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Abstract 

Vietnam has a high burden of viral hepatitis. This thesis strives to advance its elimination, 

addressing important gaps in the literature that I hope will contribute to treatment guidelines 

and health policy, both in Vietnam and internationally.  

Firstly, to define the hepatitis epidemic in Vietnam, I assimilate all published seroprevalence 

data since 1990 to estimate pooled prevalence of HBV, HCV and HDV in high and low risk 

populations. I show that although blood safety has improved, and HDV is largely confined to 

high-risk populations, a renewed focus on birth dose HBV vaccination and targeted HCV 

screening and treatment of people who inject drugs, is urgently required to meet elimination 

targets. 

The next chapters address HCV therapy, namely predictive factors for selecting individuals 

who could be treated for shorter duration, treatment failure in relation to rare HCV subtypes, 

and the clinical importance of resistance mutations.  I describe a prospective clinical trial 

evaluating the efficacy of shortened sofosbuvir and daclatasvir therapy, based on early 

virological response: firstly, in genotype 1 or 6-infected individuals with mild disease 

(chapter 3) and then in genotype 6-infected individuals with advanced liver fibrosis (chapter 

4). I show that shortened therapy, with retreatment if needed, can reduce antiviral use while 

maintaining high cure rates, but that day 2 virologic response alone is not an adequate 

predictor of cure. I demonstrate that a high frequency of putative NS5A inhibitor resistance 

mutations in genotype 6 infection does not impact cure rates, negating the need for costly 

genotyping in Vietnam. 

In my final data chapter, I explore an innovative means of decentralising HCV care. In two 

independent study populations from Vietnam and the UK, I show that an increase in routinely 

taken alanine transaminase after HCV therapy is a reliable screen for treatment failure that 

could substantially reduce reliance on nucleic acid testing in remote and resource-limited 

settings.  
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Introduction 

Hepatitis C virus (HCV) is a major global health problem. The World Health Organisation 

(WHO) estimate that in 2019, 58 million people were living with HCV and 290,000 people 

died of chronic infection2. While this mortality estimate is high and comparable with other 

major infections, such as all-cause meningitis3, it belies the true disease burden: HCV 

infection was responsible for some 15·3 million disability adjusted life years (DALYs) in 

2019 (95% uncertainty interval 13·3–17·5), constituting 0·6% (0·5–0·7) of total global 

DALYs4.  

This morbidity is a consequence of HCV’s ability to evade and supress the host immune 

response, such that around 50-85% of infections result in chronic viral replication in the liver. 

Up to 75% of infected individuals develop immune- or inflammatory-mediated extrahepatic 

manifestations of HCV5, and approximately 10-20% develop cirrhosis or hepatocellular 

cancer over a 20-30 year period5,6. Disease progression is highly variable, but, overall, the 

quality of life of individuals with chronic HCV is lower than that of the general population7. 

The Global Burden of Disease (GBD) initiative estimates acute hepatitis, cirrhosis, and liver 

cancer contribute 1·7% (0·9–2·5), 79·5% (76·1–82·7), and 18·9% (15·9–22·2) to HCV-

related DALYs, respectively4. Cirrhosis and liver failure in working age adults is therefore the 

main driver of HCV-morbidity and continues to have devastating consequences for families, 

society, and health systems worldwide.  

Hearteningly, these sequelae are easily averted. The emergence of oral, well-tolerated, highly 

efficacious direct acting antiviral (DAA) therapy since 2014 has revolutionized HCV 

treatment, such that cure rates of over 95% are achievable with just 8-12 weeks of once-daily 

tablets. This development prompted the WHO in 2016, to adopt a global hepatitis strategy to 

eliminate viral hepatitis as a public health threat by 2030, targeting a 90% reduction in 

incident cases of hepatitis B and C and a 65% reduction in mortality8. To meet this objective, 

80% of treatment-eligible individuals with HCV will need access to care.  

This target is hugely ambitious. Worldwide, an estimated 58 million persons were living with 

HCV in 2019, but only around 21% were diagnosed and only 13% had access to treatment9. 

To achieve the goals of the WHO global strategy over the next eight years, new infections 

from HCV need to be reduced from around 1.5 million new cases (20 per 100,000) in 2020 to 

350,000 (5 per 100,000) by 2030, and deaths from HCV must be reduced from 290,000 (5 per 
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100,000) to less than 140,000 deaths (2 per 100,000). This requires massive expansion in the 

availability of prevention, diagnostic and treatment services in low and middle-income 

countries (LMICs)8. 

Vietnam, population 97.3 million10, is one of 31 countries reported to shoulder 80% of the 

global burden of HCV11, and remains a long way off WHO’s 2030 elimination targets. In 

2019 there were an estimated 7,415 (95% C.I 5218 – 10,185) HCV-related deaths12. This 

figure continues to climb year on year, far exceeding WHO’s 2020 target of 5850 (figure 1). 

Data on diagnosis and linkage to care are sparse, but less than 20% of active infections are 

thought have been diagnosed, and far fewer treated.   

 

Figure Intro-1-1 Modelled HCV-related deaths in Vietnam, 1990-2019. 

 

 

From the Coalition for Global Hepatitis Elimination. www.globalhep.org 

 

Of added importance, Vietnam is virtually unique as a high-burden country in its high 

prevalence of genotype 6 infection. With 29 confirmed subtypes and 21 unassigned subtypes, 

genotype 6 is the most genetically diverse genotype, increasing the probability of naturally 

occurring resistance mutations which could affect treatment outcomes. Estimates of genotype 

6 prevalence in Vietnam range from 34 – 55%13–15, but it is rare outside of Southeast Asia, 
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and clinical trial data for DAAs are lacking. In 2018 WHO highlighted an urgent need for 

research into rare HCV genotypes and subtypes16. 

Screening, diagnosis, linkage to care, and access to affordable DAA drugs will all be 

fundamental to achieving 2030 elimination targets. In Vietnam and other resource-limited, 

high-burden settings, these issues are now principally political: the onus is on health 

ministries to invest in screening and procurement of generic antivirals, decentralise health 

services, and expand prevention services, such as opioid substitution therapy and needle 

exchange programmes for people who inject drugs (PWID). The WHO HCV treatment 

guidelines were updated in 2022 with a call to ‘urgently simplify hepatitis care, while using 

innovative diagnostics to make care more accessible to more people in need’17. 

