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Abstract

Transforming growth factor beta (TGF-p) is a ubiquitously distributed cytokine known to contribute to the pathogenesis
of numerous pathological processes. The aim of this study was to measure serum concentrations of TGF-f1 in severely ill
COVID-19 patients and to analyze its relationship with selected hematological and biochemical parameters and with the
disease outcome. The study population included 53 COVID-19 patients with severe clinical expression of the disease and
15 control subjects. TGF-f1 was determined in serum samples and supernatants from PHA-stimulated whole blood cultures
using ELISA assay. Biochemical and hematological parameters were analyzed using standard accepted methods. Our results
showed that serum levels of TGF-f#1 in COVID-19 patients and controls correlate with the platelet counts. Also, positive
correlations of TGF-f1 with white blood cell and lymphocyte counts, platelet-to-lymphocyte (PLR) ratio, and fibrinogen
level were shown, while negative correlations of this cytokine with platelet distribution width (PDW), D-dimer and activated
partial thromboplastin time (a-PTT) values in COVID-19 patients were observed. The lower serum values of TGF-$1 were
associated with the unfavorable outcome of COVID-19. In conclusion, TGF-$1 levels were strongly associated with platelet
counts and unfavorable disease outcome of severely ill COVID-19 patients.
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Introduction

Coronavirus disease 2019 (COVID-19) caused by severe
acquired respiratory syndrome coronavirus 2 (SARS-
CoV-2) is an ongoing global health crisis. Even though most
COVID-19 patients have mild respiratory illness, approxi-
X Snezana Zivancevic-Simonovic mately 15%—20% patients become seriously ill and require

snezana@medf kg.ac.rs hospitalization due to pneumonia and/or systemic compli-
cations [1]. The pathophysiology of severe COVID-19 dis-
ease involves excessive release of inflammatory mediators
leading to acute respiratory distress syndrome (ARDS) and
systemic inflammation, which appears to be potentially life-
threatening [2]. The plasma cytokine levels analyzed in the
majority of studies show higher amounts of proinflamma-
tory cytokines: interleukin 1 (IL-1), interleukin 6 (IL-6),
interleukin 12 (IL-12), interleukin 17 (IL-17), interferon

Department of Pathophysiology, Faculty of Medical
Sciences, University of Kragujevac, Kragujevac, Serbia

Institute for Medical Research, University of Belgrade,
Belgrade, Serbia

Department of Internal Medicine, Faculty of Medical
Sciences, University of Kragujevac, Kragujevac, Serbia

University Clinical Center Kragujevac, Kragujevac, Serbia

5 . . e :
Bﬁli)jégfi‘te“g?ggoﬁh::;lstgapi?zitz’cogle\f;id;cal Sciences, gamma (IFN-y), and tumor necrosis factor alpha (TNF-a)
) y ghjevac, Rraghjevac, [3-5]. The increased concentrations of interleukin 4 (IL-4)
Department of Genetics, Faculty of Medical Sciences, and interleukin 10 (IL-10) that suppress inflammation were

University of Kragujevac, Kragujevac, Serbia also observed [6].

Department of Physiology, Faculty of Medical Sciences,
University of Kragujevac, Kragujevac, Serbia

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s11010-023-04674-7&domain=pdf

2462

Molecular and Cellular Biochemistry (2023) 478:2461-2471

The transforming growth factor beta (TGF-p$) is known
to influence the immune cells” development, differentiation,
tolerance induction and homeostasis. Accordingly, the bal-
ance of pleiotropic effects of TGF-f in different immune
cells could contribute to the establishment of either immu-
nity or tolerance. It was shown earlier that TGF-f could
contribute to the pathogenesis of numerous pathological
processes. The role of TGF-f1 in disease course and out-
come in COVID-19 patients is still insufficiently examined.
In patients with ARDS it was shown that TGF-f#1 accumu-
lates in lungs and plasma during the early phase of the infec-
tion [7-9]; later, it induces a shift to IgA2 production and
TGF-f-dominated chronic immune response and fibrosis
[10]. In our previous publication we observed correlation
of serum TGF-$1 levels with platelet counts in patients with
differentiated thyroid cancers and control subjects [11]. The
aim of this study was to investigate serum concentrations
of TGF-f1 in severely ill COVID-19 patients, as well as its
relationship with selected hematological and biochemical
parameters and with the intrahospital disease outcome. Since
previously published data indicate association of thrombo-
cytopenia with severe COVID-19 infection and/or the unfa-
vorable outcome [12—14], and bearing in mind the relation
of TGF-$1 levels with platelet counts shown in our previous
study [11] , we hypothesized that the concentration of anti-
inflammatory cytokine TGF-f1 might be associated with the
platelet count and could possibly influence the outcome in
severely ill COVID-19 patients. Also, serum level of TGF-
1 was analyzed in relation to its concentration in superna-
tants obtained from whole blood cultures after unspecific in
vitro stimulation.

