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INTRODUCTION was initially identified in Wuhan, China, in a cluster

of patients who mainly presented with fever, cough,
Coronavirus disease (COVID-19) is a highly and dyspnea. Nevertheless, COVID-19 encompasses
contagious infection caused by the novel viral a broad range of clinical manifestations from
pathogen, the severe acute respiratory syndrome asymptomatic illness to severe respiratory distress
coronavirus 2 (SARS-CoV-2).l1 This viral infection and even death.”!
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Initial studies showed that patients with COVID-19
demonstrate elevated levels of inflammatory markers such
as increased erythrocyte sedimentation rate, C-reactive
protein (CRP), and lactate dehydrogenase (LDH).54
Furthermore, decreased levels of lymphocytes were seen in
patients with severe form of disease, which was attributed
to the possible effect of SARS-CoV-2 on T-lymphocytes,
subsequently leading to a reduction in CD4 and CD8 T
cells.Pl Lately, Ji et al. performed an analysis on patients with
COVID-19 to identify factors that are associated with disease
severity. Among a multitude of investigated variables, older
age and comorbidity along with inflammatory markers such
as decreased lymphocyte level and increased LDH were the
only independent predictors of COVID-19 progression.!

In recent years, novel inflammatory markers have been
introduced that have the ability to convey prognostic
information in a variety of diseases. For example, neutrophil
to lymphocyte ratio (NLR), which can be easily measured
by daily laboratory tests, has a valuable role in predicting
the prognosis of a wide range of conditions from sepsis
and Bell’s palsy to malignancy.”*! Lymphocyte-to-CRP
ratio (LCR) and platelet-to-lymphocyte ratio (PLR) are
among other cost-effective inflammatory markers that
are shown to be indicative of poor prognosis in a set of
infectious and noninfectious diseases.'!] Considering
these findings, several studies sought to investigate the role
of these novel biomarkers in predicting the clinical severity
of COVID-19. Preliminary reports showed a positive
correlation between increased levels of NLR and severe
disease.”'?! Furthermore, reduced LCR and increased
levels of PLR were shown to be associated with boosted
inflammatory response, leading to progressive disease and
unfavorable outcome.™™!

From the beginning of the COVID-19 pandemic, chest
computed tomography (CT) was quickly recognized as a
useful tool for early detection of the disease.l"*!*! Soon after,
several studies addressed the additional value of imaging
findings, besides clinical and laboratory data, for follow-up
and monitoring of disease course in patients with COVID-19.
These studies utilized different CT scoring systems to
evaluate the extent of lung involvement as a predictor of
clinical severity and amount of disease burden.'**#]

Since the burden associated with COVID-19 continues to
remain, there is growing attention towards identification
of markers of inflammation and disease severity that can
help predict survival. Nevertheless, the correlation between
CT findings and inflammatory biomarkers in patients with
COVID-19 remains unclear. Herein, we aimed to evaluate
the predictive value of several inflammatory markers on the
extent of lung involvement on chest CT as well as prognosis
of patients with COVID-19.
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MATERIALS AND METHODS

Study population

This was a single-center cohort study conducted on
consecutive patients with laboratory-confirmed COVID-19
who had been admitted to our academic hospital from
February 20, 2020 to April 10, 2020. Patients aged <18 years
old were excluded.

Patients’” demographic and clinical data including
presenting signs and symptoms, past medical history and
vital signs was collected on admission. Comorbidity was
defined as the presence of any of the following conditions:
hypertension, diabetes, ischemic heart disease, asthma,
chronic lung disease, chronic liver disease, chronic kidney
disease (CKD) (defined as estimated glomerular filtration
rate below 50 cc/min based on the Modification of Diet
in Renal Disease equation), or immunocompromised
condition. Furthermore, chest CT scan and laboratory tests
were performed for all patients at admission and findings
were recorded. All patients were followed until one of the
study endpoints, defined as either death due to COVID-19
pneumonia or complete recovery and discharge, were
reached.

