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Objectives As a result of developed generalized inflammation, the main prognostic
factor determining morbidity and mortality in coronavirus disease 2019 (COVID-19)
patients is acute respiratory distress syndrome. The purpose of our study was to define
(1) the laboratory tests that will contribute to the diagnosis and follow-up of COVID-19
patients, (2) the differences between the laboratory-confirmed (LC), unconfirmed
(LUC), and control (C) groups, and (3) the variation between groups of acute-phase
reactants and biomarkers that can be used as an indicator of disease severity and
inflammation.

Materials and Methods A total of 102 patients undergoing treatment with COVID-19
interim guidelines were evaluated. Reverse transcriptase-polymerase chain reaction
(RT-PCR) test was positive in 56 (LC), classified as mild or severe, and negative in 46
(LUC) patients. In addition, 30 healthy subjects (C) with negative RT-PCR tests were also
evaluated.

All statistical analyses were performed with the SPSS 22.0 program and the p-values for
significant findings were less than 0.05. Parametric/nonparametric distribution was
determined by performing the Kolmogorov-Smirnov test for all groups. Student’s t-
test was used for variables with parametric distribution and the Mann-Whitney U-test
for variables with the nonparametric distribution. A cut-off level for biomarkers was
determined using the ROC (receiver operator characteristic) curve.

Results In the LC group, platelet, platecrit, mean platelet volume, platelet diameter
width, white blood cell, lymphocyte, eosinophil, neutrophil, immature granulocyte,
immature lymphocyte, immature monocyte, large immune cell, and atypical lympho-
cyte counts among the complete blood count parameters of mature and immature cell
counts showed a significant difference according to the C and LUC groups. Greactive
protein, neutrophil-to-lymphocyte ratio, platelet-to-lymphocyte ratio, and CGreactive
protein-to-albumin ratio (CAR) indices were significantly elevated in LC patients and

DOI https:/[doi.org/
10.1055/s-0041-1741439.
ISSN 0974-2727.

© 2022. The Indian Association of Laboratory Physicians. All rights
reserved.

This is an open access article published by Thieme under the terms of the
Creative Commons Attribution-NonDerivative-NonCommercial-License,
permitting copying and reproduction so long as the original work is given
appropriate credit. Contents may not be used for commercial purposes, or
adapted, remixed, transformed or built upon. (https://creativecommons.org/
licenses/by-nc-nd/4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India


https://orcid.org/0000-0002-3799-4470
https://orcid.org/0000-0003-3022-4542
https://orcid.org/0000-0002-3341-925X
https://orcid.org/0000-0003-3375-7926
https://orcid.org/0000-0002-2270-2965
mailto:acelikkol@nku.edu.tr
https://doi.org/10.1055/s-0041-1741439
https://doi.org/10.1055/s-0041-1741439
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were significantly higher in patients classified as severe compared to mild. When CAR
optimal cutoff was determined as 0.475, area under the curve was 0.934, sensitivity
was 90.91%, specificity was 86.21%, positive predictive value was 92.59%, and negative
predictive value was 83.33%. The diagnostic accuracy for CAR was 89.29%.
Conclusion The CAR index with the highest diagnostic value and the highest
predictability could be the most useful biomarker in the diagnosis and evaluation of
disease severity in COVID-19 patients.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic is still
ongoing."? Direct cytopathic effects caused by the virus and
the host immune responses play a role in disease severity.3
Cytokines and chemokines also play a role in the immuno-
pathology of virus infections. Changes in inflammatory
biomarkers such as lymphopenia and increased neutro-
phil-to-lymphocyte ratio (NLR) in serum also indicate that
the hyperinflammatory response plays a role in disease
severity.4

It would be beneficial (1) to define laboratory tests that
will contribute to the diagnosis and prognosis of COVID-19
patients and (2) to distinguish the severity of the disease, and
(3) to determine the risk of mortality. For these reasons
clinical evaluation needs early predictive markers.>™8