Materials and methods
Study population

The study was planned according to ethical guidelines fol-
lowing the Declaration of Helsinki. The institutional review
committee approved our study protocol (number 01/21-138)
according to local biomedical research regulations. All
patients and control subjects gave informed consent prior to
enrollment in the investigation.

The study population included 53 COVID-19 patients
(33 males and 20 females) mean age 67.9 + 12.5 years;
recruited from the University Clinical Center Kragujevac
during February and March 2021. Inclusion criteria were:
SARS-CoV-2 infection confirmed by real-time polymer-
ase chain reaction (RT-PCR), hospitalization and severe
clinical expression of the disease, radiographically proven
pneumonia needing supplemental oxygen provided by
oxygen mask, High Flow oxygen therapy or Non-Invasive
ventilation, but not too advanced to require intubation and
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invasive mechanical ventilation at the time of blood collec-
tion. Besides oxygen therapy, all patients received meth-
ylprednisolone, low-molecular weight heparin (LMWH),
antibiotics and other supportive therapy. None of the
patients had coagulation disorders, chronic inflammatory,
autoimmune and malignant diseases, or other conditions
that could affect the tested parameters.

Fifteen healthy subjects with a negative antigenic test
for coronavirus (10 males and 5 females) of mean age
62.8 + 11.4 years were included in the investigation as a
control group. The control subjects had no coagulation dis-
orders, chronic inflammatory, autoimmune and malignant
diseases. Controls subjects were not vaccinated against
SARS-CoV-2 before enrolment (February 2021).

After venipuncture, three 5 mL blood samples (one
without added anticoagulants) were taken from each
patient and each control subject. Approximately 30 min
after venipuncture, serum was separated by centrifuga-
tion of the sample without anticoagulants at 2000 rpm for
15 min, a part was used for biochemical analyzes, and a
part is immediately frozen and stored at — 20 °C until
TGF-f measurement. The samples containing anticoagu-
lant sodium citrate were used for hematological analyses,
while samples containing heparin were used for whole
blood cultures in vitro.

Whole blood culture

Whole blood culture was performed as described earlier
[15]. Heparinized whole blood (0.5 ml per subject) was
added to 2 ml RPMI based complete medium containing
fetal bovine serum, L-glutamine and phytohemaggluti-
nin (PHA) (GIBCO ™PB-MAX™ karyotyping medium,
Invitrogen, California, USA) and incubated at 37 °C for
48 h. The supernatant was harvested by centrifugation
(2000 rpm for 12 min) and then stored at — 20 °C until
required.

Determination of biochemical parameters

The biochemical parameters were analyzed using standard
accepted methods in Laboratory diagnostic service of Uni-
versity Clinical Center Kragujevac. Serum concentrations of
C-reactive protein (CRP), procalcitonin, interleukin 6 (IL-6)
and ferritin, were measured using commercially available
enzymatic reagents adapted to an autoanalyser Oly AU 680
(Beckman Coulter Inc. Brea, USA) for CRP and ferritin, and
Cobas e 411 chemical analyzer (Roche diagnostics GmbH,
Mannheim, Germany) for procalcitonin and IL-6. The refer-
ence ranges were as follows: CRP <5 mg/L; procalcitonin
0.5—2.0 ng/mL; IL-6 <7 pg/mL and ferritin 20—300 pg/L.
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Determination of hematological parameters

The automated DxH 800 Hematology Analyzer (Beck-
man Coulter, Inc. Brea, USA) was used for the assess-
ment of hematological parameters: white blood cell
(WBC) count (3.70—10.0 x 10°/L), neutrophil granulo-
cytes (2.10—6.50 x 10°/L), lymphocytes (1.2—3.4 x 10°/L)
and platelets (135—450 x 10°/L), mean platelet volume,
MPV (6.8—10.4 fL) and platelet distribution width, PDW
(12.0-16.5). Blood coagulation parameters: a-PTT, throm-
bin time (TT), D-dimer and fibrinogen were determined
by ACL TOP 350€TS (Beckman Coulter Inc. Brea, USA).
The reference ranges were as follows: a-PTT 25-35 s; TT
9.1-12.1 s, D-dimer < 0.50 pg/mL; and fibrinogen 2—5 g/L.
Absolute platelet count (x 10° cells/L) divided by absolute
lymphocyte count (x 10° cells/L) gives PLR.

