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Abstract

The enzyme-linked immunosorbent assay (ELISA) is standardized and vali-
dated in order to identify and quantify levels of plasma von Willebrand factor
(vWF) for a routine check-up and diagnostic method for immune-mediated TTP
patients. The kind of ELISA method in this project is a sandwich ELISA in
plasma vWF that binds to a primary antibody (a polyclonal rabbit anti-human
vWF antibody). It is coated with primary antibody in the plate and sandwiched
in between with secondary antibody bond to fluorescent marker, horseradish
peroxidase (HRP). In this project, the optimal absorption is recorded by a mi-
croplate ELISA reader at 450nm. The optimal concentration of primary anti-
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body, plasma, and secondary antibody is 1:800, 1:40, and 1:8000 respectively.
The linearity of the standard curve is established with an average R? value of
0.99. The lower limit in the experiment is 3.13%/1:1280. The quality controls,
QC1 and QC2, are within the reference range. Finally, it is noted that plasma
samples are measured by ELISA. Due to time limitations, intra, inter-assay and
the upper limits of the range are not analyzed thoroughly.
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1. Introduction (A Continuation from Literature Review)
1.1 TTP Diagnosis and Staging

It is mentioned that thrombotic thrombocytopenia purpura (TTP) is diagnosed as a deficiency of ADAMTSI13 activity.
For measurements of activity, vWF cleave protease, also known as ADAMTS13, can be measured by electrophoresis,
reduced collagen binding, fluorescence resonance energy transfer (FRETS), enzyme-linked immunosorbent assay
(ELISA), and surface-enhanced laser desorption or ionization time-of-flight-mass spectrometry. Particularly, FRETS-
vWF73-based assay is a standard method used as the reference method for ADAMTS13. Aside from the measurement
of ADAMTSI13 deficiency, autoantibodies, especially immunoglobulin G(IgG), immunoglobulin M(IgM), and im-
munoglobulin A(IgA), can be measured for diagnosis and treatment. It is common that ELISA and ADAMTS13 gene
analysis can be used to detect ADAMTS13 autoantibodies. Moreover, ELISA can be used to measure ADAMTS13
antigen as well. Based on the mechanism of ADAMTS13, TTP can be classified as congenital TTP or acquired TTP.
Congenital TTP, also known as hereditary TTP, is characterized by mutations in the ADAMTS13 gene [1]. Meanwhile,
acquired TTP, also known as immune-mediated TTP (iTTP), is caused by autoantibodies. For further classification,
iTTP can be divided into two categories, including primary iTTP, which has no obvious associated clinical findings,
and secondary iTTP, which can be diagnosed with associated disorder [1].
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1.2 TTP Treatment

TTP is a life-threatening disorder. However, if patients can be treated in a clinical emergency, the rate of morbidity
and mortality will be reduced. Thus, the suspected patient should measure a blood sample for ADAMTS13 activity
testing as soon as possible to confirm the disorder. Therapeutic plasma exchange (TPE) is a foundation of treatments
for TTP as the first-line treatment because it can supply abundant plasma ADAMTS13. Aside from TPE, immuno-
suppressive therapy is also used to recover levels of ADAMTSI13 production, such as glucocorticoids, rituximab,
caplacizumab and N-acetylcystenie [2]. Moreover, some emerging therapies are investigated, including ARC1779, a
nucleic acid macromolecule, and recombinant ADAMTS13 [1].

1.3 Project Goal

When TTP is classified by different mechanisms of ADAMTS13 deficiency, ischaemia is one of the clinical features
due to ultra-large vVWF (ULVWF) multimers [3]. When autoantibodies bind to ADAMTS13, the complex allows vVWF
to circulate uncleaved vWF, resulting in ULVWF multimers. With abundant ULVWF multimers in plasma, micro-
vascular thrombi is formed, leading to microangiopathic haemolytic anaemia (MAHA) and further development to
organ ischaemia and organ damage. Thus, ultra-large vVWF multimers in TTP patients are common to cause ischaemia.