In this study, the hematological and biochemical labora-
tory profiles of patients with laboratory-confirmed (LC;
reverse transcriptase-polymerase chain reaction [RT-PCR]
positive) and unconfirmed (LUC; RT-PCR negative) COVID-19
patients whose disease severity was mild, severe, and critical
were retrospectively analyzed alongside healthy (RT-PCR
negative) age-matched patients. NLR,? platelet-to-lympho-
cyte ratio (PLR),'® systemic immune inflammation index
(SI),"" C-reactive protein (CRP), and CRP-to-albumin ratio
(CAR) as inflammatory indices'? and changes in immature
cell counts present in complete blood count (CBC) were
evaluated. CAR index had the highest diagnostic value and
the highest predictability and could be the most useful
biomarker in the diagnosis and evaluation of disease severity
in COVID-19 patients. This study contributes to the existing
literature by comparing COVID-19 patients with the healthy
and age-matched control (C) group and examining the
diagnostic predictive values of inflammatory markers such
as CAR.

Materials and Methods

Content of the Study and Participants

This retrospective cohort study was performed at Medical
Faculty Research and Application Hospital between March 11,
2020, and June 01, 2020, following the MoH Diagnosis and
Treatment Guidelines.'>'* A total of 125 patients initially
diagnosed with COVID-19 and 30 healthy individuals consti-
tuted the study universe. Among the 125 COVID-19 patients,
68 were positive for the RT-PCR test (LC) and 57 were negative
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for the RT-PCR test (LUC). The LUC group had negative PCR tests
and respiratory cultures, but their computed tomography (CT)
findings were compatible with COVID-19 and could not be
attributed to any other cause. A total of 23 individuals in both
groups were excluded because they were under 18 or pregnant
or required intensive care. Nasopharyngeal samples of the
remaining 56 patients with positive RT-PCR tests (LC) and 46
patients with negative (LUC) were included in the study.
Additional nasopharyngeal samples from 30 age-matched
healthy participants, with negative RT-PCR tests, were evalu-
ated as the control group (=~Fig. 1).

Data

Demographic information, epidemiological history, clinical
symptoms, comorbid diseases, imaging features, laboratory
data, and length of stay were collected through an electronic
medical record system. CBC data were determined using an
ABX Pentra DX 120 (Horiba Medical, Montpellier, France)
hematology analyzer. Biochemical tests were performed
with Roche’s Cobas 8000 c¢502 Analyzer (Roche diagnostics;
Geneva, Switzerland). Coagulation tests were performed
with the Sysmex CS-2500 System coagulation analyzer (Sie-
mens Healthcare Diagnostics, Erlangen, Germany).

COVID-19 PCR Test

RNA isolation from the nasopharyngeal sample was con-
ducted with Speedy vNAT Bio-viral extraction kit (Bioek-
sen, Turkey). From the obtained mixture, the real-time
gPCR RdRp gene was identified with Bio-speedy COVID-19
RT-qPCR kit (Bioeksen, Turkey). The PCR process was
performed by programming the thermal cycler device
for 20minutes at 450°C (once), 5minutes at 950°C
(once), at 950°C for 15 seconds +at 550°C for 40 seconds
(45 times). PCR results were evaluated as positive/negative
considering the cycle threshold (ct) values according to the
amplification curves.

Diagnosis and Follow-Up

COVID-19 was diagnosed according to Diagnosis and Treat-
ment Guidelines.'* Patients with acute respiratory tract
infection developed in the last 14 days who required hospi-
talization due to fever, cough, and dyspnea, tachypnea,
hypoxemia, hypotension, had diffuse radiological findings
on lung imaging, change in consciousness, and who were
found to be SARS-CoV-2 positive by molecular methods were
considered to have COVID-19.
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Study Universe
165 Individuals

Healthy Control
RT-PCR(+) RT-PCR(-) Zc)
68 individuals 57 individuals o
30 individuals
Excluded Excluded 3
Lab. Confirmed (LC) Lab. unconfirmed
(pregnant or <18) o (pregnant or <18) (Luc)
60 individuals -
8 individuals 11 individuals 46 individuals
| Excluded (critical) — Mild
4 indiividuals 43 individuals
Mild
31 individuals i
3 individuals
Severe
25 individuals

Fig. 1 Study participants.