Two of the studies described in this thesis are firmly grounded in these present concerns: in 

chapter two, I present a systematic review and meta-analysis of HBV, HCV and HDV 

seroprevalence in Vietnam, that describes the viral hepatitis epidemic in different population 

groups, with a view to informing elimination policy. In chapter five I investigate whether 

monitoring liver enzyme levels in blood after HCV treatment could offer a low-cost means of 

screening for HCV treatment failure in remote and resource-limited settings, reducing 

reliance on centralised, costly, nucleic acid testing.  

The intervening chapters are focused on the HCV epidemic’s endgame, which will be 

increasingly defined by difficult-to-treat infections in populations under-served by existing 

models of care, such as persons who inject drugs, and marginalised communities with limited 

access to health care and high rates of loss to follow-up. The SEARCH study is a prospective, 

two-strata pilot study, which explores important research questions raised in the 2018 WHO 

guidelines16 relating to HCV treatment: namely, predictive factors for selecting individuals 

who could be treated for shorter duration, treatment failure in relation to rare HCV subtypes, 

and the clinical importance of resistance-associated mutations.  

In the following section I will discuss what is known about HCV infection, including its 

origins, discovery, epidemiology, natural history, virology and the evolution of HCV 

therapeutics. I will review the literature on predictors of response to DAA therapy, before 

describing what is known about the viral hepatitis epidemic in Vietnam, including the 

important contributions made by HBV and HDV. 
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Chapter 1 

Literature Review 

HCV Origins 

The precise origins of HCV, (genus Hepacivirus, family Flaviviridae) as a human pathogen 

are unknown, but like most human viruses it appears to have entered the human population 

from one or multiple zoonotic events with subsequent diversification through human to 

human transmission18. Up until 2011 HCV was the only confirmed member of  the 

Hepaciviruses genus, but others have since been identified in several domestic and wild 

mammals, with the largest viral diversity observed in bats19 and rodents20 and the closest 

relatives of HCV found in horses/donkeys and dogs21. It has been proposed mechanical 

transmission by biting insects such as tabanids could have originally connected dogs, horses 

and human hosts but this particular cross-species transmission remains speculative22. 

The existence of genetically diverse endemic HCV strains in specific geographic locations, 

(such as rare genotype 4 subtypes in in Central and West sub-Saharan Africa, and genotype 6 

lineages in South and Southeast Asia) implies a long-standing association of HCV with 

human populations. Selection-informed evolutionary models, date the common ancestor of 

current circulating HCV genotypes to at least 3000 years ago (95% CI: 3192–5221 years ago), 

with the oldest, most genetically diverse genotypes endemic to Asia18. However, the 

worldwide explosion of the HCV epidemic occurred more recently, in the 1930s–1940s 

driven by unsafe administration of parenteral medical treatments, immunisations, blood 

transfusion and haemodialysis, and increasing injecting drug use in the community23.  

 

Discovery 

HCV’s discovery dates to the 1970s, when a virus other than Hepatitis A (HAV) or B (HBV), 

was suspected to be causing transfusion-associated hepatitis with a chronic progressive 

course24. For several years this phenomenon was labelled as ‘non-A, non-B hepatitis’ 

(NANBH). Work by Harvey Alter and colleagues at the National Institutes of Health (NIH) 
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showed that acute infection was generally asymptomatic and rarely severe or fatal, but would 

lead to chronic infection in most patients25. They deduced that chronic infection was generally 

asymptomatic but accompanied by chronic hepatitis that could, typically after decades of 

infection, result in cirrhosis, end-stage liver disease, and hepatocellular carcinoma. By 1978 

Alter and others had shown that, NANBH was transmissible to chimpanzees26,27 causing 

clinically apparent hepatitis 2–10 weeks after the injection with histological evidence of 

hepatitis on liver biopsy. They observed the infectious agent had characteristics of an 

enveloped virus. However, approaches that had worked to detect the likes of Hepatitis A 

(HAV) and HBV, such as immunofluorescence, immunodiffusion, enzyme-linked 

immunoassay, radioimmunoassay, immune electron microscopy, and cell culture, were 

unsuccessful in isolating the pathogen. In the absence of a specific test, NANBH remained a 

diagnosis of exclusion. It soon became evident that disease transmission was not limited to 

blood transfusions and could occur via other blood-derived products, such as heat-treated 

factor VIII concentrate given to haemophiliacs28, as well as via intravenous drug use29, and 

haemodialysis30.  

The breakthrough came in 1989, when Michael Houghton and colleagues at the Chiron 

Corporation used a technique that combined the power of molecular biology with the 

specificity of antigen–antibody reactions, that would ultimately pave the way to modern 

virology diagnostics. They created a library of all DNA and RNA found in infected 

Chimpanzee plasma and then used bacteriophage-expressed clones to screen serum from non-

A, non-B-infected patients - who they anticipated would possess antibodies to the virus. More 

than one million clones were screened before they identified a RNA molecule, consisting of at 

least 9,000 nucleotides, that was specific for non-A non-B hepatitis31. The specificity of their 

approach was proven when serologic assays using phage-expressed polypeptide were further 

evaluated with Harvey Alter’s collection of samples from posttransfusion hepatitis32. The 

virus was named Hepatitis C and designated a flavivirus. Comparisons of different patients’ 

clones revealed a high genetic diversity with differences of up to 33% of nucleotides between 

individual clones, leading to the classification of HCV into different genotypes33.  

HCV’s precise structure and function didn’t become clear until a couple of years later, when 

Charles Rice, a virologist at the University of Washington, applied his knowledge of 

Flaviviridae and molecular expertise to characterise different genetic regions of HCV and 

ultimately construct a complete cDNA clone of the viral genome34. In the absence of a cell 

culture system, RNA transcribed from the cDNA clone had to be inoculated directly into a 
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chimpanzee liver. Subsequent studies of a cell-culture–adapted strain of HCV provided a 

cornerstone for the understanding of the genomic structure and replicative cycle of HCV. In 

1999, the first robust in vitro HCV replicon model was established, based on a genotype 1b 

clone transfected into a hepatoma cell line35. But while these early cell culture systems were 

able to produce subgenomic replicons, they failed to produce infectious viral particles. This 

limited scientists’ ability to directly test candidate therapeutics for their antiviral activity in 

vitro, and largely explains the ‘long’ wait for efficacious direct acting antiviral therapy. This 

limitation was finally overcome in 2005, with the establishment of a replicon model based on 

a genotype 2 clone, which demonstrated that the produced viral particles could infect a human 

hepatoma cell line36. Highly efficacious pangenotypic antiviral therapy emerged within a 

decade of this discovery.  