Plasma vWF can be measured as an identification and quantification in order to monitor levels for immunosup-
pressive therapy in TTP patients. Plasma vWF levels for diagnosis and treatment can be detected by using a sandwich
ELISA. The aim of the project is to set up a reliable standard curve by sandwich ELISA in order to quantify the
concentration of plasma vWF. The hypothesis is that a stand curve can be developed successfully to detect the iden-
tification and quantification of plasma vWF. With the controls of specificity and sensitivity of validation protocols,
the assay will be conducted.

2. Methods and Materials
2.1 Materials

Table 1. Reagent, manufacturers and equipment needed in the vVWF-ELISA testing

Reagent Manufacturer

Chromogenic Substrate D(TMB) ThermoScientific-Illinois, United States of America

LOT no. XA3

IM HCI School of health and biomedical Science, RMIT University Bun-
doora West Campus, Melbourne, VIC, Australia

IM NaOH School of health and biomedical Science, RMIT University Bun-
doora West Campus, Melbourne, VIC, Australia

NaCl Chem Supply- South Australia, Australia

Na2H2PO4-H20 Unilab, Ajac Chemical- Sydney, Australia

Na2HPO4 Thermos Fisher Scientific; Ajax Finechem- Australia/New Zea-

land

Polyclonal Rabbit anti-human vWF

Lot n0.41289278 [3.2 g/L] DAKO-Copenhagen, Denmark

Polyclonal Rabbit anti-human vWF/horse radish peroxidase
(HRP) DAKO-Copenhagen, Denmark
Lot n0.20067274 [1.3 g/L]

Tween 20 detergent

Lot no.1966 Sigma Aldrich-United States of America

School of health and biomedical Science, RMIT University Bun-

Sulfuric Acid 2M doora West Campus, Melbourne, VIC, Australia
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Table 2. Instruments, manufacturer and location used in vVWF-ELISA testing

Equipment Manufacturer

Thermo Fisher Scientific; Ajax Finechem- Australia/New Zea-
land

School of health and biomedical Science, RMIT University Bun-
doora West Campus, Melbourne, VIC, Australia

96-Well Microtiter Microplate

Manual pipette with varying aliquot dispense

School of health and biomedical Science, RMIT University Bun-

Multi-channel pipette doora West Campus, Melbourne, VIC, Australia

Victor Nivo Multimode Plate Reader Perkin Elmer- Massachusetts, United States of America

Table 3. Reconstituted materials, manufacturer and location used in vVWF-ELISA testing

Material Manufacturer

Chem premium 1

Lot no. 256902 Randox Laboratories Ltd.-United Kingdom

Chem premium 2

Lot no. 256902 Randox Laboratories Ltd.-United Kingdom

School of health and biomedical Science, RMIT University Bun-
doora West Campus, Melbourne, VIC, Australia

School of health and biomedical Science, RMIT University Bun-
doora West Campus, Melbourne, VIC, Australia

Pooled normal plasma

Unknown patient plasma samples

2.2 Methods
2.2.1 Preparation of Buffer

Table 4. Reagent A - coating buffer 0.01 M phosphate butter, 0.145M NaCl, pH 7.2+0.3

Component Weight(g)
NaH2PO4-H20 0.55
Na2HPO4-12H20 2.680
NaCl 8.474

After adding 1 litre of H20, the pH is checked by 1M and/or 5M HCI and NaOH in order to have a final pH of
7.2+0.3. Buffer A is stored at 4°C and available within 2 months.

Table 5. Reagent B - washing buffer 0.01 M phosphate butter, 0.5M NaCl, 0.1% Tween 20, pH 7.2+0.3

Component Weight (g)
NaH2PO4-H20 0.55
Na2HPO4-12H20 2.680
NaCl 29.220
Tween 20(DAKO No. S1966) 1 mL

After adding 1 litre of H20, the pH is checked by 1M and/or SM HCI and NaOH in order to have a final pH of
7.2+0.3. Buffer A is stored at 4°C and available within 2 months.

