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Summary
Background Coronavirus disease 2019 (COVID-19) is
an acute inflammatory respiratory disease. Osteopon-
tin (OPN) is a glycoprotein expressed in various cell
types, such as bone, immune, smooth muscle, epithe-
lial and endothelial cells. It also acts as a regulator of
immune response. The aim of the present study was
to reveal the place of serum osteopontin levels in pre-
dicting severity among patients with COVID-19.
Methods This study included 84 patients, 43 female
and 45 male. Patients were divided into 2 groups,
group 1 non-severe group (n: 48), group 2 severe
(n: 40). Demographic data, neutrophil, lymphocyte,
platelet, white blood cell counts, albumin, procalci-
tonin, C-reactive protein (CRP) and OPN levels were
recorded. The OPN levels and these inflammatory pa-
rameters of the two groups were compared.
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Results There were no significant differences in terms
of gender (female/male 25/23 vs. 18/22) and platelet
count (178K/μL vs. 191K/μL) between the groups
(p> 0.05). Ages (57.7± 17.0 years vs. 71.4± 12.8 years),
procalcitonin (0.07 vs. 0.24ng/mL), CRP (17 vs
158mg/l), neutrophil count (3.7 vs 5.64K/μL), WBC
counts (5.38 vs 7.85K/μL) and number of deaths (0 vs
26) (p< 0.001). The OPN levels (98.5 vs 13.75ng/mL,
p= 0.002) were found to be statistically higher, in
group 2 than group 1.
Conclusion The present study showed that OPN can
be used to predict the severity in patients with COVID-
19.
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Introduction

Coronavirus disease 2019 (COVID-19), as named by
the World Health Organization, is caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-
2). This novel virus is a member of coronavirus fam-
ily, which includes SARS-CoV and Middle East res-
piratory syndrome (MERS) CoV. Coronaviruses (CoV)
are zoonotic single chain enveloped RNA viruses with
positive polarity. They can cause infections in hu-
mans and animals, including mammals such as birds,
camels, cats and bats. As a result of detailed research,
it has been determined that SARS-CoV-2 is transmit-
ted from musk cats, while MERS-CoV is transmitted
from single humped camels to humans. The ultimate
source of the SARS-CoV-2 virus has yet to become
clear; however, it is likely that the source was wild
animals illegally sold in the Huanan Chinese seafood
wholesale market [1–4].

Osteopontin (OPN) is a glycoprotein released by
many tissues and cell types. OPN was first described
by Hynes et al. in 1979 [5]. Osteopontin is also known
as early T lymphocyte activation-1 [6]. It plays a role
as a chemotactic factor for many cells and has also
been shown to play a role in migration of neutrophils
and mast cells, as well as a chemotactic factor for
macrophages [7, 8]. Osteopontin suppresses inter-
leukin 10 (IL-10) production in T-helper 2 (TH2) cells,
increasing the inflammatory response of TH1 cells.
Osteopontin also increases the immunoglobulin pro-
duction from B cells and B cell proliferation [9].

In this study, we aimed to show the relationship
between osteopontin levels and COVID-19 infection;
and also reveal the role of osteopontin in predicting
severity in patients with COVID-19.

Material and methods

A total of 84 patients (43 women, 45 men) hospital-
ized in the clinic of internal medicine at the Sakarya
University Medical Faculty between 1 April 2020 and
31 May 2020 and who were tested for COVID-19 with
real-time reverse transcription polymerase chain re-
action (rRT-PCR) were enrolled in the study. Nasal
and pharyngeal swabs were obtained from all patients.
Isolated patient samples that were obtained with vi-
ral nucleic acid test (VNAT) viral transport, brought to
the molecular virology laboratory and examined us-
ing Biospedy (Bioeksen Ar Ge Teknolojileri Ltd. Şti.
Sarıyer, İstanbul, Turkey) rRT-PCR kits provided by the
Ministry of Health of Turkey. The patients whose rRT-
PCR results were positive were regarded as COVID-19
(+).

Demographic and clinical hospital records of all pa-
tients above 18 years were analyzed retrospectively.
Blood samples were taken from all groups in tubes
containing ethylenediamine tetraacetic acid (EDTA)
and non-EDTA. Blood samples taken in EDTA tubes
for hematological tests were studied on the same day.

Blood samples in non-EDTA tubes were centrifuged
at +4°C 3000rpm for 10min. Sera were immediately
separated from the cells after centrifugation. Serum
samples for the measurement of human osteopon-
tin were stored at –80°C until use. Serum osteopon-
tin levels were measured using the sandwich ELISA
method (Elabsience, Bioassay Technology Laboratory,
Shangai, China). The reference range for osteopon-
tin was taken into consideration at between 0.3 and
90ng/mL. In a precision study conducted by the man-
ufacturer, the within-run and between-run correction
value of the kits were given as <10%.