In 2020, during the writing of this thesis, Alter, Houghton and Rice were jointly awarded the 

Nobel Prize in Physiology or Medicine for their collaborative efforts in the discovery of 

HCV37.  

 

Implications of discovery 

Blood Safety 

The first major consequence of HCV’s identification was improvement in blood safety. In the 

UK, between 1970 and 1991, it is estimated 26,800 people were infected with HCV through 

blood donations, contributing to around 1,820 deaths38. Even before HCV was identified, 

Alter’s interest in non-A, non-B hepatitis led to improved screening of blood donors for 

historical risk factors, serologic evidence of hepatitis B infection (HBsAg and anti-HBc), and 

elevated serum ALT in serum, leading to a substantial reduction in the rates of post-

transfusion hepatitis (figure 2).  

Houghton and colleagues helped develop the first HCV antibody test in 1990, which 

consisted of a fusion protein (C100-3) made up of the HCV polypeptide and the human 

superoxide dismutase, coated on microtitre plates, where it was capable of capturing 

circulating HCV antibodies. Additional radioactive antibodies were then used to identify the 

captured HCV antibodies39. Increasingly sensitive commercial enzyme-linked immunosorbent 

assays soon followed, enabling mass screening of blood. Within months, the incidence of 

post-transfusion hepatitis C in high-income settings was dramatically reduced40 (figure 1-1).  
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The subsequent introduction of minipool nucleic acid amplification screening for HCV RNA 

in 1999 proved highly effective in identifying HCV in donor blood taken during the window 

period before seroconversion41. This virtually eliminated post-transfusion HCV in high-

income settings (figure 1-1). Unfortunately, in resource-limited settings, including Vietnam42, 

healthcare-related transmission of HCV continues to be a problem43.  

 

Figure 1-1 Impact of measures on incidence of post-transfusion NANBH (latterly HCV) 

 

Reproduced from Manns, M.P., Maasoumy, B. Breakthroughs in hepatitis C research: from discovery to cure. Nat 

Rev Gastroenterol Hepatol 19, 533–550 (2022). with permission via licence with Springer Nature (license number 

5398130917788) 

 

Epidemiology 

In addition to enabling the provision of safe blood, the development of anti-HCV testing shed 

light on the epidemiology of HCV. The association with liver cirrhosis and HCC was 

confirmed44, organ transplant was implicated for the first time45, and an extremely high 

prevalence of chronic infection was revealed in haemophiliacs, patients on haemodialysis and 

PWID46,47. This, and the burgeoning HIV epidemic, led to rapid improvements in healthcare 

safety. Reuse of needles, syringes, multiple-use medication vials and infusion bags was 

prohibited, and surgical equipment had to be sterilized to higher standards. Preventative 

interventions targeting high-risk groups were implemented, such as needle and syringe 

programmes (NSP) and opioid substitution therapy (OST). These have proven highly 

effective in reducing HCV transmission48. Unfortunately, these strategies remain illegal, 

unavailable, or regionally limited in many high-burden countries49. 
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Sexual transmission was found to be largely limited to heterosexuals with multiple sexual 

partners and men who have sex with men (MSM), with no increased risk of sexual 

transmission of HCV among heterosexual couples in regular relationships50. Among MSM, 

rectal shedding of HCV in infected individuals was reported51. HIV co-infection, and certain 

sexual practices (e.g. unprotected receptive anal sex) were shown to carry higher risk of 

transmission50,52.  

Mother-to-child transmission was shown to be far less common than in HBV, but it remains 

an important source of infection. Transmission to new-borns is estimated to occur in 6% of 

HCV-mono-infected mothers and 11% of mothers with HIV-HCV co-infection53. Mode of 

delivery and breast feeding do not appear to influence transmission in mono-infected mothers. 

Implementation of good public health and infection control policy in high-income countries 

has meant the HCV epidemic is now largely confined to individuals with a history of injecting 

drugs or high-risk sexual activity43. In LMICs, however, a high proportion of infections still 

result of unsafe health-care associated activities including injections54, dialysis42, blood 

transfusions and dental55 and surgical procedures42. Use of contaminated equipment in 

barbershops, tattoo parlors56, piercing salons57 and alternative medicine clinics58 also 

contributes to community spread. Understanding HCV prevalence in high- and low- risk 

groups in Vietnam, and how it has changed in recent decades, is one of the major objectives 

of chapter one.  

 

Global Distribution 

Expansion of HCV antibody testing in the 1990s revealed the global scale of the HCV 

epidemic. The highest prevalence (>2%) was found in the Eastern Mediterranean region, 

West Africa (>2%) and Eastern Europe, with lower prevalence in the Americas, Southeast 

Asia and the Western Pacific. Egypt was noted to have an unusually high seroprevalence of 

genotype 4 infection, which would later be attributed to healthcare-associated transmission 

through a national parenteral anti-schistosomal treatment programme59.  

Advances in molecular sequencing shed light on HCV’s high genetic diversity and enabled 

regional mapping of HCV genotypes and subtypes. Six major genotypes of HCV were 

originally defined33,60, and this has subsequently been expanded to eight61.  More than 86 

subtypes have been sequenced5.  
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HCV genotype 1 is the most prevalent worldwide, and in 2013 was estimated to comprise 

46.2% of all HCV cases62. Genotype 2 comprises around 9.1% globally, with a higher 

prevalence in West Africa, central Latin America and Southeast Asia. Genotype 3 (30.1% of 

global infections) predominates in India, East Asia and Australia and Genotype 4 (8.3%) is 

the most common lineage in North Africa and increasingly found among PWID in the 

southern Mediterranean. Genotype 5 is the rarest of the original six HCV lineages (<1% of 

total infections) and is largely confined to South Africa. Genotype 6 comprises around 5.4% 

of infections globally but is highly prevalent in Vietnam (34.6%), Laos (95.6%), Cambodia 

(45.7%) and Myanmar (27%)63. Genotype 7 was identified in the Democratic Republic of the 

Congo in 201464 and genotype 8 was first reported in 2018 in Canada in 4 patients originally 

from the Punjab in India61.  

