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Abstract 

Background: The struggle of humanity with Coronavirus disease 2019 (COVID-19) infection, which affected the whole world and caused 
severe social and health crises, continues without deceleration.  
Objectives: This study aimed to determine the relationship between the abnormal laboratory parameters upon admission and the 
intensity of lung involvement using chest computerized tomography severity score (CT-SS). 
Methods: This single-center study evaluated a total of 242 patients who were admitted to our hospital due to COVID-19 with positive 
polymerase chain reaction (PCR) test results. The patients were divided into three groups of no involvement on thorax CT images, mild 
involvement, and moderate-severe involvement. 
Results: The mean ages of groups 1 (n=42), 2 (n=123), and 3 (n=77) were 38±10.6, 56.3±16, and 61±15.6 years, respectively (P<0.001). 
The three groups showed significant differences in terms of hypertension, diabetes mellitus, heart rate, oxygen saturation, lymphocyte 
count, platelet-lymphocyte ratio (PLR), systemic immune inflammation index (SII), ferritin, troponin-I, erythrocyte sedimentation rate 
(ESR), and c-reactive protein (CRP) values (P<0.001). The CRP (R=0.545, P<0.001), ferritin (R=0.481, P<0.001), and SII (R=0.473, 
P<0.001) were moderately and positively correlated with CT-SS, while neutrophil-lymphocyte ratio (R=0.404, P<0.001), PLR (R=0.371, 
P<0.001), and ESR (R=0.327, P<0.001) were mildly and positively correlated with CT-SS. 
Conclusion: The results of the present study showed that elevation in CRP, as well as ferritin and SII values upon admission to the 
hospital was significantly correlated with CT-SS. The results also revealed that the presence of lung parenchyma involvement might be 
predicted in PCR positive COVID-19 patients without the need for thorax CT. Furthermore, it is believed that this information will provide 
great convenience to the clinicians who first welcome the patient in terms of predicting COVID-19 lung involvement.  
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1. Background 

Coronavirus disease 2019 (COVID-19) went down 
in history as a disease that first appeared in Wuhan 
province, China, in December 2019, caused an 
explosive spread within a very short time, and 
created a worldwide health crisis. The disease is of 
zoonotic origin and occurs due to the newly 
described virus named severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), a member of 
the coronavirus family with seven different species 
known to infect humans to date (1). 

COVID-19 is predominantly a disease with fever 
and cough complaints. Although its symptomatology 
is highly variable, it exhibits a severe clinical picture 
in approximately 20% of patients (2). In this severe 
group, the mortality rate is around 3% (3). Changes 
in some laboratory parameters, especially those with 
prognostic value are remarkable. Laboratory 
parameters, such as d-dimer, troponin-I, lymphocyte 
amount, c-reactive protein (CRP) value, and lactate 
dehydrogenase (LDH) show disease-specific changes 
(4). However, the clinical form with pneumonia and 
lung involvement is also important. There are typical 

and atypical findings for the diagnosis of COVID-19 
detected by computed tomography (CT). Typical 
findings are bilateral ground-glass appearance, 
peripheral and dorsal consolidation, cobblestone 
appearance more common in the middle and lower 
zones, air bronchogram, which tends to be multi-
lobar, vascular ectasia, and bronchiectasis. Atypical 
CT findings include mediastinal lymphadenopathy, 
unilateral lesions in upper zones, pleural effusion, 
cavitations, budding tree appearance, pneumothorax, 
and numerous small nodules (5). 

Radiological imaging is not diagnostic for COVID-
19 disease. The definitive diagnosis is made with the 
Real-Time Polymerase Chain Reaction (RT-PCR) 
examination of the throat swab sample. Although this 
test is considered disease-specific, it has a low 
sensitivity in the early stages (6). During the negative 
phase of RT-PCR, especially in the first days of the 
disease, highly suspicious COVID-19 case findings 
were encountered quite frequently in CT. The CT 
findings are typical at diagnosis, and RT-PCR was 
found to turn positive in an average of 5.1 days (4-8 
days). Among patients with negative RT-PCR tests, 
the probability of early detection was 93% by CT, 
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compared to RT-PCR (7-9).  
There has been no study in the literature 

regarding COVID-19 and the power of predicting the 
presence and intensity of lung involvement of the 
data obtained upon admission based on the chest CT 
severity score (CT-SS). Accordingly, this study aimed 
to determine the relationship of the abnormal 
laboratory parameters detected upon admission with 
CT findings and the intensity of lung involvement 
using CT-SS. In cases where CT cannot be performed, 
it will be possible to realistically estimate the 
predictability of abnormal laboratory values in terms 
of lung involvement in COVID-19 and get a chance of 
early intervention based on the need for 
hospitalization and referral to advanced centers for 
medical follow-up. 

