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ABSTRACT

Globally, the hepatitis C virus is one of the leading causes of chronic liver diseases, with a
high incidence of these diseases developing liver cancer. Hepatitis C infection may be cured,
but its effects may only be realised many years after infection. While much has been done to
prevent and mitigate the risk of infection, populations in underdeveloped countries remain
vulnerable. Thus, in many countries within sub-Saharan Africa, access to high quality
healthcare for many transmissible diseases remains limited. It is estimated that only 5% of
those infected with hepatitis C virus are diagnosed, while almost none have treatment options.
These statistics have alarming implications for the availability and accessibility of safe blood
and blood products. In resource-constrained countries, access to traditional screening
methods is limited and expensive, requiring burdensome specialised equipment and training.
Itis, therefore, imperative to find high quality tests that are accurate, simple to use, and require
minimal resources. The Murex HCV Ag/Ab Combination assay is a high-quality serological
assay that may be used to screen blood, as it is able to simultaneously detect both HCV
antigen and anti-HCV antibodies. A positive result may then be confirmed using more

expensive molecular techniques.

The Murex HCV Ag/Ab Combination assay whilst being able to simultaneously detect both
antigen and antibodies to HCV, is more sensitive in its detection of the hepatitis C viral parti-
cles. The antibody detection aspect of the assay, although robust in its detection of the anti-
bodies to core region 1, 2, and 3 as well as non-structural proteins, has been difficult to prepare.
Specifically, detection of antibodies to core region 3 required the addition of large amounts of
the detection molecule during preparation to achieve the required assay sensitivity. This not
only makes the assay more expensive but also impacts the specificity of the assay by increas-

ing the risk of non-specific binding of assay reagents.

The aim of this study was to improve the ability of the of the Murex HCV Ag/Ab Combination
assay to detect antibodies generated to core region 3 of the HCV genome in blood serum by:
optimizing the preparation of the enzyme-peptide conjugate; developing an improved method
for the removal of excess/unwanted reagents and optimizing the sensitivity of the core capture

molecule coated on the microtitre wells.

This experimental study identified variables within the current preparation process for both the
capture and detection molecules and evaluated them to determine their effect on the Murex

HCV Ab/Ag Combination Assay. A separate capture molecule specific to each region of the
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core represented in the Murex HCV Ab/Ag Combination Assay was prepared by the linkage
of the each of the peptides to a single bovine serum albumin (BSA) molecule via sulfhydryl
bonds. This molecule was then coated onto microtitre wells at a concentration of a 0.2 pg/ml.
The detection molecule was prepared by: i) increasing the concentration of sulfo-SMCC
modified horseradish peroxidase to 1250 uM; ii) providing sulfo-SMCC in 2.5-fold excess to
horseradish peroxidase; iii) providing a 500 mM peptide solution for linkage to the modified
horseradish peroxidase; iv) cross-linking the core peptide and modified horseradish
peroxidase in pH 6.0 buffer and, v) removing excess and unbound reagents using a Sephadex
G25 column and eluting with pH 6.0 buffer. The sensitivity, specificity, and stability of the
optimised core and detection molecules were evaluated using a quality control containing
antibodies specific to core region 3 only, the antibody positive control contained within the
Murex HCV Ab/Ag Combination Assay, as well as 90 normal human serum samples known to

be negative for hepatitis C antibodies.

The incorporation of these steps improved the sensitivity of detection of antibodies to core
region 3 by 36%, the specificity of the assay by 13%, and the limit of detection was lowered
by 50.9%. In addition, the optimised method did not adversely affect the stability of the Murex
HCV Ab/Ag Combination Assay.

Incorporation of the suggested steps and reagents may optimize the sensitivity and specificity
of the Murex HCV Ab/Ag Combination Assay for the screening of donor blood and blood prod-
ucts. This will provide a more reliable, less burdensome, and inexpensive alternative for the
screening of blood in countries with resource constraints. Thus, this will allow more people to
access treatment options and positively contribute to the World Health Organizations (WHO)
target of decreasing mortality by 65% by 2030.
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LIST OF TERMS

Conformational stability of a protein: Degree of folded versus unfolded states. The mainte-
nance of a specific conformation is important in ELISA, whereby a specific reaction may pro-

ceed.
Inert protein: Protein containing minimal reactive ability.

Non-specific binding: Attachment of unwanted molecules to the solid phase, thus impacting

the specificity of the ELISA assay.

Specificity: The specificity of an ELISA assay is its ability to separate and identify the target
analyte from all other analytes present in a sample or that which is applied to the assay. It is
a crucial requirement for an assay to be specific for the target analyte as this contributes to

the accuracy of the test.

Sensitivity: The sensitivity of an ELISA assay is the lowest value of an analyte in the assay
buffer at which the analyte can be statistically distinguished from the background. This is a
calculated value determined by comparing the numbers of multiple samples of the low stand-

ard concentration and the blank.

Efficacy: The efficacy of an ELISA assay is the ability of the test to produce an accurate

result.

Coating buffer: The coating buffer used to coat the surface of microtitre wells for ELISA is a
solution containing the pre-selected analytes required for the capture of constituents contained
within a sample. The pre-selected analytes are then able to passively adsorb to the surface

of the microtitre well.

Blocking buffer: The blocking buffer used in the preparation of the coated microtitre wells
for ELISA is a solution containing additives that are capable to binding to unoccupied sites on
the microtitre wells’ surface. This buffer is applied after the coating buffer to “block” sites that

are not occupied by the capture molecule(s).

Fixing buffer: The fixing buffer used in the preparation of the coated microtitre wells for
ELISA is a solution containing additives that are capable of binding to unoccupied sites on the

microtitre wells’ surface. It is an additional blocking step.



CHAPTER 1: BACKGROUND

Infection with hepatitis C virus (HCV) causes an acute or chronic inflammation of the liver
(Thomas & Lemon, as cited by World Health Organization (WHO), 2002). The hepatitis C
virus is a 30-60 nm (Zuckerman, 1996) blood-borne, enveloped, single stranded, positive
sense RNA virus, sharing protein sequences with both pestiviruses and flaviviruses (Miller &
Purcell, 1990). In 1989, scientists at the Chiron Corporation identified and designated it as
hepatitis C virus (Houghton, 2009) and is now known to cause non-A, non-B hepatitis in 70—
95% of parenterally transmitted cases (WHO, 2002).

1.1 HCV infection

This virus is transmitted primarily following exposure to infected blood and blood products
(Jacyna & Thomas, 1990; WHO, 2012) leading to HCV infection of between 60 and 180 million
people with an additional 1-2 million people infected annually, contributing to around 300 00
deaths annually (Lanini et al., 2016; Petruzziello et al., 2016; WHO, 2021a). Infection with
HCV according to country indicates a high prevalence in Egypt (4,4% - 15%) (Anwar et al.,
2021), as well as Pakistan (6.8%) and Italy (1,5%) (Lanini et al., 2016). Symptoms include
fatigue, nausea and jaundice (WHO, 2012). Chronic infection may progress to cirrhosis of the
liver, hepatocellular carcinoma and possible death and may be cured using antiviral therapy.
However, there is no vaccine available (WHO, 2012) and so early diagnosis of infection is
critical to enable successful treatment, to improve quality of life and to help prevent the spread
of infection (WHO, 2002).

In 2022, the WHO estimates that 91 million Africans are infected with hepatitis B or C, with 1%
of these individuals being infected with hepatitis C virus. Thus, 26% of the global hepatitis B
and C burden is in Africa, with 125 000 related deaths in 2020. A review of the literature
estimated the HCV seroprevalence to be 3.0% in sub-Saharan Africa. Southern and Eastern
Africa were estimated at 1.6%, West Africa at 2.4%, and Central Africa at 6% (Madhava et al.,
2002) with the highest HCV seroprevalence being recorded in Egypt, followed by countries in
Central Africa (Gabon, Angola and Cameroon) and West Africa (Burkina Faso and Benin)
(Riou et al., 2016).

The effects of the COVID-19 pandemic on viral hepatitis diagnosis, monitoring and surveil-
lance are also of concern in sub-Saharan Africa. The currently strained healthcare systems in
the region require a systemic and pre-determined approach to the elimination of viral hepatitis
(Kazmi et al., 2021). In addition, the frequency of diagnosis of hepatitis C infection is low, with

only 5% of the infected being diagnosed with very few patients receiving treatment. These
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statistics have severe implications for the safety of blood and blood products, particularly as

only 80% of blood donations are subject to quality assurance screening (WHO, 2022).

1.2 Detection of HCV infection

Diagnosis of infection with the hepatitis C virus may be facilitated by the use of a variety of
techniques - serological assays for detection of HCV antibodies (enzyme immunoassays),
nucleic acid testing (polymerase chain reaction) and genotyping and each technique may be
used to detect infection at different stages of the disease (Richter, 2002). The polymerase
chain reaction (PCR) is the most sensitive technique for early detection of genes that express
HCV viral proteins, however sample contamination and cost implications may be associated
with its use as a confirmatory test following a positive EIA result (Lok & Gunaratnam, 1997).
While PCR remains the gold standard for the clinical diagnosis of HCV infection, ELISA assays
are considered the benchmark for immunoassays particularly for its application in the screen-
ing of blood and blood products.

Combination ELISA assays for the simultaneous detection of HCV core antigen and HCV an-
tibodies are a beneficial alternative to anti-HCV and HCV RNA assays for blood screening
(Laperche et al., 2005), and for transfusion purposes where reducing the window period is
imperative (Lambert, 2007). In countries where the cost of the use of the gold standard for
the diagnosis and screening of infectious diseases is prohibitive, alternative techniques are
recommended (Haselbeck et al., 2022). The WHO also recognizes that HCV combination
assays are an appropriate alternative to HCV RNA assays when NAT cannot b implemented
(WHO, 2014).

African countries, where resources are often limited, require guidelines for HCV screening of
patients already infected with HIV as antibody-only assays have indicated both false negative
and false positive results (Rouet et al., 2015). These authors conducted a study evaluating a
fourth generation ELISA in the central African country of Gabon, where 762 HIV positive sam-
ples were tested on the G4 Monolisa™ HCV Ag-Ab ULTRA ELISA assay (Bio-Rad, Marnes-
la-Coquette, France). This assay shows a specificity for hospitalized patients of 99.5%, and
for those patients where interfering substances such as HIV may be present, a specificity of
100%. The assay has a sensitivity of 100%, respectively (Bio-Rad, 2009a). Of the samples
tested, 67 samples had a sample-to-cut off (S/CO) greater than 1 (tested positive), of which
70.1% (n=47) were positive for HCV RNA. The most appropriate S/CO for the detection of
active infection of HCV for the G4 Monolisa™ HCV Ag-Ab ULTRA ELISA assay was 1.7, indi-

cating a specificity of 91.3% and sensitivity of 97.9%. This was confirmed using a recombinant
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immunoblot assay, therefore recommending this combination of diagnostic tests in resource-

limited areas (Rouet et al., 2015).

A study conducted in northwestern Nigeria compared the results of ELISA and rapid screening
techniques in the detection of the hepatitis B surface antigen (HBsAQ). Nigeria is a developing
country, located in sub-Saharan Africa where quality healthcare remains a concern (Schoch
& Lakner, 2020). Nigeria relies solely on rapid screening tests for the serological screening of
blood donors to prevent transfusion-transmission HBV, despite the knowledge that ELISA and
nucleic acid testing (NAT) are known to be more sensitive and primarily used in the developed
world. Another Nigerian study showed that 100 donor blood samples tested negative using
rapid screening techniques but 9 out of these samples (9%) tested positive for the HBsAg
when re-tested on the Monolisa™ HBsAg ULTRA ELISA test (Bio-Rad, Marnes-la-Coquette,
France). This ELISA test detects hepatitis B surface antigen in human serum and plasma (Bio-
Rad France, 2009b). The Monolisa™ HBsAg ULTRA is a single step sandwich ELISA with a
specificity and sensitivity of 99.94% and 100% respectively (Bio-Rad France 2009b). The high
false negative failure rate (9%) indicated in this study has important implications for the avail-
ability of safe blood in Nigeria (Erharbor et al., 2014)

A further Nigerian study on the safety of blood transfusions reviewed HIV serological screen-
ing (Orkuma et al., 2014). The analytical sensitivity of assay 1 (the gold standard rapid testing
assay used in that study) was compared to ELISA techniques. A total of 440 random donor
samples were serially tested using ELISA and a rapid test. The rapid test determined 16 out
of 440 (3.6%) were HIV-seropositive whereas the ELISA test indicated 41 out of 440 (9.3%)
were seropositive. The rapid test returned a negative result in 25 samples whereas the ELISA
returned a positive result for the same samples, thus indicating a 61% false negative rate
compared to the ELISA technology used. Orkuma et al. (2014) concluded that rapid testing
techniques for the screening of donor blood is insufficient in the prevention of transfusion
transmissible HIV. This study also recommended the use of combined HIV antigen-antibody

ELISA kits for serological screening in Nigerian hospital-based blood banks.

1.3 HCV enzyme assays

Enzyme immunoassays (EIA) or enzyme-linked immunosorbent assays (ELISA) are predi-
cated on the specific nature of antibodies for their antigenic stimulus, whereby a recognition
molecule (antigen or antibody) is reacted with an enzyme-labeled antibody for detection of a
molecule of diagnostic interest (Berg et al., 2002). Quantification of this reaction is possible

via the reaction of the bound enzyme labeled complex with an appropriate substrate leading
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to a relative change in colour of the reactants within the microtiter plate well (Berg et al., 2002).
These tests provide an excellent tool for the diagnosis of infectious diseases (Voller et al.,
1978). Enzyme immunoassays for HCV are particularly useful for large scale donor blood
screening (WHO, 2012). It is a simple, convenient and inexpensive technique (Berg et al.,

2002) that is extensively employed for detecting specific HCV molecules present in a sample.

The EIA was the earliest test developed for HCV diagnosis (Kuo et al., 1989) and was espe-
cially suitable in detecting the presence of anti-HCV antibodies in serum (Zuckerman, 1996).
Following the first EIA for HCV detection, four generations of EIAs have since been developed,
initially to detect antibodies produced to one of various epitopes of the HCV proteins and later

to detect viral core proteins (Richter, 2002).

The first generation of indirect enzyme immunoassay for HCV diagnosis was based on the
detection of anti-HCV IgG but this test displayed low sensitivity in high prevalence populations

and a high incidence of false positives in low prevalence populations (Richter, 2002).

In 1992, the Food and Drug Administration (FDA) approved a second generation of indirect
HCV EIA (Richter, 2002). This EIA incorporated additional recombinant structural (C22-3)
regions from the nucleocapsid and non-structural (NS3, NS4, C100 and C200) regions ex-
pressed from the HCV genome (Vrielink et al., 1997). These second-generation tests were
able to detect 20% and 10% more antibodies in patients with acute hepatitis and chronic hep-
atitis, respectively (Richter, 2002).

In 1996, the FDA approved a third generation of indirect EIAs, which incorporated the NS5
antigen in its format and allowed antibody detection on average, 26 days earlier than the sec-

ond generation EIAs, thus improving the sensitivity of these tests (Richter, 2002).

Fourth generation EIAs employ recombinant antigens from the structural (C-22) and nonstruc-
tural (NS3, NS4 and NS5) regions that have been treated to maintain optimum protein confor-

mation to further increase the sensitivity of this technology (Berry et al., 2005).

The Murex Ab/Ag HCV combination assay is a fourth generation, sandwich immunoassay
(Dean & Perry, 2007) for the simultaneous detection of HCV core antigen and anti-HCV anti-
bodies in human plasma or serum. This enables increased diagnostic sensitivity by the sig-
nificant reduction of the window period of HCV detection compared to conventional serological
assays (Rodgers & Burch, 2008). The Murex HCV Ab/Ag Combination assay has a demon-

strated diagnostic sensitivity of 100%, when tested on 509 specimens from patients with es-
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tablished HCV infections. In the early phase of HCV infection, diagnostic sensitivity was es-
tablished by testing 265 commercially available specimens, in which the Murex HCV Ab/Ag
Combination Assay detected 196 as compared to less than half of these (n=94) detected by
a competitor’s antibody only assay. During the early phase of infection, the Murex HCV Ab/Ag
Combination Assay can detect HCV infection 20.57 days earlier than an antibody only assay.
When tested on seroconversion panels containing samples in the early phase of infection
known to be negative by serological assays and nucleic acid detection, the Murex HCV Ab/Ag
Combination assay was able to detect infection one day after NAT, and an of average 33.2
days earlier than an antibody only assay (DiaSorin South Africa, 2014). The Murex HCV
Ab/Ag Combination Assay has a diagnostic specificity of 99.82% when tested on 8292 routine
donor samples from two different blood donor centers. The initial and repeat reactive was
0.18% (DiaSorin South Africa, 2014). Specificity of the Murex HCV Ab/Ag Combination assay
was also evaluated on 376 samples from patients with health conditions other than HCV, such
samples from pregnant women, patients with autoimmune diseases, and other viral infectious
diseases. Thes specimens had the potential to cross react with the assay. In this sample
population, the Murex HCV Ab/Ag Combination was found to have a diagnostic specificity of
99.73%, as 1 (1/376) sample was reactive (DiaSorin South Africa, 2014).

An independent study by Dean and Perry (2007) showed that the Murex HCV Ab/Ag Combi-
nation Assay detected infection 3.5 days earlier than a competitor Ag-only assay and 5.5 days

after PCR, recommending it as alternative to PCR for early detection of infection.

The Murex HCV Ab/Ag Combination assay (DiaSorin, South Africa) was evaluated against a
third generation anti-HCV assay, where 403 serum samples were collected from four different
patient groups. These were a control group of healthy patients, a group containing patients
infected with HCV, a group containing patients with HCV/HIV co-infections, and a group of
patients with uremia. It was found that the Murex HCV Ab/Ag Combination assay (DiaSorin,
South Africa) demonstrated a specificity of 95.4% compared to the anti-HCV assay. Thus, the
study recommended the Murex HCV Ab/Ag Combination assay (DiaSorin, South Africa) as a
possible alternative diagnostic measure particularly in immunocompromised scenarios (Yang
etal., 2011)

The sensitivity of the Murex combination assay is based on the ability of the Ab/Ag conjugate
to detect complexes bound to the wells of microtitre plates (Rodgers & Burch, 2008). Currently,
the wells of polymeric microtitre plates are pre-coated with a carbonate buffer containing anti-
core monoclonal antibody (MADb), recombinant antigen and peptides; for binding of viral anti-
gen to the MAb and anti-HCV antibodies to the immunodominant regions of structural and
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non-structural viral epitopes (Rodgers & Burch, 2008). These proteins and the surface of the
well are blocked with a phosphate buffered saline (PBS) solution containing an inert protein to
prevent non-specific binding. Thereafter conformational stability is achieved through the ap-
plication of, and incubation with, a fixing buffer containing sucrose and polyvinylpyrrolidone
(PVP). The functionality of the coated plates is confirmed by the performance of appropriate
testing and analysis (Rodgers & Burch, 2008). Thereafter, the HCV Ab/Ag conjugate is pro-
duced to suit the functionality of the coated plates.

The Ab/Ag conjugate is prepared through a matching process to a particular batch of microtitre
plates, using internal controls that are indicative of sensitivity and specificity. A solution ap-
propriate for lyophilisation is spiked at pre-determined concentrations with five separate de-
tection molecules and then freeze-dried for storage and transportation purposes. Prior to
manufacture of the Ab/Ag conjugate, these detection molecules are engineered sequentially
through the specific linkage of each separate peptide, recombinant protein and antibody to
HRP. Thus, important ELISA kit reagents consist of a monoclonal antibody and a recombinant
protein that enable the binding to viral core antigens and non-structural antibodies present in
serum, respectively. Three separate peptides representing different regions of the HCV core
protein enable the binding to the different structural antibodies present in serum (Rodgers &
Burch 2008).

This process typically involves an antibody with a specific binding affinity for an antigen being
linked to an enzyme to enable visualization of the antigen of interest, following the degradation
of an appropriate substrate (Berg et al., 2002). There are various enzymes available for use,
such as horseradish peroxidase (HRP), alkaline phosphatase (AP), B-galactosidase, and glu-
cose oxidase (Voller et al., 1978). The HRP is the most popular choice (Hermanson, 2013)
and is a heme-containing glycoprotein (Veitch, 2004) with a molecular weight of 40 000 that
is found in the roots of horseradish. It is advantageous in diagnostic assays due to its reactivity
with hydrogen peroxide which results in the formation of an intermediate that dissociates in
the presence of an electron donor. This dissociation elicits a quantifiable colour change. Other
advantages of HRP include its small size and stability, particularly under the conditions re-
quired for conjugation, and retention of activity after conjugation to another molecule (Her-

manson, 2013).

In order to effectively conjugate molecules, conditions under which conjugation occur must be
optimized. Conjugation should occur in a buffer that is appropriate for the reactivity of the
molecules e.g., phosphate buffers are optimal for reaction of thiols at physiological pH. The
pH and ionic strength of the reaction buffers are of utmost importance as this will determine
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whether the correct reactions occur. Dissolution of the linking reagent must be ascertained
as many are reactive or insoluble in aqueous solutions. Organic solvents such as methanol
and dimethylformamide (DMF) may be used. Temperature and length of reaction time are
also of importance to promote optimal cross-linking (Brinkley, 1992). It is often necessary to
determine the extent to which linkage has occurred. This may be achieved by measuring the
concentration of free residues by, among others, colorimetric and spectroscopic methods
(Brinkley, 1992).

Of particular importance to this project is the detection molecule representing core region 3 of
the HCV genome. The freeze-dried Murex HCV Ab/Ag combination conjugate contains this
specific molecule in addition to four other molecules at different concentrations. The detection
molecule specific to core region 3 is an amino acid sequence that is covalently linked via the
formation of thioether bonds to horseradish peroxidase to form an enzyme-peptide conjugate
(Rodgers & Burch, 2008). Itis of paramount importance that contaminants such as unreacted
label molecules and excess cross-linking reagents be removed from the modified molecule
(Brinkley, 1992).

There are several established techniques available for protein purification, based on size, ionic
properties and binding capabilities. These may be used singly or in combination to achieve
the required purity (Berg et al., 2002). These techniques include gel filtration or size exclusion
chromatography, ion exchange chromatography, and other adsorptive techniques such as af-
finity binding of a molecule with a specific ligand (Berg et al., 2002). Protein concentration
and fractionation achieved by protein precipitation (Burgess & Deutscher, 2009) may also be
used for protein purification. Dialysis is another separation technique that can be used,

whereby molecules move by diffusion across a semi-permeable membrane (Berg et al., 2002).

This study will focus on the capture and detection molecules of the Murex HCV Ab/Ag Com-
bination assay that are able to bind to antibodies produced to the immunogenic region of the
core (structural) region of the HCV capsid protein. Whilst this pair of molecules continue to
perform at DiaSorin South Africa as per the claims listed in the assays instructions for use
(IFU); it is good practice to periodically review diagnostics assays already on the market due
to the high amount of genetic sequence diversity and variation, i.e., genetic heterogeneity.
HCV has a global distribution of the more 30 genotypes, in addition to its ability to present
quasispecies distribution in infected individuals (Kato, 2003). HCV diagnosis and pathogene-
sis may be hindered by this fact as well as the virus’s ability to change the genetic sequences
circulating in an individual during the course of an infection. (Kato, 2003). These changing
sequences allows the infection to remain active as the antibodies produced by the host earlier
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in the infection are unable to provide protection (Bukh et al., 1995). It was noted; after analysis
of the core, envelope, and nonstructural regions of HCV isolates, that there was variation in
the genetic sequences for these regions within a genotype. The distinction of these regions
between genotypes were also not clear. This has profound implications for ELISA assays, as
its performance relies on the detection of the antigen and antibodies related to specific genetic
regions (Bukh et al., 1995).

In addition, an evaluation of the Monolisa Ag/Ag Ultra V2 (Bio-Rad, Marnes la Coquette,
France) and the Murex HCV Ab/Ag Combination assay (DiaSorin, South Africa) was con-
ducted on 1102 recently diagnosed HIV positive clinical dried serum spots (DSS) eluates.
These samples were evaluated for possible co-infection with hepatitis C. The study found that
both assays performed similarly when detecting HCV antigen and antibodies in undiluted clin-
ical serum/plasma samples. However, the Monolisa Ag/Ag Ultra V2 (Bio-Rad, Marnes la Co-
guette, France) was more sensitive in its detection of hepatitis C antibody eluates and their
subsequent dilutions than the Murex HCV Ab/Ag Combination assay (DiaSorin, South Africa).
Dried serum spot or plasma spot samples eluates of HCV seroconversion panels and longitu-
dinal antibody serum samples were used to evaluate sensitivity. During the evaluation of the
HCV seroconversion plasma samples; the Murex assay was reactive earlier than the Bio-Rad
assay for antigen positive bleeds. The evaluation indicated that the Bio-Rad assay had a false
positive rate of 1.9% (2/105) versus the Murex assay, which had a false positive rate of 22.8%
(28/123) (Eshetu et al., 2020). As a higher false positive rate will affect the overall specificity
of an assay, this study indicates that the specificity of the Murex HCV Ab/Ag Combination
assay for samples with HIV co-infection is 77.8% (95/123). This contrasts with the diagnostic
specificity of 99.73% for specimens with potential cross reactivity as listed in the Murex HCV
Ab/Ag Combination assay IFU. Thus, this study further supported the need to review the Mu-
rex HCV Ab/Ag Combination assay, in order to improve its sensitivity and specificity for the

detection of antibodies.

The capture molecule is a peptide conjugate containing peptides representing three regions
of the core of HCV capsid protein, that has been immobilized onto the surface of a microtitre

well. However, this study will only focus on core region 3.

The detection molecule is an enzyme-peptide conjugate employed in the binding and visuali-
zation of antibodies specific to core region 3 that have been captured onto the microtitre well.
These peptide reagents are particular to the Murex HCV Ab/Ag Combination Assay and this
study intends to improve the overall sensitivity and specificity of this reagent and so of the kit
as a whole.
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1.4 Problem statement

The Murex HCV Ab/Ag Combination Assay has been commercially available since 2008 and
the method for preparation of its components have not been updated since then. Since in-
ception of the assay, during the bulk preparation and internal processing of the detection mol-
ecule that binds to antibodies specific to core region 3;it was noted that the efficacy of the
internal quality assurance measures that detect and assay this region of the core, perform
significantly lower as compared to the other core-detecting quality assurance measures.
Therefore, a large amount of this enzyme-peptide conjugate is required during bulk prepara-
tion to ensure that the resultant freeze-dried conjugate can titrate the test antibodies at ac-
ceptable predetermined standards. On average, more than 20 times the amount of the detec-
tion molecule for core region 3 is required for preparation of the freeze-dried conjugate, com-
pared to the detection molecules for core region 1 and 2. This suggests that the preparation
of this enzyme-peptide conjugate may be improved, or there may be impurities present that
have an inhibitory effect on its performance, or a combination of these, or other factors. In
addition, the use of large amounts of enzyme-peptide conjugate containing horseradish pe-
roxidase affect the specificity of the overall assay, by increasing the possibility for non-specific
binding. Improvement in this process will enable the preparation of a higher quality, final
freeze-dried conjugate, allowing the Murex HCV Ab/Ag Combination assay to continue to meet
its product claims in terms of sensitivity and specificity. Unfortunately, no literature is available
documenting this problem, as the Murex HCV Ab/Ag Combination Assay is commercially avail-
able, and the techniques used in preparation of its components are proprietary information.
Such detail and history of the preparations are only available as batch records and may not
be disclosed. In terms of specificity and sensitivity, the Murex Ab/Ag Combination assays
continues to perform as per the claims listed in its Instructions for Use (IFU), and this problem
is currently limited to the performance of the quality assurance measures used in the prepa-

ration of the freeze-dried conjugate.

It is crucial to maintain the sensitivity and specificity of the Murex HCV Ab/Ag Combination
assay, as it may provide an inexpensive, convenient and sensitive alternative to PCR (Dean
& Perry, 2007). Additionally, the continuous improvement of EIAs to date indicates that this

technique is robust and that further improvement to increase sensitivity is possible.

1.5 Study aims and objectives.
Thus, the aim of this study was to maintain the sensitivity and specificity of the Murex HCV
Ab/Ag Combination assay by improving the assays’ ability to detect antibodies in blood serum

that were generated to the protein expressed by the core region 3 of the HCV genome.
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In achieving this aim, the following study objectives were addressed:
1. toimprove the conjugation and activity of an enzyme-peptide detection molecule used

to detect antibodies specific for the structural (core) region 3 of the hepatitis C virus.

2. to develop an improved method for the removal of excess unbound reagents from the

detection molecule.

3. to improve the sensitivity of the assay by improving the ability of the capture molecule

coated onto the microtitre wells to bind to antibodies generated to core region 3.

CHAPTER 2: INTRODUCTION

The liver is the second largest organ in the human body, weighing approximately 1.4 kg, and
is situated in the upper, right section of the abdomen. The main functions of the liver include:
(1) secretion of bile for digestion, (2) metabolism of carbohydrates, proteins and lipids, (3) the
processing of hormones, toxins and drugs found in the bloodstream, (4) storage of vitamins,
(5) activation of vitamin D and (6) phagocytosis of aged red blood cells and certain types of
bacteria (Tortora & Derrickson, 2008). As such, the liver is critically important to maintaining
health but is vulnerable to viral and bacterial infection, is affected by adverse reactions to
drugs and toxins, is damaged by metabolic diseases and various causes of ischaemia — all
conditions requiring immediate diagnosis or risk liver disease and/or acute liver failure (Sher-
lock & Dooley, 2008).

2.1 Hepatitis

Hepatitis is an inflammatory condition of the liver, most commonly as a result of infection by a
hepatitis virus. However, the condition can also be caused by other infection, abuse of drugs
and alcohol, or by certain autoimmune conditions (WHO, 2019). Hepatitis can be self-limiting
or have no clinical presentation, making diagnosis and follow up treatment exceptionally diffi-
cult (Thomas & Lemon cited in WHO, 2002). However, hepatitis can manifest as acute or
chronic liver inflammation beginning with fibrosis, progressing to cirrhosis and eventually to
hepatocellular carcinoma, the most prevalent type of cancer (American Cancer Society 2018)
while infection with hepatitis A virus (HAV), hepatitis B virus (HBV) and hepatitis C virus (HCV)
may clinically present as jaundice, abdominal pain, influenza-like symptoms and fatigue
(Gupta, 2018).
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2.1.1 Viral hepatitis

In 2017, the Global Hepatitis Report issued by the World Health Organization reported 1.34
million fatalities resulting from viral hepatitis infection in 2015, a figure surpassing death asso-
ciated with HIV and similar to that of tuberculosis. Although mortality rates for both HIV and
tuberculosis showed a decline in 2015, mortality associated with viral hepatitis showed a 22%
increase compared to the figure for 2000 (WHO, 2017). Both the American Cancer Society as
well as the WHO lists chronic infection with the hepatitis B and hepatitis C viruses as the

highest contributors towards liver cancer (Liver Cancer Risk Factors, 2019; WHO, 2017).

There are five known types of hepatitis viruses - HAV, HBV, HCV, HDV and HEV and infection
with any of these viruses may cause acute or chronic liver disease. It is impossible to distin-
guish the type of hepatitis virus from its clinical manifestation, but each type of hepatitis virus
is unique regarding its transmission, epidemiology, diagnosis and treatment management
(WHO, 2019).

2.1.1.1 Hepatitis A virus (HAV)

Hepatitis A virus (HAV) belongs to the Picornaviridae family and is a single stranded, positive
sense RNA virus without an envelope (Thomas et al., 2013). The virus is found in human stool
and is transmitted via direct contact or following ingestion of contaminated water and food.
The spread of HAV is exacerbated in areas with limited access to clean drinking water and
proper ablution facilities. Infection with HAV is often mild and does not cause chronic liver
disease - as reflected in WHO estimates from 2016 that infection with HAV accounted for 7134
fatalities. Clinically, a patient infected with HAV recovers, after which he/she becomes immune
to repeat infections, but severe/fatal infections may result from extensive liver necrosis and

atrophy. A safe and effective vaccine for the HAV is available (WHO, 2018).

2.1.1.2 Hepatitis B virus (HBV)

Hepatitis B virus (HBV) is a small, enveloped, partially double stranded DNA virus, belonging
to the family Hepadnaviridae (Ozaras & Arends, 2019). The virus is transmitted by contact
with infected blood, blood products, semen and other bodily secretions. Infection with HBV
may cause chronic and acute liver disease that can eventually lead to liver cancer and death.
In 2019, the WHO estimated that 296 million people were chronically infected with HBV, with
1.5 million new infections reported each year. A safe and effective vaccine conferring nearly
100% immunity is available for HBV (WHO, 2023).
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2.1.1.3 Hepatitis D virus (HDV)

Hepatitis D virus (HDV) belongs to the Deltavirus family. It is a small, spherical virus sur-
rounded by a layer of hepatitis B envelope proteins (Gupta, 2018). The HDV is only able to
infect persons who are already infected with HBV, as it requires HBV for viral replication in the
host cell. The virus is transmitted in the same way as HBV and HDV can also present as a
superinfection when the virus infects a person who has already contracted HBV. This dual
infection characteristic results in an exacerbation of the clinical symptoms causing expeditious
progression to hepatocellular carcinoma and death. Globally, the WHO estimates that 5% of
people infected with HBV are also infected with HDV, with these people mainly located in
Mongolia, the Republic of Moldova, and western and central Africa. Therefore, vaccination
against the HBV is of vital importance as it simultaneously confers immunity to the HDV (WHO,
2023).

2.1.1.4 Hepatitis E (HEV)

Hepatitis E virus (HEV) is a non-enveloped, single stranded RNA virus, belonging to the
Hepeviridae family (Meng, 2008). The virus is found in infected stools and is primarily water-
borne. Transmission occurs through contact with contaminated food and water (Ozaras &
Arends, 2019). The HEV is only enveloped in host cell membranes providing it with a unique
mechanism for resistance to neutralising antibodies (Yin et al., 2016; Das et al., 2023). In-
fection with Hepatitis E is endemic in low-income countries, where access to clean drinking
water can be limited. The WHO estimates that annually there are 20 million new Hepatitis E
infections. In 2015, 44 000 fatalities resulted from infection involving the HEV. The infection
is usually self-limiting; however, it has a high rate of morbidity and mortality in pregnant women

and new-borns. A vaccine was developed in 2011 but is only available in China (WHO, 2018).

2.1.1.5 Hepatitis C virus (HCV)

Hepatitis C viruses are single stranded, enveloped, positive sense RNA viruses classified in
the Flaviviridae family of viruses (Bukowski, 2009), and is the exclusive member of the genus
Hepacivirus (Bartenschlager & Lohmann, 2000). The virus was first observed in 1975 (WHO,
2002). It was designated non-A, non-B and is now known to cause non-A, non-B hepatitis in
70-95% of transfusion-associated hepatitis cases (Jacyna & Thomas, 1990). In 1989, sci-
entists at the Chiron Corporation identified and designated it as HCV (Houghton, 2009). This
virus is a bloodborne, parentally transmitted virus, spread primarily through exposure to in-
fected blood and blood products (WHO, 2012). The virus causes both acute and chronic liver

disease although infection can be asymptomatic.
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Antiviral treatment for infection with HCV is available and can have a cure rate of 95%. This
treatment will be described below. However, despite extensive research, a vaccine against
HCV infection is not yet available (WHO, 2019). These alarming statistics, coupled with the
asymptomatic feature of hepatitis C infection, highlight the need for reliable and accurate di-

agnostics.

2.2 Epidemiology of hepatitis C virus infection

Infection with HCV is globally prevalent and WHO statistics from 2015 indicate that HCV
infection is highest in Europe and the Eastern Mediterranean. Globally, 71 million people live
with hepatitis C-induced chronic liver inflammation and in 2016 there were an estimated
399 000 fatalities due to HCV-associated liver cancer and cirrhosis. From a global perspective,
the prevalence of chronic hepatitis C virus infection is high in Egypt at 22%, Pakistan at 4.8%
and China at 3.2% (WHO, 2012). In these countries, the most prevalent mode of transmission
of the virus is considered to be contaminated or inadequately sterilised needles used by

healthcare professionals during the provision of health care services (Wasley & Alter, 2000).