Ethical considerations

The study protocol was approved by the ethics committee
of our institutional review board (Ethical code: IR.SBMU.
RETECH.REC.1399.035). All patients provided written
informed consent prior to being enrolled in this study. All
study procedures were performed in accordance with the
ethical standards of the 1964 Declaration of Helsinki and
its later amendments.

Imaging studies

As part of national COVID-19 guidelines, all patients
underwent low-dose noncontrast chest CT scan at
admission."”! All chest CT scans were performed
using a 64-slice scanner (Siemens sensation; Siemens
Healthineers, Erlangen, Germany) in supine position during
end-inspiration without contrast medium injection and the
following scanning parameters were applied: gantry rotation
time 0f 0.5 s, 0.625 mm x 64 detector array, pitch of 1.4, table
speed of 45.2 mm/rotation, 20 mAs, 120 kVp, and a 300 x 300
matrix. CARE Dose4D and CARE kV scanning parameters
were off. For the purpose of reconstruction (sagittal and
coronal), 1 mm slice thickness and 1 mm reconstruction
intervals were used. After each scan, disinfection with
ethanol and didecyldimethylammonium chloride as well
as passive air ventilation was performed.

Two expert radiologists with 9 and 18 years of experience
interpreted the images independently. In case of
disagreement between the two readers, images were
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reassessed in order to reach consensus. All the CT scans
were reviewed in axial, sagittal and coronal planes. Lung
zones were classified as follows: above the carina region
as the upper zone, the area between the carina and inferior
pulmonary vein as the middle zone and below the inferior
pulmonary vein as the lower zone.

The predominant pattern of involvement was assessed and
categorized as ground-glass opacity, consolidation, reticular
or mixed. The distribution of lesions (peripheral, central
or both) was also recorded. In addition, the presence of
other imaging features including airway thickening, crazy
paving, reverse halo sign, dilated vessels, airway dilatation,
air bronchogram, lymphadenopathy (defined as a lymph
node with a short axis > 10 mm) and pleural or pericardial
effusions was assessed. Extent of lung involvement was
evaluated using the following scoring system: 0: no
involvement, 1: <25%, 2: 26%-50%, 3: 51%-75% and 4:
>75%.2 The individual specific zone score of one lung
was summed up with that of the other lung to calculate
bilateral zonal score. In addition, total lung involvement
score was measured by summation of all of the zonal
scores (maximum score = 24).

Laboratory procedures

On admission, real-time polymerase chain reaction (DAAN
gene Co. Ltd) was performed on the throat swab samples
of all patients with suspected COVID-19 infection. Routine
laboratory tests including complete blood count (CBC) with
cell differentiation and serum biochemistry (including renal
function test, Troponin, CRP, LDH, creatine phosphokinase)
were performed for every patient at admission. Also, data
regarding NLR, LCR and PLR was calculated and recorded.

CRP levels were measured using the Rondox essay kit with
immunoturbidimetric techniques. To evaluate the NLR
and other inflammatory markers, venous blood samples
were collected in potassium-ethylene diamine tetraacetic
acid tubes (dipotassium EDTA tubes) and the Sysmex-XE
2000i automated blood cell analyzer (Sysmex, Kobe, Japan)
was then used to measure the CBC within an hour. This
duration is standard for the laboratory of our hospital and
helps prevent EDTA-induced swelling.

Statistical analysis

Continuous variables are reported as mean * standard
deviation normally distributed continuous variables were
compared between the two groups (death vs. discharge)
using independent sample t-test. Skewed continuous data
are reported as median (quartilel-quartile3) and Mann—
Whitney U-test was utilized to compare this data between
the two groups. Categorical variables are presented as
frequency (percentage) and Chi-square test with exact
P value was applied for comparison between groups.
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Normality assumption was tested using the Kolmogorov-
Smirnov test. Binary logistic regression models were
applied to determine the potential risk factors that
could be utilized to predict COVID-19-related mortality.
The odds ratio (OR) and its 95% confidence intervals
were calculated to analyze the intensity and direction
of the relationship between risk factors and death.
Receiver operator characteristic (ROC) curve analysis
was used to evaluate the value of laboratory markers
and CT score in predicting death or discharge; optimal
cutoff points were determined and their sensitivity and
specificity was calculated. Multivariate linear regression
method was used for modeling the association between
laboratory parameters and total lung score. These scores
of involvement were used in multivariate analysis
simultaneously and considered as a matrix of dependent
variables. The assumptions of errors variance consistency
and normality of residuals were checked in regression
models and if applicable, appropriate transformation was
made to meet the criteria. Also, to handle the problem of
collinearity, resulting from highly correlated independent
variables, the variance inflation factor (VIF) was calculated
for all determinants and covariates with high VIF were
removed from analysis, and analysis was continued with
stepwise regression methods. All statistical analysis was
performed by SPSS version 24 (IBM Corp, Illinois, USA).
P <0.05 was considered statistically significant.

