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ABSTRACT

There are gaps in the knowledge of the burden of HCV infection in high-risk
communities in South Africa. We evaluated HCV POCT and DBS samples for
diagnostic accuracy as potential strategies for access to healthcare services and to

determine the sero-molecular epidemiology of HCV in high-risk groups.

This study formed a sub-study on a major study entitled “The viral hepatitis C
initiative for most at risk populations in South Africa” in collaboration with TB HIV
Care (THC), Anova Health Institute (Anova), OUT Wellbeing (OUT), the Division of
Hepatology at the University of Cape Town (UCT) and the National Institute of
Communicable Diseases (NICD). The study was based on the integrated services of
existing HIV prevention programmes for men who have sex with men (MSM), sex
workers (SW) and people who use drugs, including people who inject drugs
(PWUDs/PWIDs) across seven South African cities. This is a first study in South
Africa to provide information on hepatitis C prevalence data among these key
populations and assessing the usefulness and validity of point of care hepatitis C

testing in the South African context.

The study was conducted from August 2016 - October 2017, in seven cities in South
Africa and enrolled a total of 3509 participants. HCV POCT was used for diagnostic
testing at research sites. A total of 532 PWUDs/PWIDs, 66 MSM and 115 SWs.
Samples with positive HCV tests were sent to the NICD laboratory for confirmation of
POCT results using the automated Architect i system for anti-HCV testing. All
antibody positive samples were followed up with viral load testing on the automated
COBAS® Ampliprep/TagMan® and genotyping using the Versant HCV genotyping 2.0
Assay. Furthermore, from Cape Town sites, DBS and plasma paired specimens
were collected to assess the accuracy of POCT testing and to assess the accuracy of
viral testing on DBS. HCV antibody was tested on both DBS and plasma paired
samples on the Architect i system. HCV viral loads were tested on paired plasma
and DBS samples using the automated COBAS® Ampliprep/TagMan® 48 analyser.
The STARD approach was used in reporting the accuracy of POCT. Sensitivity and
specificity, positive predictive and negative predictive values were calculated for
antibody tests. For viral load comparison between DBS and plasma, agreement of

methods was determined by Linear Regression and Bland Altman plot.



At the end of the study, 713 plasma samples and 240 DBS were received at the
NICD laboratory. Plasma samples (N=705) and DBS (N=239) were tested. HCV
POCT testing had a sensitivity of 98.5% and specificity of 97.6%. DBS testing had a
sensitivity of 96.3% and specificity of 97.4%. The linear regression was R?=0.918 and
there was no difference between methods using the Bland Altman analysis. Viral
load on plasma ranged from 1.2 log IU/ml to 7.7 log IU/ml. The prevalent genotypes
were genotype 1la (73.93%), 3a (14.79%), and 3 (3.51%).

HCV POCT can be used with a high degree accuracy. DBS can be used as an
alternative sample matrix for HCV serology and RNA testing among high-risk groups.
These tools are recommend in the South Africa setting to provide access to diagnosis

and treatment as part of the WHO 2030 HCV elimination strategy.
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CHAPTER ONE - INTRODUCTION

1.1. Hepatitis C Virus (HCV) Historical Background

It was through serological tests of hepatitis A (HAV) and hepatitis B (HBV) viruses which
lead to the discovery of the first non-A, non-B viral hepatitis (NANBH) in 1975 (Tang,
1991). These tests demonstrated that cases of transfusion-associated hepatitis lacked
serological markers of either HAV or HBV (Feinstone et al., 1975, Alter et al., 1975b). It
was later discovered that 10% of transfusions resulted in NANBH (Berman et al., 1979,
Aach et al., 1981), which would later cause persistent liver damage that leads to
cirrhosis in as many as 20% of chronic infections. Approximately 90% of NANBH was
attributed to hepatitis C virus infections (Kuo et al., 1989). It was through these
discoveries that the development of more sensitive and specific diagnostic assays for
the detection of anti-hepatitis C antibodies in 1989 was launched (Hoofnagle and Alter et
al., 1985).

1.2. HCV Structure

Hepatitis C Virus (HCV) is a small, enveloped virus particle (36-62nm), spherical in
shape with an icosahedral capsid encompassing the single-stranded positive-sense
ribonucleic acid (RNA) genome (Choo et al., 1991a). It was identified and sequenced in
1989 (Choo et al., 1989b) and the RNA genome is ~ 9500 nucleotides in length and
encodes a large polyprotein of 3010 amino acids (Choo et al., 1991a). The coding
region is flanked by two non-coding regions at the 5’ and 3’ ends. HCV belongs to the
family Flaviviridae and genus Hepacivirus (Kuo et al 1989, Choo et al., 1991a,

International Committee of the Taxonomy of Viruses, 2015).

1.3. HCV Genome

The genome has a large open reading frame (ORF) which encodes a precursor
polyprotein of 3008-3037 amino acids (Choo et al., 1991a). The HCV S’untranslated

region (5’'UTR) is 342 nucleotides (nts) and the most conserved region of the genome



located upstream of the ORF (Choo et al., 1991a). The 3'URT contains 225 nts that are
organized into three regions (Choo et al., 1991a). The HCV ORF encodes 11 proteins,
including 3 structural proteins, a small protein, p7 and 6 non-structural (NS) proteins
(NS2, NS3, NS4A, NS4B, NS5A and NS5B) (Choo et al., 1991a). The structural protein
includes the core, E1, and E2 which are located in the N-terminal. The non-structural

protein resides at the C-terminal part (Choo et al., 1991a).

HCV RNA
«—Reglon encoding polyprotein precursor ———s»
[ FNR | ] 3 NTR
Structural proteins Nonstructural proteins

p22 ap35 ap70

C E1 E2
Metalloprotease IFN-resistance RNA
Envelope ‘
" Serine protease protein polymerase
glycoproteins RNA helicase
Nucleocapsid Transmembrane protein Cofactors
LDL entry

Figure 1.1; The HCV genome with the different coded proteins. Adopted from Ashfaq et
al., 2011

1.4. HCV Genotypes

Seven genotypes have been described for HCV by phylogenetic analyses of > 95% of
the coding region (Simmonds et al., 1993c, Smith et al., 2014a). HCV genotypes show a
nucleotide divergence of 30% - 35% whilst subtypes are defined by a nucleotide
divergence of 20% - 25% (Simmonds et al., 1993c). There are 67 confirmed subtypes
(Smith et al., 2014a) and numerous quasi-species variants, based on scattered and local
variations of the genome that exist within each subtype (Jamalidoust et al., 2014). The
distributions of the HCV genotypes reflect the epidemiology and the routes of
transmission of HCV (Pawlotsky et al., 1995b).



HCV genotypes and subtypes are geographically located worldwide (Dusheiko et al.,
1994). Globally, genotype 1 is the most common (42.6%), followed by genotype 3
(30.1%) and genotype 2, genotype 4 and genotype 6 account for about (22.8%) of all
HCV cases worldwide (Messina et al., 2015). Genotype 5 represents less than 1% of the
global HCV cases (Messina et al., 2015).

Genotype la is most common worldwide and mostly prevalent in the United States and
Northern Europe (Simmonds, 2004b). Genotype 2a and 2b are prevalent in Europe and
Japan, subtype 2c is most predominant in Northern Italy (Zein, 2000, Simmonds, 2001a)
and West Africa (Messina et al., 2015) and genotypes 3a and 3b are most commonly
found in Pakistan, North America, South America and Europe (Idrees and Riazuddin,
2008, WHO., 2009a). Genotype 1a, 1b, and 3a have a wide distribution due the result of
blood transfusions and needle sharing among people who use drugs and people who
inject drugs (PWUDs/PWIUs) respectively (Simmonds, 2004b, Jamalidoust et al., 2014).

The common cause of chronic hepatitis C in the Middle-East, North Africa, and sub-
Saharan Africa is genotype 4. Genotype 4 accounts for 90% of all HCV cases in Egypt
(Bukh et al., 1993, Stuyver et al., 1993, EMOH, 2007). There has been documented
increase in the prevalence of genotype 4 in France, Italy, and Belgium (Antaki et al.,
2009a). In sub-Saharan Africa genotype 4 is mainly transmitted via scarification,
circumcision practices and sexual activity (Xu et al., 1997, Mudawi et al., 2007). In the
European borders, the transmission of genotype 4 is due to immigration and movement
of intravenous drug users (IVDUs) (Nguyen and Keeff, 2005, Antaki et al., 2009a). HCV
subtype 4a and 4d are most predominant in Egypt, Europe and Africa respectively
(Antaki et al., 2009a). IVDUs in Europe are mostly infected with subtype 4c/4d (Delwaide
et al. 2006b).

Approximately 40% of all genotype 5 HCV cases are confined in the Northern parts of
South Africa (Ohno et al., 1994a, Smuts and Kannemyer, 1995, Ohno et al., 1997b,
Prabdial-Sing et al., 2016). Genotype 5 is also found in other parts of the world such as
France, Spain, Syria, and Belgium (Jover et al., 2001, Delwaide et al., 2005a, Antaki et
al., 2008b). It has been reported that genotype 5 originated in South Africa; however,



there is speculation that HCV genotype 5 viruses could have possibly originated in
Central Africa and spread through via human migration (Verbeeck et al., 2006a). The
main route of HCV genotype 5 transmission was through blood transfusions and unsafe
therapeutic injections in South Africa (Tanaka et al., 2006) and France (Abergel et al.,
2007). However, to date there has not been any studies that characterized HCV

genotypes in high-risk groups.

Genotype 6 is mostly confined in South Asia (Zhang et al., 1995, Prescott et al., 1996),
among Asian Americans and Asian Australians (Antaki et al., 2009a). It mainly
transmitted via unsafe therapeutic injections, IVDU, and blood transfusions. Genotype 7

is a novel genotype found in Democratic Republic of Congo (Murphy et al., 2015).

1.5. HCV Prevalence

Hepatitis C is considered a major public health burden in the world (Sy and Jamal,
2006). It is estimated that 3% of the world's population, approximately 185 million
people, are infected with hepatitis C virus (WHO, 2009a, Mohd Hanafiah et al., 2013).
An estimated 80% are from developing countries (Graham and Swan, 2015) with 399
000 deaths annually being HCV-related (WHO, 2002d). A large majority of people still
remain underdiagnosed and unaware of their HCV status (Kwiatkowski et al., 2002).
HCV prevalence varies worldwide with 14% in Egypt (El-Zanaty and Way, 2009) to 0.5%
- 1.5% reported in Europe (Gower et al.,, 2014) and India (EMI Guidelines, 2014).
Prevalence’s of 3.2% and 6.5% have been reported in China and Pakistan respectively
(EMI Guidelines, 2014). In the Central Africa region, Cameroon has the highest HCV
prevalence of 13.8% followed by 11.3% in Burundi (Karoney and Siika, 2013); in West
Africa and Guinea the highest HCV prevalence is 5.5% (Madhava et al., 2002). The
estimated HCV prevalence in Africa is 5.3% (Pybus et al., 2003) with 2.1% - 2.8%
prevalence reported in Sub-Saharan Africa (Layden et al., 2014), and a seroprevalence
of 0.1% - 1.7% has been described in South Africa (Abuelhassan, 2012).



1.5.1. HCV prevalence in high-risk groups

High-risk groups are the groups of individuals that have a greater chance of contracting
HCV infection due to their risk behaviours. These include people who engage in injecting
risk behaviours by needle sharing, people who engage in risky sex behaviour with
inconsistent condom use with casual partners, people who are homeless, have been
incarcerated (Degenhardt et al., 2017). The estimated HCV prevalence for high-risk
groups in Central Africa ranges from 11% to 55% and 2.1% to 38% in West Africa and in
South and East Africa the HCV prevalence ranges from 1.3% to 65% (Madhava et al.,
2002) and in southern Africa 0.91% (Rao et al.,, 2015). Other countries such as
Zimbabwe and Kenya have HCV prevalence in high-risk groups of 1.3% and 1.7%
respectively (WHO, 1999c). The HCV seroprevalence in South Africa among blood
donors is 1.78%, pregnant women is 2.51%, people living with HIV 3.57% and the
general population 5.41% (Sonderup et al., 2017).

The PWID high-risk group in Tanzania have an HCV prevalence of 27.7% (Bowring et
al., 2013) and 14% prevalence in Men who have sex with Men (MSM) (Dahoma et al.,
2011). High-risk populations who are recipients of blood or blood products in Western
Africa have the highest HCV seroprevalence 15.69%, followed by Central African
(16.26%) and Southern Africa (6.40%). South Africa has a low HCV prevalence in the
general population; however, to date there is inconsistent data in the different
populations and regions. In Gauteng, Western Cape, Limpopo, KwaZulu-Natal the HCV
seroprevalence among HIV positive individuals is 1.2% (Gededzha et al., 2010a), 3.2%
(Gogela et al., 2013), 0.8% (Barth et al., 2011) and 5.1% (Tiathiah et al., 2014)
respectively. Only a few studies have been conducted in South Africa among
PWUDs/PWIDs, MSM and SWSs.



1.5.2. Population at risk in South Africa

People Who Inject Drugs And People Who Use Drugs (PWUDs/PWIDs)

HCV prevalence among PWID is estimated to be greater than 90% in South Africa
(Hernandez et al., 2011), however there is a lack of HCV data among SWs who use or
inject drugs. Almost half of the PWID groups have always shared their needles and
syringes with other people (United Nations office on Drugs & Crime, 2015).

There have been reported high rates of HCV in HIV-positive MSM in KZN and Cape
Town, South Africa (Tathiah et al., 2014, Parboosing et al., 2008).

There was a 24% HCV prevalence among 241 PWID in 2013/14 (Sediba Hope medical

Centre, 2013) and Cape Town has the highest prevalence of drug use in the country.

Men who have sex with Men (MSM)

There is no estimated data on the HCV prevalence of MSM in South Africa. In a survey it
was reported that 56% of MSM interviewed have more than two sexual partners in the
last month and about 23% of MSM were involved in transactional sex in the past six
months (Cloete et al., 2014).

Sex Workers (SWs)

There is limited reported data on the HCV prevalence of SWs among various cities in
South Africa. In the Eastern Cape there was an estimated 13 408 of female sex workers
(SWEAT, 2013) and approximately 6294 sex workers have been reported, in Durban
(SWEAT, 2013). An estimated 7500 female sex workers in Cape Town metropolitan
area with a HIV prevalence of 7% (SWEAT, 2013), with a HIV prevalence of 52% and
65% has been reported in Durban and in Pietermaritzburg respectively (SWEAT, 2013).

A detailed epidemiology and understanding of HCV disease burden among high risk
groups is absent (Barth et al., 2014). Currently the HCV epidemics are concentrated in

specific populations and not generalized across all populations. Therefore, there is a



greater need for studies to focus on HCV screening and to provide key services among

these groups (Semugoma et al., 2017).

1.6. Natural History Of HCV Infection

HCV is a major cause of chronic liver disease and cirrhosis in the United States
(Strahotin and Babich, 2012). According to the Global Burden of Disease study, liver
cancer and cirrhosis together contribute to one of the top 20 causes of mortality (Thursz
and Lacombe, 2016). Chronic hepatitis C causes the development of hepatocellular
carcinoma (HCC), resulting in approximately half a million new cases of liver cancer
occurring each year (WHO, 1996b).

Acute hepatitis C infection is challenging to diagnose because 70% - 80% of HCV
infected persons are asymptomatic (McCaughan et al., 1992); the incubation period is
from 3 to 12 weeks after exposure (Seeff, 2009) and 20% to 30% of those acutely
infected may develop mild clinical symptoms (Alter et al., 1992f). Symptoms include
anorexia, jaundice, malaise, and weakness (Chen and Morgan, 2006). Acute HCV
infection can be severe, resulting in fulminant liver failure, (Farci et al., 1996). HCV
infections are only cleared in 15% - 45% of cases and usually within six months of
acquiring the infection (WHO, 2002d).

Chronic infection develops in 75% to 85% of infected patients and this is indicated by
persistence of HCV RNA in the blood for 6 months after acute infection (Chen and
Morgan, 2006). Chronic hepatitis is affected by various factors. The rate of chronic
hepatitis C infection appears to be lower in younger individuals (Chen and Morgan,
2006). Alcohol consumption in high levels does contribute to the development of
progressive liver disease (Peters and Terrault, 2002) and the rate of chronic HCV is
lower in individuals who progress to jaundice in the acute onset of HCV relative to those
who develop symptoms later on after infection (Chen and Morgan, 2006). An estimated
10% - 20% of chronic HCV infection will develop end-stage liver diseases after 20 years
(Chen and Morgan, 2006).



