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Abstract

Introduction: Coronavirus disease 2019 (COVID-19) patients are predisposed to thrombotic events. COVID-19 coagulopathy can be associated
with ADAMTS-13 (a disintegrin-like and metalloprotease with thrombospondin type I repeats 13) levels. ADAMTS-13, the cleaving protease
of highly thrombogenic ultra-large von Willebrand Factor (vWF) multimers, was rarely investigated in COVID-19 patients and inconsistent
results were obtained. We measured ADAMTS-13 levels of patients admitted to emergency department.

Methodology: A prospective study was carried out with 180 individuals at the Emergency Department of Usak Training and Research Hospital.
The patients were divided into three groups: mild COVID-19 (group 2), severe COVID-19 with oxygen saturation below 94% (group 3), and
control group (group 1). ADAMTS-13 levels were analyzed with an enzyme linked immunosorbent assay (ELISA) kit (SunRed, Shanghai,
China). Demographic data, clinical findings, and routine laboratory test results (alanine aminotransferase (ALT), aspartate aminotransferase
(AST), white blood cell, lymphocyte, platelet, C-reactive protein (CRP), lactate dehydrogenase (LDH), prothrombin time, international
normalized ratio (INR), partial thromboplastin time, D-dimer, creatinine, urea) were evaluated.

Results: ADAMTS-13 serum levels were slightly lower in groups 2 and 3 compared to the control group, with no significant difference between
the ADAMTS-13 median values (p > 0.05). Groups 1 and 2 exhibited comparable outcomes. Group 3 demonstrated notably elevated levels of
CRP, LDH, D-dimer, AST, ALT, creatinine; and decreased platelet counts and INR levels (p < 0.05).

Conclusions: COVID-19-associated coagulopathy is still unclear. Based on our data, ADAMTS-13 levels cannot be used as a biomarker to
help stratify patients’ risks at the time of admission.
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Introduction

Coronavirus disease 2019 (COVID-19) is primarily
manifested as a respiratory tract infection, but emerging
data indicate that it should be regarded as a systemic
disease. COVID-19 fatality rates range from 2.3% in
general population to 49% among critically ill patients.
This mortality burden is attributable to different factors
but one of the most important is undoubtedly
thromboembolic complications [1]. Severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2)
enters the host cells via angiotensin converting enzyme
receptor 2 expressed in many organs, including in
endothelial cells [2]. The viral entry to the endothelial
cells or immune-mediated inflammation can lead to
diffuse endothelial activation and dysfunction, followed

by release of ultra-large von Willebrand factor (vWF)
multimers. The multimeric form of vWF is highly
thrombogenic due to its capacity of hyper-reactively
attaching to platelet glycoprotein Ib-IX-V (GP Ib-IX-
V) complex [3].

ADAMTS-13 (a disintegrin-like and
metalloprotease with thrombospondin type I repeats 13)
is a metalloprotease synthesized by hepatic stellate cells
and regulates thrombosis by cleaving ultra-large vVWF
between the 842™ tyrosine—843™ methionine peptide
bonds to generate smaller fragments with low
thrombogenicity [3,4]. Deficiency of ADAMTS-13 can
not only cause a thrombotic disorder called thrombotic
thrombocytopenic ~ purpura, but also activate
inflammatory conditions [4]. Consequently, some
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studies found a correlation between ADAMTS-13
levels and severity of sepsis, organ dysfunction, or
outcome [4,5].

Various studies have shown a higher predisposition
to thrombotic events, especially pulmonary embolism,
in COVID-19 patients [6]. Some studies have focused
on the vVWF-ADAMTS-13 relationship to elucidate the
unique mechanism in COVID-19 coagulopathy.
However, conflicting results have been obtained about
ADAMTS-13 levels [7]. Although there are many
studies that have found low levels and activity of
ADAMTS-13 [8-10], some studies claim otherwise
with normal or mildly reduced levels of the enzyme [11-
13].

In our study, we aimed to measure ADAMTS-13
levels of patients diagnosed with SARS-CoV-2. In
contrast to many studies with a small number of patients
who had prolonged hospitalization and received
different medications, our study was performed on a
higher number of naive patient population without
taking any treatment. Oxygen saturations, C-reactive
protein (CRP), white blood cells (WBC), lymphocytes
(LYM), lactate dehydrogenase (LDH), platelets (PLT),
prothrombin time (PT), partial thromboplastin time
(PTT), international normalized ratio (INR), activated
partial thromboplastin time (APTT), D-dimer, aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), urea, and creatinine levels were also recorded.