The patients were divided into two groups based on
the severity of the disease. Hence, there was a non-
critically ill group (consisting of 48 patients) and
a critically ill group (consisting of 40 patients). The
critical illness class included patients with respira-
tory failure (respiratory rate ≥30/min, arterial oxygen
partial pressure/fractional inspired oxygen critical
[PaO2/FiO2] <300 (arterial oxygen partial pressure
[Pao2 in mmHg] to fractional inspired oxygen [FiO2]),
SpO2 <90% or PaO2 <70mmHg despite 5L/min oxy-
gen therapy), shock (systolic blood pressure <90 and
40mmHg from usual SBP and mean arterial pressure
<65mmHg, tachycardia >100/min) or multiorgan dys-
function (acute kidney damage, acute liver function
test disorder, development of acute organ dysfunction
such as confusion, acute bleeding diathesis).

This study was approved by the local ethics com-
mittee and performed in accordance with the Helsinki
Declaration (31.08.2020-71522473/050.01.04/468).

Statistical analysis

Data analysis was performed by using SPSS-22 for
Windows (Statistical Package for Social Science, SPSS,
Chicago, IL, USA). The variables were investigated
using visual (histograms, probability plot) and ana-
lytical methods (Kolmogorov-Smirnov/Shapiro-Wilk
tests) to determine whether or not they were nor-
mally distributed. We performed analyses to describe
and summarize the distributions of the variables. The
continuous variables were expressed in terms of mean
and standard deviation or as median and interquartile
range, depending on the normality of the distribution.
Differences between qualitative/categorical variables,
such as gender distribution between groups, were
compared with the χ2-test since the values observed in
the cells provided assumptions. The Mann–Whitney
test was used to compare the variables that were not
normally distributed. Additionally, Student’s t-test
was used to compare the variables with normal distri-
bution. While investigating the associations between
non-normally distributed variables, the correlation
coefficients and their significance were calculated us-
ing Spearman’s test. The statistically significant two
tailed p-value was set at <0.05.
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Results

A total of 84 patients were included in this prospective
study. The groups (group 1 non-critically ill patients,
group 2 critically ill patients) were determined to
be homogeneous in terms of gender. There were
no significant gender differences between the two
groups. Average age was 57.7± 17.0 years in group 1
and 71.4± 12.8 years in group 2at p <0.001 (Table 1).

The white blood cell (WBC), platelet, neutrophil
counts, albumin, D-dimer, ferritin, and C-reactive
protein (CRP) and osteopontin levels of group 1 and
group 2 are shown in Table 2.

The WBC counts were 5.38K/µL (4.83–6.85) in
group 1 and 7.85 103/mm3 (5.97–10.7) in group 2at
p <0.001. Platelet counts were 178K/μL (150–201) in
group 1 and 191K/μL (146–279) in group 2, at p 0.289.
Neutrophil counts were 3.7K/μL (2.85–4.79) in group 1
and 5.64K/μL (4.65–8.73) in group 2, at p <0.001. Al-
bumin levels were 33.10g/L (29.85–37.05) in group 1
and 29.90g/L (26.60–33.00) in group 2, at p <0.001.
D-dimer levels were 508.5ng/mL (225.5–790.3) in
group 1 and 1170ng/mL (757.5–2402.5) in group 2,
at p <0.001. Ferritin levels were 232.0ng/mL (94.75–
622.75) in group 1 and 479.5ng/mL (252.5–1357.8)

Table 1 Demographic characteristics of non-critically ill
and critically ill patients
Parameters Non-critically ill

patients
Critically ill
patients

P values

Patients (n) 48 40 –

Male/female (n) 25/23 18/22 0.508

Age (years) 57.7± 17.0 71.4± 12.8 >0.001

Table 2 Comparison of clinical and laboratory results of
non-critically ill and critically ill patients
Parameters Non-critically ill

patients
(n: 48)

Critically ill patients
(n: 40)

P values

D-dimer (ng/mL) 508.5
(225.5–790.3)

1170
(757.5–2402.5)

<0.001

Ferritin (ng/mL) 232
(94.75–622.75)

479.5
(252.5–1357.8)

0.006

CRP (mg/L) 17.0
(5.25–45.5)

158.0
(132–182.5)

<0.001

WBC (K/μL) 5.38
(4.83–6.85)

7.85
(5.97–10.7)

<0.001

PLT (K/μL) 178
(150–201)

191
(146–279)

0.289

NEU (K/μL) 3.70
(2.85–4.79)

5.64
(4.65–8.73)

<0.001

LYM (K/μL) 1.3
(0.9–1.8)

0.79
(0.48–1.05)

<0.001

Albumin (g/L) 33.10
(29.85–37.05)

29.90
(26.60–33.00)