 

2. Objectives 

This study aimed to analyze the demographic, 
clinical, laboratory, and radiological data of COVID-19 
patients and compare the results among the 
determined patient groups. Furthermore, the 
correlation of the data obtained upon admission with 
the severity was examined to predict the presence of 
lung involvement.  

 

3. Methods 

3.1. Data Sources 
The required permission was obtained from the 

Turkish Republic Ministry of Health, General 
Directorate of Health Services, and COVID-19 
Scientific Research Evaluation Commission. 
Moreover, the study protocol was approved by our 
hospital Research Ethics Committee (2011-KAEK-25 
2020/05-17; 27/05/2020).  

This single-center study evaluated patients who 
were admitted to our hospital due to COVID-19 
between 01/09/2020 and 01/12/2020 with positive 
PCR tests of nasal and pharyngeal swab samples and 
those exhibiting respiratory symptoms or fever. The 
patients with lung malignancy, a history of lobectomy, 
tuberculosis, or atelectasis were excluded from this 
study. A total of 242 patients who met the criteria were 
included in this study. Laboratory values, radiological 
imaging data, demographic characteristics, vital 
parameters upon admission, treatments administered, 
and clinical outcomes of the patients were recorded. 
According to our hospital protocol, all patients 
diagnosed with COVID-19 and hospitalized routinely 
underwent chest CT without intravenous contrast. All 
chest CT images were analyzed retrospectively by two 
experienced radiologists. The CT images were then 
examined upon admission, and all normal or 
pathological data were noted. 

 
3.2. Variables 

Potential variables were recorded from the time 

patients were first admitted to the hospital. 
Demographic characteristics, age, gender, smoking 
status, history of hypertension (HT), diabetes 
mellitus (DM), chronic obstructive pulmonary disease 
(COPD), congestive heart failure, coronary artery 
disease (CAD), history of extra-pulmonary 
malignancies, renal failure, immunosuppression, or 
use of immunosuppressant medications were 
recorded. Radiological images, such as chest 
radiography and thoracic CT were examined upon 
admission, and all normal or pathological data were 
noted. Clinical outcome, discharge or mortality 
information, duration of intensive care unit stays, and 
total hospital stay were also noted in this study. Vital 
signs including blood pressure, oxygen saturation 
(SaO2), and heart rate (HR) were analyzed. 
Laboratory data, such as complete blood count values 
(e.g., white blood cell count, hemoglobin-Hgb, 
neutrophil count, lymphocyte count, platelet count-
PLT), biochemical examinations (e.g., ferritin, high 
sensitivity troponin-I, d-dimer), sedimentation, CRP, 
blood urea nitrogen, creatinine, alanine 
aminotransferase, aspartate aminotransferase, and 
LDH were evaluated. Neutrophil to lymphocyte ratio 
(NLR) and platelet to lymphocyte ratio (PLR) were 
also calculated. The systemic immune inflammation 
index (SII) was obtained by multiplying the NLR 
value with the platelet count. 

 
3.3. Chest Computed Tomography Severity Score 
Assessment 

Chest CT-Severity Score (CT-SS) developed by Ran 
Yang et al. was used for the evaluation of chest CT 
images (10). The CT-SS is an adaptation of a previously 
used method to define ground-glass opacity, 
interstitial opacity, and air entrapment in post-SARS 
patients, all of which are associated with clinical and 
laboratory parameters. In CT-SS, the lung parenchyma 
is divided into 20 anatomical regions. In addition to 18 
segments, the left upper lobe, apicoposterior segment 
divided into apical and posterior, and the left lower 
lobe anteromedial basal segment divided into anterior 
and medial-basal segments, add up to 20 segments in 
total. The CT-SS is defined by summing individual 
scores from 20 lung regions. Scoring depends on the 
intensity of pathological findings in the parenchyma 
for each region.  