Figure 1-2 panel A shows the most common genotypes by country. Panel B displays the 

Shannon Diversity Index by country, ranging from 0 (where the epidemic is comprised of 

larger proportions of a few genotypes) to 1.2 (where the epidemic is comprised of smaller 

proportions of many genotypes). Panel C shows the number of viruses genotyped in 2013. 
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Figure 1-2: Global HCV genotype distribution and diversity 

 

 

 

Reproduced from Messina JP et al. Global distribution and prevalence of hepatitis C virus genotypes. Hepatology. 

2015 Jan;61(1):77-87. This is an open access article distributed under the terms of the Creative Commons CC BY 

license, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work 

is properly cited. 
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Natural history 

Our understanding of the natural history of HCV infection has advanced greatly since Alter’s 

initial observations regarding transmission of non-A, non-B hepatitis following blood 

transfusion.  

 

Acute HCV 

Once inoculated into the bloodstream, HCV enters the liver through sinusoidal capillaries, 

where it penetrates hepatocytes through a complex multi-step process, involving several 

cellular factors that trigger virus uptake65. Viral replication begins within days, leading to 

detectable HCV RNA in peripheral blood within a week of infecton66. Its arrival is readily 

detected by host sensing machinery, leading to production of type 1 interferons (IFN-1) and 

the activation of downstream viral targets67. However, an adaptive, HCV-specific immune 

response and its associated clinical sequelae, take weeks to develop. The reasons for this 

delay are not well understood but it is apparent that the magnitude, diversity, and quality of 

the adaptive immune response during incubation, ultimately determines symptomatology and 

progression to chronic disease. 

Acute infection, which refers to the first six months following exposure, is typically anicteric 

and asymptomatic, with less than a quarter of cases clinically apparent68. Symptoms, when 

they do occur, emerge between 2 and 26 weeks post-exposure (mean 7-8 weeks) and include 

malaise, nausea, anorexia, right upper quadrant abdominal pain, jaundice and dark urine69. 

Such illness may last weeks to months. Acute infection is typically associated with elevated 

transaminase levels (indicative of liver inflammation), which may be 10-20 times the upper 

limit of normal. Fulminant hepatitis is very rare (<1% cases of HCV) but occurs more 

frequently in individuals with HBV co-infection70, HIV and in the context of 

immunosuppression71.  

Acute HCV (following first exposure) is diagnosed by the detection of HCV RNA in blood 

with undetectable anti-HCV antibodies (which only become detectable around 12 weeks after 

exposure). In those with anti-HCV antibodies, newly detectable HCV RNA with 

documentation of undetectable HCV RNA within the preceding six months is also diagnostic 

of acute infection. In the absence of recent results, the distinction between acute HCV 
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infection in a previously exposed individual and newly discovered chronic infection can be 

problematic, since in both cases patients have detectable HCV RNA, HCV antibodies, and 

elevated serum aminotransferases. 

Persistence of HCV beyond six months defines chronic infection and is estimated to occur in 

50-85% of infections. This contrasts importantly with HBV, which is cleared from blood and 

liver in >95% of individuals exposed in adulthood (with development of lasting protective 

immunity), and HIV, which becomes chronic in all cases.  

The precise mechanism underlying HCV’s tendency to persist is not well known, but it is 

thought to be a consequence of both virus and host factors. With regards to the virus, a high 

mutation rate (see HCV genome and viral replication below) leads to substantial genetic 

diversity, which helps the virus escape immune recognition. A range of host factors have been 

shown to determine spontaneous clearance of HCV. Chief among these is a genetic 

polymorphism close to the chromosomal locus IFNL4 (previously known as IL28B).  In one 

study of 1008 patients, a favourable allele at this locus was associated with clearance in 

approximately 50% cases, compared with only 16-20% in patients with an unfavourable 

allele72. Favourable alleles are more common in patients of European and Asian ancestry 

compared with those of African ancestry72,73.  

Other factors associated with spontaneous clearance of HCV include being female6, infection 

during childhood74 and a more overt inflammatory response to acute infection75. The latter is 

characterised by clinical signs and symptoms such as fever, jaundice, and higher levels of 

transaminases76.  Immune responses favouring clearance are high titres of neutralizing 

antibodies against HCV structural proteins77, host neutralizing responses that target viral 

entry78, persistence of an HCV-specific CD4 T-cell response79, and high interferon γ-induced 

protein-10 concentrations in blood76.  

 

Chronic HCV 

Ongoing HCV replication induces a dramatic decrease in the activity of CD8+ cytotoxic T 

lymphocytes and CD4+ Th cells in the liver without achieving viral clearance. T cell 

dysfunction appears to be restricted to HCV-specific CD8+ T cells, with  influenza-specific 

CD8+ cells shown to remain functional in individuals with chronic HCV infection80.  
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Chronic infection, once established, is slowly progressive and frequently does not result in 

clinically apparent liver disease. Around 5-30% chronically infected individuals develop 

cirrhosis over a 20- to 30-year period. A 2008 systematic review of 111 studies evaluating the 

natural history of HCV infection estimated that the prevalence of cirrhosis 20 years after 

infection was 16% overall (95% CI 14-19%)81. However, estimates were significantly 

influenced by whether studies were retrospective (17-55%) or prospective (7-16%) or 

conducted in clinical or non-clinical settings. Historically, studies involving patients 

presenting with clinical signs of chronic hepatitis, referred to specialist clinics, report high 

risks of progression to cirrhosis and HCC82 while more inclusive studies report better 

outcomes. A large French study of 2235 HCV-infected individuals found around a third never 

progress to cirrhosis or do not progress for at least 50 years83. 

Liver disease is accelerated in certain subgroups of the population including those acquiring 

HCV later in life, males, the immunosuppressed, and those with HIV-infection, obesity, or 

history of alcohol excess81. Once an individual develops advanced fibrosis, the risk of 

progression to cirrhosis increases significantly, at around 10% per year84.  Those who develop 

cirrhosis are at increased risk of infections and complicating events such as variceal 

haemorrhage, ascites, and encephalopathy. These associated morbidities are substantial and 

place a high burden on the health system as well as the individual. 

