed statistically significant. 

 

 
Figure 1: Association between HRCT thorax severity 

scoring and patient outcomes in COVID patients 

 

Table 1: Comparison of various inflammatory markers in COVID-19 patients. 

Variables Death Recovery p-value (Chi-square test) 

Elevated CRP 100% 72.9% 0.001 

Elevated D-dimer 100% 85.7% 0.017 

Elevated ferritin 100% 92.9% 0.164 

Elevated LDH 94.4% 55.7% 0.001 

Elevated NLR 8.3% 1.4% 0.07 

 

Table 2: Comparison of various parameters with the outcomes of the patients 

Outcome Patient group p-value * 

Recovery Mean ± S.D (N=70) Death Mean ± S.D (N=36) 

Age 50.55 ± 15.00 65.52 ± 13.65 0.001 

CRP mg/dl 17.04 ±15.46 25.23 ± 9.21 0.004 

D- dimer mg/dl 357.1(294 – 448) 551(400 – 960) 0.001 

LDH 302.41 ± 110.40 401.22± 111.70 0.001 

NLR 1.91 ± 0.82 2.38 ± 0.96 0.011 

Duration of Oxygen requirement (in days) 4.87 ± 3.67 11.47 ± 6.7 0.001 

Duration of Hospital stays (in days) 8.25 ± 3.8 11.52 ± 6.69 0.002 

*p < 0.05 – statistically significant; p < 0.001 – statistically highly significant 
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Table 3: Association between HRCT thorax severity scoring and patient outcomes in COVID patients 

HRCT thorax severity 

scoring 

Outcome p-value * 

Death Recovery 

Moderate 10 59 0.001 

27.8% 84.3% 

Severe 26 11 

72.2% 15.7% 

Total 36 70  

100.0% 100.0%  

Odds ratio 0.071 (0.027-0.189) 

*p<0.001 – statistically highly significant 

 

DISCUSSION 
 

COVID-19 is a global health issue. Early 

identification of critical patients has various 

advantages, including appropriate critical care and 

reduction of mortality rate.  

In our study, among the study population, 73.6% 

belonged to the male gender and 26.4% were 

females. A study done by Sharma et al, found that 

majority of cases were aged between 41 and 60 years. 

The mean age of the study group was 54.46 (±16.71) 

years. Among previous studies, Bhandari S et al, 

reported that the mean age of the patients was 50.40 

years, which is very similar to our study.[3,4] A study 

done by Ghufran et al. revealed male predilection and 

severe disease were mostly seen in males (93.4%). 

Studies suggest that such distribution can be 

attributed to the possible protective effect of 

estrogen.[5] The most severe disease and the highest 

mortality rates were found in the 50- to 59-year age 

group. 

A study done by Hafez et al. showed that the common 

clinical symptoms of patients with COVID-19 were 

fever, cough, dyspnoea, and fatigue.[6,7] In this study, 

fever and lower respiratory symptoms are the 

common presenting symptoms in 69.5% and 66% of 

the patients, respectively.  

 In a study done by Sharma et al., found that of all 

patients, 55.2% patients had some or other underlying 

comorbid disease like diabetes mellitus, 

hypertension, Chronic Obstructive Pulmonary 

Disease (COPD), and others.[3] Although in our 

study, there was a higher proportion of cases with 

comorbidity in mild grade of disease, the difference 

was not statistically significant. This is similar to a 

previous study done by Saeed et al.[8]  Likewise, a 

study done by Aziz-Ahari et al., found that 

individuals with these comorbidities were at 

increased risk of suffering a severe form of COVID-

19 and have a higher mortality rate that it is consistent 

with similar studies.[9,10] Guan et al., in their study, 

stated that the presence of risk factors, particularly 

hypertension, diabetes, lung, and coronary artery 

diseases carried a poor prognosis, with even worse 

outcomes when multiple risk factors are present.[11]  

In our study, among the study population based on 

the HRCT scoring system, nearly 60% of study 

subjects were classified as moderate category, and 35 

% were classified as severe category. Whereas a 

study done by Sharma et al., observed that more than 

half of the cases had a severe grading, more than a 

quarter of the cases were labeled as moderately 

severe, while 22 cases had mild severity on CT 

score.[3] This observation could be due to the sample 

being taken from tertiary care hospital which caters 

to comparatively sick patients. 