Zero, one, and two indicate no involvement, less 
than 50% involvement, and 50% or more 
involvement, respectively. The patient finally 
received a score between 0-40 points according to CT 
findings. The patients in this study were divided into 
group 1 (n=42) with no involvement on thorax CT 
images, group 2 (n=123) with mild involvement (CT-
SS: 1-10), and group 3 (n=77) with moderate-severe 
involvement (CT-SS: 10 and above).  

 
3.4. Chest Computed Tomography Scan 

Chest CT images were acquired using a 128-
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detector CT scanner (Siemens SOMATOM®). All 
patients were imaged in the supine position with a 
single breath-hold. The scanned area extended from 
the apex of the lung to the costo-phrenic angle. The 
CT scan parameters were X-ray tube 120 kVp, 350 
mAs, and slice thickness: 5 mm. 

 
3.5. Statistical methods 

The obtained data were analyzed in SPSS software 
(IBM Statistical Package for the Social Sciences 
Statistic Inc. version 22.0, Chicago, IL, USA). One-way 
analysis of variance was used to compare three 
groups of ordinal variables. In our study, categorical 
variables were presented as frequency and 
percentage, while the Chi-square test was used for 
data analysis. Nominal variables with normal 
distribution were presented as mean±SD and 

compared with Student t-test, whereas non-normally 
distributed data were indicated as mean and 
interquartile range and compared with Mann-
Whitney U test (To evaluate patients as those with 
and without lung involvement.). The correlation 
between inflammatory parameters and CT 
involvement score was also assessed employing 
Pearson correlation analysis, and the predictive 
values of inflammatory parameters in terms of 
showing CT involvement were evaluated using the 
ROC curve analysis. 
 

4. Results 

The demographic characteristics of the patients 
(n=242) included in the study and the blood 
parameters upon admission are presented in Table 1. 

 
Table 1. Demographic features and admission clinic data and laboratory values of the patients 

 
Group 1 

N=42 
(none) 

Group 2 
N=123 
(mild) 

Group 3 
N=77 

(moderate-severe) 
P-value* P-value† P-value‡ 

Age 38±10.6 56.3±16 61±15.6 <0.001 <0.001 0.037 
Male gender, n (%) 15 (35.7%) 52 (42.3%) 31 (40.3%) 0.755 0.564 0.829 
Diabetes Mellitus, n (%) 2 (4.7%) 28 (22.7%) 27 (35%) <0.001 <0.001 0.053 
Hypertension, n (%) 2 (4.7%) 40 (32.5%) 32 (41.5%) <0.001 <0.001 0.169 
Coronary artery disease, n (%) 3 (7.1%) 11 (8.9%) 9 (11.6%) 0.812 0.196 0.076 
Smoking, n (%) 10 (23.8%) 33 (26.8%) 22 (28.6%) 0.796 0.294 0.745 
COPD, n (%) 2 (4.7%) 8 (6.5%) 5 (6.4%) 0.898 0.197 0.681 
SaO2 (%) 98 (94-100) 97 (72-100) 97 (78-100) <0.001 0.004 0.077 
Heart rate (min) 82 (64-96) 84 (56-144) 98 (56-154) <0.001 <0.001 0.023 
WBC (103/mm3) 6,3 (2,8-19,8) 6 (0,7-19,5) 5,8 (0,7-21,6) 0.495 0.578 0.751 
Hemoglobin (g/dL) 13,2 (7,9-17) 13,1 (5,7-16,5) 12,3 (1,1-16) 0.395 0.161 0.063 
Platelet (103/mm3) 219 (47-409) 219 (59-507) 211 (20-574) 0.350 0.576 0.939 
Neutrophil (103/ml) 3,4 (1,1-11) 3,7(0,4-18) 4,1 (0,4-19,1) 0.165 0.140 0.083 
Lymphocyte (103/ml) 2,2 (0,4-7,2) 1,4 (0,1-3,7) 1,2 (0,1-4,5) <0.001 <0.001 0.003 
Neutrophil lymphocyte ratio 1,5 (0,6-11) 2,4 (0,3-21,9) 4,7 (0,7-13,9) <0.001 <0.001 0.001 
Platelet lymphocyte ratio 104,2 (15,9-742,8) 138,7 (46,4-568) 188 (10,7-675,5) <0.001 <0.001 0.002 
Systemic immune inflamation 
index 

