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Abstract

Objective: The complete blood count parameters and biochemical biomarkers
important for the follow-up of patients in the inflammatory process of coronavirus
disease 2019 (COVID-19) inpatients in the ward, and intensive care were analysed
retrospectively.

Materials and Methods: One hundred thirty inpatients in the intensive care and
147 inpatients in the COVID-19 ward were included in this study. Additionally,
47 healthy people were added as a control group. Whole blood parameters
[white blood cell (WBC), lymphocyte, monocytes, platelet, neutrophil, monocyte/
lymphocyte (MLR), neutrophil/lymphocyte (NLR)], ferritin, C-reactive protein (CRP),
procalcitonin, erythrocyte sedimentation ratio (ESR) and albumin values of these
patients and individuals were analyzed retrospectively. Obtained laboratory values
were compared.

Results: The procalcitonin, CRP, ESR, WBC, neutrophil, NLR, MLR, ferritin and
procalcitonin values of the patients the intensive care patients were higher than
the other two groups (p<0.001). However, the albumin and lymphocyte levels of
the patients in the intensive care unit were lower (p<0.001). Additionally, the CRP
and ESR values of the inpatients in the ward were higher than those in the control
group (p<0.001).

Conclusion: Hematological findings such as lymphocytes, NLR, WBC and
inflammatory findings such as procalcitonin, ESR, CRP, and ferritin are associated
with disease severity. Additionally, increased NLR levels may indicate aggravation of
the inflammatory process and the possibility of intensive care admission. Therefore,
monitoring of inflammatory findings, and NLR, can help predict and treat the
prognosis of COVID-19.

0z

Amacg: Koronaviriis hastali§i-2019 (COVID-19) servis ve yogun bakim Unitelerinde
takip edilen hastalarin tam kan parametreleri ile enflamatuvar siirecte hastaligin
prognozu agisindan 6nemli olan biyokimyasal biyobelirteclerin degerleri retrospektif
olarak incelendi.

Gerec ve Yontemler: Bu calismaya, COVID-19 yogun bakimda yatan 130 hasta ve
COVID-19 serviste yatan 147 hasta dahil edilmistir. Ayrica calismaya, kontrol grubu
olarak saghkl 47 birey eklenmistir. Bu hastalarin ve bireylerin tam kan parametreleri
[WBC (beyaz kan hiicresi), lenfosit, monosit, nétrofil, trombosit, nétrofil/lenfosit
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(NLR), monosit/lenfosit (MLR)] ile C-reaktif protein (CRP), prokalsitonin, ferritin, eritrosit sedimantasyon orani (ESR) ve albiimin
degerleri retrospektif olarak incelendi. Elde edilen laboratuvar sonugclari karsilastirildi.

Bulgular: Yogun bakimda yatan hastalarin prokalsitonin, CRP, ESR, WBC, nétrofil, NLR, MLR, ferritin ve prokalsitonin ortalama
degerleri, hem serviste yatan hastalardan hem de kontrol grubundan daha ytksekti (p<0,001). Diger taraftan yogun bakimda yatan
hastalarin albiimin ve lenfosit ortalama degerleri, diger iki gruba gore daha diistiktii (p<0,001). Ayrica serviste yatan hastalarin CRP
ve ESR ortalama degerleri, kontrol grubundan daha yiiksekti (p<0,001).

Sonuc¢: WBC, lenfosit, NLR gibi hemotolojik parametreler ile prokalsitonin, CRP, ESR ve ferritin gibiimmiin-enflamatuvar parametrelerin
hastalik siddetiile iligkili oldugu ve hastaligin ilerlemesi icin potansiyel olarak dnemli risk faktorleri olarak kullanilabilecegi goriilmustiir.
Ayrica artmis bir enflamatuvar siireci yansitan artmis NLR seviyeleri yogun bakima yatis ihtimalini gdsterebilir. Bu nedenle, immiin-
enflamatuvar parametrelerin, 6zellikle NLR'nin siirveyansi, COVID-19'un teshisinde, erken taramasinda ve tahmininde ve ciddi

hastaliklarin tedavisinde yardimci olabilir.