Methodology
Patients and study design

The prospective study was carried out with a total
of 180 individuals (120 patients diagnosed with
COVID-19 and 60 patients with non-COVID-19), aged
between 18 and 75 years old, who applied to the
Emergency Medicine Department between February
and August 2021 in Usak Training and Research
Hospital.

Patients who had complaints such as fever, malaise,
cough, shortness of breath, muscle pain, loss of taste
and smell, headache; and who had a positive real-time
polymerase chain reaction (RT-PCR) test were included
in the patient group (Group 2 and 3). The patient group
was divided into two subgroups: patients with a mild
course of COVID-19 (n = 60) who had a positive RT-
PCR result, oxygen saturation above 94% [14], and
were eligible for home follow-up were included in
Group 2; Group 3 (n = 60) included RT-PCR-confirmed
COVID-19 patients with an oxygen saturation below
94% and considered to have a severe course of the
infection [14]. Patients who applied to emergency
department with complaints such as low back pain,
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knee pain, abdominal swelling, hypertension, trauma
and had a negative SARS-CoV-2 PCR test were
included in the control group (Group 1). Demographic
features of patients were summarized in Table 1.

Exclusion criteria were history of past COVID-19
infection, any treatment modalities for COVID-19,
vaccinated status, history of bleeding and coagulation
disorders  such as  hemophilia, thrombotic
thrombocytopenic purpura (TTP), factor deficiency,
use of anticoagulant drugs, and having chronic heart
disease (heart failure, history of previous myocardial
infarction) or chronic liver disease.

Age, gender, clinical findings (body temperature,
pulse, blood pressure, respiratory rate, oxygen
saturation with pulse oximeter), blood chemistry tests
(ALT, AST, CRP, LDH, PT, INR, PTT, D-dimer,
creatinine, urea), and blood count (WBC, lymphocyte
and platelet) were recorded.

Blood sampling and measurement of ADAMTS-13
levels

Peripheral blood was obtained and immediately
centrifuged in a refrigerated centrifuge at 4000 rpm for
10 minutes. The serum samples were stored at -80 °C
until  ADAMTS-13  analysis was performed.
ADAMTS-13 levels were analyzed with an enzyme
linked immunosorbent assay (ELISA) kit according to
the instructions of the manufacturer (SunRed,
Shanghai, China). Spectrophotometric measurements
were performed by an ELISA microplate reader
(BIOBASE EL-10A, Jinan, China) at a wavelength of
450 nm.

Ethics approval and informed consent

The study protocol was approved by the Clinical
Research Ethics Committee of Usak University Faculty
of Medicine (date and number: 12.02.2021-E.7052).
Informed consents were obtained in accordance with
the Declaration of Helsinki.

Statistical analysis

Statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS) version 24.0
(SPSS Inc., Chicago, USA). Kolmogrov-Smirnov test
was used to determine the conformity of the data to
normal distribution. Kruskal-Wallis test was used to
compare more than two independent samples, and the
significance level of the difference between groups was
evaluated by Mann Whitney U test. Descriptive
analyses were presented using median and interquartile
range (IQR) for non-normally distributed variables.
Spearman correlation coefficient analysis was applied
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Table 1. Comparison of laboratory parameters in study groups*

J Infect Dev Ctries 2024; 18(9.1):S170-S175.

Parameter Group 1 (n=60) Group 2 (n = 60) Group 3 (n = 60) p value
Median (IQR) Median (IQR) Median (IQR) (Kruskal- Wallis)