Five-year risk of hepatocellular carcinoma (HCC) varies from 1%, in individuals with mild 

liver disease, to 13% in patients with cirrhosis and is also known to be increased in males, 

older individuals83, HBV co-infection, diabetes, and both alcoholic and non-alcoholic hepatic 

steatosis. Infection with HCV genotypes 3 and 6 has also been implicated with increased risk 

of HCC but this remains controversial71,85.  

Patients diagnosed with chronic HCV report a high symptom burden, and the quality of life of 

individuals with chronic HCV is lower than that of the general population86. However, as with 

many chronic diseases, the extent to which HCV infection itself, rather than comorbid 

conditions, contributes to symptoms is not clear. The most frequent complaints are fatigue, 

sleep disturbances, nausea, anorexia, myalgia, arthralgia, diarrhoea, abdominal pain, weight 

loss and neuropsychiatric symptoms (e.g. depression and anxiety)87. Chronic HCV infection 

has also been associated with cognitive impairment, independent of the severity of liver 

disease, but the mechanism of this is not well understood88. 
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A broad range of extrahepatic manifestations and immune- or inflammatory-mediated events 

occur in up to 75% of those with chronic infection, including atherosclerotic cardiovascular 

disease89, renal disease (type 1 membranoproliferative glomerulonephritis, focal segmental 

glomerulosclerosis, and interstitial nephritis), mixed cryoglobulinaemia vasculitis, type 2 

diabetes, lymphoproliferative disease (non-Hodgkin lymphoma and hepatosplenic T-cell 

lymphoma), skin disease (porphyria cutanea tarda and lichen planus), thyroid disease 

(Hashimoto's thyroiditis and Graves' disease), and eye disease (Mooren's ulcers and Sjögren's 

syndrome)5,90. Numerus studies have shown a reduction in both the incidence and severity of 

virtually all extrahepatic manifestations of HCV infection after cure of HCV infection91. 

Figure 1-3: Extrahepatic manifestations of chronic HCV infection 

 

Reproduced with permission from Cacoub et al, 202191, Copyright Massachusetts Medical Society. 
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Laboratory abnormalities  

Liver transaminase (ALT and AST) levels fluctuate over time in individuals with chronic 

HCV and are normal in around one third of patients71. Elevated levels of ALT have been 

associated with progressive increase in risk of liver-related death, while patients with normal 

transaminases are more likely to have mild fibrosis on liver biopsy92. However there is 

generally a poor correlation between ALT and liver histology93. Acute increases in ALT may 

be observed without other obvious cause but it is not clear how frequently this occurs. 

HCV RNA levels in blood are the major marker of active viral replication, but there is little 

correlation between viral load and serum aminotransferase levels or severity of liver disease94. 

Following the acute phase of infection HCV RNA levels remain broadly constant, although 

substantial fluctuations can occur. In one study that evaluated changes in HCV RNA over five 

years in a cohort of 818 mostly HIV-co-infected individuals, variations in HCV viral load >1 

log occurred in just 15% and variations >0.5 log occurred in 44%95.  

Other laboratory abnormalities associated with chronic HCV infection are generally related to 

liver disease or extrahepatic manifestations, and include thyroid and kidney function 

abnormalities, reduced platelets (secondary to liver disease or immune mediated 

thrombocytopenia), proteinuria and microscopic haematuria.   

 

Reinfection 

Another important element of HCV’s natural history is its ability to reinfect individuals who 

have cleared the virus, due to a lack of protective immunity afforded by anti-HCV antibodies 

and memory T cells. Although individuals who spontaneously eliminate acute HCV infection 

are less likely to become persistently infected upon re-exposure, and tend to have lower peak 

HCV RNA levels when reinfected than observed in primary infection96, they still remain 

vulnerable to chronic reinfection. There is currently no evidence that previously treated HCV 

infection provides meaningful protection from reinfection. This phenomenon is largely a 

consequence of HCV’s genetic variability, and the incomplete reversion of T cell exhaustion 

after DAA therapy97. Studies in mice have shown how TOX, a critical transcription factor that 

determines CD8+ T cell exhaustion, is highly detectable in HCV-specific CD8+ T cells 

during chronic infection and after DAA-mediated cure, but not after spontaneously resolved 

HCV infection98.  
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Reinfection therefore presents a major obstacle to the elimination of HCV as a public health 

threat. After curative therapy, reinfection among people injecting drugs regularly has been 

estimated at 3·1 reinfections per 100 person-years (incidence rate ratio [IRR] 6·7, 95% CI 

1·9–23·5), dropping to 1·4 reinfections per 100 person-years (3·7, 1·1–12·9) in individuals 

with a past history of injecting drugs and 0·3 reinfections per 100 person-years in those with 

no history of injecting drugs99.  

 

Above I have shown how the Nobel-prize winning work of Alter, Houghton and Rice, among 

others, laid the foundation for our expanding knowledge of HCV’s epidemiology and natural 

history, and the implementation of highly effective preventative measures to interrupt 

transmission. However, arguably the greatest impact of their work was in laying the ground 

for development of highly efficacious HCV therapeutics, which have made HCV the easily 

treatable infection it is today. I will now discuss the evolution of HCV therapeutics, including 

our increased understanding of HCV virology that made DAA therapy possible. 

 

Evolution of therapeutics 

The first attempts at treating HCV came three years before the virus had even been identified. 

Interferon alfa (IFNα) started life as a cancer treatment, but by the mid-eighties, evidence was 

emerging of its ability to induce a nonspecific resistance to viral infections by several 

mechanisms, including inhibition of protein synthesis, inactivation of viral RNA, and 

enhancement of phagocytic and cytotoxic mechanisms100. By 1985 IFNα was the established 

treatment of chronic Hepatitis B infection. In 1986, Hoofnagle et al trialled it in 10 patients 

with non-A, non-B hepatitis and noted a reduction in transaminases over a 12 month course of 

treatment101. Based on larger studies, intramuscular injections of IFNα three times/week 

became the standard of care for HCV. Cure rates did not exceed 25% and came with high 

treatment costs, unpleasant side effects and a gruelling treatment schedule. 

