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Background: von Willebrand factor ristocetin cofactor activity (VWF:RCo) is the standard
functional assay used for von Willebrand disease (VWD) diagnosis. However, it has some
drawbacks including being time consuming and labor intensive and having high inter-
laboratory variability. The HemosIL VWF activity assay has the advantages of both high
speed and automation. The purpose of this study was to prospectively compare these two
functional assays for type 1 VWD detection.

Methods: Plasma samples from 108 subjects were assessed in this study. HemosIL VWF
activity was measured with the HemosIL latex immunoturbidimetric commercial kits by the
ACL TOP coagulation analyzer. VWF:RCo was measured by platelet aggregation method.
Pearson correlation analyses were performed to estimate the correlation of HemosIL VWF
activity with VWF:RCo. Receiver-operator characteristic (ROC) curve analysis was used to
evaluate the performance of the two diagnostic tests.

Results: The correlation coefficient between VWF:RCo and HemosIL VWF activity was
0.874 overall and was 0.761 and 0.811 in the cohorts of type 1 VWD and non-VWD,
respectively. The sensitivity and specificity of HemosIL VWF activity assay for type 1
VWD identification were 94.7% and 80.0%, respectively, and the ROC curve of HemosIL
VWEF activity was larger than that of VWF:RCo (0.928 vs 0.863, p=0.0138). Finally, the
positive and negative predictive values of the HemosIL VWF activity assay for type 1 VWD
detection were 72.0% and 96.6%, respectively.

Conclusion: Our results demonstrate that the HemosIL VWF activity assay was an effective
method for type 1 VWD screening and diagnosis. It carried good sensitivity and specificity
and had a higher ROC curve than VWF:RCo besides showing good correlation with VWF:
RCo. With its advantages of greater speed and automated performance, these results suggest
that the HemosIL VWF activity assay was reliable and precise in the clinical setting.
Keywords: von Willebrand factor antigen, von Willebrand disease, VWF ristocetin cofactor
activity, VWF:RCo, HemosIL VWF activity

Introduction

von Willebrand disease (VWD) is the most common inherited bleeding disorder with
a prevalence of 1-2% of the general population.' ™ but it is less recognized in South and
East Asian countries.™” It is caused by a quantitative or qualitative defect of von
Willebrand factor (VWF). VWF plays a vital role in normal hemostasis not only by
mediating platelet adhesion to injured endothelium but also by binding and protecting
coagulation factor VIII (FVIII) from degradation.®® Symptoms associated with VWD
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typically present with easy bruising, epistaxis, excessive post-
operative or posttraumatic bleeding, gum bleeding, and
menorrhagia.'

The diagnosis of VWD is based on correlation of
clinical findings with multiple laboratory tests results and
family studies, including bleeding-assessment tools, pro-
thrombin time (PT), activated partial thromboplastin time
(aPTT), platelet functional analyzer-100 (PFA-100) clo-
sure times, FVIII, concentration of VWF antigen (VWEF:
Ag), VWE-ristocetin cofactor activity (VWF:RCo), VWF
collagen-binding activity (VWF:CB), FVIII-VWF binding
activity, ristocetin induced platelet agglutination (RIPA)
and VWF multimers analysis.” '

There are three major types of VWD and quantitative
defects include type 1 VWD, with partial deficiency of
VWE, and type 3 VWD, with virtually complete deficiency
of VWEF. Type 2 VWD is caused by dysfunctional VWF
and the qualitative variants comprise defects in multimer-
ization (type 2A), spontaneous platelet binding (type 2B),
defects in ligand binding with intact multimers (type 2M)
and defects in factor VIII binding (type 2N)."?

Type 1 VWD is most prevalent and accounts for 65—
80% of VWD cases, which may be heterozygous for the
defective gene, leading to a partial deficiency of VWF in
plasma and/or platelets with simultaneously reduced VWF
activity and antigen.'>'* The patients usually present with
mild to moderate mucosal bleeding symptoms, typically
associated with a family history of bleeding and
a quantitative reduction in VWE.*'> While this may
seem relatively straight forward, it can sometimes be dif-
ficult to make a diagnosis, requiring correlation of clinical
clues, family studies and interpretation of multiple labora-
tory tests results. Laboratory testing is often complicated
by the fact that VWF is an acute phase reactant and can
increase with stress, injury, surgery, pregnancy, and oral
contraceptive use. In addition, no single laboratory test can
definitively confirm the diagnosis of type 1 VWD and
there is a lack of reliable screening tests complicating
early diagnosis. Generally, when VWF:Ag level is below
30 IU dL™' and VWF:RCo/VWF:Ag ratio larger than 0.7,
type 1 VWD is diagnosed typically.'? Levels of between
30 and 50 IU dL™' in a patient with a positive bleeding
history may also indicate type 1 VWD.'?