Age (years) 39.5 (35) 49 (26) 64.5 (26) »° 0.000
Gender (Female/Male) n - % 31/29; 51.7%-48.3% 27/33; 45%-55% 31/29; 51.7%-48.3% -
SpO2 98 (2) 97 (2) 90.5 (6)®° 0.000
WBC 7.60 (2.45) 8.44 (5.47) 8.27 (5.41) 0.382
LYM (IR), K/uL 1.77 (1,25) 2.39(1.68)? 1.34 (1.39)® 0.000
PLT 249 (100.75) 245 (93) 215 (136.25)? 0.031
AST 18.50 (8.50) 21.50 (11) 27.50 (18)»® 0.000
ALT 20.50 (12.75) 23 (15.75) 26 (26.75) " 0.018
Urea 14.50 (7.75)°® 12 (5) 15.50 (28.50)° 0.004
Creatinin 0.82 (0.20) 0.83 (0.25) 0.99 (0.50) 0.003
CRP 4.10 (14.68) 2.90 (21.10) 73.30 (106.90) »°® 0.000
LDH 199.5 (116) 206 (70) 289.5 (136)»" 0.000
D-Dimer (IR), ng FEU/L 461 (560) 365.35 (398) 1105 (1323)° 0.000
PT (IR), s 11.85 (1.30) 12 (2.50) 11.75 (85.98) 0.841
INR (IR) 1(0.20) 1 (0.20) 0.90 (0.10) > 0.003
APTT 24.70 (4.17) 25.70 (5.05) 25.85(6.17) 0.220
ADAMTS-13 (ng/mL) 2.12 (1.5) 2.08 (1.19) 2.04 (1.11) 0.222

*Results are given as median and interquartile range (IQR). * Statistically different from Group 1, ° Statistically different from Group 2. ADAMTS-13: a
disintegrin-like and metalloprotease with thrombospondin type I repeats-13; ALT: alanine transaminase; APTT: activated partial thromboplastin clotting time;
AST: aspartate aminotransferase; CRP: C-reactive protein; INR: international normalized ratio; LDH: lactate dehydrogenase; LYM: lymphocyte; n: number;
PLT: platelet; PT: prothrombin time; SpO,: oxygen saturation; WBC: white blood cell.

to investigate the correlation relationship. Pearson's
test was used to compare categorical variables between
the two groups. Categorical variables were presented as
frequency (%). A p value of < 0.05 was considered
statistically significant.

Results

A total of 120 COVID-19 patients diagnosed with
SARS-CoV-2 RT-PCR test and 60 non-COVID
patients, with almost the same female/male ratio
(49.4/50.6) and aged between 18-75 years were
evaluated.

The median ages of the 60 non-COVID-19 controls
(Group 1); 60 patients with mild respiratory symptoms
(coughing, loss of taste and smell, low grade fever
without dyspnea), and an oxygen saturation above 94
(Group 2); and 60 patients with severe respiratory
symptoms (high grade fever, coughing with dyspnea,
severe malaise) and an oxygen saturation below 94
(Group 3) were 39.5 years, 49 years, and 64.5 years
respectively. The difference between the median ages
was statistically significant between Group 1 and Group
3 (p = 0.000) and between Group 2 and Group 3 (p =
0.000).

In terms of gender distribution, Group 1 consisted
of 31 females (51.7%) and 29 males (48.3%), Group 2
consisted of 27 females (45%) and 33 males (55%), and
Group 3 consisted of 31 females (51.7%) and 29 males
(48.3%).

Although ADAMTS-13 serum levels were slightly
lower in the patient groups [Group 2: 2.08 ng/mL,
median; 1.19 ng/mL, interquartile range; and Group 3:

2.04 ng/mL, median, 1.11 ng/mL, interquartile range;
compared to the control group (2.12 ng/mL, median;
1.5 ng/mL, interquartile range)], there was no
significant difference between the ADAMTS-13
median values between the groups (p > 0.05).
Comparison of the other laboratory parameters of the
patients according to the groups and their statistical
significance are presented in Table 1.

Correlation analysis was performed to test the
relationship between ADAMTS-13 levels and
laboratory parameters. No statistically significant
correlation was found between ADAMTS-13 levels and
other laboratory parameters (Table 2).

There was a negative correlation between CRP and
lymphocyte count (r = -0.336, p = 0.000), CRP and
platelet count (r=-0.212, p = 0.004), and CRP and INR
(r=-0.203, p =0.006). There were positive correlations
between CRP and LDH (r=0.470, p = 0.000), CRP and
D-dimer (r = 0.573, p = 0.000), CRP and AST (r =
0.310, p =0.001), CRP and urea (r = 0.231, p = 0.011),
and CRP and creatinine (r = 0.386, p = 0.000) (Table 2).
There was a significant negative correlation between D-
dimer and SpO; (r = -0.418, p = 0.000), and D-dimer
and platelet count (r = -0.185, p = 0.013); while there
were significant positive correlations between D-dimer
and urea (r = 0.299, p = 0.001), D-dimer and creatinine
(r=0.389, p=0.000), and D-dimer and AST (r=0.212,
p =0.020). Other correlations are listed in Table 2.

