Evaluation of ADAMTS13 Activity and von Willebrand Factor Antigen Levels in Patients with Sickle Cell Anaemia
 
ABSTRACT
Background: Sickle cell anaemia (SCA) is characterised by chronic haemolysis, inflammation, and recurrent vaso-occlusive crises, with endothelial dysfunction playing a central role in disease pathophysiology. von Willebrand factor antigen (vWF:Ag) and ADAMTS13 are key regulators of haemostasis, and their imbalance may contribute to microvascular thrombosis in SCA
Aim: This study aimed to evaluate ADAMTS13 activity and von Willebrand factor antigen levels in patients with sickle cell anaemia.
Method: This case–control study evaluated ADAMTS13 activity and vWF:Ag antigen levels among patients with sickle cell anaemia attending selected health centers in Ado-Ekiti, Ekiti State, Nigeria. A total of 60 participants were recruited, comprising 30 patients with sickle cell anaemia and 30 apparently healthy individuals who served as controls. The sickle cell patients included 16 patients in steady state and 14 patients experiencing sickle cell anaemic crisis. Venous blood samples were collected from all participants for the determination of ADAMTS13 activity and Vwf antigen levels using enzyme-linked immunosorbent assay (ELISA). Full blood counts were also performed using a Sysmex haematology Optimiza. Data analysis was carried out using the Statistical Package for Social Sciences (SPSS) version 26.0. Results were expressed as mean ± standard deviation. Analysis of variance (ANOVA) was used to assess differences among the study groups, while Tukey’s post hoc multiple comparison tests were applied to identify specific group differences. Statistical significance was set at p < 0.05.
Results: The mean value of vWF:Ag of steady-state (207.64 ± 122.49 ng/mL) and crisis SCA patients (189.52 ± 100.47 ng/mL) was significantly higher compared with the control (60.92 ± 35.42 ng/mL).  Steady-state patients showed significantly higher mean values than those in crisis (p < 0.001). ADAMTS13 activity was comparable across all three groups, with mean values of 0.83 ± 0.09 IU/mL in controls, 0.81 ± 0.17 IU/mL in steady-state patients, and 0.87 ± 0.14 IU/mL in crisis patients. No significant difference was observed among the groups (p = 0.428).
Conclusion: The study concludes that vWF:Ag level is a better biomarker for the severity of the inflammatory endothelial vasculopathy, enhancing thrombotic complications than ADAMTS13Monitoring vWF levels may provide valuable insight into disease activity and severity, potentially informing clinical management and risk stratification of patients with sickle cell anaemia.
1.0 INTRODUCTION
Sickle cell anaemia (SCA) is a hereditary haemoglobin disorder caused by a point mutation in the β-globin gene that results in the production of abnormal haemoglobin S (HbSS) (Inusa et al., 2019). Under conditions of reduced oxygen tension, HbSS polymerizes, leading to distortion of red blood cells into the characteristic sickle shape (Elendu et al., 2023). These rigid and poorly deformable erythrocytes undergo repeated cycles of sickling and unsickling, causing chronic haemolysis, vaso-occlusion, endothelial injury, and progressive organ damage (Palomarez et al., 2022). Sickle cell anaemia constitutes a major public health problem in sub-Saharan Africa, with Nigeria bearing the highest global burden (Adigwe et al., 2023; Ojewunmi et al., 2019). It is estimated that over 150,000 children are born annually with SCA in Nigeria, accounting for a significant proportion of childhood morbidity and mortality (Ojewunmi et al., 2019).
In Nigeria and other African countries, the clinical management of SCA is challenged by late diagnosis, limited access to comprehensive care, recurrent infections, and inadequate laboratory monitoring (Musuka et al., 2024). Although advances in supportive care have improved survival in high-income countries (Jacob et al., 2023), patients in Africa continue to experience severe complications such as vaso-occlusive crises, stroke, acute chest syndrome, and chronic organ dysfunction (Musuka et al., 2024). These complications are increasingly linked not only to red blood cell abnormalities but also to vascular dysfunction, inflammation, and dysregulation of haemostasis (Musuka et al., 2024).
Sickle cell anaemia is now recognized as a hypercoagulable state (Sackey et al., 2020). Even during steady-state periods, individuals with SCA exhibit increased platelet activation, elevated coagulation markers, and endothelial activation (Noubouossie et al., 2016). Recurrent infections, malaria, dehydration, and limited access to prophylactic therapies further exacerbate these haemostatic disturbances. Endothelial damage in SCA promotes the release of von Willebrand factor (Vwf), a key glycoprotein involved in platelet adhesion and aggregation (Ramadas et al., 2025). Elevated Vwf antigen levels have been reported in patients with SCA and are considered markers of endothelial dysfunction and vascular injury (Vital and Lam, 2023).
The activity of Vwf is physiologically regulated by ADAMTS13, a zinc-dependent metalloprotease responsible for cleaving ultra-large Vwf multimers into smaller, less thrombogenic forms (Zander et al., 2015). Reduced ADAMTS13 activity leads to the accumulation of ultra-large Vwf multimers, predisposing to microvascular platelet aggregation and thrombosis (Zander et al., 2015). In sickle cell anaemia, persistent endothelial activation and inflammatory processes may result in increased functional inhibition of ADAMTS13 (Hunt et al., 2023). An imbalance between elevated Vwf antigen levels and reduced ADAMTS13 activity may therefore contribute to the pathogenesis of vaso-occlusion and microvascular complications commonly observed in SCA patients (Vital and Lam, 2015).
Analysis of ADAMTS13 activity and von Willebrand factor antigen levels may provide important insights that support the development and optimization of therapeutic interventions in both steady-state and crisis phases of sickle cell anaemia. Therefore, this study seeks to evaluate ADAMTS13 activity and von Willebrand factor antigen levels in patients with sickle cell anaemia. The study aims to contribute to locally relevant data that may support improved laboratory evaluation, risk stratification, and future therapeutic strategies for managing thrombotic and vaso-occlusive complications in sickle cell anaemia.
 