1.7. HCV Transmission

HCV is a blood borne pathogen. It is commonly transmitted through parenteral exposure
of infected blood or blood products such as contaminated injections and organ
transplants from an infected individual. Other routes include vertical exposure, sexual
transmission, perinatal exposure and occupational exposure via needle stick injury
(Chen and Morgen, 2006). High-risk behaviours that are common for transmitting HCV
include intravenous drug use (IDU) (Chen and Morgen, 2006), needle sharing for
immunizations, tattooing and scarification techniques (Lavanchy, 2011). However, in
Africa and other parts of the globe, there is a significant proportion where HCV
transmission risk is unknown (Zeuzem et al., 2006a) mainly due to limited information
about HCV transmission and limited HCV screening facilities, resulting in people not

aware of their HCV status.

1.7.1. Blood transfusions and iatrogenic exposures

The screening of all blood transfusion and organ transplants from donors began in 1990
(Leary, 1990). The countries which started HCV screening in the 1990s managed to
eradicate HCV in their general population (Alter, 1997c). Today, we know that prior to
HCV screening in all blood products, transfusions accounted for the majority of the HCV
transmission cases worldwide (Alter, 1997c, Alter, 2007d).

latrogenic exposures is the use of unsterilized medical equipment/s, unsafe therapeutic
injections utilized in hospitals and dental settings (Hauri et al., 2004) which have
contributed to HCV transmission. This was due to a mass government campaign, during
parenteral administration of the antischistosomal therapy in Egypt (Frank et al., 2000).
The cause of the increase in HCV prevalence in Cameron, Gabon and the Central
African Republic was due to large-scale intervention program required for the control of
tropical diseases using intravenous (IV) drugs needed for treatment (Njouom et al.,
2007b, Ndong - Atome et al., 2008, Pépin and Labbé, 2008, Njouom et al.,2009a).



1.7.2. Occupational and perinatal exposure

Occupational exposure is a result of injuries from contaminated injections in a healthcare
facility. Health care workers are the most at risk individuals for HCV infection with an
average rate of transmission of 0.5% (Jagger et al., 2002). There is a 1.8% incidence of
healthcare workers who sustained percutaneous exposure from anti-HCV positive
patients (CDC, 1995a, Puro et al., 1995), with an estimated 400 000 percutaneous
related injuries which occur annually in hospital employees worldwide (Panlilio et al.,
2004). Primary and secondary prevention practices are the most important methods in
preventing HCV transmission among healthcare workers (Hughes and Henderson,
2016).

Perinatal transmission is uncommon and HCV transmission depends on the detectable
HCV RNA levels above 10° copies per mL (Roberts and Yeung, 2002). There is an
estimated 4% - 7% rate of mother-to-infant transmission per pregnancy provided that
there are detectable HCV RNA in the maternal serum during delivery (Roberts and
Yeung, 2002, Alter, 2007d).

Breastfeeding has also been associated with HCV transmission. There is a high
potential of HCV transmission in symptomatic anti-HCV positive mothers with high viral
loads and little to no chance of mother-to-infant transmission in asymptomatic anti-HCV
positive mothers with HCV RNA in their maternal milk (Rachana and Shahul, 1998). It
has been suggested that if there are no abrasions of the nipple due to suckling, HCV
cannot be transmitted vertically, through milk. Furthermore, the low levels of HCV RNA
in the colostrum can easily get inactivated by the gastrointestinal tract, thus decreasing
the potential of mother-to-infant transmission (Rachana and Shahul, 1998).

1.7.3. Sexual transmission

Sexual transmission of HCV occurs via infected body-fluids that are exchanged across
the mucosal surface. There are various factors that influence sexual transmission of
HCV and include the presence of HCV RNA in bodily fluids (Liou et al., 1992), HCV RNA
levels, the integrity of the mucosal surface (Terrault et al.,2013c), engaging in risky
sexual activity with multiple sexual partners (Alter et al., 1997c). The ability to detect



HCV RNA in bodily fluids alone does not imply possible transmission (Terrault et al.,
2013c) and there is still a relatively lower risk of sexual transmission of HCV (Tahan et
al., 2005).

HIV infection increases HCV RNA levels (Sherman et al., 2005) and promotes the
shedding of HCV in semen (Pasquier et al., 2003, Briat et al., 2005). The HIV status and
presence of ulcers caused by sexually transmitted diseases (STI) facilitate the
transmission of HCV (Rauch et al., 2005, Danta et al., 2007, CDC, 2011d, Schmidt et
al.,, 2011). The ulcers in the genital region interrupt the mucosal integrity of the
genitourinary tract and encourage HCV transmission (Danta et al., 2007, CDC, 2011d,
Schmidt et al.,, 2011, Larsen et al., 2011, Wandeler et al., 2012, Apers et al., 2015,
Wong et al., 2015). Low virus titres in the genital secretions may be one reason that
HCV is transmitted less efficiently than HBV (Qian et al., 2005) or HIV (Shepard et al.,
2002). HCV is 10 times more infectious than HIV (Crofts et al., 2001). It is through the
early phase of acute infection, high virus concentrations and no antibody to complex the
antigen that HCV is most likely to be transmitted (Alter et al., 2007d).

The sexual transmission of HCV remains a controversial topic due to inconsistent data
(Terrault et al., 2013). The first documented case-control study from persons with
hepatitis C showed strong evidence that heterosexual activity was a high risk of
transmitting HCV infection (Alter et al., 1989¢g). However, the association of heterosexual
persons in long-term monogamous relationships with a partner chronically infected with
HCV virus has not been established (CDC, 1998b).

There is 1% - 7% anti-HCV prevalence among MSM who report to not have a history of
drug use and 25% - 50% anti-HCV prevalence among MSM who have a history of IDU
(Buchbinder et al., 1994, Bodsworth et al., 1996, van der Laar et al., 2010, Raymond et
al., 2012, Seaberg et al., 2014). Previous studies report that HCV is frequently found
among HIV positive MSM (Tor et al., 1990, Ricchi et al., 1992, Buchbinder et al., 1994,
Bodsworth et al., 1996, Ndimbie et al. 1996, Van der Laar et al., 2010, Kouyos et al.,
2014). The transmission of HCV among HIV positive MSM individuals is predominantly

via permucosal transmission routes (Van der Laar et al., 2010, Bradshaw et al., 2013).
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Previous studies have demonstrated the role of cofactors in sexual transmission among
MSM, and these include co-infection with HIV (Danta et al., 2007, CDC, 2011d, Schmidt
et al.,, 2011), presence of ulcers caused by Sexually Transmitted Infections (STIs)
(Rauch et al., 2005) and drug use (Page and Nelson et al, 2016). High risk sexual
behaviours involving the use of mucosal administered drugs, such as
methamphetamines, ketamine, gamma-hydroxybutyrate and lysergic acid diethylamide,
increase HCV transmission among MSM (Ndimbie et al.,, 1996, Rauch et al., 2005,
Danta et al., 2007, Giraudon et al.,2008, CDC, 2011d, Schmidt et al., 2011, Larsen et
al.,, 2011). The use of recreational drugs such as crystal methamphetamine and
mephedrone is known as "chemsex”, can also increase HCV transmission among MSM
(Page et al., 2016).

1.7.4. Intravenous drug users (IDUs)

HCV transmission is through blood-to-blood contact, direct and indirect sharing of
needles or injecting equipment (CDC, 2016f). HCV transmission in sharing of needles
depends on the quantity of blood inoculation and the HCV viral load (Migard et al.,
2016). Ancillary injecting equipment and practices such as sharing cotton, filters spoons,
cookers, and back loading and rinse water have also been associated with HCV
transmission (Thrope et al., 2002, Migard et al., 2016). These practices have been
associated with an increased risk of HCV infection and proportion of new infections
(Pouget et al., 2012, Palmateer et al., 2013a), however, it has a lesser probability of

HCV transmission than sharing needles and syringes (Migard et al., 2016).

HCV is the most common viral infection that affects the injecting drug users (IDUs)
(Nelson et al.,, 2011, Hajarizadeh et al., 2013, Bruggmann et al., 2014). The global
prevalence of IDU is estimated to be 14.0 million (Kaya et al., 2004) and over the past
40 years IDU has been the main mode of HCV transmission in high-income countries
(Kaya et al., 2004, Alter, 2007d, Geraghty, 2011, Lavanchy, 2011). There is an
estimated 67% anti-HCV prevalence among PWIDs, with Europe and Asia having the
highest reported PWID populations (Nelson et al., 2011), followed by China, Russia, and

11



USA (Nelson et al.,, 2011). The estimated viraemia prevalence in Europe is between
53% - 97% (Wiessing et al., 2014).

1.7.5. Other routes of HCV transmission

The use of unsterilized instruments, and supplies to perform health-related procedures
by non-medical professionals and traditional healers such as e.g. circumcision, excision,
and scarification are associated with an increased risk of HCV infection (Inhorn, 1998, El
Katsha et al.,, 2006). Other activities such as breaking the skin (e.g. tattooing, body
piercing, and acupuncture) increase HCV transmission (Alter, 2007d). All these practices

are a potential for HCV infection due to the use of contaminated instruments.

1.8. Prevention Of HCV Transmission

Primary prevention of hepatitis C includes the reduction of transmission by the
implementation of educational and social programs in community outreach programmes
and special centres for PWID group (Daw et al., 2012). Behavioural interventions (Martin
et al., 2013) along with repeated risk reduction counselling programs throughout the
course of treatment can facilitate the decrease of HCV transmission among MSM
(Martin et al., 2016). Extra attention should be introduced in high-risk populations such
as those in correctional institutions, drug therapy programs and HIV counselling and
testing sites (Sy and Jamal, 2006). Health care workers should practice more strict rules

such as practice better sterilization and safer injection use (Sy and Jamal, 2006).

The increase in HCV therapy and harm reduction programs among PWID is important in
decreasing HCV prevention (Martin et al., 2013). The increase in harm reduction
interventions, such as the use of opioid substitution therapy (OST) and supply of sterile
needle/syringe provision (NSP) (Midgard et al., 2016) could reduce HCV prevalence

among high-risk groups.

Opioid Substitution Therapy (OST) is the supply of replacement drugs to PWID, this

includes prescribed medicine such as methadone or buprenorphine usually in a clinical
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setting (Kermode et al., 2011). High-income countries have demonstrated the
effectiveness of OST (WHO, 2009a). However, there are still more prevention measures
to be implemented and phased in especially in resource-limited settings (Hartan and
Das, 2010).

Needle/syringe provision (NSP) is the packaging of injecting equipment which consists
of sterile needles and syringes in the aim of distributing them to individuals who inject
drugs (PWIDs groups) (WHO, 2004e). There are various NSP programs that exist in
different countries, and some countries use the one-for-one exchange of needles and
syringes, while others, use the exchange of needles only with 100% return rate (WHO,
2004e). The secondary exchange is the collection of a large number of clean syringes
and needles and distributing them to IDUs, who in turn distribute to other IDUs who they
interact with (WHO, 2004e).

The implementation of both OST and NSP programs can decrease the risk of HCV
transmission among IDUs. In those countries (e.g. Australia and New Zealand) (Mathers
et al., 2010) which implemented the programs and achieved high levels of harm
reduction interventions, reported that they could only manage to reduce HCV
transmission, however, could not fully control it (Mehta et al., 2011, Palmateer et al.,
2014b). There have to be many stringent implementations on the harm reduction
communications and better access to drug treatment (Daw et al., 2012). There is still
more research required to investigate whether the scaling-up of such programs could

possibly reduce HCV prevalence in high-risk populations (Turner et al., 2011).

Reducing HCV transmission can decrease the morbidity and mortality caused by
hepatitis C virus infection. Furthermore, effective prevention interventions have a
potential to reduce HCV transmission and the impact caused in chronically infected
individuals (Daw et al., 2012).
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1.9. HCV Diagnostic Testing

1.9.1. Immunoassays

Serological assays detect specific antibodies to HCV (anti-HCV) against various HCV
epitopes that are located in the core, non-structural proteins such as the NS3, NS4, and
NS5 (Pawlotsky, 2002, Marwaha and Sachedev, 2014). The common approach using
serological assays for HCV infection screening is the use of Enzyme Immunoassay
(EIA) for the detection of Immunoglobulin G antibody (IgG antibodies) to HCV (Gao et
al., 2014). However, antibody tests cannot distinguish between acute or chronic HCV
infection (Alter et al., 2003e).

The United States Food and Drug Administration (FDA) licensed the first anti-HCV
enzyme-linked Immunoassay (ELISA) in 1990 (CDC, 2003c). The 1st generation assays
used a Yeast-recombinant protein that contained an epitope from the non-structural
(NS4) region of the HCV genome and gave false positive results. It detected anti-HCV
IgG in only 80% of patients and lacked sensitivity and specificity (Barrera et al., 1991a).
Since then newer versions of these tests have been developed and approved by the
FDA which all have been widely used in the clinical diagnosis and in the screening of
symptomatic persons (WHO, 2002d, CDC, 2003c).

The Second-Generation assay use various recombinant antigens from the core, NS3
and NS4 regions of HCV genome, and allows for the detection of various epitopes
(Ellethy et al., 2012). The 3™ generation assays added an extra antigen, (NS5) (Barrera
et al., 1995b). This anti-HCV test reduced the window period and detected antibodies
earlier compared to other assays. The 3™ generation assays have a high specificity of
greater than 99% (Colin et al., 2001). False-negative results can be obtained in patients
undergoing haemodialysis and those with a weakened immune system (Ghany et al.,
2009). In addition, these anti-HCV tests can produce low positive predictive values in
areas were HCV prevalence is low (<10%) (CDC, 1998b). High false positive rates
(Tucker et al., 1997, Seremba et al., 2010, Mullis et al., 2013) occur as HCV antibody

tests cannot distinguish between resolved and active infection. Also, the late appearance
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of HCV antibodies 8-12 weeks after infection (CDC, 2016f) indicates that those recently
infected may be missed until repeat testing 6-8 weeks later (CDC, 2016f).

1.9.2. Molecular techniques

1.9.2.1. HCV RNA detection and quantification

Nucleic acid tests (NATs) are molecular tests that can detect and characterize HCV
RNA as early as one week after the initial exposure and they are sensitive and specific
enough to detect active HCV infection (Saldanha et al., 2005). For these reasons, NATs
remain the gold standard for HCV confirmatory diagnostic testing (WHO, 2002d, CDC,
2003c, Chavaliez and Pawlotsky, 2006). These tests include tests that detect the
presence of HCV RNA by detecting active HCV infection (Kamili et al., 2012), amplifying
products and hybridizing amplicons onto specific probes (e.g. Polymerase chain reaction
(PCR) and Transcription-Mediated Amplification (TMA) (Pawlotsky, 2002a). Other tests
that assess the quantity of HCV RNA (HCV viral load) in serum or plasma includes real-
time PCR amplification, COBAS® Ampliprep/COBAS® TagMan 48 analyser Automated
test (Roche Molecular Systems) and Abbott RealTime™ HCV Assay (Abbott Diagnostics)
(Pawlotsky, 2002a).

1.9.3. Molecular genotyping

Furthermore, there are tests that determine the genetic nature of HCV genome (e.qg.
HCV genotyping tests). Restriction fragment length polymorphism (Smith et al., 1995b),
probe hybridization (Verbeeck et al., 2008b), genotype-specific real-time PCR or Sanger
and next-generation sequencing (Simmonds et al., 1993c, Cai et al., 2013) are methods
used for HCV genotyping. However, the determination of HCV genotype 6 is challenging
mainly due to similarity to genotype 1 and the large sequence diversity, thus increasing
mistyping when using earlier versions of the line probe assay (Inno-LiPA HCV 1.0)
(Chinchai et al., 2003, Noppornpanth et al.,, 2006). The Versant HCV Genotype 2.0
(LiIPA 2.0) assay, announced the incorporation of the core sequence which allows for an
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improved and more accurate distinction of HCV genotype la-1c and genotype 6 and
between subtypes a and b of genotype 1 (Verbeeck et al. 2008b). Recently there have
been more specific and accurate tests such as Abbott Realtime HCV Genotype Il assay
(Abbott Diagnostics) have been launched. The assay uses probes specific for 5’
untranslated region (5’ UTR) and NS5B to determine genotype 1 to 6 and subtypes 1a
and 1b respectively (Yang et al., 2014).