Whilst statistics reflect that Europe and the Mediterranean region have a high prevalence of
HCV infection, the socio-economic context of African must be taken into account particularly
as around 8 million Africans are chronically infected (WHO, 2024) and 20% of the global HCV-
related viraemic burden is in sub-Saharan Africa (Mohd Hanafiah et al., 2013). In sub-Saharan
Africa, the death toll from liver cirrhosis has nearly doubled from 53 000 in 1980 to 103 000 in
2010, second only to HBV infection as the leading cause of mortality related to hepatocellular
carcinoma (Mokdad et al., 2014; Sonderup et al., 2017). Thus, infection with HCV is
increasingly becoming a major public health concern in Africa and it is estimated that 0.8% of
the population in South Africa in 2015 was infected with HCV (Wedemeyer et al., 2015).

2.3 Treatment of hepatitis C infection

As mentioned, infection with HCV is amongst the leading causes of cirrhosis and fibrosis of
the liver and hepatocellular carcinoma and so it is the most common requisite for liver trans-
plantations (Shahid, 2018). Most cases (80%) of HCV infection remain asymptomatic for dec-
ades allowing for liver damage and so diagnosis is often late following the onset of symptoms.
The action of the immune system can eliminate recent HCV infection but when this is unsuc-
cessful, chronic hepatitis C infection sets in, and treatment becomes imperative. The WHO
guidelines recommend pan-genotypic direct-acting antivirals (DAAs) for all cases of chronic
infection in people over the age of 18 (WHO, 2018). In treating infection in adolescents be-

tween the ages of 12 and 17 years, the WHO recommends the use of sofosbuvir/ledipasvir for
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HCV genotypes 1, 4, 5 and 6, and sofosbuvir/ribavirin for HCV genotype 2 and 3. Until recently,
infections in children under the age of 12 involved deferment of treatment until 12 years of age
but in October 2022 the WHO recommended the use of DAA treatment for children with
chronic HCV infection who were over the age of 3 years (WHO, 2022). Such DAAs are effec-
tive in curing almost all such infections within 12 to 24 weeks but such treatment is expensive,
even in developed countries. However, generic medicines are becoming increasingly availa-
ble and affordable, particularly in developing countries (WHO Hepatitis C, 2019). A complicat-
ing factor to both diagnosis and treatment of hepatitis C infections are hepatitis C virus plus

human immunodeficiency virus (HIV) co-infections.

Current global estimates of co-infection indicate that 5.5 million people are currently living with
HCV and HIV, of which 2.5 million are in South East Asia and Africa (Rouet et al., 2015; Mohd
Hanafiah et al., 2013). This portends accelerated disease progression as a result of the com-
promised immune system, as well as the current availability of treatment for HIV infection but

not for HCV infection.

2.4 Mechanism of infection of hepatitis C virus

The hepatitis C virus infection strategy is represented in Figure 1. This figure indicates that
exposure to infective bodily fluids may introduce HCV virions into the body allowing them to
circulate in the bloodstream, or they may be surrounded by host lipoproteins (Dustin et al.,
2016).
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Figure 2.1: A schematic representation of hepatitis C virus replication. Adopted from Kim and
Chang (2013).

The mechanism of cellular infection involves the attachment of the viral particle onto the host
cell, followed by penetration of the host cell membrane (Bartenschlager & Lohmann, 2000).
Once the virus has entered the hepatocyte cytoplasm, the viral capsid disintegrates to release
the HCV RNA allowing its translation into a polyprotein in the rough endoplasmic reticulum.
This polyprotein is cleaved into smaller proteins, each of which have different viral replication,
structural and assembly functions allowing the assembly of nascent viral particles. Once viral

assembly is complete, the intact virions are released from the infected cell by exocytosis.

The hepatitis C viruses closely associate with the hosts’ endogenous lipoproteins to facilitate
evasion of immune detection and response (Dustin et al., 2016), a process closely linked with
lipid metabolism (Kim and Chang, 2013). During active infection, the hepatitis C virus is able
to produce 10 trillion virion particles per day (Neumann et al., as cited in Kamili et al., 2012).

Once the virus has replicated in the liver cell, it is present and able to cause infection in bodily
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fluids facilitated by endogenous immunomodulation capabilities, where it is able to alter both
the adaptive and innate host immune responses to its advantage. An example of this is that
the hepatitis C core antigen is able to alter cytotoxic T cell differentiation, which results in

extended replication cycles with little or no seroconversion (Francavilla et al., 2004).

2.5 Hepatitis C virus genome

2.5.1 Hepatitis C protein components

The core component of the HCV capsid structure is a dimeric protein containing two domains,
one hydrophilic and the other hydrophobic. The charged hydrophilic domain (D1) aids in
nucleocapsid formation. The hydrophobic domain (D2) enables attachment and binding to the
endoplasmic reticulum. The envelope proteins, E1 and E2, are located at the N-terminus of
the polyprotein and form a non-covalent heterodimer that is postulated to be the basic
functional unit of the envelope facilitating the entry of the viral particle into the host cell
(Popescu et al., 2011).

The non-structural (NS) proteins, i.e., NS3, NS4 and NS5, are situated at the C-terminus of
the polyprotein and constitute the viral replication complex. Protein NS3 is responsible for the
processing of a helicase and a serine protease that binds to NS4A, which processes the
cleavage sites of the polyprotein. Protein NS3 is associated with viral assembly as is protein
NS4B, a hydrophobic protein containing four transmembrane regions that is also responsible
for modification of membrane architecture. Protein NS5A is an RNA-dependent RNA
polymerase and is the most important polyprotein component in viral replication where it is

involved in viral assembly as well as regulation of replication (Popescu et al., 2011).

Protein p7 and the NS2 portions of the polyprotein are also non-structural in nature in that p7
is a small viroporin associated with assembly and subsequent release of the intact viral particle
into the host blood stream while NS2 is a multi-functional transmembrane protein: it catalyses
the processing of the C-terminus as well as assisting in the viral assembly process by

connecting the structural and non-structural proteins (Popescu et al., 2011).

Serological responses in the host cell are directed to these polyprotein component antigens
allowing their use in diagnostic assays for detection of HCV infection (Zein, 2000). This is

discussed further under diagnosis of hepatitis C below.
2.5.2 Structure of the hepatitis C virus genome

The hepatitis C virion has a diameter of 30-60 nm (Zuckerman, 1996) and is a blood-borne,
enveloped, single stranded, positive sense RNA virus, sharing protein sequences with both
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pestiviruses and flaviviruses (Miller and Purcell, 1990). The virus genome is approximately
9600 nucleotides in length and has an untranslated region (UTR) at both the 5’ and 3’ ends as
well as an open reading frame (ORF) encoding a polyprotein consisting of around 3 000 amino
acids. Peptidases and proteases in the structural and non-structural regions, respectively, are

able to cleave the larger polyprotein into 10 single proteins (Kamili et al., 2012).

The hepatitis C virus is distinctive in its ability to evade host immune detection and associated
responses due to the mutability of its genome. These mutations are caused by errors that
occur during the rapid replication and poor proofreading by viral RNA polymerase (Dustin et
al., 2016). The resulting genetic diversity is categorized into several genotypes, within which

are at least 100 geographically distinct subtypes (Simmonds et al. cited in Budkowska, 2009).

2.5.3 Hepatitis C genotypes

The heterogeneity of hepatitis C viruses has allowed their division into genotypes 1 to 7 that
can be further categorised into 86 subtypes (Smith et al., 2014; Palladino et al., 2018). Geno-
types 1, 2, and 3 are prevalent worldwide, whereas 4, 5, and 6 are specific to certain geo-
graphical locations. Genotypes 4 and 5a are concentrated in the Middle East and the northern
regions of South Africa while genotype 6 is concentrated in China and Southeast Asia (Ju et
al.,, 2015). Genotype 1 is most widely spread and occurs mainly in high to middle income
regions and is responsible for causing 44% of global infections. The second most prevalent
is genotype 3 responsible for 25% of all global infections. Genotype 3 occurs in lower middle-
income countries in Southern Asia. As many as 15% of all global infections are caused by
genotype 4, particularly in low-income countries in Africa and the Middle East (Blanch et al.
cited in Palladino et al., 2018). The rarest genotype, genotype 5, is found mainly in Southern
Africa where 40% of the South African population infected with hepatitis C are infected with
this genotype. Within South Africa, the frequency of infection of genotype 5 is followed by
genotype 1b with 30% of the population infected (Wedemeyer et al., 2015). As almost half of
the infected South African population is infected with the rarest genotype, this further substan-
tiates the critical need for quality diagnostic tools to determine HCV infection. As HCV shows
genetic heterogeneity (Kato, 2009), this study also substantiates the need to independently
validate HCV assays that, over time, still effectively detect evolving populations of hepatitis C

viruses with acquired mutations and altered phenotypes.
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2.6 Diagnosis of hepatitis C virus

It is of critical importance that early diagnostic screening processes and tests are in place, in
order to meet the WHO, target of decreasing mortality from liver disease by 65% and the
reduction of new infections by 90% by 2030 (WHO, 2021a). Therefore, early diagnosis of
infection will allow for treatment regimens to be instituted to achieve this target.

Diagnosis of infection with the hepatitis C virus makes use of a variety of techniques: serolog-
ical assays for detection of specific HCV antibodies (anti-HCV), nucleic acid testing (polymer-
ase chain reaction) as well as genotyping. Each technique may be used to screen different
stages of infection (Richter, 2002).

The polymerase chain reaction (PCR) is considered the most sensitive technique for early
detection of gene sequences that express HCV viral proteins, however sample contamination
and cost implications may force its use as a confirmatory test following a positive ELISA result
(Lok & Gunaratnam, 1997). Typically, blood screening for hepatitis C infection is initiated by
screening for HCV antibodies using an anti-HCV serological test. A positive serological test is
followed by a nucleic acid test required to test for the presence of HCV RNA, in order to de-
termine if there is chronic infection. This is important for treatment plans, as the immune re-
sponse of approximately a third of those infected (i.e. who test anti-HCV positive) is sufficient
to eliminate the virus without treatment. In addition, early diagnosis is key not only to the de-
velopment of treatment plans, but also in the prevention of further transmission. The WHO
advises proper diagnostic options, and thereafter treatment, care, and education be made
available in regions with a high antibody seroprevalence (WHO, 2021b). High quality rapid
tests at point-of-care (POC) are becoming increasingly popular in sub-Saharan Africa, as it
offers simpler, cheaper, and more decentralised methods of delivery to populations that have
access constraints. However, laboratory-based testing is still the preference for accurate di-
agnosis of infection (WHO, 2021a).

Enzyme immunoassays (EIA) or enzyme-linked immunosorbent assays (ELISA) provide an
excellent tool for the diagnosis of infectious diseases (Voller et al., 1978). The acronyms EIA
and ELISA may be used interchangeably. More recently, ELISA techniques have been shown
to have particular application in the screening of blood donors for infectious diseases, such as
HIV (Ayuba et al., 2021).

Anti-HCV tests are indirect in nature and rely on the use of enzyme-linked immunosorbent

assays to detect specific anti-HCV antibodies in the blood sample of seroconverted individuals.
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These assays are discussed in detail below. The serological window period is on average 6
to 8 weeks from infection (Gupta et al., 2014) or may be up to twelve months in patients who
are immune deficient (Van der Poel et al., 1994; Ré et al., 2005). This introduces an additional
layer of complexity in detecting hepatitis C, particularly in the blood bank market, where the
availability of suitable blood and/or blood products is of critical importance. In addition, co-
infection with HIV can result in an inhibition of the immune response, where HCV seroconver-
sion is undetectable by indirect methods. This can result in false negative results, and in turn,

the possibility of a patient receiving infected blood (Mullis et al., 2013; Fox et al., 2015).

There are many advantages to the use of ELISA assays: it is simple to use and relatively easy
to execute. The technique requires small volumes of the samples and reagents. Adsorption
to a plastic surface is uncomplicated. Washing of the microplate surface with a detergent
removes excess unbound reagents. The ELISA assays are also sensitive, exhibiting detection
abilities of 0.01 — 1 pg per ml and are also inexpensive compared to other techniques, with
both start-up and reagent costs being relatively low. Equipment required by this technique is
easily available. The technique is versatile, meaning that it can be executed under conditions
that do not meet state of the art (Crowther, 2001).

These simple, convenient, versatile, and inexpensive assays are predicated on (1) the specific
interaction between an antibody and the antigen that stimulated their synthesis, allowing (2) a
recognition molecule (antigen or antibody) to react with an enzyme-labelled antibody for (3) a
colour change that indicates detection of a molecule of interest (Berg et al., 2002). These
authors also described quantification of this reaction involving serial dilution of sample followed
by the reaction of the bound enzyme-labelled complex with an appropriate substrate leading

to a relative change in colour of the reactants within adjacent wells.

Enzyme immunoassays for HCV may be performed manually with comparatively few instru-
ment requirements but may also be automated on platforms for high throughput screening and
are of particular use for large scale donor blood screening (WHO, 2012). There are four dif-
ferent types of ELISAs available for diagnosis: direct, indirect, sandwich and competitive
(Crowther, 2001).

2.6.1 Direct ELISA

The basis of the direct ELISA involves a direct reaction of the enzyme-labelled antibody with

the antigen (Crowther, 2001). This method of ELISA is the simplest and fastest to perform.
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2.6.2 Indirect ELISA

Indirect ELISAs are the most popular and are used to detect antibodies in serum samples,
following the binding of antigens coated on a plate surface with antibodies present in a serum
sample (Berg et al., 2002). Recognition of this bound complex is facilitated by the addition of

an enzyme-libelled antibody conjugate followed by enzyme substrate (Voller et al., 1976).

2.6.3 Competitive ELISA

Competitive ELISAs are somewhat different from other types of ELISASs, in that they involve
the competitive binding of labelled and unlabelled antigens for binding sites on an antibody
(Voller et al., 1976). Unlike other forms of ELISAS, reaction colorimetric intensity is inversely

proportional to the concentration of antigen present in the sample (Crowther, 2001).

2.6.4 Sandwich ELISA

Of patrticular relevance to this study are sandwich ELISAs. These are based on the premise
of a capture antibody as well as a labelled detection antibody, whereby the antigen is captured
between these two antibody moieties (Crowther, 2001). In this application, two antibodies that
bind to different antigenic sites are used. The primary or capture antibody, which has a high
specificity for the antigen of interest, is adsorbed onto a solid surface; in this instance, the
inner wall of a polymeric microtitre plate. The antigen is then applied. The secondary or
detection antibody, which binds to a different antigenic site from the capture antibody is then
applied (Crowther, 2001). The detection antibody is usually enzyme-labelled, in order to elicit
a colour change upon addition of an appropriate substrate solution (Voller et al., 1976). This
form of ELISA is advantageous in that it both detects and quantifies the molecule of interest
(Berg et al., 2002).

The ELISA was the earliest test developed for HCV diagnosis (Kuo et al., 1989) and was
especially suitable in detecting the presence of anti-HCV antibodies in serum (Zuckerman,
1996). Following the first ELISA for HCV detection, four generations of ELISAs have since
been developed, initially to detect antibodies produced to one of various epitopes of the HCV

proteins and later to detect viral core proteins (Richter, 2002).

¢ The first generation of indirect enzyme immunoassay for HCV diagnosis was based
on the detection of anti-HCV IgG making use of the C100-3 section of the NS4 region
of the HCV polyprotein (Richter, 2002). However, this test displayed low sensitivity

in high prevalence populations and a high incidence of false positives in low preva-
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lence populations (Richter, 2002). Antibodies in response to this section of the ge-
nome were also found to be generated at a much later stage of infection, in chroni-
cally infected patients (Zuckerman, 1996), reducing the sensitivity and usefulness of
this test.

e In 1992, the Food and Drug Administration (FDA) approved a second generation of
indirect HCV ELISA (Richter, 2002). This ELISA incorporated additional recombi-
nant structural (C22-3) regions from the nucleocapsid and non-structural (NS3, NS4,
C100 and C200) regions from the HCV polyprotein (Vrielink et al., 1997). In com-
parison to the first-generation assays, these second-generation tests were able to
detect 20% and 10% more antibodies in patients with acute hepatitis and chronic
hepatitis, respectively (Richter, 2002). Antibodies to the C22 structural region are
detectable at an early stage of infection (Zuckerman, 1996), facilitating diagnosis of
infection 6 weeks earlier than that of the first-generation tests (Vrielink et al., 1997).
Sensitivity, as well as specificity, was improved by this generation of ELISAs (Zuck-
erman, 1996).

¢ In 1996; the FDA approved a third generation of indirect ELISAs, which incorporated
the NS5 antigen into its format and allowed antibody detection on average, 26 days
earlier than the second generation ELISAs, thereby improving the sensitivity of these
tests (Richter, 2002). Third generation ELISAs exhibited improved sensitivity for a
sub-group that generated antibodies to the NS5 region (Vrielink et al., 1997).

e Fourth generation ELISAs employ recombinant antigens from the structural (C-22)
and non-structural (NS3, NS4 and NS5) regions that have been treated to maintain
optimum protein conformation to further increase the sensitivity of this technology
(Berry et al., 2005).

2.7 The Murex HCV Ab/Ag Combination Assay
The patent application for the development of this assay was submitted by Rodgers and Burch
(2007) and the kit was evaluated by Dean and Perry (2007) prior to the approval of the appli-

cation.

The Murex Ab/Ag HCV combination assay is a fourth generation, qualitative, direct sandwich
enzyme-linked immunoassay (Dean & Perry, 2007) for the simultaneous in vitro detection of
the hepatitis C core antigen and anti-HCV antibodies in human plasma or serum (Rodgers
and Burch, 2008). These authors further described that this assay is unique in its ability to
reduce the window period between infection and detection. In addition, the combination for-
mat is of particular use as it can be eliminate the complication of anti-HCV false-negative
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results in cases where immunosuppression due to HIV co-infection is present (Thio et al.,
2000). The contents of this diagnostic kit is indicated in Figure 2 and includes (1) pre-coated
microtitre wells, (2) sample diluent, (3) Tween saline wash buffer concentrate, (4) negative
and positive controls, (5) freeze-dried conjugate, (6) conjugate diluent, (7) substrate concen-
trate and (8) substrate diluent (Rodgers & Burch, 2008).

Briefly, sample is incubated in wells of microtitre plates at 36-38°C for 60 minutes, before
Tween saline wash buffer is used to remove excess unbound proteins present in each sample
well. Antigens and antibodies, if present in the sample, will form bound complexes on the
surface of each microtitre well, by binding to the coated capture molecules. Reconstituted
conjugate is added to the wells and incubated at ambient temperature (approximately 15-28°C)
for 60 minutes, allowing specific interaction between the conjugate and the bound complexes.
Washing with Tween saline after the incubation period removes unbound conjugate before
detection of the bound complex is achieved. This involves specific catalytic cleavage of free
substrate, 3,3, 5,5-tetramethylbenzidine (TMB), by horseradish peroxidase (HRP) when
added to each well and incubated at 36-38°C for 30 minutes. Following termination of the
reaction with sulphuric acid, the cleaved substrate daughter compound is detected colorimet-
rically at 448 nm (reference wavelength 620/690 nm). A positive result is indicated by a blue-
green colour that changes to orange upon addition of sulphuric acid; whilst a negative result
can be identified by the change to between yellow and pink (Rodgers & Burch, 2008). The
test can be used on automated platforms, as well as manually and this allows for a high degree

of versatility, which is especially beneficial in resource-limited countries.
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Figure 2.2: The Murex HCV Ab/Ag Combination 450 Test Kit (Photo by DiaSorin, South Africa)

2.7.1 The basis of the Murex HCV Ab/Ag Combination Assay

The sensitivity of the Murex HCV combination assay is based on the ability of the Ab/Ag con-
jugate to detect antigen-antibody complexes bound to the wells of microtitre plates (Rodgers
and Burch, 2008). Currently, the wells of polymeric microtitre plates are pre-coated with an
anti-core monoclonal antibody (MAb), recombinant antigen, as well as peptides representing
selected epitopes of HCV core region, with the aim of binding the viral antigen to the mono-
clonal antibody (MAb) and the anti-HCV antibodies to the immunodominant regions of the
structural (core) and non-structural viral epitopes (Rodgers & Burch, 2008). These proteins
are blocked with an appropriate inert protein to prevent non-specific binding, thereafter con-
formational stability is achieved through the application and incubation of a fixing solution. The
functionality of the coated plates is confirmed by the performance of appropriate testing and
analysis (Rodgers & Burch, 2008).

Thereafter, the HCV Ab/Ag conjugate is prepared to suit the functionality of the coated plates.

Figure 2.3 below illustrates the functionality of the Murex Ab/Ag-coated microtitre plates. The
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Murex Ab/Ag conjugate is prepared to include levels of individual enzyme peptides conjugates
to each capture complex coated on the microtitre plate. This is performed to ensure that the
sensitivity of all antibodies and the hepatitis C core viral antigen meet the claims of the Murex
Ab/Ag assay.

The Ab/Ag conjugate is prepared through a matching process to a particular batch of plates,
using internal controls that indicate sensitivity and specificity. A solution appropriate for lyoph-
ilisation is spiked at pre-determined concentrations with five separate detection molecules and
then freeze-dried for storage and transportation purposes. Prior to manufacture of the Ab/Ag
conjugate, these five detection molecules are engineered sequentially through specific linkage
of each separate peptide, recombinant protein, and antibody, to horseradish peroxidase. A
monoclonal antibody and a recombinant protein enable the binding to viral core antigens and
to non-structural antibodies present in serum, respectively. Three separate peptides repre-
senting different regions of the HCV core protein enable the binding to the different structural
antibodies present in serum (Rodgers & Burch 2008). Figure 3 is a schematic representation

of the components of the Murex HCV Ab/Ag Combination assay.

HCV Core Antigen Anti-core monocdlonal

- horseradish peroxidase
o conjugate
-‘.
’

Anti-NS3 o

antibodies Recombinant HCV
- from sample @-Oq— NS3 horseradish pe-
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Polycore Peptide ad m -0 radish peroxidase
conjugate
> -

Anti-core antibodies
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Figure 2.3: Example of a fourth generation ELISA: Sandwich format of the Murex HCV Ab/Ag
Combination Assay. Adopted from 07-Murex Ab/Ag Combination Assay Technical Flyer:
M0870004234 12281 0810).
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2.7.2 Sensitivity and specificity of the Murex HCV Ab/Ag Combination Assay

The Murex HCV Ab/Ag Combination Assay facilitates increased diagnostic sensitivity by sig-
nificantly reducing the window period of HCV detection compared to conventional serological
assays (Rodgers & Burch, 2008).

A study reported by EI-Emshaty et al. (2011) in Egypt compared the results of the Murex HCV
Ab/Ag Combination Assay against reverse transcription polymerase chain reaction (RT-PCR).
The study recommended the Murex HCV Ab/Ag Combination Assay as a suitable alternative
when nucleic acid testing could not be performed. The study also cited the test’s increased
sensitivity, specificity and accuracy, as compared to the currently available anti-HCV tests. In
addition, the researchers cited reduced incubation periods, ease of use, cost efficiency and
reproducibility of results as additional benefits of the Murex HCV Ab/Ag Combination Assay.
These recommendations were based on samples taken at various stages of infection, i.e., pre-
seroconversion, window period and post the immune response. A total of 39 patients with
chronic renal failure were used in this study. Of these, 20 patients were known to be anti-HCV
positive. The Murex HCV Ab/Ag Combination Assay and the RT-PCR performed compara-
tively, identifying the same 18 samples as positive, and a single sample as negative. The
Murex HCV Ab/Ag Combination Assay identified one sample as positive when the RT-PCR
test returned a negative result. Of the samples, 19 were anti-HCV negative. Again, both tests
performed comparatively, identifying 15 samples as negative, 3 samples were in the window
period and were detected as positive, and one sample was positive on RT-PCR and negative
on the Murex HCV Ab/Ag Combination Assay (EI-Emshaty et al., 2011).

Another independent study by Dean and Perry (2007) indicated that the Murex HCV Ab/Ag
combination assay detected infection 3.5 days earlier than a competitor Ag-only assay and
5.5 days after PCR, thus recommending it as alternative to PCR for early detection of infection
particularly in resource-limited developing countries. The study evaluated donor HCV nega-
tive and positive donor samples, as well as an extensive commercial seroconversion panel
specific to hepatitis C. Results of the study showed that of the donor samples, all 200 positive
samples were detected correctly, whilst 4 out the 200 negative samples were initially, but not
repeat reactive. A total of 211 seroconversion panels were evaluated, with 157 out of 197

panels correctly detected (Dean & Perry, 2007).

2.7.3 Core antibody detection by the Murex HCV Ab/Ag Combination Assay

Whilst the selling point of the Murex HCV Ab/Ag Combination Assay is the ability of detect the
presence of viral molecules in blood specimens, antibody detection is as important as it aims
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to detect the patients’ immune response following seroconversion, once the viral load has
diminished, or when the infection has been spontaneously cleared by the immune system. In
addition, the antibody detection ability is important in the blood bank market, when spontane-
ously cleared infected blood is donated for use. An HCV infection clears spontaneously in
about 25% of those infected. Generally, post-infection the viral load remaining detectable for
2 -14 days, with antibodies detectable in the blood 20 — 150 days after exposure (Grebely et
al., 2012). Thus, the Murex HCV Ab/Ag Combination Assay provides a complete solution for
the detection of HCV infection as it is able to detect antibodies generated in the patient to both

the structural (core) and the non-structural regions of the hepatitis C core antigen.

This ability is due to the fact that the coated microplate contains capture molecules that are
specific to these regions, and the lyophilized conjugate contain detection molecules that bind
the molecules that have attached to the capture molecule (Rodgers & Burch, 2008). Such
core detection is three-fold, in that the assay is able to detect three different types of antibodies
generated following infection. As described below, this detection involves an initial coating of
the inside of the microtitre wells with a core capture complex, which will bind to antibodies

generated to the core region of the virus present a blood sample (Rodgers & Burch, 2008).

2.7.4 Polycore capture complex.

Three different peptides, each corresponding to a different immunodominant region of the core
protein of the hepatitis C virus, are conjugated to a carrier molecule, forming a core capture-

peptide complex.

One of these three core peptides is of particular interest to this project. This peptide is a 15
amino acid peptide sequence, that has been labelled with a S-acetylmercaptosuccinic anhy-
dride (SAMSA) group at one end, and a hydroxyl (-OH) group on the other end. This peptide
is representative of core region 3 of the hepatitis C virus. The addition of the SAMSA group
onto the peptide allows the addition of a sulfhydryl (-SH) functional group that is protected by
an acetyl group (Rodgers & Burch, 2008). During conjugation, the sulfhydryl group is ac-

cessed chemically by a de-masking agent so as to enable linkage to the cross-linker.

The core capture peptide complex, including all three immunodominant regions, is then titrated
to determine the optimal concentration for use in the manufacture of the coated microtitre wells.

These concentrations range from 40-120 ng/ml (Rodgers & Burch, 2008).
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2.7.5 Solid phase immobilisation of antigens and antibodies

Immobilisation onto the 96 well Nunc MaxiSorp™ microtitre well walls is achieved by spiking
a 0.05 M carbonate/bicarbonate buffer with the appropriate amounts of the polycore complex,
as well as the capture antibody and N3 protein and allowing passive adherence to the poly-

styrene of the microtitre surface during incubation (Rodgers & Burch, 2008).

Thereafter, a blocking buffer containing 0.2% casein is applied to prevent non-specific binding
of proteins to the detection complex or free sites on exposed surface of the well (Rodgers and
Burch, 2008). As the basis of the ELISA technology is the antigen-antibody interaction, it is
of paramount importance that such non-specific interactions are minimised. Unoccupied
space on the surface of the microtitre wells can be blocked using either detergent or protein
blockers, or a combination of these (Crowther, 2001). The microtitre wells containing the block-
ing buffer are incubated overnight at ambient temperature to facilitate passive adsorption of

the blocking component onto the free microplate well surfaces.

Once the incubation period has elapsed and the surplus blocking buffer removed, the empty
wells are treated with a fixing buffer. This fixing buffer is a solution containing polyvinyl pyr-
rolidone (PVP) and sucrose and is incubated similarly to the blocking buffer. This step is then
followed by an incomplete aspiration of the fixing buffer which results in a small residual vol-
ume remaining in the wells. This volume is allowed to dry and forms a small cloudy pellet at
the base of the microtitre well (Rodgers & Burch, 2008). The pellet is an immobilisation tech-
nique to “fix” the capture molecules onto the plate, as well as ensuring that the molecules

remain in the appropriate conformations require for linkage to molecules in the sample.

2.8 Factors affecting coating of microtitre plates.

2.8.1 Microtitre plate composition

Immunoassays are dependent on the passive adsorption of molecules onto the surface of
microtitre wells. Microplate surfaces are generally made up of polystyrene, a type of plastic
with a hydrophobic structure. Polypropylene, polycarbonate and nylon are also used. In ad-
dition, the chemical structure of these surfaces can be modified (Corning Incorporated Life
Sciences, 2015).

The surface chemical composition is pivotal to the reaction as it anchors the capture molecule.
Immobilisation occurs through molecular, hydrophobic interactions between the polystyrene
and the protein. This is effected by the availability of contact points on the binding surface in
order to capture a medium-to-large molecules onto its surface, whilst retaining the activity of
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the molecule (Crowther, 2001). The passive binding surfaces are selected based on these
capture points and the type of molecule requiring immobilisation. The hydrophilicity, or affinity
for binding water molecules, differentiates these binding surfaces into four categories, i.e.,
hydrophobic, slightly hydrophilic, hydrophilic, and very hydrophilic. Hydrophilic surfaces are
used for binding immunoglobulins, as well as, other hydrophobic or hydrophilic biomolecules,
and are well suited for sandwich ELISA formats (Crowther, 2001).

Passive binding has several disadvantages which must be considered during assay develop-
ment. These include desorption of proteins and other complexes during assay processing.
Non-specific binding of unwanted proteins and biomolecules may also occur (Esser, 2010a).
In addition, the hydrophobic adsorption process is arbitrary, often resulting in the bound mol-
ecules being inaccessible to the target molecules (Shmanai et al., 2001). This development
may be mitigated by modification of the microplate surface (Esser, 2010a). Polystyrene ex-
posed to gamma-irradiation is one such method of modification. The gamma rays create a
positive charge, resulting in a combination of the hydrophobic and hydrophilic regions on the
microplate surface. This combination surface regulates the arrangement of adsorbed mole-

cules, thereby creating more accessible capture molecules.

Two commercially available gamma-irradiated polystyrene surface microtitre plates may be
used. The Greiner MICROLON® plates (Greiner Bio-One, Austria) are polystyrene plates
modified to include hydrophilic contact points within their array of 600 ul wells. These plates
have a binding capacity for mouse IgG of 600 ng/cm? (Greiner Bio-One, 2014). Alternatively,
the Nunc MaxiSorp™ microtitre plates (Thermo Fisher Scientific, Pierce Biotechnology,
Thermo Fisher Scientific, Rockford, IL, USA) are also polystyrene but are modified by gamma
irradiation to produce a more hydrophilic surface that can bind molecules with both hydropho-
bic and polarised hydrophilic surfaces with a maximum binding capacity for IgG of 650 ng/cm?
(Thermo Fisher Scientific, 2016).

2.8.2 Binding capacity

Determining binding capacity is subject to two factors: microtitre well surfaces have a limited
number of binding sites, and the characteristics of the protein being bound. In general terms,
saturation levels are between 50 — 500 ng/well contained in 50 pL of coating buffer (Crowther,
2001).
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2.8.3 Blocking buffers

With the basis of ELISAs being the coating of reagents onto the surface of microtitre wells,
care must be taken to ensure that only the reagent of choice be coated onto the well surface
so that only the required reaction is able to proceed. Blocking of these spaces with inert non-
reactive proteins can prevent non-specific binding to the wells. This will allow the assay to
produce a more accurate reaction signal, reduce background noise and improve sensitivity
(Gibbs, 2001). The most suitable blocking buffer for any particular application will effectively
deter non-specific binding, confer a stabilizing effect to the target molecules, and will not in-

terfere or cross-react with assay components (Duhamel & Johnson, 1985).

Blocking buffers may use a range of blocking agents to achieve this goal and these substances
may be divided into two broad categories, i.e., detergents blockers and protein blockers
(Crowther, 2001). Therefore, the selection of these agents requires careful consideration as
detergent and protein blockers are used at various stages in an assay including during plate
coating, sample addition, conjugate addition and washing (Gibbs, 2001). Proteins, sera de-
rived from animals, casein, skimmed milk powder, gelatine or detergents such as Tween-20,

Triton X-100 and sodium dodecyl sulphate can also be used as potential blocking agents.

2.8.3.1 Protein blockers

Protein blockers such as skimmed milk or BSA function to occupy vacant sites on the micro-

plate surfaces, inhibits denaturation and provide stability to bound molecules (Crowther, 2001).

Bovine serum albumin

Bovine serum albumin (BSA) is a large protein derived from serum and is a ubiquitous blocking
agent. It is used as an additive to blocking buffers at concentrations between 1% and 3%
(Gibbs, 2001). Advantages of using BSA include it’s solubility, large molecular weight, and
compatibility with other proteins. In addition, it is easily sourced, has storage flexibility, and is

cost effective.

Bovine serum albumin has a molecular weight of 67 000 which is particularly useful in blocking
non-specific, protein-surface interactions (Gibbs, 2001). However, the large molecular weight
can be disadvantageous should there be inefficient adsorption to the surface of the microtitre
as this will leave large surfaces remaining open to allow nonspecific binding to occur. This
disadvantage can be mitigated by using a second blocking agent such as casein in the buffer,
in addition to BSA (Pratt and Roser, 2010). Another disadvantage is that BSA batches may
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display significant batch-to-batch variability and may contain contaminants such as other pro-
teins (Crowther, 2001). In addition, BSA may be unable to block certain surfaces and has
been shown to cross react with antibodies where the antigenic stimulus was a BSA-conjugate
(Duhamel & Johnson, 1985).

Non-fat dairy milk

Non-fat dairy milk (NFDM) is another widely used blocking agent, used at concentrations be-
tween 0.1% and 3% depending on the assay requirements. It is inexpensive, displays a high
degree of molecular diversity and is the blocking agent of choice for covalent surfaces (Duha-
mel & Johnson, 1985). However, there are several disadvantages associated with NFDM. It
is imperative to prepare and store NFDM appropriately as it is known to be become unstable.
In addition, NFDM also exhibits significant batch-to-batch variability (Gibbs, 2001).

2.8.3.2 Detergent blockers

Detergent blockers are temporary, symmetrical, low molecular weight molecules with both a
hydrophilic and a hydrophobic end (Butler, 1996).  Detergent blockers can be either non-

ionic or ionic, however only non-ionic detergents may be used for blocking of polystyrene.

Detergent blockers are often used together with proteins blockers, where the detergent is re-
moved during the washing steps of the assay. Detergents may be used in other assay rea-
gents, such as washing solutions. In this application, the detergent is used to remove any
non-specific molecules that may have bound to the plate during the assay steps (Esser 2010b).
It will also serve to block spaces created as a result of any unwanted desorption of molecules
during the assay (Gibbs, 2001).

2.8.3.3 Non-protein blockers

A disadvantage of the use of protein blockers is its potential to cross react, by binding non-
specifically when used in the plate preparation. There are commercially available non-protein
blockers that may be used in lieu of proteins, particularly in sensitive assays like those that
use avidin-biotin systems. The Protein-Free blocking buffer available from Thermo Scientific
(Pierce Biotechnology, Thermo Fisher Scientific, Rockford, IL, USA) is a ready to use buffer
that can applied directly to the microtitre wells. Polyvinylpyrrolidone (PVP) is a non-protein
reagent that modifies hydrophobic sites into hydrophilic sites, thus prohibiting binding and may
be used by itself or in combination with other blockers (Gibbs, 2001).
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2.8.4 Capture and Detection Molecule pairing

2.8.4.1 Concentration of the substance being adsorbed

Crowther (2001) determined that the ideal concentration of the capture molecule in approxi-
mately 50 pl of coating buffer, lies within the range of 1 — 10 pg/ml. Coating with the capture
molecule(s) in this concentration range is expected to saturate all available binding sites on
the plastic surface of the microtitre plate. Saturation is dependent, however, on the purity of
the capture molecule. A higher purity capture molecule will allow for greater adsorption of the
protein of choice to the plastic matrix. It is important to find the optimal concentration for a

specific application as very large or small quantities can affect its binding ability to the surface.