2.0	METHODOLOGY
 
2.1	Study Design
This study was a case control study that evaluated ADAMTS13 activity and von Willebrand Factor antigen Levels in patients with sickle cell anaemia in some health centres in Ado-Ek iti, Ekiti State, Nigeria. Random sampling method was used to select the subjects. The study lasted for 3 months, from October to December, 2023. 
2.2  Sample Size
	
A total number of 30 sickle cell patients, comprised of 16 patients with steady state sickle cell anaemia and 14 patients with sickle cell anaemic crisis. While 30 apparently healthy patients served as control.
2.3  Inclusion Criteria
Male and female who are sickle cell patients either in steady or crisis states  within  ages  5  to  20  years  were  included,  while  apparently  healthy subjects with the same age range were included as control. 
 
2.4 Exclusion Criteria
Patients below 5years and above 20 years, hypertensive patients, diabetic patients, patients with arthritis patients and other disease conditions were excluded. This selection was done through questionnaire and checking of their case note for some individuals.
 
2.5   Sample Collection
Venous blood specimen was collected from the ante cubital fossa of the subjects into plain bottles and ethylene diamine tetraacetic acid (EDTA) bottles. The blood in the plain bottles were centrifuged at 3000rpm for 5mins to separate the serum from the cells and was stored at -70C until analysis.
 
 
2.6 	Body Mass Index Determination
 
The weight and height of each participant were assessed utilizing a stadiometer coupled with a ZT-120 health scale. Measurements were conducted while the subjects stood upright without any footwear. Height was gauged to the nearest 0.01 meter (m) and weight to the nearest 0.5 kilogram (kg). The body mass index (BMI) was computed using the formula BMI = Weight (kg) / Height (m).
 
2.7	Laboratory Investigations
Both ADAMTS13 and von Willebrand factor antigen were quantified using Enzyme-linked immunosorbent assay (ELISA) techniques. All analyses were carried out in accordance with the manufacturer’s guidelines. 
 
2.7.1	Determination of von Willebrand Factor Antigen 
von Willebrand factor antigen were quantified using Enzyme-linked immunosorbent assay (ELISA) techniques. The micro titre plate provided in this kit has been precoated with antibody. The standard, samples were added to the each of the micro wells, 100ul of standard was added into the standard wells and 100ul of samples to the sample wells, it was then covered with a sealer provided in the kit and incubated for 90mins at 37C. The optical density was read at 450nm.
 
2.7.2	Determination of ADAMTS13 Levels
ADAMTS13 was quantified using Enzyme-linked immunosorbent assay (ELISA) techniques. The micro titre plate provided has been precoated with antibody specific to gluthione S transferase. The standard, samples were added to the each of the micro wells, 100ul of standard was added into the standard wells and 100ul of samples to the sample wells, it was then covered with a sealer provided in the kit and incubated for 60mins at room temp. The optical density was read at 450nm.
2.7.3. Full Blood Counts
Complete blood count was determined through automation utilizing the Sysmex hematology analyzer.
 
2.8 	Statistical Analysis
Data were analyzed using the Statistical Package for Social Sciences version 26.0 software.  The data were presented as mean ± standard deviation. Analysis of variance (ANOVA) was used to ascertain significant difference while tukey’s post hoc of multiple comparisons was used to determine individual group difference, with the significance level set at P < 0.05. 
 