1.9.4. HCV rapid assays

HCV diagnosis is costly; requires specialized equipment and the need for highly trained
operators (Johannessen, 2015). Cheaper options with less invasive methods of
sampling and time to result have to be investigated. The use of minimal instrumentation
that is simple such as a rapid Point-of-Care Tests (POCT) for HCV is a vital tool which
can be used to assist in the detection of HCV, especially in different settings. Some of
the advantages of POCT are; results are quickly available (Drain et al., 2014), allow for
rapid clinical response (Drain et al., 2014), reduces patient loss to follow-up (Brooks et
al.,, 2008) and the easiness of POCT may increase screening, especially in large
populations (Lee et al., 2011a). This could include, settings with high rates of HCV
under-diagnosis or difficult to reach populations. (Lee et al., 2010b). Point-of-care
testing can contribute to the routine screening practice if there are satisfactory
performance levels of the conventional laboratory testing compared to POC tests
(Shivkumar et al., 2012).

There are various types of HCV rapid tests that are available; these include the
OraQuick® HCV rapid Antibody test (Orasure Technologies, Inc), Chembio DPP® HCV
Test (Chembio Diagnostics Systems, Inc), the Multiplo Rapid HIV/HCV Antibody Test
(MedMira Laboratories, Inc) and the Multiplo Rapid HBV/HIV/HCV Antibody Test
(MedMira Laboratories, Inc). All these rapid tests were provided to the CDC for
evaluation to detect anti-HCV and recently, the SD Bioline HCV rapid test (Standard
Diagnostics Inc, South Korea) was validated by WHO.

16



The OraQuick® HCV Rapid Antibody Test utilizes a lateral flow immunoassay procedure
which is intended to detect the presence and or absence of structural and non-structural
HCV proteins in the sample. The assay test strip uses synthetic peptides and
recombinant antigens from the core, NS3 and NS4 regions of the HCV genome all
immobilized in the test line. The test results are visualized by a protein A labelled
colloidal gold. The test is interpreted between 20 to 40 minutes (Smith et al., 2011,
http://www.orasure.com/products-infectious/products-infectious-oraquick-hcv.asp).

The OraQuick® HCV is the first rapid test to be approved by the FDA and used as a first-
line screening test in the United States (Khuroo et al., 2015). The OraQuick® test can be
performed on various samples such as whole blood, fingerstick (capillary blood), serum,
plasma and oral fluid (Cha et al., 2013, Khuroo et al., 2015). The OraQuick® HCV rapid
test has been shown to have sensitivities 100% and specificities 100% when using
plasma or whole blood as a specimen which is equivalent to results reported in
laboratory-based tests, even in the presence of low antibody levels (Lee et al., 2010b,
O’Connell et al., 2013).The OraQuick® tests also showed to have higher sensitivities of
97.8% and specificities of 99.6% when compared to other rapid tests such as Chembio
DPP® and MedMira rapid tests against the Centres for Disease Control and Prevention
(CDC) reference testing algorithm (Smith et al., 2011).

The Chembio DPP® HCV Test (Chembio Diagnostics Systems, Inc) is a screening
assay for the detection of anti-HCV in whole blood, serum, plasma and oral fluid
specimens. Chembio rapid test uses a Dual Path Platform chromatographic
immunoassay, which uses recombinant multiepitope chimeric HCV antigen that contains
structural (core) and non-structural (NS3, NS4 and NS5) of HCV proteins. The assay
provides visual reading of results between 15-30 minutes (Smith et al., 2011, http://www.

Chembio.com/newtechnologies.html).

The Multiplo Rapid HIV/HCV Antibody Test (MedMira Laboratories, Inc) is a flow-
through device with a nitrocellulose membrane for qualitative detection of antibodies of

HIV typel/2 and HCV in serum, plasma or whole blood specimens. The nitrocellose
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membrane is embedded with conserved regions of the surface glycoproteins of HIV
virus and core and NS3 of the HCV proteins. The results were visualized by a reaction
with protein A labelled colloidal gold. The time required to perform the assay is 3
minutes, with immediate reading of the results (smith et al., 2011,

http://www.medmira.com/multiplex/).

The Multiplo rapid HBV/HIV/HCV Antibody Test (MedMira Laboratories, Inc) is a flow-
through device with a nitrocellulose membrane for simultaneous detect of antibodies for
HIV1/2, hepatitis B and hepatitis C in a single test. The assay can detect HBV/HIV/HCV
in whole blood, serum or plasma. The time required to perform the assay is 3 minutes,
with immediate reading of the results. (medmira.com/wp-content/uploads/.../Multiplo-
HBc-HIV-HCV-Product-Sheet EN.pdf).

In an evaluation study of HCV by Smith et al., on three different rapid assays, both
Chembio (96.2%) and MedMira Rapid HIV/HCV Antibody Test (86.8%) had a sensitivity
that were lower than that observed in OraSure (97.8%) rapid test (Smith et al., 2011).
However, the Chemo DPP® HCV Test (99.8%) and MedMira Rapid HIV/HCV Antibody
Test (99.8%) had a higher specificity compared to OraSure (97.8%) (Smith et al.,
2011). The MedMira assay yielded the highest proportion of false-negative results
between 8% - 19% as compared to the Chembio that had (0.4% - 7%) and OraSure (0%
and 6%) (Smith et al., 2011). It was also observed that in a laboratory setting both the
Chembio and MedMira were more likely to provide false negative results if specimens
were HIV positive (Smith et al., 2011, Fisher et al., 2015). Similar results were also
observed in other studies (Kendrick et al., 2005, Lubelchek et al., 2005, Metcalf et al.,
2005).

The SD BIOLINE HCV (Standard Diagnostics Inc, South Korea) is an inviro
immunochromatographic rapid assay designed for qualitative detection of HCV
antibodies in serum, plasma or venous whole blood. This assay is intended for use in
population with high HCV prevalence or those with a history of HCV risk

exposure/behavior including women. The performance of the assay has not been

18



established in infants and children. The assay contains a nitrocellulose membrane strip,
which is pre-coated with recombinant HCV capture antigen (core, NS3, NS4 and NS5) at
the test line region (T). The SD BIOLINE HCV was evaluated by WHO in 2016, it had a
sensitivity of 98.8% and specificity of 100% when compared to reference laboratory
testing method and it takes 5 minutes to result.
(www.who.int/.../diagnostics.../hcv/161216_final_amended_report_0257_012_00.pdf).

1.9.4.1. POC molecular test

There are various strategies in improving the HCV testing and diagnosis via
venepuncture (Zhou et al., 2016), dried blood spot testing, (Easterbrook, 2016) and
point-of-care HCV testing (Morano et al., 2014). These includes various advantages to
this assay, it is very sensitive, requires minimal technical training to run the test, has
quick turnaround time (less than 2 hours), uses one cartilage and less bench space and
is free from sample handling (Cepheid, 2017, Gupta et al., 2017).

HCV POCT rapid tests that use finger stick or oral fluid have been developed, although,
these tests are restricted to certain areas and only test for HCV antibodies (past
infection) and not HCV RNA (recent infection or chronic infection). As per the WHO
guidance on HCV testing (Easterbrook, 2016), there is a need for a nucleic acid test that
detects HCV RNA at or near the point of care sites inorder to increase early diagnosis,
and for speedy access to treatment and monitoring (Grebely et al., 2017). Recently in
2015, commercially available point-of-care molecular test, Xpert® HCV Viral Load assay
(Cepheid, 2017) was launched. The Xpert® is a fully automated real-time reverse
transcriptase polymerase chain reaction (QRT-PCR) assay (Cepheid, 2017). The Xpert®
HCV Viral Load assay combines sample preparation, nucleic acid extraction,
amplification and detection of the target sequence in one cartridge (Cepheid, 2017).
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1.9.5. DBS

The use of polymerase chain reaction techniques for HCV testing using DBS has
demonstrated to be accurate, reproducible and achievable in resource-poor settings
(Ross et al.,, 2013). The standard method for blood collection in HCV testing is via
venepuncture (Muzembo et al., 2017); challenges exist with blood collection and
processing of venous blood samples especially in resource-limited settings (Muzembo et
al., 2017).

Dried blood spots (DBS) have been used for antibody and molecular detection for many
pathogens, such as HIV, HBV, and HCV and analytes such as nucleic acids have been
shown to remain stable for much longer on the DBS than in serum or plasma
(Greenman et al., 2015). DBS are more cost-effective with regard to human resources,
offers a practical solution to blood collection by using capillary blood, offers easy
transportation from distant clinics to centralized laboratories without refrigeration. They
have the ability to retain the integrity of the samples because blood samples remain
stable at room temperature (Vinikoor et al., 2015). They also offer limited processing e.g.
no centrifugation, especially in resource-poor settings with no to little laboratory
equipment (Ross et al., 2013, Ostler et al., 2014), minimal invasive procedure for donors
and reduced risk to health care workers (McDade et al., 2007). The use of whole blood
DBS for HCV viral load quantification has been demonstrated to be an efficient sample
matrix. A recent study Marins et al., 2017, observed good correlation of R?=0.97 (y= -
0.0081x -0.3154) when comparing the use of DBS to plasma as a sample matrix for
quantification of HCV viral load. In another study, they investigated the use of serum and
DBS samples for HCV viral load quantification, they observed a good correlation of
R?=0.94 (Tuaillan et al., 2017).

A study comparison between two quantitative real-time PCR assays with DBS and
serum for HCV RNA testing has demonstrated to be significant. A positive correlation
was observed between DBS R?= 0.90 and serum R?= 0.89 for HCV RNA levels (Soulier
et al., 2016). The use of DBS for anti-HCV testing as an alternative sample matrix has

been investigated, and proven to be reliable, with significant correlation (R?=0.631) (Lee
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et al.,, 2011). The excellent correlation between DBS and plasma (Marins et al., 2017)
and DBS with serum (Tuaillan et al., 2017) has shown that the use of DBS as an
alternative method for anti-HCV and HCV RNA testing has proven to reliable.

However, there are reports of that the use of DBS from capillary blood or whole blood for
HCV testing involves samples to be sent to centralized laboratory sites and requires
patients to return for results. This remains a challenge, as there are marginalized
populations in remote areas (Grebely et al., 2017).

1.9.4.1. POCT and DBS testing for other viruses.

Point-of-care tests (POCT) have been validated in various settings and counties for HIV
testing (Kania et al., 2013). POC testing can offer the opportunity to screen HBV, HIV
and syphilis testing and offer counselling concerning the infection and an opportunity to
communicate the results to the patient at the same time (Kania et al., 2013). The use of
rapid POCT will play an important role in the scale-up of community-based and large-
scale screening, treatment and prevention of HBV in sub-Saharan Africa settings
(Caroline et al., 2018). Rapid tests for HBsAg have demonstrated a good sensitivity
(87.9%) and specificity (99.7%) when using Determine™ HBsAg (Alere Inc., MA USA)
compared to ELISA as a gold standard (Chisenga et al., 2018). In a South African study,
a specificity of 100% was reported when using when using Determine™ HBsAg (Alere

Inc., MA USA) point of care test in pregnant women, (Chotun et al., 2017).

HIV rapid tests have demonstrated to be excellent in screening among different
populations. In a South African study, the use of rapid testing in a population of MSM
showed a sensitivity of 92.6% and a specificity of 99.4% against fourth generation EIA
assay (Kufa et al.,, 2017). In another South African study, Alere g% Detect (Alere
technologies GmbH, Jena, Germany) was compared to the Roche COBAS®
Ampliprep/COBAS® Tagman® (CAP/CTM) HIV-1 qualitative assay (Roche diagnostics,
Branchburg, New Jersery, USA), and Alere rapid test demonstrated a sensitivity of 90%

and specificity of 100% (Dunning et al., 2017). There are different POCT available on
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the market for syphilis rapid testing, these includes the SD Bioline syphilis 3.0 (Standard
Diagnostics, South Korea) and chembio DPP Syphilis Screen & Confirm Assay
(Chembio Diagnostics Systems, USA). These rapid tests detect antibodies of all
isotypes  (IgG, IgM, IgA) against the Treponema pallidum bacterium

(https://www.alere.com/en/home/product-details/sd-bioline-hiv-syphilis-duo.html).

DBS have been demonstrated to be used for both serological and molecular diagnosis
of Human Immunodeficiency virus (Cassol et al. 1996, Bigger at al., 1997, Mdssner et
al., 2016, Barin et al., 2006, Marconi et al., 2009). In Sub-Saharan Africa the use of DBS
has been used in HIV care programs, DBS samples are collected in HIV-exposed infants
and routinely used for HIV DNA testing using automated assays (Smith et al., 2014).
However, the use of DBS in HBV testing has been mostly limited to research settings. In
North America, Europe, and Africa there have been studies that demonstrated the ability
of testing both serological and virological markers for HBV infection using DBS samples
(Kania et al., 2013, Mohamed et al., 2013).

A previous study validated HBV DNA quantification using DBS samples and a high
correlation (R?=0.966, P<0.001) between DBS and plasma was observed (Vinikoor et
al., 2015), similar findings (R?>= 0.9646, P<0.0001) were reported in a validation study of
HBV DNA quantification between DBS and serum (Jardi et al., 2004). The use of DBS
for HIV screening is reported to be effective (sensitivity of 100% and specificity of 100%)
and an excellent sample matrix for HIV testing (Ross et al., 2013, Kania et al., 2013).
The use of DBS for HIV RNA testing in early infant diagnosis in South Africa has also
demonstrated to be effective and practical. Several studies have validated the use of
DBS for HIV RNA testing and high correlations above R?=0.995, were observed when
using DBS (Govender et al., 2016, Tang et al., 2017).
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1.10. HCV Treatment

Due to the increased mortality and morbidity that is associated with hepatitis C infection,
there has been an urgent need to achieve viral clearance (Burstow et al., 2017). Viral
clearance reduced progression to fibrosis and reverses cirrhosis (Poynard et al., 2002).
Virological clearance with undetectable HCV RNA in serum in 3-6 months after
completing antiviral treatment is referred to as Sustained Virological Response (SVR)
(NIH, 1997, Swain, 2010, Martinot-Peignoux, 2010). HCV genotyping allows for
virological monitoring, monitoring of treatment duration and the dosage of medication to

be administrated (Hadziyannis et al., 2004).

There was no available treatment for chronic hepatitis C until 1990 (Burstow et al.,
2017). This has since lead to the development of the recommended treatment regimen
which consists of 24-28 week of interferon-alpha 2a or 2b, depending on the genotype
(NIH, 1997). The outcomes of this treatment included three weekly injections, however,
there were poor results, with less than 10% success rate of HCV clearance (Carithers,
1997). Thus this led to the addition of ribavirin (RBV) to interferon-alfa therapy and
contributed to the increased SRV rate by 30% - 40% (McHutchison, 1998).

The standard treatment for chronic hepatitis is a 24 or 48 week course of pegylated
interferon (PEG-IFN)- alfa 2a and 2b in the combination of and ribavirin (NIH, 1997)
(Blight,1998). The development of PEG-IFN-alfa 2a and 2b offered single weekly
injections (Di Bisceglie, 2002), which increased SRV rates to 80% in genotypes 2, 3, 5
and 6 (EASL, 2015, Antaki, 2010c). The poor outcomes in genotypes 1 drove to the
development of protease inhibitors (PIs) boceprevir and telaprevir (Burstow et al., 2017).
Boceprevir and telaprevir are NS3 and NS4A inhibitors, and play a role in cleaving the
viral polyprotein during HCV replication (Blight, 1998). These protease inhibitors
significantly improved the treatment outcomes of genotype 1 (Burstow et al., 2017) and
increased SVR by 75% (Bacon et al., 2011, Jacobson et al., 2011, Poordad et al., 2011,
Zeuzem et al., 2011b). There we documented poor outcomes in patients with
progressive fibrosis and cirrhosis (Bacon et al., 2011, Jacobson et al., 2011, Poordad et
al.,, 2011, Zeuzem et al., 2011b). The treatment regimen was limited to patients with

HCV genotype 1 and had common sides effects (Poordad et al., 2011, Bacon et al.,
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2011, Jacobson et al., 2011, Zeuzem et al., 2011b). Consequently, it was evident that
there was a need for more tolerable and effective chronic hepatitis treatments (Burstow
et al., 2017). A number of NS3/4A (e.g. Simeprevir, Grazoprevir) and NS5A/5B
(Daclatasvir, Sofosbuvir) inhibitors have been licensed for treatment (Burstow et al.,
2017).