The application of highly concentrated capture molecules onto the microplate surface will re-
sult in the formation of layers or stacks, which is not ideal for accessibility by the detection
molecule. In such a case, an assay’s binding efficiency is reduced as the stacks can have
detrimental effects on molecular orientation, causing the functional groups required for binding
to become inaccessible. In addition to a reduction in binding efficiency, stacking has other
disadvantages. Layers of capture molecules are unstable, as they have not adsorbed to the
microplate surface, but rather have been stacked onto other capture molecules. The applica-
tion of subsequent reagents is impacted as it may not be in contact with all subsequently
required sites for binding. The removal of unbound reagents is also impacted because the
wash step may be inadequate to remove the reagents caught between the layers of the cap-
ture molecule. This allows for contamination and increases the potential for the occurrence of

unwanted side reactions (Crowther, 2001).

The application of large amounts of proteins above the particle saturation point of the hydro-
phobic surfaces can lead to the formation of loosely bound multilayers. These layers can also
leach from the adsorption surfaces. This can result in open, unblocked sites on the microtitre
surface, which are able to now bind arbitrarily to unwanted to molecules contained within each

of the reagents applied to the plate throughout the assay (Hermanson, 2013).

2.8.5 Stereochemistry

Stereochemistry ai the study of the orientation of bonds in 3-dimensional space. Single bonds
or sigma (o) bonds are able to rotate within the molecule, depending on the types of atoms
contained. This rotational ability allows for varying arrangements of the atoms resulting in
different conformational structures of a particular type of molecule, called conformational iso-
mers or conformers. Conformers can result in changes to the properties of a molecule (Mer-
riam-Webster Dictionary, 2021).
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Therefore, accessing the target molecules is an important factor to consider. A chemical re-
action is facilitated by one substance acting as a nucleophile. For binding to occur, the nucle-
ophile must be in close physical proximity to the target molecule. Bulky reactive groups can
impede the accessibility to the target molecule, a phenomenon called steric hindrance (Wade
& Simek, 2016).

2.8.5.1 Steric hindrance and its effect on ELISA

The Merriam Webster dictionary defines steric hindrance as the hindrance of chemical reac-
tions as a result of the arrangement of atoms in a molecule (Meriam-Webster, 2021). The
physical proximity of the chemical groups surrounding a particular group can inhibit access to
the target group, thereby resulting in slower or even outright prevention of the reaction
(Gallegos et al., 2022). The phenomenon of steric hindrance has an effect on the signal
efficiency in ELISA applications (Crowther, 2001). This can be caused when increasing the
concentration of the capture molecule during the coating of the microtitre wells in order to
improve the sensitivity of the assay. A higher concentration of the capture molecule in the
microtitre well may cause crowding of the coated molecules. The higher concentration may
also cause molecular conformational changes, as well as orientational changes. This is par-
ticularly problematical in ELISA assays, as their performance is based on the processing of
specific reactions, which require the availability of specific reactive groups. Conformational
and orientation changes in the capture molecule may cause it to become inaccessible to the
target molecule, therefore inhibiting the detection molecule. Thus, steric hindrance must be
considered when attempting to improve assay performance, by increasing the concentration
of the capture molecule. In practice, the optimal concentration of the capture molecule may
be investigated by the coating of the microtitre wells with a range of concentration. The coated
microtitre wells are tested using the applicable ELISA protocol, and the results reviewed to

determine the optimal concentration (Hermanson, 2013).

2.9 Manufacture of the detection molecule

As mentioned previously, the detection molecule is comprised of five (5) sequentially engi-
neered enzyme-conjugates, which are titrated to the coated microtitre plates. Of particular
importance to this project is the detection molecule for core region 3, one of the three detection
molecules contained in the Murex HCV Ab/Ag conjugate. The peptide corresponds to region
3 of the hepatitis C core region. The peptide is modified with a SAMSA group at one end to
allow for linkage to sulfo-SMCC-modified horseradish peroxidase (Rodgers and Burch, 2008).
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2.10 Chemistry of conjugation

Conjugation or cross-linking refers to the linking of biomolecules via their functional groups.
In this context, the biomolecules that will be modified are proteins. Only four (4) functional
groups can be used for conjugate, i.e., primary amines, carboxyls, sulfhydryls, and carbonyls.
Primary amines (-NH2) occur at the N-terminus and in lysine residue side chains and are
present on the outer surface of proteins. This external feature is beneficial in that conjugation
can occur whilst maintaining protein structural integrity. Carboxyls (-COOH) are present at
the C-terminus, as well as in the side chains of glutamic acid and aspartic acid. These func-
tional groups also occur on protein surfaces. Sulfhydryl (-SH) groups are present in cysteine
side chains, and form part of a proteins’ secondary or tertiary structure. Reduction of the
disulphide bonds between cysteine residues produce free sulfhydryls, which can be conju-
gated to a range of other reactive groups. Sulfhydryl conjugation requires an extra step (re-
duction of the disulphide bond) and requires some modification of protein structure. Carbonyl
(-CHO) groups such as ketones and aldehydes can be modified onto glycoproteins by oxida-

tion (Pierce Biotechnologies, 2020).

Unlike amines or carboxylates, sulfhydryls are not usually present on proteins. Thus, the use
of heterobifunctional crosslinkers with a sulfhydryl can be used to specifically target a region.
For this reason, sulfhydryl modification is common in the development of conjugation and
modification strategies. Sulfhydryls can be generated by reducing disulfides already present

in a molecule or by using a variety of thiolation reagents (Hermanson, 2013).

2.11 Modification of enzymes

Enzymes may be modified by the introduction of reactive groups which facilitate their cross-
linkage to other biomolecules (Hermanson, 2013). Cross-linking is of particular importance
as the basis of most ELISAs is the exploitation of the catalytic ability of enzymes to convert
substrate molecules into quantifiable and detectable (chromogenic, fluorescent or chemilumi-
nescent) products. This process typically involves an antibody with a specific binding affinity
for an antigen being linked to an enzyme to enable visualization of the antigen of interest,
following the degradation of an appropriate substrate (Berg et al., 2002). There are various
enzymes available for use, such as horseradish peroxidase, alkaline phosphatase, B-galacto-

sidase and glucose oxidase (Voller et al., 1978).

2.11.1 Horseradish peroxidase

Horseradish peroxidise (HRP) is a heme-containing plant glycoprotein extracted from the roots
of horseradish. The enzyme has a relatively small molecular weight of 40 000 (Hermanson,
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2013). This small size and its chemical stability under conjugation conditions makes it the most
popular choice for labelling antibodies and antigens in immunoassays (Avrameas and Guilbert,
1972). The secretory glycoprotein has three lysine residues (amine reactive groups) that may
be used for linkage to other biomolecules (Navapour et al., 2014). The optimal functional pH
range for horseradish peroxidase is 7.0 (Hermanson, 2013). The heme structure provides the
reddish-brown colour and can be spectrophotometrically measured at a wavelength of 403
nm. The Reinheitzahl ratio is often used to measure the purity of the HRP and is calculated
by using the absorption value at 403 nm versus absorption at 275 nm. Furthermore, it is
advantageous in diagnostic assays due to its reactivity with a substrate solution to form an
easily guantifiable end product. Studies indicate that 80% of antibody conjugates are prepared
for application in diagnostic assays. The reactivity exploited in these assays occurs between
HRP and its substrate, hydrogen peroxide. A stable intermediate is created, which dissociates
in the presence of an appropriate electron donor. As a result, the electron donor is oxidized.
This chemical reaction, in a suitable solution, can elicit a quantifiable colour change (Herman-
son, 2013).

Lyophilised HRP can be stored for long periods of time without deterioration. In addition, at
4°C, the purified liquid HRP can be stored for months without significant deterioration. The
HRP molecule has the ability to build conjugates with a high or low ratio of antibody to enzyme,
depending on the requirement, whilst still being highly specific. As a result of the relatively
small size of HRP, small antibody-enzyme conjugates can be produced which are better able
to access antigens. Disadvantages of HRP include the relatively low number of primary
amines that are available for linkage, as well as sensitivity to anti-bacterial agents such as
sulfide, cyanide and azide. In addition, the practical substrate development time of HRP is
limited to approximately 60 minutes, and often even shorter times (Hermanson, 2013). As
such, assays developed using this enzyme must ensure their protocols are set up to account

for this limitation.

2.12 Cross-linking strategies

There are various cross-linking strategies that can be employed for conjugation of molecules.
These strategies are dependent on the application of the final conjugated molecule. Factors
such as chemical specificity and reactivity, the presence and nature of spacer arms, cell mem-
brane permeability, cleavability of the cross-linker and the nature of the moieties present must
all be considered when selecting a cross linker as well as the strategy for cross-linking (Narain,
2013).
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Of these factors, the chemical reactivity and specificity are especially important. Reactive
groups such as amines (lysine residues), thiols (cysteine residues), phenols (tyrosine residues)
and carboxylic acids (aspartic acid) are sites commonly used for linkage of one molecule to
another (Brinkley, 1992). These reactive groups determine the chemical specificity of a cross

linker and, thus, the cross-linkage strategy (Narain, 2013).

The requirement for other functional groups, must also be assessed. These groups may be
used for labelling, for downstream application of the final conjugate. Labels may be radioac-
tive, fluorescent, etc. The ability of the final conjugate to permeate cells and/or membranes,
must also be assessed. In addition, a determination of whether the bond may be reversed, is

also necessary when selecting a strategy (Narain, 2013).

Homobifunctional and heterobifunctional cross-linkers such as glutaraldehyde and succin-
imidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC), respectively, may be used
(Brinkley, 1992).

2.12.1 Homobifunctional cross linkers

Homobifunctional crosslinkers have identical reactive groups on either end of their spacer
arms and can be conjugated to the molecule of choice in a single-step reaction. They are
widely used in industry in a range of applications, depending on the reactive groups required
(Narain, 2013).

An active intermediate can be formed by reacting the homobifuctional crosslinkers with one
protein. Thereafter, the intermediate is able to crosslink with other proteins. Intramolecular
cross-linking with its polypeptide chain is possible, leading to polymerization and a subsequent
precipitation of the protein from solution. Single step conjugation using homobifunctional
crosslinkers exacerbate the issue of polymerization, as there is a lack of control over the cross-
linking process. This can be mitigated by employing a multi-step cross-linking strategy,
whereby the cross linker is reacted with one protein. Thereafter, excess reagents are removed
from the solution. The second protein is then added to this solution, which completes the con-
jugation process. However, multi-step conjugation strategies do not eliminate all of the ad-
vantages associated with homobifunctional crosslinkers, as conjugation with other modified

molecules is still a possibility (Hermanson, 2013).

Despite its simplicity and widespread use, homobifunctional cross-linkers have several disad-

vantages. These include the possibility of self-conjugation, polymerization and intracellular
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cross-linking (Narain, 2013). In addition, the lack of distinction between different types of pro-
teins can result in false positives and/or high noise levels that are difficult to interpret accu-

rately.

2.12.1.1 Glutaraldehyde

Glutaraldehyde is a widely used homobifunctional cross linker. Cross linkage using glutaral-
dehyde is able to occur through two different pathways. One pathway makes use of sodium
cyanoborohydride by reacting amines with aldehydes, enabling amine linkages with an alde-
hyde group for conjugation to another molecule. The second pathway consists of double bond
formation by the reaction of glutaraldehyde polymers with amines. The end product contains
aldehydes and double bonds that are capable of linkage with other amines. (Hermanson,
2013).

2.12.2 Heterobifunctional cross linkers

Heterobifunctional cross-linkers have different reactive groups at either end of their spacer

arms (Hermanson, 2013).

Heterobifunctional cross-linkers have specific application as they allow linkage of each reac-
tive group sequentially, providing site-specific linkage that effectively controls conjugation
(Hermanson, 2013). This is affected by initially reacting the most unstable group whilst the
other reactive group remains unreacted. The two-step sequential reaction of the reactive
groups significantly reduces polymerization and intramolecular cross-linking (Narain, 2013).
Three-step reaction strategies may also be employed, when a protein does not contain the
specific functionality required for coupling. A specific functionality can be introduced onto the
target protein by activation of the first protein with the heterobifunctional crosslinker, followed
by a purification step to remove any unreacted reagent. Thereafter, modification of the second
protein introduces the specific functionality for coupling to the activated first protein. The mod-
ified protein, and the activated protein are then mixed together, to allow the final conjugation

process to occur (Hermanson, 2013).

Specific functionalities may be introduced into the structure of a macromolecule by reacting
existing functionalities with a modification reagent that must contain the functionality required
for coupling. Thus, an amine can be converted to a sulfhydryl group using 2-iminothiolane
(Traut’s reagent). Alternatively, N-succinimidyl-S-acetylthioacetate (SATA) can use its active
NHS ester (N-hydroxy succinimide) end to react with amino acids or other molecules, thereby

introducing a protected sulfhydryl group. This strategy can also be used to modify low reactive
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functionalities into highly reactive groups. The selective reduction of a protein’s cysteine res-
idues can also be used to create active sulfhydryls, which may be used for cross-linking. An
alternative modification of molecules for conjugation purposes is the use of spacer arms that
are engineered into the molecule. These spacer arms are useful in extending functional
groups away from a molecules surface as they allow for the reduction of the effects of steric
hindrance as cross-linking proceeds. In addition, the use of spacer arms is advantageous, in

that they create more chemically active complexes (Hermanson, 2013).

Cross-linkers with a spacer arm between an amine-reactive succinimidyl ester and a thiol-
reactive group are most extensively used in conjugation reactions. Maleimides, haloacetylyls,
and pyridyl disulfides are thiol reactive groups ubiquitously used for cross-linkage (Narain,
2013).

Whilst modification reagents have immense value in their ability to modify molecules with spe-
cific functional target moieties, there are several caveats. Alteration of the chemical structure
of a molecule affects the structure which, in turn, can affect molecular activity. Selection of a
modification reagent, and a cross-linking strategy requires an in depth understanding of the
native conformation, the effects of madification of critical groups, and the possibility of blocking

active sites during modification.

2.12.2.1 N-Succinimidyl S-Acetylthioacetate
N-Succinimidyl S-Acetylthioacetate (SATA) is an N-hydroxysuccinimide (NHS) ester of S-

acetylthioacetic acid (Pierce Biotechnologies, Rockford, USA). The heterobifunctional cross-
linker has a 2.8 A spacer arm, allowing for the addition of a protected sulfhydryl group onto a
primary amine of the molecule requiring linkage by covalent bonds. In this protected state,
the SATA-modified molecule may be stored for extended periods of time, providing an ad-
vantage in commercial applications. During the conjugation process, the protected sulthydryl

group can be exposed by addition of hydroxylamine-HCI.

An advantage of SATA is that it is particularly useful in reactions when the molecules requiring
linkage do not contain sulfhydryl groups, or when these groups are not physically available
(Pierce Biotechnology 2011). Another advantage of SATA is the ability to introduce a sulfhy-
dryl without the need for a reducing agent as this allows for modification without disruption of

the native conformation of the protein, thereby preserving protein integrity and activity.

Antibodies are a good example of proteins that do not contain sulfhydryl groups for linkage.
Thus, SATA is beneficial is this regard, as it is known to introduce up to six (6) sites for binding
per polyclonal antibody, without a decrease in antigen binding capacity. There is also the
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possibility of including more SATA molecules per antibody, without a loss of antigen binding

capacity.

An enzyme moadified to include maleimide groups can be immediately reacted with the modi-
fied antibody, after deacetylation with hydroxylamine-HCI. After deprotection, the solution
must be used immediately and not stored or risk the formation of disulphide bonds and a
subsequent loss of binding ability as there will be fewer sulfhydryl groups available for reaction
with maleimide groups. The extent to which sulfhydryl modification has occurred can be
assessed by using the Ellman’s assay. This strategy is ubiquitous in the conjugation methods
for immunoassays. In addition, SATA can be dissolved in organic solvents, such as dimethyl
sulphoxide (DMSO), dimethyl formamide (DMF), and methylene chloride. A range of buffer
compositions can be used, at a pH range between 7.0 and 7.6. Phosphate buffers are a
common choice as buffers that contain extraneous amines, or those that facilitate hydrolysis

of the NHS (N-hydroxy succinimide) ester must be avoided (Hermanson, 2013).

2.12.2.2 S-Acetylmercaptosuccinic anhydride

S-Acetylmercaptosuccinic anhydride (SAMSA) is reactive towards amines as this molecule
has a protected sulfhydryl group which is made available for conjugation by treatment with
hydroxylamine-HCI. An amide linkage is formed by nucleophilic attack of the amine toward the
anhydride. A side effect of the reaction is a free carboxyl group which can change the overall
charge of the molecule, resulting in a change of protein conformation. S-Acetylmercaptosuc-

cinic anhydride may be dissolved in an organic solvent such as DMF (Hermanson, 2013).

2.12.2.3 SMCC and Sulfo-SMCC (Succinimidyl-4-(N -maleimidomethyl) cyclohex-
ane-1-carboxylate)

Succinimidyl-4-(N -maleimidomethyl) cyclohexane-1-carboxylate (SMCC), and its water-solu-
ble equivalent, sulfosuccinimidyl-4--(N-maleimidomethyl) cyclohexane-1-carboxylate, are N-
hydroxysuccinimide (NHS) esters (Pierce Biotechnologies, Rockford, USA). The SMCC and
sulfo-SMCC compounds are particularly useful heterobifunctional cross-linkers and are com-

monly used for linkage of biomolecules (Hermanson, 2013).

Sulfo-SMCC and SMCC contains an 8.3 A spacer arm with a sulfo-NHS-ester and flanking
maleimide reactive groups. The NHS-ester is able to link with a protein’s primary amines by
forming stable amide bonds (Pierce Biotechnology, 2020). The maleimide group reacts with
both sulthydryl and amine groups, depending on the pH of the reaction conditions. Reaction
with sulfhydryls is selected for at the pH range of 6.5 to 7.5, over which the reaction is specific

for amines. A pH of 7 has been shown to be optimal for linkage of maleimide with sulfhydryls,
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as the rate of reaction is 1000 times greater than that maleimide reaction with amines (Her-

manson, 2013).

Conjugation of antibodies or peptides to enzymes is achieved by the activation of the enzyme
with SMCC. This introduces maleimide groups onto horseradish peroxidase, by reaction of
its NHS ester with amine groups to form amide bonds. Any unbound cross linker is then
removed from the solution. The purified activated enzyme, with its newly introduced malei-
mide groups are then able to react with sulfhydryl groups on the protein of choice (Hermanson,
2013).

Succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate is not soluble in water and
requires an organic solvent such as DMF or DMSO to facilitate dissolution. However, organic
solvents are known to inhibit protein activity. Sulfo-SMCC is the water-soluble derivative of
SMCC and confers the ability to add the crosslinker directly to reaction buffers. Sulfo-SMCC
enables solubility of 10 mg/ml at room temperature. The water solubility is effected by an
NHS ring with a negatively charged sulfonate group. A 10 mM concentration of sulfo-SMCC
is possible in a 50 mM sodium acetate, at pH 5.0. The same concentration is possible in 50
mM sodium borate, at pH 7.6. A 0.1 M sodium phosphate solution, in the pH range of 6 to 7.5,
can be used to dissolve sulfo-SMCC to yield a concentration of 10 mM. Sulfo-SMCC can also
be dissolved in an organic solvent such as DMF or DMSO, so as to reduce hydrolysis-associ-
ated activity loss. The maleimide group remains stable for 64 hours at 4°C, at a pH of 7, when

conjugated in a 0.1 M sodium phosphate buffer (Pierce Biotechnology, 2020).

2.13 Maleimide chemistry

Maleic acid imides or maleimides result from the reaction between maleic acid and amine
derivatives and are most commonly contained within the structures of heterobifunctional cross
linkers. Alkylation of the maleimide double bond by the sulfhydryl group allows for the for-
mation of a stable thioether bond. This process is facilitated by nucleophilic attack by the
thiolate anion on a carbon atom adjacent to the maleimide group. This reaction is exclusively
selected within a pH range of 6.5 to 7.5. Hermanson, in Bioconjugate Techniques, describes
that, at pH 7.0, this reaction is 1000 times greater than the reaction of maleimide groups with
amines. At pH values higher than 7.5, amines and sulfhydryl may compete for the maleimide
groups present in a solution. This can resultin mixed and unwanted reactions, i.e. maleimides
reacting with both sulfhydryls and amines. Hydrolysis of maleimide groups can cause the

formation of an open maleamic acid, which is not reactive toward sulfhydryl groups.
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Hydrolysis is also a problem after the sulfhydryl maleimide reaction has occurred. The prob-
ability of forming maleamic acid with an open structure increases at high pH. In addition, the
functional group near the maleimide group also plays in a role in the probability of hydrolysis.
Steric hindrance also effects hydrolysis of maleimide groups, as it can be exploited to prevent

unwanted side reactions (Hermanson, 2013).

O O
\\ \
H—N:j + R’SH —> R'-N _
] SR™
O 0
Maleimide Thioether
Figure 2.4: A maleimide group reacting with a sulfhydryl resulting in the formation of a thioether

bond. Adopted from Hermanson (2013).
2.13.1 Carrier molecules

Carrier molecules are often used in the preparation of hapten-carrier conjugates, and are ex-
tensively used in the production of antibodies, vaccine development, and the research into
immune responses. However, carrier molecules can also be used in the development of con-
jugates for immunoassays, particularly when the capture molecules are of low molecular

weight (Hermanson, 2013).

Bovine serum albumin (BSA) with its large size has numerous functional groups that can be
exploited for cross-linking purposes. A single molecule of BSA has 59 lysine groups, however
only 30 to 35 of these are available for modification. In addition, a single BSA molecule has a
free cysteine sulfhydryl, 19 tyrosine phenolate residues, 17 histidine imidazole groups, and a
number of carboxylate groups. Thus, the BSA molecule has a net negative charge (p.l .1)
(Hermanson, 2013).

The BSA can remain in solution despite significant hapten modification. However, there is the
risk of precipitation from solution when BSA is used to cross-link hydrophobic peptides and
sparingly soluble molecules. This can be mitigated by tailoring the BSA modification process

to the specific properties of the target molecules (Hermanson, 2013).
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2.14 Conjugation conditions

In order to effectively conjugate molecules, conditions under which conjugation occur must be
optimized. Conjugation should occur in a buffer that is appropriate for the reactivity of the
molecules e.g., phosphate buffers are optimal for reaction of thiols at physiological pH. The
pH and ionic strength of the reaction buffers are of utmost importance as this will determine
whether the correct reactions occur. Dissolution of the linking reagent must be ascertained
as many are reactive or insoluble in aqueous solutions. Organic solvents such as methanol

and dimethylformamide (DMF) may be used (Hermanson, 2013).

Sulfhydryls, however, are sensitive to oxidation, during which disulphide bonds are formed.
Therefore, to prevent oxidation, all oxygen within the conjugation buffers must be removed.
This can be achieved by degassing or the use of 0.01 — 0.1 M EDTA. The EDTA is used to

prevent chelation of metal ions (Hermanson, 2013).

A further point to note is that lyophilized enzymatic activity in organic solvents is dependent
on the pH of the solvent used for dissolution of the enzyme, during the preparatory phase
(Kwon and Ito, 2013).

Temperature and length of reaction time are also of importance to promote optimal cross-
linking (Brinkley, 1992). It is often necessary to determine the extent to which linkage has
occurred and this may be achieved by measuring the concentration of free residues by, among

other means, colourimetric and spectroscopic methods (Brinkley, 1992).

Hermanson recommends maintaining high concentrations of proteins as the target molecule
in the reaction medium favours modification of amines. The reaction can be controlled to
achieve the optimal product by calibration of the molar ratio of the cross linker to the target

molecule (Hermanson, 2013).

The pH of the reaction buffer is critical in order to allow the correct reactions to be selected.
The maleimide group present on SMCC and sulfo-SMCC react exclusively with sulfhydryls
when the pH of the reaction buffer is in the range of 6.7 to 7.5. The optimal pH for linkage of
maleimides to sulfhydryl moieties is pH 7.0. The reaction rate at pH 7.0 is 1000 greater with
maleimides than with amines. At pH greater than 7.5, the maleimide group favours linkage
with amine groups. There is an increased risk of hydrolysis of the maleimide group as pH
increases, resulting in the formation of an open maleamic acid ring. This opened ring is now
unreactive to sulfhydryls, thus eliminating the possibility of being used for linkage. In addition,
the structural change from maleimide to maleamic acid ring is exacerbated as pH increases.
Post conjugation, the maleimide-sulfhydryl linkage is also vulnerable to hydrolysis, if the pH
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conditions are increased during further processing. Up to pH 7.5, the maleimide group at-
tached to SMCC remains stable. The cyclohexane ring present on SMCC, as well as the
absence of an aromatic structure provides an advantage to this crosslinker, by conferring sta-
bility to the maleimide group. Maintenance of neutral pH for two hours at a temperature of 30°
C, has been shown to cause a 4% degradation of the maleimide groups of SMCC. This char-
acteristic is particularly beneficial when conjugating proteins, as it allows for the formation of

stable maleimide activated intermediates.

N, N’-o-phenylenedimaleimide, N, N’-oxydimethylenedimaleimide are examples of cross-link-

ers that are exhibit lower stability as pH increases (Hermanson, 2013).

The effects of the pH of the reaction buffer below pH 6.5 on the ability to maleimide groups to

react with sulfhydryls has not been described in the literature.

2.15 Purification of cross-linked biomolecules

Itis of paramount importance that contaminants, unreacted label molecules and excess cross-
linking reagents be removed from the modified molecule (Brinkley, 1992). There are several
established techniques available for protein purification that are based on molecular size, ionic
properties, and binding capabilities. These may be used singly or in combination and the most
popular methods are described below as they provide high resolution with an acceptable yield
of the protein of interest (Berg et al., 2002).

2.15.1 Dialysis

Dialysis is a separation technique whereby molecules move by selective diffusion across a
semi-permeable membrane (Berg et al., 2002). This tried and trusted technique offers a safe
means of buffer exchange and desalting in physiological conditions, without the risk of damage
to the protein being purified (Burgess and Deutscher, 2009). However, the disadvantages of
the method are relatively low speed of purification as well as the need to change the dialysis

buffer during processing (Scopes, 1993).

A high concentration of a particular analyte is placed within a dialysis membrane that is then
placed within a relatively large volume, low concentration buffer solution. Dialysis membrane
contains pores of varying molecular weight cut-offs (MWCO) that facilitate the movement of
molecules smaller than the pore size into the dialysis buffer (Burgess and Deutscher, 2009).
Thus, molecules larger than the pores will remain inside the membrane (Nath, 2008) and so
dialysis separates larger molecules from small molecules such as small contaminants (Berg
et al., 2002).
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A variety of membrane pore sizes are available, with MWCO ranging from 1000 to 50 000,
allowing the separation of molecules in solution from contaminants that are tailored specifically
to the sample.  Further to this, dialysis membranes are also available in a wide range of
formats, from tubing of varying thickness to specialized dialysis cassettes and devices
(Scopes, 1993).

As dialysis is accomplished by the process of diffusion, maintenance of a concentration gra-
dient is important in achieving effective separation of molecules. Therefore, the following fac-

tors influence the effectiveness of the technique:

e Temperature: Higher temperatures speed the rate of diffusion, which would theo-
retically speed up the rate of the movement across the dialysis membrane. However,
thermal stability must be evaluated, particularly with proteins, in order to maintain
integrity of the sample being purified (Pierce Biotechnology, 2016).

e Sample Concentration: The rate of dialysis is faster in samples of high concentra-
tions, due to the steeper concentration gradient between the inside of the dialysis
membrane and the external dialysate buffer. Higher concentrations cause mole-
cules to move through the pores of the membrane at a higher speed in an attempt
to reach equilibrium, thus enabling faster separation. Therefore, separation in dial-
ysis buffers volumes that are several orders of magnitude larger than the sample of
interest is one way to exploit this characteristic (Pierce Biotechnology, 2016).

¢ Molecular weight of the molecule: There is an inverse proportional relationship
between the molecular weight of a substance and the rate at which it is able to move
through the dialysis membrane. Lower molecular weight substances tend to move
faster than those of a larger molecular weight. Therefore, a thorough understanding
of the sample being separated is essential when designing dialysis protocols (Pierce
Biotechnology, 2016).

¢ Membrane Surface area: The speed at which impurities are able to move through
the dialysis membrane is directly proportional to the surface area of the membrane
exposed to the dialysate. This characteristic can be exploited by selecting longer,
narrower tubing. In addition, ensuring that the dialysate is in constant motion by
stirring during the dialysis period further increases exposure of the sample to the
dialysate (Pierce Biotechnology, 2016).

o Membrane thickness: An inversely proportional relationship exists between mem-

brane thickness and the rate of diffusion (Pierce Biotechnology, 2016).
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2.15.2 Size exclusion chromatography

Gel filtration, gel permeation or size exclusion chromatography is an adsorptive chromato-
graphic technique that separates molecules on the basis of size (Berg et al., 2002) and mo-
lecular shape (Walsh, 2002). According to Walsh (2002), fractionation in size exclusion chro-
matography causes separation according to the molecular mass of the proteins rather than
the molecular shape. Thus, gel filtration can be applied to many of the same processes as

dialysis.

The sample containing the molecules of interest is allowed to transude through a column of
porous beads such as Sepharose or Sephadex. These are insoluble, hydrated polymeric
beads made from agarose or dextran that allow small molecules to enter the pores of the
beads in the porous matrix, but excludes larger molecules that remain in solution outside the
beads. The result is that larger molecules move through the column faster and are eluted first,
whereas the smaller molecules follow a more meandering path within and through the matrix.
Thus, they are eluted after the larger molecules (Stellwagen, 2009). There are two forms of

this technique - group separation and fractionation (Hagel, 2001).

Group separation involves the separation of high and low molecular weight molecules into two
distinct groups. Sample elution is isocratic, allowing samples to be loaded and collected in
the buffer of choice while the need for sample adjustment after separation is negated. This

technique allows the solution to be desalted and/or buffer exchanged (Aguilar, 2003).

Fractionation separates molecules that are very similar in size (Aguilar, 2003). As the sample
volume is restricted in this separation technique, it only allows the sample volume to be be-
tween 0.5% — 5.0% of the column bed volume, whereas group separation allows a sample

volume of 30% of the column bed volume (Aguilar, 2003).

Gel filtration has some advantages over dialysis (Rolet-Menet et al., 2000). Gel filtration is
able to separate molecules of different sizes faster and more efficiently. A column is pre-
treated with the buffer of choice before application of the sample requiring separation. The
purified sample is then collected in the buffer with which the column was treated. This process
is faster and requires a smaller volume of buffer than does dialysis. This more efficient method

reduces processing time and is particularly useful when working with time sensitive processes.

Gelfiltration, as described above, provides a longer path for smaller molecules within a column.

Thus, larger molecules are separated much earlier. This is useful when separating samples
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containing contaminants smaller than the molecules of interest. The smaller contaminants

also remain on the column and can be disposed of easily (Berg et al., 2002).

Gel filtration products have more robust packaging than do dialysis membranes, thus the in-
tegrity of the resin is not as easily compromised as dialysis membranes. Gel filtration products
are able to separate samples containing organic solvents, such as DMSO, whereas dialysis
membranes may become compromised both physically and chemically (Pierce Protein Meth-
ods, 2006).

There are a variety of media options available, such as those made of dextrans (Sephadex)
and agaroses (Sepharose). This form of separation is advantageous, in that it is inexpensive
and easily available (Aguilar, 2003). Another advantage of size exclusion chromatography is
its relatively simple execution, as it does not necessarily require instrumentation. The tech-
nique is versatile, in that, any soluble substance can be separated (Mori and Barth, 1999).
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CHAPTER 3: MATERIALS AND METHODS

This chapter describes the variables tested in the synthesis for both the core capture and
detection molecules. The standard methods of synthesis for both core detection and capture
molecules used at DiaSorin South Africa are described in Appendix B3.1 and B3.2, respec-
tively.

Figure 3.1 below provides a representation of the flow of the research from the start of this
study through to its conclusion. The green ticks indicate the variables that improved the syn-
thesis process, whereas the red crosses indicate the variables that did not affect or negatively
affected the preparation of these reagents. The methods presented below were limited to the
variables that indicated an improved result. The methods that did not affect or negatively

affected the reagent preparation can be found in Appendix B5.

Each variable was tested sequentially, as detailed in the sections below, and following analy-
sis of the results, the best result was selected and added to the experimental protocol in the
following section, unless otherwise stated. This approach was employed in order to optimize
material usage and mitigate the introduction of additional requirements during each experi-
ment. The outcome of each section is detailed in the Results and Discussion chapter.
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Optimization of antibody detection sensithaty of the Murex Ab/Ag Combination HCV assay.
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Figure 3.1: Flowchart indicating the variables tested in this study.
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3.1 Research to improve the detection molecule.

3.1.1 Objective 1. Concentration of sulfo-SMCC modified horseradish peroxidase
and the detection peptide solution.

3.1.1.1 Concentration of sulfo-SMCC modified horseradish peroxidase.

A 100 mg/ml solution of horseradish peroxidase was prepared by dissolving a total of 2 g of
horseradish peroxidase (BBI Solutions, Gwent, UK) in 20 ml of 25 mM HEPES, 1 mM EDTA
(pH 7.8), as described in Appendix B3.1.1. The HRP-maleimide concentration of 2.08 mM

was determined by A4 assay.

A 1 mM solution of sulfo-SMCC modified horseradish peroxidase (control) was prepared as

per the standard method described in Appendix B3.1.3.

A 1.25 mM solution was prepared by adding 2.67 ml of 25 mM HEPES/1 mM EDTA (pH 6.8)

to 4 ml of sulfo-SMCC modified horseradish peroxidase.
3.1.1.2 Concentration of detection peptide

The method used at DiaSorin South Africa makes use of a 0.1 mM detection peptide solution

for conjugation to sulfo-SMCC modified horseradish peroxidase.

A 10 mM core-peptide solution was prepared by dissolving 6 mg of the peptide representing
core region 3 (Auspep, Victoria, Australia) in 382 ul of DMSO (Sigma Aldrich, Missouri, USA),
as detailed in Appendix B3.1.3.

Thereafter, a series of dilutions of the 10 mM solution was prepared in a 25 mM HEPES/1 mM
EDTA (pH 6.8) solution. Peptide concentrations: i.e., 0.25 mM, 0.5 mM and 0.75 mM were
prepared by adding 90 ul of the 10 mM core-peptide solution, to 3.5 ml, 1.8 ml and 1.1 ml of
25 mM HEPES/1 mM EDTA (pH 6.8) solution, respectively.

Linkage to sulfo-SMCC modified horseradish peroxidase, and removal of excess/unbound re-
agents were executed as per the standard procedure in use at DiaSorin South Africa as de-
scribed in Appendix B3.1.3 and B3.1.4.

3.1.1.3 Evaluation of the detection molecule with increased concentration of sulfo-
SMCC-modified horseradish peroxidase and the detection peptide solution

a. Test Method:

The detection molecules were prepared at peptide concentrations of 0.25 mM, 0.5 mM, and
0.75 mM, respectively. A range of dilutions were prepared for each concentration and for the
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control. These dilutions were as follows: 1/350, 1/500, 1/750, 1/1000, 1/1250, 1/1500, and
1/2000. The detection molecule prepared at each scenario and the control were then tested
as per the standard method for qualification, at DiaSorin South Africa. Testing was conducted
using the Murex HCV Ag/Ab Combination assay and a commercially available coated micro-
plate.

The following samples were tested as per the layout detailed in Table C1.1 of Appendix C.1.
. The negative control (KN) contained within the Kkit.