RESULTS

Patient’s demographic and radio-clinical characteristics
The mean age of patients was 54.2 + 15.2 years old; 65%
were male. Patients’ baseline demographic and clinical
data is presented in Table 1 in detail. On follow-up,
67 patients (83.7%) were discharged and 13 (16.3%) died.
As shown in Table 1, patients’ age and sex were not
significantly different between discharged and deceased
patients (P>0.05). CKD and immunocompromised condition
were the only comorbidities that were significantly more
prevalent in those who died (P = 0.01 and P = 0.02). We
did not observe a significant difference in the presenting
signs and symptoms of patients in either group (P > 0.05).
Furthermore, oxygen saturation on room air did not
differ significantly between the two groups at the time of
admission (P = 0.24).

In terms of laboratory parameters, our results showed that
mean serum creatinine and blood urea nitrogen (BUN) were
significantly higher among deceased patients (P <0. 001 and
P=0.002, respectively). Also, we observed that lymphocyte
count (P=0.02) and LCR (P <0.001) were significantly lower
in deceased patients while NLR (P = 0.04), PLR (P = 0.02),
CRP (P=0.04) and LDH (P =0.002) were markedly elevated
in these patients compared with those who survived.
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Table 1: Patient’s demographic and radio-clinical characteristics at the time of admission