311,7 (132,6-2084,6) 516.2 (80-7463) 1302.7 (26-7454,7) <0.001 <0.001 <0.001 

Ferritin (mg/L) 68,5 (5,5-1038) 188,1 (6-2903) 308,9 (12-2903) <0.001 <0.001 <0.001 
Troponin (mg/L) 3 (0-101,6) 4,5 (0-653,2) 5,8 (0-653,2) 0.392 <0.001 0.066 
D-dimer (ng/mL) 0,4 (0,1-38) 0,6 (0,1-125) 0,8 (0,1-16,8) 0.678 0.001 0.027 
Fibrinogen (mg/dL) 402 (122-900) 456 (122-995) 524 (122-995) 0.082 0.032 0.169 
Sedimentation (mm/h) 20 (1-70) 33 (1-102) 44 (5-116) <0.001 <0.001 0.030 
C-reactive protein (mg/L) 3,3 (3-121) 17,9 (3-244) 64,9 (3,1-319) <0.001 <0.001 <0.001 
Urea (mg/dL) 11,3 (6,6-38,5) 12,9 (5,2-40) 13,3 (4,2-44,4) 0.321 0.198 0.107 
Creatinine (mg/dL) 0,8 (0,4-1,7) 0,7 (0,4-1,6) 0,8 (0,4-2,1) 0.103 0.067 0.279 
Aspartate aminotransferase (U/L) 29 (10-214) 24 (10-205) 34 (6-191) 0.194 0.108 0.077 
Alanine aminotransferase (U/L) 18 (6-206) 19 (5-293) 25 (7-261) 0.214 0.126 0.109 
Lactate dehydrogenase (U/L) 170 (112-464) 245 (120-617) 308 (124-742) <0.001 <0.001 <0.001 

COPD: Chronic obstructive pulmonary disease, WBC: White blood cells 

*Comparison of the three groups  
†Comparison of patients with or without lung involvement 
‡Comparison of patients with mild or moderate-severe lung involvement 
 

The mean ages of groups 1 (n=42), 2 (n=123), 
and 3 (n=77) were 38±10.6, 56.3±16, and 61±15.6 
years, respectively (P<0.001). The three groups 
were similar in terms of gender, smoking, presence 
of CAD, COPD, kidney and liver functions; however, 
they significantly differed in terms of HT, DM, HR, 
SaO2, lymphocyte count, PLR, SII, ferritin, troponin, 
erythrocyte sedimentation rate (ESR), and CRP 
values (P<0.001). Age, DM and HT rates, heart rate, 
NLR, PLR, SII, ferritin, troponin, ESR, and CRP 

values were significantly higher in groups 2 and 3 
(P<0.001) (Table 1). The patients were evaluated 
as those with mild (n=123, group 2) and moderate-
severe (n=77, group 3) lung involvement. Age, 
heart rate, lymphocyte count, NLR, PLR, SII, 
ferritin, ESR, and CRP values were significantly 
higher in patients with lung involvement (P=0.037, 
P=0.023, P=0.003, P=0.001, P=0.002, P<0.001, 
P<0.001, P=0.030, and P<0.001, respectively) 
(Table 1). The ROC analysis was performed for 
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inflammatory parameters in terms of showing lung 
involvement. The cut-off values for CRP, ferritin, 
SII, NLR, PLR, and ESR were obtained at 8.91 
(75.3% sensitivity, 75% specificity), 132.6 (72.2% 
sensitivity, 72.7% specificity), 436 (70.7% 
sensitivity, 72.7% specificity), 2.13 (69.2% 

sensitivity, 68.2% specificity), 127.9 (67.7% 
sensitivity, 68.2% specificity), and 23.5 (64.6% 
sensitivity, 65.9% specificity), respectively (Table 
2) (Figure 1). 

Correlation analysis was performed between CT-
SS and inflammatory parameters (Figure 2). 