<0.001

Osteopontin
(ng/mL)

9.85
(8.32–19.23)

13.75
(11.30–17.07)

0.002

Death n (%) 0 33 (55) <0.001

NAR neutrophil count to albumin ratio, WBC white blood cells,
CRP C-reactive protein, PLT NEU LYM. Numbers in brackets represent
normal values

Table 3 Correlation analysis between serum inflamma-
tory markers and osteopontin

Spearman’s correlations (osteopontin)

r value p value

C-reactive protein (CRP) 0.326 0.051

D-dimer 0.302 0.016

Procalcitonin 0.359 0.008

White blood cell count 0.400 0.054

in group 2, at p <0.006. CRP levels were 17.0mg/L
(5.25–45.5) in group 1 and 158.0 mg/L (132–182.5)
in group 2, at p <0.001. Osteopontin levels were
9.85ng/mL (8.32–19.23) in group 1 and 13.75ng/mL
(11.30–17.07) in group 2at p: <0.002. The number
of deaths were 0 in group 1 and 33 in group 2, at p
<0.001 (Fig. 1; Table 2).

We performed a correlation analysis between
serum inflammatory markers and osteopontin, find-
ing a positive correlation between serum osteopontin
levels and CRP, procalcitonin, WBC, and D-dimer
(Table 3).

Discussion

We found higher WBC, neutrophil, D-dimer, CRP, fer-
ritin and osteopontin levels and lower lymphocyte
and albumin levels in the critically ill patients than
the non-critically ill patients in our study. Higher
WBC, neutrophil, D-dimer, CRP, and ferritin levels
and lower lymphocyte and albumin levels are asso-
ciated with poor prognosis.

Neutrophils and lymphocytes are important com-
ponents of the immune system. Neutrophils are cells
that release chemokines and cytokines. These cy-
tokines and chemokines stimulate angiogenesis, cyto-
genesis, antiviral defence, and help regulation of im-
mune response [10]. In severe viral infections, the
number of neutrophils in peripheral blood increases
significantly; increased neutrophil counts induce cy-
tokine-chemokine storms and ultimately lead to lung
injury and acute respiratory distress syndrome [11].

Osteopontin is a glycophosphoprotein first found
in bone tissue. Later, it was found that osteopontin
was released from many tissues, such as the brain,
mammary glands, kidneys and smooth muscle. Addi-
tionally, immune cells such as macrophages, dendritic
cells (DC), neutrophils, eosinophils, natural killer (NK)
cells, NKT cells, and T and B lymphocytes express os-
teopontin [6]. It has been shown to play a role in mi-
gration of neutrophils and mast cells and as a chemo-
tactic factor for macrophages [7, 8]. Osteopontin also
increases immunoglobulin production from B cells
and B cell proliferation [12].

The relationship between COVID-19 infection and
cellular and humoral immune systems was studied.
COVID 19 infection stimulates the T cell-mediated im-
mune system like other viral infections [13]. As the
disease progresses, both CD4+ and CD8+ T cell counts
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Fig. 1 Comparison of os-
teopontin levels (median)
between of non-critically ill
and critically ill groups ac-
cording to the clinical sever-
ity of the disease

decrease [14]. In one study it was also showed that
activated CD4+ and CD8+ T cells are present in the
blood before the relief of symptoms [15].

Immunoglobulin M and G type antibodies specific
to COVID-19 form the basis of the disease diagno-
sis [16]. High levels of IgG antibodies were found to
be associated with the severity of the disease. As the
serum antibody titer increases, the severity of the dis-
ease increases. In particular, the IgM antibody titer
is an independent risk factor for disease severity [17].
These findings indicate that COVID-19 infection is as-
sociated with B cell activation and proliferation [18].

We found higher osteopontin levels in critically
ill patients than non-critically ill patients. These
high levels of osteopontin are associated with more
activation of macrophages, dendritic cells (DCs), neu-
trophils, eosinophils, NK cells and T and B lym-
phocytes in critical patients. Many studies have
suggested that osteopontin is a valuable marker of
autoimmune and inflammatory disorders, such as
inflammatory bowel diseases, systemic lupus erythe-
matosus, asthma, and rheumatoid arthritis [19–21].
Our findings are consistent with the literature.

One of the limitations of our study relates to the
considerable age differences between the patients of
the critically ill vs. the non-critically ill group (71 years
vs. 58 years, p<0.001). Chang et al. described a posi-
tive correlation between serum osteopontin levels and
age. Thus, the possibility exists that the higher osteo-

pontin levels of the critically ill patients are merely
a reflection of the higher age of this group [22].

In conclusion, osteopontin is a valuable marker of
COVID-19 infection and can be used for predicting
the severity of this infection. Larger scale randomized
studies are needed to clarify the relationship between
COVID-19 infection and osteopontin.
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