Total (n=80) Discharged (n=67) Deceased (n=13) P
Age (years) 54.29+15.21 53.85+15.64 56.54+13.13 0.56
Sex
Male 52 (65.0) 41 (61.1) 11 (84.6) 0.12
Female 28 (35.0) 26 (38.8) 2 (13.4)
Duration of hospitalization (days) 10.73£7.9 9.34%7.42 16.38+7.5 0.007
0O, saturation (%) 89.15+£5.59 89.48+5.34 87.46+6.70 0.24
Signs and symptoms
Fever 50 (62.5) 42 (62.7) 8 (61.5) 0.94
Cough 57 (71.3) 49 (73.1) 8 (61.5) 0.51
Sore throat 10 (12.5) 9 (13.4) 1(7.7) 0.99
Dyspnea 51 (63.7) 44 (65.7) 7 (53.8) 0.53
Chilling 14 (17.5) 13 (19.4) 1(7.7) 0.45
Headache 10 (12.5) 9 (13.4) 1(7.7) 0.99
Myalgia 21 (26.3) 18 (26.9) 3(23.) 0.99
Nausea 8 (10.0) 7 (10.4) 1(7.7) 0.99
Abdominal pain 9 (11.3) 7 (10.4) 2 (15.3) 0.63
Diarrhea 8 (10.0) 6 (8.9) 2 (15.3) 0.61
Comorbidity status
Asthma 7 (8.8) 6 (8.9) 1(7.7) 0.99
DM 12 (15.0) 11 (16.4) 1(7.7) 0.68
IHD 15 (18.8) 11 (16.4) 4 (30.8) 0.25
HTN 20 (25.0) 18 (26.9) 2 (15.3) 0.50
CKD 19 (23.8) 12 (17.9) 7 (53.8) 0.01
Liver disease 1(1.3) 1(1.5) - 0.99
Immunocompromised condition 12 (15.0) 7 (10.4) 5 (38.5) 0.02
Comorbidity* 45 (56.3) 35 (52.2) 1(7.7) 0.10
Involvement pattern
Ground glass opacity 53 (66.3) 45 (67.1) 8 (61.5) 0.31
Consolidation 13 (16.3) 9 (13.4) 4 (30.7)
Reticular 8 (10.0) 8 (11.9) -
Mixed 5 (7.5) 5 (83.3) 1(16.7)
Lesion distribution
Peripheral 50 (73.8) 50 (74.6) 9 (69.2) 0.78
Central 8 (10.0) 7 (10.4) 1(7.7)
Diffuse 13 (16.2) 10 (14.9) 3(23.9)
Upper zone score 2 (1-3) 2 (0-3) 3 (2-5) 0.006
Middle zone score 3 (2-5) 3 (2-4) 6 (5-6.5) <0.001
Lower zone score 4 (2-6) 3 (2-5) 7 (4.5-8) <0.001
Total score 9.76+5.73 8.67+5.28 15.38+4.25 <0.001
Abnormal imaging findings
Airway thickening 62 (77.5) 50 (80.6) 12 (19.4) 0.28
Crazy paving 9 (11.3) 8 (11.9) 1(7.7) 0.99
Reverse halo 1(1.3) 1(1.5) - 0.99
Lymph node 4 (5.0) 3 (4.4) 1(7.6) 0.52
Dilated vessels 55 (68.8) 42 (62.6) 13 (100) 0.007
Airway dilatation 37 (46.3) 28 (41.8) 9 (69.2) 0.1
Air bronchogram 25 (31.3) 18 (26.9) 7 (53.8) 0.09
Septal thickening 11 (13.8) 9 (13.4) 2 (15.3) 0.99
Pericardial effusion 15 (18.8) 12 (17.9) 3 (23.1) 0.70
Pleural effusion 14 (17.5) 11 (16.4) 3(23.1) 0.69
Laboratory parameters
WBC count (x10°/L) 5.3 (4.1-7.3) 5.2 (4.1-6.9) 6.4 (4.0-8.6) 0.44
Hb (g/dl) 13.72+2.60 13.94+2.58 12.61+2.52 0.09
Platelet (x10?/L) 189 (139-241) 197 (144-251) 171 (128.8-208) 0.18
Contd...
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Table 1: Contd...

Total (n=80) Discharged (n=67) Deceased (n=13) P
Neutrophil count (x10?/L) 7.2 (6.5-7.9) 7.2 (6.5-7.7) 7.5 (6.8-8.9) 0.09
Lymphocyte count (x10?/L) 1.1 (0.9-1.7) 1.2 (0.9-1.8) 1.0 (0.7-1.2) 0.02
NLR 2.9 (2.2-4.0) 2.8 (2.0-3.9) 3.8 (2.5-11.2) 0.04
PLR 76.0 (52.8-119.7) 74.3 (52.7-113.5) 93.5 (41.5-202.7) 0.02
Eosin (%) 2 (1-2) 2 (1-2) 2 (1-3) 0.67
Troponin (ng/mlx103) 2 (1-5) 2 (1-4) 4 (1-8) 0.15
Cr (mg/dl) 1.3 (1.0-1.9) 1.2 (1.0-1.5) 2.3 (1.5-4.1) 0.002
BUN (mg/dl) 30 (18-50.5) 28 (16-40) 93 (40-153.5) <0.001
CRP (mg/I) 37.5 (16.3-50) 36 (14.5-48) 49.0 (34-57) 0.04
CPK (1U/1) 141.5 (52-386) 153 (55-398) 94 (43-321) 0.68
LDH (1U/1) 434.5 (332-570) 390 (321-501) 578 (455-1316) 0.002
LCR 0.61 (0.42-1.6) 0.68 (0.46-2.8) 0.36 (0.22-0.55) <0.001