In this study, we classified COVID-19 patients into three
groups based on the severity of their illness (mild, severe,
and critical). Patients were assigned to these groups based on
their length of hospitalization, symptoms, accompanying
diseases, radiological findings, and treatments. Mild patients
were those patients who had mild or no signs of pneumonia.
Patients with dyspnea, hypoxia, or opacities over 50% in lung
imaging within 24 to 48 hours of hospitalization were cate-
gorized in the severe group, and respiratory failure, shock, or
multiple organ failure in the critical group.'” Patients who
were admitted to the intensive care unit were not evaluated
further. The end of the follow-up period was June 1, 2020.

Statistical Evaluation

In =Table 1, we report the frequency and percentage values
for categorical variables, and mean, standard deviation, and
minimum and maximum values for continuous variables
(~Table 1).

Parametric/nonparametric distribution was determined
by performing the Kolmogorov-Smirnov test for all groups.
Student’s t-test was used for variables with parametric
distribution and the Mann-Whitney U-test for variables
with the nonparametric distribution. A cut-off level for
biomarkers was determined using the ROC (receiver operator
characteristics) curve and the median value. All statistical
analyses were performed with the SPSS 22.0 program and
the p-values for significant findings were less than 0.05.

Results

Laboratory data on hospitalization are shown in =Table 2.
When the LC group was evaluated, the CBC parameters PLT
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(platelet), MPV (mean platelet volume), PDW (platelet di-
ameter width), PCT (platecrit), WBC (white blood cell), LY
(lymphocyte count), EOS (eosinophil count), NEU (neutro-
phil count), IMG (immature granulocyte count), IML (im-
mature lymphocyte count), IMM (immature monocyte
count), LIC (large immune cell count), and ALY (atypical
lymphocyte count) showed a significant difference when
compared to C and LUC groups. Significant elevations were
found in other laboratory parameters such as AST (aspartate
transaminase), ALT (alanine transaminase), LDH (lactate
dehydrogenase), troponin T, D-dimer, and fibrinogen. A
significant reduction was detected only in sodium and
albumin levels. Among the inflammation parameters, NLR,
PLR, SII, CAR, and CRP were found to be significantly higher
than the control group. Although NLR and PLR evaluation
showed higher levels than the control group, these param-
eters were not significantly different between the LC and
LUC groups (=Table 2).

In terms of disease severity, CRP, CAR, NLR, and PLR of the
LC patients were found to be significantly higher in the severe
patients compared with the mild, while differences in SII
were insignificant. In LC and LUC groups the higher values of
CAR were predictive of disease severity (=Table 3).

SII, CAR, PLR, and NLR were evaluated with the ROC curve
(area under the curve [AUC]: 0.555, 0.934, 0.747, and 0.796,
respectively) (=Fig. 2). The cut-off for CAR was determined
as 0.475 and the AUC was 0.934. At optimal cut-off for CAR,
sensitivity was 90.91%, specificity was 86.21%, positive pre-
dictive value (PPV) was 92.59%, and negative predictive value
(NPV) was 83.33%. Among the evaluated inflammatory
parameters, CAR showed the best diagnostic accuracy with
89.29% (~Table 4).
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Table 1 Demographic data of COVID-19 laboratory confirmed, unconfirmed, and healthy cases

COVID-19 patients (n: 102)

Healthy cases

Confirmed cases (n=56), | Unconfirmed cases (n=46), | (n=30),
mean =+ SD (min-max) mean =+ SD (min-max) mean + SD (min-max)