Greater rates SVR and shorter treatment durations have been documented, however,
the use of the ‘triple therapy’ included interferon includes the frequent side effects and
weekly injections (Burstow et al., 2017). This has led to interferon-free regimens which
depend on genotype and presence of cirrhosis (Zhang et al 2016). Since then there has
been an emergence of first fixed-dose of a combination of pangenotyptic regimen of
sofosbuvir and velpatasvir that was approved by the FDA (FDA, 2016). This new type of
regimen will potentially simplify management by removing the need for genotype

determination prior treatment (Burstow et al., 2017).

1.11. Problem Statement

Currently, HCV infection is underdiagnosed in Africa and that has left many individuals,
including high-risk groups (Gupta et al., 2014) unaware of their HCV infection status
(Tuaillon et al., 2010). Information on the prevalence of HCV in individuals most-at-risk,
including SWs, MSM and PWUDs/PWIDs is limited in South Africa (Semugoma et al.,
2017). Identifying high-risk populations is difficult due to the stigma and discrimination
attached to HCV positivity. This study is part of a larger collaboration, consisting of
several non-governmental organizations and clinicians who are working with
populations-at-risk as part of an established HIV program. Reaching out to these

populations for hepatitis C testing is thus feasible.

Serological tests remain the first line of screening because of the relatively low costs.
For reasons mentioned above, it is imperative to confirm infection by NAT. However, in
South Africa, NAT is only performed in large cities. Centralised testing poses challenges

in terms of time for specimens to reach the testing laboratory, maintaining the integrity of
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the specimens (Layden et al., 2014), time to return results to the facility and the patient
not returning for results. Sampling for testing may prove problematic with regard to
fear/pain of venepuncture and volumes of blood needed, especially in populations such
as PWUDs/PWIDs who may have scarred or damaged veins. It is vital that cheap,
reliable tests are developed requiring little or no equipment, providing ease-of-use in
resource-limited settings and that can be performed at the site of patient care (POC
setting) (Johannessen, 2015). Diagnostic accuracies of OraQuick® POCT range from
high clinical and analytical sensitivity of 99.5% and specificity of 99.8% (Khuroo et al.,
2015) to lower sensitivities of 97.8% (Chai et al., 2013) and 92.7% (Fischer et al., 2015).

DBS has been used in several settings in South Africa for HIV diagnosis (Govender et
al., 2016). A study comparing serum samples to DBS found a sensitivity of 93.8% -
100% and specificity of 94.0% - 100% and HCV RNA on DBS was detected in 100% of
HCV positive samples (Bennett et al., 2012). DBS can be used for HCV detection,
monitoring, and HCV treatment and genotype of HCV (De Crignis et al., 2010). This
includes the use of automatic modern platform (e.g. Abbott Architect) which can perform
a high production of testing (Ross et al., 2013, Soulier et al., 2016). Better sampling
matrices can impact on screening and access to care for HCV as they have for HIV.
However, it remains imperative that POCT and DBS tests for HCV are properly validated
against standard tests to improve testing algorithms, reduce the costs of unnecessary

testing and improve access to care for those that test positive.

The sixty-ninth World Health Assembly approved for the first time a strategy for viral
hepatitis. This included a 30% reduction in new cases of hepatitis B and C by 2030; a
10% reduction in mortality and 65% decrease in mortality from end-stage liver disease;
and a further 90% reduction of new infections by 2030 (WHO, 2016f, Sonderup et al.,
2017). They also aimed at improving injection, blood and surgical safety; “harm
reduction” for people who inject drugs; and increased access to treatment for hepatitis B
and C (WHO, 2016f). To meet these goals, there is a need to improve access to the
HCV diagnostic testing, to increase screening, to determine prevalence of HCV, to have

epidemiological data on people infected with HCV, to assess risk behaviours, to create
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public awareness, to implement prevention control plans and policies and, lastly, to

provide treatment and care to all those infected.

1.12. Purpose Of The Study

Research question/s
1. How do different tests (POCT) and sampling matrices (DBS) compare to that of
reference laboratory-based HCV diagnostic tests using plasma samples in South
Africa?
2. What are the hepatitis C virus genotypes and viral load in individuals most-at-risk
of hepatitis C infection in South Africa?

Aims of the study
1. To assess the accuracy of a rapid HCV POCT when compared to laboratory-
reference testing.
2. To assess the use of DBS as an alternative matrix for HCV laboratory-based
diagnostic testing.
3. To describe the HCV genotypes and viral load in most-at-risk groups in South
Africa.

Objectives
la. To compare the sensitivity and specificity of HCV POCT to that of immunoassay

which is used as laboratory reference tests on the plasma.

1b. To compare the sensitivity and specificity of HCV DBS to that of immunoassay
laboratory reference tests on the plasma.

1c. To compare the sensitivity and specificity of HCV DBS to that of viral load
laboratory reference tests on the plasma.

1d. To describe the genotypes and viral loads on HCV PCR positive samples.
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CHAPTER TWO - MATERIALS AND METHODS

2.1. Study Design

This was a descriptive study that investigated the HCV seroprevalence, viral load, and
genotypes in individuals most-at-risk including SWs, MSM, and PWUDs/PWIDs. The
study investigated the diagnostic accuracy of POCT and further explored the use of DBS
as an alternative sample matrix to that of plasma for standard routine tests for HCV on a
subset of the larger cohort. This study was part of a larger collaborative study entitled

"Viral Hepatitis C initiative for most-at-risk populations in South Africa”.

2.2. Ethics

Ethics approval has been received from WITS (HREC REF: M170698) 04 July 2017,
see Appendix A. Ethics approval has been received from UCT (HREC REF: 004/2016) 4
July 2016, see Appendix B.

2.3. Study Population

A total of 3509 participants who are most-at-risk (SWs, MSM, and PWUDs/PWIDs)
across the seven cities in South Africa namely: Durban (DBN), Pietermaritzburg (PMB),
Mthatha (ORT), Port Elizabeth (NMB), Cape Town (CPT), Johannesburg (JHB), and
Pretoria (PTA) were enrolled in the study. The study included the community-based and
clinic-based screening activities which are linked to community-based education. People
accessing HIV testing, counselling and other services provided by the study
collaborators were invited to participate in the study. Each participant had a unique
participant identification (PID) number. Whole blood specimens from all sites and, DBS
cards (GE Healthcare, Piscataway, NJ) from Cape Town sites only, that tested positive
and negative were sent to NICD reference laboratory for further serological and

molecular testing and for validation purposes.
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2.4. Sample Size Calculation

The sample size calculation was performed on OpenEpi version 3.01 (Dean? et al.,
2016). A population size of 750 in MSM (250 from Cape Town, Pretoria and
Johannesburg) assuming assumed a frequency of 5% and a confidence interval of 95%,
provided an estimated sample size of 67. A population size of 1 550 in SWs (400 in
Cape Town and Durban and 250 in Pietermaritzburg, Port Elizabeth, and Mthatha)
assuming assumed a frequency of 5% and a confidence interval of 95%, the estimated
sample size was calculated to be 134. A population size of 1 200 PWUDs/PWIDs (400 in
Cape Town, Durban and Pretoria) assuming a frequency of 5% and a confidence
interval of 95% the estimated sample size is 228. A total of 429 sample size from

different sites of high-risk population would have statistical power for the study.

2.5. Samples Collection

A trained nurse or counsellor provided the participant with an information sheet that
outlined who was doing the study, why the study was being done, the potential risks and
benefits or participation, the duration and details of the activities and contact details for
additional questions (Appendix C). Participants were also requested to provide consent
for blood to be stored for future testing around hepatitis and other infections affecting
key populations (Appendix D). The trained nurse or counsellor assisted recruited
participants at the sites to fill in the (Appendix E).

All participants recruited from all sites except Cape Town sites had two 5ml EDTA tubes
of whole blood collected by venepuncture, after consent was provided. One EDTA tube
was used for POC testing using the test kit sampler. All participants recruited from sites
in Cape Town had an oral fluid sample taken as part of the OraQuick® testing procedure
using the test kit sampler. Also from Cape Town sites, 50 yL of blood from an EDTA
tube was spotted onto filter paper for DBS testing, see Figure 3.1 for details on which
samples were collected and tested at the different sites collected All samples were
collected at a one-time point, only the participants that have signed the consent form
and agreed for their samples to be used for further research study were included. After
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sample collection a total of 532 PWUD/PWID, 66 MSM and 115 SWs samples were

collected from high-risk groups. All EDTA tubes were marked with participant
identification code, initials, and date of birth.

Study
sites CPT PMB NMB ORT PTA JHB DBN
.
Study MSM SW sw w MSM MSM PWID
populations PWID PWID SW
sw
N
oral Whole Whole Whole Whole Whole Whole
HCVPOC Fluid Blood Blood Blood Blood Blood Biood
testing at rapid rapid rapid rapid rapid rapid rapid
sites testing testing testing testing testing testing testing
- -
DBS EDTA EDTA EDTA EDTA EDTA EDTA
Samples cards & tubes tubes tubes tubes tubes tubes
collected EDTA
from each tubes
site
. I
Anti-HCV HCV RNA HCV
Tests detection detection genotyping
performed
at NICD

Figure 3.1; Study sites, sample collection, and tests performed at various sites.
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EDTA, Ethylenediaminetetraacetate acid, DBS; Dried Blood Spots, Anti-HCV; Antibodies to HCV, POC; Point- of -care, PWID/PWUD; People who
Inject Drugs/ People who Use Drugs, MSM; Men who have sex with men, SW; Sex workers, CPT; Cape Town, PMB; Pietermaritzburg, ORT; OR
Tambo, NMB; Mthatha, PTA; Pretoria, JHB; Johannesburg, DBN; Durban

2.6. Data Collection

All recruited participants at the sites filled in a hepatitis surveillance laboratory request
form (Appendix E). There were different sections on the request form that had to be filled
in including Client Information, Point of Care Results and Laboratory Specimen Details.
The information on the request form was then captured on an HCV database using Epi
info version 3.2.4. (Dean et al., 2011a). All results were recorded on the Epinfo version
3.2.4. Software (Dean et al., 2011a). All data was collected onto Excel spreadsheets
using Microsoft Windows.

2.7. Laboratory Methods

2.7.1. OraQuick® HCV rapid antibody test

HCV Point-Of-Care test was performed using OraQuick® HCV Rapid Antibody Test
(OraSure Technologies, Bethlehem) (Appendix F).

Principle

The OraQuick® HCV Rapid test is performed manually. The test uses visual reading of
the qualitative detection of Immunoglobulin (IgG) to hepatitis C virus HCV antibodies
(anti-HCV) in human finger stick, whole blood, and oral fluid. The OraQuick® HCV Rapid
Antibody Test detects the presence and or absence of structural and non-structural HCV
proteins in the sample (OraSure Technologies, Bethlehem) (Appendix F).

Method
This test was performed at the seven different sites. A trained nurse followed the

manufacturer’s instructions when performing the OraQuick® HCV Rapid Antibody Test.
The POC testing methods are detailed in (Appendix F). At Cape Town sites oral fluid
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samples, DBS cards and whole blood samples from one participant were collected. The
Oral fluid was tested using the OraQuick® HCV Rapid Antibody test (Appendix F) at the
site and the DBS card and two EDTA whole blood tube were sent to NICD At other sites,
(PTA, DBN, ORT, PMB) two tubes of EDTA whole blood samples were collected from
one participant. One whole blood tube was used for rapid testing using the HCV Rapid
test and the other EDTA whole blood tube was sent to NICD (Appendix F). The
OraQuick® HCV Rapid Antibody test results obtained at the sites were recorded on the
hepatitis surveillance laboratory request form (Appendix E) and sent with samples to
NICD.

2.7.2. Processing of samples

2.7.2.1. Labelling and processing of whole Blood samples

On arrival of whole blood samples at NICD, whole blood samples were labelled and
processed. The whole blood samples were centrifuged (UNICEN 20, Madrid) with a
bench top centrifuge at 3000 rpm for 10 minutes at room temperature. Plasma from the
EDTA tubes was transferred into new 1.5 ml Screw Cap microtubes (SARSTEDT,
Germany) and labelled with unique laboratory numbers for traceability. The plasma was

then stored at -70°C in the freezer in labelled racks.

2.7.2.2. Labelling and processing of DBS

On arrival of DBS samples, the Whatman 903 protein saver cards (GE Healthcare,
Piscataway, NJ) (DBS) cards were labelled with a unique laboratory number from NICD
that correspond to that of the plasma and stored in -20°C freezer. After labelling and

processing of samples, the testing all samples were tested at NICD.

2.7.2.3. Elution buffer preparation

The elution buffer was made up with 50 ml of 1X Phosphate-Buffered Saline (PBS)
buffer (Lonza, Belgium) and 25 pL of 0.05% Tween® 20 (Merck, Germany) which was
then stored at 4 - 8°C.
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2.7.3. Anti-HCV ELISA

The ARCHITECT HCV Ab assay was performed at NICD laboratory using the
automated ARCHITECT i1000SR CMIA system (Abbott Laboratories, Diagnostics
Division, Abbott Park, IL).

Principle

The ARCHITECT Anti-HCV assay (Abbott Laboratories, Diagnostics Division, Abbott
Park, IL) is a two-step immunoassay. It uses the chemiluminescent microparticle
immunoassay (CMIA) technology, for qualitative detection of immunoglobulin G (IgG)
and immunoglobulin M (IgM) antibodies to hepatitis C virus (anti-HCV) in human serum
and plasma. The ARCHITECT Anti-HCV assay is intended to detect antibodies to
structural and non-structural proteins of the HCV genome. The chemiluminescent
reaction is measured as relative light units (RLUs). The RLUs are compared to the
chemiluminescent signal and reaction cut-off signal. The results are interpreted as
follows, the S/CO values that are less than 1.0 are non-reactive and those S/O values
greater or equal to one are reactive (Abbott Laboratories, Diagnostics Division, Abbott
Park, IL).

Testing plasma on ARCHITECT i* System

Plasma samples were thawed, vortexed for 8 seconds and with a macro centrifuged at
3000 rpm for 1 minute (Merck, South Africa) at room temperature. The minimum sample
cup volume of 150 pL is required to perform a single anti-HCV test on the ARCHITECT i*
System and an additional 20 uL will be required for an additional anti-HCV test from the
same sample cup. One hundred and seventy microliters of plasma were then processed
on the ARCHITECT i* System following manufacturer’s instructions (Abbott Laboratories,

Diagnostics Division, Abbott Park, IL).
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Testing DBS on ARCHITECT i* System

One spot (50 pL - 75 pL) from the DBS card (GE Healthcare, Piscataway, NJ) was
eluted in 400 pl (Gavin Cloherty, Abbott diagnostics, personal communication) of 1X
PBS buffer (Lonza, Belgium) and 0.05% of Tween® 20 (Merck, Germany) (Ross et al.,
2013). The DBS were incubated at room temperature with continuous agitation on a
laboratory shaker (Labex, South Africa) at maximum speed 300 motions per minute for 1
hour. The eluate was then centrifuged with a macro centrifuge (Merck, South Africa) at
3000 rpm for 1 minute prior to testing. One hundred and seventy microliters of DBS
eluate was then processed on the ARCHITECT i1000SR system following

manufacturer’s instructions (Abbott Laboratories, Diagnostics Division, Abbott Park, IL).

2.7.4. HCV viral load assay

Molecular detection of HCV RNA was performed at NICD laboratory using the
automated COBAS® Ampliprep Instrument for amplification and automated COBAS®
TagMan® 48 analyzer for detection (Roche Molecular Systems, Pleasanton, California,
USA).

Principle

The COBAS® AmpliPrep/COBAS® TagMan® HCV Quantitative Test v2.0 is an
automated, real-time, nucleic acid amplification test used to quantify HCV RNA in human
serum or plasma of patients infected with HCV genotypes 1-6 (Deeks, 2015). The test

uses primers specific to the 5’UTR of the HCV genome.