 
Table 2. Receiver operating characteristic curve analysis to show lung involvement 

Variables Cut-off AUC 95% CI Sensitivity Specificity P-value 
C-reactive protein 8.91 0.825 0.764- 0.885 75.3 75 <0.001 
Ferritin 132.6 0.787 0.710- 0.863 72.2 72.7 <0.001 
Systemic immune inflammation index 436 0.746 0.676- 0.817 70.7 72.7 <0.001 
Neutrophil lymphocyteratio 2.13 0.743 0.669- 0.817 69.2 68.2 <0.001 
Platelet lymphocyteratio 127.9 0.729 0.646- 0.812 67.7 68.2 <0.001 
Erythrocyte sedimentation rate 23.5 0.705 0.631- 0.780 64.6 65.9 <0.001 

 

 

Figure 1. Receiver operating characteristic curve analysis figure for blood parameters 

 

 

Figure 2. Correlation analysis between computed tomography scores and biomarkers 
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Accordingly, CT-SS and CRP (R=0.545, P<0.001), 
ferritin (R=0.481, P<0.001), and SII (R=0.473, 
P<0.001) were moderately and positively correlated, 
while NLR (R=0.404, P<0.001), PLR (R=0.371, 
P<0.001), and ESR (R=0.327, P<0.001) were mildly 
and positively correlated. 
 

5. Discussion 

As the first year of the COVID-19 pandemic is left 
behind, it has become clear that the world, especially 
the healthcare systems, was not prepared for such a 
major crisis. The current data (11) shared by the 
Centers for Disease Control and Prevention and some 
additional publications made it clear that races, 
ethnic identities, and geographical regions differed in 
terms of access to healthcare, and therefore, 
mortality rates (12-14). As of 01 April 2021, COVID-
19 infection resulted in the death of almost three 
million individuals, and infection of more than 125 
million and increasing number of cases. These 
numbers are also an indicator of the workload on 
health institutions. There is a great burden on 
clinicians, especially physicians who meet patients 
first, due to explosively increased visits to healthcare 
institutions. It has become very important to identify 
the patients, interpret the clinical findings and 
laboratory data correctly as of the first visit, and 
determine the effective diagnosis-follow-up-
treatment strategy. Early detection of COVID-19-
associated pneumonia, which is primarily associated 
with mortality during the disease process, should be 
the main goal.  

This study aimed to develop an early diagnosis 
system that allows the clinician to predict lung 
involvement and its severity, as well as the likelihood 
of pulmonary complications based on easily obtained 
laboratory data. The COVID-19 symptomatology 
ranges within a wide spectrum from asymptomatic 
carriage to pneumonia with extensive lung 
involvement, multiple organ failure, and sepsis. Most 
patients overcome the disease with mild or moderate 
severity. The severe disease group was found to have 
comorbidities, such as HT, DM, CAD, immune 
deficiency, or malignancy. In addition, disease-
specific elevations in laboratory parameters, such as 
d-dimer, troponin-I, LDH, ferritin, and CRP have been 
reported (15-18). 

Comprehensive analyses state that the incidence 
of severe disease and the need for hospitalization 
are approximately between 12% and 16% (19,20), 
and those of severe pneumonia and critical disease 
range between 14-35% and 5-28%, respectively (4, 
15,). On the other hand, in patients with suspected 
COVID-19 lesions on CT, the RT-PCR test, which 
provides diagnostic precision for COVID-19, turns 
positive in an average of 5.1-6.2 days (7-9). All these 
data show that early diagnosis can be achieved 
thanks to possible correlations between clinical 

complaints, laboratory data, and CT findings before 
RT-PCR positivity is found. The CT-SS shows the 
severity of lung involvement. The same scoring 
system was used effectively in the SARS epidemic in 
previous years. In the SARS epidemic, pathological 
findings in the lung parenchyma were correlated 
with laboratory and clinical parameters (21). In 
studies conducted on patients with COVID-19 
pneumonia which examined the relationship 
between CT-SS and clinical severity, CT-SS was 
proven as an effective scoring system for showing 
the severity of the disease in COVID-19-associated 
pneumonia (10, 22-25).  

Our three patient groups significantly differed in 
terms of HT and DM rates, HR, SaO2, lymphocyte 
count, PLR, SII, ferritin, troponin-I, ESR, and CRP 
values (P<0.001 for all). Among 200 patients with 
pulmonary involvement, age, heart rate, as well as 
DM and HT rates were significantly higher, compared 
to those without (P<0.001).  