By 1998 evidence for a second non-specific anti-viral, ribavirin, had emerged. As a 

nucleoside analogue, ribavirin mediates direct antiviral activity against both DNA and RNA 

viruses. While its mechanism of action is not well understood, some of its antiviral effect is 

postulated to be driven by it increasing the mutation frequency in viral genomes via inhibition 

of the RNA dependent RNA polymerase. Increasing availability of HCV RNA assays during 
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the 1990s helped establish standardised virological endpoints by which to test ribavirin’s 

efficacy, and the concept of sustained virological response (SVR), 24 weeks after cessation of 

therapy, soon became an accepted measure of cure. Although efficacy of ribavirin 

monotherapy was disappointing, dual therapy with IFNα was proven to be better than either 

agent alone102, with superior outcomes in genotype 2 and 3 infections compared to genotype 

1. From 2001, advancements in biotechnology enabled pegylation of IFNα, which allowed 

simplification of the HCV treatment schedule to once weekly injections. This improved 

antiviral efficacy in genotype 1 infection, which was considered hardest to treat in the era of 

interferon-based treatment103.  

Pegylated IFNα (PEG IFNα) is associated with major side effects, including an initial flu-like 

syndrome in approximately 90% patients, fatigue, anorexia, nausea, diarrhoea, weight loss, 

hair loss, emotional lability, depression, bone marrow suppression, and induction of 

autoantibodies, which can result in thyroid abnormalities in up to 30% of patients, or 

enhancement of autoimmune diseases104,105. Furthermore, interferon is contraindicated in 

decompensated liver disease. Ribavirin is teratogenic and causes haemolytic anaemia, 

requiring regular monitoring and in some cases corrective blood transfusion. Despite these 

issues, and the difficulties inherent in delivering weekly injections to typically marginalised 

populations, pegylated IFNα (PEG-IFNα) with ribavirin became standard treatment of HCV 

for a decade from 2001-2011.  

 

Predictors of response with PEG-IFNα based therapy 

During this era of PEG-IFNα based therapy, various patient and viral factors were found to be 

associated with inferior treatment responses. Host factors such as advanced liver fibrosis, 

male gender, Black race, high body mass index (BMI), IFNL4 genotype106, a history of 

treatment failure, and specific comorbidities such as diabetes and HIV co-infection were all 

associated with worse outcomes107. Viral factors such as a high baseline viral load, non-

genotype-2 infection, and unfavourable viral kinetics on treatment (such as a delayed or 

fluctuating virological response) were also predictive of failure107,108.  

One of the most effective predictors of a sustained virological response from treatment with 

PEG-IFNα and ribavirin was found to be a so-called rapid virological response (RVR), 

defined as undetectable HCV RNA four weeks after commencing treatment108. RVR allowed 
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PEG-IFNα-based therapy to be shortened to 12–16 weeks for infections with favourable 

genotypes (genotypes 2 and 3), without compromising rates of cure109. Intuitively, in 

(unfavourable) genotype 1 infections, improved cure rates were achieved by extending PEG-

IFNα and ribavirin therapy to 72 weeks in patients who demonstrated slower virological 

responses110. In addition, continuation of PEG-IFNα was determined to be futile in 

participants with less than a 1–2 log viral decline from pre-treatment level by week 12. 

As a consequence of these developments, HCV therapy became increasingly personalised: 

each patient underwent careful appraisal to determine a) whether treatment should be initiated 

or deferred b) what duration of PEG-IFNα or ribavirin dose was appropriate and c) whether 

treatment should be continued on the basis of on-treatment virological response107. 

Unsurprisingly, PEG-IFNα-based treatment costs escalated. Treatment became increasingly 

specialised and was centralised to tertiary treatment centres, falling far outside the remit of 

general physicians.  

 

 

Direct Acting Antivirals 

While clinical trialists optimised the efficacy and duration of PEG-IFNα therapy, scientists 

were building on Charles Rice’s characterisation of HCV, with the aim of developing more 

efficacious treatments with less adverse effects. A detailed understanding of the HCV life 

cycle led to the development of an entirely new generation of antiviral compounds to treat 

HCV infection. 

 

HCV Genome and viral replication 

The HCV genome consists of a positive-sense RNA molecule of approximately 9500 

nucleotides. Highly conserved 5' and 3' untranslated regions (UTRs) flank an approximately 

9000 nucleotide single open reading frame which encodes a large polyprotein of about 3000 

amino acids. This central polyprotein undergoes post-translational processing by host and 

viral enzymes to form the structural and non-structural (NS) proteins and enzymes of the 

virus (figure 3).  

The 5’UTR contains the essential components of viral protein synthesis and is highly 

conserved across genotypes, serving as a useful target for amplification in polymerase chain 
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reaction.  The NS3 protein encodes a viral protease and cleaves the link between NS3 and 

NS4111. This is an integral part of viral replication and mediates the cleavage of virally 

encoded polyprotein to mature proteins. NS4A provides a co-function in this process. NS5A 

protein has an important role in viral replication, packaging, assembly, and NS5B encodes the 

RNA-dependent RNA polymerase112.  

 

 

Figure 1-4: Structure and genome of HCV 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram drawn by B. Flower. Adapted from Expert review in Molecular Medicine © 2003 Cambridge University 

Press. Abbreviations: HCV, hepatitis C viral; IFN, interferon; NTR, non-translated RNA.  

 

 

The RNA dependent RNA polymerase is a defining feature of HCV. The polymerase’s 

inability to proofread and correct the frequent copying errors made during viral replication is 

ultimately the cause of HCV’s substantial genetic diversity. While most nucleotide changes 

result in non-functional or lethal mutants, some persist and replicate. Within the individual, 

this results in of millions of quasi-species (highly similar strains within with >95% sequence 

homology). This ever-moving target of non-identical strains helps the virus evade the host 
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immune response and resist eradication. At the population level, over hundreds of years, these 

replicative errors have led to the evolution of distinct HCV genotypes (defined as having less 

than 80% sequence homology33). Significant variability in expression of non-structural 

proteins between genotypes means they each respond differently to treatment. For many years 

this meant a genotype-tailored approach to therapy was required. 

HCV’s non-structural proteins were described in 1993111 but it took nearly two decades before 

the first DAAs were licenced. As described above, the key step came around 2005, with the 

creation of a working in vitro HCV replication model, based on a genotype 2 clone36, which 

allowed candidate molecules to be directly tested in vitro for their antiviral activity. These 

agents finally made it into phase 2 clinical studies around 2010 and a series of novel antivirals 

soon emerged over the course of a few dizzying years for Hepatitis C clinical trials.  