Among the various diagnostic tools, the VWF:RCo
assay has been an indispensable criteria for the diagnosis
of type 1 VWD. It is based on the property of the anti-
biotic ristocetin to agglutinate exogenous formalin-fixed
platelets in the presence of VWEFE.'® Therefore, it can

reproduce the ability of VWF to interact with one of its
platelet receptors, the glycoprotein Ib-IX-V complex, in -
vitro.* When sufficient ristocetin (> 1 mg/mL) is added to
a suspension of washed platelets and patient’s platelet poor
plasma, the extent and rate of platelet agglutination depend
on the concentration of VWF.® Because the functional
assay is the most common test of VWF activity, VWF:
RCo assay combined with VWF:Ag are traditionally con-
sidered the first step in the diagnosis of VWD.? However,
besides being time consuming and labor-intensive, addi-
tional disadvantages of the VWF:RCo assay include varia-
tion in test results due to the technical experience of
laboratory personnel and the requirement of fixed or
fresh platelet concentrates.'”"'®

In recent years, several fully automated VWF:RCo
assay protocols have been described.'”>* Higher through-
put of samples with improved analytical precision com-
pared with manual and semi-automated assays were
The HemosIL VWF activity
(Instrumentation Laboratory, Kentucky, USA) is one such

observed. assay
method. It is a latex particle-enhanced immunoturbidi-
metric assay designed for use on Instrumentation
Laboratory analyzers for the diagnosis and classification
of VWD.? The reagent contains latex particles coated
with a monoclonal anti-VWF antibody directed against
the platelet-binding site on VWF (glycoprotein Ib recep-
tor). The activity of VWF is determined by measuring the
increase in turbidity produced by the agglutination of the
It has
Instrumentation Laboratory’s coagulation analyzer. This

latex reagent. been designed for use on
assay has the advantages of short turnaround time and
automated performance.”>** In this prospective study, we
aimed to compare the HemosIL VWF activity assay with
the conventional VWF:RCo method for type 1 VWD

identification.

Materials and Methods

Patients

We prospectively studied archived plasma samples of 108
subjects, of which there were 28 patients diagnosed with
type 1 VWD in our previously published cohort.** Among
the 108 subjects, 48 samples for which coagulation
laboratory tests had been performed due to suspected
VWD between January and December 2009 were also
assessed. Thirty-eight of these 48 subjects were even-
tually ruled out as having VWD based on the VWF
panel results including VWF:Ag, VWF:RCo, FVIII
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clotting activity assay and PFA-100 while 10 were diag-
nosed to have type | VWD. Finally, 32 healthy volunteers
without symptoms of mucocutaneous bleeding, history of
thrombocytopenia and no intake of anti-platelet agents
and non-steroid anti-inflammatory drug within one week
before blood tests were recruited as a normal control
group. Subjects’ blood types were also determined
because VWF levels are lower in individuals with blood
type O compared with non-O blood types.*” This study
was approved by the ethics review board in our
institution.

Methods

Nine parts of freshly drawn venous blood were collected into
one part of 3.2% trisodium citrate from all the subjects.
Platelet poor plasma (PPP) was obtained by centrifugation
at 2360 x g for 10 minutes twice. Plasma from patients was
collected in the same way as plasma from the volunteers. The
PPP samples were stored at —80°C and thawed at 37°C for at
least 15 minutes. After thawing, the assays were performed
within 2 hours.?® Each patient’s or subject’s VWF activity
assays including VWF ristocetin cofactor activity and
HemosIL VWF activity were run at the same day.

Von Willebrand Factor Antigen

On the ACL TOP analyzer (IL, Kentucky, USA), VWF:Ag
was measured with the HemosIL VWF latex-enhanced, tur-
bidimetric immunoassay. The addition of 90 pL of latex
reagent and 70 puL of buffer into 20 pL of patient’s plasma
was operated by the ACL TOP. The agglutination was mea-
sured at 405 nm as a decrease in light transmittance.