2.2.2 General Elisa Method

Throughout this project, a sandwich ELISA method is used to identify and quantify plasma vWF. Generally, 96-well
microtiter plates are used in the project. First of all, 100 ul of coating with primary antibody diluted in buffer A is
added to each well. Then, the plate is covered with adhesive plastic and incubates at 4°C at least overnight. After the
proper incubation is reached, the plate is washed with washing buffer three times to remove unconjugated primary
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antibodies. Secondly, 100 pl of pool normal plasma diluted in Buffer B is added to each well and incubates for one
and a half hours at room temperature. Once the proper incubation is reached, the washing step is taken again. Thirdly,
100 pl of vWF- horse radish peroxidase (HRP) diluted with buffer B is added to each well and incubated for one hour
at room temperature. When the proper incubation is achieved, the plate needs to be washed at least three times to
prevent high background staining. The fourth step is adding 100 pl TMB and incubating for 15 minutes away from
the light. The aim of this step is to develop the color. After the incubation is proper, 150ul 2M H,SO4 is added to stop
color development. A microplate ELISA reader is used to measure the results of optical density (OD) at 450nm. The
plate should be read within 5-10 minutes after H,SO4 is added. Finally, a standard curve is observed by the relation-
ship between the intensity of color and the amount of plasma vWF in the test system.

2.2.3 Optimal Concentration for the Standard Curve

Optimizing dilution factors for concentrations of primary antibodies, poor normal plasma, and secondary antibodies
are performed. With guidance, dilutions are done by aliquoting minuscule amounts of liquid or through serial dilu-
tions.

2.2.4 Construction of the Standard Curve

After the optimal dilution is achieved, the linearity of the standard curve is also set up by different dilutions of the
optimal plasma concentration. The plasma is diluted into twofold, fourfold, eightfold, sixteen-fold, and thirty-two-
fold. Linearity is measured at 450nm. When a standard curve is built, quality controls (QC) and poor normal plasma
(PNP) are added to each plate.

2.2.5 Optimal Concentration of Quality Control 1&2 and PNP
When a standard curve is constructed, QC 1&2 and PNP are diluted in a 1:40 ratio as the optimal plasma concentration,
and 100 pl of them are added into each well.

2.2.6 Dilution of Patient Sample
Patient plasma samples are diluted into the optimal plasma concentration of the standard curve.

2.2.7 Assay Validation Method

Intra-plate variable assay is performed to analyze the QC1 and QC2 levels. QC1 and QC2 are diluted the optimal
plasma concentration into at least 20 wells each across 2 independent plates. Precision is determined by CV%. Mean-
while, the inter-plate variable assay is also performed to analyze PNP levels. PNP has diluted the optimal plasma
concentration further into twofold and a half strength into at least 5 areas on each plate. Precision is also determined
by CV%. Finally, a QC assay is done for quality control. If concentrations are within the reference range, results are
under control. If not, the results are out of control.

2.2.8 Statistical Analysis

A standard curve is established by plasma vWF concentration in the percentage on the X axis against absorption at
450nm on the Y axis. As analyzed with a single factor, ANOVA is done with a p-value that is less than 0.05 and was
considered statistically significant. All graph establishments, calculation, and ANOVA statistical analysis are per-
formed using Microsoft Excel for Windows version.