Discussion

COVID-19 can manifest with thrombotic events
like pulmonary embolism or venous thromboembolism
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Table 2. Correlation between ADAMTS-13 and biochemical parameters.

A-13 CRP LYM WBC PT LDH D-dimer

SpO: PLT INR APTT AST ALT Urea Cre

A-13 1.000  0.032 -0.112 0.010 0.115 -0.045 -0.057

0.052 0.034 0.048 -0.038 -0.065 0.022 -0.115 0.025

P - 0.670 0.134 0.890 0.126 0.549 0.450 0.490 0.649 0.522 0.612 0.383 0.769 0.125 0.741
CRP 1.000 -0.336 0.158 0.070 0.470 0.573 -0.493 -0.212 -0.203 0.028 0.310 0.067 0.231 0.386
P - 0.000%* 0.034 0.350  0.000%*  0.000%*  0.000**  0.004* 0.006* 0.711 0.001* 0.468 0.011*  0.000%*
LYM 1.000 0.292 -0.216 -0.301 -0.279 0.198 0.276 -0.060 -0.086 -0.013 0.200 -0.206 -0.131
P - 0.000%*  0.004*  0.000**  0.031* 0.008*  0.000** 0.422 0.711 0.885 0.028*  0.024* 0.154
WBC 1.000 -0.144 0.022 0.107 -0.044 0.377 0.028 0.017 -0.020 0.073 0.191 0.158
P - 0.054 0.768 0,155 0.555 0.000%* 0.705 0.823 0.829 0.429 0.037* 0.085
PT 1.000 0.036 0.029 -0.030 0.042 0.290 0.334 -0.027 0.017 0.201 0.247
P - 0.630 0.700 0.687 0.579 0.000%*  0.000%* 0.773 0.853 0.028*  0.007*
LDH 1.000 0.304 -0.286 0.183 -0.097 0.059 0.482 0.206 0.304 0.294
P - 0.000%*  0.000%*  0.014* 0.195 0.430 0.000%*  0.024*  0.001*  0.001*
D-dimer 1.000 -0.418 0.185 -0.047 0.085 0.212 0.034 0.299 0.389
P - 0.000%*  0.013* 0.533 0.259 0.020* 0.711 0.001*  0.000%*
SpO2 1.000 0.163 0.208 0.017 -0.299 0.107 -0.283 0.323
P - 0.029* 0.005* 0.821 0.001* 0.246 0.002%  0.000%*
PLT 1.000 0.006 0.081 0.009 0.061 -0.023 0.063
P 0.934 0.277 0.923 0.510 0.799 0.496
INR 1.000 0.167 -0.038 0.054 0.145 0.095
P - 0.025* 0.678 0.557 0.114 0.300
APTT 1.000 -0.012 -0.036 0.150 0.221
P 0.897 0.698 0.103 0.015*
AST 1.000 0.596 0.126 0.247
P - 0.000**  0.171 0.007*
ALT 1.000 0.007 0.114
P 0.944 0.214
Urea 1.000 0.514
P 0.000%*
Cre 1.000
P -

Results were expressed as correlation coefficient and p values. *p < 0.05, **p < 0.001 were considered significant. A-13 or ADAMTS-13 (ng/mL), a
disintegrin-like and metalloprotease with thrombospondin type I repeats-13; ALT: alanine transaminase; APTT: activated partial thromboplastin clotting time;
AST: aspartate aminotransferase; Cre: creatinin; CRP: C-reactive protein; INR: international normalized ratio; LDH: lactate dehydrogenase; LYM:
lymphocyte; n: number; PLT: platelet; PT: prothrombin time; SpO,: oxygen saturation; WBC: white blood cell.

(VTE) [6]. vWF and its cleaving protease, ADAMTS-
13, play a central role in microvascular hemostasis, and
an imbalance in vVWF-ADAMTS-13 axis can contribute
to thromboembolic events [6].