The COBAS® AmpliPrep/COBAS® TagMan® 48 analyser HCV Quantitative Test v2.0
(Roche Molecular Systems, Pleasanton, California, USA) is an automated system that
extracts, amplify and detect HCV RNA on board. The preparation of specimens is based
on the automated Reverse Transcription Polymerase Chain. The plasma samples were
labelled and processed as specified in 2.7.2.1. Six hundred and fifty microliters of

samples and controls were pipetted into sample tubes (s-tube) with corresponding
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barcode clips. The samples and controls were loaded in the following order: Negative
Roche control (NC), Low Positive Roche control (LPC) and High Positive control (HPC)
followed by 21 samples on the COBAS® Ampliprep Instrument. The Roche reagents
were loaded onto the reagent racks of the COBAS® Ampliprep Instrument and samples
were extracted, amplified and HCV RNA was detected on the COBAS®
Ampliprep/COBAS® TagMan® Instrument following manufacturer’s instructions. For the
interpretation of results, each run had to have valid controls with no flags or invalid
results in the comments section (Roche Molecular Systems, Pleasanton, California,
USA). The Upper and Lower limits of detection are <1.50E+01 IU/ml and >1.00E+08
IU/ml.  For interpretation, details refer to (Appendix H) (Roche Molecular Systems,

Pleasanton, California, USA).

2.7.4.1. Testing of plasma samples on the COBAS® Ampliprep/ COBAS® TagMan ®
48 Analyser

Six hundred and fifty microliters of plasma samples were briefly centrifuged (Merck,
South Africa) with a macro centrifuge for 1 minute at 3000 rpm and were tested on the
COBAS® Ampliprep/COBAS® TagMan® 48 Analyser following manufacturer’s

instructions (Roche Molecular Systems, Pleasanton, California, USA).

2.7.4.2. DBS elution for viral load testing

The DBS was processed as specified in 2.7.2.2. Two spots (50 pL-75 pL per spot) from
DBS were eluted in 1.0 ml of Sample Pre-Extraction (SPEX) buffer (Roche Molecular
Systems, Pleasanton, California, USA). The tubes containing the DBS in buffer were
incubated in a dry cooling/heating block Eppendorf® Thermomixer® R (Sigma, South
Africa), at 56°C with continuous shaking for 10 minutes (Vinikoor et al., 2015, Roche

Molecular Systems, Pleasanton, California, USA).
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2.7.4.3. Testing of DBS on the COBAS® Ampliprep/COBAS® TagMan® Analyser

To detect and quantify HCV RNA by RT-PCR, 650 yL of DBS eluate was tested on the
COBAS® Ampliprep/COBAS® Tagman® Analyser following manufacturer’s instructions

(Roche Molecular Systems, Pleasanton, California, USA).

2.7.5. HCV RNA extraction for genotyping plasma samples.

The HCV RNA extraction was performed at NICD laboratory using the QIAamp® Viral
RNA Mini Kit (Qiagen, Hilden, Germany).

Principle

QlAamp® Viral RNA Mini Kit is used to purify viral RNA either from plasma, serum or
cell-free body fluids. The kit uses selective binding properties of the silica-based
membrane with a vacuum technology. The sample is lysed in high denaturing conditions
that will inactivate the RNAses and ensure the isolation of intact viral RNA. The buffering
conditions are adjusted to offer optimal binding of the RNA to the QIAamp® membrane.
Once the RNA is bound to the membrane the contaminants are efficiently washed away
in a two-step process using two different wash buffers. The RNase free buffer is used to
directly elute RNA which is then stored in a -70 °C freezer. The purified RNA is free of

any protein, nucleases, contaminants, and inhibitors (Qiagen, Hilden, Germany).

Method

The plasma was thawed, vortexed for 15 seconds and briefly centrifuged for 1 minute at
8000 rpm with a macro centrifuge (Merck, South Africa. Wash buffer 1 (Buffer AW1)
was supplied as a concentrate; it was prepared by adding 25 ml of ethanol (96% -
100%) and mixed by inverting 10 times and stored at room temperature. Wash buffer 2
(Buffer AW?2) was supplied as a concentrate, it was also prepared by adding 30 ml of
ethanol (96% - 100%) and mixed by inverting 10 times and stored at room temperature.

Three hundred and ten microliters of Buffer AVE was added into carrier RNA. Buffer
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AVE dissolved the lyophilized carrier RNA thoroughly, resulting in Buffer AVI (Buffer
AVE and dissolved lyophilized carrier RNA). Buffer AVI was then divided into sized
aliquots and stored in -30 °C to -15 "C.

Five hundred and sixty microliters of prepared Buffer AVI was pipetted into a 1.5 ml
labelled microcentrifuge tube and 140 pL of plasma was added to the Buffer AVI in the
microcentrifuge tube. The mixture was mixed with pulse-vortexing for 15 seconds. This
was followed by incubation at room temperature for 10 minutes. The mixture was then
briefly centrifuged at 8000 rpm with a macro centrifuge (Merck, South Africa) for 1
minute. Five hundred and sixty microliters of ethanol (96% - 100%) was added to the
sample and mixed by pulse-vortexing for 15 seconds then followed by centrifugation at
8000 rpm with a macro centrifuge (Merck, South Africa) for 1 minute. From the
homogeneous solution, 630 puL was pipetted into the QIAamp® Mini column without
wetting the rim and briefly centrifuged at 8000 rpm with a macro centrifuge (Merck,
South Africa) for 1 minute. The filtrate and the collection tube were discarded and the
QIlAamp® Mini column was placed into new clean 2 ml collection tube. The remaining
solution was carefully added to the existing QIAamp® Mini column. The sample was then
centrifuged at 8000 rpm with a macro centrifuge (Merck, South Africa) for 1 minute. The
QlAamp® Mini column was placed into a new collection tube and the old collection tube
with the filtrate was discarded. Five hundred microliters of Buffer AW1 was added into in
the QIAamp® Mini column and centrifuged at 8000 rpm with a macro centrifuge (Merck,
South Africa) for 1 minute. The collection tube and the filtrate were discarded and
replaced with a clean 2 ml collection tube which was placed in the QIAamp® Mini
column. Five hundred microliters of buffer AW2 was pipetted into the QlAamp® Mini
column and centrifuged at 14000 rpm for 3 minutes. The collection tube was discarded
along with the filtrate, replaced with a new 2 ml collection tube and centrifuged again at
14 000 rpm with a macro centrifuge (Merck, South Africa) for 3 minutes. The QlAamp®
Mini column was placed in a clean labelled 1.5 ml Eppendorf tube. The collection tube
which contained the filtrate was discarded. Fifty microliters of distilled water were added
to the column, and incubated for 1 minute at room temperature. Then centrifuged at

8000 rpm with a macro centrifuge (Merck, South Africa) for 1 minute. The column was
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discarded and the eluate was stored in a labelled 1.5 ml Eppendorf tube in -70 °C

freezer (Qiagen, Hilden, Germany).

2.7.6. HCV Amplification for genotyping.

The HCV amplification was performed at NICD laboratory using the Versant HCV
amplification 2.0 kit (manufactured by Innogenetics, Ghent, Belgium, for Siemens,
Tarrytown, NY, USA) (Siemens Diagnostics).

Principle

The amplification 2.0 kit amplifies fragments in the 5’UTR and the core region of the
HCV genome (Verbeeck et al., 2008b). The amplification 2.0 kit contains enzyme mix
reagent and amplification mix reagent. The amplification has a two-step process the of

reverse transcription-polymerase chain reaction (RT- PCR).

The viral RNA is added to the enzymes (Uracil-N-Glycosylase, Hot Start Taq
Polymerase, Forward and Reverse Transcriptases) and amplification mix
(oligonucleotides in  buffer  with  deoxyribonucleotide triphosphate  (dNTP),
deoxyuridine 5-triphosphate (dUTP) and magnesium chloride (MgClz2). The genomic
RNA is reversely transcribed into complementary DNA (cDNA) using HCV-specific
primers. The DNA polymerase is activated by heating the reverse transcriptase for the
PCR amplification step. Two sets primers of the 5UTR and the core regions of HCV
genome were used to amplify two DNA fragments of the 240 and 270 base pairs

(Siemens Healthcare Diagnostics, Belgium).

Method

The Amplification Mix reagent was placed on ice for 30 minutes to thaw. Fifty microliters
of RT-PCR reaction master mix was calculated using the HCV PCR amplification
worksheets. PCR micro-tubes (0.2 ml) and 1.5 ml Eppendorf tubes were labelled. The

master mix reaction was prepared in the clean laboratory by adding the following
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reagents; 26 uL of Amplification mix and 4 pL of enzymes according to manufacturer’s
instruction. In the specimen laboratory, 20 yL of extracted template (RNA) was added
into the RT-PCR master mix making a total of 50 pL reaction. The mixture was briefly
centrifuged with a microcentrifuge Merck, South Africa) for 15 seconds at maximum
speed (14 000 rpm). The PCR tubes with the reaction mixture were incubated for 10
minutes on ice. The following thermal profile was used, reverse transcriptase at 50 °C for
30 minutes, the initial PCR activation step 95 “C for 15 minutes; denaturation step at 95
°C for 30 seconds; annealing step at 50 °C for 30 seconds and the extension step at 72
°C for 15 seconds. The denaturation, annealing and extension steps are repeated 40X
followed by the elongation step which was performed for 2 minutes at 72 ‘C and a
holding step at 4 “C. After the run, all the amplicons were then stored at 4 "C (Siemens

Healthcare Diagnostics, Belgium) in the post PCR laboratory.

2.7.7. Agarose gel electrophoresis

Principle

The separation of nucleic acid by agarose gel electrophoresis is a procedure that is used
routinely. The nucleic acid molecules are separated by an electric field. Since nucleic
acid possesses a negative charge due to the phosphate backbone of the DNA. The
negatively charged DNA migrates through an agarose gel matrix towards a positive
electrode. The agarose gel consists of seaweed genera Gelidium and Gracilaria, and
repeated agarobiose (L - and D-galactose) subunits (Kirkpatrick, 1991). The subunits
form a matrix that acts as a sieve that will separate molecules such as DNA, proteins,
and lipids based on their size, shape, and charge (Lee et al., 2012). These
characteristics, together with the buffer conditions, gel concentrations and the voltage
affect the mobility of molecules in the agarose gels. The nucleic acid is stained with a
loading dye and ethidium bromide which consists of glycerol. Glycerol gives the DNA
density in order to enable it to sink into the pre-cast wells and not float (Lee et al., 2012)

and ethidium bromide (an intercalating agent that fluorescence under light). The nucleic
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acid is visualized in the agarose gels through the illumination of the agarose gels with
300nm UV light (Yilmaz et al., 2012).

Methods

The expected HCV amplified PCR product was 240 bp - 270 bp long. The amplified HCV
products were detected using the agarose gel electrophoresis. The agarose gel was
made up with 100 ml of 0.5 Tris/Borate/EDTA buffer (TBE buffer) (Darmstadt, Germany),
4 grams of agarose powder (Leuven, Belgium) and 1 pL of a 2% ethidium bromide (Bio-
Rad Laboratories, Inc; United States). Five microliters of PCR products, negative and
positive controls and 3 pL the molecular weight marker VI (Roche Diagnostics,
Germany) were stained with 1 puL of Fermentas 6X Orange DNA Loading Dye (Thermo
Fisher Scientific Inc, South Africa). The gel was run at 120 V for 30 minutes in 1X
Tris/Borate/EDTA (TBE buffer) (Qiagen, Hilden, Germany). The gel was viewed under a

transilluminator (Vacutec, Johannesburg, South Africa).

2.7.8. HCV genotyping 2.0. (LiPA)

The HCV genotyping was performed at NICD laboratory using Versant HCV genotyping
2.0 Assay (LiPA) (manufactured by Innogenetics, Ghent, Belgium, for Siemens,
Tarrytown, NY, USA) (Siemens Diagnostics).

Principle

The VERSANT HCV Genotyping 2.0 Assay (Siemens Healthcare Diagnostics, Belgium)
is manually performed. It uses reverse hybridization to generate biotinylated DNA PCR
products by RT-PCR amplification of the 5 UTR and core region of HCV RNA. This
allows for the proper distinction between the HCV genotype 1-6 and the subtypes a, b
and c found among the genotype 1-6 (Verbeeck et al., 2008b)
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The RNA is hybridized to immobilize the oligonucleotide probes. The probes are bonded
to a nitrocellulose strip by a poly (dt) tail that is specific for the 5 UTR and the core
region of the various HCV genotypes (Verbeeck et al., 2008b). In the hybridization step
unhybridized PCR products are washed from the strip and the alkaline phosphatase
labelled streptavidin (conjugate) is bound to the biotinylated hybrid. The substrate
chromogen 5-Bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium chloride
(BCIP/NBT) reacts with the streptavidin-alkaline phosphatase complex to form a
purple/brown precipitate which results in a visible banding pattern on the strip (Cai et al.,
2013). The Versant HCV Genotype Assay contains 20 5’ untranslated region (5 UTR)
and 4 core specific probe lines. The 5 UTR oligonucleotides allow for the detection and
classification of HCV genotypes and subtypes 1-6a/b. The core specific probe lines are
designed for more reliable discrimination of subtypes l1a and 1b and recognition of
subtypes 6¢-1 (Ross et al., 2007).

Method

Equal volumes of 10 uL biotinylated PCR amplicons and the denaturation solution (1.7
% sodium hydroxide) were added and incubated at room temperature for 5 minutes. The
test strips were marked with test numbers and placed in each trough. The 2 ml
hybridization/stringent wash buffer solution (sodium chloride, sodium citrate buffer with
detergent and preservatives) was dispensed into the troughs. The test strips were
incubated for 1 hour at 50 - 55 °C in a shaking water bath. The solution was aspirated
from each trough followed by an addition of 2 ml wash buffer solution and incubated for
1 minute at room temperature. The wash buffer solution was aspirated from each trough
and 2 ml of the wash buffer was added to each trough. The mixture was then incubated
for 30 minutes in 50°C water bath. The wash buffer solution was then aspirated and 2 ml
of diluted rinse 5X solution (phosphate buffer with 0.5% 2-chloroacetamide, NacCl,
detergent and other preservatives) was added to each test trough and incubated for 1
minute in a shaker at room temperature. Two millilitres of the diluted conjugate
(phosphate buffer with 0.1% 2-chloroacetamide detergents, protein stabilizers and other

preservatives) and diluted rinse 5X solution was aspirated. Alkaline phosphatase
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labelled streptavidin conjugate was added to the trough and diluted in standard

conjugate solution incubated for 30 minutes at room temperature.

The diluted streptavidin conjugate was aspirated and 2 ml of rinse solution was used to
wash the strips twice followed by washing once with standard substrate buffer (TRIS
buffer with 0.1% 2-chloroacetamide, MgCl2, NaCl and other preservatives). Colour
development was initiated by addition of 2 ml of diluted substrate (5-bromo-4-chloro-3
indolyl phosphate) (BCID/NBT) to the strips and incubated for 30 minutes on a shaker at
room temperature. The substrate reacted with the conjugate forming a purple/brown
precipitate which resulted in a visible line pattern on each test strip that was specific for
each genotype. The colour reaction was stopped by aspiration of the substrate buffer
and addition of 2 ml distilled water and incubated for 3 minutes. The strips were
removed from the trough and dried immediately followed by result interpretation using

the reading card over the strip and aligning the green line and marker line on the card.

2.7.9 Normalization Coefficient calculation

We accounted for the volume difference and sample type in the DBS. Fifty microliters of
whole blood was spotted onto the Whatman 903 card (GE Healthcare, Piscataway, NJ).
Two circles of DBS were used for viral load analysis and we assumed that there is 50%
volume of plasma in DBS. Thus 2 X 50 pL of whole blood X 50% (100 pL x 50% = 50 uL
of plasma).