3. Results
3.1 Optimal Dilution of the Standard Curve

Table 6. Optimizing concentrations for primary antibody, PN, and secondary antibody, measured at 450 n.m

Primary Ab PNP
Blank Empty 1:20 1:20 1:30 1:30 1:40 1:40 1:50 1:50
Primary Ab 1 2 3 4 5 6 7 8 9 10 11 12

1:200
1:500
1:1000
1:2000
1:3000
1:4000

0.0455 0.043 0.0585 0.9915 0.6015 0.652 0.37 0.3965 0.356 0.4875 0.049
0.041 0.044 0.0435 1.3655 0.724 0.8205 0.6115 0.399 0.4045 0.5475 0.047
0.0395 0.0425 0.0485 1641 0.86 0.9025 0.4025 0.4065 0.197 0.5725 0.0485
0.0405 0.0435 0.053 1.5895 0.8065 0.8415 0.3815 0.3725 0.2815 0.5545 0.0475
0.042 0.0405 0.04 1.3815 0.732 0.753 0.363 0.369 0.2705 0.532 0.0445
0.0355 0.039 0.0405 0.07 0.0655 0.089 0.0535 0.045 0.0465 0.0485 0.044

TIO|T|m|O|0|w >

DOI: 10.26855/ijcemr.2025.01.018 109 International Journal of Clinical and Experimental Medicine Research



Yunting Xie

2° Ab=1:24000,sample=1:50 2° Ab=0,sample=1.20 2° Ab=1:4000.sampie=1:20
0.6 < e
1.5 a*” L ]
= - ko
04 o @ ’ o
................. 1 &
‘.,._‘. x
0.2 L " 07 05
0 L 0 0 ]
1 10 1 10 1 10
a b c €
2° Ab=1:8000sample=1.30
2° Ab=1.12000s5ample=1:30
2 1 YTIR
1 « %,
Bueeranantenet ki b Abi 2 ._. g L 3 '-_‘
0 ‘._. 0.5
1 i 10
= | " ®
=L 1 10
&«
d e
2" Ab=1:20000,sample=1:40
2° Ab=1:16000sample=1:40
0.6
0.4 Quuavereensnr L g 9 1 .
0. P R ITEEL SEECEE - e-.q
2 0 ‘.
0 ® 1 10
1 10 1
f g o

Figure 1. Results for optimal dilution factor for primary antibody, PNP and secondary antibody.

X axis indicates the concentration of plasma vWF(%) while Y axis show OD at 450nm via ELISA reader. From
Figure 1-a to Figure 1-g, each of figures shows variable dilutions of primary antibody with the same concentration
of PNP and secondary antibody.

Comparing with seven figures, the best figure should contain the highest point and plateau; so Figure 1-c. d and e
are considered. Aside from figure requirements, the best figure should have suitable OD at 450nm between 1.3 and
1.4. Therefore, Figure 1-c is the best selection with optimal dilutions for PNP and secondary antibody by 1:20 and
1:4000.
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Figure 2. Variable 1° antibody when PNP is 1:20 and 2° antibody is 1:4000.

X axis indicates the concentration of plasma vWF(%) while Y axis show OD at 450nm via ELISA reader. Graph
shows dilutions of primary antibody, including 1:250, 1:10, 1:400, 1:450, 1:600, 1:1600 and 1:1900.
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As mentioned before, optimal dilutions for PNP and secondary antibody are used to construct a standard curve for
variable primary antibody. But absorption at 450nm is too high. Thus, both concentrations of PNP and secondary
antibody are diluted by a factor of two, leading to the original ratio and decreased value of OD.
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Figure 3. Variable 1° antibody when PNP is 1:40 and 2° antibody is 1:8000.

X axis indicates the concentration of plasma vWF(%) while Y axis show OD at 450nm via ELISA reader. Graph
shows dilutions of primary antibody, including 1:500, 1:800, 1:900, 1:1100,1:1200, 1:1400, and 1:1700.

When concentrations for PNP and secondary antibody are 1:40 and 1:8000, results are shown as Figure 3. However,
there are two points between 1.2 and 1.4. 1:800 is selected finally because it is closer the linear than the other dilution.
Thus, the optimal concentrations of primary antibody, plasma and secondary antibody are 1:800, 1:40 and 1:8000
respectively.