TGF-B1 measurement

TGF-p1 was determined in serum samples and superna-
tants from PHA-stimulated whole blood cultures using the
Human/Mouse TGF beta 1 uncoated ELISA (Thermo Fisher
Scientific) ELISA kit, Catalog No. 88-8350-88 according to
the manufacturer’s instructions. To activate latent TGF-$1 to
the immunoreactive form, we used solutions for acid activa-
tion and neutralization. The background level of TGF-f1 in
control medium was determined and subtracted from the
results for samples of PHA-stimulated whole blood culture
supernatants.

Statistical analysis

Statistical analysis was carried out using the commer-
cial SPSS version 18.0 for Windows. The Kolmogo-
rov—Smirnov test was performed to verify the distribution
of certain variables. Differences between two independent
groups were evaluated by Student’s #-test (for variables with
normal distribution), or the Mann—Whitney test (for varia-
bles without normal distribution). The linear correlation test
and determination of the Pearson/Spearman coefficient were
applied to estimate association between tested variables. The
impact of the analyzed variables on disease outcome was
tested by Binary logistic regression test. A probability (p)
value less than 0.05 was considered the threshold for statisti-
cal significance.

Results

We analyzed the concentration of total (inactive + active)
TGF-f1 in COVID-19 patients and in control subjects.
Also, we studied a relation of TGF-f1 values with plate-
let counts as well as with hematological and biochemical

parameters in COVID-19 patients. Finally, we tested if
TGF-f1 values could be a prognostic factor in COVID-19
patients. The results are presented in Tables 1 and 2 and
Figs. 1,2, 3,4 and 5.

Although the sample size was relatively small, we
divided COVID-19 patients into two groups: males
(n=32) and females (n=21). There were no significant
differences between males and females in platelet counts
(262.91 +208.12 x 10°/L vs. 216.43 + 184.88 x 10°/L,
p=0.300). But, the age of COVID-19 patients correlated
negatively with the platelet counts (r=— 0.322, p=0.019).

On the basis of platelet counts COVID-19 patients were
divided into three groups, group 1 with decreased platelet
count, group 2 with normal platelet count and group 3 with
the increased platelet count. Table 1 shows the selected
hematological and biochemical characteristics of our
COVID-19 patients.

The hematological parameters and CRP val-
ues in the control group (15 subjects) were within
the reference ranges, as follows: platelet counts
(242.3 + 45.6 x 10°/L, range 177.0-306.0 x 10°/L),
WBC counts (6.9 + 1.2 x 10%/L, range 5.3-9.2 x 10°/L),
neutrophil granulocyte counts (3.8 + 0.9 x 10°/L, range
2.4-4.7x 10°/L), lymphocyte counts (2.2 + 0.5 x 10°/L,
range 1.4-3.1 X 10°/L) and CRP values (<5 mg/L).

The vast majority (47/53, 88.7%) of hospitalized
patients with COVID-19 had comorbidities. In relation to
diagnoses, most frequent was hypertension (39 patients),
diabetes mellitus type II (15 patients), arrhythmia (11
patients), status post myocardial infarction (6 patients),
status post cerebrovascular stroke (5 patients), asthma (4
patients) and chronic obstructive pulmonary disease (3
patients).

Figure 1 shows platelet counts (a) and TGF-p1 concen-
tration (b) measured in blood/serum samples of control
subjects and three groups of COVID-19 patients. A statisti-
cally significant difference in platelet counts between the
group of control subjects and group 1 of COVID-19 patients
(242.3445.6 vs 89.8+34.2 x 10°/L, p<0.001) as well as
between control group and group 3 of patients (242.3+45.6
vs 552.84+86.0 x 10°/L, p<0.001) are shown, while the dif-
ference between control group and group 2 of COVID-19
patients was not significant (242.3+45.6 vs 293.0+91.5 x
10°/L, p=0.091).