Von Willebrand Factor Activity

The reference method was the ristocetin cofactor assay which
was performed on a Chrono-log aggregometer model 560
(Chrono-log Corporation, Havertown, USA) using platelet
concentrate (Taipei Blood Bank Centre, TBSF, Taipeli,
Taiwan) and ristocetin (Chrono-log Corporation, Havertown,
USA). A 3-point reference curve was prepared with each run.
Patient plasma was diluted 1:2 and 1:4, and both dilutions
were assayed as described in National Committee for Clinical
Laboratory Standards document H51-A. This assay is also
based on automatic optical platelet aggregation. The plasma
or its dilution (50 pL) were added to 450 uL of PPP (final
platelet concentration: 200-300 x 10°/L) and incubated in the
cuvette of the aggregation at 37°C with constant stirring for 5
minutes.

The HemosIL VWF activity assay was performed on
the ACL TOP instrument. Patient plasma was prediluted 1
part plasma plus 2 parts diluent by the ACL TOP. The
ACL TOP then added 150 pL of latex reagent into 30 pL
of plasma, and agglutination was measured at 405 nm as
a decrease in light transmittance. Calibration was done
with the ACL TOP instrument.

Criteria for VWD Diagnosis
In this study, VWD was established if the patient had
documented clinical evidence of mucocutaneous bleeding
such as nasal bleeding or menorrhagia and had at least one
of the following abnormal laboratory test results:'?*">*
(1) both low VWF:Ag (< 50 TU dL™ ") and VWF:RCo (<
50 IU dL ™), (2) both low VWF:RCo and low FVIIL:C (<50 [U
dL™), (3) low VWF:RCo determined on at least two occa-
sions, (4) either low VWF:Ag or VWF:RCo plus either pro-
longed bleeding time or both prolongation of PFA-100 with
collagen-epinephrine and collagen-ADP closure times. Type 1
VWD is diagnosed with the VWF:RCo/VWEF:Ag ratio larger
than 0.7 and no defect of VWF multimers electrophoresis.

Density Plot Analysis

Density plot analysis was performed with the Gaussian
kernel to evaluate the distribution of measured VWF activ-
ity with VWF:RCo and HemosIL VWF activity. This
analysis was performed and visualized using “seaborn”
package in Python, version 3.7.1.

Statistical Analysis

All analyses were performed using SPSS, version 26.0,
(SPSS, Inc.) and MedCalc
Software, version 19.1.3. The significance level was 5%

software for Windows

for all analyses. Pearson’s correlation analyses were used
to estimate the correlation of VWF:RCo and HemosIL
VWF activity. Paired ¢ tests were constructed to compare
results between methods. Area under Receiver-operator
characteristic (ROC) curve was used for evaluating the
accuracy of the two diagnostic assays. The sensitivity
and specificity as well as the positive and negative pre-
dictive values of the two functional assays were calculated
and analyzed by nonparametric test.

Ethics Approval and Consent to

Participate
This study has been approved by the appropriate ethics
committee of Tri-Service General Hospital (approval
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number 2—098-05-067) and performed according to the ethi-
cal standards laid down in the 1964 Declaration of Helsinki
and its later amendments. Informed consent was obtained
from all individual participants included in the study.

Results

A total of 38 type 1 VWD patients and 70 non-VWD
patients were recruited. The mean age of type 1 VWD
patients was 35.4+15.2 years which was older than the
non-VWD subjects (29.3+11.5 years, p=0.033) (Table 1).
The gender distribution was also similar between the two
groups (p=0.749), with male patients accounting for more
than 70% of the study subjects. For VWF activity, the
values measured with VWF:RCo and HemosIL VWF
activity assays were both significantly lower in the type
1 VWD patients than in the non-VWD individuals (both
p<0.001). The values of VWF:RCo/VWF:Ag and
HemosIL VWF/VWEF:Ag were both over 0.7, which was
consistent with the diagnostic threshold for type 1 VWD.
In the absence of dysfunctional VWF, there was no sig-
nificant difference between type 1 VWD and non-VWD
patients in terms of VWF:RCo/VWF:Ag and HemosIL
VWE/VWF:Ag (p=0.747 and 0.536). Furthermore, the
correlation coefficient between VWF:RCo and HemosIL
VWF activity was 0.874 for all subjects (Figure 1A),
suggesting good comparability between these two assays.
However, the correlations were slightly lower for patients
with type 1 VWD and without VWD, which were 0.761
and 0.811, respectively (Figure 1B and C). On inspection
of the correlation plot, the linearity was lost at higher
values. The coefficient was determined mostly by sam-
ples with HemosIL VWF activity less than 150 TU dL™"
(regression fit: y = 1.135x-5.332). The mean value of
activity was 63.88 for HemosIL VWF, about 4.2% lower
than VWF:RCo. The loss of linearity could be explained
by the density plot which showed substantial deviation of