3.2 Construction of Standard Curve
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Figure 4. Graph displaying the optimal dilutions of plasma vWF [%] standard curve.

X axis indicates the concentration of plasma vWF(%) while Y axis shows OD at 450nm via ELISA reader. As
mentioned by the legend figures on the bottom of the graph, the standard curves and linearity trends are colorful.
ELISA 12 represents blue line while ELISA 12 indicates orange line.

From Figure 4, two standard curves are shown in this project. Throughout two experiments, a close linear trend is
indicated. Moreover, the coefficient of variation (CV) values (R?) produced are more than 0.99, indicating 99% of
the variance in absorption that can be interpreted by plasma vWF [%].
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3.3 Limits of Quantification: The Upper and Lower Limits of Detection

As shown in Figure 5, the standard curve begins to reach a plateau at about 3.13%/ 1:1280 dilution of the 1:40 plasma
dilution. It indicates that levels of plasma vWF can be optimally read in the curve when dilutions are equal ore more
than 3.13%. Meanwhile, if plasma concentrations are lower than 3.13%, a more specific assay is needed. In addition
to lower limit, the higher limit is detected up to 200%. However, comparing with Figure 4, the value of R? in ELISA
14 decreases in Figure 5 from 0.9961 to 0.9785. It is high likely to reach a plateau so dilutions of 1:40 plasma con-
centration between 100% and 200% need a more specific assay. Thus, the range of upper and lower limit in ELISA
14 is between 3.13% and 100%.

2.5
y =1.1675x +0.0228" @
2 R2=0.9785"

1.5

0.5
."..

"
o0&

0.00% 50.00%  100.00%  150.00%  200.00%  250.00%
05

Figure 5. Graph displaying the levels of plasma vWF standard curve.

X axis indicates the concentration of plasma vWF (%) while Y axis show OD at 450nm via ELISA reader. Graph
illustrates OD as results of lower levels of detection with an addition of a higher level of detection in the experiment:
1:20,1:40,1:80,1:160,1:30,1:640,1:1280,1:2560,1:5120,1:10240,1:20480 and twice concentration respectively.

3.4 Validation
3.4.1 Validation: Inter and Intra Assay Variable and QC Assay

Table 7. Inter plate variable measured by the CV (%) of 100% plasma vWF OD value at 450 nm

dilution mean SD Ccv
1:20 1.99 0.08 4.25%
ELISA 12A 1:40 1.5 0.05 3.50%
1:80 0.76 0.02 3.23%
1:20 2.08 0.06 2.81%
ELISA 12B 1:40 1.41 0.05 3.62%
1:80 0.92 0.03 3.72%
1:20 242 0.08 3.39%
ELISA 14A 1:40 1.54 0.02 1.57%
1:80 0.87 0.03 3.51%
1:20 2.29 0.08 3.59%
ELISA 14B 1:40 1.59 0.07 4.64%
1:80 0.87 0.03 3.93%
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Table 8. Intra plate variable measured by the CV (%) of different PNP dilutions OD value at 450 nm

dilution mean SD (A%
QC1 1.05 0.05 4.87%
ELISA 12
QC2 0.61 0.03 4.81%
QC1 1.05 0.04 4.20%
ELISA 14
QC2 0.69 0.03 4.28%

Table 9. Upper and lower limits from the standard curves from ELISA 12 and ELISA 14

ELISA 12 ELISA 14

|inear Equation y = 1.0283X + 0.0612 y = 1.1675X + 0-0228

Q1 Q2 Q1 Q2

mean 1.05 0.61 1.05 0.50
standard deviation(SD) 0.05 0.03 0.04 0.017
CV(%) 4.87% 4.81% 4.20% 3.45%

2SD 0.10 0.06 0.09 0.03

upper limit (mean+2SD) 1.16 0.67 1.14 0.53

lower (mean-2SD) 0.95 0.55 0.96 0.46
VWF UL(%) 106.48% 58.91% 95.66% 43.49%
VWEF LL(%) 86.52% 47.53% 80.54% 37.62%

1.4

y =1.2699x + 0.0254 ¢
1.2 R?=0.9838

0.00% 20.00% 40.00% 60.00% 80.00% 100.00% 120.00%
-0.2

Figure 6. Graph displaying ELISA 12 values.