Also, statistically significant differences in serum lev-
els of TGF-f1 between the group of control subjects and
group 1 (30.4+8.8 vs 13.1+4.7 ng/mL, p<0.001) as
well as between control group and group 3 of COVID-19
patients (30.4+8.8 vs 45.6+14.4 ng/mL, p=0.002) were
shown, while difference between control group and group
2 of COVID-19 patients was not significant (30.4 +8.8 vs
29.6 +10.9 ng/mL, p=0.845). There were no significant
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Table 1 Hematological and biochemical parameters for 53 COVID-19 patients

Parameters COVID-19 patients Reference range
All (53 patients) Group 1 (28 patients) Group 2 (13 patients) Group 3 (12 patients)
WBC (x 10°/L)
X+SD 11.1+6.1 10.0+5.6 10.1+3.9 14.5+5.8 3.7-10.0
Range 2.1-304 2.1-24.1 5.3-21.6 7.9-30.4
Neutrophils (x 10%/L)
X+SD 9.6+59 89+5.6 8.6x4.1 11.4+5.8 2.1-6.5
Range 2.0-26.4 2.0-24.1 4.3-20.2 5.5-264
Lymphocytes (x 10%/L)
X+SD 1.1+£0.9 0.8+0.6 1.0£0.5 20+1.8 1.2-34
Range 0.2-7.5 0.2-2.25 0.5-1.8 0.3-7.5
Platelets (x 10°/L)
X+SD 244.5+198.7 89.8+34.2 293.0+91.5 552.7+86.0 135450
Range 19.0-717.0 19-130 151438 464-717
MPV (fL)
X+SD 94+1.5 102+1.5 87+1.0 8.3+0.8 6.8-10.4
Range 6.9-13.0 7.2-13.0 6.9-10.2 7.1-9.9
PDW (ratio)
X+SD 17.6+0.9 17.4+0.8 18.0+0.9 17.7+£0.9 12.0-16.5
Range 14.9-19.7 14.9-19.0 16.5-19.1 16.4-19.7
PLR (ratio)
X+SD 324.2+310.8 241.9+289.4 346.3+176.1 450.9+421.8 -
Range 8.8-1710 8.8-1387.5 90.4-718.6 74.3-1710
CRP (mg/L)
X+SD 61.3+54.8 57.3+42.0 83.8+78.0 44.1+45.6 <5
Range 6.0-317.7 11.2-127 23.9-317.7 6.0-144.9
IL-6 (pg/mL)
X+SD 62.9+105.1 131.3+187.9 33.4+30.8 44.2+44.0 <6
Range 4.0-511.0 11.9-511.0 4.0-111.4 4.0-105.2
PCT (ng/mL)
X+SD 0.7+1.9 12+28 02+0.5 02+03 0.5-2.0
Range 0.0-11.9 0.0-11.9 0.0-1.8 0.0-1.2
Ferritin (ug/L)
X+SD 1145.7+776.8 1075.1+883.6 1271.3 +858.7 1067.1 +£553.1 20.0-300.0
Range 111.0-3066.0 194-3066.0 111.0-3024.0 470.0-2363.0
D-dimer (ug/mL)
X+SD 1.1 +£15 1.9+19 0.6+04 05+0.3 <0.5
Range 0.0-11.9 0.0-11.9 0.0-1.4 0.0-1.1
TT (s)
X+SD 17.9+12.0 18.6+14.2 19.6+13.2 14.8+2.4 9.1-12.1
Range 11.4-84.4 12.5-84.4 12.1-47.4 11.4-19.1
a-PTT (s)
X+SD 35.5+229 40.0+30.6 32.0+4.1 29.1+5.4 25.0-35.0
Range 23.2-180.0 23.2-180.0 24.2-39.0 23.641.0
Fibrinogen (g/L)
X+SD 5.7+1.6 49+1.2 6.8+1.4 5.8+1.7 2.0-5.0
Range 2.3-8.9 2.3-6.8 4.8-8.9 3.9-8.9

WBC white blood cells, Neutrophils—neutrophil granulocytes, MPV mean platelet volume, PDW platelet distribution width, PLR platelet-to-
lymphocyte ratio, CRP C-reactive protein, /L-6 interleukin 6, PCT procalcitonin, 77 thrombin time, a-PTT activated partial thromboplastin time,

the bold threshold of statistical significance p< 0.05
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differences between males and females in TGF-f1 levels
(26.03 +18.16 ng/mL vs. 23.28 +14.76 ng/mL, p=0.785).