Age 47.54+18.8 46.09 +17.66 44.3+9.48
Gender

Female 33 (58.9%) 23 (50%) 9 (30%)

Male 23 (41.1%) 23 (50%) 21 (70%)
Hospitalized time (d) 8.824+4.3 (2-24) 4.65+2.01 (2-10)
CT results

No findings 13 (23.2%) 0

Local GGO 24 (42.9%) 42 (91.3%)

Diffuse GGO 19 (33.9%) 4 (8.7%)
Symptoms

Fever (>38.2°C) 26 (46.6%) 33 (71.7%)

Cough 32 (57.1%) 32 (69.6%)

Shortness of breath 13 (23.2%) 14 (30.4%)

Headache 7 (12.5%) 7 (15.2%)

Throat ache 9 (16.1%) 8 (17.4%)

Myalgia 8 (14.3%) 16 (34.8%)

Loss of sensation (anosmia, etc.) | 5 (8.9%) NA

Vomiting 2 (3.6%) 2 (4.3%)

Diarrhea 4(7.1%) NA
Comorbidity

Hypertension 13 (23.2%) 8 (17.4%)

Diabetes mellitus 9 (16.1%) 15 (32.6%)

Cancer 4(7.1%) 2 (4.3%)

Others 13 (23.2%) 2 (4.3%)

Abbreviations: CT, computerized Tomography; GGO, ground glass opacities.

Discussion

COVID-19 caused by SARS-CoV-2 continues to spread around
the world. Although the symptoms of most cases are mild
and the prognosis is good, it can progress to acute respiratory
distress syndrome and even death in patients.'® Moreover,
the clinical sensitivity of SARS-CoV-2 RNA tests is between
55 and 75% based on current evidence, and negative results
cannot exclude COVID-19 or SARS-CoV-2 infection.'” There-
fore, it is important to identify markers that can be used to
diagnose and monitor disease progression independent of
the significant numbers of false positives and false negatives
in PCR-based tests. We investigated several different metrics
toward this end, including: (1) CBC, (2) inflammatory
markers, and (3) disease severity.

Complete Blood Count and Immature Parameters

Similar to other publications, in our study absolute numbers
of WBC#, LY#, and EOS# were found to be lower than the
control group, and NEU# absolute counts were found to be
higher. Among the platelet fraction parameters, PLT# abso-
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lute count and PCT% were low, and MPV and PDW% were
found to be significantly higher in LC and LUC patients
compared with the control group. Sun et al reported that
CBC parameters of COVID-19 patients were significantly
abnormal with hemoglobin, platelets, and lymphocyte count
significantly lower than those in the control group.'® Xu et al
also reported infiltration of mononuclear cells, especially
lymphocytes, in the interstitial lung in COVID-19
patients.w'20 Li et al found that some deaths from COVID-
19 had overlapping bacterial pneumonia.?’ Yang et al
reported lymphopenia in 80% of adult COVID-19 patients
with critical illnesses, while Chen et al reported lymphope-
nia in only 25% of patients with mild COVID-19 infection.?%->3
Lymphocyte counts reflect the effect of acute physiological
stress and there is reason to expect that lymphopenia may be
related to the severity of the SARS-CoV-2 infection.2*

In our study, immature cell parameters IMG, IMM, IML,
LIC, and ALY, in absolute numbers, and platecrit (PCT%) were
also found to be lower in confirmed cases than in the control
group. However, there is limited literature on this subject
regarding COVID-19. It would not be correct to make a

Vol. 14 No. 1/2022 © 2022. The Indian Association of Laboratory Physicians. All rights reserved.
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Table 2 Laboratory characteristics of COVID19 confirmed, unconfirmed, and healthy cases

