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Abstract. Background/Aim: Extracellular S100b effects are
mediated by the receptor for advanced glycation end
products (RAGE), which is the S100b membrane receptor.
RAGE belongs to the immunoglobulin superfamily of cell
surface molecules and serves as a multiligand receptor and
is expressed in high abundance by alveolar type I (AT-1) cells
in adult pulmonary tissue. This study aimed to provide an
insight into the association between the severity of COVID-
19 disease and serum S100b levels during admission to the
emergency department (ED). Patients and Methods: A total
of 64 patients (34 mild cases; 30 severe cases) were
diagnosed with COVID-19 pneumonia and 30 healthy
volunteers were admitted to study. Serum S100b levels were
measured by using enzymle linked immunoassay method from
blood serum samples. Results: Serum S100b levels showed a
significantly higher mean value in mild and severe disease
cohorts than in healthy controls (p=0.036 and p=0.028
respectively). Receiver operating characteristic (ROC)
analysis indicated greater area under the curve (AUC) for
serum S100b levels of the COVID-19 patients (AUC=0.663,
95% CI=0.541-0.785; p=0.014). In addition, serum S100b
concentration was measured as 151.7 ng/ml at 79.3%
sensitivity and 51.7% specificity (p=0.014). Serum S100b
protein levels can serve as a valuable clinical marker in
establishing diagnosis of patients. Though not useful in
identifying different stages of COVID-19 infection, serum
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S100b concentration along with other known markers can be
utilized to reliably predict clinical severity along with other
clinical parameters.

Transmitted from human to human through droplets,
Coronavirus disease-19 (COVID-19) infection can progress
asymptomatically. Its clinical manifestations, however, have
a wide spectrum in symptomatic patients, ranging from
upper respiratory tract infections (URTI) to serious clinical
conditions such as pneumonia, acute respiratory disease
syndrome (ARDS), sepsis, and septic shock (1, 2).

S100b protein is a cytosolic calcium binding biomarker
with a molecular mass of 21 kDa. Despite its extra-cranial
presence, S100b is mainly expressed in the central nervous
system (CNS) (3). As a cytosolic calcium sensor, this protein
acts on dynamics of cytoskeletal components, energy
metabolism, protein phosphorylation, and calcium
homeostasis. When released from damaged cells,
extracellular signals could be activated by S100b. It is also
structurally released by astrocytes in the brain and can
function in an autocrine or paracrine manner (4).

Accumulating data from in vitro experiments have
revealed the impact of extracellular S100b on the biology of
various cellular types other than the CNS. In vitro trials have
provided clinical evidence that S100b, similar to other S100
family of proteins, stimulates inflammatory responses in
lymphocytes, vascular smooth muscle cells, endothelial cells,
macrophages, and cardiomyocytes (5, 6).

Inside and outside the CNS, S100b acts as a damaged
molecular model (DAMP) protein, which is released from
damaged cells and can activate cells of innate immune
response, altering the functions of cells that participate in
inflammatory response and induce apoptosis (6). While S100b
is expressed at very low levels in normal lungs, it is mainly
secreted in intravascular granulocytes and rarely in interstitial
dendritic cells, peribronchial nerves, and APUD cells.
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This proinflammatory protein is up-regulated in airway
dendritic cells and bronchiolar epithelial cells in the course
of pulmonary inflammation (7-8). Extracellular S100b effects
are mediated by the receptor for advanced glycation end
products (RAGE), which is the S100b membrane receptor.

RAGE belongs to the immunoglobulin superfamily of cell
surface molecules and serves as a multiligand receptor (9-
10). It is expressed in high abundance by alveolar type I (AT-
I) cells in adult pulmonary tissue (11). In addition, its
activation plays a role in cellular proinflammatory responses
and can promote several signal chains that ultimately trigger
NFkappaB (NF-kB) activation, thereby inducing the
expression of chemokines, cytokines, and cell adhesion
molecules. Besides, ligand-mediated RAGE stimulation
seems to contribute to the pathogenesis of various human
diseases such as inflammatory diseases, including diabetes,
Alzheimer’s disease, cancer, and acute lung injury/acute
respiratory distress syndrome (ALI/ARDS) (12, 13).