Correlation analysis showed a strong positive associa-
tion between TGF-f1 concentrations in patients’ serum
and platelet counts (r=0.861, p <0.001) (Fig. 2). There
was significant correlation between platelet counts and
TGF-p1 levels in both male (r=0.878, p<0.001) and
female (r=0.674, p=0.001) COVID-19 patients. Besides,
a weak positive correlation of serum TGF-f1 values with
WBC counts (r=0.367, p=0.007), lymphocyte counts
(r=0.290, p=0.048), PLR ratios (r=0.387, p=0.007) and
fibrinogen levels (r=0.339, p=0.040) were shown. But,
a negative correlation with PDW (r=— 0.469, p <0.001),
D-dimer (r=- 0.460, p=0.004) and a-PTT (r=- 0.338,
p=0.020) values were estimated. When the patients were
divided on the basis of D-dimer values, there were signifi-
cant differences in platelet counts (294.71 +192.94 x 10°/L
vs$ 98.17 +27.44x 10°/L, p=0.011) and TGF-$1 concentra-
tions (28.77 +16.69 ng/mL vs 13 +3.74 ng/mL, p <0.001)
between the group of patients with the D-dimer below and
above 2 pg/mL.

Also, serum TGF-B1 concentrations were positively
correlated with platelet counts in controls (r=0.591,
p=0.033).

Figure 3 shows the relationship between TGF-p1 val-
ues and platelet counts in COVID-19 patients. During the
recruitment of COVID-19 patients in this study, we selected
a subgroup of 19 patients with the mean value of platelets
within the reference range, with no statistically significant
differences to control subjects (297.6 +131.9 x 10°/L vs
242.3+45.6x10°/L, p=0.276). In the three COVID-19
patients platelet counts were decreased, in three patients
the platelet counts were increased, and in the rest of 13
patients the platelet counts were within the reference range.
The TGEf1 concentrations were measured in supernatants
from PHA-stimulated whole blood cultures of selected
COVID-19 patients and compared to control subjects.

Healthy Group1 Group 2 Group 3
controls

COVID-19 patients

There were significantly higher supernatant levels of TGF-
p1 in controls than in COVID-19 patients (963.0 +266.0
vs 742.6 +327.7 pg/mL, p=0.037) (Fig. 4a). Besides, there
was a strong positive correlation between the platelet counts
and TGF-f1 values measured in the supernatant samples of
COVID-19 patients (r=0.837, p<0.001) as well as between
serum and supernatant values of TGF-$1 from the same
patients (r=0.852, p<0.001) (Fig. 4b).

In our group of 53 patients with severe COVID-19, 32
(60.4%) patients survived and 21 (39.6%) did not survive.
Figure 5 shows a mean platelet count (304.75 +198.81 vs.
152.67 +163.57x 10°/L, p=0.002) and b TGF-$1 concen-
tration (29.53 +17.20 vs. 17.95+13.80 ng/mL, p=0.006)
in COVID-19 survivors and non-survivors.

Using binary logistic regression, we analyzed the pos-
sible influence of serum values of TGF-f1, platelet counts
and other parameters on the disease outcome (Table 2).
We found that TGF-f1 level (8=— 0.52, p=0.022), plate-
let counts (f=— 0.005, p=0.011) and lymphocyte counts
(f=—- 1773, p=0.011) negatively correlated with the
death outcome, while PDW ($=0.936, p=0.015), IL-6
levels (#=0.036, p=0.036), age (=0.110, p=0.003) and
comorbidities (#=0.198, p=0.029) positively correlated
with the death outcome. It means that the lower platelet
counts, lower lymphocyte counts and lower total TGF- j1,
with the higher PDW, higher IL-6 values, older age and
comorbidities were associated with unfavorable outcome
of the disease.

There was no significant difference in the death outcome
between males and females (12/32 vs. 9/21, y2=0.152,
p=0.697). The negative influence of platelet counts
(f=-0.005, p=0.046) and TGF-p1 levels (f=— 0.062,
p=0.041) on unfavorable outcome in male patients was
shown. But, negative associations of the death outcome with
platelet counts (f=— 0.288, p=0.122) and TGF-$1 levels
(f=—0.035, p=0.321) in female patients was not signifi-
cant, possibly due to the small sample size.
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Fig.2 Correlation analysis between selected hematological and bio-
chemical parameters in COVID-19 patients; TGF-f1 transforming
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Discussion