Parameter (1) Confirmed cases (n: 56) (3) Unconfirmed cases (n: 46) (5) Healthy cases (n: 30)
PLT (10%/mm?) 203.09+92,88 236.334+90.97 242.07 +£49.6
a: 0.02 c: 0.45
b: 0.001
MPV (fL) 8.93+0.89 8.58+0.97 8.48 +0.64
a: 0.02 c:0.815
b: 0.011
PDW (%) 16.02 +2.96 15.04+3.29 14.514+1.9
a: 0.02 c:0.852
b: 0.017
PCT (%) 0.17+£0.06 0.18 +£0.07 0.21+0.05
a: 0.61 c: 0.029
b: 0.008
WBC (10°/mm?) 5.32 (0.19-17) 8.17 (2.63-60.7) 6.92 (3.91-12.14)
a: 0.000 c: 0.059
b: 0.003
LY # (10°/mm?) 1.41 (0.15-9.96) 1.59(0.61-4.17) 2.17 (1.27-3.27)
a: 0.06 c: 0.001
b: 0.000
NEU # (10%/mm?) 4.08+2.82 5.814+3.16 3.8740.76
a: 0.000 c: 0.003
b: 0.027
EOS # (10%/mm?) 0.07 £0.05 0.1240.11 0.1940.1
a: 0.04 c: 0.000
b: 0.000
IMG # (10%/mm?) 0.03+0.038 0.0440.05 0.3140.19
a: 0.27 c: 0.000
b: 0.000
IMM # (108/mm?3) 0.01 (0-0.11) 0.04 (0-0.11) 0.20 (0-1.5)
a: 0.04 c: 0.000
b: 0.000
IML # (10%/mm?) 0.02 +0.04 0.0340.01 0.2340.13
a:0.13 c: 0.000
b: 0.000
LIC # (10%/mm?3) 0.05 (0-0.39) 0.11 (0-0.33) 0.60 (0.1-2.8)
a: 0.04 c: 0.000
b: 0.000
ALY # (10%/mm?) 0.07 (0-2.58) 0.12 (0.01-0.4) 1.35 (0.7-4.1)
a: 0.04 c: 0.000
b: 0.000
CRP (mg/dL) 12.59 (0.78-293.29) 31.1 (0.18-320.21) 1(0.25-4.17)
a: 0.04 c: 0.000
b: 0.000
SlI 402.98 621.52 425.5
(30.6-2,436.438) (80.12-2,686.93) (190.63-758.86)
a: 0.000 c: 0.000
b: 0.800
CAR 4.49 (0.17-148.21) 6.65 (0.04-126.07) 0.21 (0.05-1.08)
a: 0.03 c: 0.000
b: 0.000
PLR 132 (12.35-1,020) 133.41 (20.93-549.47) 103.28 (43.42-211.81)
a: 0.81 c: 0.014
b: 0.004
NLR 2.22 (0.2-9.56) 3.81 (0.68-11.93) 1.29 (0.23-3)
a: 0.08 c: 0.000
b: 0.000
ALB (g/dL) 4.16 £0.63 4.25+0.53 4.65+0.38
a: 0.75 c: 0.001
b: 0.000
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Parameter (1) Confirmed cases (n: 56) (3) Unconfirmed cases (n: 46) (5) Healthy cases (n: 30)
TPRO (g/dL) 7.33+0.68 7.58+0.78 7.36+0.48
a: 0.08 c: 0.061
b:0.783
PT (sn) 12.63+1.27 13.18 £2.77 12.3+0.66
a: 0.66 c:0.27
d: 0.240
APTT (sn) 24.65+3.63 25.64 +£4.263 24.6+2.75
a:0.18 c:0.349
b: 0.803
FiB (mg/dL) 328.39+130.72 304.36 £131.11 175.38 +£58.81
a: 0.65 c: 0.001
b: 0.000
D-Dimer (mg/L) 0.55 (0.19-28.89) 0.57 (0.19-67) 0.19 (0.19-0.56)
a: 0.85 c: 0.000
b: 0.000
Ferritin (ng/mL) 139.3 (14-4,138) 83.02 (19-794) 168 (26-287)
a: 0.20 c: 0.005
b: 0.648
Glucose (mg/dL) 125.61+59.81 121.56 +28.52 103.53 +11.16
a: 0.885 c:0.180
b: 0.064
Creatinine (mg/dL) 0.86 +0.36 0.82+0.19 0.82+0.14
a: 0.81 c: 0.992
b: 0.714
AST (IU/L) 24.35 (12-193) 21.65 (13-95) 20(12-46)
a: 0.17 c:0.102
b: 0.006
ALT (IU/L) 20.5 (4-135) 20 (8-77) 15 (8-40)
a: 0.49 c: 0.097
b: 0.066
LDH (IU/L) 215 (138-924) 216 (125-559) 171.5 (124-241)
a: 0.94 c: 0.000
b: 0.000
Sodium (mmol/L) 137.75+£3.59 137.76 £3.22 140.33+0.99
a: 0.68 c: 0.000
b: 0.000
Potassium (mmol/L) 4.18 £0.56 4.08 +0.45 4.13+0.21
a: 0.39 c: 0422
b: 0.903
CK (IU/L) 69 (22-1,096) 91 (26-2,000) 87 (54-244)
a: 0.19 c: 0.927
b: 0.074
CK-MB (IU/L) 19 (9-161) 20.3 (10-84) 19 (11-24)
a: 0.68 c: 0.065
b:0.117
Trop T (ug/L) 5 (3-75) 5 (3-62) 3(2-7)
a: 0.15 c: 0.000
b: 0.000