. Quality control reference standard containing antibodies specific to core region 3 of the

hepatitis C genome was used to assess the detection molecule’s performance.

b. Evaluation of the data and statistical analysis

The mean OD at 448 nm/690 nm was determined spectrophotometrically; thereafter the S/CO
was calculated to compare the different concentrations to the control. This was calculated by
firstly adding 0.2 to the mean OD of the negative control value, to determine the cut-off value.
Thereatfter, the average of the quality control for core region 3 was divided by its corresponding
cut-off for that test. As per the Murex HCV Ab/Ag Combination Assay Instruction for Use (IFU),

a sample was considered positive if the S/CO value is greater than 1.0.

The difference in the performance of each test scenario compared to the control was calcu-
lated and expressed as a percentage. A colour scale was applied to highlight the increasing

deviation from the control.

One-way ANOVA as described by evolutionary biologist and statistician Ronald Fisher was
conducted in Minitab ® 19 software to determine if any variation in the performance of the
experimental detection molecules were statistically significant (Fisher, 1918). The dependent
variable was the S/CO values achieved for each of the scenarios tested, whereas the inde-
pendent variable was the peptide concentrations (Laerd Statistics, 2018). The following were
applied:

A a-level of 0.05

No: The means are equal.

Na: The means are not equal.

A Tukey pairwise comparison, as described by John Tukey was used after ANOVA to compare
all possible pairs of means with each other (Benjamini & Braun, 2002). As such this test was

conducted in Minitab ® 19 software to determine which concentrations performed statistically
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significantly differently from one another with the aim of identifying the optimal peptide con-

centration for preparation of the detection molecule.

3.1.2 Objective 1: Mitigation of non-specific binding by increasing the concentration
of cross-linking reagent used in the modification of horseradish peroxidase.

For each experiment, 500 mg of horseradish peroxidase was dissolved in 5 ml of 25 mM
HEPES/1 mM EDTA (pH 6.8).

A 100 mg/ml solution of sulfo-SMCC (Pierce Biotechnologies, Rockford, USA) was prepared
as described in Appendix B2.11.

The sulfo-~SMCC modified horseradish peroxidase was diluted to a final concentration of 1250

UM, despite the concentration of sulfo-SMCC offered.

A 10 mM core-peptide solution was prepared by dissolving 5 mg of the peptide representing
core region 3 (Auspep, Victoria, Australia) in 319 pl of DMSO (Sigma Aldrich, Missouri, USA),
as per the standard method for preparation. Thereafter, a 0.1 mM solution was prepared by
adding 64 pl of the 10 mM peptide solution to 1.28 ml of 25 mM HEPES/1 mM EDTA (pH 6.8).

3.1.2.1 Cross linker offered to horseradish peroxidase as a 2.25-fold excess and con-
jugated to 500 mM peptide solution.

A volume of 138 pul of 100 mg/ml sulfo-SMCC solution was added to the horseradish peroxi-
dase. Excess unbound reagents were removed from the modified horseradish peroxidase

solution as detailed in Appendix B3.1.2.

The absorbance value at 280 nm was 0.610. The extinction coefficient of 2.988 was applied
to the absorbance value to determine the protein concentration in mg/ml. The protein concen-
tration was determined as 83.370 mg/ml. The absorbance at 324 nm was 0.752. The extinc-
tion coefficient of 2.475 was used to determine the maleimide concentration, of 2351.5 M.
The sulfo-SMCC solution was diluted to 1250 pM by the addition of 3.337 ml of 25 mM
HEPES/1 mM EDTA (pH 6.8).

Conjugation was achieved by the drop-wise addition of 1.344 ml of peptide solution to 0.269
ml of 1250 uM sulfo-SMCC modified horseradish peroxidase, whilst continuously swirling.
Then, 54 pl of 500 mM hydroxylamine was the added to the solution and incubated for 20
hours at 2-8°C. The conjugation reaction was stopped as per the standard method for prep-
aration of the detection molecule. Excess/unbound reagents were also removed by dialysis

as per the standard method.
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3.1.2.2 Cross linker offered to horseradish peroxidase as a 2.5-fold excess and con-
jugated to 500 mM peptide solution.

A volume of 163 pl of 100 mg/ml sulfo-SMCC solution was added to the horseradish peroxi-
dase. Excess unbound reagents were removed from the modified horseradish peroxidase

solution as detailed in Appendix B3.1.2.

The absorbance value at 280 nm was 0.610. The extinction co-efficient of 2.988 was applied
to the absorbance value to determine the protein concentration in mg/ml. The protein concen-
tration was determined as 83.37 mg/ml. The absorbance at 324 nm was 0.706. The extinction
co-efficient of 2.475 was used to determine the maleimide concentration of 2537.37 uM. The
sulfo-SMCC solution was diluted to 1250 uM by the addition of 3.337 ml of 25 mM HEPES/1
mM EDTA (pH 6.8).

Conjugation was achieved by the drop-wise addition of 1.344 ml of peptide solution to 0.269
ml of 1250 uM sulfo-SMCC modified horseradish peroxidase, whilst continuously swirling. A
volume of 54 pul of 500 mM hydroxylamine was then added to the solution, and this was incu-
bated for 20 hours at 2 - 8°C. The conjugation reaction was stopped as per the standard
method for preparation of the detection molecule. Excess/unbound reagents were also re-

moved by dialysis as per the standard method.

3.1.2.3 Cross-linker applied to horseradish peroxidase as a 2.75-fold excess and con-
jugated to 500 mM peptide solution.

A volume of 192 ul of 100 mg/ml sulfo-SMCC solution was added to the horseradish peroxi-
dase. Excess unbound reagents were removed from the modified horseradish peroxidase

solution as detailed in Appendix B3.1.2.

The absorbance value at 280 nm was 0.610. The extinction co-efficient of 2.988 was applied
to the absorbance value to determine the protein concentration in mg/ml. The protein concen-
tration was determined as 83.37 mg/ml. The absorbance at 324 nm was 0.690. The extinction
co-efficient of 2.475 was used to determine the maleimide concentration, of 2602.02 pM. The
sulfo-SMCC solution was diluted to 1250 pM by the addition of 3.337 ml of 25 mM HEPES/1
mM EDTA (pH 6.8).

Conjugation was achieved by the drop-wise addition of 1.344 ml of peptide solution to 0.269
ml of 1250 uM sulfo-SMCC modified horseradish peroxidase, whilst continuously swirling.
Then, 54 pl of 500 mM hydroxylamine was the added to the solution, and incubated for 20

hours at 2 - 8° C. The conjugation reaction was stopped as per the standard method for
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preparation of the detection molecule. Excess/unbound reagents were also removed by dial-

ysis as per the standard method.

3.1.2.4 Evaluation of the detection molecule when the concentration of the cross-
linker was increased.

a. Test Method:

The detection molecules prepared using sulfo-SMCC were provided at 2.25-fold excess, 2.5-
fold excess and 2.75-fold excess, were then tested alongside a detection molecule prepared
as per the standard method of preparation of the core region 3 detection molecule. A range
of dilutions were prepared for each concentration, i.e., i.e., 1/350, 1/500, 1/750, 1/1000, 1/1250,
1/1500, and 1/2000. The detection molecule prepared at each scenario was then tested as

per the standard method for qualification, at DiaSorin South Africa.

The testing was conducted as per the Murex HCV Ag/Ab Combination protocol detailed in the
Instructions for Use (IFU) (DiaSorin South Africa, 2014). The test method for the Murex HCV
Ab/Ag Combination assay is described in Appendix B4.

The following samples were tested as per the layout detailed in Table C1.1 of Appendix C.1.
. The Negative Control (KN) contained within the Kkit.

. Quality control reference standard containing antibodies specific to core region 3 of the

hepatitis C genome was used to assess the detection molecule’s performance.

b. Evaluation of the data and statistical analysis

The mean OD at 448 nm/690 nm was determined spectrophotometrically. Thereafter the
S/CO was calculated to compare the detection molecules prepared using the different con-
centrations of the sulfo-SMCC to the control. This was calculated by firstly adding 0.2 to the
mean OD of the negative control value, to determine the cut-off value. Thereafter, the average
of the quality control for core region 3 was then divided by its corresponding cut off for that
test. As per the Murex HCV Ab/Ag Combination Assay Instruction for Use (IFU), a sample is

considered positive if the S/CO value is greater than 1.0.

The one-way ANOVA test (Fisher, 1918) was conducted in Minitab ® 19 software to determine
if any variation in the performance of the experimental detection molecules was statistically
significant. The dependent variable was the S/CO values achieved for each of the scenarios
tested, whereas the independent variable was the concentration of the sulfo-SMCC (Laerd

Statistics, 2018). The following were applied:

ND Sukhdeo 45691037

53| Page



A a-level of 0.05
No: The means are equal.

Na: The means are not equal.

A Tukey pairwise comparison was used after ANOVA to compare all possible pairs of means
with each other (Benjamini & Braun, 2002). As such, this test was conducted in Minitab ® 19
software to determine which concentrations performed statistically significantly differently from
one another with the aim of identifying the optimal concentration of sulfo-SMCC for preparation

of the detection molecule.

3.1.3 Objective 1: pH of the conjugation buffer

The standard method for preparation of the core region 3 detection molecule makes use of 25
mM HEPES, 1 mM EDTA (pH 6.8) solution. This experiment investigated the effect of pH and
conductivity on the efficiency of the cross-linking process, and the removal of excess un-

wanted reagents.

3.1.3.1 Preparation of 25 mM HEPES, 1 mM EDTA
A volume of 1 L of 25 mM HEPES/1 mM EDTA conjugation buffer was prepared as described

in section B2.2. The volume was divided into 100 ml aliquots, and the pH was adjusted to 6.0,
6.2, 6.4, 6.6, 7.0, 7.2, and 7.5, either by addition of 5M HCI or 5M NaOH and an Orion Star
A211 Benchtop pH meter (Thermo Scientific, Pittsburgh PA, USA). The conductivity of the
conjugation buffers, with the adjusted pH was measured to determine if there were any
changes to the electrical conductivity of the solution. This was measured using an Orion Star
A222 portable conductivity meter (Thermo Scientific, Pittsburgh PA, USA).

3.1.3.2 Preparation of the detection molecule

The core region 3 detection molecule for each pH solution was then prepared as described in
sections B3.1.2 — B3.1.3, except for the pH of the 25mM HEPES/1mM EDTA conjugation
buffer. In addition, removal of excess and unwanted reagents was performed as described in

section B3.1.4 but in the same solution as the conjugation process.
3.1.3.3 Evaluation of the detection molecule at various conjugation buffer pH

a. Test Method

The detection molecules prepared when varying the pH of the conjugation buffer were tested,

alongside a detection molecule prepared as per the standard method of preparation of the
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core region 3 detection molecule (pH 6.8). A range of dilutions were prepared for each pH,
i.e., 1/350, 1/500, 1/750, and 1/1000. The detection molecule prepared at each scenario was

then tested as per the standard method for qualification, at DiaSorin South Africa.

The testing was conducted as per the Murex HCV Ag/Ab Combination protocol detailed the
Instructions for Use (IFU) (DiaSorin South Africa 2014). The test method for the Murex HCV
Ab/Ag Combination assay is described in Appendix B4.

The following samples were tested as per the layout detailed in Table C1.1 of Appendix C.1.
. The negative control (KN) contained within the Kkit.

. Quality control reference standard containing antibodies specific to core region 3 of the

hepatitis C genome was used to assess the detection molecule’s performance.

b. Evaluation of the data and statistical analysis

The mean OD at 448 nm/690 nm was determined spectrophotometrically; thereafter the S/CO
was calculated to compare the detection molecules prepared with buffers of differing pH to the
control. This is calculated by firstly adding 0.2 to the mean OD of the negative control value,
to determine the cut-off value. Thereatfter, the average of the quality control for core region 3
was then divided by its corresponding cut-off for that test. As per the Murex HCV Ab/Ag
Combination Assay Instruction for Use (IFU), a sample is considered positive if the S/CO value

is greater than 1.0.

The performance data for each pH at each dilution was reviewed and the scenario showing

the highest S/CO value was compared to the control (pH 6.8).

A two sample T-test (Wadhwa & Marappa-Ganeshan, 2003) was conducted on the selected
data using in Minitab ® 19 software to determine if any variation in the performance of the

experimental detection molecules were statistically significant.

3.1.4 Objective 2: Separation of excess unbound reagents from the detection mole-
cule

Core region 3 detection molecules were prepared in 10 ml volumes as per the standard
method described in Appendix B3.1.2 and B3.1.3.

3.1.4.1 Removal of excess/unwanted reagents from the core detection conjugate by
dialysis.
As dialysis is the standard method for removal of unconjugated or excess reagents from the

enzyme conjugate, variation in the membrane format was tested. The contact material of all
ND Sukhdeo 45691037

55| Page



dialysis membranes tested was regenerated cellulose acetate, with a MWCO of 10 000 Dal-
tons. The first 10 ml enzyme conjugate was pipetted into dialysis tubing with a diameter of
6.3 mm and a wall thickness of 0.050 mm. The second 10 ml enzyme conjugate was pipetted
into dialysis tubing with a diameter of 16 mm and a membrane thickness of 0.020 mm. The
third test enzyme conjugate was pipetted into a 15 ml Slide-A-Lyzer G2TM dialysis cassette
(Thermo Scientific, Massachusetts, USA). Each of the filled membranes were then placed in
1000 ml of 25 mM HEPES/1 mM EDTA (pH 6.8) solution at 2-8°C, and agitated with a mag-
netic flea plea, as is standard practice at DiaSorin South Africa. The enzyme conjugate was
allowed to dialyze for 6 hours, thereafter the dialysis was refreshed, and dialysis was allowed

to occur for a subsequent 18 hours.

3.1.4.2 Removal of excess/unwanted reagents from the core detection conjugate by

gel filtration.

Enzyme peptide conjugates were prepared in 10 ml volumes. Removal of excess and un-
wanted reagents was achieved by gel filtration. To this end, four (4) PD-10 columns (GE
Healthcare, Buckinghamshire, UK) containing Sephadex G25 Medium resin were pre-treated
with five (5) column volumes of 25 mM HEPES/1 mM EDTA, pH 6.8 solution. Thereafter, 2.5
ml of the enzyme conjugate was then applied to each prepared PD-column and allowed to
completely enter the gel bed. Once the solution had entered the gel bed, 3.2 ml of 25 mM
HEPES 1mM EDTA, pH 6.8 solution was applied to the top of each column. The eluate
containing the enzyme conjugate, determined by visual inspection, was then collected in glass

bottles, and pooled together.
3.1.4.3 Evaluation of the detection molecule after removal of excess unbound reagents.

a. Test Method:

The detection molecules prepared when varying the method for removal of excess/unbound
reagents were tested alongside a detection molecule prepared as per the standard method of
preparation of the core region 3 detection molecule. A range of dilutions were prepared for
each pH, i.e., 1/350, 1/500, 1/750, 1/1000, 1/1250, 1/1500, and 1/2000. The detection mole-
cule prepared at each scenario was then tested as per the standard method for qualification

at DiaSorin South Africa.

The testing was conducted as per the Murex HCV Ag/Ab Combination protocol detailed the
Instructions for Use (IFU) (DiaSorin South Africa 2014). The test method for the Murex HCV
Ab/Ag Combination assay is described in Appendix B4.
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The following samples were tested as per the layout detailed in Table C1.1 of Appendix C.1.
. The negative control (KN) contained within the Kkit.

. Quality control reference standard containing antibodies specific to core region 3 of the

hepatitis C genome was used to assess the detection molecule’s performance.

b. Evaluation of the data and statistical analysis:

The mean OD at 448 nm/690 nm was determined spectrophotometrically. Thereafter the S/CO
was calculated for each detection molecule. This was calculated by firstly adding 0.2 to the
mean OD of the negative control value, to determine the cut-off value. Thereafter, the average
of the quality control for core region 3 was then divided by its corresponding cut off for that
test. As per the Murex HCV Ab/Ag Combination Assay Instruction for Use (IFU), a sample is

considered positive if the S/CO value is greater than 1.0.

One-way ANOVA (Fisher, 1918) was conducted in Minitab ® 19 software to determine if any
variation in the performance of the experimental detection molecules were statistically signifi-
cant. The dependent variable was the S/CO values achieved for each of the scenarios tested,
whereas the independent variable was the pH of the buffer (Laerd Statistics, 2018). The fol-

lowing were applied:

A a-level of 0.05
No: The means are equal.

Na: The means are not equal.

The detection molecule with the highest S/ICO were selected and a two sample T-test was
conducted on the selected data as described by Wadhwa & Marappa-Ganeshan (2003) in
Minitab ® 19 software to determine if any variation in the performance of the experimental
detection molecules were statistically significant. The standard deviations were assessed to

determine variability within the data set.
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3.2 Improvement of the conjugation of the capture molecule.

3.2.1 Objective 3: Linkage of individual core peptides to Bovine Serum Albumin
(BSA)

3.2.1.1 Preparation of sulfo-SMCC modified Bovine Serum Albumin (BSA)

A volume of 7.5 ml of sulfo-SMCC modified BSA was used to prepare each of the conjugates.
Based on this volume, and the maleimide concentration, the total maleimide content was cal-

culated to be 6840.9 nM. A 100 mg/ml solution of each peptide was prepared for conjugation.

An amount of 18 mg of the capture peptide for core region 1 was dissolved in 180 pl of DMSO.
Then 13 mg of the capture peptide for core region 2 was dissolved in 133 pl of DMSO. An
amount of 13 mg of the capture peptide for core region 3 was dissolved in 130 pl of DMSO.
The entire contents of each peptide solution were added to 7.5 ml of the sulfo-SMCC modified
bovine serum albumin. Thereafter, 375 ul of 500 mM hydroxylamine was incubated with each
of the peptide mixtures. All three conjugates were incubated concurrently, at ambient temper-
ature (18°C to 25°C), away from direct light, on a mechanical roller, for 18.5 hours.

At the end of the incubation period, each of the conjugation reactions were terminated by the
addition of 958 ul of a 1/201 dilution of B-mercaptoethanol (0.14 ul per nM of modified BSA)
and incubated for 20 minutes at ambient temperature. Thereafter, 1368 pl of 100 mM NEM
solution (0.2 pl per nmol of modified BSA) was added to conjugate and allowed to incubate

for 15 minutes, at ambient temperature, away from direct light.

3.2.1.2 Removal of excess/unbound reagents from the individual capture complexes

The excess unbound reagents contained within the three individual capture complexes were
then removed by dialysis. The capture peptide complexes were purified by dialysis in a cold
pH 6.8 25 mM HEPES 1 mM EDTA solution, at 200 x the total conjugate volume. This meant
that each of the core region 1 capture peptide complex, the core region 2 capture peptide
complex, and the core region 3 capture peptide complex was purified in 2.066 L of dialysis
buffer. Dialysis was performed at 2-8°C, in size 1 dialysis tubing MWCO 12000 — 14000 DA
(MediCell Membranes Ltd, London, UK). The conjugates were allowed to dialyse for an initial
8 hours, after which the buffer was refreshed. Thereafter, dialysis was allowed to progress for

a subsequent 14 hours.

3.2.1.3 Determination of the concentration of each core capture complex

The concentration of the capture peptide complexes for each of the regions was determined
by dividing the weight of the peptide used by the final volume of the conjugate after removal
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from dialysis. The concentration of the capture peptide complex for core region 1 was 1.764
mg/ml, for core region 2 was 1.300 mg/ml, and the core region 3 was 1.287 mg/ml.

3.2.1.4 Determination of the optimum concentration of the each of the individual core-
capture complexes for coating on the microtitre wells

The optimum coating concentration for each core capture complex was determined by coating
the conjugates onto microtitre wells, at a range of concentrations as detailed below. This
method only deviated from the standard method for determination of concentration by the use
of three separate core capture complexes coated at different concentrations, rather than one

polycore capture complex.

a. Coating stage

Each of the individually prepared core capture complexes were coated onto microtitre plates
(Nunc MaxiSorp, Thermo Fisher Scientific, Roskilde, Denmark) at concentrations of 0.02
pg/ml, 0.04 pg/ml, 0.06 pg/ml, and 0.08 ug/ml. The polycore capture complex (control) was
coated onto the wells at a concentration of 0.04 pg/ml. One coated microtitre plate (96 wells)

was prepared per scenario tested.

The core antigens at each concentration tested, as well as the antigen capture antibody and
recombinant NS3 antigen, were added to the standard pH 9.6 50 mM carbonate/bicarbonate
coating buffer, containing 20 mM DTT. 115 pl of the coating buffer containing the antigens and
antibody were dispensed in a 96 well microtitre plate (Nunc MaxiSorp, Thermo Fisher Scien-

tific, Roskilde, Denmark). The microplates were incubated at ambient temperature overnight.

b. Blocking stage

After the incubation with the core antigens and the capture antibody at room temperature, 115
pl of 0.2% casein in PBS blocking buffer (pH 7.4) was added into each carbonate/bicarbonate-

containing well and incubated at room temperature overnight.

c. Fixing stage

After incubation, the coating buffer/blocking buffer mixture was completely aspirated from
each well of the microtitre plate. Immobilisation onto the solid phase was achieved by dispens-
ing a fixing buffer that contains 40 mM of DTT. A volume of 135 pl fixing buffer (pH 6.0), was
pipetted into each well of the microtitre plate and incubated at room temperature overnight.
The partial aspiration of the fixing buffer ensured a residual volume of fixing buffer remained
in each well. The remaining buffer was then dried onto the microtitre well, by incubation at
37°C for at least 12 hours.
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3.2.1.5 Evaluation of the individually prepared core capture molecules

a. Test Method:

The individually prepared capture molecules to core region 1, core region 2, and core region
3, were tested alongside a commercially available coated Murex HCV Ag/Ab Combination
microtitre plate, as per the standard Murex HCV Ag/Ab Combination protocol detailed in the
Instructions for Use (IFU) (DiaSorin South Africa, 2014). The test method for the Murex HCV
Ab/Ag Combination assay is described in Appendix B4.

The capture molecules were coated at concentrations of 0.02 pg/ml, 0.04 pg/ml, 0.06 pug/ml,
and 0.08 pug/ml and the performance of each was compared to the microtitre wells coated

using the polycore complex at a concentration of 0.04 pug/mil.

The following samples were tested as per the layout detailed in Table C2.1 of Appendix C.2.
The Negative Control (KN) contained within the Kit.

Quiality control reference standards, each containing antibodies specific to the core region 1,
core region 2, and core region 3 of the hepatitis C genome was used to detect the efficacy of

the test plates.
b. Evaluation of the data and statistical analysis:

The mean OD at 448 nm/690 nm was determined spectrophotometrically. Thereafter, the
S/CO was calculated to compare the individually prepared core capture complexes to the pol-
ycore capture complex. This was calculated by firstly adding 0.2 to the mean OD of the neg-
ative control value, to determine the cut-off value. Thereafter, the average of the quality con-
trols for each core region was divided by its corresponding cut-off for that test. As per the
Murex HCV Ab/Ag Combination Assay Instruction for Use (IFU), a sample is considered pos-

itive if the S/CO value is greater than 1.0.
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3.3 Improved preparation of the core detection and capture mole-
cules
3.3.1 Improved method for the preparation of the core capture molecule

The individual core capture complexes prepared in section 3.2,1, were coated on microtitre

wells (Nunc MaxiSorp, Thermo Fisher Scientific, Roskilde, Denmark).

The concentrations of the core-capture complex for core region 1 and core region 2 were
coated at a final concentration of 0.4 ug/ml, and core capture complex was coated at a final
concentration of 0.02 pg/ml.

The NS3 and the antigen capture antibody were coated as per the standard procedure at Di-
aSorin South Africa. Blocking and immobilisation onto the solid phase proceeded as per the

standard method at DiaSorin South Africa.
3.3.2 Improved method of preparation of the core detection molecule

3.3.2.1 Preparation of the sulfo-SMCC modified horseradish peroxidase

A total of 2 g of horseradish peroxidase (BBI Solutions, Gwent, UK) was dissolved in 20 ml of
25 mM HEPES/1 mM EDTA, pH 7.8 solution at ambient temperature, as is the procedure used

at DiaSorin South Africa.

Then, 62.5 mg of S-SMCC (Pierce Biotechnologies, Rockford) was dissolved in 0.625 ml of
DMSO (Sigma Aldrich, Missouri, USA), at ambient temperature, resulting in a 100 mg/ml so-

lution of the cross-linking reagent.

The cross-linking agent was added at 2.5-fold excess to horseradish peroxidase. A volume
of 548 pul of 100 mg/ml of S-SMCC solution was then slowly added dropwise to the 20 ml of
HRP solution, whilst continuously swirling. The resulting HRP-maleimide solution was then

incubated for approximately 45 minutes, away from direct light.

The unbound S-SMCC was removed from the solution by gel filtration using PD-10 columns
(GE Healthcare, Buckinghamshire, UK) containing Sephadex G25 Medium resin. These col-
umns were prepared by allowing the ethanol in which it was stored to run through, then equil-
ibrating the columns with 25 ml of 25 mM HEPES/1 mM EDTA, pH 7.8 solution (five (5) col-
umn volumes). A volume of 2.5 ml of HRP-maleimide solution was then applied to each pre-
pared PD-column and allowed to completely enter the gel bed. Once the solution had entered
the gel bed, 3.2 ml of 25 MM HEPES/1 mM EDTA, pH 7.8 solution was then applied to the top
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of the column, with the aim of elution of the purified HRP-maleimide. The eluate containing

HRP, determined by visual inspection, was then collected in glass bottles and pooled.

The absorbance value at 280 nm was 0.539. The extinction co-efficient of 2.988 was applied
to the absorbance value to determine the protein concentration in mg/ml. The protein concen-
tration was determined as 72.17 mg/ml or 1804.2 uM. The absorbance at 324 nm was 0.844.
The extinction co-efficient of 2.475 was used to determine the maleimide concentration, of
1620.2 uM.

The sulfo-SMCC modified horseradish peroxide solution was diluted to 1250 uM by the addi-
tion of 0.867 ml of 25 mM HEPES/1 mM EDTA (pH 7.8).

3.3.2.2 Preparation of the core region 3 detection molecule

A 10 mM peptide solution was prepared by dissolving 25 mg of the peptide representing core
region 3 (Auspep, Victoria, Australia) in 1.59 ml DMSO. The solution was gently mixed by
swirling for 20 to 30 minutes at ambient temperature to ensure complete dissolution. A 500
UM peptide solution was prepared by the addition of 30.248 ml 25 mM HEPES/1mM EDTA,
pH 6.0 solution HEPED buffer.

A volume of 5.773 ml of 500 uM peptide solution was added to 28.862 ml of 1250 uM HRP-
maleimide solution, and incubated with 5.773 ml 500 mM hydroxylamine, at 2 - 8° C for 20
hours. The reaction was terminated by the sequential addition of 1.443 ml 2-ME (incubated
at ambient temperature for 20 minutes), thereafter 2.887 ml NEM ((incubated at ambient tem-

perature for 12 minutes).

3.3.2.3 Purification of detection peptide conjugated to horseradish peroxidase

A volume of 2.5 ml of HRP-maleimide solution was applied to each PD-column. The solution
was allowed to enter the gel bed completely. Once the solution had entered the bed of the
column, 3.2 ml of 25mM HEPES/1mM EDTA, pH 6.0 was applied to the top of each column.
The purified HRP-maleimide, identified by the reddish-brown colour, was then collected in

glass bottles and pooled.

3.3.3 Preparation of the Murex HCV Ab/Ag freeze-dried combination conjugate

Freeze dried conjugates, as provided in the Murex HCV Ab/Ag Combination kit, were prepared
using the improved detection conjugate, and along with the four other enzyme linked detection
conjugates. This was done to assess the improved core detection conjugate, in relation to the
other core, NS3, and antigen detection conjugates, to ascertain if there are any adverse inter-

actions between them.
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3.3.3.1 Preparation of lyophilisation solution

The lyophilization solution’s formulation is proprietary, confidential information that cannot be
provided in detail. However, in order to contextualise the makeup of the freeze-dried conjugate;
the solution is a liquid containing sucrose and casein. The function of this buffered solution is
to keep the antigen and antibodies stable during the lyophilisation process, by maintaining the
detection molecules in the proper conformations. The lyophilisation solution may be stored at
2°C to 8°C for up to 2 weeks.

3.3.3.2 Preparation of the Murex HCV Ab/Ag freeze-dried conjugate

The improved conjugate was spiked at 1/2000, and the other detection conjugates were add-
ed to the lyophilisation as per the standard method at DiaSorin South Africa. Therefore, a
volume of 1.0 ml of the improved core region 3 detection was added in order to prepare a total
volume of 2000 ml of lyophilisation solution, as per the standard method in use at DiaSorin
South Africa. A control combination conjugate was prepared by spiking a standard core region
3 detection molecule at 1/350, i.e., 5.714 ml in 2000 ml of lyophilisation solution. The detection
molecule spiked lyophilisation solution was freeze dried in LyoPro Freeze Dryer (Hull Corpo-
ration, Hatboro, USA) as per the Murex HCV Ag/Ab Combination conjugate freeze-drying pro-

tocol currently in use at DiaSorin South Africa.

3.3.4 Evaluation of the optimised Murex HCV Ab/Ag freeze-dried combination conju-
gate on the optimised Murex HCV Ab/Ag microtitre wells

a. Test method:

The conjugates prepared in section 3.3.3 were assessed on the improved coated microtitre
wells, prepared in section 3.3.1. A working strength solution of the freeze-dried conjugates
was prepared by pouring the entire contents of a bottle of the Murex HCV Ab/Ag conjugate
diluent onto the freeze-dried conjugate pellet, as directed by the Murex HCV Ab/Ag Combina-
tion Assay IFU (DiaSorin South Africa 2014). Sample diluent, wash buffer, TMB substrate
concentrate and diluent, and conjugate diluent were used from a standard Murex HCV Ag/Ab
Combination kit. The optimised coated microplate and conjugate were tested alongside a con-
trol. This was the Murex HCV Ag/Ab Combination microplate and conjugate, that had been

prepared as per standard method of synthesis.

The sensitivity (efficacy and limits of detection), specificity, and stability, of the optimised
coated microplate and conjugate combination were assessed, using the samples listed below,
as per the layouts detailed in Appendix C3.1, C3.2, C3.3, and C3.4:
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e Sensitivity - Efficacy: The negative control provided in the Murex HCV Ab/Ag Combina-
tion Assay was selected to assess the non-specific binding capacity of the conjugate (Ap-
pendix C3.1, Table C3.1).

e Sensitivity - Efficacy: A serological panel specifically used to detect antibodies to core
region 3 of the HCV genome was used to assess efficacy of the optimised core and de-
tection molecules. This serological panel is an internal control manufactured specifically
for the Murex HCV Ab/Ag Combination Assay and is considered proprietary information.
Thus, the details of these cannot be disclosed and are not commercially available. The
guality control was tested as per:

e Sensitivity - Limits of Detection: A dilution series of antibody positive control was pre-
pared to assess the detection limit of the optimised method as per Appendix C3.3, Table
C3.7.

e Specificity: 90 normal human serum samples as per the layout described in Appendix
C3.2 (Table C3.4) were used to assess specificity. Human serum samples known to be
negative for the presence of the HCV antigen and antibodies were procured from the South
African Blood Services. These samples were provided routinely to DiaSorin South Africa
as per a commercial agreement between the two entities, for the specificity testing and
batch release of all ELISA products prepared at the site. These samples were used for
evaluation of the specificity of the improved microtitre plate and conjugate.

e Accelerated stability: Testing was conducted on the optimised microtitre wells and
freeze-dried conjugate combination using the negative control and internal quality control
specifically used to detect antibodies generated to core region 3. Seven (7) samples of
the microtitre plate and conjugate were stored at 37°C for 7 weeks. The seven (7) samples
of one batch of microtitre plates and matched conjugated manufactured according to the
standard method were also stored at the same temperature, to serve as the control. A
fresh microtitre plate and conjugate (both test and control) were tested once per week over
seven (7) weeks, as per layout described in Appendix C3.4 (Table C3.11). At time zero
(T=0) and week seven (7), five (5) replicates were tested, whereas during weeks one (1)

to six (6), a single replicate was tested per week.

b. Evaluation of the optimised core capture and detection molecules and statistical
methods

The mean OD at 448 nm/690 nm was determined spectrophotometrically. Thereafter the

S/CO was calculated to compare the improved molecules with those of the standard method.

The following statistical methods were used:
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e Sensitivity - Efficacy testing: A two sample T-test (Wadhwa & Marappa-Ganeshan, 2003)
was conducted on the selected data in Minitab ® 19 software to determine statistically
significance between the reagents prepared using the improved and standard methods .
The standard deviations were assessed to determine variability within the data set.

e Specificity: Descriptive statistics was conducted in Microsoft Excel before a histogram
was plotted to determine the distribution of the samples in the data set (Yannis, 2004). A
two sample T-test (Wadhwa & Marappa-Ganeshan, 2003) on the selected data was con-
ducted in Minitab ® 19 software to determine statistically significance between the reagents
prepared using the improved and standard methods. The standard deviations were as-
sessed to determine variability within the data set.

e Sensitivity — Limit of Detection: Regression analysis was conducted in Microsoft excel to
theoretically determine the dilution at which the assay would return a positive result (S/CO
=1.0).
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CHAPTER 4: RESULTS AND DISCUSSION

The variables assessed and the associated methods used to prepare the respective reagents

were executed as described in Chapter 3.

The study set out to use various combinations of ELISA kit components to test which optimised
its efficacy and sensitivity. However, it may be appropriate to mention a limitation to this study.
The reagents and compounds described in this study were prepared according to standard
methods used at DiaSorin South Africa. The quality and efficacy of these compounds were
then assessed against data associated from a commercially available Murex HCV Ab/Ag Com-
bination test kit. Thus, much of the data and research surrounding this kit remain proprietary
and confidential to DiaSorin South Africa. As a consequence, the data generated for the var-
iables tested cannot be compared to current literature for similar assays and are discussed
against generally accepted ELISA principles, standards and methods. In addition, the results

presented and discussed below are limited to those variables that indicated an improved result.

4.1 Improvement of the detection molecule

4.1.1 Varying the concentrations of sulfo-SMCC horseradish peroxidase and peptide
concentration.

This section of the study assessed the effects of peptide concentration on the sensitivity of the
conjugated core region 3 detection molecule. In optimising the preparation of this detection
molecule, a variable was the concentration of the peptide component that was increased from
0.25 mM, 0.5 mM to 0.75 mM before being linked to 1250 puM sulfo-SMCC modified horserad-
ish peroxidase. The prepared detection molecules were then compared to a detection mole-
cule prepared as per the standard method of synthesis, i.e., a peptide concentration of 0.10
mM and 1000 pM sulfo-SMCC modified horseradish peroxidase.

The OD values of the data generated for each test scenario and the control were converted to
S/CO and plotted on a bar graph in Microsoft Excel, to indicate and compare the performance

of the detection molecules. This data are presented below:
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Figure 4.1: S/CO results for a dilution series of the synthesised detection molecule, when the pep-

tide concentration was incrementally increased.
Note 1: Testing was conducted using the Murex HCV Ag/Ab Combination assay, with a commercially
available microplate. In addition, a conjugate used as a control was synthesised using a peptide con-
centration of 0.1 mM.
Note 2: S/CO = Sample to cut-off; mM = Millimolar

In evaluating the detection molecules, a sample to cut off ratio of 1 (S/CO = 1) indicated a

positive result.

Figure 4.1 shows a comparison between the resulting S/CO ratios and, thus, the efficacy of
the detection conjugate prepared at various concentration of peptides. Trends noted in figure
indicated that the control ratio is relatively low when compared to the synthesised detection
complexes; there was a gradual reduction in efficacy of the detection molecule across the
dilution range; the detection molecule was still effective at a dilution of 1/2000 and, in general,
the 0.5 mM peptide solution returned the highest positive result, followed closely by the 0.75
mM peptide solution - the only exception to this was at the 1/1000 dilution, where the 0.75 mM
molecule performed better than the 0.5 mM molecule.