The aim of this study was to investigate serum concentra-
tions of TGF-£1 in severely ill COVID-19 patients, as well
as its relationship with selected hematological and biochemi-
cal parameters, and with the disease outcome. Also, serum
level of TGF-f1 was analyzed in relation to its concentra-
tion in supernatants obtained from whole blood cultures
after unspecific in vitro stimulation. Our main results are:
(1) serum levels of TGF-$1 in COVID-19 patients strongly

Fig.3 Relationship between
platelet counts and TGF-p1 con-

correlate with the platelet counts, (2) positive correlations
of lower intensity were also shown with WBC and lym-
phocyte counts, PLR ratio, as well as with fibrinogen level,
while negative correlations were observed with PDW ratio,
D-dimer and a-PTT values, (3) concentrations of TGF-£1
in supernatants from whole blood culture in vitro correlate
with the serum levels of TGF-f1, 4) lower serum values
of TGF-p1 are associated with the unfavorable outcome of
COVID-19.

TGF-p1 might influence differentiation and/or func-
tion of almost all cells of the innate and acquired immu-
nity. The role of TGF-$ in the pathogenesis of COVID-19
infection is insufficiently elucidated. It was proposed that
SARS CoV-2 infection is associated with the release of
TGF-p from immune cells such as neutrophils and injured
cells [9]. TGF-p1 accumulates in lungs and plasma during
the early phase of the infection leading to ARDS [7-9],
while, later it induces a shift to IgA2 production and TGF-
p-dominated chronic immune response and fibrosis [10]. The
serum concentrations of TGF-£1 in COVID-19 patients with
pneumonia, as well as its’ relationships with hematologi-
cal and biochemical parameters are insufficiently analyzed
so far. Our results unequivocally showed that TGF-§1 level
measured in serum samples of COVID-19 patients depends
on platelet counts. This result is not surprising given that
platelets are the main source/reservoir of circulating TGF-f1
containing 40-100 times more of this cytokine than other
cells [16], and that about 40% of TGF-f in peripheral blood/
plasma is secreted by platelets, reviewed in Karolczak and
Watala [17]. Besides the storage of TGF-f#1 in alpha gran-
ules [18], TGF-p1 is also present on the outer surface of the
platelet membrane [16, 19]. In our previous publication we
observed the correlation of serum levels of TGF-#1 with
platelet counts in patients with differentiated thyroid cancers
and control subjects [11]. Apart from the fact that platelets
are the main source of TGF-f, and consequently can sig-
nificantly affect TGF-f1 concentration in the blood, there
is a reverse possibility that the level of TGF-f affects the
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Table 2 Influence of selected hematological and biochemical parameters on disease outcome

Independent variables Binary logistic regression dependent variable

Outcome (death)

P p Exp (B) 95% CI1 Exp (B)
TGF-B1 (concentration) 0.022 —0.052 0.949 0.908-0.992
Platelets (count) 0.011 —0.005 0.995 0.991-0.999
Platelets (MPV) 0.283 0.206 1.229 0.844-1.791
Platelets (PDW) 0.015 0.936 2.550 1.198-5.425
Leucocytes (count) 0.846 0.010 1.010 0.915-1.114
Neutrophil granulocytes (count) 0.144 0.088 1.092 0.970-1.229
Lymphocytes (count) 0.011 - 1.773 0.170 0.044-0.661
Platelet-to-lymphocyte ratio (PLR) 0.220 —0.001 0.999 0.997-1.001
CRP (concentration) 0.339 0.005 1.005 0.994-1.016
Interleukin-6 (concentration) 0.036 0.036 1.036 1.002-1.071
Procalcitonin (concentration) 0.137 0.754 2.125 0.787-5.742
D-dimer (concentration) 0.151 0.641 1.898 0.791-4.552
Ferritin (concentration) 0.152 —0.001 0.999 0.998-1.000
Day from the onset of disease 0.448 —0.030 0.971 0.898-1.048
Comorbidities (yes/no) 0.029 0.198 1.219 1.021-1.457
Age (years) 0.003 0.110 1.116 1.037-1.202

The bold threshold of statistical significance p< 0.05
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number of platelets [20]. Accordingly, an increased TGF-f
release during the progression of disease could contribute to
a decrease in platelet count, and consequently, a decrease in
the amount of TGF-f stored in platelets. Our results are in
agreement with the theoretical consideration of Chen, who
proposed that concentration of inactive TGF-£1 in COVID-
19 patients would be diminished because of its activation
in inflamed areas of lungs [8]. But, our results are not con-
sistent with the findings of other authors who showed that
TGF-p1 level was lower in mild patients than both moderate
and severe groups of COVID-19 patients [10]. In one study it
was observed that TGF-f1 levels were similar in subgroups
of COVID-19 patients at first presentation with those in the
control group [21], which is not necessarily in disagreement
with the results of our study. Namely, our group of COVID-
19 patients with normal platelet counts had TGF-f1 values
comparable to controls.