The DBS dilution factor was calculated as follows. Two circles of 50 uL whole blood
were spotted on DBS cards and 1000 pL of SPEX buffer was added, providing a total
volume of 1100 L. A total volume of plasma in DBS would give us the dilution factor
(1200 uL / 50 pL = 22), normalization coefficient (c) was 22. When correcting for volume
difference and sample type, the DBS results were multiplied with the normalization
coefficient (c=22) (Ed Marins, Dept. of Virology, Roche diagnostics personal

communication).
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2.7.10. Statistics

Sensitivity, specificity and Negative Predictive Value, Positive Predictive Value

analysis

The STARD approach was adopted in reporting the accuracy of serology testing (Simel
et al., 2008). The accuracy of POCT immunoassay results were analysed using the 2x2
tables and the sensitivity, specificity, negative predictive value (NPV) and positive
predictive value (PPV) were determined against the laboratory reference test. The
following standardised definitions were used (Simundié., 2009). The sensitivity was
expressed in percentage and it defines ‘the proportion of true positive subjects with the
disease in a total group of subjects with the disease’ which is defined by this formulae
(TP/TP+FN). Specificity was defined as a ‘proportion of subjects without the disease
with negative test result in total of subjects without disease’ which is defined by this
formulae (TN/TN+FP). The true positive (TP) was defined as ‘the subjects with the
disease with the value of a parameter of interest above the cut-off’. The false positive
(FP) was ‘defined as subjects without the disease with the value of a parameter of
interest above the cut-off’. The true negative (TN) was ‘defined as subjects without the
disease with the value of a parameter of interest below the cut-off’ and the false negative
(FN) was ‘defined as the subjects with the disease with the value of a parameter of
interest below the cut-off (Simundi¢., 2009). The Positive Predictive Value (PPV)
defined as the ‘proportion of people that are positive and test positive with a reference
test’ which is defined by this formulae (TP/TP+FP). The Negative Predictive Value
(NPV) was’ defined as the proportion of people that are negative and test negative with
a reference test’ which is defined by this formulae (TN/TN+FN) (Simundié., 2009).
Online statistical algorithm tool MedCalc for windows (MedCalc Software, Ostend,
Belgium) (Dean et al., 2016b) was used to analyse the sensitivity and specificity and the

confidence intervals.

Linear regression plots and Bland Altman graphs.

The linear regression analysis was performed to determine the association of DBS and
plasma RNA levels in logio. To determine the agreement between the DBS and Plasma
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the Bland Altman plot was used (Cutler, 2013). Data analysis for HCV viral loads were
analysed using the statistical software XL STAT Biomed Perpetual version 18.06 (XL
STAT, 2017).

Statistical analysis on plasma genotype and viral load.

The STATA version 13 (StataCorp, 2013) was used to describe the statistical analysis of
the genotypes and viral loads in the plasma within the various high-risk groups.
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CHAPTER THREE - RESULTS

3.1. STARD Diagram

At the end of the study a total of 713 plasma samples and 240 DBS samples were
obtained from the study sites from 10 August 2016 - 31 October 2017. Two whole blood
EDTA tubes and one DBS card was collected from each participant at one-time point
period. Testing of the plasma samples and DBS was performed as illustrated by a flow
diagram using the Standard for Reporting Diagnostic accuracy studies (STARD)
approach that aims at the completeness and transparency of reporting studies for

diagnostic accuracy (Simel et al., 2008) (Figure 3.2).
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Figure3.2; Specimen and test flow to assess the accuracy of HCV POCT and DBS

matrices.
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A higher percentage of PWUDs/PWIDs was observed among the male population. The
black population was found to be the majority among the high-risk groups
(PWUDs/PWIDs, MSM, SWs) followed by white, coloured and Indian race groups. A
significant number of PWUDs/PWIDs were found in major cities, Cape Town (CPT),
Pretoria (PTA) and Durban (DBN) (Table 3.1) in South Africa. A total of 713 samples
were collected from 532 PWUDs/PWIDs, 66 MSM and 115 SWs (Table 3.1).

Table 3.1; Demographic characteristics of high-risk-groups

PWUDs/PWIDs? MSMP SWs*¢
N=532 N=66 N=115
Median age (year)
Males
_ 461 (86.7%) 66 (100%) 19 (17%)
Females
B oEs e
Transgender Female
TanenenerFenal ey S s
Population groups
Blacks 236 (44.36%) 25 (37.88%) 70 (60.86%)
White 166 (31.20%) 25 (37.88%) 35 (30.43%)
Coloured 122 (22.93%) 13 (19.69%) 10 (8.70%)
indian 8 (1.5%) 1 (1.51%) 0 (0%)
il 0 (0%) 2 (3.03%) 0 (0%)
Co-Infection with HCV
HBVe 5.26% 7.58% 8.62%
HIVf 27.63% 42.42% 36.2%
146 40 53
4 11 0
266 15 0
0 0 12
0 0 12
116 0 22
0 0 16
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2PWUDs/PWIDs: People who inject drugs/ People who use drugs ¢ HBV: Hepatitis B Virus

bMSM: Men who have sex with Men fHIV: Human Immunodeficiency Virus
¢ SWs: Sexual Workers 9CPT: Cape Town

41QR: Interquartile range INMB: Port Elizabeth

" JHB: Johannesburg KPMB: Pietermaritzburg

' PTA: Pretoria 'DBN: Durban

™ ORT: Mthatha

3.2. HCV POCT Sensitivity and Specificity

The aim was to assess accuracy of POCT OraSure (whole blood and oral fluid) relative
to a reference ELISA method. Seven hundred and five plasma samples were tested by
the ELISA using the ARCHITECT i1000SR system.

A total of (533/705; 75.60%) were positive and (172/705; 24.39%) were negative for anti-
HCV. Eight samples were excluded from testing and analysis (Figure 3.1). There were, 4
false positives (FP) and 8 false negatives (FN) specimen’s (Table 3.2). The combined
data for whole blood and oral fluid are presented (Table 3.3). The accuracy was
determined by sensitivity, specificity, positive predictive value (PPV) and the negative
predictive value (NPV) (Table 3.3).

Table 3.2; The 2x2 table of HCV POCT OraSure (whole blood and oral fluid) and
reference test (ELISA) results.

ELISA? Positive ELISA Negative
POCTP® Positive TP¢ 525 FPe 4

POCT Negative FNY 8 TN' 168

a ELISA: Enzyme-Linked Immunoassay
b POCT: Point-of-Care Test
¢ TP: True Positive

d FN: False Negative
e FP: False Positive
f TN: True Negative
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Table 3.3; The statistical analysis of both POCT OraSure (whole blood and oral

fluid) was compared to reference test (ELISA) results.

Statistical analysis POCT?2 OraSure (whole blood and Oral

fluid) and ELISAD

Specificity 97.7% (95% CI: 94.2 - 99.4%)

Positive Predictive Value 99.2% (95% CI: 98 - 99.7%)
Negative Predictive Value 95.5% (95% CI: 91.3 - 97.7%)

a POCT: Point-of-Care Test
b ELISA: Enzyme-Linked Immunoassay

¢ Cl: Confidence Interval

3.2.1. HCV POCT OraSure (whole blood) serology accuracy

Four hundred and seventy-three whole blood samples were tested using the OraQuick®
HCV Rapid Antibody Test. There were 3 false positives (FP) and 4 false negatives (NP)
(Table 3.4). We also evaluated the accuracy of POCT OraSure (whole blood) results
with the reference test (ELISA) results as illustrated by the (Table 3.5). A total of
(372/473; 78.64%) were positive and (101/473; 21.35%) were negative for anti-HCV.
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Table 3.4; The 2x2 table of POCT OraSure (whole blood) and reference test
(ELISA) results.

ELISA? Positive ELISA Negative

POCTP" Positive TP¢ 368 FPe 3

POCT Negative FNY 4 TN 98

a ELISA: Enzyme-Linked Immunoassay
b POCT: Point-of-Care Test

¢ TP: True Positive

d FN: False Negative

e FP: False Positive

f TN: True Negative

Table 3.5; The statistical analysis of POCT OraSure (whole blood) was compared

to reference test (ELISA) results.

Statistical analysis POCT®? OraSure (Whole Blood) and ELISAP

Sensitivity 98.9% (95% CI° 97.2 - 99.7%)

Specificity 97.0% (95% CI: 91.2 - 99.4%)
Positive Predictive Value 99.2% (95% Cl: 97.6 - 99.7%)

Negative Predictive Value 96.1% (95% CI: 90.3 - 98.5%)

a POCT: Point-of-Care Test
b ELISA: Enzyme-Linked Immunoassay

¢ Cl: Confidence Interval



3.2.2. HCV POCT OraSure (oral fluid) serology accuracy

A total of (157/232; 67.67%) were positive and (75/232; 32.32%) were negative for anti-
HCV. There was 1 false positive (FP) and 4 false negatives (FN) (Table 3.6). Two
hundred and thirty-two oral fluid samples were tested using the OraQuick® HCV Rapid
antibody test, POCT OraSure oral fluid was compared with the ELISA reference test
results as illustrated by the (Table 3.7). The statistical results of POCT OraSure oral fluid

versus the ELISA were analysed.

Table 3.6; The 2x2 table of HCV POCT OraSure (oral fluid) and reference test

(ELISA) results.

ELISA? Positive ELISA Negative
POCTP® Positive TP¢ 153 FPe 1

POCT Negative FNd 4 TN 74

a ELISA: Enzyme-Linked Immunoassay
b POCT: Point-of-Care Test
¢ TP: True Positive

d FN: False Negative
e FP: False Positive
f TN: True Negative
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Table 3.7; The statistical analysis of HCV POCT (oral fluid) compared to reference

test (ELISA) results.

Statistical analysis POCT?2 OraSure oral fluid and ELISAP

Sensitivity 97.5% (95% CI°: 93.6 - 99.3%)

Specificity 98.7% (95% CI: 92.8 - 100%)

Positive Predictive Value 99.4% (95% CI: 95.6 - 99.9%)

Negative Predictive Value 94.9% (95% CI: 87.5 - 98%)

a POCT: Point-of-Care Test
b ELISA: Enzyme-Linked Immunoassay

¢ CI: Confidence Interval

3.3. HCV DBS Serology Accuracy

Serology tests were performed on DBS. The evaluation of the accuracy of DBS was
performed by comparing the DBS with the reference test (ELISA) results (Table 3.8). A
total of (162/239; 67.78%) were positive and (77/239; 32.21%) were negative for anti-
HCV. There were 2 false positives (FP) and 6 false negatives (FN) (Table 3.8). Two
hundred and thirty-nine DBS samples were tested using the ARCHITECT i1000SR
system and the results were compared with ELISA reference results using plasma as
illustrated by the (Table 3.9).
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Table 3.8; The 2x2 table of HCV DBS compared to reference test (ELISA) results.

ELISA? Positive ELISA Negative

DBSP Positive TP¢ 156 FpPe 2

DBS Negative FNY 6 TN 75

a ELISA: Enzyme-Linked Immunoassay
b DBS: Dried Blood Spot

¢ TP: True Positive

d FN: False Negative

e FP: False Positive

f TN: True Negative

Table 3.9; The statistical analysis of DBS compared to reference test (ELISA)

results.

Statistical analysis DBS? and ELISAP

Sensitivity 96.3% (95% CI°¢: 92.1 - 98.6%)

Specificity 97.4% (95% CI: 90.9 - 99.7%)
Positive Predictive Value 98.7% (95% Cl: 95.2 - 99.7%)

Negative Predictive Value 92.6% (95% CI: 85.1 - 96.5%)

a DBS: Dried Blood Spot
b ELISA: Enzyme-Linked Immunoassay

c ClI; Confidence Interval

3.4. HCV Viral Loads on HCV DBS

The DBS viral load results were analysed and compared with the reference standard
molecular test using plasma samples. Two hundred and thirty-nine paired plasma and
DBS samples were sent to NICD (Figure 3.2). One hundred and sixty-two DBS samples
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tested positive for HCV antibodies, 123 had detectable HCV RNA levels, and 36
specimens were below the lower limit of HCV RNA detection (Figure 3.2). Only 116
plasma results were compared to DBS viral loads results because 7 plasma samples
were haemolysed and could not be tested for viral load and were excluded from analysis
(Figure 3.2).

Paired plasma and DBS samples were statistically analysed on XL STAT Biomed
Perpetual version 18.06 (XLSTATA. 2017) (Figure 3.2). The regression line graph was
used to investigate if there is a relationship between the DBS and plasma variables and
the Bland-Altman plot was used to measure the agreement between the two assays
(Cutler, 2013). A normalization coefficient (c=22) (Marins et al., 2017, Ed Marins, Dept.
of Virology, Roche Diagnostics, personal communication) was determined which
considered the volume difference and sample type in DBS and plasma. The
normalization coefficient was applied to the raw DBS results. The linear regression and
Bland Altman plots were constructed with the corrected DBS in (log IU/mL) and plasma
in (log IU/mL) results.

3.4.1. Linear regression

The linear regression graph without normalization coefficient application to raw DBS
shows correlation coefficient of R?=0.879 (p<0.0001) and a regression equation of
y=0.722x (Figure 3.3).
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DBS HCV (log IU/ml)

HCV plasma (log 1U/ml)

Figure 3.3; The linear regression graph of HCV viral load of DBS (log IU/mL) and HCV
of viral load plasma (log 1U/mL) without application of normalization coefficient to raw

DBS results.
The results from the linear regression graph after application of the normalization

coefficients to raw DBS results shows a correlation coefficient of R?=0.918 (p<0.0001)

and a regression equation of y=0.965x (Figure 3.4).
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Figure 3.4; The linear regression of the corrected HCV viral load of DBS (log 1U/mL)
and the HCV viral load of plasma (log 1U/mL).

3.4.2. Bland-Altman plot

The results of the Bland-Altman plot without application of the normalization coefficient
to the DBS raw results showed limits of agreement of [-2.069 logio IU/ml, -0.965 logio
IU/ml] (Figure 3.5).

The mean [SD] for plasma viral load was 5.325 IU/ml [1.00 IU/ml]. The mean [SD] for
DBS viral load was 3.808 1U/ml [0.951 IU/ml]. The Bias was -1.517 with SD of 0.282 and
the 95% mean CI Bias was [-1.569, -1.465].
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Figure 3.5; The Bland Altman Plot of HCV viral load of DBS (log IU/mL) and HCV viral

load of plasma (log 1U/mL) without application of normalization coefficient.

The Bland-Altman plot results after application of the normalization coefficient to the
DBS raw results shows the limits of agreement of [- 0.726 logio 1U/ml, 0.377 logio 1U/ml]
(Figure 3.6).

The mean [SD] for plasma viral load was 5.325 1U/ml [SD 1.01U/ml] and the mean [SD]
for DBS viral load was 5.151 1U/ml [SD of 0.95 IU/ml]. The Bias was -0.175, SD of 0.282
and the 95% mean CI Bias was [-0.226, -0.123] with a P<0.0001. Therefore, after the
application of the normalization coefficient, the use of DBS as a sample matrix for HCV
viral load testing give similar results as the use of Plasma sample matrix. This

demonstrates that the two testing sample matrices are not different from each other
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Figure 3.6; The level of agreement between HCV viral load of DBS (log IU/mL) and the

corrected HCV viral load of plasma (log 1U/mL) viral load after volume normalization.

3.5. HCV Plasma Viral Loads Per High-Risk Groups

Of the 705 plasma specimens, 449 (63.69%) had detectable viral loads and 80 (11.35%)
had undetectable viral loads.
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Table 3.10; HCV plasma viral load (log 1U/ml) per high-risk group

High-risk group Number of HCV RNA (log Mean HCV RNA

samples IU/ml) [SD] (log 1U/ml)

1.17-7.7 5.44 [1.23]
17 1.69 - 6.99 5.12 [1.31]
12 2.20-6.74 5.30 [1.32]
449 1.2-7.7 4.69 [1.23]

3.6. HCV Amplification For Plasma Genotyping

The desired amplified PCR product of approximately 240bp and 270bp in size
representing the 5’ untranslated region (5 UTR) and core regions using the Versant
HCV amplification 2.0 kit was observed (Figure 3.7).

2000 bp

270 bp
150 bp

Figure 3.7; Agarose gel documentation of the HCV PCR products.

MW= VI kbp (MW) Molecular weight marker. 1=Negative Control (NC), 2=Positive
Control (PC), and 1-10=Study Samples.
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3.7. HCV Genotyping

Of the 449 plasma samples that had detectable HCV RNA, 399 from those were
genotyped (Figure 3.2). Forty-seven plasma samples had a viral load less than 1000
IU/ml and could not be genotyped. Two samples were haemolysed and 1 had
insufficient sample for HCV genotyping. For the detection of the HCV genotypes, each
strip has to be recorded and interpreted as shown in (Figure 3.8).

Figure 3.8; The HCV genotyping test strips showing different HCV genotypes.

Line 1= negative control, line 2-11 = test samples.