3.0 RESULTS
3.1 Comparative Analysis of BMI, Vwf, ADAMTS13 and Haematological Parameters
Comparison of BMI across the groups showed that control subjects had the highest mean BMI (22.20 ± 1.77 kg/m²), followed by SCA patients in steady state (20.58 ± 5.26 kg/m²), while patients in crisis recorded the lowest BMI (17.38 ± 4.98 kg/m²). The reduction in BMI was more pronounced in the crisis group compared with both controls and steady-state patients (p = 0.001). For Vwf, both steady-state (207.64 ± 122.49 ng/Ml) and crisis SCA patients (189.52 ± 100.47 ng/mL) had significantly higher levels compared with the control (60.92 ± 35.42 ng/mL).  Steady-state patients showed significantly higher mean value than those in crisis (p < 0.001). ADAMTS13 activity was comparable across all three groups, with mean values of 0.83 ± 0.09 IU/mL in controls, 0.81 ± 0.17 IU/mL in steady-state patients, and 0.87 ± 0.14 IU/mL) in crisis patients. No significant difference was observed among the groups (p = 0.428).
Comparison of WBC counts revealed a substantial increase in SCA patients compared with controls. Steady-state patients recorded the highest mean WBC count (22.21 ± 12.24 × 10³/µL), followed by crisis patients (16.03 ± 5.23 × 10³/µL), while controls had the lowest count (7.57 ± 2.05 × 10³/µL) (p < 0.0001).Analysis of leukocyte differentials showed that lymphocyte percentages were higher in both steady-state (41.25 ± 9.20%) and crisis (38.17 ± 4.49%) patients compared with controls (33.63 ± 7.64%). Neutrophil percentages were lower in steady-state patients (55.33 ± 8.01%) compared with controls (60.93 ± 7.96%) and crisis patients (60.14 ± 3.75%). Monocyte percentages progressively declined from controls to steady state and were lowest during crisis. Eosinophils were markedly higher in steady state compared with both controls and crisis patients, while basophils were absent in crisis but present in controls and steady-state patients.
Comparison of red cell parameters showed that controls consistently had higher values than both SCA groups. RBC count, PCV, and haemoglobin concentration were markedly reduced in steady-state and crisis patients relative to controls. RBC count declined progressively from controls (4.14 ± 0.35 × 10³/µL) to steady state (2.73 ± 0.34 × 10³/µL) and further to crisis (2.15 ± 0.14 × 10³/µL). Similar trends were observed for PCV and haemoglobin concentration, with minimal differences between steady-state and crisis patients but pronounced reductions compared with controls (p = 0.000).
For red cell indices, MCV was lowest in steady-state patients and highest in crisis patients, while controls had intermediate values. MCH was reduced in steady state compared with controls but increased again during crisis. MCHC showed a progressive decline from controls to steady state and was lowest in crisis patients (p ≤ 0.001). Comparison of platelet counts demonstrated marked thrombocytosis in SCA patients relative to controls. Steady-state patients recorded the highest platelet count (623.75 ± 215.68 × 10³/µL), followed closely by crisis patients (588.75 ± 208.64 × 10³/µL), whereas controls had substantially lower counts (260.31 ± 79.26 × 10³/µL) (p = 0.000).
 
 
 
Table 1 Results of the BMI, Vwf, ADAMTS13 and Haematological Parameters of Patients with Sickle Cell Anaemia in Steady State and Crisis
	Parameter
	Control
(n =30)
	Steady State
(n = 16)
	Crisis State
(n =14)
	P-value
	Remark