The platelets are powerful multifunctional cells involved
in many processes, beyond their traditional role in haemo-
stasis. For example, in the presence of a foreign pathogenic
agent, platelets become activated and release their granule
contents, which include several pro-coagulant molecules,
cytokines/chemokines, growth factors, adhesion proteins,
and microbicidal proteins [22-26]. Platelet alpha granules
contain P-selectin which might mediate adhesion of platelets
to monocytes, neutrophils and lymphocytes, resulting in the
formation of platelet-leukocyte complexes, with the impor-
tant role in thromboinflammation [27]. Circulating platelets
in COVID-19 pneumonia demonstrate a specific phenotypic
and functional profile that is consistent with that of proco-
agulant platelets [27]. In a recently published paper Tafazoli
et al. proposed the term “thrombocytopathy” to explain the
involvement of platelets in COVID-19, the unpredictable
pathologic alterations of the function, morphology and num-
ber of platelets, caused by different factors and with a variety
of presentations [28].

In this study we analyzed several platelet related param-
eters: platelet counts, MPV, PDW and PLR. Based on the
platelet counts, COVID-19 patients were divided into three
groups (with decreased, normal and increased platelet
counts). In patients with COVID-19 included in this study
more than half of patients had thrombocytopenia. The
decrease of platelet counts in COVID-19 patients could be
multifactorial: destruction of platelets by the immune sys-
tem, more platelets get consumed due to accumulation in the
lungs and/or infection of bone marrow [29]. Our results are
in agreement with literature data showing the decrease in
platelet counts in patients with severe and critical COVID-
19 [30]. But our study also included subgroups of patients
with normal and increased platelet counts. Thrombocyto-
sis observed in this study might be a result of therapy with
methylprednisolone. As suggested, corticosteroids are ben-
eficial for COVID-19 patients if they are administrated at an
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optimal timing, optimal dosage, and according to the right
schedule [31]. Hu et al. have evaluated the effects of meth-
ylprednisolone in the treatment of COVID-19 patients [32].
They showed that not only the number of lymphocytes but
also the platelet count is significantly increased after corti-
costeroid therapy [32]. Moreover, platelet count remained
stable, and the symptoms of pneumonia improved gradually
[31-33]. Our results indicate that TGF-£1 levels follow the
platelet counts and that both are positively correlated with
the disease outcome.

Also, our results show a significant difference in PLR
between COVID-19 patients and controls, as well as between
three subgroups of patients. As expected, the highest PLR
was observed in COVID-19 patients with thrombocytosis.
Even though platelet counts and lymphocyte counts, individ-
ually, negatively correlated with the unfavorable outcome,
the association of PLR values with the death outcome in
our COVID-19 patients was not shown. Also, no association
of MPV with disease outcome was observed. Our results
are not in agreement with the results of Giiclii et al., who
showed an increase in mortality by 1.76 times for every unit
increase in mean platelet volume [29, 34]. If the platelet
counts decreases, it leads to an increase in platelet produc-
tion and to variations in the platelet size and consequently
to PDW increases [34, 35]. In this study, a positive associa-
tion of PDW with unfavorable outcome in our COVID-19
patients was observed, which is in agreement with the results
of other studies in COVID-19 patients and patients with sep-
sis [34, 35]. The results of our study support the evidence
of PLR as one of the independent factors predicting mortal-
ity in COVID-19 patients [36]. Our results indicated that
platelet counts positively correlated with WBC counts, neu-
trophil granulocyte counts and lymphocyte counts, but no
correlations with CRP, procalcitonin and IL-6 values were
observed. On the other hand, lymphocyte counts negatively
correlated with the CRP and procalcitonin values (higher
inflammation is associated with lower lymphocyte count).
A significant association between disease severity and eleva-
tion in blood parameters in majority of published studies
is observed. The WBC and neutrophil granulocyte counts
were significantly increased, while lymphocyte counts are
decreased in the critically ill COVID-19 patients, compared
to patients with milder condition [36]. Although WBC and
neutrophil counts were increased in our study group, the
associations with the unfavorable outcome were not found.
Namely, our results indicated that death outcome was associ-
ated with the lower platelet and lymphocyte counts, lower
TGF-$1 values, but higher PDW and IL-6 values, older age
and comorbidities. According to the results of this study,
TGF-f1 might be added to the group of biomarkers which
are useful in predicting the severity and the outcome of
COVID-19.
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Lokwani and coworkers suggested that biochemical mark-
ers like CRP, LDH and D-dimer could be used to differen-
tiate severe patients from non-severe patients of COVID-
19 disease [37]. In our study with the severe COVID-19
patients only the levels of IL-6 were positively associated
with the unfavorable outcome. But, when the patients were
divided according to the D-dimer levels, there were signifi-
cant differences in platelet counts and TGF-£1 concentration
between the group of patients with the D-dimer below and
above the 2 pg/mL. Moreover, correlation analysis showed
negative associations of D-dimer values with the platelet
counts and TGF-f1 values, indicating the interrelationship
of all three markers in severely ill COVID-19 patients.