3.7.1. Prevalent genotypes

The most prevalent genotypes were genotype la (73.93%), genotype 3a (14.79%), and
genotype 3 (3.51%). Most genotypes were found amongst the people who use drugs
and inject drugs (PWUDs/PWIDs) as shown in (Table 3.11). Genotype 1la is the most
common genotype amongst PWUDs/PWIDs high-risk group.
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Table 3.11; The distribution of HCV genotypes among the various the high-risk
groups

Genotypes 1 la la 1la la+t3 1b b+ 3 3a 3c 4 4aldc/4 Total
+3 +3a ¢ 3a d

PWUDsS/PWIDs  [Rev2: [0 RN 1 5 1 ISHESSEN IS 1 0 373
1 11 0 O 0 0 0 1 0 0 1 2 16
0 4 0 0 0 0 0 0 6 0 0 0 10
7 295 1 9 1 5 1 14 59 3 2 2 399
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CHAPTER FOUR - DISCUSSION

HCV infection is a public health problem of global significance with an estimated 130-
150 million people chronically infected. There is a lack of information on the performance
of HCV virological assays (Soulier et al., 2016) and data on HCV prevalence among
high-risk groups with many cases of acute and chronic HCV infection that are
underdiagnosed (Dokubo et al., 2014). The WHO has established new measures of
Hepatitis C elimination by ending transmission and reducing the burden of diseases
among those that are already infected (WHO, 2016f). The WHO can achieve hepatitis
elimination target by increasing diagnosis and therapy, however, due to poor linkage in
health care services this offers a major challenge especially within high-risk groups
(Scott et al., 2017).

4.1. HCV POCT

The use of anti-HCV rapid assays can be implemented in various settings to benefit
hard-to-reach populations and high-risk groups, for example, PWUDs/PWIDs, MSM, and
SWs. These individuals are mostly hard to reach as they are marginalized and/or
stigmatized and unaware of their infection status making it difficult for them to be
screened for infectious diseases such as HIV, HBV, and HCV by conventional clinical
services and laboratory testing. There is also the likelihood of loss of follow up in routine
services as most individuals are likely not to return for their results (Keenan et al., 2001,
Lubelchek et al., 2005).

The evaluation of POC testing using whole blood and oral fluid assays in this study,
based in South Africa found a sensitivity of 98.93% and specificity of 97.00% (Table 3.5)
and a sensitivity of 97.45% and specificity of 98.67% (Table 3.7), respectively. These
results are similar to a previous study (Lee et al., 2010b) which reported that when using
OraQuick® rapid HCV test the specificity on oral fluid was 100%. By contrast, these
results differ from a study which compared OraSure HCV rapid Antibody Test using
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whole blood and HCV EIA laboratory test. Fisher et al. (2015) found a lower sensitivity of
92.7% and a higher specificity of 99.8%.

We also reported a positive predictive value (PPV) of 99.19% and 99.35% (Table 3.5),
and a negative predictive value (NPV) of 96.04% and 94.87% (Table 3.7), for whole
blood and oral fluid respectively. These results differ to those observed by a previous
study, which reported a good sensitivity 94.4% and specificity 96.94% with a NPV of
99.9% and a PPV of 72.7% when using OraQuick® with venepuncture from whole blood
by comparing this to serum by EIA (Gao et al., 2014).

There have been reported association between obtaining false-negative results when
using rapid tests and HIV positive status (Smith et al. 2011c). There is a 22.4% chance
of obtaining false-negative results when using rapid tests among HIV-positive individuals
(Lubelchek et al., 2005). Approximately 3-6% of HIV positive persons have reduced
HCV antibody responses (Marcellin et al., 1994, Bonacini et al., 2001). It is also
assumed that when using rapid assays in HIV-positive persons the HCV titres can be
low and undetectable, but remain detectable by the reference testing (Fisher et al.,
2015). Other than an impaired immune system (Vermeersch et al., 2008), other
possible reasons to explain the false results obtained in HIV-positive persons include:
recent infection and the ‘window period’ i.e. titres are in evolution and not sufficiently
high enough titres to be detected (Ridzon et al., 1997, Bendinelli et al., 1999, Bux-

Gewehr et al., 2001), resolved infection and decreasing titre levels (Alter et al., 2000a).

The other reason for our false negative results could be that the performance levels in
field studies and clinical sensitivity of rapid tests are lower as compared to conventional
laboratory-based assays (Kendrick et al., 2005, Metcalf et al., 2005, Scheiblauer et al.,
2006, Cha et al. 2013). The quality control measures performed by the operator when
using POCT could also possibly impact POC results thus increasing false results (Cha et
al. 2013). However, OraQuick® has been reported to have an excellent operator
agreement in result interpretation, irrespective of who reads the results (Smith et al.,
2011c).
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Our study was based on an HIV community-based study, with a significant number of
high-risk individuals. Previous studies show the HIV status has a direct influence in the
detection of anti-HCV when using rapid assays (Smith et al., 2011c, Cha et al., 2013,
Fisher et al., 2015). However, when we looked closely at our false negative results, we
found only one sample that had co-infection with HIV. It has been documented that the
sensitivity of the rapid tests is based on the number of true positives that the test can
accurately detect (Kendrick et al., 2005, Metcalf et al., 2005, Scheiblauer et al., 2006,
Cha et al. 2013). In our study, the field operators read the HCV results five minutes prior
to the recommended reading time. Thus possibly explaining the number of false
negative results we obtained. It is also highly recommended that more studies evaluate
the performance of rapid assays among high-risk-groups with HIV-positive individuals
(Smith et al., 2011c).

From our POCT results, we recommend that POC testing using OraQuick® could be a
feasible option. Even though there were false negative results, with education and
training of field operators and nurses at different sites there can be an improvement in
POCT performance and the potential to decrease in false negative results. POC testing
must be integrated into existing HIV testing services and organizations that are effective
in reaching HIV-positive, high-risk persons (Smith et al., 2011c). The use of POCT in
PWUDs/PWIDs could assist in decreasing HCV prevalence by increased testing and

help initiate programs such the harm-reduction.

The breakthrough on molecular testing of POCT (Xpert® HCV Viral Load assay) may
also make a significant contribution to HCV diagnosis and treatment monitoring by
linking HCV testing to on-site testing and by simplifying sample collection, through
increased sensitivity, reduced turn-around time, and ease of performance (Grebely et
al.,, 2017, Gupta et al 2017). The Xpert HCV Viral Load assay may be a key step
towards public health approach in rapid HCV diagnosis and in referral to care and HCV

elimination (Gupta et al 2017).
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4.2. DBS Immunoassay Results

We reported a sensitivity of 96.30% and specificity of 97.40% (Table 3.9) when
comparing DBS from whole blood with ELISA laboratory test and a PPV of 98.73% and
NPV of 92.59% (Table 3.9) These findings are similar to other studies which have
reported very good sensitivity and specificity when comparing DBS with plasma (Kania
et al., 2013, Mdssner et al., 2016, Soulier et al., 2016). There have been reported
differences shown across other studies with higher PPVs and NPVs reported (Kania et
al., 2013, Dokubo et al., 2014, Soulier et al., 2016, Mdssner et al., 2016). In our study,
we reported on a high prevalence of HCV among PWUDs/PWIDs, which could account
for the high PPV (Dokubo et al., 2014).

Our study recommends that DBS be used as an alternative sample matrix for anti-HCV
testing by means of commercial laboratory methods. Similar findings have been reported
(Brandao et al., 2013, Soulier et al., 2016). Previous studies demonstrate clear
evidence that whole blood sample collection using DBS offers a better alternative to
conventional blood collection methods (Bennett et al., 2012, Soulier et al., 2016) and will
increase the numbers of HCV screening, diagnosis and treatment especially amongst
high-risk-groups (Bennett et al., 2012, Coats and Dillon, 2015). DBS also offers minimal
blood collection for testing as compared to the conventional collection of plasma and
whole blood specimens (Lee et al., 2011a). Much work still remains to be done in terms
of standardizing the methods when using DBS for HCV testing and it is crucial to be
aware that the volume of blood in DBS collection is limited with the risk of false-negative

and false-positive reporting (Muzembo et al., 2017).

4.3. HCV Viral Load on HCV DBS

Our study examined the use of DBS as a sample matrix for HCV RNA quantification
amongst high-risk-populations (PWUDs/PWIDs, MSM, and SWs). Our study is the only
national and international study to report on a sample size of more than 100 paired DBS

and plasma samples (Figure 3.2). Our study provided a working methodology on how to
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perform HCV testing on DBS and included steps on how to adjust for sample type,

volume difference and also to apply the normalization coefficient to the DBS results.

Other studies (Tuaillon et al., 2010, Marins et al., 2017) have successfully quantified
HCV RNA using the COBAS® AmpliPrep/COBAS® Tagman® Instrument. However, they
had limited information on a working methodology, on how they adjusted for their sample
type and volume difference. In addition, these studies had low sample size of 48 (Marins
et al.,, 2017) and 62 (Tuaillon et al., 2010) respectively. In our study a strong correlation
of (R?= 0.918) (Figure 3.4) and good agreement was observed between DBS and
plasma samples, this demonstrates that the two testing sample matrices are not different
from each other. Similar results with a strong correlation of (R?>= 0.97) were reported
(Marins et al., 2017). The regression plot demonstrates that the sample matrices have a
positive linear relationship and the correlation significantly improved the Linear
Regression Plot from R?=0.879 (Figure 3.3) to R?>=0.918 (Figure 3.4) by correcting for
sample type, volume and also applying the normalization coefficient.

A negative offset of approximately 2.0 logio IlU/ml was observed between the DBS and
plasma results. This proposes that applying the normalization to the DBS results did not
resolve the correlation, since there was no perfect linear correlation after correcting for
sample type and volume differences, similar findings have also been reported (Marins et
al., 2017). Outliers were observed in the Bland Altman analysis; these outliers could be
a result of the overcorrected DBS results since some observations on the DBS had HCV

viral loads higher than in plasma (Figure 3.6).

The low HCV RNA titres observed in DBS can be due to the different input volumes of
whole blood (50ul) spots and plasma (650 pl) when testing on the COBAS®
Ampliprep/COBAS® Tagman® 48 analyser Instrument. A possibility of nucleic acid
entrapment in the DBS cards and suboptimal elution of the nucleic acid from the filter
paper can be another explanation for the difference in HCV RNA levels observed in
DBS. It is important to know that there might be less volume of blood extracted on the

DBS filter paper as compared to plasma and serum (De Crignis et al., 2010). Increasing
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the number of DBS spots (+/- 50ul) used during a test could possibly be a feasible
solution (Tuaillon et al., 2010, Marins et al., 2017). The use of cold chain transportation
72 hours after sample collection and freezing DBS cards at -20°C for long term storage
could yield better extraction of HCV RNA (Tuaillon et al., 2010) and retaining the
stability, preventing degradation of the nucleic acid material (Tuaillon et al., 2010). Our
study is the first to report on the quantification of HCV using DBS amongst high-risk
groups in the Sub-Saharan Africa. From our results, we strongly recommend that the
DBS be used as a sample matrix for both serology and molecular testing in high-risk-

populations.

4.4. HCV Viral Loads on Plasma

The HCV viral load showed a small range of data among PWUDs/PWIDs, MSM, and
SWs. A HCV RNA baseline range of 2.6 - 7.4 log IU/ml (Table 3.10) observed among
the high-risk group was demonstrated in a previous study (Ticehurst et al., 2007) and
another former study found a higher HCV RNA range of 5.6 - 26.0 log 1U/ml amongst
PWUDs/PWIDs group (Smith et al., 2016). However, we could not perform a statistical
analysis of the plasma viral loads between PWUDs/PWIDs, MSM, and SW due to small
sample size found in MSM and SW high-risk-groups.

4.5. HCV Genotypes on Plasma

HCV genotype 5 has been reported as the most predominant genotype in South Africa
followed by genotype 1, 4, 3 and 2 (Prabdial-Sing et al., 2005a, Gededzha et al., 2012b,
Prabdial-sing et al., 2016b). There has been only two full length genomes of genotype
5a reported in South Africa (Gededzha et al., 2010a). Thus due to the restricted data on
genotype 5 sequences in South Africa there has been limited phylogenetic analysis,
poor confirmation of new HCV genotypes (Simmonds et al., 2005) and knowledge on the
current circulating HCV genotypes in different high-risk groups in South Africa. There is
limited information on HCV genotype 5 with little to no studies conducted on the origin,
endemic history, diseases severity and treatment outcome of HCV genotype 5 infections

(Gededzha et al.,, 2010a), although in one study they have made attempts on
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documenting the association between HCV genotype 5 and severe liver disease
(Pozzato et al., 1994). To date, there are no reports on the circulating HCV genotypes
among high-risk groups in South Africa. We attempted to report on HCV genotypes that
are circulating among high-risk groups in South Africa. We observed HCV genotypes 1la,
3a and 3 as the most prevalent genotypes among PWUDs/PWIDs followed by MSM and
SW (Table 3.11), with similar findings reported in previous studies (Verbeeck et al.,
2006, Jamalidoust et al., 2014).

We also observed a low prevalence of genotype 4, 1 and 3, and genotype 2, 5 and 6
were not observed amongst our high risk groups (Table 3.11). There have been
documented similar results with genotype 4 and genotype 1+3 found to be less
prevalent among the PWUDs/PWIDs group (Jamalidoust et al., 2014) and genotype 2, 4
and 6 are rare and account for one-quarter of all HCV cases globally in their study
findings and (Chowdhury et al., 2003, Messina et al., 2015).

The paucity in identifying genotype 5 in our study contradicts reports that genotype 5 is
most predominant in South Africa (Ohno et al., 1997b, Prabdial-Sing et al., 2005a). This
could be due to restricted circulation of HCV genotype 5 amongst populations with low
HCV prevalence (Gededzha et al., 2010a) and that this HCV genotype could be possibly
circulating amongst the older population (Prabdial-Sing et al., 2016b). It is important to
acknowledge that all previous studies have collected their samples from blood donors,
patients with chronic renal failures, haemophiliacs and those attending liver disease
clinics (Prabdial-Sing et al., 2005a, Ohno et al., 1997b, Smuts et al., 1995) and none
from high risk groups. This reflects a predominance of HCV genotype 5 among blood
donor populations in South Africa; however, the reason for this still remains unclear and
could be due to the number of those collected blood products which happened to be
administered to this group at that period (Smuts et al., 1995).

HCV genotype la was the only genotype observed among sex workers in our study
(Table 3.11). The association between sexual transmission of HCV in high-risk groups

such as SWs and MSM have not been conducted. Previous studies have also reported
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that there is a generally lower risk of sexual transmission of HCV (Terrault, 2005b) and
sexual transmission of HCV is rare in high-risk groups (Alary et al., 2004, Hahn, 2007).
The risk of sexual transmission of HCV is dependent on multiple reasons; co-infection
with HIV, HCV RNA levels, integrity of mucosal surface (Terrault et al., 2013c), risky
sexual behaviour such as multiple sex partners (Alter et al., 1997c), practice of IDU
(Alter.,1997) and type of sexual relationship (Terrault.,, 2002a). Studies conducted
among MSM and SWs reported that there was no direct association of HCV with
sexually transmitted infections (STIs) and numbers of sex partners (Osmond et al.,
1993, Ndimbie et al., 1996, Mesquite et al., 1997). However, an increased risk of sexual
HCV transmission among HIV-positive MSM has been documented (Browne et al.,
2004).

4.6. Limitations

The limitations of the study included not optimizing the volume of whole blood to be
spotted on the DBS cards and, not optimizing for the optimum dilutions of the eluate.
Other limitations included the use of venepuncture blood instead of finger stick blood as
a type of sample. However, it has been observed that there is no difference in results
when using different samples (venepuncture blood or finger stick blood) (Lee et al.,
2010b), although, it is desirable to use finger prick when evaluating rapid tests. The use
of finger prick compared to venepuncture has advantages among PWUDs/PWIDs who

may have scarred or damaged veins.

Our major limitation was not establishing the serum cut-offs and lower limits of detection
of DBS values prior to DBS testing, as the manufacturer’s serum cut-off were used. This
possibly increased the number of false negative results in our study. The manufacturer
signal-to-cut off value increases the number of false-negative results (Soulier et al.,
2016). It is important that studies perform DBS optimization prior to testing because an
increase in false positive results will result in a decrease in the sensitivity of the test
(Soulier et al., 2016). The receiver operating characteristics curves (ROC) curve could
have been used to identify the optimal corresponding DBS threshold for both anti-HCV
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and HCV RNA detection. However, regardless of our limitations our results show the
feasibility of using DBS for anti-HCV and HCV RNA detection.