The table below details the individual OD units and its conversion to S/CO for the 1/2000
dilution for each of the scenarios. The 1/2000 dilution was selected for analysis as it has the
lowest concentration of the detection molecule that is still able to provide a positive result, as
indicated in Figure 4.2. The difference in the performance of each test scenario compared to

the control was calculated and expressed as a percentage. A colour scale was applied to
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highlight the increasing deviation from the control. The difference in the performance of the
test scenarios and the control is indicative of improvement to the sensitivity of the detection

complex.
Table 4.1: Individual OD values, as well as corresponding S/CO values for the 1/2000 dilu-

tion of the detection molecule, when various peptide concentrations were tested.

Note 1: The difference for the OD and the S/CO values were expressed as percentage of the control.
Note 2: OD = Optical density; S/CO = Sample to cut-off; mM = Millimolar

OD values obtained when using a 1/2000 dilution of the detection molecule
Control 0.25 mM 0.5mM 0.75 mM

Value % Diff. | Value | % Diff. Value | % Diff.
Replicate 1 | 0.611 0.771 26.19% | 0.858 40.43% 0.85 39%
Replicate 2 | 0.567 0.771 35.98% | 0.885 56.08% | 0.801 41%
Replicate 3 | 0.605 0.731 20.83% | 0.898 48.43% | 0.804 33%
Replicate 4 | 0.569 0.700 23.02% | 0.827 45.34% | 0.899 58%
Cut-off 0.284 0.261 0.243 0.239
S/CO: Rep 1 | 2.150 2.957 37.56% | 3.531 64.26% 3.560 66%
S/CO: Rep 2 | 1.995 2.957 48.23% | 3.642 82.58% 3.355 68%
S/CO: Rep 3 | 2.128 2.803 31.72% | 3.695 73.63% 3.368 58%
S/CO: Rep 4 | 2.002 2.685 34.11% | 3.403 70.02% | 3.765 88%

Figure 4.2 below indicates that the 0.5 mM detection peptide solution performs consistently
better than the other scenarios tested, when analysing both the OD values as well as the S/CO
values. When assessed against OD units and S/CO, the 0.25 mM peptide solution performed
26% and 38% better respectively, relative to the control. The 0.5 mM detection peptide solu-
tion performed 48% and 73% better than the control, whereas the 0.75 mM detection peptide

solution performed 43% and 70% better than the control.

ND Sukhdeo 45691037

68| Page



Individual Value Plot of Control, 0.25 mM, ...

4.0

30

Data

20

Control 0.25 mi 0.5 mM 075 mi

Figure 4.2: Individual value plot of S/CO values of the peptide concentrations at 1/2000 dilution.

Note 1: The individual value plot shows the S/CO value for each replicate at the 1/2000 dilution as

shown in Table 4.1. All testing was conducted using the Murex HCV Ab/Ag Combination Assay.

Note 2: S/CO = Sample to cut-off; mM = Millimolar

One-way ANOVA and a Tukey Pairwise Comparison were conducted on the 1/2000 dilution
data sub-set, for all peptide concentration scenarios, using Minitab ® 19 software. This anal-
ysis was performed to determine if the improvements indicated in Table 4.1 are statistically
significant. An a-level of 0.05 was applied, and the analysis are indicated on Table C1.8 in
Appendix C1. The p-value is 0.000, which is less than the a-level value of 0.05, indicating that
there is a significant difference in the S/CO values of the four different peptide concentrations

used in the manufacture of the detection molecule, at the 1/2000 dilution.

The S/CO values of all peptide concentrations tested are higher than the control, indicating
that increasing the detection peptide concentration significantly improves the sensitivity of the
detection molecule. The standard deviation of each individual value for the control molecule
is 0.0818, the lowest of the scenarios tested. Conversely, the 0.75 mM peptide solution has
the highest standard deviation, at 0.1933, indicating greater variability in the data set. The
individual value box plot (Figure 4.2) further supports this by providing a graphical represen-
tation of the distribution of the S/CO values for each peptide concentration. The S/CO values
for the control molecule are clustered tightly around the mean value, whereas those of the

0.75 mM scenario indicates a larger range in the values that contribute to the mean.

The S/CO values for the 0.5 mM and 0.75 mM peptide solutions are distinctly higher than that
of the 0.25 mM peptide solution. However, there is not a significant difference between the
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S/CO values of the 0.5 mM and the 0.75 mM peptide solution. The Tukey Pairwise compari-
son confirms this observation (Figure C1.1 in Appendix C). The mean of the control compared
to the means of the 0.25 mM, the 0.5 mM and, the 0.75 mM peptide solutions respectively,
are significantly different as the 95% confidence interval do not contain a zero. Therefore,
increasing the detection peptide concentration significantly affects the S/CO values of the
guality control specific for core region 3 antibodies, up to a molarity of 0.5 mM. In addition,
increasing the concentration beyond 0.5 mM is an unnecessary step. Furthermore, increasing
the dilution of the detection molecule to 1/2000 while still maintaining efficacy increases cost
effectiveness of the overall Murex HCV Ab/Ag Combination assay. The concentration of the
peptide used for conjugation is prepared from a 10 mM solution stock solution (as per B3.1.3),
where the peptide is dissolved into the organic solvent DMSO. Thereafter, the 0.1 mM solution
is prepared by dilution in 25 mM HEPES/1 mM EDTA (pH 6.8) solution. Similarly, the prepa-
ration of a 0.5 mM peptide solution for conjugation will not utilise additional quantities of the

peptide representing core region 3.

The results of increasing the peptide concentration in further excess than is used in the stand-
ard method of synthesis demonstrates that the sensitivity of the core region 3 detection mole-
cule is improved up to a concentration of 0.5 mM. The S/CO values for each concentration
tested are higher than the control, with the 0.5 mM and the 0.75 mM concentrations performing
similarly. The peptide concentration of 0.5 mM was selected for use in the improved manu-
facturing method as its data demonstrated the largest S/CO value at the lowest dilution tested
(1/2000), with the least variability in each individual value. Increasing the sensitivity and de-
creasing variability in a data set for ELISA is important as it ensures each test performs con-

sistently, thus improving the robustness of the assay.

Hermanson (2013) recommended maintaining high concentrations of proteins or the target
molecule within each reaction. The reaction can be controlled to achieve the optimal product
by calibration of the molar ratio of the cross linker to the target molecule. The increase in
sensitivity when increasing the peptide concentration, as compared to the control core region
3-HRP could be attributed to the availability of “free” binding sites on the activated horserad-
ish peroxidase enzyme. Cross-linking did not proceed on these “free” sites as the peptide
offered in the control conjugate was not adequate to saturate all available binding sites.
These available sites were now able to link to the additional peptide offered, but only up to a
concentration of 0.5 mm. The decrease in sensitivity demonstrated at 0.75 mM, as well as

the increase in variability, could be due to the saturation of the binding sites on the activated

ND Sukhdeo 45691037

70| Page



horseradish peroxidase. Thus, increasing the peptide concentration beyond 0.5 mM does

not result in an increase in the sensitivity of the core region 3 detection molecule.

4.1.2 Varying the concentration of the cross-linking agent.

An increase in the excess sulfo-SMCC offered to horse radish peroxidase was tested in order
to determine if more of the cross linker would bind to the enzyme, thereby creating more sites

to which core region 3 peptide can bind.

Sulfo-SMCC was added to the 0.5 mM peptide solution at 2-fold, 2.25-fold, 2.5-fold, and 2.75-
fold excess. The rationale behind testing the effect of increasing the concentration of the
cross-linking agent was the inclusion of additional reactive sites on the enzyme to compensate
for the higher peptide concentration offered for conjugation. All other aspects of the prepara-
tion process remained as per the standard method for preparation. The control used as a
reference was synthesised using the 0.1 mM peptide solution and 2-fold excess of sulfo-
SMCC.

The OD values of the data generated on each test were converted to S/CO and plotted on a
bar graph in Microsoft Excel, to indicate and compare the performance of the detection mole-

cules. This data are presented in Figure 4.3 below:

350 500 750 1000 1250 1500 2000
Dilution (1/...)
S/CO: 2.25 fold excess mmmmmm S/CO: 2.5 fold excess mmmm— S/CO: 2.75 fold excess
s S /CO: Control e a=S5/Co e S /CO: 2-fold excess
Figure 4.3: S/CO results for a dilution series of the synthesised detection molecule, when the S-

SMCC concentration was incrementally increased.
Note 1. Testing was conducted using the Murex HCV Ag/Ab Combination assay, with a commercially

available microplate and conjugate used as a control.
Note 2: S/CO = Sample to cut-off; mM = Millimolar
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The S/CO values for all test scenarios were higher than the control but as the peptide concen-
trations of the experiment detection molecules were higher than the control, this difference is
expected. The 2.5-fold excess S-SMCC test scenario showed the highest S/CO value of all
the test scenarios at each dilution tested, followed by the 2.25-fold excess, the 2.75-fold ex-

cess, and the 2-fold excess scenario.

One-way ANOVA (Table C1.13 in Appendix C1), and a Tukey Pairwise Comparison (Table
C1.14 and Figure C1.2 in Appendix C1) was conducted on the 1/2000 dilution data sub-set for
all test scenarios (excluding the control), on Minitab ® 19 software. This was conducted in
order to determine if the differences indicated in Figure 4.3 above are statistically significant.

In addition, the data were presented as an individual value plot and a box plot.

Individual Value Plot of the 5S-SMCC Concentrations

.00

475

425

Data
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2- fold 225 - fold 25 - fold 275 - fold

Figure 4.4: Individual value plot of S/CO values of the S-SMCC concentrations.
Note 1: The individual value plot shows the S/CO value for each replicate at the 1/2000 dilution.

Note 2: Refer to Appendix C, Table C1.13 and C1.14 for the one-way ANOVA and Tukey pairwise

analyses, respectively.
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Boxplot of the S-SMCC Concentrations
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Figure 4.5: Boxplot of S/CO values of the S-SMCC concentrations.
Note: The box plot shows the S/CO value for each replicate at a 1/2000 dilution.

The p-value is 0.009 of the one-way ANOVA is less than the a-level of 0.05, indicating that the
means of the different S-SMCC concentrations are significantly different. Evaluation of the
means of each of the scenarios as well as the individual value plot (Figure 4.4) indicated that
the 2.5-fold excess S-SMCC had the highest mean S/CO value (4.587), and that the 2-fold
excess S-SMCC scenario showed the lowest mean S/CO value (3.5679). This was confirmed
by the pairwise comparison of the mean S/CO values of the test scenarios, where the 2.5-fold
excess S-SMCC scenario and the 2-fold excess scenario were the only two scenarios that do
not share a group (Figure C1.2 in Appendix C). The Tukey pairwise comparisons compare
every mean to every other mean in the data set. When two means do not share a group
designated by a letter, then those two means are significantly different from one another.
Therefore, the detection molecule prepared using the 2.5-fold excess S-SMCC scenario and

the 2-fold excess scenario were statistically significantly different from each other.

As indicated in the individual value plot, the highest individual S/CO value was obtained for
the 2.25-fold excess scenario, with a mean of 4.151. This mean is lower than that of the 2.5-
fold excess scenario. The 2.25-fold excess S-SMCC scenario data set indicates a standard
deviation of 0.598, the highest of all scenarios analysed, reflecting a high degree of variability.

This is confirmed by the box plot representation of the data (Figure 4.5).

Providing a further excess of sulfo-SMCC than is used in the standard method of synthesis to
a 1250 puM solution of horseradish peroxidase, then followed by linking the modified enzyme
to 0.5 mM peptide solution, demonstrated an increase in the sensitivity of the core region 3
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detection molecule. The mean S/CO value for 2.5-fold excess scenario was highest at the
1/2000 dilution, indicating that this scenario had the largest effect on the efficacy of the core

region 3 detection molecule.

The concentration of horseradish peroxidase was increased from 1000 uM to 1250 uM to
accommodate the increase in the cross-linker used in the preparation of the enzyme conjugate,
i.e., a 250 uM increase in the concentration of horse radish peroxidase for a 2.5-fold increase
in sulfo-SMCC. The increase in enzyme concentration allowed for an increased number of
sites available on the enzyme for linkage. Pierce Biotechnologies (2016) recommends a 10
to 50 molar excess of sulfo-SMCC be added to the protein containing the amine, in this case,
horseradish peroxidase. As such, a 2.5-fold excess is still less than the recommended amount
for saturation of the available amine groups. However, it is more than the amount offered by
the standard method. The results show that a 2.5-fold molar excess of sulfo-SMCC to horse-
radish peroxidase is the optimal proportion to ensure saturation of the amine reactive groups
on the enzyme. Thus, increasing the number of maleimide groups available for linkage to the
peptide representing core region 3 was shown to increase the efficacy of the detection mole-

cule.

4.1.3 pH of the conjugation and storage buffer

This section of the study tested the effects of the conjugation buffer on the reactivity of the
detection molecule. The pH is significant in cross-linkage processes, as it has the ability to
expose or protect the functional groups available for conjugation. Thus, by varying the pH of

the conjugation buffer, a functional group may be specifically selected.

The study prepared 25 mM HEPES/1 mM EDTA, as per the standard method of synthesis but
varied the pH as follows: 6.0, 6.2, 6.4, 6.6, 6.8 (control), 7.0 and 7.5. Enzyme-peptide conju-
gates were then prepared as per the standard method, each using a particular buffer to

achieve conjugation.

The prepared detection molecules were tested as per the standard method for qualification at
DiaSorin South Africa.

The OD values of the data generated on each test were converted to S/CO and plotted on a
multi-Variate chart in Minitab ® 19 software, to indicate and compare the performance of the

detection molecules.
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The chart in Figure 4.6 depicts the S/CO results for the performance of the internal quality
control that detects core region 3, when the pH of the conjugation buffer was varied for the

preparation of the detection molecule.

Average S/Co with Variation by Dilution, pH

e

3

S/Co

pH 6062 64 66 68 70 72|75 60 62 64 66 68|70 72 75 60 62|64 66 68 70 72 75|60 62 64 66 68 70|72 15
Dilution 350 500 750 1000

Figure 4.6: Multivariate chart of activity of the synthesised detection molecule according to pH

Note: Dilutions of 1/350, 1/500, 1/750, and 1/1000 were used to test the synthesised detection molecule.

The S/CO values for pH 6.0, and 6.8 were consistently higher than the S/CO values for the
other tested pH values. pH 6.8 served as the control, as this is the pH of conjugation buffer
used during the standard method of synthesis. The mean S/CO for conjugate prepared using
the pH 6.0 buffer was 6.103, as compared to 4.980 of the conjugate prepared using the pH

6.8 buffer. Thisis a 23% increase in the efficacy of the core region 3 detection molecule.

The two-sample t-test was performed on the individual values of the 1/1000 dilution to deter-
mine if the difference between the S/CO values are statistically significant. The analysis can
be found in Table C1.18 in Appendix C1. The p-value is 0.002, which is less than the a-level
value of 0.05, indicating that there was a significant difference in the S/CO values for pH 6.0
and pH 6.8 conjugation buffer used in the manufacture of the detection molecule, at a 1/1000
dilution. The use of pH 6.0 conjugation buffer when preparing the detection molecule improved
the S/CO values obtained when tested on the Murex HCV Ab/Ag Combination Assay.
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The results of changing the pH of the conjugation buffer demonstrated that pH 6.0 rather than
pH 6.8 had the largest effect on the efficacy of the core region 3-HRP. Hermanson (2013)
described that alkylation of the maleimide double bond by the sulfhydryl group forms a stable
and non-reversal thioether bond. This reaction is exclusively selected for pH range of 6.5 to
7.5, as the process is facilitated by nucleophilic attack by the thiolate anion on a carbon atom
adjacent to the maleimide group. Above pH 7.5, the amine and sulfhydryls compete for the
maleimide groups, resulting in mixed and unwanted reactions. There is no available literature
on the low pH and its effect on the stability of the thioether bond. Therefore, this result is
unexpected and must be investigated further to determine the root cause of the increase in

efficacy of the detection molecule when pH 6.0 buffer was used for cross-linking and storage.

4.1.4 Removal of excess/unbound reagents from the detection molecule

This section of the study focused on comparing the results of two methods — dialysis and
exclusion chromatography — that were used to remove excess unbound reagents contained
within the detection molecule. Adequate removal of these unbound reagents is important, as
it has the potential to impact the assay’s overall performance. The presence of the unbound
reagents could result in unwanted side reactions, or reactions that are not able to be visualised

or quantified, thus diminishing the sensitivity of the assay.

Important factors to consider include molecular size of the detection molecule and the mole-
cules that require removal, purification format, temperature, and the time taken to remove the
unwanted molecules. This study tested these factors, however only performance data for the

purification format is presented below:
Dialysis Membrane:

The detection molecule was prepared as per the standard method of preparation at DiaSorin
South Africa. However, the removal of excess reagents was achieved by varying the dialysis
membranes, i.e., size 1 tubing is used in the standard method as the control, and the use of
size 2 tubing and a dialysis cassette were the experiment methods used to remove unlinked

molecules from the detection molecule.

The OD values of the data generated on each test was converted to S/CO and plotted on a
bar graph in Microsoft Excel, to indicate and compare the performance of the detection mole-

cule purified using these techniques. Figure 4.7 below indicates these results.
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s/co

1/350 1/500 1/750 1/1000 1/1250 1/1500 1/2000
Dilution (1/...)

s S/CO: Tubing Size 1 s S/CO: Tubing Size2 ~ mmmmmm S/CO: Cassette e= «=S/CO

Figure 4.7: S/CO results for a dilution series of the synthesised detection molecule, when the dial-

ysis membrane format was varied.

Note: The dilution range of 1/350, 1/500, 1/750, 1/1000, 1/1250, 1/500, and 1/2000 were used for the
testing of the synthesised detection molecule. Testing was conducted using the Murex HCV Ag/Ab

Combination assay.

The S/CO values of the size 2 tubing are consistently lower than the other scenarios, across
all dilutions tested. One-way ANOVA analysis was conducted on the 1/2000 data set, to de-
termine if there are statistical difference between the scenarios tested. This analysis is pre-
sented on Table C1.22 in Appendix C1.

The individual value plot for the performance data for all scenarios in shown in Figure 4.8

below.
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Individual Value Plot for Dialysis Membrane Format

Size 1 Size 2 Cassatte

Figure 4.8: Individual value plot of S/CO values of the synthesised detection molecule when the

dialysis format was varied.

Note: The individual value plot shows the S/CO value for each replicate at the 1/2000 dilution.

The p value is 0.000, which is less than the a-level of 0.05, indicating that the S/CO values for
each of the scenarios are statistically different from each other. The individual value plot indi-
cates that the cassette scenario has the largest mean S/CO value, whereas the size 2 dialysis
tubing has the lowest mean S/CO. Therefore, these analyses, indicates that dialysis through

the cassette membrane indicates the largest improvement to the S/CO.
Gel Filtration:

PD-10 columns containing Sephadex G25 resin was used to remove excess and unwanted
reagents from the detection complex, in this experiment. The resultant detection molecule
was tested as per the standard method for qualification, at DiaSorin South Africa. This sce-

nario was tested compared to the detection molecule purified using a dialysis cassette.

The OD values of the data generated on each test was converted to S/CO and plotted on a
bar graph in Microsoft excel, to indicate and compare the performance of the detection mole-
cule purified using these techniques. A summary of the performance of both scenarios is

presented in Figure 4.9 below.

ND Sukhdeo 45691037

78 |Page



s/co

1/350 1/500 1/750 1/1000 1/1250 1/1500 1/2000
Dilution (1 /...)

s S/CO: Dialysis Cassette @ 6 & 18 hrs mmmmm S/CO: Gel Filration  «= e Positive Result

Figure 4.9: S/CO results for a dilution series of the synthesised detection molecule prepared using

gel filtration and a dialysis cassette.

Note: The dilution range of 1/350, 1/500, 1/750, 1/1000, 1/1250, 1/500, and 1/2000 was used for the
testing of the synthesised detection molecule. Testing was conducted using the Murex HCV Ag/Ab

Combination assay.

Comparison of the S/CO values of both test scenarios indicate that the gel filtration consist-
ently has a larger S/CO value than the dialysis cassette. At the lowest dilution tested, 1/2000,
the mean of the S/CO value for the gel filtration scenario is 27% higher than that of the dialysis
cassette. A two-sample t-test was conducted on Minitab ® 19 software, on the individual data

points, to determine if the difference is statistically significant.

This analysis is presented on Table C1.23 in Appendix C1. A box plot of this data is shown in
Figure 4.10 below:
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Boxplot of Dialysis Cassette vs Gel Filtration
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Figure 4.10:  Boxplot of S/CO values of the synthesised detection molecule when prepared using gel

filtration and a dialysis cassette.

Note: The Boxplot shows the S/CO value for each replicate at the 1/2000 dilution.

The p value is 0.035 which, although higher, is still lower than the a-level of 0.05 applied to
test. This indicates there is a statistical difference between the S/CO values obtained for
scenarios. However, it is interesting to note that the standard deviation (0.554) of the dialysis
cassette scenario is considerably higher than that of the gel filtration scenario (0.129), indicat-
ing that there is large degree of variability within the data set. This is confirmed by the box
plot chart (Figure 4.10). Therefore, gel filtration has the most beneficial and consistent effect
on the S/CO values.

These results indicate that the use of gel filtration produces conjugates that generate a higher

S/CO value, as well as more consistent OD values of the replicates tested.

The results indicate that the use of G25 Sephadex resin improved the S/CO values in com-
parison to the dialysis cassette. At the highest dilution tested, 1/2000, the mean of the S/CO

value for the gel filtration scenario is 27% higher than that of the dialysis cassette.

Whilst dialysis and gel filtration are used to remove substances based on size, dialysis is
predicated on the retention of target molecules within the dialysis membrane (Nath 2008),
whilst allowing the molecules of small molecular weights to diffuse through the dialysis mem-

brane - this separates large from small molecules such as contaminants (Berg et al., 2002).
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On the other hand, Sephadex G25 is a gel filtration resin that separates unbound or excess
products based on size of the molecular size (Berg et al., 2002) and molecular shape (Walsh
2002). Thus, it retains substances of small molecular weight in the resin, whilst allowing the

larger (target) molecules such as peptides to quickly exit the resin.

In addition to both dialysis and gel filtration allowing separation of molecules according to their
molecular weight, albeit differently, dialysis is also affected by temperature, membrane thick-
ness and surface area, and sample concentration (Pierce Biotechnology 2016). However, gel

filtration does not have these latter constraints.

Sephadex G 25 Medium has a dry particle diameter of 50 to 150 um and a hydrated particle
diameter of between 84 um and 262 um. The fraction range (Mr) is between 1000 — 5000 for
globular proteins. This fractionation range facilitates group separation of molecules larger
than 5000 Daltons from molecules smaller than 1000 Daltons. The core region 3 — HRP has
an approximate molecular weight of 46222, with the peptide representing core region 3 having
a molecular weight of approximately 1680 dissolved in DMSO which has a molecular weight
of 78,14 Daltons. Therefore, group separation of the core region 3 — HRP from the DMSO
would have occurred, because the low molecular weight of DMSO would allow it to enter the
pores of the beads of Sephadex G25 resin and remains in the column longer than the core
region 3 — HRP. The unbound core region 3 peptide is also able to enter the pores of the
beads but will follow a shorter path than the DMSO molecules as it is larger. As a result of its
large size, the core region 3 - HRP will be first molecule to exit the column and can be collected
immediately. Thus, because of the large difference in molecular weights, the use of gel filtra-
tion can more effectively and efficiently separate the conjugate from excess and unwanted

reagents.

4.1.5 Assessment of the detection molecule: Improved method vs standard method

The detection molecule was prepared by including all the improved variables into the prepa-
ration methods, i.e., the increased peptide concentration, increased concentration of the
cross-linker, the conjugation buffer at pH 6.0, and purified using gel filtration. The resultant
conjugate was diluted in the Murex Ab/Ag conjugate diluent, i.e., 1/1350, 1/1500, 1/1750, and
1/2000, as is the standard method for qualification of the detection molecule at DiaSorin South
Africa. A control batch was prepared as per the standard method of synthesis and qualified

alongside the test batch.
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The OD values of the data generated were converted to S/CO and plotted on a bar graph in
Microsoft excel, to indicate and compare the performance of the detection molecule for both

scenarios. A summary of the performance of both scenarios is presented in Figure 4.11 below.

Mean OD

350 500 750 1000
Dilution (1/...)

s S/CO: Improved Method I S/CO: Current Method e a=S/CO

Figure 4.11:  S/CO results for a dilution series of the synthesised detection molecule prepared using
the improved method and the standard method.

Note: The dilution range of 1/350, 1/500, 1/750, and 1/1000 were used for the testing of the synthesised
detection molecule. Testing was conducted using the Murex HCV Ag/Ab Combination assay.

The S/CO values of the improved method are considerably higher than those obtained for the
standard method, across all the dilutions tested. At the lowest dilution, 1/1000, the improved

method shows an improvement of 78% over the standard method.

4.2 Improvement to the capture molecule

This section of the study assessed the effect of separately cross-linking each of the three core
detection peptides to a different BSA molecule, thus creating individual core peptide conju-
gates for coating on the microtitre wells. The core region — BSA was then titrated by coating
microtitre wells with a range of concentrations (0.02 pg/ml, 0.04 pg/ml, 0.06 pg/ml or 0.08
pg/ml.) to assess and determine the optimal concentration.
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4.2.1 Conjugation of the individual core capture peptides to bovine serum albumin

The individual enzyme-peptide conjugates prepared for each region of the core was coated at
0.04 pg/ml onto the microtitre wells, and subsequently tested as per the standard method for
gualification of the polycore capture complex. A polycore capture complex was coated onto

microtitre wells at the same concentration (0.04 pg/ml) to serve as a control.

The OD values of the data generated were converted to S/CO and plotted on a bar graph in
Microsoft excel, to visualise the core performance. A summary of the performance of both

scenarios is presented in Figure 4.12 below.

s/co

S/CO CORE REGION 1 S/CO CORE REGION 2 S/CO CORE REGION 3

Regions of the core

m Polycore Peptide  m Individual

Figure 4.12:  S/CO results for the polycore capture molecule and the individual core capture mole-

cules.

Note: The polycore capture molecule and the individual core capture molecules were coated at 0.4
pg/ml. Testing was conducted using the Murex HCV Ag/Ab Combination assay.

The S/CO obtained from the three individually prepared core detection peptide conjugates
when compared to the standard polycore preparation show very little difference in their values.
The S/CO returned a marginally higher (4%) result for core region 3 — BSA compared to its
polycore equivalent. Conversely for core region 1; the polycore molecule performed 13%
better than the core region 1 — BSA. The performance of core region 2 were comparatively

the same, with a negligible difference (0,009) in the S/CO values obtained for each scenario.
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4.2.2 Titration of the core region 3 — BSA

The enzyme-peptide conjugate prepared using only the core region 3 peptide linked to BSA
was coated at a range of concentrations onto the microtitre wells, and subsequently tested as

per the standard method for qualification of the polycore capture complex.

The OD values of the data generated were converted to S/CO and plotted on a line graph in
Microsoft Excel to visualise performance at each concentration. A summary of the perfor-

mance of both scenarios is presented in Figure 4.13 below.

s/co

2,655

0,02 0,04 0,06 0,08

Concentration (ug/ml)

Figure 4.13:  S/CO values of a concentration series for core region 3 — BSA coated on microtitre

plates.

Note: Core regions 1 - BSA and Core regions 2 - BSA were coated at 0.04 pg/ml. Core region 3 — BSA
was coated at 0.02 pg/ml, 0.04 pg/ml, 0.06 pg/ml, and 0.08 pg/ml. Testing was conducted using the
Murex HCV Ag/Ab Combination assay.

The highest S/CO ratio obtained for core-region 3-BSA was obtained when it was coated at
0.02 pg/ml. As the concentration was increased, so a steady decrease in the S/CO values
was noted. The standard concentration for coating of the polycore capture molecule is 0.04
pg/ml. However, there is a 15% increase in the S/CO value when the core region 3 — BSA is
coated at 0.02 pg/ml, compared to coating at a concentration of 0.04 pg/ml. Therefore, 0.02
pg/mlis the optimal concentration for improvement of sensitivity to core region-3 core antibod-

1es.
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The preparation of the core region 3 — BSA, and subsequent coating of this molecule at a
concentration of 0.02 pg/m has been shown to improve the sensitivity of the Murex HCV Ab/Ag
Combination Assay to antibodies generated to core region 3 of the hepatitis C virus. This
translated to a 15% increase in sensitivity as compared to the standard concentration for coat-

ing along with a 50% reduction in the use of polycore capture molecule.

The BSA molecule is large, with a molecular weight of 67 000 (Gibbs, 2001), and has a number
of amine groups available for linkage per molecule (Hermanson, 2013). The standard method
for preparation of the polycore complex requires the sequential addition of the three different
peptides representing the amino acid sequences of three areas of the HCV core, to sulfo-
SMCC-activated BSA. These three peptides may bind at different efficiencies, thus resulting
in a polycore that better represents one or more regions of the core. The preparation of the
individual core region-BSA conjugates mitigates this possibility, as all maleimide groups on

the BSA molecule are available only to a single region of the core.

The results of the testing of the different concentrations of the core region-BSA conjugates
allows for the improvement in the detection of each region. The efficacy of core region 3 was
most improved when coated at 0.02 pug/ml, which is half the concentration of core region 3
used in the standard practice. This result may be due to the effects of steric hindrance.
Crowther (2001) described the effects of steric hindrance on the signal generated by the
ELISA assay, indicating that high concentrations of the capture molecule during coating can
suppress the signal of the assay. The higher concentrations of the polycore capture complex
may cause crowding on the microtitre well surface, thus causing molecular orientation
changes. These changes may block the specific reactive groups on the core region 3 capture
molecule coated on the microtitre well surface, thereby causing them to be inaccessible to the
target molecule contained within the patient sample and so resulting in a decrease in the signal
of the Murex Ab/Ag Combination ELISA assay for the detection of core region 3 of the hepatitis

C virus.

4.3 Assessment of the final freeze-dried conjugate of the detection
molecule on the improved coated microtitre plates

This section of the study assessed the effect of the improved methods of preparation for both
the capture and detection complexes as it is used to prepare the coated microtitre well and

the freeze-dried kit conjugate.
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The improved reagents were tested as per the standard procedure at DiaSorin South Africa,
alongside a commercially available product. Sensitivity, specificity, and stability of the im-
proved reagents were compared to the commercially available product. These results are
presented below:

4.3.1 Sensitivity - Efficacy
The efficacy of an ELISA assay is the ability of the test to produce an accurate result.

Efficacy testing of the reagents prepared was performed using a serological panel with the
specifically ability to detect core region 3. The OD values were converted to S/CO values,
and plotted on a bar graph, for the reagents prepared using the improved and standard meth-
ods. This was done in order to compare the performance of the reagents prepared using both

methods. These data are represented in Figure 4.14 below.

5.743

5/Co

QUALITY CONTROL - CORE REGION 3

= Improved Method B Current Method

Figure 4.14:  S/CO values depicting the microtitre plate and conjugate prepared using the improved
method in comparison to the commercially available product prepared using the stand-
ard methods of synthesis.

Note: Testing was conducted using the Murex HCV Ag/Ab Combination assay.

The S/CO value for the improved conjugate (1/2000) was 36% higher than the S/CO value
obtained for the conjugate manufactured (1/350) using the standard method.

A two-sample t-test was conducted on Minitab ® 19 software on the individual data points, to

determine if the difference was statistically significant.

This analysis is presented in Table 4.2 below:
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Table 4.2: Two-sample T-test of the S/CO of microtitre plate and conjugate prepared using the

improved method and compared to the commercially available product.

Two-Sample T-Test and CI: 1/350, 1/2000

Method

pat mean of 1/350
pz: mean of 1/2000
Difference: pa - piz

Equal varignces are not assumed far this analysis

Descriptive Statistics

Sample M Mean StDev SE Mean
1/350 4.2142 0.0789 0.032
1/2000 5.7430 0.0910 0.037

Estimation for Difference

95% I for
Difference Difference
-1.5287 (-1.6399 -14175)
Test
Mull hypothesis He: pa - pz = 0

Alternative hypothesis  Huipa - pz 2 0
T-Value DF P-Value
-31.10 9 0.000

Individual Value Plot of the Current Method vs the Improved Method

6.0

5.0

Data

4.5

1/3250 1,/2000

Figure 4.15: Individual value plot of the S/CO of microtitre plate and conjugate prepared using the

improved method and compared to the commercially available product.
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Note: The Individual value plot shows the S/CO value for each replicate of the capture and detection
molecules prepared using both methods. The freeze-dried conjugate using the improved method was
spiked at a 1/2000 dilution, whereas the control was spiked at 1/350.

The OD values for the replicates for both scenarios show a high level of consistency, as
demonstrated by the individual value plot, where all replicates are clustered tightly around the
mean value. In addition, the two-sample T-test has a p-value of 0 indicating that there is a
statistically significant difference between the OD values of the two scenarios. This indicates
that the molecules prepared using the improved method show a significant increase in sensi-

tivity, without compromising the repeatability of the individual replicates.

4.3.2. Specificity: 90 Normal Human Serum Samples

The specificity of an ELISA assay is its ability to separate and identify the target analyte from
all other analytes present in a sample or that which is applied to the assay. It is a crucial
requirement for an assay to be specific for the target analyte as this contributes to the accuracy
of the test. Specificity testing of the prepared reagents was performed using 90 normal human
serum (NHS) samples that were routinely procured from the South Africa National Blood Ser-
vices. These samples were used to assess the specificity of ELISA reagents and products at

DiaSorin South Africa and were not procured exclusively for this study.

The OD values for each of the 90 NHS samples tested, for each scenario were compared in
to determine if there were differences. These data are presented below for the Improved
method (Table 4.3) and the standard method (Table 4.4).

Table 4.3: OD 448 nm/690 nm data for the specificity testing of the microtitre plate and conjugate
prepared using the improved method.

Note: Testing was conducted using the Murex HCV Ag/Ab Combination assay.
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Raw Data 1 2 3 4 5 6 7 8 9 ) il L
Al 0166 | 0149 | 0221 | 0236 | 0192 | 0132 | 0150 | 0.148 | 0227 | 0152 | 0.172 | 0.160

ol 0170 | 0150 | 0.45 | 0.165 | 0144 | 0141 | 0149 | 0134 | 0127 | 013 | 0.158 | 0.159

o 2061 | 0146 | 0129 | 0140 | 0135 | 0136 | 0121 | 0125 | 0132 | 0123 | 0.148 | 0205

of 2046 | 0170 | 0159 | 0132 | 0132 | 0132 | 0131 | 0226 | 0171 | 0126 | 0.157 | 0.128

g 2015 | 0153 | 0.143 | 0189 | 0.143 | 0147 | 0160 | 0125 | 0125 | 0.128 | 0.150 | 0.162

W 2087 | 0160 | 0.141 | 0150 | 0.154 | 0131 | 0121 | 0131 | 0121 | 0129 | 0.147 | 0.142

of 0169 | 0145 | 0141 | 0128 | 0128 | 0144 | 0146 | 0257 | 0125 | 0.144 | 0221 | 0214

Wl 0179 | 0160 | 0.144 | 0.142 | 0247 | 0150 | 0.158 | 0.143 | 0152 | 0.5 | 0319 | 0301
Improved Method

Table 4.4: OD 448 nm/690 nm data for the specificity testing of the commercially available micro-
titre plate and conjugate prepared using the standard method.

Note: Testing was conducted using the Murex HCV Ag/Ab Combination assay.