There were inconsistent results in studies
investigating ADAMTS-13 levels in COVID-19
patients. Some studies indicated a reduction in
ADAMTS-13 levels or activities which can correlate
with increased coagulopathy and mortality of COVID-
19 patients [8-10,15]. Bazzan et al. investigated plasma
levels of ADAMTS-13 and vWF in 88 RT-PCR-
confirmed COVID-19 patients and found significant
reduction in ADAMTS-13 levels of all patients
compared to healthy controls [8]. Another study from
Italy revealed reduced ADAMTS-13 activity in 50
COVID-19 patients stratified according to disease
severity but none presented a severe deficiency of the
activity levels [9]. In a case series of three patients, all
patients showed low ADAMTS-13 levels, but also
positive antiphospholipid antibodies [10]. Morici et al.
found lower plasma ADAMTS-13 in 5 of 6 tested
patients [15]. Tiscia et al. argued that patients with
ADAMTS-13 activity below median value had a
significantly lower survival [16]. On the contrary, our
study revealed no significant decrease in ADAMTS-13
levels between the control group including non-
COVID-19 patients (Group 1), patients with mild

respiratory symptoms (Group 2), and patients with
severe respiratory symptoms of COVID-19 (Group 3).
Our study findings were not alone in this context. In
contrast to the studies that found low ADAMTS-13
levels, there are also studies to claim otherwise with
normal or mildly reduced levels of the enzyme. In a
prospective controlled trial performed on 75 patients of
mild to critical severity, ADAMTS-13 activities were
not significantly different from healthy controls [11].
Escher et al. found normal ADAMTS-13 activity in
their 3 COVID-19 patients suggesting that low enzyme
levels may not play an important role in COVID-19
coagulopathy [13]. In our study, ADAMTS-13 serum
levels were slightly lower in the patient groups
compared to the control group, but there was no
significant difference between the ADAMTS-13
median values. ADAMTS-13 levels have been a rarely
investigated issue in studies on COVID-19 [11]. In the
few studies that analyzed ADAMTS-13 levels or
activities, samples were collected a long time after the
patients’ admission to the hospital, usually during
intensive care stay. In the study of Mancini et al. patient
blood samples were collected at a median time of 13
days after admission to the emergency department [9].
In another study from Italy, ADAMTS-13 levels were
measured on blood samples obtained within seven days
after hospitalization [16]. In our study, ADAMTS-13
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levels were evaluated from blood samples taken at the
time of hospital admission. Our study results revealed
that ADAMTS-13 cannot be used as a biomarker to help
stratify patients’ risks at the time of admission.

Another arguable issue is whether ADAMTS-13
reduction in some studies is due to consumption of the
enzyme, or due to side effects of the treatments, or
damage of organs such as the liver. Hepatic stellate cells
(HSC) play a pivotal role in ADAMTS-13 production.
Plasma ADAMTS-13  activity  decreased in
experimental HSC apoptosis model or in 70%
hepatectomized rats [17]. Plasma ADAMTS-13 levels
significantly reduced in liver cirrhosis proportional to
the severity of the cirrhosis [18]. COVID-19-associated
liver damage can occur due to direct infection by
SARS-CoV-2, or iatrogenic factors such as drugs and
ventilation may lead to damage [19]. Due to limited
evidence-based information at the beginning of the
COVID-19 pandemic, various treatment modalities
were tried. Most of these drugs such as remdesivir and
ritonavir are known to have hepatotoxic effects [19].
Corticosteroid therapy, which is recommended in
severe COVID-19 infection, is also associated with
steatosis [19]. Unlike other studies, the patients
included in our study were not taking any medication at
the time we took blood samples for ADAMTS-13
measurement. In the blood samples taken, liver function
tests were normal in Group 1 (control) and Group 2
(mildly symptomatic COVID-19), while there were
moderate increases in ALT and AST values in patients
in Group 3 (severe COVID-19 symptoms).

Consistent with other studies, our patients with low
oxygen saturation (Group 3) had significantly higher
CRP, LDH, D-dimer, AST, ALT, creatinine levels and
lower platelet and INR levels. Laboratory tests were
used to assess prognosis and progression of the disease.
Significant changes in laboratory findings, such as
increased CRP, D-dimer levels, elevated LDH, AST,
urea, creatine kinase (CK), high-sensitivity troponin I,
and decreased lymphocyte counts are common
laboratory markers of severe COVID-19 infection [20].
But there was no statistically significant correlation
between ADAMTS-13 levels and other laboratory
parameters.