4.7. Conclusions

Our study confirms that the OraQuick® HCV POC rapid test can be used as a point-of-
care test with high accuracy. Thus HCV POCT can be phased into already existing
medical settings such as the HIV/AIDS community programs, mobile clinics situated at
universities, rural areas, and sites which are frequented by hard-to-reach groups. The
use of POCT would offer an opportunity for free-for-service HCV screening and screen
for persons without access to medical insurance (Smith et al., 2011c) especially in those
areas with limited laboratory resources. Alternatively, DBS cards can be used to test
anti-HCV antibodies and HCV RNA using automated laboratory techniques. The
collection of DBS samples can be used outside health-care settings and in settings that
use point-of-care testing. DBS can also be used to diagnose and promote the uptake of
establishing national programs for HCV screening among high-risk groups and

surveillance of circulating genotypes.
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HREC REF 004/2016
APPENDIX C: INFORMATION SHEET AND CONSENT FORM: STUDY
Study title: Viral hepatitis C initiative for most at risk populations in South Africal

What is this study about?

! The Flesch-Kincaid reading ease test was used to develop the information content of this form using Readability-Score.com
(https://readability-score.com). Reading ease score is 63 (out of a possible range between 0 and 100). The grade level is 8.1
(scores of 22 or more or higher reflect the level for university graduates).
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This is a research project being conducted by TB/HIV Care Association in partnership with OUT
LGBT Wellbeing, Anova Health Institute, National Institute for Communicable Diseases and the
Division of Hepatology, Department of Medicine, University of Cape Town and Groote Schuur
Hospital.

We are finding out more about Hepatitis B and C in South Africa. We are trying to finding out how
many people have hepatitis B, hepatitis C and HIV in certain high-risk populations. We would like to
be able to better understand what behaviours may increase the risk of hepatitis C. We would like to
explore ways of testing for HCV and we want to increase access to HCV prevention, screening and
referral for treatment for these most at risk populations. We would then like to use this information
to advocate for improved access to HCV related services for these populations.

“Most at risk populations” for the purposes of this study include sex workers (SW), men who have
sex with men (MSM), people who use drugs (PWUD) and people who inject drugs (PWID).

What is Hepatitis C?

Hepatitis C, or HCV, is a virus that infects the liver. It is spread through blood by sharing needles and
sexual contact, particularly if there are multiple sexual partners or there are other infections such as
HIV or other types of sexually transmitted infections. HCV can lead to liver damage and eventually
liver failure.

Can HCV be cured?

Yes. Recently medicines have become available that are able to cure most cases of HCV. One of the
reasons we are doing this study is to see how we can help people get the medicines and which
populations need to be given these medicines. Please note that just because you take part in the
study does not mean you will automatically be able to get the medicines if you have Hepatitis C. The
study itself does not provide treatment, but we will refer you to services that may be able to offer
treatment.

Unfortunately the medications used to treat HCV are not currently available in the public health
sector in the Eastern Cape. Participants from this province will be referred to either Livingstone
Hospital (Port Elizabeth) or Nelson Mandela Academic Hospital (Mthatha) for assessment. This
project will include efforts to make these medications more available.

What is hepatitis B and can it be treated?

Hepatitis B is a different virus that infects the liver. Hepatitis B can be prevented with a vaccine.
Three vaccine injections are needed and are given over a few months. The South African
government gives the vaccine to all children. Hepatitis B can be treated.

Due to limited money for this study, we will only test to see if people may have an active hepatitis B
infection using a rapid (“finger prick”) test. We will not do all of the tests that are needed to see if
you are immune (cannot get the infection) to hepatitis B. We will refer people with a positive
hepatitis B screening test to a local hospital or public treatment centre to be further assessed. We
will refer people who have a negative hepatitis B screening test to a local clinic asking for
vaccination, however, the vaccination of adults is not presently part of standard service delivery in
the public health sector.
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APPENDIX D: INFORMED CONSENT FORM: BLOOD STORAGE

Title of research study:
Viral Hepatitis C initiative for most at risk populations in South Africa.

Principle Investigators:
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Prof. Harry Hausler A/Prof. Wendy Spearman A/Prof. Mark Sonderop

Extraordinary Professor School Division of Hepatology Division of Hepatology

of Public Health, UWC Department of Medicine Department of Medicine

CEO, TB/HIV Care Association ~ University of Cape Town/ University of Cape Town/

8th Floor Absa House 25 St. Groote Schuur Hospital Groote Schuur Hospital

Georges Mall K47 0Old Main building, Groot K47 Old Main building, Groot

Cape Town, 8001 Schuur Hospital Schuur Hospital

021 425 0050 Cape Town, South Africa Cape Town, South Africa

hhausler@tbhivcare.org 021406 6394 021 406 6394
wendy.spearman@uct.ac.za msonderup@samedical.co.za

This document is an additional agreement that notes if you have or have not agreed to have any
blood remaining after testing to be stored after the study is complete.

What will happen to my blood?

In the study, about four teaspoons (20ml) of blood will be taken. Some of this blood will be used to
do a quick test for HIV and hepatitis B and C and to do confirmatory tests at a laboratory at the
National Institutes of Infectious Diseases (NIDC). Any remaining blood will be frozen and stored at
the NICD laboratory for future testing. Future tests will be done around hepatitis and other health
conditions affecting sex workers, men who have sex with men and people who use drugs.

How long will my blood be stored?
Blood samples will be stored for up to 5 years and then they will be destroyed.

How will you protect my privacy?

The samples of blood will have a unique code on them, so that people handling these samples will
not know that they belong to you.

Can I withdraw once the study or process has started?

You may withdraw your agreement to participate in this study at any time you no longer feel
comfortable with your participation in this study. You can also decide to only take part in some

parts of the study.

What will happen to my blood samples after the study is complete?
You have a choice as to what happens to your samples (tick one):

|:| Please destroy my blood samples after the study
|:| You can keep my blood sample for up to 5 years
Will you use my sample again?
The choice is yours (tick all that apply):

|:| [ give my consent for my blood sample to be stored and used for future hepatitis research

I give consent for my blood sample to be stored and used for research on other diseases
affecting sex workers, men who have sex with men and people who use drugs.
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Do you understand this document and agree to have your blood samples stored? Do you have any
further questions you would like to ask about this study?

Informed consent to have my blood samples stored
[ have read and understand that my blood sample will be taken and stored as part of this study. I

have been given the opportunity to ask questions. I hereby give consent:

Signed Date

Investigator

[ have explained this consent to the participant and answered their questions. In my opinion the
participant understands the purpose, procedures, risks and benefits of participation

Signed Date

This study has received ethical approval from the Human Research Ethics Committee (HREC REF:
004/2016). For further information about your rights or to report any problems you may
encounter, please contact:

Prof M Blockman Peter Cleaton-Jones

Chairperson, FHS Human Research Ethics Chairperson, HREC (Medical), University of the
Committee, University of Cape Town Witwatersrand

Old Main Building Email: peter.cleaton-jones1@wits.ac.za

Groote Schuur Hospital Administrators - Ms Zanele Ndlovu/ Mr Rhulani
Observatory, 7925 Mkansi/ Mr Lebo Moeng Tel 011 717
Telephone: 021 406 6338 2700/2656/1234 /1252

e-mail: Shuretta.thomas@uct.ac.za email: HREC-Medical.ResearchOffice@wits.ac.za

APPENDIX E: HEPATITIS SURVELLANCE LABORATORY REQUEST FORM
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Hepatitis surveillance laboratory Request Form

1 Mpdderfontein, Road, Sandringham, 2031

Tel: +27 (0)11 336 6400

Reference: Hepatitis surveillance

A. Client information

6.5ender’'s Name

7. Email:

1. Participant [D
2. Gender | Male | Female TransM | TransF
Org. Ciry Firse 2 LastZ Last 2 |etters,
dd|m m|y |v|¥|¥ AHIf TBS / TBP CPT/DBN/ Jetters of digits of | of client’s
3.D.0.B S OUT JHE/PTASNMES mother's dient’s birth name
T PAB/ORT name birth year
4. Race Black | Coloured | White | Indian | other |
5. Site Name:
B. Point of care results:
1. HCVrapidresults | Pos | Neg 2. HBV rapid results |Pns |Neg |
3. HIV status Pos | Neg
C. Laboratory specimen details
1. Date d d m|m|v|v | v |y |2 Datespecimen | d d m ¥ ¥ ¥
Specime send to Lab
Collected
3- Type, of Elocd DES
specimen
4. Test 5. Participant consent Yes Mo
Anti-HCV
requested Blood storage

3. Tel/Cell no.

Site Label
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APPENDIX F: VIRAL HEPATITIS POINT OF CARE TESTING INSTRUCTIONS

ORAQUICK HCV TESTING INSTRUCTIONS

1001-0181
25 tests
1001-0180

» Rapid
=Ora Qu:ck gusgoenk
100 tests

Read this Package Insent letely bek the product Follow the i 2 fully why i
jesting, Fainndosomaymnnaoumlslmhs

INTENDED USE

For use by healthcare professionals only.
The OraQuick® HCV Rapid Antibody Test is a single-use, ant-HCV assay. It is an mmunoassay for the qualitative
detection of immunoglobin G (IgG) antibodies to hepatits C virus (ang-HCV) in oral fuid, fingerstick whole blood,
venipuncture whole blood, plasma specimens (EDTA, sodium heparin, lithwm heparin, and sodium ctrate), and
serum (Serum Separator Tube), and from indiduals 11 years or cider. The OraQuick® HCV Rapid Antbody
Test assay results may be used to provide presumptive evidence of nfection with HCV in ndividuals with signs
and symptoms of hepatitis and in individuals at risk for hepatitis C infection.

Waming: Not intended for use in screening whole blood, plasma, or tissue donors. The effectiveness of the
OraQuick® HCV Rapid Antibody Test for use in screening whole blood, plasma, or tissue donors has not been
estabished.

SUMMARY AND EXPLANATION OF THE TEST
Hepatitis C virus (HCV) is the causative agent for most, i not all, non-A, non-B hepatitis. 2 The presence of
antbodies to HCV indicates that the indivdual may be currently infected and capable of transmitting the virus.

PRINCIPLES OF THE TEST

the
proteins from the core, NS3 and NS4 regions of the HCV genome (test fine) and a goat ant-human IgG (control
ne) n b onto a

HATERIALS PROVIDED (REF 10011)181 25 tests, REF 1001-180 100 tests)
pouch contains OrMHCVDwabver
samwmumo.numwm—‘—— i y

agent.

*  Reusable test stands
Collection loops.

* Package Insert

MATERIALS REQUIRED, AVAILABLE AS AN ACCESSORY TO THE KIT
OraQuick® HCV Rapid Antibody Test Kit Controls (REF 1001-0182)

MATERIALS REQUIRED BUT NOT PROVIDED

Timer capable of ming 20 to 40 minutes

Bichazard waste contamner

Additional Items Required for Fingerstick and Venipuncture Specimens

Antiseptic wipe, sterile lancet or venipuncture supplies, disposable gloves (optional for oral fluid testing), sterile
gauze pads, centrifuge

WARNINGS
mememlbe For use by healthcare professionals only,
Read the Package Insert completely before using the

*  Follow the mstructions carefully when performing the OraQuick® HCV Rapid Antibody Test, fadure to do so
may cause an inaccurate test result.

+ This test kit has been approved for use with oral fluid, finger-stick whole blood, venous whole blood, serum

* | the test kit is exposed to temperatures outside of the ded storage (2=-30C,
36°-86°F), or is tested outside of the operating temperature (15°-37°C, 53*-99°F), use the Kit Controls to
ensure performance of the test.

PRECAUTIONS
* Handle specimens and matenals n contact with as f capable of e
*  Wear disposable ﬂwmmmmmmmmm

. MusmwmmmummldeSwa
fiuid testing.

+ Do not reuse blood collection loops, tests or developer solution. Dispose of these components properly.

* Do not use the test beyond the experation date printed on the pouch.

STORAGE

+  Store unused OraQuick® HCV Rapid Antibody Tests unopened at 2°-30°C (36°-86°F).

. Dommnhwﬂuﬂmnm&/hpubmau

* lston d, ensure that the ot (15°-37C, 53°-93°F) before
opening.

SPECIMEN HANDLING
*  Oral Fluid: Do not eat, drink or chew gum for at least 10 minutes prior to testing. Collect specimen and place

in Developer Solution immediately.
*  Whole blood, plasma or serum: insert the test device into the Developer Solution within 60 minutes of adding
the sample.

. Mnhbbod,mnuphﬂnanuyhemda151)‘C(5$$’F)hwb3diynua2-8’c(546‘ﬂ

. Smlnup&m’ma1m1mxgbm5nm
*  Serum and plasma specimens stored frozen at -20°C (4°F) may have up to 3 freeze-thaw cycles.

DIRECTIONS FOR USE

GENERAL TEST PREPARATION

+ Alowal to come (15°-37°C, 59°-93°F).

* Place the reusable test stand on your work space. Use only the stand provided with the OraQuick® HCV
Kit

*  Place the OraQuick® HCV Developer Solution Vial into the test stand. Hold the vial firmly in the stand and
remove the cap by rocking it back and forth while pulling it off.

Do not open the pouch until you are ready to perform a test. Check the pouch for damage or holes. Discard
the pouch # it is damaged.

« After opening the pouch, check for a desiccant packet. If it is not present of appears damaged, discard the
pouch and open a new cne.

DO NOT cover the 2 holes on the back of the test with labels or other materials. Blocking the holes may
cause an invaiid result

1. SAMPLE COLLECTION
1a.OvalFluld
Do not eat, drink or chew gum for at least 10 minutes prior to testing.
* Remove the OraQuick® HCV Rapid Antibody Test from the pouch. DO NOT touch the Flat Pad.
* Swab completely around the lower and upper outer gumsf——mT
ONE TIME. DO NOT swab the roof of the month, che
or tongue.

1b Fingerstick Whole Blood
Cleanse finger. Air dry.

+ Puncture finger with a stenle lancet. Hold the finger downward and apply gentle pressure beside the pont
of puncture. Avoid squeezing the finger to make it bleed.

«  Fill the collection loop. Immediately insert the Loop into the Developer Sokussion. Mix with Loop.

+ [ the Loop is dropped or contacts any other surface, discard it Use a new Loop to collect the blood.

1!:. VenbmctueWhole Blood
Collect the using standard ph nto a tube EDTA, sodium hepann,
fithium heparin, or sodium citrate. Other anticoagulants have not been tested and may cause an incorrect
result.

*  Mix the blood by inversion_ Fill the collection loop. Immediately insert the Loop into the Developer Solution.
Mox with Loop.

* Plasma: Collect the specimen using standard dures into a tube EDTA, sodium
hepann, lithuum heparin, or sodium citrate. Serum: Collect into SST tube. Other anticoagulants have not been
tested and may cause an incorrect result.

*  Centrifuge at 1000-1300 x g for approximately 5 minutes.

*  Fill the collection loop. Immediately insert the Loop into the Developer Solution. Mix with Loop.

2. RUN TEST
* Insert the test device into the Developer Solution.
*  Set the timer for 20 to 40 minutes.

TEST RESULT AND INTERPRETATION
Refer to the Result Window on the Test Device.

NON-REACTIVE

Atest s Non-Reactive # a fine appears n the C Zone and NO Ine appears in the T Zone.
A Non-Reactive test result means that HCV antbodies were not detected in the specimen.
Patient 1 presumed not to be nfected with HCV.

REACTIVE
Atest s Reactive if 3 line in the C Zone and a line appears in the T Zone. Lines may vary in miensty. The test
smweregvdushwhnﬁeuhesue AWMMMMHWMMM

Mo Line

Rad background Partial Line on one ude
C Zone . of Cor T Zomes

An Invalid test result means that there was a problem running the test, etther related to the specimen or to the
Device. An Invalid result cannot be nterpreted. Repeat the test with a new Pouch and a new specimen. Contact
OraSure Technologies’ Customer Service if you are unable to get 3 valid test result upon repeat testing.
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APPENDIX G: TURNITIN REPORT
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