Note: Bold values denote p < 0.05 (p-Values between groups a: 1-3, b: 1-5, c: 3-5).
Abbreviations: NLR, neutrophil lymphocyte ratio; PLR, platelet lymphocyte ratio; CAR, C reactive protein albumin ratio; Sll, systemic immune

inflammation index; CRP, C reactive protein; ALY, Atypical lymphocyte count; LIC, large immune cells count; IML, Immature lymphocyte count; IMM,
immature monocyte count; IMG, immature granulocyte count; EOS, eosinophil count; NEU, neutrophil count; LY, lymphocyte count; WBC, white
blood cell count; PCT, platecrit; PDW, platelet diameter width; MPV, mean platelet volume; PLT, platelet count; ALB, albumin; TPRO, total protein; PT,
prothrombin time; APTT, activated partial thromboplastin time; FiB, fibrinogen; AST, aspartate transaminase; ALT, alanine transaminase; LDH,

lactate dehydrogenase; CK, creatinine kinase; CK-MB, creatinine kinase MB isoenzyme.
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Table 3 Laboratory results of confirmed cases of COVID-19 according to disease severity

Parameter Mild (n: 31) Severe (n: 25) p

PLT (105/mm?> 218.04+78.24 191.03 +78.24 0.283
MPV (fL) 8.9+0.93 8.97 +0.85 0.776
PDW (%) 16.05+3.24 15.98 +2.63 0.921
PCT (%) 0.16 (0.03-0.38) 0.19 (0.5-0.28) 0.729
WBC (10°/mm?) 6.7+3.10 6.06 +3.89 0.503
LY # (10°/mm?) 1.47 (0.71-9.96) 1.29 (0.15-2.09) 0.121
NEU # (10%/mm?) 3.09 (1.40-10.5) 3.13 (0.03-14.20) 0.979
EOS # (10%/mm?) 0.07 (0.02-0.31) 0.06 (0.02-0.29) 0.856
IMG # (10%/mm?) 0.02 (0.0-0.12) 0.02 (0.00-0.16) 0.923
IMM # (10%/mm?3) 0.02 (0-0.11) 0.0240.02 0.772
IML # (10%/mm?) 0.03 (0.01-0.25) 0.01 (0.0-0.05) 0.096
LIC # (10%/mm?>) 0.07 (0.02-0.39) 0.04 (0.02-0.30) 0.367
ALY # (10%/mm?) 0.07 (0.05-2.58) 0.06 (0.04-0.26) 0.345
ALB (g/dL) 4.3840.441 3.92+0.732 0.007
CRP (mg/dL) 8.27 (0.92-65.36) 16.84 (0.78-293.29) 0.003
Sl 537.014392.01 682.76 +670.38 0.342
CAR 3.04+3.46 30.45+34.0 0.001
PLR 113.57 £55.12 229.88 +182.84 0.005
NLR 2.12+1.34 4.15+2.3 0.001