X axis indicates the concentration of plasma vVWF (%) while Y axis show OD at 450nm via ELISA reader. Blue
linear shows the standard curve with linear trend, linear equation and R2 value. Orange line represents Chem Pre-
mium QC1 while green line indicates Chem Premium QC2.
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Figure 7. Graph displaying ELISA 14 values, measured at 450nm.

X axis indicates the concentration of plasma vVWF (%) while Y axis show OD at 450nm via ELISA reader. Blue
linear shows the standard curve with linear trend, linear equation and R2 value. Orange line represents Chem Pre-
mium QC1 while green line indicates Chem Premium QC2.

For a reliable standard curve, inter, intra and QC assay need to make a validation. Inter and intra results are shown
in Table 6 and 7. Both of CV (%) in intra and inter assay are less than 5%. Thus, the results are repeatable and
precision is high due to minor discrepancies. After inter and intra assay are analyzed, QC assay is performed as well.
From Table 8, results are seen. But ELISA 12 results are out of range because its upper limits of QC1 and QC2 are
out of reference range. With the help of the instructive paper, the upper limit for QC1 is 97% while QC2 is 47%.
Thus, between ELISA 12 and ELISA 14, ELISA 14 is selected to set up the final standard curve. Moreover, results
in ELISA 14 are validated by inter, intra and QC assay.

3.5 Patient Samples
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Figure 8. Graphs displaying standard curve with patient samples.
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X axis indicates the concentration of plasma vWF(%) while Y axis show OD at 450nm via ELISA reader. Linear
trendline, linear equation and R2 is mentioned on the graph. Results of OD are color coded based on experiments
with patient 1 coded as red, patient 2 coded as yellow, patient 3 coded as dark green, patient 4 coded as light blue and
patient 5 coded as dark blue.

Patient results are shown as Figure 8. From the limits of quantification, the range is from 3.13% to 100%. Thus,
only the result of patient 2 (92.6%) is reliable because its OD is within the reference range. Other samples will be
performed in further investigations.

4. Discussion

The aim of the project is that the construction of a standard curve measures and monitors levels of plasma vWF by
ELISA. The ELISA can be used to identify and quantify concentrations of plasma vWF for the routine check, diag-
nosis and immunosuppressive therapy. Plasma vWF in TTP patients is decreased as the result of the ADAMTSI13
deficiency, leading to ischaemia and further development to organ ischaemia and damage.

4.1 Identification and Optimal Concentrations of the Standard Curve

The optimal concentrations for primary antibody, PNP and secondary antibody are performed at first because they
lay a foundation for the standard curve. As indicated in Table 3, positions of primary antibody, plasma and secondary
antibody are laid out. In order to find the best concentration, different dilutions are analyzed. Results are seen in
Figure 1. With the optimal dilution of plasma and secondary, primary antibody variable should have the highest point
and a plateau, indicating that the optimal concentration of primary antibody is included in variable. Aside from figure
demands, absorption should be read between 1.3 and 1.4 because it is the best value in microplate ELISA reader.
From Figure 3, the optimal dilution for primary antibody is 1:800 or 0.004 g/L which stays consistent throughout the
project. Meanwhile, the optimal concentrations of PNP and secondary antibody are used to establish a standard curve
with 1:40 and 1:8000 (1.63 X 10™* g/L) respectively. In these experiments, ELISA 12 and ELISA 14 are performed
to set up the optimal dilutions of the standard curve. But, due to dilution and technical errors, results in these experi-
ments are inconclusive and further tests are needed to confirm the optimal dilution for plasma vWF.