All studies have indicated that COVID-19 has typical 

peripheral and subpleural distributions, and in most 

patients, COVID-19 involved multiple lobes, 

particularly the lower lobes. In this study by Hafez et 

al, 93.5% of all patients had bilateral involvement, 

whereas 89.5% had peripheral involvement. Higher 

severity scores for the lower lobe were observed in 

55.5% of the patients.[6] These results conform to the 

study by Salehi et al., who reported bilateral 

involvement and peripheral distribution in 87.5% and 

76.0% of their patients, respectively.[12] However, 

many studies such as that by Zhou et al., have 

reported that 77.4% of the patients had 

predominantly peripheral distribution of lesions; the 

mean CT-SS for the upper zone was significantly 

lower than that for the middle and lower zones, and 

no significant difference in the mean CT-SS was 

observed between the middle and lower zones.[13,14] 

In a study by Aziz-Ahari et al., the authors found that 

right lung involvement was slightly predominant 

over left lung involvement, which is not consistent 

with other studies.[7,9] Also, the presence of pleural 

effusion was significantly higher in cases with severe 

form of the disease. The HRCT severity score was 

higher in the severe/critical patients [Figure 1]. A 

statistically significant (p = 0.001) difference in 

HRCT severity scoring was found among the 

recovered patients than those who died [Table 3]. 

These findings are consistent with the Homayounieh 

et al study.[15] The CT severity score was higher in 

patients who died after adjustment of parameters in 

both groups in the Abbasi et al, study and it is 

consistent with our results. Also, the CT severity 

score could be an acceptable prognostic factor for 

mortality and severity (area under the curve of 

0.72).[16] In another study done by Hafez et al., they 

found that the death rate in their study population was 

significantly increased among patients with severe 

CT findings, as noted in other studies.[6] Patients with 

intermediate grading were 93% less likely to die than 

those with severe grades. This was statistically 

significant as the p-value was 0.001 but in contrast to 

our finding, Sharma et al, found that patient survival 

was significantly decreased among patients with 

severe CT findings. In contrast, the proportion of 

cases who survived was comparable among all grades 
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of severity on CT scans. This difference between the 

two groups was statistically significant. The mean CT 

severity score among patients who died was 

significantly higher than patients who survived.[3] 

Inflammatory markers such as CRP, D- dimer, and 

ferritin showed most of the participants had elevated 

levels of these markers. Whereas with respect to 

NLR, it was decreased. In our study population, there 

were only 4 study participants (3.8%) with elevated 

NLR and 102 subjects showed reduced NLR during 

admission. In our study, among the deceased 

population, all the subjects had elevated CRP 

whereas among those who have recovered 72.9% 

showed elevated CRP levels in blood. This difference 

in trend was statistically significant as the p-value 

was 0.001 and all the subjects had elevated D-dimer 

whereas among those who have recovered 85.7 % 

showed elevated D-dimer levels in the blood. This 

difference in trend was statistically significant as the 

p-value was 0.017. Also, all the subjects had elevated 

serum ferritin levels whereas among those who have 

recovered 92.9% showed elevated levels of serum 

ferritin. This difference in trend was not statistically 

significant as the p-value was 0.10. We also found 

that among the deceased population, 94.4% showed 

elevated LDH levels, and 55.7% of those who 

survived did as well. Given that the p-value was 

0.001, this trend was statistically significant. It also 

explains why patients with normal LDH levels had a 

93% survival rate. Blood profile parameters such as 

CRP, D-dimer, LDH, and NLR ratio were elevated 

among deceased patients, in comparison to those who 

have recovered and independent t-test showed 

statistically significant except for D-dimer. 8.3% of 

participants had increased NLR levels, but only 1.4% 

of them was recovered patients. Given that the p-

value was 0.077, this trend difference was not 

statistically significant.  

Many previous studies have suggested alterations of 

laboratory parameters in COVID-19 patients with 

greater frequency such as lymphocyte count, CRP, D-

dimer, and serum ferritin.[17] In a study by Sharma et 

al., more than three-fourths of the cases had a raised 

CRP level (CRP>0.1 mg/dL), while more than two-

thirds of the cases had a raised ESR level (ESR>30). 

In contrast, an almost comparable proportion of cases 

had raised and normal absolute leukocyte count and 

serum ferritin. D-dimer levels were raised in the 

majority (62.0%) of the cases. Lymphocyte count 

was decreased in more than half (52%) of the cases.[3] 