probability density near 100 IU dL™' (Figure 2A). When
dividing the subjects into VWD patients and healthy
subjects, we found that this deviation was mostly con-
tributed by the HemosIL VWF activity in healthy subjects
rather than VWD patients (Figure 2B and C). Moreover,
the two peaks seen in the density plot for HemosIL VWF
activity suggested a discriminating ability for VWD
diagnosis.

The area under the curve for the HemosIL VWF activ-
ity assay was significantly larger than that of VWF:RCo
(0.928 wversus 0.863, p=0.0138) (Figure 3). There was
same diagnostic sensitivity (94.7%) of both assays for
a normal cut-off value of 50 TU dL™' for VWF activity.
Although the specificity, PPV, NPV and accuracy were
higher in the HemosIL VWF activity assay than those in
VWE:RCo, which were 80.0, 72.0, 96.6% and 85.1%,
respectively (Table 2), no statistical significance was
achieved.

Discussion

VWEF:RCo activity has been the mainstay of functional
testing for type 1 VWD. However, it is associated with
high variation among different techniques and across dif-
ferent laboratories (coefficient of variation [C.V.] is 25%
or greater).”” The procedures of determining the VWE:
RCo activity are also laborious and skill-demanding.
Therefore, many clinical laboratories prefer outsourcing
the VWF:RCo assays to institutions that are able to meet
these requirements. Moreover, the traditional method
involves platelet aggregation and ristocetin-induced plate-
let agglutination, which are not a physiologically natural
process,’® even though enhanced the read-out of platelet
aggregation has been introduced to improve the perfor-
mance of VWF:RCo measurement.>’ The other major
problems with VWF:RCo testing are its poor sensitivity
due to high limits of detection (LOD), with the lowest

Table | Comparison of Laboratory Results for the 108 Patient Samples

Variables Type | VWD (n=38) Non-VWD (n=70) p value
Age (years) 35.4+15.2 293115 0.033
Sex (%) 0.749
Male 29(76.3%) 50(71.4%)

Female 9(23.7%) 20(28.6%)

VWFRCo (IU dL™") 24.9+14.8 85.5+49.5 <0.001
VWF:RCo/VWF:Ag 0.82+0.27 0.82+0.38 0.747
HemosIL VWF (IU dL") 25.7£15.0 80.5+33.2 <0.001
HemosIL VWF/VWF:Ag 0.93+0.16 0.83+0.28 0.536

Abbreviations: VWD, von Willebrand disease; VWF:RCo, von Willebrand factor ristocetin cofactor activity; HemosIL VWF, von Willebrand factor activity with ACL TOP.
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Figure | Linear regression by Scatter plot comparing the aggregation method for von Willebrand ristocetin cofactor activity (VWF:RCo) with the HemosIL VWF Activity
Assay. (A) regression line: y=0.673x+18.021 (n=108) in non-selective group (B) regression line: y= 0.768x + 6.527 (n=38) in type | VWD group (C) regression line: y= 0.544
x + 34.00 (n=70) in non-VWD group. The R of model is 0.874, 0.761 and 0.81 | respectively.

detectable VWF being around 1015 TU dL, ' or even up
to 20 IU dL™" and poor reproducibility.'”* Although the
VWF activity from automated HemosIL tend to be more
reproducible than those performed on aggregometers, they
may not perform equally well in terms of LOD.*?

By definition, diagnosis of type 1 VWD requires
a VWF:RCo and/or a VWF:Ag of less than 30 IU
dL™",'7 However, it is important to note that these
criteria are based on expert opinion rather than high
level of evidence. Historically, the diagnostic criteria
for type 1 VWD is less stringent, requiring only
a VWF value less than 50 IU dL™' for either VWE:
Ag or VWF:RCo. Furthermore, because the plasma
concentration of VWF is a continuous Variable,33 the
distinction between low VWF and type 1 VWD is
loosely defined, making determination of desmopressin
prescription or other replacement therapy difficult.