4.2 Production of the Standard Curve

The construction of a standard curve plays an important role in the measurement of plasma vWF. After the optimal
concentration of PNP is achieved, the next step is to set up the optimal linearity of a standard curve by serial dilutions
from the optimal PNP dilution. A linear dilution concentration is designed so OD is proportional to the plasma sample
concentration within a concentration interval. In the experiment, only two standard curves are available, as shown in
figure 4. Both of the two standard curves indicate a high value of R%, averaging on 0.99. In terms of the examination
of the linear regression, absorptions in the standard curves are consistent. However, the reproducibility should not
only rely on the value of R In addition to the R? value, further analytical tests and results of the QC assay need to
be considered for a validation.

4.3 Limits of Quantification: The Upper and Lower Limits of Detection

Throughout experiments, the working reference range of a standard curve depends on the lower and upper limits of
detection, which are also known as LLOD and ULOD respectively [4]. With the measurement of the standard curve
at a specific range, the curve is determined with the linear tread and the detection range of PNP. At concentrations
outside the working curve, further assays are required to analyze its specificity and sensitivity at an abroad reference
range. Due to time limitations, there is no further measurement of upper limits of absorption performed. For the
measurement of upper limit, the highest concentration outside of the standard curve is only up to twice concentration
of the optimal plasma dilution (1:80). However, the value of R?is 0.9961 in Figure 4 while it is 0.9785 in Figure 5.
Due to decreased value, a plateau is suspected to reach. Thus, if the dilution is over 100%, a more specific assay is
analyzed. Meanwhile, Figure 6 and 7 illustrate that the standard curve starts to plateau when the plasma vWF arrive
in the concentration dilution of 3.13%/ 1:1280. As mentioned in other projects, the beginning of plateau represents is
rate limitation, indicating that the point is the lower limit value of the standard curve [5]. The plateau of the lower
limit shows lower levels of plasma vWF can be optimally read in this project when levels are equal or above 3.13%.
If the concentration is lower than 3.13%, a more specific and sensitive assay is performed. The lower limit is the
lowest concentration dilution of plasma vWF that can be detected in this project. With lower limit of detection, the
distinction between the lowest concentration of detection and blank value can be measured.
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4.4 Validation: Intra and Inter Assay Variable and the Premium Quality Control

In this project, inter, intra and QC assay are performed to confirm the accuracy of reagents and protocol, leading to
the situation of quality controls in each run of the assay. As to a plasma standard and plasma control, repeatedly same
results can be used to design optimal assays as a standard assay that reference range is established, leading to com-
parable results between different experiments. The QC assay determines whether results are within the reference
range and allows analysis of the variable of the parameters in the experiment. In this project, QC results are shown
in Figure 6 and 7. In terms of reference interval on the instruction manual, the reference range of QC1 is from 77%
to 97% while QC2 is between 2% and 47%. From Figure 6, it is obvious that the upper limits of QC1 and QC2 in
ELISA 12 are higher than reference interval, so ELISA 12 is out of control. Therefore, the QC assay in ELISA 14 is
within the reference range of the standard curve, resulting in stable repeatability for further tests.

A variable of an ELISA assay is important to lay a foundation for the common tests of samples, including different
materials, reagents, techniques and laboratory conditions. Inter-plate assay is performed to analyze dilutions into at
least 5 areas each plate while intra-plate assay is a detection of the variable sample replication which repeats at least
20 times each across independent plate. They are used to evaluate plate-to-plate variation and variation between plates.
In the experiments, the intra and inter results of plasma vWF, QC1 and QC2 are determined by the measurement of
coefficient of variability (CV%). All results in these assays are less than 5%, resulting in confirmation of quality
control. However, it is mentioned that there is no continuous variable in the experiment. Therefore, the concept of
repeatability is inconclusive in this experiment.