Introduction

Coronavirus disease-2019 (COVID-19) outbreak,
which arose in China in the last months of 2019,
quickly caused a pandemic. Although measures
were taken to prevent spread, the number of people
caught with COVID-19 reached approximately 37
million worldwide as of October, while the number of
people who died of this disease exceeded 1 million
(1). COVID-19 can cause respiratory failure, severe
pneumonia, high fever, joint pain and even death (2).
Studies conducted to date on inflammation markers
in viral respiratory infections have played an major
role in the rapid progress of our knowledge about the
prognosis of COVID-19 (3).

C-reactive protein (CRP) is a biomarker of acute
phase-response in inflammation, infection and
tissue damage that can be used as a marker of
inflammation (4). Procalcitonin levels have a more
important role than CRP and white blood cell (WBC)
count in separating one bacterial infection from
other inflammatory process. In studies conducted
on COVID-19 disease, a significant increase has been
found in procalcitonin levels of groups whose disease
had a severe course (5). Erythrocyte sedimentation
rate (ESR) is not specific for any disease; however, it
is used in combination with other tests to find out the
presence of increased inflammatory activity. ESR has
been long been used as a “disease indicator” due to
its repeatability and low cost (6). Ferritin is an acute
phase protein as demonstrated in both infectious and
non-infectious diseases. High serum ferritin is a useful
marker for a possible disease progression towards the
critical development of COVID-19 (7).

A large number of studies have shown an increase
in neutrophils with the decrease in lymphocyte
in patients with COVID-19 (8-10). The neutrophil/

lymphocyte ratio (NLR), obtained by the ratio of rising
neutrophils to falling lymphocytes in infection, is a
very strong indicator of the systemic inflammatory
state (11).

The aim of our study is to evaluate the relationship
between the hematological and inflammatory
biomarkers and the severity of the disease that are
important in the course of the COVID-19 disease.
This evaluation was made as a result of comparing
the whole blood and inflammatory parameters of
inpatients with COVID-19 followed in the intensive
care and ward with each other and with healthy
individuals. As a result, whole blood and inflammatory
biomarkers that come to the forefront in the
hospitalization process of inpatients with COVID-19
both in the intensive care and ward are determined.

Materials and Methods

Our study was carried out after obtaining 2020/13
session numbered and 2020.13.6 decision numbered
University of Health Sciences Turkey, Samsun Training
and Research Hospital Non-Invasive Clinical Research
Ethics Committee (date: 09.09.2020). Three groups
were formed in the study.

Criteria of Groups

First of all, patients with positive COVID-19
real-time polymerase chain reaction test were
included in the study. Patients with COVID-19
diagnosed with radiological or clinical findings but
negative polymerase chain reaction test were not
included in the study. Patients with COVID-19 were
divided into two groups according to the unit they
were hospitalized in. Inpatients in the ward were
determined as a group, and inpatients in the intensive
care as a group. In addition, a control group consisting
of healthy individuals was added to the study.
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Biochemical Process

After the ethics committee approval, with the
authorization from Hospital Information Management
system, the inpatients followed in COVID-19 ward and
intensive care with a suspicion of coronavirus in May,
June and July months of 2020 were found and their
complete blood count parameters [WBC, lymphocyte,
monocyte, neutrophil, platelet, monocyte/
lymphocyte ratio (MLR), NLR] and CRP, procalcitonin,
ferritin, ESR and albumin values, which are important
biomarkers in the inflammatory process in terms
of the prognosis of the disease, were examined
retrospectively. Complete blood count parameters
had been studied in Beckman Coulter DXH800 device,
procalcitonin and ferritin were studied in Roche Cobas
E411 device, CRP was studied in Beckman Coulter
AUS5800 device by using suitable kits and materials.

Statistical Analyses

SPSS 22.0 Windows Program was used for statistical
analysis. It was determined that the data were not
normally distributed. For this reason, non-parametric
analyzes were used. Mann-Whitney U test was used
for pairwise comparison of the groups.

Results

One hundred thirty inpatients diagnosed with
COVID-19 from the intensive care and 147 inpatients
from the ward were included in this study. In addition,
47 healthy individuals were added as a control. Of the
inpatients in the intensive care, 46 (35.38%) were
female and 84 (64.62%) were male. Of the inpatients
in the ward, 74 (50.34%) were female and 73 (49.66%)
were male. Twenty (42.55%) of the control group
were female and 27 (57.45%) were male. While the
average age of the inpatients in the intensive care was
68.28+14.22, the average age of the inpatients in the
ward was 54.96+16.66, and the average age of the
control group is 46.72+10.82. While the average day of
hospital stay of the inpatients in the intensive care was
19.85, the average day hospital stay of the inpatients
in the ward was 7.56. While 77 of the inpatients in
the intensive care died, the others were discharged.
Whole blood and inflammatory parameter mean %
standard deviations of the groups are given in Table 1.