Data are represented as mean+SD, median (Q1-Q3) and frequency (percentage). *Defined as the presence of any co-existing morbidity including hypertension, diabetes,
ischemic heart disease, asthma, chronic lung disease, chronic liver disease, CKD, orimmunocompromised condition. Mean and median differences were tested using
independent t-test and Mann-Whitney U test, respectively. The distribution of categorical data was compared by Chi-square test (with exact P value). O, saturation=Oxygen
saturation; DM=Diabetes mellitus; IHD=Ischemic heart disease; HTN=Hypertension; CKD=Chronic kidney disease; WBC=White blood cell; Hb=Hemoglobin;
NLR=Neutrophil-to-lymphocyte ratio; PLR=Platelet to lymphocyte ratio; Cr=Creatinine; BUN=Blood urea nitrogen; CRP=C-reactive protein; CPK=Creatine phosphokinase;
LDH=Lactate dehydrogenase; LCR=Lymphocyte-to-C-reactive protein; SD=Standard deviation

Regarding imaging finds, the involvement pattern did
not differ significantly across the two groups (P = 0.31);
however, lung involvement scores (upper, middle, lower
zone and total) were significantly higher in the deceased
group compared with discharged patients [Table 1]. Vessel
dilatation was observed in more than 62% of discharged
patients while it was detected in all of the deceased
patients (P = 0.007).

Association of computed tomography score and laboratory
findings with the odds of COVID-19-related death

By applying logistic regression analysis, we aimed
to identify the impact of laboratory findings and
CT involvement scores on patients” survival status.
Table 2 shows the crude and adjusted ORs of different
variables. According to the adjusted analysis (that was
adjusted for age, gender and comorbidity), greater
extent of lung involvement was significantly correlated
with increased odds of death as one-point increase
in the total lung score raised the odds of death by
26% (P =0.002) [Table 2].

As for laboratory parameters, elevated levels of
NLR (OR=1.5, P=0.002), PLR (OR=1.01, P=0.019), serum
creatinine (OR =1.49, P=0.049), BUN (OR =1.02, P=0.007),
and LDH (OR = 1.52, P = 0.005) significantly increased the
odds of death whereas one-point increase in LCR reduced
the odds of death by 38% (P = 0.003). After performing
stepwise logistic model and excluding creatinine due to
the collinearity issues, the positive associations of the
NLR (OR =1.35, P = 0.04), BUN (OR =1.02, P = 0.01) and
LDH (OR = 1.40, P = 0.03) with increased odds of death
remained significant. The negative association of LCR and
odds of death was not significant after stepwise model
results (OR =0.98, P =0.31).
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Association between laboratory parameters and total
computed tomography score

As shown in Table 3, linear regression analysis revealed that
neutrophil count (f=1.29, P=0.02), NLR (B =1.29, P =0.02),
PLR (B =0.02, P = 0.02), BUN (B =0.05, P = 0.001), CRP (8
=0.13, P<0.001) and LDH (B =1.15, P <0.001) were positively
correlated with total CT score while LCR demonstrated a
negative relationship (f = -0.35, P < 0.00) [Figure 1]. After
performing stepwise linear regression analysis, the positive
association of age ($=0.09, P=0.005), NLR ($=0.31, P=0.04),
BUN (B =0.03, P = 0.02), and LDH (B =1.08, P < 0.001)

remained significant.

Optimal threshold of inflammatory markers and computed
tomography score for predicting survival

The ROC curve analysis of NLR, PLR, LCR and total CT
score for predicting survivors from nonsurvivors are
shown in Figure 2. The area under curve (AUC) for NLR,
PLR, LCR and total CT score was 0.70, 0.62, 0.82 and 0.83,
respectively. Since the AUC for PLR was not statistically
significant (P = 0.19), PLR was not included in further
analysis. The optimal threshold value of NLR, LCR and
total CT score was >3.25, <0.53, and >12, respectively. The
specificity and sensitivity of the determined cut-off points
are reported in Table 4. Among the investigated variables,
total CT score had the best performance for predicting
survival with 81% sensitivity and 79% specificity.