 

 

Boceprevir and Telaprevir 

The first DAA drugs to make it as far as phase 3 trials were the protease inhibitors 

boceprevir113 and telaprevir114 which bind to the NS3 protein’s active site. Monotherapy with 

either of these tablets, which needed to be taken three times a day, led to a rapid decrease in 

HCV replication and elimination of detectable HCV RNA from blood. However, it was 

already apparent from in vitro work that protease inhibitors have a low barrier to resistance, 

and so it proved that resistance-associated substitutions (RAS) were rapidly selected during 

therapy115. Initially, therefore, these drugs were only suitable to be used in combination with 

PEG-IFNα, with which treatment was licenced in 2011.  

Triple therapy with PEG-IFNα + ribavirin + protease inhibitor (PI) increased SVR rates by 

approximately 30% compared with the standard PEG-IFNα + ribavirin dual therapy in 

treatment-naive patients, with high proportions achieving rapid virological response and 

qualifying for shorter therapy116,117. Significant improvements in outcome were also observed 

in genotype-1 infected individuals who had previously relapsed on standard therapy118. 

However, treatment remained long and burdensome. Boceprevir was associated with 

intolerable dysgeusia and telaprevir with skin rash. In one cohort of 1587 patients with 

advanced liver fibrosis or cirrhosis treated with telaprevir triple therapy, 59% developed grade 

1–4 anaemia, 21% required erythropoietin and 10% needed blood transfusion119. 

Thrombocytopenia and hypoalbuminaemia were also common in patients with advanced liver 
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disease, as were drug interactions, on account of PIs being substrates and inhibitors of 

cytochrome P450.  

 

NS5A and NS5B inhibitors 

By the time boceprevir and telaprevir were licenced, the DAA pipeline was gathering pace 

and an entirely new class of drug was soon available. NS5A inhibitors were shown to be 

effective at supressing viral replication in vitro, and in 2012, Lok et al showed that previously 

treated HCV could be cured with 24 weeks of an all-oral regimen of the first generation 

NS5A inhibitor daclatasvir in combination with a newly developed PI, asunaprevir120.  

Before this was trialled further, sofosbuvir (SOF) emerged as the first NS5B inhibitor, 

changing the face of HCV therapy forever. SOF was originally developed by Pharmasset, 

which was purchased by pharmaceutical giant Gilead Sciences in a multibillion dollar take-

over in 2011121. The major advantage of SOF was that it demonstrated a high barrier to 

resistance, with most emerging NS5B-associated RAS exhibiting poor viral fitness122. 

Furthermore, the drug could be taken once daily, was well tolerated, had few drug 

interactions, and no requirement for adjustment in mild to moderate renal failure or in any 

degree of hepatic impairment. Cure rates of >90% were observed when SOF was used in 

combination with PEG-IFNα + ribavirin in genotype 1 infection and with ribavirin alone in 

genotype 2 infection122. 

Within months of sofosbuvir being approved in the USA and Europe, the next guideline-

changing development was being published. Gilead combined SOF with their own NS5A 

inhibitor, Ledipasvir (LDV), in a fixed dose combination tablet, with dramatic results. 

Efficacy of SOF/LDV+/- ribavirin for 12 or 24 weeks was evaluated in a randomised trial of 

440 genotype-1 infected patients (20% with cirrhosis), who had previously failed PEG-IFNα 

based therapy123. SVR12 rates of 94% (95% CI 87-97) were observed in patients treated with 

12 weeks SOF/LDV and 99% in those treated with 24 weeks (95% CI, 95-100). In treatment 

naïve genotype-1 infection, outcomes were even better, with SVR12 rates of 99% (95% CI 

95-100) with 12 weeks SOF/LDV124. A third New England Journal of Medicine-published 

trial in as many weeks compared efficacy of 8 or 12 weeks of SOF/LDV +/- ribavirin in 645 

genotype 1-infected patients with mild liver disease125. Non-inferiority of the shorter regimen 

was demonstrated, with cure rates of 94% (95% CI 90-97) with 8 weeks SOF/LDV (without 

ribavirin) and 95% (95% CI, 92 to 98) with 12 weeks. No additional benefit was associated 
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with the inclusion of ribavirin in the regimen or with extension of the duration of treatment to 

12 weeks.  

 

For a time, it was assumed 8-week therapy with SOF/LDV would become the standard for 

patients without cirrhosis, but a sub-analyses subsequently revealed there was a higher rate of 

virological relapse among males given shorter treatment (8% (10/121) vs 2% (3/127) for the 

8- and 12-week regimens, respectively) and among participants with a high baseline HCV 

viral load >6,000,000 IU/ml (10% (9/92) with 8 weeks vs 1% (1/83) with 12 weeks. This 

prompted US and European guidelines to recommend that 8 weeks SOF/LDV should be 

reserved for patients with most favourable predictors of response (i.e. mild liver disease, HIV-

uninfected, no history of treatment failure, and a low baseline viral load)126. This decision was 

partly influenced by a concern over generation of resistant virus should patients experience 

virological relapse, and is considered by some as conservative, especially given SVR12 of 

>98% were achieved with 8 weeks therapy in females and those with favourable genetic 

polymorphisms (rs12979860 allele)127. 

Gilead’s development of the NS5B inhibitor sofosbuvir has been the biggest game changer in 

HCV therapy, but important contributions have been made by other drugs. In the same month 

in 2014 that Gilead announced their SOF/LDV data, AbbVie pharmaceuticals reported similar 

impressive efficacy for their novel fixed dose combination of the NS5A inhibitor ombitasvir 

with the PI paritaprevir boosted by ritonavir (once daily), and the non-nucleoside NS5B 

inhibitor dasabuvir (twice daily) – so called ‘AbbVie 3D’128. This combination was licensed 

around the same time as SOF/LDV and, as an independent competitor, had a positive impact 

on driving down DAA drug prices. It also found an important niche in treating HCV-infected 

patients with end-stage renal failure - sofosbuvir initially being considered unsafe for that 

population. Unfortunately, efficacy of AbbVie 3D in treating genotype 1a infection was 

inferior to that reported for SOF/LDV. In addition, co-treatment with ribavirin was advised, 

pill burden was higher, and drug interactions and adverse events were more common.    