Limitations of the study

The contribution of taking any medication at the
time of blood sampling on ADAMTS-13 levels is not
known and new studies to understand this aspect may
be necessary.
Conclusions

J Infect Dev Ctries 2024; 18(9.1):S170-S175.

COVID-19-associated coagulopathy is still unclear
to scientists. According to our findings, ADAMTS-13
levels cannot be used as a biomarker to help stratify
patients’ risks at the time of admission. In our study,
ADAMTS-13 levels did not show a significant decrease
in COVID-19 patients and for this reason we conclude
that the contribution of ADAMTS-13 levels to the
microangiopathic state is limited. However, further
research is necessary to elucidate inconsistent results on
ADAMTS-13 levels or activity and the unique
mechanism of COVID-19 associated coagulopathy.

Acknowledgements
This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Notes
The work was conducted in Usak University Faculty of
Medicine, Turkey. Sema Yilmaz is currently retired.

References

1. Plasek J, Gumulec J, Maca J, Skarda J, Prochazka V, Grézl T,
Vaclavik J (2022) COVID-19 associated coagulopathy:
mechanisms and host-directed treatment. Am J Med Sci 363:
465-475. doi: 10.1016/j.amjms.2021.10.012.

2. Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R,
Zinkernagel AS, Mehra MR, Schuepbach RA, Ruschitzka F,
Moch H (2020) Endothelial cell infection and endotheliitis in
COVID-19. Lancet 395: 1417-1418. doi: 10.1016/S0140-
6736(20)30937-5.

3.  Dong JF, Moake JL, Nolasco L, Bernardo A, Arcencaux W,
Shrimpton CN, Schade AJ, MclIntire LV, Fujikawa K, Lopez
JA (2002) ADAMTS-13 rapidly cleaves newly secreted
ultralarge von Willebrand factor multimers on the endothelial
surface under flowing conditions. Blood 100: 4033-4039. doi:
10.1182/blood-2002-05-1401.

4. FengY, Li X, Xiao J, Li W, Liu J, Zeng X, Chen X, Chen S
(2016) ADAMTS13: more than a regulator of thrombosis. Int
J Hematol 104: 534-539. doi: 10.1007/s12185-016-2091-2.

5. Fukushima H, Nishio K, Asai H, Watanabe T, Seki T, Matsui
H, Sugimoto M, Matsumoto M, Fujimura Y, Okuchi K (2013)
Ratio of von Willebrand factor propeptide to ADAMTS13 is
associated with severity of sepsis. Shock 39: 409—414. doi:
10.1097/SHK.0b013e3182908ea7.

6. Katneni UK, Alexaki A, Hunt RC, Schiller T, DiCuccio M,
Buehler PW, Ibla JC, Kimchi-Sarfaty C (2020) Coagulopathy
and thrombosis as a result of severe COVID-19 infection: a
microvascular focus. Thromb Haemost 120: 1668—1679. doi:
10.1055/5-0040-1715841.

7. Seth R, McKinnon TAJ, Zhang XF (2022) Contribution of the
von Willebrand factor/ADAMTS13 imbalance to COVID-19
coagulopathy. Am J Physiol Heart Circ Physiol 322: H87-H93.
doi: 10.1152/ajpheart.00204.2021.

8. Bazzan M, Montaruli B, Sciascia S, Cosseddu D, Norbiato C,
Roccatello D (2020) Low ADAMTS 13 plasma levels are
predictors of mortality in COVID-19 patients. Intern Emerg
Med 15: 861-863. doi: 10.1007/s11739-020-02394-0.

S174



Kutlu ef al. - ADAMTS-13 levels in patients with COVID-19

10.

11.

12.

13.

14.

15.

Mancini I, Baronciani L, Artoni A, Colpani P, Biganzoli M,
Cozzi G, Novembrino C, Boscolo Anzoletti M, De Zan V,
Pagliari MT, Gualtierotti R, Aliberti S, Panigada M, Grasselli
G, Blasi F, Peyvandi F (2021) The ADAMTSI13-von
Willebrand factor axis in COVID-19 patients. J Thromb
Haemost 19: 513-521. doi: 10.1111/jth.15191.

Alharthy A, Faqihi F, Balhamar A, Memish ZA, Karakitsos D
(2020) Life-threatening COVID-19 presenting as stroke with
antiphospholipid antibodies and low ADAMTS-13 activity,
and the role of therapeutic plasma exchange: a case series.
SAGE Open Med Case Rep 8: 2050313X20964089. doi:
10.1177/2050313X20964089.