Therefore, the diagnostic criteria by Sadler et al were
adopted to avoid compromise in patient care.>*

ACL TOP is a fully automated coagulation analyzer,
designed for simultaneous measurement of routine and
special coagulation parameters.*? It utilizes fresh and lyo-
philized plasma samples, and has an intra-assay and inter-
assay C.V. below 5% for most of the parameters both in
the normal and in the pathological ranges.> In this study,
we evaluated the performance of the testing system con-
sisting of HemosIL reagents and the ACL TOP analyzer.
The cut-off value was defined as 50 IU dL™' for VWF
activity to screen for type 1 VWD. The performance of
HemosIL VWF activity assay demonstrated good sensitiv-
ity of 94.7% and acceptable specificity of 80.0%. Our
study used prospective design to assess the clinical feasi-
bility of the HemosIL VWF activity assay and compared it
to the VWF:RCo activity assay. We demonstrated that the
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Figure 3 Receiver-operator curve (ROC) analyses of VWF:RCo and the HemosIL
VWEF Activity Assay. The HemosIL VWF Activity Assay has a significant higher area

under ROC than the method of VWF:RCo (p=0.0138).

HemosIL VWF activity assay had good correlation with
conventional VWF:RCo activity assay both in type 1
VWD patients as non-VWD
Additionally, the diagnostic performance was better for

well as subjects.
the HemosIL VWF activity assay, characterized by higher
area under the curve, specificity, PPV, NPV and accuracy.

Based on a review of literatures, the platelet agglutina-
tion method (VWF ristocetin cofactor activity assay)
demonstrated inferior values in terms of correlation C.V.,
intra-assay C.V., inter-assay C.V. and LOD.'’2%7® The
performance between the ELISA and immunoturbidi-
metric assays were similar with regard to the values of
correlation coefficient, inter-assay C.V. and the LOD
values.**>° The flow cytometry assay included fewer
numbers of patient samples and did not perform as well
as ELISA assays based on the results of correlation
coefficient.’® Our study method was based on immunotur-
bidimetry. We recruited type 1 VWD patients and demon-
strated the highest sensitivity, suggesting feasibility of this
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Table 2 Performance Metrics for the HemosIL VWF Activity with a Cut-off Value of 50%

Variables Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
VWEF:RCo 36/38(94.7) 53/70 (75.7) 36/53 (67.9) 53/55 (96.3) 89/108 (82.4)
HemosIL VWF 36/38(94.7) 56/70 (80.0) 36/50 (72.0) 56/58 (96.6) 92/108 (85.1)

Abbreviations: PPV, positive predict value; NPV, negative predict value; VWF:RCo, von Willebrand factor ristocetin cofactor activity; HemoslL VWF, von Willebrand factor

activity with ACL TOP.

assay as a screening method for this subtype. In addition,
we evaluated the screening methods for type 1 VWD using
ROC analyses.

Limitations of the automated detection method using
HemosIL VWF activity, include a lower sensitivity and higher
inaccuracy at lower levels, underestimation of activities and
variable results depending on the type of analyzer and reagent
lots used.”*>%*° In addition, due to our study design with use
of 28 archived specimens from the known type 1 VWD
patients in our previously reported cohort, bias may exist on
the basis of double blindness. Finally, we presented our results
based on diagnostic criteria for type 1 VWD that employed
a cut-off value of 50 IU dL ™' for VWF activity and used the
ROC curve to confirm the performance of HemosIL VWF
activity (p=0.0138). Higher specificity (92.9%) but lower
sensitivity (76.3%) was observed (data not shown) when
using a cut-off value of 30% for VWF activity which was
not considered suitable for a screening tool.

In conclusion, the automatic HemosIL VWF activity by
the ACL TOP analyzer was highly correlated with the tradi-
tional VWF:RCo assay using washed platelets. It was sensi-
tive for assaying VWF activity and could be useful for rapid
screening of type 1 VWD with the advantage of less labor due
to full automation, high turn-around time and cost savings.
Taken together, we believe the results of our analyses provide
valuable practical guidance to clinicians who care for this
population. Further studies with larger numbers of patients
with type 1 VWD are warranted to validate these findings.
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