DISCUSSION

Inflammation significantly contributes to the pathogenesis
and prognosis of COVID-19.1 During severe course of
this disease, patients might experience an exaggerated
and uncontrollable inflammatory response, known as the
“cytokine storm,” which increases the chance of death.*!
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Table 2: Adjusted and unadjusted univariate logistic
regression analysis to identify factors predictive of
coronavirus disease-19-related death
Crude analysis
OR (95% ClI) P
Total CT score 1.27 (1.10-1.45) 0.001
WBC count 1.07 (0.88-1.31)  0.49
Hb 0.83 (0.66-1.04) 0.10
Platelet 0.99 (0.98-1.01) 0.177
Neutrophil count  1.76 (0.90-3.42) 0.09

Adjusted analysis*
OR (95% CI) P
1.26 (1.09-1.45) 0.002
1.02 (0.82-1.28) 0.84
0.81 (0.64-1.01) 0.06
0.99 (0.98-1.00) 0.16
1.70 (0.88-3.30) 0.12

)

Lymphocyte count 0.30 (0.07-1.17) 0.08 0.28 (0.07-1.22) 0.09
NLR 1.50 (1.12-2.02) 0.007 1.50 (1.16-1.95) 0.002
PLR 1.01 (1.01-1.02) 0.016 1.01 (1.01-1.02) 0.019
Eosin 1.03 (0.78-1.36) 0.84 0.96 (0.71-1.28) 0.76
Troponin 1.02 (0.99-1.05) 0.19 1.01 (0.98-1.05) 0.38
Cr 1.66 (1.13-2.44) 0.009 1.49 (1.01-2.22) 0.049
BUN 1.02 (1.01-1.04) 0.001 1.02 (1.01-1.03) 0.007
CRP 1.03 (1.01-1.07) 0.04 1.03 (1.00-1.07) 0.07
CPK 0.96 (0.78-1.18) 0.68 0.95 (0.75-1.22) 0.70
LDH 1.48 (1.13-1.96) 0.005 1.52 (1.13-2.05) 0.005
LCR 0.60 (0.44-0.82) 0.001 0.62 (0.45-0.85) 0.003

*Adjusted for age, sex, and presence of comorbidity. WBC=White blood cell;
Hb=Hemoglobin; NLR=Neutrophil-to-lymphocyte ratio; PLR=Platelet-to-lymphocyte
ratio; Cr=Creatinine; BUN=Blood urea nitrogen; CRP=C-reactive

protein; CPK=Creatine phosphokinase; LDH=Lactate dehydrogenase;
LCR=Lymphocyte-to-C-reactive protein; CT=Computed tomography;
Cl=Confidence interval; OR=0dds ratio

Table 3: Linear regression analysis to identify predictive
factors of extent of lung involvement
Total CT score

B (SE) Lis
Age 0.07 (0.04) 0.08
Sex (male) 1.61 (1.34) 0.23
Comorbidity* 1.71 (1.28) 0.19
WBC count 0.14 (0.23) 0.56
Hb -0.47 (0.24) 0.06
Platelet -0.006 (0.007) 0.34
Neutrophil count 1.29 (0.53) 0.02
Lymphocyte count -0.89 (0.55) 0.11
NLR 0.69 (0.20) 0.001
PLR 0.019 (0.008) 0.02
Eosin -0.22 (0.33) 0.51
Troponin —-0.005 (0.04) 0.89
Cr 0.27 (0.48) 0.57
BUN 0.046 (0.013) 0.001
CRP 0.13 (0.03) <0.001
CPK 0.08 (0.23) 0.73
LDH 1.15 (0.18) <0.001
LCR -0.35 (0.09) <0.001

*Defined as the presence of any co-existing morbidity including hypertension,
diabetes, ischemic heart disease, asthma, chronic lung disease, chronic liver
disease, CKD or immunocompromised condition. WBC=White blood cell;
Hb=Hemoglobin; NLR=Neutrophil-to-lymphocyte ratio; PLR=Platelet-to-lymphocyte
ratio; Cr=Creatinine; BUN=Blood urea nitrogen; CRP=C-reactive

protein; CPK=Creatine phosphokinase; LDH=Lactate dehydrogenase;
LCR=Lymphocyte-to-C-reactive protein; CT=Computed tomography; SE=Standard
error

Therefore, factors that convey information about the status
of inflammation and immunity could be used as potential

| 2021 |

predictors of disease severity and can help identify patients
who are at higher risk of rapid clinical deterioration; this
will promote timely and efficient patient management and
optimize allocation of healthcare resources. In the present
study, we showed that inflammatory markers such as
NLR, PLR, LCR and LDH are related with the odds of
COVID-19-related death. Interestingly, these factors were
positively associated with more severe lung involvement
on imaging. Moreover, we observed that the extent of
lung involvement (assessed by a CT scoring system) is an
excellent predictor of survival, with high sensitivity and
specificity and that higher CT scores are associated with
increased chance of mortality.