Raw Data 1 2 3 4 5 6 7 8 9 D il 2
Al 0189 | 0230 | 0272 | 0222 | 0207 | 0166 | 0170 | 0.192 | 0.249 | 0175 | 0.176 | 0.168

) 0187 | 0502 | 0316 | 0226 | 0198 | 0169 | 0.173 | 0171 | 018 | 0.175 | 0159 | 0.171

o 2022 | 0170 | 0259 | 0217 | 0209 | 0.162 | 0.165 | 0.166 | 0.160 | 0149 | 0.162 | 0218

o 2011 | 0202 | 0170 | 0151 | 0.157 | 0.158 | 0.168 | 0.164 | 0199 | 0152 | 0.172 | 0.153

g 2034 | 0205 | 015 | 0192 | 0178 | 0175 | 0.165 | 0170 | 0.158 | 0.162 | 0.154 | 0.163

A 2019 | 0175 | 0171 | 0167 | 0178 | 0.148 | 0.143 | 0169 | 0148 | 0.149 | 0.154 | 0.156

of 0183 | 0.164 | 0184 | 0151 | 0.141 | 0.142 | 0167 | 0192 | 0.148 | 0.155 | 0.177 | 0.169

W 0200 | 0.166 | 0.168 | 0.164 | 0.163 | 0.147 | 0179 | 0.165 | 0.138 | 0.165 | 0.145 | 0.195
Current Method

Descriptive statistics in Microsoft Excel were applied to the OD values of the data sets for both
scenarios and a histogram was generated. This was undertaken to analyse the performance
of the 90 NHS samples, thereafter, to compare the specificity of both scenarios. These results

are presented in Table 4.5 below:
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Table 4.5:

Descriptive statistics comparing the data sets of the microtitre plate and conjugate pre-

pared using the improved and standard method of synthesis.

Descriptive Statistics

Improved Method

Columnl1

Mean

Median
Mode

Kurtosis
Skewness
Range
Minimum
Maximum
Sum
Count

Standard Error

Standard Deviation
Sample Variance

Confidence Level(95.0%)

0.155664778
0.003830365
0.1463
0.1485
0.036338031
0.001320453
6.823570763
2.416977146
0.1983
0.121

0.3193
14.00983

90
0.007610853

Current Method

Columnl1

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis
Skewness

Range
Minimum
Maximum

Sum

Count

Confidence Level(95.0%)

0.179493333
0.004783531
0.16845
0.1683
0.045380555
0.002059395
29.04234689
4.610003661
0.3636
0.1384

0.502
16.1544

90
0.009504773

Frequency

Histogram comparing distribution of

Improved Method vs Current Method

O

0.075

Figure 4.16:

0.1

0.125

0.15

0.175

Improved Method

0.2 0.25

Bin
® Current Method

0.3

0.35

MORE

Histogram comparing the data sets of the microtitre plate and conjugate prepared using

the improved and standard method of synthesis.

As indicated in Figure 4.16, the histogram of both the improved and standards methods are

bell shaped, with a positive skewness. This means that the tails on the right are longer than

those on the left, with the improved method displaying a “shorter tail” (2.417) than the standard
method (4.610).
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The mean of the data sets are higher than their respective median values indicating that the
mean values are affected by outliers in the data set, i.e., the improved method has a mean
and median value of value of 0.156, and 0.146, respectively. This compares with the standard
method that showed a mean and median value of 0.179, and 0.169, respectively. The most
frequent value (mode) of both data sets is also lower than the mean values, further supporting
the presence of the outliers that affected the mean OD values of the normal human serum

sampled.

The improved method has 84% of the individual OD values below 0.175, and 16% of the
values above the 0.175. The standard method has 67% of its values below 0.175, and 33%
of its values above 0.175. The standard deviation of the improved method (0.0363) is lower
than that of standard method (0.454), indicating more variability in the data for the reagents
prepared using the standard method. This implies that the reagents prepared using the im-
proved method are more accurate, therefore more reliable in ensuring the assay returns the

correct result.

A two-sample t-test was conducted on the data sets to determine if the difference between the
two mean values is statistically significant. An individual value plot of the two data sets was
also conducted, to graphically represent the OD values in relation to each other. This is pre-

sented below:

Table 4.6: Two-sample T-test the comparing the OD values of the 90 normal human serum sam-

ples for both the standard and improved methods.

Two-Sample T-Test and CI: Current Method, Improved Method

Method

Ha mean of Current Method
pz mean of Improved Method
Difference: pa - yz

Equal varionces are not assumed for this analysis.

Descriptive Statistics

sample M Mean StDev  SE Mean
Current Method Q0 0.1795 0.0454 0.0048
Improved Method a0 0.1557 0.0363 0.0028

Estimation for Difference

95% CI for
Drifference Difference
0.02383 (0.01173, 0.03593)

Test
Mull hypothesis He: pa - piz = O
Alternative hypothesis Hy: iz - pz = 0
T-walue DF  P-Value
3.89 169 0.000
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Individual Value Plot of the Current Method vs Improved Method

05

0.0 448/690nm

o\.

Current Method Immprowed Method

Figure 4.17:  Individual value plot of the OD values of the 90 normal human serum samples for both

the standard and improved methods.

The p-value is 0 indicating that there is a statistically significant difference between the OD
values. This may be ascribed to the mean OD of the improved method being 13% lower than
that of the standard method and the improved method indicating less variability in the OD
values that are used to calculate the mean, as demonstrated in the individual value plot. In

addition, the mean has also shifted closer to 0.150 than the standard method.

4.3.3 Sensitivity - Limits of Detection (LoD)

Limits of detection (LoD) is the lowest concentration of an analyte concentration that can be
reliably distinguished from the “analytical noise” of the assay. This is especially significant for
the purposes of this study, as the objective of this study was to improve the detection of the
core region of 3 of the HCV genome. A dilution series of the antibody positive control was
prepared and tested. The S/COO ratio was calculated from the mean OD of each of the

dilutions. These calculations may be found in Appendix C3.3.

The OD values of the data generated on the LoD study for both scenarios were converted to
S/CO and plotted on a line graph in Microsoft Excel. A trend line was also added, to indicate
and compare the performance for both scenarios. A summary of the performance of both

scenarios is presented in Figure 4.18 below.
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y=0.1716x + 0.5057
R*=0.9892