In the comparison of the whole blood parameter
values of the groups, the values of WBC, neutrophil,
NLR and MLR of the inpatients in the intensive
care was found to be higher than the values of the
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inpatients in the ward and the control group (p<0.001)
(Figure 1). Additionally, the values of lymphocytes of
the inpatients in the intensive care was found to be
lower than the values of the inpatients in the ward
and the control group (p<0.001) (Figure 1).

In the comparison of the inflammatory parameter
levels of the groups, the values of CRP, ESR, ferritin
and procalcitonin of the inpatients in the intensive
care was found to be significantly higher than the
values of the inpatients in the ward and the control
group (p<0.001) (Figure 2). Additionally, the values
of albumin of the inpatients in the intensive care was
found to be lower than the values of the inpatients in
the ward and the control group (p<0.001) (Figure 2). In
addition, the values of CRP and ESR of the inpatients
in the ward were found to be higher than the control
group (p<0.001) (Figure 2).

Discussion

Haematological parameters which are used to
classify COVID-19 inpatients include WBC, neutrophil,
lymphocyte, monocyte, thrombocyte, eosinophil,
MLR, NLR and haemoglobin. In addition to being
very important component in the immune of the
body, lymphocytes are also the main executers of all
immune functions and at the same time a cellular
component on the forefront to fight external
infections. Lymphopenia has an important prognostic
value in COVID-19 disease. While lymphopenia has
been reported in 80% of the critical inpatients (12),
this rate has been reported as 25% in mild inpatients
(13). In a meta-analysis which included 758 COVID-19
positive cases that had severe disease and 1688
COVID-19 positive cases that had mild disease, a
significant increase was found in the neutrophil count
in cases with severe disease. It was also stated that
an increase in WBC values of patients with COVID-19
(14). In our study, the values of WBC, neutrophil of
the inpatients in the intensive care was found to be
higher than the values of the inpatients in the ward
and the control group.

In a study of 1141 patients with COVID-19, severe
patients had a higher NLR than non-severe patients.
NLR has been described as a prognostic value bio-
marker for inpatients with sepsis (15). Our study,
the values of NLR of the inpatients in the intensive
care was found to be higher than the values of the
inpatients in the ward and the control group.
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Table 1. Whole blood and inflammatory parameter mean * standard deviations of the groups

Intensive care

Parameters (n=130)

The reference

Control
(n=47)

Service

(n=147) range

Whole blood parameters

WBC ("10%/L) 9.2945.14 6.17+2.26 6.97+3.19 4.5-10.5
Lymphocyte (*10°/L) 1.060.71 1.3620.73 1.45+0.55 0.6-3.4
Neutrophil (*10°/L) 7.62+5.59 4.27+2.2 4.5+£2.27 2-6.9
Platelet (*10°/L) 229.61+101.08 235.84+97.28 256.77+113.76 142-424
Monocyte (*10°/L) 0.58+0.43 1.6+13.07 0.58+0.28 0-0.82
NLR 11.79+15.36 4.0743.42 3.341.69
MLR 0.74+0.91 0.66+2.46 0.43+0.23
Inflammatory parameters
Ferritin (ng/mL) 817.56+500.01 212.4+181.67 162+108.33 ey L‘:g}:'e
Procalcitonin (ng/mL) 2.3419.26 0.13+0.2 0.09+0.1 0-0.046
CRP (mg/L) 101.04+81.16 44.72+50 21.26%25.76 0-5
Albumin (g/dL) 3.07£0.51 3.68+0.47 3.76+0.45 3.5-5.2
ESR (mm/h) 50.28+24.79 33.86+23.2 22.11+16.13 0-20
WBC: White blood cell, NLR: Neutrophil/lymphocyte ratio, MLR: Monocyte/lymphocyte ratio, CRP: C-reactive protein, ESR: Erythrocyte sedimentation
ratio
WBC (*10%/L) Neutrophil (*10/L) In a study on coagulation and platelet parameters
i B ) of patients with suspected COVID-19, platelet
8.0 697 70 values of polymerase chain reaction (PCR)-negative
o = o . - participants were found to be higher than those of
- 409 1 PCR-positive patients (16). In our study, there was
i - no significant difference between the mean platelet
ol I I L } : levels of the groups.
enswe Gare - Sendee - Contel e are - Seniee - contel Increase in CRP alone or with another marker can
Lymphocyte (*10°/L) NLR cause infections. CRP values are increased in patients
i 1% 145 i'z’zz s with COVID-19 before compudet tomography findings
1 a0 and in the early stages of infection. More importantly,
- 80 CRP has been associated with disease development
00 - I "o - (17). In a study including 663 patients, CRP value was
ol 250 ‘ found to be higher in patients with COVID-19 positive
000 - " o . ‘ when compared with patients with COVID-19 negative