Based on the aforementioned clinical data, this report tries
to provide an insight into the association between the
severity of COVID-19 disease and serum S100b levels
during admission to the emergency department (ED).

Patients and Methods

Study population. This is a prospective case-control study, and
the required approval was obtained from the Ethics Committee
of Pamukkale University. The study population consisted of
patients who presented to COVID-19 outpatient clinic of our
ED between 26 January -10 March 2021. The inclusion
criteria were specified as manifesting symptoms of
pneumonia, having PCR-confirmed COVID-19 diagnosis and
presenting to ED for further examination and treatment. Those
with the following clinical manifestations were excluded from
the study:pregnancy, acute pulmonary embolism, chronic
inflammatory disease, kidney and liver failure, chronic
obstructive pulmonary disease or asthma, presence of any
cancer diagnosis, and history of neurologic disease.

The explanatory information about the study was delivered
to the patient group and healthy controls. The informed
consent forms were collected from all the subjects who agreed
to enroll in the study. Our case identification and clinical
severity classification was based on the WHO’s guideline on
clinical management of COVID-19 disease (14). Accordingly,
64 patients (34 mild cases; 30 severe cases) were diagnosed
with COVID-19 infection as a result of clinical evaluation in
ED, and their diagnosis was further confirmed by RT-PCR.
The patients’ SARS-CoV-2 infection was confirmed by
reverse transcriptase-polymerase chain reaction (RT-PCR)
assay from nasopharyngeal swab specimen.

On the other hand, 30 healthy volunteers with no
symptoms of COVID-19 infection, comorbidities, acute
diseases, regular drug regimen, or recent history of
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infection were included in the study as the control group.
Following the case identification and selection of eligible
population, they were divided into three cohorts as CT-
negative, PCR-positive COVID-19 infection cohort (mild
cases), COVID-19 pneumonia cohort (severe cases), and
healthy cohort (controls).

Mild disease group. This cohort included the subjects presenting
to ED with symptoms of URTI, showing no pneumonia
manifestation in imaging, and receiving the diagnosis of “mild
cases” according to the WHO guideline (14).

Severe disease group. This cohort was made up of patients
admitted to ED with COVID-19 symptoms, having PCR-
confirmed COVID-19 diagnosis, showing pneumonia
manifestation in imaging, and diagnosed with COVID-19
infection in line with the WHO guideline (14).

Healthy group (Control group). This cohort consisted of the
volunteers having no history of acute, subacute or comorbid
diseases, not coming down with an infection in the last two
weeks, not following a regular drug regimen, presenting to
ED with non-infectious complaints, and giving their
informed consent to enroll in the study.

Clinical evaluation and data collection. The resulting dataset
included patients’ demographic data, medical history, vital
signs (fever, blood pressure, sPO2), laboratory findings
(complete blood count (CBC), CRP (C-Reactive Protein), D-
dimer, Ferritin, and hsTnT parameters), onset time of
symptoms, comorbid diseases, hospitalization department
(ward or ICU), CURB-65 and Pneumonia Severity index
(PSI) scores, and CT severity scores.

S100b level measurement. To measure S100b level, 3 ml
blood sample were transferred into a dry tube and
centrifuged at 5,000 rpm for 10 min. Its serum section was
then isolated for Enzyme-Linked Immunosorbent Assay
(ELISA) assay analysis. Serum S100b levels were measured
using a commercially available ELISA kits (Human S100B
ELISA Kit, Mybiocource, Catalog No: MBS2503148) per
the manufacturer’s protocols.

Statistical analysis. Because no similar research exists so as
to guide us regarding minimum sample size, a power
analysis was conducted. Accordingly, at least 66 people (22
for each cohort) were required to obtain 95% power at 95%
confidence interval, assuming that the estimated effect size
would be medium (f=0.5).

All statistical analyses were carried out using Statistical
Package for the Social Sciences (SPSS) v.25 (IBM Corp.,
Armonk, NY, USA). The continuous variables were expressed
as median (IQR). Normality of the data was checked by the
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Table 1. Demographic, clinical and vital parameters of the groups.