S/Co

y =0.1478x + 0.1868

------- R%=0.9792
1 2 4 6 8 10 12 14 16 18 20 22 24
Volume of Ab Positive Control
=@ Current Method e==@== |mproved Method
~~~~~~~~~ Linear (Current Method) ceeeseeee Linear (Improved Method)

Figure 4.18:  S/CO results for a dilution series of the antibody (Ab) positive control for the microtitre

plate and conjugate prepared using the improved method and the standard methods.

Note: Testing was conducted using the Murex HCV Ag/Ab Combination assay.

The equation of the trend lines as shown in Figure 4.18 was used to calculate the minimum
volume (ul) of antibody positive control required to return a positive result (S/CO = 1). This
was performed for both the improved and standard methods of synthesis. This calculation is

shown in Table 4.7 below.

Table 4.7: Calculation of the volume (ul) of antibody (Ab) positive control required to return a pos-
itive result (S/CO =1)

Scenario R- Trend line Equation Volume (pl) of Ab positive control required
Squared for achieving a positive S/CO value of 1.0

Standard 0.98 y =0.1478x + 0.1868 55

Method

Improved 0.99 y =0.1716x + 0.5057 2.8

Method

The calculations shown in Table 4.7 indicate that for the improved microtitre plate and conju-

gate, 2.8 ul of antibody positive control is sufficient sample to return a S/CO = 1, which is a
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positive result. The microplate and conjugate synthesised using the standard method required
5.5 ul of antibody positive control to return a sample to cut off value of 1.0. Thus, the micro-
plate and conjugate matched manufactured using the improved method requires 50.9% less

sample to return a positive result.

4.3.4 Stability

Accelerated stability, where the reagents are subject to exaggerated, environmental condi-
tions are designed to generate performance data of the reagent. Typically, an increase in

storage temperature is used to achieve the desired degradation.

Accelerated stability testing was conducted to assess the rate of degradation of the improved
microtitre plate and conjugate. A control was tested alongside the improved batch - this was
a commercially available microtitre plate and conjugate, prepared according to the standard
method. The reagents were stored at 37°C over seven (7) weeks (acceleration factor =8).
This was done to review the reagent performance over the shelf life of both the microtitre plate
and conjugate. The data generated from this study provided an understanding of the impact

of the change to both the microtitre plate and conjugate.

The OD values of the data generated on each test occasion over the 8-week study was con-
verted to S/CO and plotted on a bar graph in Microsoft Excel. A regression line was also
added, to indicate and compare the rate of degradation for both scenarios. A summary of the

performance of both scenarios is presented in Figures 4.19 and 4.20 below.

Ww=3 W=4

Time (weeks)

s improved Method S/Co: AB Positive Control
. Control S/Co: AB Positive Control
e Control S/Co

Figure 4.19:  S/CO values of the antibody (Ab) positive control for the accelerated stability testing of
the microtitre plate and conjugate prepared using the improved and standard methods

of preparation.
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Note: Testing was conducted using the Murex HCV Ag/Ab Combination assay.

S/Co

T=0 Ww=1 W=2 W=3 W=4 W=5 W=6 W=7

Time (weeks)
s Improved Method S/Co: QC Core region 3
mssssssm Control S/Co: QC Core region 3

Figure 4.20:  S/CO values of the core region 3 quality control for the accelerated stability testing of
the microtitre plate and conjugate prepared using the improved and standard methods
of preparation.

Note: Testing was conducted using the Murex HCV Ag/Ab Combination assay.

The percentage decline was calculated based on each scenario’s performance at the begin-
ning of the study versus performance at the end. A summary of the performance of both

scenarios is presented in Table 4.8 below.

Table 4.8: Calculation of the percentage decline of coated microtitre well and conjugate prepared
using the improved method of synthesis and a commercially available coated microtitre

well and conjugate.

Improved Method % Decline: Ab Positive Control -30.503
Control % Decline: Ab Positive Control -31.1014
Improved Method % Decline: QC Core Region 3 -33.174
Control Method % Decline: Ab Positive Control -33.864

The stability of the improved method for manufacturing was comparable to that of the standard
method. The rates of decline for both the antibody positive control and the quality control
representing core region 3 for the improved method is 30.503% and 33. 174%, respectively.
The standard method indicates a 31.101% and 33.864% respectively, for the antibody positive

control and quality control representing core region 3.

ND Sukhdeo 45691037

95| Page



4.4 Improved preparation methods for the detection of antibodies
generated to core region 3

4.4.1 Sensitivity, Specificity, and Stability

The sensitivity of the Murex HCV Ab/Ag Combination Assay for detection of antibodies to core
region 3 of the hepatitis C viral genome was improved by 36% when prepared using the im-
proved methods for synthesis, as compared to the conjugate prepared using the standard
method. The sensitivity of the assay for core region 3 was improved despite the use of a
smaller volume of the core region 3 detection molecule. The standard method requires an 83%
larger volume of the core region 3 detection molecule as compared to the conjugate prepared
using the improved method. This is since the conjugate prepared using the standard method
was spiked at 1/350, whereas the conjugate prepared using the improved method was spiked
at 1/2000.

In addition, a smaller volume of antibody positive sample was required when the improved
method was used for preparation of both the Murex HCV Ab/Ag combination conjugate and
coated microtitre wells. A sample volume of 2.8 pl vs 5.5 pl for the improved and the standard

methods, translating into a 50.9% decrease in the sample volume required for a positive result.

This result demonstrates that it is possible to spike the conjugate at a lower titre and still im-
prove the detection of antibodies to core region 3. In addition, a smaller volume of sample is
needed to return a positive result allowing for more tests to be conducted on a single prepared

sample.

These results have important implications for the study comparing the Murex HCV Ab/Ag
Combination (DiaSorin, South Africa) assay and the Monolisa Ag/Ab Ultra V2 (Bio-Rad,
Marnes-la-Coquette, France) in samples with HIV co-infection, which found that the Bio-Rad
assay was more sensitive than the Murex assay (Eshetu et al., 2020). As sensitivity has now
been improved by amending the preparation of the core capture and detection molecules, the
Murex Ab/Ag Combination assay may now be better able to detect HCV antibodies to core
region 3 in eluates and their subsequent dilutions. In addition, the assay may be able to per-
form more reliably when detecting subtypes of HCV in dilutions of dried serum or plasma spots,

as it now able to detect smaller volumes in a sample.
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With regard to specificity, the same study comparing the Murex and Bio-Rad assays indicated
that 22.8% (28/123) dried serum spot samples were initially reactive on the Murex assay, but
confirmatory testing showed them to negative. This is compared the 1.9% (2/105) false posi-
tive rate indicated by the Monolisa Ag/Ab Ultra assay (Eshetu et al., 2020). As the Murex
assay has a higher false positive rate, thus a lower diagnostic specificity of 77.2% compared
to Bio-Rad’s 1.9% and 98.1%, respectively; the improvement of 13% in specificity demon-
strated in this study may result in a lower false positive rate in potentially cross-reactive spec-

imens.

The improved preparation methods do not impact the overall stability of the Murex HCV Ab/Ag
Combination Assay. The Murex Ab/Ag Combination coated microtitre wells and conjugate
prepared using the improved and the standard methods both show a decline a similar rate,
i.e., 30 to 34%. Thus, indicating that the improved methods for preparation does not affect
the long-term stability of the Murex HCV Ab/Ag Combination Assay.

In a 2016 review of the current practices of HCV diagnosis, it was noted that there was a
difference in diagnostic approaches when screening blood for suitability and that used for the
development of a treatment regime (Cloherty et al., 2016). The Murex HCV Ab/Ag Combina-
tion Assay may now be more reliable, and thus perform more competitively with other HCV

combination assays, when used for blood screening in low-income countries.

CHAPTER 5: CONCLUSIONS

The aim of this study was to improve the sensitivity of the Murex HCV Ab/Ag Combination
assay for the detection of antibodies generated to core region 3 of the hepatitis C genome, as
well as improve the overall assay specificity. The value of this study is related to the periodic
review of the ELISA assays in order for them to remain relevant with regard to the heteroge-
neity of HCV. In addition, it serves to review reagent preparation to ensure that kits are pro-

duced as efficiently and cost effectively as possible.

The sensitivity of the Murex HCV Ab/Ag Combination assay for the detection of antibodies
generated to core region 3 of the hepatitis C genome was improved by changing the methods

for preparing both the capture and detection molecule.

Efficacy of the core detection was most significantly improved when conjugation occurred at
pH 6.0. The concentration of the enzyme was increased to 1250 uM and modified by offering
a 2.5-fold increase in sulfo-SMCC. The detection molecule was prepared using a 0.5 mM
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peptide solution. Finally, the detection molecule was passed through G25 Sephadex resin in
10 ml PD -10 disposable columns. The sensitivity of the core capture molecule for antibodies
generated to core region 3 coated on the microtitre wells was improved by the preparation of
individual core capture molecules and the subsequent ascertainment of the most appropriate
microtitre plate coating level for each. Core region 3 — BSA should be coated at 0.02 pg/ml,
whilst core region 1 — BSA and core region 2 — BSA should be coated at 0.04 ug/ml. This was
not included in the original objectives submitted during the research proposal stage of this
study. However, as the study progressed, it was discerned that there were limitations to the
extent to which the sensitivity could be improved without reviewing both the capture and de-

tection molecules.

This study was also limited by the fact that the difficulties noted during the bulk preparation
processes are historical and have only been identified internally at DiaSorin South Africa.
There is no record of the issue in the public domain. Further to this, there is little relevant
research available to which to compare this study’s findings. As such, the study was limited
to comparing the performance of the Murex HCV Ab/Ag Combination assay as it is currently
prepared to the performance when the improvements were made. Finally, the study did not
use HCV serum positive clinical samples for evaluation of the different variables as these are
difficult to obtain in South Africa. The antibody positive control used in the Murex HCV Ab/Ag
combination assay is prepared using serum positive for antibodies generated to the hepatitis
C virus. This serum is chemically inactivated with an added preservative. HCV negative
(normal human serum) clinical samples were used to assess the specificity of the improved

assay.

The incorporation of the improvements determined in this study into the bulk preparation pro-
cesses for both the capture and detection molecules, would result in the Murex HCV Ab/Ag
Combination assay being able to maintain and improve its claims for sensitivity and specificity.
Thus, continuing to provide a robust, less expensive alternative for blood screening, and ena-

bling access to safer blood and blood products particularly in sub-Saharan Africa.

CHAPTER 6: FUTURE STUDIES

Purification of the core region 3 detection molecule can be conducted on a purification system
such as an AKTA Purifier on Sephadex G25 to further optimize purity. Online monitoring of
absorbance values at 280 nm can be used to determine when the enzyme cross-linked to the
peptide elutes off the column. This can be monitored to remove unconjugated horseradish
ND Sukhdeo 45691037

98 |Page



peroxidase from the final product, thereby further improving purity, and by extension specificity

of the detection molecule.

In addition, a study using clinical samples with potentially cross-reactive specimens to evalu-
ate the Murex HCV Ab/Ag Combination assay for detection of HCV antigen and antibodies in
serum and plasma should be conducted to determine if the sensitivity and specificity of the
assay has been improved. The evaluation should be conducted on reagents prepared using

the improved methods determined in this study.
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—
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ol south africa

UNISA

Reguest for permission to conduct research at DiaSorin Sowuth Africa

Optimization of the antibody detection sensitivity of the Murex Ab/Ag
Combination HCV assay.
Tanja Postma
22 Kyalami Boulevard
Managing Director
tanjapostma@diasonn.co.za

Dear Tanja,

|, Mityanandi Diaksha Sukhdeo, am doing research Professor John Dewar, a professor, efc in
thie Department of Life Sciences towards a Master of Science degree, at the University of South
Africa. We hawe funding fromn DiaSorin South Africa for the purposes of improvement of the
Murex AbiAg Combination product already on the market. We are inviting you to participate in a
study entitled Optimization of the antibody detection sensitivity of the Murex AlvAg Combination
HCV assay.

The aim of the study is to improve the detection of antibodies generated to a particular region of
thie core of the freeze-dried conjugate of the Murex Anti-HCW comibination kit

Your company has been selected because DiaSorin in the owner of the Murex Brand, and thus
thie owner of the intellectual property related to the Murex Ab/Ag Combination Assay.

The study will entail a review of the current manufacturing processes, and test variables
sequentially to determine which is the most appropriate fo improve the process and the
performance of the product.

This study is beneficial as it will lead to both process, and, financial efficiencies.

There are no potential risks identified.

Feedback procedures will entall regular sessions to discuss the progress of the study,
challenges, and next steps.

Yours sinceraly

Mityanandl Diaksha Sukhdeo
Caality Control Team Leader

e
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APPENDIX B: CHEMICALS AND SUPPLIERS, REA-
GENT/BUFFER PREPARATION, and, STANDARD METHODS
OF PREPARATION

Appendix B1: Chemicals and suppliers

Table B1.1: List chemicals and suppliers

MATERIALS MANUFACTURER
HEPES Sigma Aldrich, St. Louis, MO, USA
Hydroxylamine VWR International, Bridgeport, NJ, USA

Triethanolamine hydrochloride Sigma Aldrich, St. Louis, MO, USA

Aldrithiol 4 Sigma Aldrich, St. Louis, MO, USA

95% Ethanol: Merck KGaA, Darmstadt, Germany

Molecular sieve 4A, 1/16-inch pel- | VWR International, Bridgeport, NJ, USA

lets:

B-mercaptoethanol Merck KGaA, Darmstadt, Germany

Dimethyl sulfoxide (from which | Sigma Aldrich, St. Louis, MO, USA

water is removed)

ND Sukhdeo 45691037

115|Page



N-ethylmaleimide (NEM)

Sigma Aldrich, St. Louis, MO, USA

Bovine serum albumin (BSA)

Sigma Aldrich, St. Louis, MO, USA

Size 1 dialysis membrane with a
MWCO of between 12000 -
14000 (diameter of 6.3 mm and a

wall thickness of 0.050 mm.)

MediCell Membranes Ltd, London, UK

Size 2 dialysis membrane with a
MWCO of between 12000 -
14000 (diameter of 16 mm and a

membrane thickness of 0.020

MediCell Membranes Ltd, London, UK

mm)
sulfo-SMCC Pierce Biotechnologies, Rockford, USA
SATA Pierce Biotechnologies, Rockford, USA

Sodium carbonate

VWR International, Bridgeport, NJ, USA

Sodium hydrogen carbonate

Merck KGaA, Darmstadt, Germany

Sodium chloride

Merck KGaA, Darmstadt, Germany

di-Sodium hydrogen orthophos-
phate 2-hydrate

VWR International, Bridgeport, NJ, USA

Potassium di-hydrogen ortho-
phosphate

VWR International, Bridgeport, NJ, USA

10% casein (Hammerstein grade)

BD GmbH, Heidelberg, Germany

Sodium chloride

Merck KGaA, Darmstadt, Germany

ND Sukhdeo 45691037

116 |Page




Potassium chloride

VWR International, Bridgeport, NJ, USA

semi-instant skimmed milk pow-

der

Dairy Crest, Telford, UK

30% Bovine serum albumin

Merck Millipore, Billerica, MA, USA

PVP

VWR International, Bridgeport, NJ, USA

Sucrose

VWR International, Bridgeport, NJ, USA

Nunc MaxiSorp™ microtiter wells

Thermo Scientific, Massachusetts, USA)

Nunc MediSorp™ microtiter wells

Thermo Scientific, Massachusetts, USA)

Greiner MICROLON® 200 micro-

titre wells

Greiner Bio-One, Austria

Greiner MICROLON® 600 micro-

titre wells

Greiner Bio-One, Austria

Horseradish peroxidase

BBI Solutions, Gwent, UK

5 ml Slide-A-Lyzer G2TM dialysis
cassette

Thermo Scientific, Massachusetts, USA)

PD-10 columns containing Se-

phadex G25 Medium resin

(GE Healthcare, Buckinghamshire, UK)

0.5 M Sulphuric Acid

Merck KGaA, Darmstadt, Germany
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Appendix B2: Preparation of buffers and reagents

B2.1: 25 mM HEPES 1 mM EDTA (pH 7.8): A quantity of 6 g of HEPES (Sigma Aldrich, St.
Louis, MO, USA), was dissolved in 800 ml of distilled water. Thereafter, 2 ml of 500 mM EDTA
solution at pH 8.0, was added and allowed to stir for 10 minutes. The pH of this solution was
adjusted to 7.8 by addition of 5 M NaOH. Thereafter, the distilled water was added to a final
volume of 1000 ml. This buffer can be stored at 2 to 8°C for up to 1 month.

B2.2: 25 mM HEPES 1 mM EDTA (pH 6.8): A quantity of 6 g of HEPES (Sigma Aldrich, St.
Louis, MO, USA), was dissolved in 800 ml of distilled water. Thereafter, 2 ml of 500 mM EDTA
solution at pH 8.0, was added and allowed to stir for 10 minutes. The pH of this solution was
adjusted to 6.8 by addition of 5 M NaOH. Thereafter, the distilled water was added to a final

volume of 1000 ml. This buffer can be stored at 2 to 8°C for up to 1 month.

B2.3: 500 mM Hydroxylamine (pH 7.0): A quantity of 3.45 g of Hydroxylammonium chloride
(VWR International, Bridgeport, NJ, USA), was dissolved in 80 ml of distilled water. Thereatfter,
18. 56 g of Triethanolamine hydrochloride (Sigma Aldrich, St. Louis, MO, USA) was added,
and allowed to dissolve fully. An amount of 0.2 ml of 500 mM EDTA solution at pH 8.0, was
added and allowed to stir for 10 minutes. The pH of the resulting solution was adjusted to 7.0
by addition of 5 M NaOH. Lastly, the distilled water was added to a final volume of 100 ml.
This buffer can be stored at 2 to 8°C for up to 1 month.

B2.4: 500 mM A4 Solution: A quantity of 11 mg Aldrithiol 4 (98%) (Sigma Aldrich, St. Louis,
MO, USA) was dissolved in 1 ml of 95% Ethanol (Merck KGaA, Darmstadt, Germany). This

buffer can be stored at 2 to 8°C for up to 1 month.

B2.5: Anhydrous dimethyl sulfoxide: A quantity of 5 g molecular sieve 4A, 1/16-inch pellets
(VWR International, Bridgeport, NJ, USA) was added to a volume of 100 ml of dimethyl sul-
foxide (Sigma Aldrich, St. Louis, MO, USA). This solution can be stored at room temperature

for up to 1 year.

ND Sukhdeo 45691037

118 |Page



B2.6: 1/500 B-mercaptoethanol (2-ME) solution: A volume of 20 ul B-mercaptoethanol
(Merck KGaA, Darmstadt, Germany) was prepared in 9.98 ml 25 mM HEPES 1 mM EDTA
(pH 6.8). This solution must be used immediately to prepare a 1/48 000 dilution B-mercap-
toethanol solution.

B2.7: 1/48 000 B-mercaptoethanol (2-ME) solution: A volume of 50 ul of 1/500 B-mercap-
toethanol solution was added to 4.75 ml of 25 mM HEPES 1 mM EDTA (pH 6.8). This solution

must be used immediately.

B2.8: 1/201 B-mercaptoethanol (2-ME) solution: A volume of 50 ul of B-mercaptoethanol
solution was added to 10 ml of 25 mM HEPES 1 mM EDTA (pH 6.8). This solution must be
used immediately.

B2.9: 100 mM NEM solution: A quantity of 125 mg N-ethylmaleimide (NEM) (Sigma Aldrich,
St. Louis, MO, USA) was dissolved in 10 ml distilled water. This solution must be used imme-

diately.

B2.10: Preparation of 5mg/ml bovine serum albumin (BSA): A 30% solution of bovine
serum albumin (Merck Millipore, lllinios, USA) was purified by dialysis at 2°C to 8°C in a size
1 dialysis membrane with a MWCO of between 12000 — 14000 (MediCell Membranes Ltd,
London, UK) using a pH 7.8, 25 mM HEPES, 1 mM EDTA solution provided at 200 x the
volume of the BSA solution. Two changes of the HEPES-EDTA solution were used, each for
a period between 4 and 24 hours. The concentration of the BSA solution was determined
spectrophotometrically using a T80 UV-VIS Spectrophotometer (PG Instrument Ltd, London,
UK) set at a wavelength of 280 nm in order to determine the concentration of the 30% BSA

stock solution.

A 5 mg/ml solution was prepared from the 30% BSA stock solution by adding 3.45 ml of the
BSA solution to 18.08 ml of a 25 mM HEPES, 1 mM EDTA (pH 7.8) solution.
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B2.11: Preparation of 100 mg/ml sulfo-SMCC in DMSO: A quantity of 61.6 mg of sulfo-
SMCC (Pierce Biotechnologies, Rockford, USA) was dissolved in 1616 pl of DMSO.

B2.12: 0.05 M Carbonate/Bicarbonate coating buffer (pH 9.6): An amount of 1.6 g of
sodium carbonate (VWR International Bl, Bridgeport, NJ, USA), and 2.94 g sodium hydrogen
carbonate (Merck KGaA, Darmstadt, Germany), was dissolved in 750 ml of distilled water.
The pH was adjusted to 9.6 with 5 M sodium hydroxide or 5 M hydrochloric acid, as applicable.
Thereatfter, the distilled water was added to a final volume of 1000 ml. This buffer can be

stored at 2 to 8 °C for up to 2 weeks.

B2.13: 0.2% casein in PBS blocking buffer (pH 7.4): An amount of 16 g sodium chloride
(Merck KGaA, Darmstadt, Germany), 0.4 g potassium chloride (VWR International, Bridgeport,
NJ, USA), 2.88 g di-sodium hydrogen orthophosphate 2-hydrate (VWR International, Bridge-
port, NJ, USA), and 0.4 g potassium di-hydrogen orthophosphate (VWR International, Bridge-
port, NJ, USA), were dissolved in 900 ml distilled water. The pH of the solution was adjusted
to 7.4 using 5 M sodium hydroxide or 5 M hydrochloric acid. Thereafter, 20 ml of 10% casein
(Hammerstein grade) (BD GmbH, Heidelberg, Germany) was added and allowed to stir for 5
minutes. Distilled water was added to a final volume of 2000 ml.  This buffer can be stored

at 2 to 8°C for up to 2 weeks.

B2.14: 0.2% Non-fat dairy milk in PBS blocking buffer (pH 7.4 (pH 7.4): An amount of 16
g sodium chloride (Merck KGaA, Darmstadt, Germany), 0.4 g potassium chloride (VWR Inter-
national, Bridgeport, NJ, USA), 2.88 g di-sodium hydrogen orthophosphate 2-hydrate (VWR
International, Bridgeport, NJ, USA), and 0.4 g potassium di-hydrogen orthophosphate (VWR
International, Bridgeport, NJ, USA), was dissolved in 900 ml distilled water. The pH of the
solution was adjusted to 7.4 using 5 M sodium hydroxide or 5 M hydrochloric acid. Thereafter,
2 g of semi-instant skimmed milk powder (Dairy Crest, Telford, UK) was added and allowed
to stir for 5 minutes. Distilled water was added to a final volume of 1000 ml.  This buffer can

be stored at 2 to 8°C for up to 2 weeks.
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B2.15: 0.1% BSA, 0.1% Casein in PBS blocking buffer (pH 7.4): An amount of 16 g sodium
chloride (Merck KGaA, Darmstadt, Germany), 0.4 g potassium chloride (VWR International,
Bridgeport, NJ, USA), 2.88 g di-sodium hydrogen orthophosphate 2-hydrate (VWR Interna-
tional, Bridgeport, NJ, USA), and 0.4 g potassium di-hydrogen orthophosphate (VWR Interna-
tional, Bridgeport, NJ, USA), was dissolved in 900 ml distilled water. The pH of the solution
was adjusted to 7.4 using 5 M sodium hydroxide or 5 M hydrochloric acid. Thereafter, 10 ml
10% Casein (Hammarsten grade) (BD GmbH, Heidelberg, Germany) and 1 ml 30% Bovine
serum albumin (Merck Millipore, Billerica, MA, USA) was added and allowed to stir for 5
minutes. Distilled water was added to a final volume of 1000 ml.  This buffer can be stored
at 2 to 8°C for up to 2 weeks.

B2.16: Fixing Buffer (pH 6.0): The formulation of the fixing buffer is proprietary information
and cannot be disclosed. Briefly this buffer contains PVP and Sucrose to preserve the coated
antigens and antibodies onto the microplate surface.
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Appendix B3: Standard preparation of the core and detection molecules
B3.1 Standard preparation of the core detection molecule at DiaSorin South Africa:

B3.1.1 Preparation of sulfo-SMCC modified horseradish peroxidase.

A 100 mg/ml solution of horseradish peroxidase (BBI Solutions, Gwent, UK) was prepared in
a pH 7.8 solution of 25 mM HEPES, 1 mM EDTA, by adding 6.01 g of horseradish peroxidase
to 60.1 ml of pH 7.8 25 mM HEPES, 1 mM EDTA. The horseradish peroxidase was dissolved

by gentle swirling.

B3.1.2 Inclusion of Maleimide groups to Horseradish peroxidase (HRP) using Sulfo-SMCC

A 100 mg/ml sulfo-SMCC solution was prepared as described in B2.11.

A 100 mg/ml solution of horseradish peroxidase (BBI Solutions, Gwent, UK) was prepared in
a pH 7.8 solution of 25 mM HEPES, 1 mM EDTA, by adding 6.01 g of horseradish peroxidase
to 60.1 ml of pH 7.8 25 mM HEPES, 1 mM EDTA. The horseradish peroxidase was dissolved
by gentle swirling. A two-fold excess of the 100 mg/ml sulfo-SMCC solution was added to the
horseradish peroxidase solution (BBI Solutions, Gwent, UK), i.e., a volume of 1.316 ml of 100
mg/ml sulfo-SMCC was added dropwise to the horseradish peroxidase solution. The resultant

solution was allowed to react by incubation at 20° C, away from direct light, for 45 minutes.

At the conclusion of the incubation, the excess cross-linking reagents was removed by gel
filtration. The solution was passed through PD-10 desalting columns containing Sephadex
G25 resin (GE Healthcare, Uppsala, Sweden), equilibrated with 25 ml of 25 mM HEPES/1 mM
EDTA (pH 6.8) buffer solution. The reddish-brown eluate collected in glass bottles and pooled
together.

The protein and the maleimide concentration of the HRP-maleimide solution, was determined
by spectrophotometry. A T80 UV-VIS Spectrophotometer (PG Instrument Ltd, London, UK)
was set at a wavelength of 280 nm. A solution of 3-mercaptoethanol was reacted with horse-
radish peroxidase/sulfo-SMCC solution, and the absorbance read at a wavelength of 324 nm
on a T80 UV-VIS Spectrophotometer (PG Instrument Ltd, London, UK). The extinction co-
efficient of 2.475 (Pierce Biotechnology, 2008) is applied to the absorbance value of 0.752 to

determine the maleimide concentration of 2351.513 pM.

B3.1.3 Linkage of the detection-peptide to the horseradish peroxidase.
The HRP-maleimide solution prepared in section 3.2.3 was diluted to 1000 uM by adding a
volume of 70.476 ml 25 mM HEPES/1 mM EDTA (pH 6.8) solution.
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A 10 mM solution of the core detection peptide was prepared by dissolving 106.349 mg of the
detection peptide in 6.773 ml DMSO (Sigma Aldrich, Missouri, USA). Thereafter, the 10 mM
core peptide solution was further diluted to 0.1 mM by adding 693.594 ml of 25 mM HEPES/1
mM EDTA (pH 6.8) solution.

Modified horseradish peroxidase was reacted with peptide solution one in a ratio of 2:1 to
optimise conjugation. In practice, 677.38 ml of the core detection peptide solution was added
dropwise to 135.476 ml modified horseradish peroxidase solution, whilst continuously swirling.
Thereafter, 500 mM hydroxylamine was added to the solution at a ratio of 1:5, with the aim of
exposing the sulfhydryl groups on s-SMCC-modified HRP (Hermanson 1996). As such,
27.095 ml of 500 mM hydroxylamine was added to the solution and incubated at 2°C to 8°C
for between 16 and 24 hours. At the conclusion of the incubation, the conjugation reaction
was stopped by the addition 50 ul of 1/201 B-mercaptoethanol (2ME) per ml of 1000 uM HRP-
maleimide to block free maleimide groups. Thus, 6.774 ml of 1/201 B-mercaptoethanol (2ME)
was added and incubated at 18°C to 25°C for 20 minutes. Free sulfhydryl’s are then blocked
by adding 100 pl of 100 pM N-ethylmaleimide per ml of 1000 uM HRP-maleimide. Thus,
13.458 ml was added and incubated at 18°C to 25°C for 20 minutes.

B3.1.4 Removal of excess/unwanted reagents from the core detection conjugate
The excess reagents, i.e., unbound peptide, unbound stop solutions etc. contained in the de-

tection peptide conjugate solution was removed by dialysis.

Size 1 dialysis tubing of a MWCO between 12000 — 14000 DA (MediCell Membranes Ltd,
London, UK) was pre-treated by soaking in 25 mM HEPES/1 mM EDTA (pH 6.8) solution for
approximately 20 minutes. The core-peptide conjugate was pipetted into the pre-treated dial-
ysis tubing, and submerged into 25 mM HEPES/1 mM EDTA (pH 6.8) solution at 100 x the
volume of the conjugate for a maximum of 24 hours at 2°C to 8°C. The buffer was changed

twice during the 24-hour period.

B3.2 Standard preparation of the core capture molecule at DiaSorin South Africa:

B3.2.1 Inclusion of maleimide groups onto bovine serum albumin (BSA)

A 60 mg/ml solution of the cross-linking reagent was made by dissolving 60 mg of sulfo-SMCC
(Pierce Biotechnologies, Rockford, USA) in 1 ml of DMSO (Sigma Aldrich, St Louis, MO, USA).
Then, a 600 pl aliquot of this 60 mg/ml sulfo-SMCC solution was added to 20 ml of the 5 mg/mi
BSA solution, whilst gently swirling for 5 minutes. The resulting solution was then incubated
at 18°C to 25°C, away from direct light, for 90 minutes. Any unbound cross-linking reagent
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was removed from the solution by dialysis in 25 mM HEPES 1 mM EDTA (pH 6.8). The volume
of buffer needed for dialysis was 200 x the volume of the BSA-maleimide solution, i.e., 4.12 1.
Two changes of buffer solutions were used, each for a period of 4 hours and 19 hours, re-
spectively. BSA-maleimide was stored at 2 to 8°C until use. The total maleimide content of
sulfo-SMCC modified BSA was determined by A4 assay. A 1/20 dilution was prepared, i.e.,
60 pl of the sulfo-SMCC modified-BSA in 0.9 ml 25 mM HEPES, 1 mM EDTA (pH 6.8), and
0.240 ml of 1/48 000 B-mercaptoethanol. This sample was pipetted into a cuvette to completely
fill it, ensuring that there were no air bubbles present, or drops of sample on the outside of the
cuvette. The cuvette was then placed into a T80 UV-VIS Spectrophotometer (PG Instrument
Ltd, London, UK) set at a wavelength of 280 nm. The spectrometer then generated an ab-
sorbance value of 0.154, when read at 280 nm. The wavelength of the spectrophotometer
was changed to a wavelength of 324 nm. The same sample was removed from the spectro-
photometer, and a volume of 4 ul A4 solution was added and mixed vigorously. Thereafter,
the sample was read at 324 nm, producing an absorbance value of 0.445. A control was
prepared by diluting 0.240 ml 1/48 000 B-mercaptoethanol in 0.960 ml 25 mM HEPES, 1 mM
EDTA (pH 6.8), after which an absorbance value of 1.463 at a wavelength of 324 nm was
generated, after the addition of 4 pl of A4 solution. The maleimide concentration was deter-
mined indirectly by subtracting the sample absorbance value from the control absorbance
value at 324 nm. The maleimide concentration was determined to 1028.28 uM. This is based
on the absorbance value of 1 uM-SH equalling 0.0198 at 324 nm, 1 mg/ml BSA equalling
0.595 at 280 nm, the molecular weight of BSA at 66 000 Da, and the 1/20 dilution of the sample.

B3.2.2 Preparation of the polycore capture complex.

Three peptides, each representing core region 1, 2, and 3 of the hepatitis C genome, were
used in the manufacture of the polycore capture complex. These peptides were separately
dissolved in DMSO. The peptide solutions were added sequentially to sulfo-SMCC modified
BSA, the volumes were calculated based on the maleimide concentration and a fixed ratio of
each peptide representing the core. This ratio cannot be disclosed, as it is proprietary infor-
mation. However, the ratio is inversely proportional to the reactivity of the peptide for antibod-
ies in a sample. The maleimide concentration was calculated as described in B3.2.1 above,
i.e., 1028.28 pM. As such, a volume of 7 ul, 3 pl, and 5 pl of the peptides representing core
region 1, 2, and 3, respectively were added sequentially whilst gently stirring. In order to main-
tain the correct sulfhydryl configuration throughout the conjugation process, a volume of 250
pl of 500 mM hydroxylamine was added the BSA-peptide solution. The resultant solution was
then incubated away from direct light, at room temperature, on a roller, for between 16 and 24
hours.
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The conjugation reaction was stopped by the sequential addition of 143 pl 1/201 B-mercap-
toethanol, thereafter 206 pl N-ethylmaleimide to block any unconjugated maleimide and
sulfhydryl groups, respectively.

The excess unbound reagents in the polycore capture complex was then removed by dialysis.
This was done by soaking size 1 dialysis tubing of a MWCO between 12000 — 14000 DA in
25 mM HEPES/1 mM EDTA (pH 6.8) solution for approximately 15 minutes. The polycore
capture complex was pipetted into the pre-treated tubing and submerged into 25 mM HEPES/1
mM EDTA (pH 6.8) solution at 200 x the volume of the solution to be purified. The buffer was
changed twice over a maximum of 48 hours, each change was at a minimum of 4 hours and

maximum of 24 hours, at 2°C to 8°C.

Appendix B4: The Murex HCV Ab/Ag Combination Assay Test Method

1. A volume of 50 pl of sample diluent from the kit was added to each microtitre well using
a 10 -100 pl 8-channel Finnpipette (Thermo Fisher Scientific, Vantaa, Finland).

2. A volume of 50 pl of each sample (as per the layout described) was added into the
sample diluent in each microtitre well.

3. The sample/sample diluent-filled microtitre wells were incubated at 37°C +/-1 °C for 60
minutes in a microplate incubator (Stuart SI505 Microplate Incubator, Staffordshire, UK).

4. A working strength solution of Tween/Saline was prepared by diluting the 20 x concen-
trate in the Murex HCV Ab/Ag Combination kit with 2500 ml of distilled water. The sam-
ple/sample diluent-filled microplate was then washed five times, on a Thermo Wellwash
Versa Microplate washer (Thermo Fisher Scientific, Vantaa, Finland), by filling each well
with 500 pl of the working strength Tween/Saline washer solution.

5. At the end of five wash cycles, the wash solution remaining in the wells were aspirated
leaving the wells empty. Excess wash buffer was removed from the wells by inverting
the microplate and tapping gently on a lint free wipe.

6. The freeze-dried conjugate was reconstituted using the entire contents of the conjugate
diluent, both of which were found in the Murex HCV Ab/Ag Combination Kkit.

7. Avolume of 120 pl of reconstituted kit conjugate was then added to each microtitre well,
and incubated away from direct light, at ambient temperature (~15° C to 28° C) for 60
minutes.

8. The conjugate-filled microtitre wells were then washed as described above.

9. A working strength solution of TMB was prepared by adding an equal volume of TMB

Diluent to an equal volume of Orange TMB Substrate Concentrate (both of which are
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found the Murex HCV Ab/Ag Combination kit). A volume of 80 pl of working strength
TMB solution was then added to each microtitre well.

10. The TMB-filled microtitre wells were then incubated in a microplate incubator (Stuart
SI1505 Microplate Incubator, Staffordshire, UK) at 37° C +/-1 °C for 30 minutes.

11. The reaction was stopped by the addition of 50 pl 0.5 M Sulphuric Acid (Merck KGaA,
Darmstadt, Germany).

12. Absorbance was determined by reading the OD values at 448 nm and a reference
wavelength of 690 nm on a Tecan Infinite F50 Absorbance Microplate Reader (Tecan
Trading AG, Switzerland).

Appendix B5: Preparation methods for the capture and detection molecule where an
improvement was not indicated:

B5.1 Methods for testing variables on the core detection molecule:
B5.1.1 HRP Modified with different crosslinkers.

The peptide representing core region 3 has a protected but chemically accessible sulfhydryl
group available for linkage. Horseradish peroxidase has an amine group available for conju-
gation. As such, the cross-linkers and associated cross-linking strategies that were assessed

are detailed below:
Glutaraldehyde

Glutaraldehyde was assessed as a cross linker of interest to this project. However, a decision
was taken to exclude this cross-linking reagent from the experimental testing. The standard
method in use for conjugation at DiaSorin South Africa employs the use of a heterobifunctional
cross-linking reagents in order to maintain stability of the conjugates in the long term. In ad-
dition, core region 3-HRP is one of three enzyme-linked core peptide-conjugates, and one of
five enzyme-linked conjugates that make up the final Murex Ab/Ag Combination conjugate.
Therefore, in order to maintain the stability of the final freeze-dried conjugate, glutaraldehyde

was excluded as a possible cross-linking reagent.
Sulfo-EMCS

A 100 mg/ml solution of sulfo-EMCS was prepared in DMSO, by the addition of 61.6 mg of
sulfo-EMCS (Pierce Biotechnologies, Rockford, USA) was dissolved in 1.616 ml of DMSO.
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A mass of 500 mg of horseradish peroxidase was dissolved in 5 ml of 25 mM HEPES/1 mM
EDTA (pH 6.8). A 100 mg/ml solution of sulfo-EMCS (Pierce Biotechnologies, Rockford, USA)
was prepared as described in section 3.2.3.2. The sulfo—-EMCS modified horseradish perox-
idase was diluted to a final concentration of 1000 uM, by the addition of 1.251 ml 25 mM
HEPES/1 mM EDTA (pH 6.8).

Linkage to the detection peptide, and removal of excess reagents was conducted as described
in Appendix B3.1.3 and B3.1.4.

Evaluation of the detection molecule when the cross-linker was changed:
Test Method:

The detection molecules prepared using the different cross-linkers were tested, alongside a
detection molecule prepared as per the standard method of preparation of the core region 3
detection molecule. A range of dilutions were prepared for each concentration, i.e., i.e., 1/350,
1/500, 1/750, 1/1000, 1/1250, 1/1500, and 1/2000. The detection molecule prepared at each
scenario was then tested as per the standard method for qualification, at DiaSorin South Africa.

The testing was conducted as per the Murex HCV Ag/Ab Combination protocol detailed the
Instructions for Use (IFU) (DiaSorin South Africa 2014). The test method for the Murex HCV
Ab/Ag Combination assay is described in Appendix B4.

The following samples were tested as per the layout detailed in Table C1.1 of Appendix C.1.
. The Negative Control (KN) contained within the kit.

. Quality control reference standard containing antibodies specific to core region 3 of the

hepatitis C genome was used to assess the detection molecule’s performance.
Evaluation of the data and statistical analysis:

The mean OD at 448/690 nm was determined spectrophotometrically; thereafter the S/CO
was calculated. This is calculated by firstly adding 0.2 to the mean OD of the negative control
value, to determine the cut-off value. Thereafter, the average of the quality control for core
region 3 was then divided by its corresponding cut-off for that test. As per the Murex HCV
Ab/Ag Combination Assay Instruction for Use (IFU), a sample is considered positive if the

S/CO value is greater than 1.0.

B5.1.2 Linkage of the core region 3 peptide and HRP to a carrier molecule
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The standard method for introducing sulfhydryl groups onto horseradish peroxidase uses sul-
fo-SMCC to target cysteine residues on the detection peptide. This experiment made use of
SATA for the introduction of sulfhydryls onto horseradish peroxidase, and sulfo-SMCC to mod-
ify BSA. These activated molecules were then reacted with the detection peptide to pre-pare

the core region 3 conjugate.

The detection peptide of core region 3 was cross-linked to a carrier molecule. In this instance,

bovine serum albumin (Merck Millipore, lllinios, USA) was used.

B5.1.2.1 Preparation of SATA modified horseradish peroxidase.

The 30% bovine serum albumin (BSA) was prepared and diluted to 5 mg/l, and thereafter
modified with sulfo-SMCC as described in Appendix B2.10. The maleimide concentration of
the modified-BSA was calculated to be 1028.28 uM.

An amount of 0.2 g of Horseradish peroxidase (BBI Solutions, Gwent, UK) was dissolved in 2
ml of 50 mM Phosphate/1 mM EDTA (pH 7.8) solution. A 40 mg/ml solution was made up by
dissolving 16 mg of SATA (Pierce Biotechnologies, Rockford, USA) in 400 pl of DMSO (Sigma
Aldrich, Missouri, USA). The cross-linker was added as two-fold excess over horse-radish
peroxidase, therefore 58 pl of the SATA solution was added to the 2 ml horseradish peroxidase
solution, in a dropwise fashion whilst continuously stirring. The resultant conju-gate solution

was allowed to incubate for 45 minutes, at room temperature, away from direct light.
The excess cross-linking reagent was removed from the conjugate by gel filtration.

During the incubation of the conjugate, a PD 10 column containing Sephadex G-25 M resin
(GE Healthcare, Buckinghamshire, UK) was equilibrated with 5 column volumes of 50 mM
Phosphate, 1 mM EDTA (pH 6.8) solution.

At the end of the conjugate incubation period, 2 ml of SATA-modified horseradish peroxidase
solution was applied to the column. Once the entire quantity of the solution had entered the
gel bed of the PD 10 column, 3.7ml of 50 mM Phosphate/1 mM EDTA (pH 6.8) solution was

applied in order to elute the conjugate.

A 1/80 dilution of the SATA modified horseradish peroxidase was prepared in the 50 mM
Phosphate, 1 mM EDTA (pH 6.8) solution. Thereafter, the protein concentration was deter-
mined spectrophotometrically on T80 UV-VIS Spectrophotometer (PG Instrument Ltd, London,
UK) set at a wavelength of 280 nm. The optical density reading at 280 nm was 0.455, to which
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an extinction co-efficient of 5.975 (Pierce Biotechnology 2008) was applied to deter-mine the
concentration in mg/ml. The concentration of the STA modified horseradish peroxidase was
60.92 mg/ml. Thereatfter, the 4.445 ml of 25 mM HEPES/1 mM EDTA (pH 6.8) was added to

1.9 ml of the SATA-modified horseradish peroxidase, to a final concentration of 50 mg/ml.

B5.1.2.1 Linkage of sulfo-SMCC modified Bovine Serum Albumin and SATA modified horse-

radish peroxidase to the core detection peptide:

A volume of 6.345 ml of the 50 mg/ml SATA-modified horseradish peroxidase was added
dropwise to an equal amount of sulfo-SMCC modified BSA. Thereafter, 1269 ul of 500 mM
hydroxylamine was added to the conjugate solution. The resultant solution was incubated at

ambient temperature, away from direct light, for 65 minutes.

During the incubation of the BSA and HRP, 4.540 mg of core capture peptide was dissolved
in 45 pl of DMSO (Sigma Aldrich, Missouri, USA), and made up a 100 mg/ml solution. The
entire amount of dissolved peptide was added dropwise to the HRP/BSA solution, whilst con-
tinuously swirling. The conjugate was incubated for 19 hours at 2°C to 8°C away from di-rect
light.

At the end of the incubation period, the conjugation reaction was stopped by addition of 128
ul 1/201 B-mercaptoethanol solution (0.2 pl per mg of BSA). The resultant solution was then
incubated at room temperature in the dark for 15 minutes. Thereafter, 182 pl of 12.5 mg/mi
NEM solution (5 pl per mg of HRP) was added and the conjugate solution was incubated at

room temperature in the dark for 10 minutes.
Removal of excess/unwanted reagents from the core detection conjugate:

Separation of excess unbound reagents was achieved by dialysis in 2609 ml (200 x the con-
jugate volume) of cold 25 mM HEPES, 1 mM EDTA (pH 6.8) buffer. The conjugate was pi-
petted into size 1 dialysis tubing, and immersed in cold buffer, along with a magnetic flea. This
was placed atop a magnetic stirrer platform. Dialysis was allowed to progress at 2 - 8°C for
an initial 3 hours after which, the buffer was refreshed. Thereafter, dialysis progressed for a

subsequent 19 hours.

Evaluation of the detection molecule when core region 3 peptide and HRP was linked to a

carrier molecule;

Test Method
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The detection molecules prepared using the carrier molecule was tested, alongside a detec-
tion molecule prepared as per the standard method of preparation of the core region 3 detec-
tion molecule. Arange of dilutions were prepared for each conjugate, i.e., 1/350, 1/500, 1/750,
1/1000, 1/1250, 1/1500, and 1/2000. The detection molecule prepared at each scenario was

then tested as per the standard method for qualification, at DiaSorin South Africa.

The testing was conducted as per the Murex HCV Ag/Ab Combination protocol detailed the
Instructions for Use (IFU) (DiaSorin South Africa 2014). The test method for the Murex HCV
Ab/Ag Combination assay is described in Appendix B4.

The following samples were tested as per the layout detailed in Table C1.1 of Appendix C.1.
. The Negative Control (KN) contained within the kit.

. Quality control reference standard containing antibodies specific to core region 3 of the

hepatitis C genome was used to assess the detection molecule’s performance.
Evaluation of the data and statistical analysis:

The mean OD at 448/690 nm was determined spectrophotometrically; thereafter the S/CO