Similarly, in patients with lung involvement, NLR, 
PLR, SII, ferritin, troponin, ESR, and CRP values were 
significantly higher (P<0.001). Similar to our findings, 
several studies have shown that the development of 
serious disease is more pronounced in the presence 
of comorbid diseases, such as HT, DM, and 
malignancy (15, 26, 27). In a study involving 32,583 
patients, it is mentioned that the risk of contracting 
the disease and developing serious disease increases 
in the presence of at least one of the comorbidities, 
such as obesity, DM, and HT (28). In addition to these, 
there are publications stating that some 
abnormalities detected in blood parameters and 
biochemical variables also cause an increase in the 
incidence of serious diseases and a greater 
predisposition to the development of mortality (29-
32). In our study, similar to the literature, significant 
increases were observed in the presence of comorbid 
diseases and some laboratory parameters in terms of 
the presence and prevalence of lung involvement. 
Additionally, in our study, ferritin, SII, and CRP levels 
were found to be significantly higher among the 
patients who were divided into two groups with CT-
SS in terms of parenchymal involvement severity 
(Table 1). In this way, significant results were 
obtained in terms of both the presence of 
involvement and the determination of the severity of 
the involvement. 

The ROC analysis performed with inflammatory 
parameters revealed that SII, NLR, PLR, and ESR, 
especially CRP and ferritin, were the strong 
predictors of lung involvement with high specificity 
and sensitivity (CRP>8.91; AUC: 0.825, 75.3% 
sensitivity and 75% specificity, ferritin>132.6; AUC: 
0.787, 72.2% sensitivity and 72.7% specificity, 
P<0.001). According to the correlation analysis 
performed between CT-SS and inflammatory data, the 
CT-SS score was moderately and positively correlated 
with CRP (R=0.545, P<0.001), ferritin (R=0.481, 
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P<0.001), and SII (R=0.473, P<0.001); however, it 
was mildly and positively correlated with NLR 
(R=0.404, P<0.001), PLR (R=0.371, P<0.001), and 
ESR (R=0.327, P<0.001). 

These significant data, especially CRP, ferritin, 
and SII were highly sensitive and specific upon the 
first admission in terms of predicting lung 
parenchymal involvement due to COVID-19 without 
CT scans. Thanks to this predictive power, it is 
believed that negative conditions, such as living in 
rural areas, having low socio-economic 
opportunities, not having advanced examination 
options, such as CT in the country or region of 
residence, or not being able to benefit from health 
services can be effectively prevented. As a 
secondary gain, it is our opinion that unnecessary 
CT scans obtained to investigate lung involvement 
can also be avoided. Blood data obtained from 
patients upon admission may alert the clinician 
primarily for the presence of lung involvement. This 
way, early treatment opportunities will be offered to 
patients with pneumonic involvement during the 
average five-day window of RT-PCR negativity. With 
significant elevations in CRP, ferritin, and SII, the 
presence of lung involvement can be predicted and 
the selection of patients in need of hospitalization 
and referral to advanced centers for examination 
and treatment will get much easier. 

This study consists of patients who were 
hospitalized with the diagnosis of COVID-19 and 
received treatment. Therefore, the number of 
patients is low. The other significant limitations of the 
present study are its retrospective and single-center  
study design. 
 

6. Conclusion 

Timely determination of the disease course and 
taking measures accordingly are of great importance 
for healthcare systems battling with the pandemic. 
Early detection of morbidity development, the need 
for hospitalization and pneumonia, as well as 
developing a diagnostic and treatment strategy will 
ensure the equal distribution of the increased burden 
on the health systems. This study revealed that 
abnormal laboratory findings detected in patients 
upon admission are effective in predicting lung 
involvement with high specificity and sensitivity 
without the use of a thoracic CT scan. This 
information will greatly help the clinician who 
manages the COVID-19 patient first in terms of 
prediction of lung involvement. High values of CRP, 
ferritin, and SII lead to the identification of patients 
with parenchymal involvement, and the intensity of 
parenchymal involvement in these patients will be 
noticed more clearly.  

It is believed that by using this ability, the need for 
CT will decrease, the economic burden on health 
systems will become more balanced, the management 

of the disease will be more selective, and the fight 
against the pandemic will be carried out more 
effectively. Further multicenter prospective studies 
with large patient series are required for clearer 
results. 
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