Table II. S100 B protein levels of the examined groups.

Control Mild Severe  p-Value
group disease disease
(N=30) (N=34) (N=30)
Gender N (%)
Male 12 (40%) 13 (35.1%) 16 (53.3%) 0.391!
Female 18 (60%) 21 (649%) 14 (46.7%)
Median Median Median
(IQR) (IQR) (IQR)
Age 54 36 53 0.0001
(40.5-72) (23-50.5) (38.25 -70)
Symptom 2 3 0.0182
onset (Day) (0-3) (2-6)
CURB-65 1
score (0-2)
Pneumonia 56
severity Score (39-90)
Fever (°C) 36.6 36.6 36.7 0.548
(36.5-36.75) (36.47-37.1) (36.42-37.07)
sPO, 96 98 95 0.002
(95-98) (96-98) (93.25-96.75)
Systolic 120 120 120 0.504
blood Pressure (112-150) (110-137) (110-140)
(mm/Hg)
Diastolic 80 80 80 0.395
blood Pressure (70-85) (70-80) (70-80)
(mm/Hg)

Ip-Value is derived from Chi square test. p-Values are derived from
Kruskal Wallis test and show whole-group analysis. 2p-Value is derived
from the Mann Whitney U-test and it shows statistical difference between
mild-disease and severe-disease groups.

Kolmogrov-Smirnov test. For non-parametric independent
group analysis, a Kruskal Wallis or Mann Whitney U-test was
performed to compare the differences. Receiver operator
curve analysis (ROC) was used to determine spesifity and
sensitivity cut-off of the S100B level in the diagnosis of
COVID-19 disease. The relationship between the continuous
variables was tested by Spearman correlation analysis.
Statistical significance was set at p<0.05 in all the analyses.

Ethical approval. This study was approved by the Pamukkale
University Ethical Commitee (26.01.2021 dated; 60116787-
020-9695 numbered).

Results

The effect size for the difference of serum S100b
concentrations between the three groups at 95% power and
95% CI was f=0.3 which can be considered “medium”
according to Cohen’s criteria.

The statistical analyses yielded no significant difference
between the three groups with respect to gender (p=0.391).

Control group ~ Mild disease ~ Severe disease p-Value
(N=30) (N=34) (N=30)
Median Median Median
IQR) (IQR) (IQR)
Median Median Median
(IQR) (IQR) (IQR)
S100 B 146.35 3254 363.6 0.0441
(76.59-442.13)  (161.8-567.6)  (167.3-696.8)  0.6252
0.0363
0.0284

1p-Value derived from Kruskal-Wallis test and refers to the comparison
between all the groups. 2p-Value is derived from Kruskal-Wallis test,
and refers to the comparison between severe-disease and mild-disease
group. 3p-Value is derived from Kruskal-Wallis test and refers to the
comparison between Control and mild-disease groups. 4p-Value is
derived from Kruskal-Wallis test and refers to the comparison between
Control and severe-disease groups.

The mean age was lower in the mild disease group than the
controls and severe disease group (p=0.0001). Besides,
symptom duration in the severe disease cohort turned out to
be significantly longer than in the mild disease group
(p=0.018). Of vital parameters, only sPO2 levels remained
significantly lower in the severe disease cohort than the other
two groups (p=0.002) (Table I).

S100b levels were measured as 146.35 ng/ml (76.59-
442.13) in the controls, 325.4 ng/ml (161.8-567.6) in the
mild disease cohort, and 363.6 ng/ml (167.3-696.8) in the
severe disease cohort. This difference between the figures
was found to be statistically significant (p=0.044). While
serum S100b levels indicated a significantly higher mean
value in mild and severe disease cohorts than the healthy
controls (p=0.036 and p=0.028 respectively), no significant
difference was noted between the patient groups in terms of
serum S100b elevation (p=0.625) (Table II).

Our receiver operating characteristic (ROC) analysis
indicated greater area under the curve (AUC) for serum
S100b levels of the COVID-19 patients (AUC=0.663, 95%
CI=0.541-0.785; p=0.014) compared to controls. In addition,
serum S100b concentration was measured as 151.7 ng/ml at
79.3% sensitivity and 51.7% specificity (p=0.014) (Figure 1).