Note: Bold values denote p < 0.05.

Abbreviations: NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CAR, C reactive protein to albumin ratio; Sll, systemic immune
inflammation index; CRP, C reactive protein; ALY, atypical lymphocyte; LIC, large immune cells; IML, Immature lymphocyte; iIMM, immature
monocyte; IMG, immature granulocyte; EOS, eosinophil; NEU, neutrophil; LY, lymphocyte; WBC, white blood cell; PCT, Platecrit; PDW, platelet

diameter width; MPV, mean platelet volume; PLT, platelet; ALB, albumin.
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Fig. 2 ROC curve used to distinguish patients with severe and
nonsevere COVID-19. ROC, receiver operating curve.

comparison since different devices such as IG%2> and LUC%2®
have different units such as the measured parameters and
percentage.’’~2° LY did not differ significantly in LUC com-
pared with the LC group, while PLT, WBC, NEU, EO, IMM, LIC,
and ALY had significantly lower values. Additionally, while LY
was significantly lower in LUC cases compared with the
healthy control group, NEU numbers of unconfirmed cases
were higher than healthy control and confirmed groups. This

indicates that the number of NEU may be a good indicator in
unconfirmed patients with positive CT findings but negative
PCR tests. We found no significant difference between the
confirmed and unconfirmed groups in other coagulation and
biochemical parameters. Therefore, inflammatory markers
are very valuable in terms of diagnostic and prognostic
follow-up of unconfirmed patients.

Inflammatory Markers
Higher numbers of proinflammatory cytokines in the serum
of COVID-19 patients and the use of anti-inflammatory
agents for treatment highlight the critical role of inflamma-
tion in the progression of the disease. Zeng et al concluded
that inflammatory markers, especially CRP, PCT, interleukin
(IL)-6, and ESR, had a positive correlation with the severity of
COVID-19.3% In our study, we examined CRP, NLR, PLR, SII,
and CAR tests in detail as markers of inflammation. CRP, SII,
CAR, PLR, and NLR were significantly higher in confirmed
cases compared with the control group. CRP, SII, CAR, PLR,
and NLR were higher than the control group also in uncon-
firmed cases. Compared with unconfirmed patients, SII, CRP,
and CAR were significantly lower in confirmed patients.
The literature only points to relationships between NLR,
PLR, and COVID-19.'%3" Mazza et al have also found a direct
correlation between obsessive-compulsive disorders and
MLR, NLR, and SII, suggesting that higher initial
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Table 4 Diagnostic accuracy of SlI, CAR, PLR, and NLR
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Test AUC p Cut-off Sens % Spes % LR* LR Prev % PPV % NPV % DA %
SlI 0.555 0.429 424.82 65 34.78 1 1.01 46.51 46.43 53.33 48.84
CAR 0.934 0.000 0.475 90.91 86.21 6.59 0.11 65.48 92.59 83.33 89.29
PLR 0.747 0.000 121.45 79.07 48.84 1.55 0.43 50 60.71 70 63.95
NLR 0.796 0.000 1.82 71.79 40.43 1.21 0.7 45.35 50 63.33 54.65

Note: Bold values denote p < 0.05.