In this paper, we measured TGF-$1 levels in serum sam-
ples of COVID-19 patients, given that the TGF-£1 levels in
serum and platelet-poor plasma were shown to be compara-
ble [38, 39]. Besides, in subgroup of COVID-19 patients we
also measured the concentrations of TGF-f1 in supernatants
obtained from whole blood cultures in vitro. The concentra-
tions of TGF-#1 measured in supernatants of these patients
correlated with the serum values. Since strong correlation of
TGF-f1 values with platelet counts was shown, we cannot
exclude the possibility that at least a part of this cytokine was
released during the clotting process [40]. In either case, our
results indicate that the blood level of TGF beta in patients
with thrombocytopenia is lower, or that their platelets have
a lower ability to release this inhibitory cytokine. The low
platelet count was associated with unfavorable outcome in
patients with sepsis [41, 42], and COVID-19 patients as well
[43]. This could be the consequence of disturbances in the
coagulation process, but also of the decrease of TGF-41
level. TGF-f1 is one of the most important anti-inflamma-
tory cytokines, which controls the magnitude and the type of
immune response against microbes. It might mean that the
decrease of inhibitory influences of TGF-f1 contribute to
the predominance of pro-inflammatory activities in severely
ill COVID-19 patients. As we know, an enormous release
of pro-inflammatory cytokines leads to the cytokine storm,
systemic inflammatory response syndrome and multi-organ
dysfunction, with an unfavorable outcome of COVID-19
disease [44].

The latent TGF-f complex consists of bioactive free
TGF-p non-covalently bound to a major serum protein, a2-
macroglobulin [39, 45]. Whereby most of the serum TGF-j
exists in a latent form, a small fraction (1.6%) is in a bio-
logically active form [39]. In his theoretical analysis of the
possible treatment of COVID-19 with blockade of TGF-$
activities Chen proposed that massive activation of latent
TGF-f in patients with pneumonia leads to the decrease of
circulating level of total TGF-$ with a simultaneous increase
of active TGF-§ in the lungs [8]. However, the measure-
ment of active TGF-# in plasma/serum samples requires a
very careful selection of the method and interpretation of

the results obtained, given the very short plasma half-life
of active TGF-f which lasts about 2-3 min in systemic cir-
culation [46].

To the best of our knowledge, this is the first study in
which a very high correlation of platelet counts and serum
TGF-f 1 concentrations has been demonstrated in COVID-
19 patients. Also, the association of low TGF values with
the unfavorable outcome was shown. We believe that these
results contribute to the understanding of a very complex
role of platelets in inflammatory response in severely ill
COVID-19 patients. In clinical practice, blood counts,
including platelets are routinely measured. So, low platelet
count might indicate the decreased level of anti-inflamma-
tory cytokine TGF- $1 in these patients which the clinicians
do not measure routinely. Considering the anti-inflammatory
potency of TGF-$1, low platelet counts might indicate the
decreased capacity of TGF-f to oppose to proinflamma-
tory cytokines released in systemic inflammatory response.
Besides, the association of low serum TGF-p1 levels with
the unfavorable outcome recommends it as a serum marker
for severe clinical expression of the disease and as an indica-
tor of the unfavorable outcome.

In conclusion, we could say that TGF-f1 levels in
COVID-19 patients are strongly associated with the platelet
counts. The low levels of TGF-§1 indicate disease severity
and the unfavorable outcome.
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