	Age (Years)
	12.90±6.77
	12.40±5.00
	13.90±5.07
	0.453
	NS

	BMI(kg/m2)
	22.20±1.77a
	20.58±5.26a
	17.38±4.98b
	0.001
	S

	vWF(ng/mL)
	60.92±35.42a
	207.64±122.49b
	189.52±100.47c
	< 0.001
	S

	ADAMTS13(IU/mL)
	0.83±0.09a
	0.81±0.17a
	0.87±0.14a
	0.428
	NS

	WBC (x103/µL)
	7.57±2.05a
	22.21±12.24b
	16.03±5.23c
	<0.0001
	S

	LYM (%)
	33.63±7.64a
	41.25±9.20b
	38.17±4.49c
	0.005
	S

	NEU (%)
	60.93±7.96a
	55.33±8.01b
	60.14±3.75a
	0.045
	S

	MON (%)
	4.81±2.88a
	3.58±3.42a
	1.42±1.31b
	0.001
	S

	EOS (%)
	0.18±0.04a
	1.08±0.65b
	0.17±0.08a
	<0.001
	S

	BAS (%)
	0.37±0.16a
	0.41±0.02a
	0.00±0.00b
	<0.001
	S

	RBC (x103/µL)
	4.14±0.35a
	2.73±0.34b
	2.15±0.14b
	0.000
	S

	PCV (%)
	37.63±3.28
	21.92±4.12
	22.00±3.64
	0.000
	S

	HB (g/dL)
	13.29±1.78a
	7.56±1.06b
	7.74±0.32b
	0000
	S

	MCV (fl)
	87.64±10.28a
	80.86±11.94b
	98.48±12.68b
	0.0003
	S

	MCH (pg)
	30.89±4.31a
	27.98±3.43b
	30.44±2.59c
	0.045
	S

	MCHC (g/dL)
	35.33±2.68
	34.38±2.20
	29.90±4.29
	0.001
	S

	PLT (x103/µL)
	260.31±79.26a
	623.75±215.68b
	588.75±208.64c
	0.000
	S


Keys: BMI: body mass index, vWF: von Willebrand factor, WBC: white blood cell, LYM: lymphpocytes, NEU: neutrophils, MON: monocytes, EOS: esonophils, BAS: basophiles: RBC: red blood cell; PCV: packed cell volume, HB: haemoglobin, MCV: mean corpuscular volume, MCH: mean corpuscular haemoglobin, MCHC: mean corpuscular haemoglobin concentration. S: Significant
 
4.0 DISCUSSION
The significantly elevated von Willebrand factor (vWF) levels observed in both steady-state and crisis groups in this study is consistent with numerous reports in the literature indicating that vWF is increased in sickle cell disease (SCD) compared with healthy controls. Elevated vWF has been widely documented as a marker of endothelial activation and chronic inflammation in SCD, supporting its role in hypercoagulability and vaso-occlusive phenomena (Hunt et al., 2022; Akaba et al., 2020; Al-Awadhi et al., 2017). Studies have similarly reported higher vWF antigen levels in SCD patients, often correlating with disease severity and vaso-occlusive complications (Onorhide et al., 2024). 
In contrast to the significant variation in vWF, ADAMTS13 activity in this study did not differ significantly between the control, steady-state, and crisis group. This pattern is echoed in several published reports. For example, a study conducted in Nigeria found that although vWF levels were significantly elevated in SCD subjects in vaso-occlusive crises, ADAMTS13 levels did not differ significantly between states or compared with controls, indicating preserved ADAMTS13 antigen levels despite pro-thrombotic stress (Onorhide et al., 2024). Other investigations have similarly reported normal ADAMTS13 activity in SCD, even when vWF levels were increased, suggesting that ADAMTS13 activity may not always be suppressed in proportion to vWF elevation in these patients (Al-Awadhi  et al., 2017; Schnog et al., 2006).
However, some studies have shown alterations in the ADAMTS13–vWF axis in SCD (Demagny et al., 2020). Research in larger cohorts has reported that although median ADAMTS13 activity may appear normal overall, a subset of SCD patients exhibited partial ADAMTS13 deficiency and that the imbalance between high vWF antigen and ADAMTS13 activity may contribute to vaso-occlusion and thrombosis (Demagny et al., 2020). These findings suggest that ADAMTS13 activity can be variable and potentially influenced by additional regulatory factors (proteolytic cleavage by alternative enzymes or inhibition by hemolysis-related molecules) in SCD (Hunt et al., 2022). 
Elevated white blood cell (WBC) counts in SCA patients reported in this study are also supported by prior research that demonstrates leukocytosis as a common feature in SCD (ousif et al., 2022). Leukocytosis has been associated with increased adhesion of leukocytes to the endothelium, a contributor to vaso-occlusion (Mohammadi et al., 2025). While the specific differential counts vary between populations, the general pattern of elevated lymphocytes and neutrophil changes is consistent with other haematological analyses in SCD (Iheanacho, 2015).
Similarly, the significant reductions in RBC count, packed cell volume (PCV), and haemoglobin concentration observed in this research mirror broad literature consensus that chronic haemolytic anaemia characterizes SCD across steady and crisis states. Reduced red cell indices reflecting haemolysis and altered erythropoiesis have been frequently reported. Above-normal platelet counts in SCA patients, as documented here, have also been recognized in prior studies as part of a reactive thrombocytosis likely driven by chronic inflammation, asplenia, or bone marrow compensation (Kingsley et al., 2022).            
5.0 CONCLUSION
In conclusion, the study suggests that vWF:Ag level is a better biomarker for the severity of the inflammatory endothelial vasculopathy enhancing thrombotic complications than ADAMTS13.
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