Abbreviations: NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; CAR, C reactive protein to albumin ratio; SlI, systemic immune
inflammation index; AUC, area under curve; Sens, sensitivity; Spes, specificity; LR, likelihood ratio; PPV, positive predictive value; NPV, negative

predictive value; DA, diagnostic accuracy.

inflammation may be associated with later obsessive-com-
pulsive disorder symptoms.32’33 Our findings of CAR are
unique and an important addition to the literature in this
rapidly evolving field.

Disease Severity

We also evaluated LC patients according to the severity of the
disease. CRP, CAR, PLR, and NLR indices showed increasing
values as disease severity increased. In our study, the fact
that NLR was significantly higher in cases with severe disease
supports the literature.'®3* However, although the optimal
cut-off determined for NLR is 1.82 and LR* is 1.21, this offers
a low diagnostic accuracy (54.65%) in making a differential
diagnosis between severe and nonsevere patients. In the
literature, different NLR cut-off values have been reported in
different populations (with or without cancer) with different
methods. No universal cut-off values are available yet. It
would be reasonable to interpret such a parameter carefully
in a clinical context, even if based on data from a comparable
population.35 Our study also revealed that CRP level was
positively correlated with the severity of COVID-19, similarly
to other studies.'®->3-36:37

Low albumin levels are associated with poor prognosis
and mortality for COVID-19 patients in the literature and
serum albumin-mediated strategies were shown to be useful
in treating COVID-19 patients.>® One of the noninvasive
markers for albumin, CAR, stands out as the most appropriate
potential marker in our study. CBC parameters used in other
markers are affected by any inflammation, infection, physi-
ological stress, changes in significant serum parameters, or
biological variation, such as age, gender, and race.®

Consisting of CRP and ALB, CAR has the potential to show
inflammation and infection processes more clearly. CAR has
also been recognized as an independent factor useful in
predicting short-term survival within 2 weeks for COVID-
19 patients.*° The fact that CRP and ALB are less affected by
changes such as biological variation compared with other
blood count parameters increases the diagnostic and prog-
nostic potential of CAR.

In our study, ALB values at hospitalization were found to
be significantly lower compared with the control group. Also,
there was a significant decrease in ALB levels in the group
with severe disease compared with the mild group. The CAR
index, in which albumin and CRP values were evaluated
together, was significantly higher in LC compared with the

Journal of Laboratory Physicians

control group, and lower in LUC compared with LC. In the
examination of disease severity, CAR was found to be signifi-
cantly higher in patients with severe illness compared with
mild patients. Among the parameters we studied as an
inflammatory marker, CAR had the highest AUC of 93% and
PPV of 92.5%. It was also 6.59 times better at distinguishing
between patients with severe and mild disease progression
with a high positive predictability rate (LR"). Its diagnostic
accuracy was 89.29%.

Inflammatory markers show activation of systemic in-
flammatory processes but are not specific to COVID-19.
Although there are evident abnormalities in these inflam-
matory markers in COVID-19 patients, they are important
only for diagnostic and prognostic predictability. The use of
markers alone for systemic inflammation can also be mis-
leading. Until the pathogenesis of COVID-19 is fully clarified
and specific diagnosis and treatment methods are devel-
oped, the use of markers together with other data (history,
symptoms, comorbidity, radiological findings, and other
laboratory parameters) will be more meaningful.

Nonetheless, CAR, which has the highest diagnostic accu-
racy compared with other inflammatory markers, is a useful
parameter in the diagnosis and estimation of disease severity
for COVID-19. Of course, it would be appropriate to support
our findings with data from larger samples.

Limitation of the Study

Our study is limited due to being retrospective, single-center,
and small sample. Our findings cannot easily be generalized
for other regions. The accuracy of data collection is limited by
the accuracy of electronic records. Of course, the effect of
disease stress on laboratory parameters should not be ig-
nored. More studies with larger samples are needed to
overcome these limitations. Still, we think our results shed
important light on this issue.
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