Table III lists the results obtained from the laboratory
parameters of each group. In relation to the association
between serum S100b concentration and clinical, vital and
laboratory parameters in the patient cohorts, a moderate
positive correlation was found between CURB6S5 scores and
serum S100b levels of patients with pneumonia in the severe
disease cohort (rho=0.4 and p=0.001). A low negative
correlation was observed between serum S100b level and
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Figure 1. Receiver operator curve (ROC) analysis of S100B protein
levels.

lymphocyte count (rho=-0.289 and p=0.028), while a
moderate negative correlation was found between serum
S100b level and lymphocyte percentage (rho=-0.417 and
p=0.001) (Table IV).

Discussion

In this report, we tried to address the association between the
severity stage of COVID-19 disease and serum S100b level
during admission to ED. The most striking finding to emerge
from our data comparison is that more elevated serum S100b
concentration was evident in the cohorts (severe and mild
disease) than the controls. However, our analysis did not
confirm any significant differences in S100b levels between
the two disease groups. Furthermore, we noted a significant
negative correlation between S100b levels and the
lymphocyte count and percentage, both of which are
confirmed to be crucial parameters in evaluating the clinical
severity of COVID-19 infection. Our results also revealed
that the amount of serum S100b concentration was negatively
correlated with CURB-65 score, an indicator of clinical
severity, at a moderate level in the severe disease cohort.
An increasing number of reports are being published on the
overexpression of S100b protein in the case of neurological
dysfunction (15-18). An independent association is reported
between S100b protein and systemic inflammation markers in
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Table III. Laboratory parameters of the examined groups.

Control Mild Severe p-Value
group disease disease
(N=30) (N=34) (N=30)
Median Median Median
(IQR) (IQR) (IQR)
WBC (K/ul) 7.54 7.07 5.12 0.002
(5.17-10.7) (5.22-8.84) (4.05-7.98)
Neurophil 4.49 3.69 3.13 0.229
count (K/ul) (29-779) (3.04-544) (2.5-542)
Lymphocyte 1.37 1.89 14 0.018
count (K/ul) (0.8-1.88)  (1.5-3.02) (1.1-2.37)
Platelete count 204 244 230 0.382
(K/pl) (159-292)  (224-297) (182-299)
C-Reactive 1.8 1.77 13.6 0.0001
protein (mg/l) (1-2.7) (0.45-6.74)  (4.49-38.51) 0.00012
0.00013
D-Dimer 106.5 241 0.0043
(ng/ml) (51.5-211.5)  (151-483)
Ferritin 55.6 183 0.0043
(ng/) (15.81-147.6) (104.7-254.1)
hsTnT 4 5.77 0.053
(ng/l) (3-5.66) (3.67-11.38)

p-Values are derived from Kruskal-Wallis test. 2p-Value is derived from
Mann-Whitney U-test and refers the comparison between Control group
and severe-disease group. 3p-Value is derived from Mann-Whitney U-
test and refers the comparison between Control group and mild-disease
group. WBC, White blood cell count; hsTnT, high sensitive troponin T.

ischemic stroke (19). The S100b protein also promotes
expression of interleukin-1f (IL-13) enzyme by macrophages,
inducing increased retinal inflammation (19). A recent study on
the interaction between inflammation and serum S100b protein
suggests that the dynamic change of serum S100b protein on
the 1% and 3" days in patients with sepsis is interrelated with
sepsis-induced encephalopathy (20). As identified in previous
literature reports, S100b concentration might be a reliable
predictor of tissue hypoperfusion in critically ill patients
without brain damage (21). In the literature, many biological
parameters such as P-selectin, endoplasmic reticulum stress
markers, ferritin, d-dimer efc. have been examined for their
diagnostic values and clinical outcomes (22-24). However, we
could not identify relevant research conducted on patients with
pneumonia during our literature review.