Doevelaar AAN, Bachmann M, Holzer B, Seibert FS, Rohn BJ,
Bauer F, Witzke O, Dittmer U, Bachmann M, Yilmaz S,
Dittmer R, Schneppenheim S, Babel N, Budde U, Westhoff TH
(2021) von Willebrand Factor multimer formation contributes
to immunothrombosis in coronavirus disease 2019. Crit Care
Med 49: e512-e520. doi: 10.1097/CCM.0000000000004918.
Jhaveri KD, Meir LR, Flores Chang BS, Parikh R, Wanchoo
R, Barilla-LaBarca ML, Bijol V, Hajizadeh N (2020)
Thrombotic microangiopathy in a patient with COVID-19.
Kidney Int 98: 509-512. doi: 10.1016/j.kint.2020.05.025.
Escher R, Breakey N, Lammle B (2020) ADAMTS13 activity,
von Willebrand factor, factor VIII and D-dimers in COVID-19
inpatients. Thromb  Res 192: 174-175. doi:
10.1016/j.thromres.2020.05.032.

O'Driscoll BR, Howard LS, Earis J, Mak V, British Thoracic
Society Emergency Oxygen Guideline G, Group BTSEOGD
(2017) BTS guideline for oxygen use in adults in healthcare
and emergency settings. Thorax 72 Suppl 1: ii1-ii90. doi:
10.1136/thoraxjnl-2016-209729.

Morici N, Bottiroli M, Fumagalli R, Marini C, Cattanco M
(2020) Role of von Willebrand factor and ADAMTS-13 in the
pathogenesis of thrombi in SARS-CoV-2 infection: time to

16.

17.

18.

19.

20.

J Infect Dev Ctries 2024; 18(9.1):S170-S175.

rethink. Thromb Haemost 120: 1339-1342. doi: 10.1055/s-
0040-1713400.

Tiscia G, Favuzzi G, De Laurenzo A, Cappucci F, Fischetti L,
Colaizzo D, Chinni E, Florio L, Miscio G, Piscitelli AP,
Mastroianno M, Grandone E (2021) The prognostic value of
ADAMTS-13 and von Willebrand factor in COVID-19
patients: prospective evaluation by care setting. Diagnostics
(Basel) 11: 1648. doi: 10.3390/diagnostics11091648.

Kume Y, Ikeda H, Inoue M, Tejima K, Tomiya T, Nishikawa
T, Watanabe N, Ichikawa T, Kaneko M, Okubo S, Yokota H,
Omata M, Fujiwara K, Yatomi Y (2007) Hepatic stellate cell
damage may lead to decreased plasma ADAMTS13 activity in
rats. FEBS Lett 581: 1631-1634. doi:
10.1016/j.febslet.2007.03.029.

Uemura M, Fujimura Y, Ko S, Matsumoto M, Nakajima Y,
Fukui H (2010) Pivotal role of ADAMTSI13 function in liver
diseases. Int J Hematol 91: 20-29. doi: 10.1007/s12185-009-
0481-4.

Nardo AD, Schneeweiss-Gleixner M, Bakail M, Dixon ED,
Lax SF, Trauner M (2021) Pathophysiological mechanisms of
liver injury in COVID-19. Liver Int 41: 20-32. doi:
10.1111/1iv.14730.

Chen Z, Xu W, Ma W, Shi X, Li S, Hao M, Fang Y, Zhang L
(2021) Clinical laboratory evaluation of COVID-19. Clin Chim
Acta 519: 172—182. doi: 10.1016/j.cca.2021.04.022.

Corresponding author

Hiseyin Haydar Kutlu, MD.

Department of Medical Microbiology, Faculty of Medicine,
Usak University, 1 Eyliil Campus, Usak/Turkiye.

Tel: +90 506 6875647

Email: hhaydarkutlu@gmail.com, huseyin.kutlu@usak.edu.tr

Conflict of interests: No conflict of interests is declared.

S175



	Introduction
	Methodology
	Patients and study design
	Blood sampling and measurement of ADAMTS-13 levels
	Ethics approval and informed consent
	Statistical analysis

	Results
	Discussion
	Limitations of the study

	Conclusions
	Acknowledgements
	References
	Corresponding author