Severe disease was associated with a significantly 

lower lymphocyte count compared to mild disease. In 

contrast, CRP, D-dimer, and serum ferritin were 

significantly higher in severe cases compared to mild 

cases. The strong correlation between lymphopenia 

and disease severity can be related to the 

inflammatory cytokine storm in COVID-19 

patients.[8] This study showed a statistically 

significant correlation between raised CRP levels and 

increasing CT severity. Previous studies have also 

suggested that CRP can be used as a predictive 

marker for the likelihood of disease progression and 

can guide clinicians in early treatment at the early 

disease stage. Similarly, serum ferritin acts as a vital 

mediator of immune dysregulation as shown in this 

study where serum ferritin level was closely 

correlated with severity of disease. Likewise, higher 

D-dimer levels were seen in severe disease and can 

be used as a prognostic indicator.  A similar study 

done by Aziz-Ahari et al. found that serum LDH and 

CRP levels were elevated in COVID-19 as well as 

other inflammatory diseases.[9] According to our 

results, individuals with elevated CRP and LDH 

serum levels had a higher mortality rate. Other 

studies also reported high CRP and LDH as strong 

predictors for severity, and higher CRP levels were 

positively correlated with lung involvement in CT 

imaging.[18] Albumin as a negative acute 

inflammatory factor was decreased in the deceased 

group in this study which is consistent with the other 

studies. 

Likewise, a study done by Hafez et al., studies have 

also suggested that prompt treatment at an early 

disease stage can be considered using CRP as a 

predictive marker for the likelihood of disease 

progression. Similarly, serum ferritin is a vital 

mediator of immune dysregulation, and its level was 

closely linked to the severity of the disease. D-dimer 

likewise can be used as a prognostic indicator, where 

higher levels are seen in more critical conditions. 

However, there is a lack of evidence regarding the 

causal effect. It is not yet clear whether this increase 

is related to the direct effect of the virus or the 

systemic inflammatory response.[6] 

In our study, the mean duration of oxygen 

requirement was 4.87± 3.67 days for the recovered 

group and 11.47 ± 6.7 days for the death group. 

Similarly, a study done by Saeed et al., found only 

two patients (3.3%) with severe CT scores did not 

require oxygen support, 8 (13.1%) required a nasal 

cannula, 8 (13.1%) required a face mask, 5 (8.2%) 

required nonrebreather mask, 4 (6.6%) required 

BiPAP/HFNC, and 34/61 (55.7%) required 

intubation. Oxygen requirement and CT severity 

scores were found to have a statistically highly 

significant correlation (p < 0.0001, r - 0.529). As 

expected, and found in our data, oxygen requirements 

increase with the increasing CT severity. Progressive 

increase in oxygen requirement can be due to the 

direct damage of the lung by the virus causing 

inflammatory changes in the alveolar wall that limit 

oxygen exchange, leading to acute respiratory 

distress, pulmonary fibrosis, and eventually death.[8] 

In our study, the mean duration of hospital stay was 

8.25 ± 3.8 days for the recovered group and 11.52 ± 

6.69 days for the deceased. In a similar study, Saeed 

et al. found that  21.1% with negative scans, 30.6% 

with mild CT severity scoring, 17.7% patients with 

moderate, and 5 patients (0.6%) with severe CT 

thorax findings were either discharged on the same 

day or required hospital admission for <5 days.[8] 

Concerning the length of hospital stay for patients 

with COVID-19 disease, a systematic review done by 

Rees et al., has suggested that length of stay varies 
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depending on multiple factors such as admission and 

discharge criteria, bed demand and availability, and 

different timing within the pandemic.[19] Death rate in 

our cohort was significantly increased among 

patients with severe CT findings, as noted in other 

similar studies.[20]  

Limitations 

• Since it is a cross-sectional record-based study, 

the measure of association is a crude ratio. 

• The use of convenient sampling in this study is 

one of the limitations. 

 

CONCLUSION 
 

In patients with COVID-19 pneumonia, multi-slice 

CT plays a vital role in early identification of the 

disease with the ground-glass densities and 

peripheral adhesions being the most typical findings. 

Thus, radiologists should be familiar with other 

possible findings.  Chest CT severity score of patients 

with COVID-19 and inflammatory laboratory 

markers can work as an indicator of disease severity 

and outcome. CT chest imaging can play a vital role 

in the management plan of COVID-19 pneumonia 

and should be used for a comprehensive evaluation, 

combined with the results of nucleic acid tests and 

epidemiological data. CT severity score is positively 

correlated with inflammatory lab markers, length of 

hospital stays, and oxygen requirement in patients 

with COVID-19 infection. This is our tertiary care 

teaching centre’s experience during the COVID-19 

pandemic. With the emergence of new COVID-19 

variants happening regularly (omicron, XBB.1.16, 

and the recent identification of a subvariant of 

omicron – Eris), the learning points need to be 

revisited frequently to keep ourselves prepared well 

in advance for any life-threatening future outbreaks. 

Since the world is considered a global village, we all 

should be alert irrespective of the proximity of an 

outbreak and be better prepared and, our experience 

during COVID-19 waves serves as a reminder in the 

right direction. 
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