In a new study on COVID-19 disease, Aceti et al. reported
a significant correlation between serum S100b protein and
disease severity score and concluded that S100b protein can
act as a predictive marker for identifying severity of this
disease (25). However, this study scrutinized the S100b levels
of hospitalized COVID-19 patients alone and did not
investigate the changes in the healthy population. On the other
hand, our study revealed that serum S100b protein levels
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Table IV. Correlation between S100-B levels and laboratory and
clinical parameters.

S100-B
CURBG65 score rho 04
p-Value 0.05
Pneumonia severity mdex rho 0.061
p-Value 0.686
Fever rho 0.105
p-Value 0.434
sPO2 rho -0.185
p-Value 0.165
Systolic blood pressure rho 0.197
p-Value 0.139
Diastolic blood pressure rho 0.085
p-Value 0.528
WBC count rho 0.051
p-Value 0.702
Netrophil count rho 0214
p-Value 0.106
Lymphocyte count rho -0.289
p-Value 0.028
%Lymphocyte rho -0.417
p-Value 0.001
Platelet rho -0.176
p-Value 0.186
CRP rho 0.196
p-Value 0.057
D-Dimer rho 0.168
p-Value 0.136
Ferritin rho 0.315
p-Value 0.027
hsTnT rho 0.214
p-Value 0.184
CT severity score rho 0.060
p-Value 0.660
Symptom onset rho 0.228
p-Value 0.085

p and rho values were derived from Spearman Correlation test. WBC,
White blood cell; CRP, C-reactive protein; hsTnT, high sensitive
troponin T.

remained higher in the patient cohorts in comparison to the
healthy controls. Unlike Aceti et al.’s study, our findings
suggest that elevated concentration of serum S100b was also
evident in the mild disease cohort made up of unhospitalized
COVID-19 patients without pneumonia. We are of the opinion
that this situation reveals the clear association between S100b
protein and inflammatory processes. Moreover, though serum
S100b protein levels did not markedly differ in patients with
and without pneumonia, a moderate positive correlation
existed between CURB65 score and S100b protein in our
severe disease group. As stated by Aceti ef al., this association
validates the view that S100b protein can be utilized to predict
the severity of COVID-19 pneumonia. In addition, serum
S100b protein level was measured as 151.7 ng/ml at 79.3%

sensitivity in our study, suggesting that this protein might be
a reliable marker in distinguishing between patients and
healthy individuals in ED admissions.

A substantial body of research analyzing abnormalities in
laboratory parameters documents increased ferritin and CRP
values as well as low lymphocyte count in COVID-19 disease,
and draws attention to the significance of ferritin level in
establishing clinical severity. For instance, Yilmaz et al. have
reported that lymphocyte count was lower in the patients with
COVID-19 pneumonia compared to the CT-negative group, and
that CT severity was negatively correlated with lymphocyte
count and percentage. Besides, these researchers have also
highlighted the importance of serum ferritin levels in assessing
clinical and radiological severity (24). A systematic review
analyzing the relationship between lymphocyte count and
severity of COVID-19 has likewise designated lymphopenia as
a useful clinical marker for poor prognosis. In that regard, our
findings broadly support the work of other studies in that
lymphocyte count was lower while ferritin and CRP values
were higher in the cohort with pneumonia manifestation in
imaging (severe disease group). Similar to our findings, Aceti
et al. have reported a positive correlation between serum ferritin
and S100b levels in their study (rho=0.32 and p=0.007) (25).
Considering the negative correlation of S100b protein with
lymphocyte count and percentage as well as its positive
correlation with ferritin levels, it can be concluded that serum
S100b level can serve as a valuable biomarker in assessing the
clinical severity of COVID-19 disease.

The generalisability of our results is subject to certain
limitations. Although the absence of a critical disease group in
our study can be considered as a limitation, we aimed to track
dynamic S100b changes in the patient group as the primary
outcome and investigate its association with clinical severity
as the secondary outcome. Another source of weakness which
could have affected our results is that serum S100b level was
not measured sequentially during the clinical follow-up.

Taken together, our results suggest that serum S100b
protein level can serve as a valuable clinical marker in
establishing diagnosis of patients. Though not useful in
identifying different stages of COVID-19 infection, serum
S100b concentration along with other known markers can be
utilized to reliably predict clinical severity due to its
correlation with other clinical parameters.
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