Intensive Care Service Control Intensive Care Service Control

MLR
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Figure 1. Whole blood parameter mean bar graph of groups
WBC: White blood cell, NLR: Neutrophil/lymphocyte ratio,
MLR: Monocyte/lymphocyte ratio

(18). In our study, the values of CRP of the inpatients
in the intensive care was found to be higher than the
values of the inpatients in the ward and the control
group. In addition, the values of CRP of the inpatients
in the ward were found to be significantly higher than
the control group.

Procalcitonin, a glycoprotein, is calcitonin
precursor. Procalcitonin levels can be used to
distinguish between viral and bacterial infections (19).
In a study conducted in Wuhan with the inclusion of
191 positive patients, it was found that procalcitonin
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Figure 2. Inflammatory parameter mean bar graph of groups
CRP: C-reactive protein, ESR: Erythrocyte sedimentation ratio
level increased in association with the severity of the
disease (7). In another meta-analysis including 1099
patients, almost four times higher procalcitonin value
was found in the severe group (20). It has been found
that procalcitonin can make a significant distinction
between severe cases and non-severe and fatal
cases and thus can function as a possible predictic
biomarker in individual studies (21). In our study,
the values of procalcitonin of the inpatients in the
intensive care was found to be higher than the values
of the inpatients in the ward and the control group.
Serum ferritin levels can increase significantly as
a response to inflammation and various diseases.
ferritin synthesis regulation is under the control of
cytokine (22). Due to the cytokine storm observed in
fatal and critical COVID-19 cases, an increase occurs
in serum ferritin levels in these cases. It has been
reported that ferritin levels ranging from 400 pg/L to
>2000 pg/L are seen in COVID-19 patients and that
the highest ferritin levels are seen in serious cases
and in those who did not survive (7,13). In a previous
study including 653 COVID-19 positive patients, it was
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found that mean ferritin level was 408.28 ng/mL and
this value was correlated with disease severity and the
increase in ferritin level could be used as prognostic
marker of imminent death (23). In our study, the
values of ferritin of the inpatients in the intensive care
was found to be higher than the mean values of the
inpatients in the ward and the control group.

There are very few data on ESR in patients with
COVID-19. In a study conducted on 113 patients, it
was reported that fatal cases had higher ESR tendency
than the cases that recovered, without reporting
the significance of the difference observed between
positive and negative patients (13). In another
study with 80 patients, it was found that ESR was
associated with CRP and haemoglobin and patients
with severe disease had higher ESR levels (24). In a
study conducted with patients with COVID-19 with
diabetes comorbidity, inflammatory parameters
(ESR, procalcitonin, ferritin and CRP) were found to
be higher (25). In our study, the values of ESR of the
inpatients in the intensive care was found to be higher
than the values of the inpatients in the ward and the
control group. In addition, the values of ESR of the
inpatients in the ward were found to be higher than
the control group.

Conclusion

In summary, it has been concluded that
haematological findings such as lymphocyte,
WBC, MLR, NLR and inflammatory findings such as
procalcitonin, CRP, ferritin, ESR are associated with
the disease severity and that they could be used as
very important risk factors for the progress of the
disease. In addition, increased NLR levels reflecting an
increased inflammatory process can show possibility
of hospitalization in intensive care. For this reason,
the surveillance of inflammatory findings, and NLR,
can help in the diagnosis, early screening of COVID-19
and in the treatment of severe diseases.
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