In general, the immune system responds rapidly to a viral
infection by initially activating the components of the
innate immunity including Type I interferons, monocytes,
macrophages and neutrophils. If necessary, a delayed
but more complex adaptive immunity that is mainly
mediated by lymphocytes, steps into action to eliminate
the pathogen and develop long-lasting immune response.*!
Experience from past pandemics caused by SARS-CoV and
middle east respiratory syndrome (MERS)-CoV infection
shows that white blood cells have an undeniable role in
manipulating inflammatory response and subsequently,
altering the risk of disease progression. Similarly, in
COVID-19, hyper-activated neutrophils and monocytes/
macrophages have been shown to play a major role in
sustained inflammation and triggering the so-called
“cytokine storm.” Furthermore, decreased lymphocyte
count has been implicated as an important risk factor for
ARDS and mortality in patients with COVID-19.14 Thus,
it is evident that laboratory parameters that represent
alterations in the hematological system should have great
value for predicting disease burden and assessing the risk of
mortality. Moreover, their cost-effectiveness and feasibility,
due to being performed in everyday clinical practice, turns
them into ideal prognostic markers.

In this aspect, several studies have shown that absolute
neutrophil and lymphocyte count as well as NLR, which
represents the proportion of these cells, and LCR are
strong indicators of advanced disease in patients with
COVID-19.%%1 In line with these findings, in our cohort
of patients, those who experienced death presented
with significantly lower lymphocyte count and LCR and
increased NLR at admission. We also observed that after
adjusted analysis, higher values of NLR and decreased
LCR were associated with an increase in the odds of
death. It is proposed that the decrease in lymphocyte
count could be due to the cytokine storm which causes
SARS-CoV-2-induced lysis and atrophy of lymphoid organs,
including the spleen and lymph nodes.””?! Although the
relationship between inflammatory cells and biomarkers
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Table 4: The results of receiver operator characteristics curve analysis of inflammatory biomarkers and total lung
involvement score for discriminating deceased from discharged patients

AUC (95% CI) P Cutoff point Sensitivity Specificity
NLR 0.70 (0.51-0.86) 0.040 >3.25 0.62 0.60
PLR 0.62 (0.41-0.82) 0.19 - - -
LCR 0.82 (0.69-0.94) <0.001 <0.53 0.78 0.74
Total CT score 0.83 (0.71-0.94) <0.001 >12 0.81 0.79

AUC=Area under curve; Cl=Confidence interval; NLR=Neutrophil-to-lymphocyte ratio; PLR=Platelet-to-lymphocyte ratio; LCR=Lymphocyte-to-C-reactive protein; CT=Computed
tomography

5 o ./ X

Figure 1: (a and b) A 49-year-old male patient with COVID-19 presenting
with fever, dyspnea, sore throat and a lymphocyte count within the normal
range (neutrophil to lymphocyte ratio: 1.0, lymphocyte to C-reactive protein ratio:
2.8). Acomputed tomography scan obtained 4 days after the onset of symptoms
showed bilateral peripheral multifocal patchy consolidations predominantly in the
lower lobes with subtle air bronchogram (thick arrows). (c and d) 52-year-old man
with positive reverse transcription polymerase chain reaction for severe acute
respiratory syndrome coronavirus 2 manifesting with initial symptoms of fever,
cough, dyspnea, myalgia and lymphocytopenia (neutrophil-to-lymphocyte ratio:
11.1, lymphocyte-to-C-reactive protein ratio: 0.23). A computed tomography scan
obtained 4 days after the onset of symptoms showed bilateral diffused peripheral
ground glass opacities with crazy-paving pattern (thin arrows)