4.5 Patient Sample

The last testing of the experiment is to measure patient plasma. The reference range is between 3.13% and 100% as
mentioned in the upper and lower limits of quantification. Other patient results are more than 100%.

There is also a design for hyperlipidaemia. In this experiment, patient 5 simulates the detection of plasma vWF in
the presence of hyperlipidaemia comparing with patient 1. It is shown that the decreased results indicate that hyper-
lipidaemia reduced the values detected. Thus, when a patient plasma is detected, hyperlipidaemia can affect the results.

4.6 Limitations and Future Prospects

It is important that the standardization and validation with a sandwich ELISA method is incomplete due to the limited
time and incubation requirements in the duration of the experiment. Time is vital in this experiment, resulting in
maximizing potential abilities in the experiment. Although some basic validations, taking examples of optimal dilu-
tion and linearity, are reached, the whole validation measurement is inhibited by the lack of time and resources.
Validations and limited qualifications are not absolutely analyzed due to the prioritized determination of the optimal
dilution in these experiments.

Theoretically, the number of a conclusive standard curve should be over 10 in these experiments. However, there
are lots of interference factors accounting for why standard curves perform a low absorption and it cannot analyze
purposes. Interference factors contain incorrect incubation, performance errors and so on. Meanwhile, some interfer-
ences can be avoided by maintaining conditions of the proper incubation, such as adequate sealing plates to prevent
fluid reduction in the plates due to temperature changes. As immunoassay, the project that use sandwich ELISA
methods throughout these experiments can be affected easily by errors, such as scientist’s performance, technical
errors, dilution errors, equipment, reagent, temperature and incubation. It is also significant to consider the manual
performance in the experiment. Although the experiment with high accuracy and precision is performed by manual
pipetting, it is high likely to spend more time washing plates and makes contributions to produce contaminations. In
some perspective, these problems can be solved by automated pipettes and washing in order to decrease wasting time.
Moreover, specific measurements with the optimal standard dilution and samples are ensured in order to avoid ran-
domization of plasma samples [6].

If it is a chance to conduct further experiments for the standardization of plasma vWF with ELISA, a sufficient
validation will be performed. Firstly, with the measurement without being affected by small factors, robustness is
detected to test the complexity of different grounds, including resource-limited laboratories. The ability to robustness
is analyzed by different conditions, such as incubation condition, temperature, time, pH and dilution. Differences
between manual and machines can be conducted to analyze variability. Secondly, with the analysis of precision, the
degree of reproducibility is measured to monitor the accuracy and sensitivity. This can be performed by the analysis
of inter and intra variable of sample and controls at different levels dilutions over more than 20 plates. Thirdly, aside
from robustness and reproducibility, more patients and dilutions are needed to analyze the concentration [7]. With
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abundant tests, a standard curve is confirmed more times with high accuracy. With more dilutions, variable reference
range is widened, leading to increased interval for patient measurement. When a reference range is abroad, more
patients are validated than before so a standard curve can be detected by known and unknown samples to confirm the
curve. A sample size is insufficient without considering factors, such as different history, genetic background and
cultural conditions that may affect results [8].

Finally, in order to ensure the dilution of plasma vWF which is unable to be detected, the ability of analytical
sensitivity is measured in order to supply external limits. By analyzing the work reference range in this project,
sensitivity and specificity can be measured in order to confirm the lower limit of false negative and false positive
results. Thus, OD can be read with decreased background interference in the duration of experiments.

5. Conclusion

As a widespread method, ELISA is used in lots of fields for research, diagnosis and treatment. It is significant that
the method is sensitive enough to monitor concentrations and it is easy enough to result in the best patient outcomes.
Before the hexperiment is conducted, standardization and validation should be taken into consideration to prevent
false results. In a standard ELISA experiment, precision, repeatability, reproducibility and accuracy are the most
important fields.
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