was calculated. This is calculated by firstly adding 0.2 to the mean OD of the negative control
value, to determine the cut-off value. Thereafter, the average of the quality control for core
region 3 was then divided by its corresponding cut-off for that test. As per the Murex HCV
Ab/Ag Combination Assay Instruction for Use (IFU), a sample is considered positive if the
S/CO value is greater than 1.0.

B5.1.3 Preparation of core region 3 detection molecule when testing variables related

to removal of excess/unbound reagents by dialysis.

The detection molecule was prepared as per the standard method described in B3.1.1 to
B3.1.3. As dialysis is the standard method for removal of unconjugated or excess reagents
from the enzyme conjugate; variation in the time, temperature, and membrane format was
tested. Separation of the unbound and excess reagents was done by the emersion of filled
dialysis membranes in a cold 25 mM HEPES/1 mM EDTA (pH 6.8) solution that was agitated
by inclusion of a magnetic flea and placement on a magnetic stirrer platform. The contact
material of all dialysis membranes tested was regenerated cellulose acetate, with a MWCO of
10 000 Daltons.

Temperature
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Dialysis tubing with a diameter of 6.3 mm, a width of 10 mm, and a membrane thickness of
0.050 mm (MediCell Membranes Ltd, London, UK) was used for these experiments. The tub-
ing was pre-treated at room temperature, by emersion in 2 5 mM HEPES/1 mM EDTA (pH
6.8).

Enzymes peptide conjugates prepared in duplicate and in 10 ml volumes, were then placed in
the dialysis tubing and secured with clips. One enzyme conjugate was placed on a magnetic
stirrer at 2 - 8°C, as whilst the other was placed at room temperature (average temperature of
21.2°C during the course of the dialysis). The conjugates were allowed to dialyze for an initial

6 hours, the buffer refreshed and dialyzed for a subsequent 18 hours.
Time:

Dialysis tubing with a diameter of 6.3 mm, a width of 10 mm, and a wall thickness of 0.050
mm (MediCell Membranes Ltd, London, UK) was used for these experiments. The tubing was

pre-treated with at room temperature, by emersion in 2 5mM HEPES/1 mM EDTA (pH 6.8).

Enzymes peptide conjugates prepared in triplicate and in 10 ml volumes were placed in the
dialysis tubing and secured with clips. The tubing was then placed in a 25 mM HEPES, 1 mM
EDTA (pH 6.8) solution, at 2 - 8°C, as is standard practice at DiaSorin South Africa.

The first enzyme conjugate was allowed to dialyze for 3 hours at a time, with two changes of
the dialysis buffer. The second was allowed to dialyze for 6 hours, and a subsequent 18 hours.
The third enzyme conjugate was allowed to dialyze for 24 hours at a time, with two changes

of the dialysis buffer.

Evaluation of the detection molecule when testing variables related to removal of excess/un-

bound reagents by dialysis.
Test Method:

The detection molecules prepared when varying the method for removal of excess/ unbound
reagents, were tested alongside a detection molecule prepared as per the standard method
of preparation of the core region 3 detection molecule. A range of dilutions were prepared for
each pH, i.e., 1/350, 1/500, 1/750, 1/1000, 1/1250, 1/1500, and 1/2000. The detection mole-
cule prepared at each scenario was then tested as per the standard method for qualification,
at DiaSorin South Africa.
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The testing was conducted as per the Murex HCV Ag/Ab Combination protocol detailed the
Instructions for Use (IFU) (DiaSorin South Africa 2014). The test method for the Murex HCV
Ab/Ag Combination assay is described in Appendix B4.

The following samples were tested as per the layout detailed in Table C1.1 of Appendix C1.
. The Negative Control (KN) contained within the Kit.

. Quality control reference standard containing antibodies specific to core region 3 of the

hepatitis C genome was used to assess the detection molecule’s performance.
Evaluation of the data and statistical analysis:

The mean OD at 448/690 nm was determined spectrophotometrically; thereafter the S/CO
was calculated. This is calculated by firstly adding 0.2 to the mean OD of the negative control
value, to determine the cut-off value. Thereafter, the average of the quality control for core
region 3 was then divided by its corresponding cut-off for that test. As per the Murex HCV
Ab/Ag Combination Assay Instruction for Use (IFU), a sample is considered positive if the

S/CO value is greater than 1.0.
B5.2 Methods for testing variables on the core capture molecule:
Immobilisation of the core capture complex onto the solid phase

A composite experiment was designed that tested various microplate surfaces, various con-
centrations of core capture complex onto the microplate surface, as well, as a range of block-

ing buffers.
The Solid Phase

Polystyrene microtitre plates were evaluated for improvement in the detection of antibodies to
the hepatitis C virus. As such, the currently used Nunc MaxiSorp™ microtitre surface was
tested alongside the Nunc MediSorp™ microtitre surface, the Greiner MICROLON® 600 mi-

crotitre surface and the Greiner MICROLON® 200 microtitre surface.
Coating concentration of the core-capture complex

The polycore complex and the core peptides individually conjugated to BSA were coated at
0.02 pg/ml, 0.04 pg/ml, 0.06 pg/ml, and 0.08 pg/ml. This level was determined by coating
microtitre wells with a range of concentrations of the polycore capture-complex. The range
concentrations used was between 20 ng/ml to 80 ng/ml, i.e., 20 ng/ml, 40 ng/ml, 60 ng/ml, and
80 ng/ml.

ND Sukhdeo 45691037

132 |Page



Active ingredient in the blocking buffer (PBS/Casein)

A non-protein blocker, a mix of casein and BSA, non-fat dairy milk, as well as the current 0.2%
casein solution were manufactured and tested. All blocking buffers were prepared as per the
standard method in use at DiaSorin South Africa. See sections B2.13, B2.14 and B2.15 for
details of the preparation of the buffers.

Coating stage

A volume of 115 pl of the coating buffer, containing the different concentrations of individually
conjugated BSA-core peptide, as well as, the standard concentrations of the antibody and
antigens excluded from this study, were applied to four (4) different microtitre surfaces, i.e.,
Greiner MICROLON® 200, Greiner MICROLON® 600 (Greiner Bio-One GmbH, Fricken-
hausen, Germany), Nunc MaxiSorp™ and Nunc MediSorp™ (Thermo Fisher Scientific, Ros-

kilde, Denmark). The wells were then incubated overnight at room temperature.
Blocking stage

Three different types of blocking buffers were applied on top of the coating buffer after the

overnight room temperature incubation. These buffers were:
pH 7.4 PBS containing 0.1% BSA and 0.1% casein,
pH 7.4 PBS containing 0.2% non-fat dairy milk,

protein-free blocking buffer (Pierce Biotechnology, Thermo Fisher Scientific, Rockford, IL,
USA)

The resultant mixture was incubated as per the standard protocol and aspirated from the wells

after 12 hours.
Fixing stage

This additional step for immobilisation of the molecules to the microtitre plate well surface was

performed as per section B2.16.
Evaluation of the core capture molecules immobilised onto the solid phase.

The coated microplate was tested using the standard Murex HCV Ag/Ab Combination Testing
protocol as per the Instructions for Use (IFU) (DiaSorin South Africa 2014) using components
from the Murex HCV Ag/Ab Combination Kkit.

Test Method:
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The microtitre wells were tested, alongside a commercially available coated Murex HCV Ag/Ab
Combination microtitre plate, as per the standard Murex HCV Ag/Ab Combination protocol
detailed the Instructions for Use (IFU) (DiaSorin South Africa 2014). The test method for the
Murex HCV Ab/Ag Combination assay is described in Appendix B4. Concentrations of 0.02
pg/ml, 0.04 pg/ml, 0.06 pg/ml, and 0.08 pg/ml for each core capture complex were tested on
each of the buffers and microplate surfaces as per the layout detailed in Table C2.1 of Appen-
dix C.2.1.

The following samples were tested:
The Negative Control (KN) contained within the kit.

Quiality control reference standards, each containing antibodies specific to the core region 1,
core region 2, and core region 3 of the hepatitis C virus was used to detect the efficacy of the

test plates.
Evaluation of the data:

The mean OD at 448/690 nm was determined spectrophotometrically; thereafter the S/CO
was calculated for each test and compared to the commercially available microplate prepared

as per the standard method at DiaSorin South Africa.
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APPENDIX C: SUPPORTING DATA

Appendix C1: Testing of variables for improvement of the detection molecule

C1.1: Concentration of sulfo-SMCC modified horseradish peroxidase and the detection

peptide solution.

Table C1.1: Plate Layout for the testing variables related to improvement of the detection molecule.

QC Core | QC Core | QC Core | QC Core | QC Core | QC Core | QC Core | QC Core

region 3 region 3 region 3 region 3 region 3 region 3 region 3 region 3

QC Core | QC Core | QC Core | QC Core | QC Core | QC Core | QC Core | QC Core
region 3 region 3 region 3 region 3 region 3 region 3 region 3 region 3

QC Core | QC Core | QC Core | QC Core | QC Core | QC Core | QC Core | QC Core
region 3 region 3 region 3 region 3 region 3 region 3 region 3 region 3

QC Core | QC Core | QC Core | QC Core | QC Core | QC Core | QC Core | QC Core
region 3 region 3 region 3 region 3 region 3 region 3 region 3 region 3

KN KN KN KN KN KN KN KN

KN KN KN KN KN KN KN KN

KN KN KN KN KN KN KN KN

KN KN KN KN KN KN KN KN
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Table C1.2: OD 448 nm/690 nm results for the testing of 0.10 mM peptide concentrations for the

detection molecule in the ELISA format (Control).

Well Position

1

2

3

4

5

6

7

8

Al 1.112 0.790 0.914 0.747 0.701 0.812 0.611 2.030
| 1.094 1.014 1.041 4.082 0.565 0.641 0.567 1.245
c| 1.091 0.786 1.165 1.145 3.618 0.596 0.605 1.301
p| 0.978 0.749 0.137 0.657 4.027 0.480 0.569 1.267
g] 0.059 0.041 0.040 0.018 0.046 0.033 0.029 0.093
F| 0.071 0.048 0.020 0.053 0.072 0.038 0.119 0.150
¢ 0.072 0.049 0.038 0.076 0.058 0.051 0.154 0.131
| 0.121 0.074 0.040 0.083 0.074 0.071 0.035 0.176
Dilution: | 1/350 1/500 1/750 1/1000 | 1/1250 | 1/1500 | 1/2000 REF

Note: Values highlighted in red were excluded from the data analysis, as these were considered contamination due to insufficient

washing.

Table C1.3: OD 448 nm/690 nm results for the testing of 0.25 mM peptide concentrations for the

detection molecule in the ELISA format.

Well Position 1 2 8 4 5 6 7 8
Al 1.652 1.246 1.095 0.875 0.842 0.793 0.771 1.147
B| 1.555 1.283 1.177 0.895 0.827 0.765 0.771 1.042
c| 1.557 1.245 1.183 0.922 0.736 0.760 0.731 1.206
p| 1.463 1.227 1.125 0.960 0.800 0.833 0.700 1.202
el 0.068 0.058 0.058 0.085 0.052 0.057 0.053 0.156
F| 0.069 0.058 0.070 0.050 0.059 0.061 0.060 0.170
c| 0.067 0.056 0.060 0.052 0.086 0.050 0.073 0.126
H 0.088 0.069 0.073 0.059 0.068 0.080 0.057 0.111
Dilution: | 1/350 1/500 1/750 | 1/1000 | 1/1250 | 1/1500 | 1/2000 REF
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Table C1.4: OD 448 nm/690 nm results for the testing of 0.50 mM peptide concentrations for the

detection molecule in the ELISA format.

Well Position

1

2

3

4

B

6

7

Al 1.689 1.344 1.201 1.211 0.993 0.990 0.858 1.287
B 1.690 1.319 1.249 1.236 0.952 0.885 0.885 1.158
c| 1.610 1.328 1.254 1.112 0.996 0.892 0.898 1.030
p| 1.623 1.346 1.269 1.084 0.999 0.898 0.827 1.315
gl 0.054 0.065 0.041 0.052 0.038 0.039 0.035 0.118
F| 0.052 0.067 0.047 0.054 0.048 0.043 0.036 0.116
c| 0.076 0.064 0.082 0.052 0.038 0.041 0.036 0.182
H 0.101 0.069 0.038 0.062 0.047 0.037 0.043 0.143
Dilution: | 1/350 1/500 1/750 1/1000 | 1/1250 | 1/1500 | 1/2000 REF

Table C1.5: OD 448 nm/690 nm results for the testing of 0.75 mM peptide concentrations for the

detection molecule in the ELISA format.

Well Position 1 2 3 4 5 6 7 8
Al 1.299 1.140 1.098 1.136 1.0043 0.876 0.85 1.200
B| 1.223 1.451 1.103 1.196 0.968 0.887 0.801 1.239
c| 1.300 1.149 1.110 1.208 0.967 0.882 0.804 1.245
p| 1.269 1.136 1.116 1.033 0.999 0.871 0.899 1.267
gl 0.063 0.081 0.086 0.040 0.042 0.039 0.040 0.121
o 0.074 0.061 0.051 0.038 0.043 0.034 0.036 0.115
¢| 0.061 0.047 0.042 0.061 0.049 0.039 0.036 0.120
| 0.071 0.052 0.040 0.045 0.046 0.050 0.043 0.117
Dilution: | 1/350 1/500 1/750 1/1000 | 1/1250 | 1/1500 | 1/2000 REF
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Table C1.6 Peptide Concentration Data Summary.

Negative Control

350 500 750 1000 1250 1500 2000
Negative Control: Control 0.081 0.053 0.035 0.058 0.063 0.048 0.084
Cut-off: Control 0.281 0.253 0.235 0.258 0.263 0.248 0.284
Negative Control: 0.25 mM 0.073 0.063 0.065 0.062 0.066 0.062 0.061
Cut-off: 0.25 mM 0.273 0.263 0.265 0.262 0.266 0.262 0.261
Negative Control: 0.5 mM 0.071 0.066 0.052 0.055 0.043 0.040 0.043
Cut-off: 0.5 mM 0.271 0.266 0.252 0.255 0.243 0.240 0.243
Negative Control: 0.75 mM 0.065 0.063 0.055 0.046 0.046 0.041 0.039
Cut-off: 0.75 mM 0.265 0.263 0.255 0.246 0.246 0.241 0.239
Negative Control Upper limit 0.200 0.200 0.200 0.200 0.200 0.200 0.200
QC Core Region 3: Mean OD @ 448 nm/690 nm and S/CO

350 500 750 1000 1250 1500 2000
QcC Core Region 3: Control 1.069 0.835 0.814 0.850 0.633 0.632 0.588
S/CO: Control 3.807 3.299 3.472 3.300 2411 2.547 2.069
QC Core Region 3: 0.25 mM 1.557 1.250 1.145 0.913 0.801 0.788 0.743
S/CO: 0.25 mM 5.702 4.763 4.317 3.491 3.009 3.007 2.850
QC Core Region 3: 0.5 mM 1.653 1.334 1.243 1.144 0.985 0.916 0.867
S/CO: 0.5 mM 6.105 5.011 4.934 4.486 4.058 3.818 3.568
QC Core Region 3: 0.75 mM 1.273 1.219 1.107 1.143 0.978 0.879 0.835
S/CO: 0.75 mM 4.803 4.635 4.344 4.647 3.976 3.655 3.496
QC Core Region 3: Lower Limit 0.712 0.712 0.712 0.712 0.712 0.712 0.712
QcC Core Region 3: Upper Limit 2.009 2.009 2.009 2.009 2.009 2.009 2.009
S/CO 1.000 1.000 1.000 1.000 1.000 1.000 1.000
QC Core Region 3 - neg

350 500 750 1000 1250 1500 2000
QC Core Region 3-neg: Control 0.988 0.782 0.780 0.792 0.571 0.584 0.504
QcC Core Region 3-neg: 0.25 mM 1.484 1.188 1.080 0.852 0.735 0.726 0.683
QC Core Region 3-neg: 0.5 mM 1.582 1.268 1.191 1.089 0.942 0.876 0.824
QC Core Region 3-neg: 0.75 mM 1.208 1.156 1.052 1.097 0.932 0.839 0.796
QC Core Region 3: Lower Limit 0.712 0.712 0.712 0.712 0.712 0.712 0.712
QC Core Region 3: Upper Limit 2.009 2.009 2.009 2.009 2.009 2.009 2.009
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Table C1.7 One-way ANOVA of the detection molecules prepared using the different peptide
concentrations.

One-way AMNOWVA: Control, 0.25 mMM, 0.5 mM, O.75 mh1

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance lewvel o = 0.05

Equal wvarignces were assuwmed for the analysis

Factor Information

Factor Lewvels wvalues
Factor 4 Control, O.25 mb, 0.5 mibkd, 075 mbkAa

Analysis of Wariance

Source CF Adj ss Adj MSs F-“alue P-“alue
Factor 3 5.8B9E83 1.960510 100.51 0,000
Error 12 0.2347 2.01958

Total 15 6.1330

Model Summanry

= R-sq R-sqladj) R-sq{pred)
0.139862 26.17%% D5.22% D3.20%
Means
Factor [ Mean StDew a5%: CI
Contral 4 2.0686 0.0818 (1.9162, 2.2210)
0.25 mbkA = 2.8504 0.1321 (2.6981, 3.0028)
0.5 mhAa 4 2.5679 0.1294 (2.4155, 2.7203)
0.75 mbkA = 25120 0.19323 (32.3597, 2.6544)

Pooled StDew = GL133362

Table C1.8 Tukey Pairwise comparison of the detection molecules prepared using different pep-

tide concentrations.

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Factor N Mean Grouping
0.5 mM. 4 35679 A

0.75mM 4 35120 A

0.25mM 4 28504 B
Control 4 20886 C

Means that do not share a letter are significantly different.
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Tukey Simultaneous 95% Cls

Difference of Means for Control, 0.25 mM, ...

0.25 mM - Control

L

0.5 M - Control

075 mi - Control

0.5 mM - 0.25 miM

0.75 mM - 0.25 miM

[ ]

O.F5 m - 0.5 sniM

0.0 0.5 1.0 15 2.0

If an interval does not contain Zero, the corresponading means are significantly different

Figure C1.1. Tukey Pairwise Comparison on Minitab ® 19 software of peptide concentration.

Note: The 1/2000 dilution of the detection molecule was assessed for each test scenario.

C1.2: Concentration of sulfo-SMCC

Table C1.9: OD 448 nm/690 nm results for the testing of 2.25-fold increase in S-SMCC concen-
trations offered to 0.5 mM peptide solution for the detection molecule on the
ELISA format.

Well Position 1 2 3 4 5 6 7 8
Al 1421 1.312 1.365 1.243 1.069 1.022 0.844 1.288
8| 1.557 1.304 1.454 1.173 1.132 0.979 0.885 1.275
c| 1.748 1.375 1.288 1.154 1.194 1.140 1.029 1.411
p| 1.664 1.335 1.220 1.146 1.256 1.215 1.152 1.359
gl 0.046 0.041 0.038 0.039 0.037 0.036 0.036 0.112
F| 0.048 0.042 0.037 0.036 0.035 0.036 0.035 0.111
¢| 0.053 0.043 0.039 0.035 0.036 0.037 0.035 0.109
H 0.051 0.044 0.047 0.037 0.037 0.037 0.036 0.104

Dilution: 1/350 1/500 1/750 1/1000 1/1250 1/1500 | 1/2000 REF
ND Sukhdeo 45691037

140 |Page




Table C1.10: OD 448 nm/690 nm results for the testing of 2.5-fold increase in S-SMCC concen-
trations offered to 0.5 mM peptide solution for the detection molecule on the
ELISA format.

Values highlighted in red were excluded from the data analysis, as these were considered contamination due to insufficient

washing.
Well Position 1 2 3 4 5 6 7 8
Al 1.732 2.004 3.367 1.561 1.361 1.207 1.133 1.413
8| 1.777 1.678 1.629 1.452 1.440 1.240 1.152 1.334
c| 1.778 1.704 1.565 1.434 1.377 1.209 1.056 1.317
p| 1.758 1.663 1.500 1.288 1.267 1.274 1.141 1.447
gl 0.050 0.050 0.047 0.045 0.043 0.048 0.047 0.151
F| 0.065 0.050 0.059 0.056 0.043 0.042 0.044 0.162
¢/ 0.050 0.042 0.044 0.042 0.044 0.044 0.044 0.134
H 0.063 0.049 0.046 0.048 0.045 0.045 0.042 0.147
Dilution: 1/350 1/500 1/750 1/1000 1/1250 1/1500 | 1/2000 REF

Table C1.11: OD 448 nm/690 nm results for the testing of 2.75-fold increase in S-SMCC concen-
trations offered to 0.5 mM peptide solution for the detection molecule on the
ELISA format.

WellPosition 1 2 3 4 5 6 7 8
Al 1.658 1.533 1.393 1.141 1.294 1.151 0.945 1.250
B| 1.644 1.582 1.522 1.385 1.319 1.157 1.122 1.313
c| 1.624 1.574 1.439 1.246 1.219 1.235 1.022 1.354
p| 1.693 1.526 1.346 1.126 1.191 1.120 0.958 1.151
gl 0.076 0.067 0.065 0.068 0.079 0.085 0.116 0.225
F| 0.068 0.059 0.051 0.049 0.104 0.048 0.045 0.167
c| 0.090 0.066 0.142 0.051 0.063 0.047 0.045 0.143
H 0.058 0.054 0.048 0.048 0.049 0.046 0.045 0.151

Dilution: 1/350 1/500 1/750 1/1000 | 1/1250 | 1/1500 | 1/2000 REF
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Table C1.12: S-SMCC Concentration Data Summary.

Negative Control

Dilution 350 500 750 1000 1250 1500 2000
Negative Control: Control 0.081 0.053 0.035 0.058 0.063 0.048 0.084
Negative Control: 2.25-fold excess 0.050 0.043 0.040 0.037 0.036 0.037 0.036
Negative Control: 2.5-fold excess 0.057 0.048 0.049 0.048 0.044 0.045 0.044
Negative Control: 2.75-fold excess 0.073 0.062 0.077 0.054 0.074 0.057 0.063
QC Core region 3: Mean OD @ 448

nm/690 nm

QC Core region 3: Control 1.069 0.835 0.814 0.850 0.633 0.632 0.588
QC Core region 3: 2.25-fold excess 1.598 1.332 1.332 1.179 1.163 1.089 0.978
QC1728: 2.5-fold excess 1.761 1.682 1.565 1.434 1.361 1.233 1.121
QC1728: 2.75-fold excess 1.655 1.554 1.425 1.225 1.256 1.166 1.012
QC Core region 3 - neg

QC Core region 3-neg: Control 0.988 0.782 0.780 0.792 0.571 0.584 0.504
QC Core region 3-neg: 2.25-fold excess 1.548 1.289 1.292 1.142 1.127 1.053 0.942
QC Core region 3-neg: 2.5-fold excess 1.704 1.634 1.516 1.386 1.318 1.188 1.076
QC Core region 3-neg: 2.75-fold excess 1.582 1.492 1.349 1.171 1.182 1.109 0.949
Cut-off (KN + 0.2)

Cut-off: Control 0.281 0.253 0.235 0.258 0.263 0.248 0.284
Cut-off: 2.25-fold excess 0.250 0.243 0.240 0.237 0.236 0.237 0.236
Cut-off: 2.5-fold excess 0.257 0.248 0.249 0.248 0.244 0.245 0.244
Cut-off: 2.75-fold excess 0.273 0.262 0.277 0.254 0.274 0.257 0.263
QC Core region 3: Lower Limit 0.712 0.712 0.712 0.712 0.712 0.712 0.712
QC Core region 3: Upper Limit 2.009 2.009 2.009 2.009 2.009 2.009 2.009
s/co

s/co 1.000 1.000 1.000 1.000 1.000 1.000 1.000
S/CO: Control 3.807 3.299 3.472 3.300 2.411 2.547 2.069
S/CO: 2.25-fold excess 6.403 5.491 5.543 4.980 4.922 4.605 4,151
S/CO: 2.5-fold excess 6.853 6.787 6.284 5.787 5.585 5.036 4.588
S/CO: 2.75-fold excess 6.061 5.942 5.154 4.821 4,587 4,545 3.851
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Table C1.13: One-way ANOVA of the detection molecules prepared using the different sulfo-
SMCC concentrations.

One-way ANOVA: 2- fold, 2.25 - fold, 2.5 - fold, 2.75 - fold

Method

Mull hypothesis All means are equal
Alternative hypothesis Mot all means are equal
Significance level o = 0.05

Equal varionces were assumed for the analysis.

Factor Information

Factor Levels Walues
Factor 4 2- fold, 2.25 - feld, 2.5 - fold, 2.75 - fold

Analysis of Variance

Source DF Adjss AdjmMs  F-Value P-Value

Factor 3 2.283 0.7610 6.08 0.009
Errar 12 1.503 0.1252
Total 15 3.785

Model Summanry
s R-sq R-sgladj) R-sg(pred)

0.353875 &0.31% 50.38% 29.43%
Means
Factor L] Mean StDew 95% CI
2- fold 4 35879 012604 (3.1824 3.9534)
2.25 - fold 4 4151 0.598 (3.785, 4.5336)
2.5 - fold 4 45875 01789 (4.2020, 4.9730)
2.75 - fold 4 3.851 0.308 (3.465, 4.236)

Pooled 5tDev = 0.253875

Table C1.14: Tukey Pairwise comparison of the detection molecules prepared using the different sulfo-
SMCC concentrations.

e i
Tukey Pairwise Comparisons
Grouping Informanon Using the Tukey Method and 95% Conhidence
Factor M Mean Grouping
2.5 - fold 4 43875 A
225 - fald 4 415l A B
-3 - fald d 3851 & [
2- fald 4 33873 B

Megns thot ao pof share @ lefter are sipgndficonily differend
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Tukey Simultaneous 95% Cls
Difference of Means for 5-5MCC concentrations
I
2326 - foid - 2- fioid = - i
i
1 — T E e e —— —
1 —— [ -
15 Fo iy ] -
Pl wlal : _'__________'___.
i
1
376 » foid « 3. dodal i - |
1
i
1
2.5 - foid - 2.2% - foid i : - !
1
1
1
2.7% - foid - .26 - fodd B - ' |
i
1
1.7% - faid - 2.5 - foid : - i
1
i
1.5 4.8 0.8 &8 .5 10 i 10
IF @y irviwrval dowd nod confaln fera e corrmiponding reeoed ave JpeniRoendly o fferend

Figure C1.2. Tukey Pairwise Comparison on Minitab ®) 19 software of S/CO values of the S-SMCC

concentrations.

Note: A 1/2000 dilution was assessed for each test scenario.

C1.3: pH

Table C1.15: OD 448 nm/690 nm results for the preparation of the core region 3 detection complex
when the pH of the buffer is pH 6.8.

Control (pH 6.8)
1 2 3 4 5
A 1.421 1.312 1.365 1.243 1.288
B 1.557 1.304 1.454 1.173 1.275
C 1.748 1.375 1.288 1.154 1.411
D 1.664 1.335 1.220 1.146 1.359
E 0.046 0.041 0.038 0.039 0.112
F 0.048 0.042 0.037 0.036 0.111
G 0.053 0.043 0.039 0.035 0.109
H 0.051 0.044 0.047 0.037 0.104
Dilution: 1/350 1/500 1/750 1/1000 REF
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Table C1.16: OD 448 nm/690 nm results for the preparation of the core region 3 detection complex
when the pH of the buffer is pH 6.0.

pH 6.0
1 2 3 il 5
A 1.871 1.654 1.460 1.395 0.788
B 2.007 1.854 1.758 1.596 0.637
C 2.139 1.759 1.652 1.558 0.587
D 1.792 1.729 1.546 1.598 0.601
E 0.064 0.055 0.048 0.064 0.257
F 0.069 0.049 0.051 0.052 0.183
G 0.051 0.045 0.044 0.044 0.158
H 0.050 0.057 0.045 0.048 0.150
Dilution: 1/350 1/500 1/750 1/1000 REF

Table C1.17: pH of Preparation Buffer Data Summary.
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Negative Control

Dilution 350 500 750 1000
Control (6.8) 0.050 0.043 0.040 0.037
6 0.058 0.051 0.047 0.052
6.2 0.057 0.067 0.050 0.044
6.4 0.083 0.072 0.058 0.053
6.6 0.081 0.067 0.057 0.054
7 0.075 0.064 0.059 0.051
7.2 0.110 0.096 0.075 0.063
7.5 0.050 0.087 0.057 0.056
QC-Core region 3: Mean O.D @ 448 Nnm/690 nm
Control (6.8) 1.598 1.332 1.332 1.179
6 1.952 1.749 1.604 1.537
6.2 1.576 1.358 1.168 1.136
6.4 1.454 1.392 1.187 1.155
6.6 1.517 1.531 1.308 1.165
7 1.316 1.101 1.020 0.715
7.2 1.283 1.158 1.069 1.020
7.5 1.437 1.355 1.290 1.204
QC-Core region 3 -neg
Control (6.8) 1.548 1.289 1.292 1.142
6 1.894 1.698 1.557 1.485
6.2 1.519 1.291 1.118 1.092
6.4 1.371 1.320 1.129 1.102
6.6 1.436 1.464 1.251 1.112
7 1.241 1.038 0.961 0.664
7.2 1.173 1.062 0.995 0.958
7.5 1.387 1.269 1.234 1.149
QC1728: Lower Limit 0.712 0.712 0.712 0.712
QC1728: Upper Limit 2.009 2.009 2.009 2.009
Cut-off (KN + 0.2)
Control (6.8) 0.250 0.243 0.240 0.237
6 0.258 0.251 0.247 0.252
6.2 0.257 0.267 0.250 0.244
6.4 0.283 0.272 0.258 0.253
6.6 0.281 0.267 0.257 0.254
7 0.275 0.264 0.259 0.251
7.2 0.310 0.296 0.275 0.263
7.5 0.250 0.287 0.257 0.256
S/Co
Control (6.8) 6.403 5.491 5.543 4.980
6 7.557 6.958 6.500 6.103
6.2 6.126 5.088 4.678 4.650
6.4 5.143 5.110 4.599 4.557
6.6 5.404 5.736 5.092 4.592
7 4.784 4.178 3.936 2.847
7.2 4.144 3.912 3.894 3.886
7.5 5.746 4.729 5.029 4.712
s/Co 1.000 1.000 1.000 1.000
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Table C1.18: Two sample T-Test of S/CO values of the synthesised detection molecule when pH 6.0

and 6.8 were used for preparation.

Two-Sample T-Test and CI: Control, pH 6.0

Method

i mean of Contro
pz mean of pH 6.0
Difference: pa - iz

Equal warionces are asswmed for this analysis.

Descriptive Statistics

Sample L] Mean StDewv SE Mean
Control 4.980 0.185 0.093
pH 6.0 6.103 0.383 0.19

A
A4

Estimation for Difference

Pooled 95% CI for

Difference StDew Difference
-1.123 0.301 ({-1.844 -0.601)
Test
Mull hypothesis Hoi pa - pz = 0

|
(=]

Alternative hypothesis Huopa - pz #
T-Value DF P-value
-5.27 5 0.002

Cl1l.4: Removal of excess/unbound reagents

Table C1.19: OD 448 nm/690 nm results for the preparation of the core region 3 detection complex

when excess reagents are removed from the solution using size 1 dialysis tubing (control).

| Dialysis Size 1 Tubing @ 6 & 18 hrs (Control)

1 2 3 4 5 6 7 8
A 1.845 1.670 1.590 1.451 1.395 1.320 1.209 1.544
B 1.863 1.663 1511 1412 1.409 1.270 1.201 1.312
C 1.854 1.610 1.509 1412 1.364 1.273 1.197 1.442
D 1.814 1.622 1515 1.407 1.366 1.348 1.188 1.453
E 0.059 0.052 0.054 0.051 0.046 0.051 0.041 0.143
F 0.065 0.053 0.055 0.052 0.055 0.048 0.045 0.144
G 0.060 0.057 0.052 0.058 0.051 0.056 0.042 0.138
H 0.061 0.059 0.056 0.055 0.059 0.053 0.051 0.135
Dilution: 1/350 1/500 1/750 1/1000 1/1250 1/1500 1/2000 REF
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Table C1.20: OD 448 nm/690 nm results for the preparation of the core region 3 detection complex

when excess reagents are removed from the solution using the dialysis cassette.

| Dialysis cassette @ 6 & 18 hrs |

1 2 3 4 5 6 7 8
A 1.540 1.320 1351 1.225 1122 1.154 1.010 1.582
B 1591 1.319 1.410 1231 1.130 1121 0.848 1.329
C 1.520 1.317 1.373 1.243 1.267 1.120 0.805 1.384
D 1414 1.398 1.402 1.245 1.256 1.136 1.112 1.482
E 0.065 0.051 0.051 0.053 0.048 0.051 0.051 0.137
F 0.067 0.052 0.067 0.061 0.057 0.067 0.047 0.134
G 0.063 0.056 0.063 0.062 0.066 0.063 0.042 0.141
H 0.065 0.067 0.065 0.059 0.061 0.055 0.041 0.133
Dilution: 1/350 1/500 1/750 1/1000 1/1250 1/1500 1/2000 REF

Table C1.21: OD 448 nm/690 nm results for the preparation of the core region 3 detection complex

when excess reagents are removed from the solution using Sephadex G25 resin (gel filtration).

| Gel Filtration |
1 2 3 4 5 6 7 8
A 1.186 1.103 1.156 1.202 0.903 0.847 0.820 1.509
B 1.174 1.010 1.152 1.178 0.887 0.831 0.727 1512
C 1.178 1.115 1.166 1.124 0.892 0.820 0.743 1517
D 1.169 1.114 1.165 1.127 0.875 0.817 0.711 1.505
E 0.056 0.052 0.052 0.055 0.055 0.052 0.051 0.127
F 0.051 0.048 0.054 0.056 0.052 0.051 0.055 0.101
G 0.055 0.042 0.052 0.058 0.051 0.055 0.054 0.143
H 0.052 0.051 0.060 0.056 0.063 0.054 0.061 0.156
Dilution: 1/350 1/500 1/750 1/1000 1/1250 1/1500 1/2000 REF
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Table C1.22: One-way ANOVA of S/CO values of the synthesised detection molecule at the 1/2000

dilution when the dialysis membrane format was varied.

One-way AMNOWVA: Size 1, Size 2, Cassette

Method

MMull hypothesis

Alternative hypothesis Mot all means are equal
Significance level o = 0.05

All means are equal

Equal warignces were assumed for the analysis

Factor Information

Factor Levels WValues
Factor

3 Size 1, Size 2, Casse=tte

Analysis of Wariance

SOource DF adj 55 Adj MS F-value P-wvalue
Factor 2 4.9845 249223 45.69 0.000
Error 9 04505 005118

Total 11 5.4451

Model Summanry

= R-sq R-sqladj) R-sq{pred)
0226233 91.54%: 89.66% 84.965%
Means
Factor I~ MAean StDew Q5% CI
Size 1 = 2.939 0.298 (2683, 2.195)
Size 2 = 2223 3200 1.957, 2.479)
Cassette =

3.7992 0.1564 (2.5433, 4.0551)
Pooled StDev = O.226233

Table C1.23: Two sample T-Test of S/CO values of the synthesised detection molecule at the 1/2000

dilution when excess unbound reagents were removed by dialysis cassette and gel
filtration.

Two-Sample T-Test and CI: Cassette, Gel Filtration

Method

M2t mean of Cassette
pz: mean of Gel Filtration
Difference: p - p:z

Equal variances are not assumed for this analysis.

Descriptive Statistics

Sample N Mean StDev SE Mean
Cassette 4 2848 0554 0.28
Gel Filtration 4 4,808 0129 0.064

Estimation for Difference

95% CI for
Difference Difference

1050 (-1.955, -0.144)

Test
Mull hypothesis Hoipa-p2 =0
Alternative hypothesis Hupo-pzz 0
T-Value DF P-Value
-3.69 3 0.035
ND Sukhdeo 45691037

149 |Page



Appendix C2: Improvements to the capture molecule

Table C.2.1: Plate layout used for the efficacy testing of the improved microtitre plate and conjugate

and the microtitre plate and conjugate produced using the standard method.

Well Position

1

2

3

4

A

KN

KN

KN

KN

B

KN

KN

KN

KN

Core region 1

Core region 1

Core region 1

Core region 1

Core region 1

Core region 1

Core region 1

Core region 1

Core region 2

Core region 2

Core region 2

Core region 2

Core region 2

Core region 2

Core region 2

Core region 2

G

Core region 3

Core region 3

Core region 3

Core region 3

H

Core region 3

Core region 3

Core region 3

Core region 3

Capture Complex Individual Poncore

C.2.1. Efficacy of the individually prepared capture complexes vs polycore complex
when coated at 0.04 pg/ml.
Table C2.2: OD 448 nm/690 nm results for the comparative testing of individually prepared capture

molecules vs the polycore complex. The individually prepared and coated complexes, as well, as the

polycore complex was coated at a final concentration of 0.04 ug/ml.

Well Position 1 2 3 4

KN 0.157 0.152 0.154 0.150

KN 0.152 0.159 0.124 0.142
Core region 1 1.770 1.772 1.902 1.911
Core region 1 1.735 1.765 1.914 1.922
Core region 2 1.504 1.494 1.459 1.455
Core region 2 1.659 1.561 1.583 1.490
Core region 3 1.391 1.385 1.295 1.224
Core region 3 1.355 1.274 1.230 1.271

Capture Complex Individual Polycore
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Table C2.3: Individual vs Polycore capture complexes Data Summary.

Mean O.D (448/530 nm) Individual Polycore
KN 0.155 0.143
Coreregion 1 1.761 1.912
Core region 2 1.555 1.497
Core region 3 1.351 1.255
S/Co Individual Polycore
Cut-off 0.355 0.343
Core Region 1 4.959 5.583
Core Region 2 4.379 4.370
Core Region 3 3.806 3.664

C.2.2. Titration of the individually prepared capture molecule.

Table C2.4: OD 448 nm/690 nm results for the titration of the individually prepared capture molecules.
The individually prepared and coated complexes were coated at concentrations of 0.02 pg/ml, 0.04
pg/ml, 0.06 pg/m, and 0.08 pg/ml.

Well Position 1 2 3 4
KN 0.193 0.145 0.157 0.167
KN 0.124 0.156 0.143 0.152
Core region 1 0.123 0.129 0.131 0.142
Core region 1 0.183 0.174 0.161 0.117
Core region 2 1.571 1.333 1.115 0.871
Core region 2 1.501 1.390 1.126 0.879
Core region 3 1.498 1.241 1.151 0.899
Core region 3 1.575 1.317 1.285 1.009
BT Core Region 1 0.04 pg/ml 0.04 pg/ml 0.04 pg/ml 0.04 pg/ml
Complex Core Region 2 0.04 pg/ml 0.04 pg/ml 0.04 pg/ml 0.04 pg/ml
Core Region 3 0.02 pg/ml 0.04 pg/ml 0.06 pg/ml 0.08 pg/ml

Table C.25: Data Summary of the titration of individually prepared core region 3 capture complexes.

Mean O.D (@ 448/5%0nm
0.02 pg/ml ku.m ug/ml | 0.06 pg/ml En.ns ug/mil

KN 0.156 0.151 0.148 0.145
Core Region 3 1.536 1.320 1.169 0.915
Cut Off 0.356 0.351 0.348 0.345
S/Co 4,318 3.761 3.360 2.655
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Appendix C3: Testing of the improved capture and detection molecules

C3.1. Efficacy Testing:

Table C3.1: Plate layout used for the efficacy testing of the improved microtitre plate and conjugate and

the microtitre plate and conjugate produced using the standard method of preparation.

Layout;
| 2 3 4 5 § 1 § ! i il L
A KN KN KN KN KN KN KN KN KN KN KN KN
B KN KN KN KN KN KN KN KN KN KN KN KN
C KN KN KN KN KN KN KN KN KN KN KN KN
QC: Antigen | QC Anigen | QC:Antgen [ QC Anigen | QC:Antgen | QC:Anigen | QCAnigen | QC:Antigen | QC Anigen | QC:Antgen [ QC Anigen | QC:Antgen
ol capue capture capture capture capture capture capture captre capture capture capture capture

| QC: Core Region £ QC: Core Region 1 QC: Core Region 1] QC: Core Region 1{ QC: Core Region 1{ QC: Core Region 1| QC: Core Region 1) QC: Core Region 1] QC: Core Region 1{ QC: Core Region 1{ QC: Core Region 1| QC: Core Region 1

| OC: Core Region 2] QC: Core Region 2 QC: Core Region 2 | QC: Core Region 2| QC: Core Region 2| QC: Core Region 2| QC: Core Region 2| QC: Core Region 2| QC: ot Region 2| QC: Cor Region 2| QC: Cor Region 2| QC: Core Region 2

| OC: Core Region 3] QC: Core Region 3 QC: Core Region 3| QC: Core Region 3) QC: Core Region 3| QC: Core Region 31QC: Core Region 3] QC: Core Region 3| QC: Core Region 3 QC: Cor Region 3 QC: Core Region 3 QC: Core Region 3

QC: Non structural { QC: Non structural | QC: Non structural {QC: Non sructural | QC: Non stuctural | QC: Non structural §QC: Non stuctural | QC: Non structural { QC: Non sructural | QC: Non stuctural | QC: Non stnuctural { QC: Non stuctural
W proten protein protein potein protein protei protei protein protein protein potein protein

Current Method Improved Method
Efficacy
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Table C.3.2: OD 448 nm/690 nm results for the efficacy testing of both the improved and control mi-
crotitre plate and conjugate.

Raw Data
1 2 3 4 5 6 7 8 9 0 1
A 0.233 0.225 0.199 0.201 0.221 0.216 0.148 0.137 0.149 0.137 0.129 0.142
ol 020 0242 087 0211 0213 0209 0413 0132 0114 0412 019 0115
C 0.186 0.213 0.189 0.186 0.218 0.202 0.118 0.129 0.124 0.128 0.111 0.109
o| 127 1252 1287 1307 17 1199 1.205 1299 1276 1289 1 1.264
Ef 1562 1692 1581 1.565 1521 1542 1.684 1.641 1.665 1672 1.681 1701
F 1412 1423 1.444 1451 1414 1419 1454 1431 1473 1438 1469 1442
of 167 1745 1739 1724 169 1761 1836 1846 1902 1897 1852 1,895
W o907 0937 0911 0922 0,899 0971 0996 0903 0917 0930 0919 0951
Current Method Improved Method
Efficacy

Table C3.3: Summary of efficacy performance on both the improved and control microtitre plate and

conjugate.
Efficacy
Mean O.D 448/650 nm 5/Co
Current Improved Current Improved
Method Method L EELEE Method
Cut off 0.409 0.326
MNegative 0 209 0. 126
Control
lity Control -
I‘.lua- ity Contro 1 765 1. 759 3 094 3 251
Antigen Capture
Quality Eu?trul = 1.577 1.674 3.857 5.137
Core Region 1
Quality Eu?trul - 1.427 1 451 3 490 4.453
Core Region 2
Quality Eu?trul - 1 723 1 871 g 214 5. 743
Core Region 3
lity Control -
Quality Contro 0.975 0.936 2 761 2 873
Non-5tructural
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C3.2. Specificity: Testing of normal human serum (HCV negative) samples
A collection of 90 normal human serum samples was tested on the control (standard method)
and test microtitre plate and conjugate (improved method of preparation).

Table C3.4: Plate layout used for testing of normal human serum samples on the standard control and
test microplate and test conjugate containing detection antibody-horseradish peroxidase conjugate at
a dilution of 1/500.

1 2 3 4 5 6 7 8 9 10 11 12
A KN NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS
B KN NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS
c KP Ag NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS
D KP Ag NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS
E KP Ab NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS
F KP Ab NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS
G NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS
H NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS NHS
Matched Plate and Conjugate

Key:

KN Kit Negative Control

KP Ag Antigen Positive Control

KP Ab Antibody Positive Control

NHS Normal Human Serum
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Table C3.5: Side by side comparison of OD 448 nm/690 nm of the 90 normal human serum samples

for both the standard and improved methods of synthesis.

Improved| Current
1 0.169 0.183
2 0.179 0.200
3 0.149 0.230
4 0.150 0.502
5 0.146 0.170
6 0.170 0.202
7 0.153 0.205
8 0.160 0.175
9 0.145 0.164
10 0.160 0.166
11 0.221 0.272
12 0.145 0.316
13 0.129 0.259
14 0.159 0.170
15 0.143 0.156
16 0.141 0.171
17 0.141 0.184
18 0.144 0.168
20 0.165 0.226
21 0.140 0.217
22 0.132 0.151
23 0.189 0.192
24 0.150 0.167
25 0.128 0.151
26 0.142 0.164
27 0.192 0.207
28 0.144 0.198
29 0.135 0.209
30 0.132 0.157
31 0.143 0.178
32 0.154 0.178
33 0.128 0.141
34 0.147 0.163
35 0.132 0.166
36 0.141 0.169
37 0.136 0.162
38 0.132 0.158
39 0.147 0.175
40 0.131 0.148
a2 0.150 0.147
43 0.150 0.170
44 0.149 0.173
45 0.121 0.165
46 0.131 0.168
a7 0.160 0.165
48 0.121 0.143
49 0.146 0.167
50 0.158 0.179
51 0.148 0.192
52 0.134 0.171
53 0.125 0.166
55 0.125 0.170
56 0.131 0.169
58 0.143 0.165
59 0.227 0.249
60 0.127 0.185
61 0.132 0.160
62 0.171 0.199
63 0.125 0.158
64 0.121 0.148
65 0.125 0.148
66 0.152 0.138
67 0.152 0.175
68 0.136 0.175
69 0.123 0.149
70 0.126 0.152
71 0.128 0.162
72 0.129 0.149
73 0.144 0.155
74 0.155 0.165
75 0.172 0.176
76 0.158 0.159
77 0.148 0.162
78 0.157 0.172
79 0.150 0.154
80 0.147 0.154
83 0.160 0.168
84 0.159 0.171
85 0.205 0.218
86 0.128 0.153
87 0.162 0.163
88 0.142 0.156
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C3.3. Limit of detection (LoD):

A dilution series of the antibody positive control was prepared using the Murex Ab/Ag Sample

diluent and the antibody positive control. The dilution series was prepared as per the table

below:

Table C3.6: Preparation of the dilutions of the antibody positive control, in the Murex Ab/Ag sample, for

the testing of the freeze-dried detection antibody-horseradish peroxidase conjugates.

Volume of antibody positive | Volume of sample diluent
control § well Fwell
1 pl 99 pl
2l 98 pl
4 pl 95 pl
G pl 94 pl
& pl 92 pl
10 pl 90 pl
12 pl 48 pl
14 pl 46 pl
16 pl 44 pl
18 pl 82 pl
20l &0 pl
22l 7o pl
24 pl 76 pl

The dilution series was tested as per the layout below:

Table C3.7: Plate layout used for the testing of the improved core region 3 detection molecule.

Plate Layout:
1 2 3
A KN Ab: 2 pl Ab: 10 ul Ab: 18 ul KN Ab: 2 ul Ab: 10 ul Ab: 18 ul
B KN Ab: 2 ul Ab: 10 pl Ab: 18 pl KN Ab: 2 ul Ab: 10 ul Ab: 18 ul
c KN Ab: 4 pl Ab: 12 ul | Ab: 20 pl KN Ab: 4 l Ab: 12 pl | Ab: 20 pl
D KN Ab: 4 pl Ab: 12 ul | Ab: 20 pl KN Ab: 4 l Ab: 12 pl | Ab: 20 pl
E KN Ab: 6 pl Ab: 14 ul | Ab: 22 pl KN Ab: 6 ul Ab: 14 ul | Ab: 22 pl
F KN Ab: 6 pl Ab: 14 ul | Ab: 22 pl KN Ab: 6 ul Ab: 14 ul | Ab: 22 pl
of Ab: 1yl Ab: 8 ul Ab: 16 ul Ab: 24 ul Ab: 1l Ab: 8 pl Ab: 16 wl Ab: 24 l
W Ab: 1l Ab: 8 ul Ab: 16 ul Ab: 24 ul Ab: 1l Ab: 8 pl Ab: 16 wl Ab: 24 l
Current Method Improved Method
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Table C3.8: OD 448 nm/690 nm results for testing of the antibody positive control dilution series on

the both the improved and control microtitre plate and conjugate.

Raw Data:
2 4 5 6 7
Al 0.214 0.213 0.405 0.697 0.132 0.302 0.471 0.774
| 0.187 0.204 0.415 0.683 0.134 0.291 0.493 0.769
cf 0.212 0.219 0.478 0.714 0.139 0.341 0.593 0.812
p| 0.185 0.231 0.471 0.720 0.149 0.337 0.597 0.827
gl 0.196 0.259 0.547 0.769 0.140 0.374 0.648 0.873
Fl 0.195 0.312 0.527 0.782 0.147 0.362 0.679 0.867
c| 0.209 0.305 0.629 0.844 0.267 0.458 0.728 0.902
n| 0.199 0.302 0.646 0.863 0.254 0.439 0.725 0.915
Current Method Improved Method

Table C3.9: Summary of results showing the mean OD 448 nm/690 nm and S/CO values for both the

improved and control microtitre plate and conjugate.

Limits of Detection (LoD)

Current Method Improved Method
Mean O.D S/Co Mean O.D S/Co

KN I o0.198 [ o0.140

Cut off 0.398 0.340
Ab: 1 pul 0.204 0.512 0.261 0.766
Ab: 2 ul 0.209 0.524 0.297 0.872
Ab: 4 pul 0.225 0.565 0.339 0.997
Ab: 6 pul 0.286 0.717 0.368 1.082
Ab: 8 ul 0.304 0.762 0.449 1.318
Ab: 10 ul 0.410 1.029 0.482 1.417
Ab: 12 ul 0.475 1.192 0.595 1.749
Ab: 14 ul 0.537 1.349 0.664 1.951
Ab: 16 ul 0.638 1.602 0.727 2.136
Ab: 18 ul 0.690 1.733 0.772 2.268
Ab: 20 ul 0.717 1.801 0.820 2.409
Ab: 22 ul 0.776 1.948 0.870 2.558
Ab: 24 ul 0.854 2.144 0.909 2.671
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C3.4. Accelerated Stability testing of the improved manufacturing method:
Stability of the improved method was assessed by conducting efficacy testing over a period of

seven weeks. A control (standard method of preparation) was tested alongside this.

Table C3.10: Accelerated stability testing schedule.

Stability testing occasion at 37 °C
(Acceleration factor = 8) Replicates

T=0 Time zero X5
Week 1 represents 8 weeks at 2-8°C x1
Week 2 represents 16 weeks at 2-8°C x1
Week 3 represents 24 weeks at 2-8°C x1
Week 4 represents 32weeks at 2-8°C x1
Week 5 represents 40 weeks at 2-8°C x1
Week 6 represents 48 weeks at 2-8°C x1
Week 7 represents 56 weeks at 2-8°C x5

Table C3.11: Plate layout used for stability testing.

1 2
A KM KM
g KN KM
C KP Ab KP Ab
1 KP Ab KP Ab
£ (C Core Region3 QL Core Region3
F (1C Core Region3 QL Core Region3
G MHS MHS
H MNHS MHS
Test Combination Control Combination
Key:
KN Kit Negative Control
KP Ab Antibody Positive Control
QcC Core Region 3 (C Core Region 3
NHS Morma | Human Serum
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Table C3.12: OD 448 nm/690 nm results for stability testing of the control (standard method) and

improved microtitre plate/conjugate throughout the stability programme.

Accelerated Stability Data: Improved method Vs Current Manufacturing Method

T=0

Test | Control Test | Control Test | Control Test | Control Test | Control
KN 0129 | 013 0111 | 0.098 0.158 | 0170 0.189 | 0187 0.014 | 0155
KN 0119 | 013 0.200 | 0143 0139 | 0111 0124 | 0130 0130 | 0148
AB Positive Control 1681 | 152 1449 | 1238 1681 | 1520 1591 | 1497 1430 | 1428
AB Positive Control 161l | 1579 1283 | 137 1611 | 1579 1471 | 14836 1605 | 1544
QC Core Region3 1302 | 1400 115 | 1367 1302 | 1400 1239 | 139 1361 | 1383
QC Core Region3 1503 | 1498 1571 | 135 1503 | 149%8 1305 | 125% 400 | 122
NHS 0139 | 0129 0139 | 0240 0141 | 0.168 0183 | 0.187 0214 | 0191
|NHS 0177 | 0180 0177 | 0.68 0181 | 0161 0.164 | 0197 0201 | 0151

T=0, Replicate 1 T=0, Replicate 2 T=0, Replicate 3 T=0, Replicate 4 T=0, Replicate 5

Test | Control Test | Control Test | Control Test | Control Test | Control Test | Control
KN 0106 | 0209 0153 | 0152 0122 | 013 0121 | 0155 0139 | 0169 0.148 | 0148
KN 0126 | 0134 0114 | 0201 0.140 | 0141 0.148 | 0148 0.058 | 0.148 0.146 | 0.63
AB Positive Control 1511 | 1451 1509 | 149 1459 | 1401 1304 | 1267 1209 | 1281 1214 | 1189
AB Positive Control 1433 | 1428 1599 | 1557 144 | 147 135 | 1289 125 | 123 1209 | 1193
QC Core Region3 119% | 1369 1258 | 1239 1249 | 1203 119 | 129% 111 | 1100 1.009 | 1000
QC Core Region3 138 | 1300 1364 | 1286 1291 | 1298 1200 | 113 1071 | 120 1002 | 1113
NHS 019 | 012 0.187 | 0.208 0206 | 024 029 | 019 0203 | 0.1 0% | 0.0
|NHS 0207 | 0114 038 | 0193 023 | 021 0217 | 029 0215 | 0202 0229 | 0247

W=1 W=2 W=3 W=4 W=5 W=6

WK=7

Test | Control Test | Control Test | Control Test | Control Test | Control
KN 0128 | 0157 0.8 | 0.157 0137 | 0163 0145 | 0137 0121 | 0161
KN 0121 | 0151 0159 | 0122 0136 | 0187 0117 | 0113 0097 | 0178
AB Positive Control 1002 | 1028 1025 | L1036 1030 | 1012 1108 | 1098 1086 | 1024
AB Positive Control 1067 | 1034 110 | 1014 1019 | 104 103 | 1093 1035 | 098
QC Core Region3 1000 | 0992 1008 | 0890 0982 | 0876 0982 | 0873 0.945 | 0.966
QC Core Region3 0987 | 0989 0969 | 0987 0971 | 1.003 0985 | 0863 0953 | 0816
NHS 0236 | 023 0195 | 0217 0203 | 031 0188 | 025 0201 | 0207
|NHS 0.064 | 0283 0193 | 0.170 0189 | 0127 0.188 | 0209 0201 | 0207

W=7, Replicate 1 W=7, Replicate 2 W=7, Replicate 3 W=7, Replicate 4 W=7, Replicate 5
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Table C3.13: Summary of results showing the mean OD @ 448 nm/690 nm and sample to cut off
(S/CO) was calculated per sample on each of the occasions.

Summarised Accelerated Stability Data

Improved Method
=0 =1 =2 W=3 w=4 =5 =6 =7
Improved Method: KN 0.141 0.116 0.133 0.131 0.135 0.149 0.147 0.135
Improved Method: AB Positive Control 1.541 1.472 1.554 1.452 1.325 1.231 1.212 1.051
Improved Method: QC Core Region3 1.493 1.291 1.311 1.270 1.200 1.091 1.006 0.978
Improved Method: NHS 0.171 0.168 0.213 0.215 0.223 0.209 0.212 0.196
Improved Method S/Co 0.341 0.316 0.333 0.331 0.335 0.349 0.347 0.335
Improved Method S/Co: AB Positive Control 4.516 4.655 4.661 4.382 3.958 3.530 3.489 3.138
Improved Method S/Co: QC Core region 3 4.373 4.083 3.933 3.834 3.586 3.130 2.896 2.922
Control
T=0 Ww=1 W=2 W=3 w=4 W=5 W=6 W=7
Control: KN 0.146 0.171 0.177 0.138 0.151 0.159 0.155 0.153
Control:AB Positive Control 1.468 1.440 1.525 1.414 1.278 1.277 1.171 1.034
Control:QC Core Region3 1.369 1.335 1.263 1.251 1.210 1.151 1.057 0.926
Control:NHS 0.177 0.118 0.200 0.217 0.212 0.217 0.224 0.213
Control S/Co 0.346 0.371 0.377 0.338 0.351 0.359 0.355 0.353
Control S/Co: AB Positive Control 4.246 3.875 4.049 4.185 3.638 3.558 3.294 2.925
Control S/Co: QC Core region 3 3.960 3.593 3.353 3.701 3.443 3.207 2.972 2.619
Improved Method % Decline: Ab Positive Control -30.503
Control % Decline: Ab Positive Control -31.1014
Improved Method % Decline: QC Core Region 3 -33.174
Control Method % Decline: QC Core Region 3 -33.864
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