with the progression of pneumonia has not been studied in
the context of COVID-19, previous studies in patients with
MERS-CoV suggested that lymphocytopenia and elevated
CRP level are predictive of pneumonia development and
its progression into ARDS.™®! Interestingly, increased
pro-inflammatory cells and cytokines in the sera of patients
with aberrant pulmonary inflammation and extensive lung
damage were also reported in SARS-CoV.”" The results
of our study approved that increased levels of circulatory
inflammatory biomarkers such as NLR and neutrophil
are associated with a greater extent of lung involvement
on chest CT scan. Also, decreased values of LCR were
seen in patients with higher total CT score. By using ROC
curve analysis, we also assessed the predictive value of
LCR and NLR for distinguishing between survivors and
nonsurvivors of COVID-19. At a cut-off point of 3.25, NLR
had 60% sensitivity and 62% specificity for predicting
survival. Since a similar optimal threshold has been reported
in many previous studies,["**?% our finding supports
existing evidence to implement NLR along with this cut-off
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Figure 2: Receiver operator characteristic curve analysis of neutrophil to
lymphocyte ratio, platelet to lymphocyte ratio, lymphocyte to C-reactive protein
ratio, and total computed tomography score for discriminating deceased from
discharged patients

point as an important prognostic indicator in daily clinical
practice as well as in future management guidelines.
Nevertheless, we observed that LCR performs better in
predicting survival with an AUC of 0.82 (95% confidence
interval [CI]: 0.69-0.94, P < 0.00), 78% sensitivity and 74%
specificity at a cut-off point of 0.52. To our knowledge,
no study has yet investigated the optimal threshold of
this biomarker for predicting survival of patients with
COVID-19. Thus, further studies are recommended to shed
light on our finding.

Besides neutrophils and lymphocytes, thrombocytopenia
has also been reported in patients with severe COVID-19.12334
Despite this, our study failed to show significant difference
in the platelet count of patients who died and those who
were discharged. In addition, we did not find any association
between platelet count and increased odds of death or more
severe lung involvement. However, PLR is another novel
biomarker that has been evidenced to be prognostic for
COVID-19.5%%1 Due to the interactions between platelets
and lymphocytes, PLR indicates both aggregation and
inflammation and might be a more sensitive marker for the
intensity of systemic inflammation rather than platelets or
lymphocytes alone. Consistent with this, the findings of our
study showed that PLR is an indicator of both increased
odds of death and higher CT score.
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Severe infections result in cytokine-mediated tissue damage
and release of LDH.P® LDH is largely present in lung
tissue, thus, as like with other respiratory infections such
as the MERS, patients with severe COVID-19 infection
are also likely to have increased amounts of LDH.F"
Many previous reports have demonstrated an association
between elevated LDH values and poor outcome in patients
with COVID-19.2%%I It has been reported that LDH can
result in 16-fold increase in the odds of COVID-19-related
mortality.*7 We also showed that LDH levels were
significantly higher in deceased patient. Furthermore, LDH
was predictive of mortality, with a one-unit rise in the level
of LDH increasing the chance of death by approximately
50%. We also observed a significant relation between higher
levels of LDH and greater extent of lung involvement.

One of the limitations of our study was that this was a
single center study. Another limitation was the relatively
small sample size. In addition, assessment of laboratory
data at different time points during the disease course will
provide further detailed insight. Thus, we recommend
future investigations to overcome these limitations to obtain
optimal results.

CONCLUSION

Inflammation plays a major role in the progression of
COVID-19. We showed that increased level of inflammatory
biomarkers such as NLR, PLR, and LDH and decreased
LCR are associated with more extensive lung involvement
and increased risk of COVID-19-related death. In addition,
lung involvement >50% on chest CT was an excellent
predictor of death (AUC = 0.83, 95% CI: 0.71-0.94) with
81% sensitivity and 79% specificity. These findings suggest
that routinely-performed, inexpensive laboratory data
that are markers of inflammation have great value for
risk-stratification of patients with COVID-19.
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