Additional antivirals soon emerged, including the second generation PI grazoprevir in fixed 

dose combination with the NS5A inhibitor elbasvir (developed by Merck) which had high 

efficacy in genotype 1 and genotype 4 infections129. Given the vast costs of the first licenced 

DAAs, this market competition was welcome: in 2015 SOF/LDV had a US list price of 

$84,000 (around $1000/tablet). Prices were so high that even high-income countries were 

inclined to restrict use to individuals with evidence of liver fibrosis and those at low risk of 
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reinfection130. Treatment decisions became highly complex: as well as factoring in stage of 

liver disease, treatment history, genotype, subtype and viral load, clinicians had to consider 

procurement costs and local contract details. Guidelines changed frequently as international 

societies attempted to keep pace with a rapidly changing field. In most LMICs, the new drugs 

were scarcely available, and most patients were being advised to await the advent of 

affordable tablet therapy. 

 

Pan-genotypic therapy  

A major draw-back to the first generation of DAAs was that they were tailored to genotype 1 

infection, the most prevalent genotype worldwide and the dominant lineage in the high-

income countries where antiviral development was centred62. Their efficacy against other 

genotypes was less reliable: ledipasvir, ombitasvir and elbasvir had lower efficacy against 

genotypes 3 in particular129,131, and dasabuvir was ineffective in genotype 4 infection.  

A breakthrough came in 2015, when Gilead introduced their second generation NS5A 

inhibitor velpatasvir, in fixed dose combination with their NS5B inhibitor sofosbuvir. In a 

randomised, placebo-controlled study, among 624 patients with a range of genotypes treated 

with SOF/VEL, 99% achieved SVR12 (95% C.I, 98-99%). Although inferior outcomes were 

reported in genotype 3-infected individuals with cirrhosis or history of treatment failure132, 

rates of SVR generally exceeded 90% such that SOF/VEL was declared the first pan-

genotypic DAA treatment for HCV.  

One year later, a second pan-genotypic fixed dose combination was approved – AbbVie 

pharmaceutical’s combination of the PI glecaprevir with NS5A inhibitor pibrentasvir (G/P). 

Like SOF/VEL, this combination exhibited a high barrier to resistance. In treatment-naive 

patients without cirrhosis, 8 weeks of G/P was sufficient to achieve cure rates >95% 

regardless of genotype133. In patients with cirrhosis, the balance of evidence favours 12 weeks 

treatment in non-genotype 3 infections and 16 weeks treatment in genotype 3 infections134,135. 

 

Sofosbuvir with Daclatasvir 

As mentioned above, daclatasvir (developed by Bristol Myers Squibb) was one of the first 

DAAs to emerge, and its use with Gilead’s NS5B inhibitor sofosbuvir (SOF/DCV) was one of 

the first combinations with broad genotypic activity to be evaluated in late stage clinical 
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trials136. The combination showed good efficacy and tolerability, with SVR rates exceeding 

96% in individuals without cirrhosis treated for 12 weeks, in genotypes 1 through 4136,137. 

Inferior rates of cure were observed in patients with cirrhosis, particularly in genotype 3 in 

which SVR rates with 12 weeks therapy ranged from 80-86%138,139.  

 

Regrettably, SOF/DCV’s availability in high-income settings was to be short-lived. Once 

Gilead had developed its own second generation NS5A inhibitor (velpatasvir) the 

combination of SOF/DCV was no longer commercially viable and this combination was 

withdrawn from high-income countries, who were obliged to pay a premium for novel, 

patented antivirals.  

Nonetheless, WHO recognised the potential of SOF/DCV, which had not been shown to be 

inferior to SOF/VEL.  Learning from mistakes made in the global distribution of antiretroviral 

therapy for HIV in the early 2000s140, WHO took measures to include SOF/DCV in 

international HCV treatment guidelines16 and ensured daclatasvir was on the WHO Essential 

Medicine List. This encouraged competition amongst generic manufacturers to supply 

treatment to LMICs through voluntary licences. Consequently, SOF/DCV has become the 

lowest priced and most widely available DAA option globally, with the most generic 

manufacturers worldwide141. 

 

Retreatment  

The most recent significant drug development in HCV therapy came in 2017 with the 

licencing of the fixed dose combination of SOF/VEL plus voxilaprevir (a protease inhibitor) 

for retreatment after virological relapse. While most DAA combinations proved highly 

effective at treating individuals who had failed previous interferon-based treatment, or 

interferon therapy with a PI, concerns remained over how to manage the small proportion of 

individuals who experienced treatment failure after NS5A/NS5B combination therapy. 

Mounting evidence showed NS5A resistance mutations that emerged after standard durations 

of therapy were durable, persisting for several years after cessation of treatment142. The 

POLARIS studies were randomised controlled trials in which patients who had previously 

experienced treatment failure with an NS5A inhibitor (POLARIS-1) or non-NS5A-based 

therapy (POLARIS-4) were randomised to retreatment with SOF/VEL/VOX or placebo (in 

POLARIS-1) or SOF/VEL (in POLARIS-4). With SOF/VEL/VOX retreatment, patients who 
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had previously failed NS5A therapy achieved SVR12 rates of 96% (vs 0% with placebo) and 

patients who had previously failed non-NS5A therapy achieved SVR12 rates of 98% (vs 90% 

with SOF/VEL alone). 
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Figure 1-5: Key clinical trials in HCV therapeutics 
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From 2011 and 2018 HCV was thus transformed from a difficult-to-treat infection, with 

multiple pre-treatment considerations relating to host factors and viral genotype/subtype, to 

an easily curable infection with effective retreatment options if necessary. A summary of the 

current EASL treatment guidelines is shown in table 1. Improvement in SVR rates with the 

evolution of HCV therapy are summarised in figure 1-6. 

 

Figure 1-6: Improvement in SVR rates with evolution of HCV therapy 

 

 

Reproduced from Manns, M.P., Maasoumy, B. Breakthroughs in hepatitis C research: from discovery to cure. Nat 

Rev Gastroenterol Hepatol 19, 533–550 (2022). with permission via licence with Springer Nature (license number 

5398130917788) 

 

In 2018, in response to overwhelming evidence of the efficacy and safety of these novel pan-

genotypic therapies, falling drug prices, and expanding access to care, WHO radically 

simplified international HCV treatment guidelines. Firstly, they advised that all HCV-infected 

individuals should be treated, regardless of stage of liver disease or ongoing exposure risks. 

Secondly, they recommended use of one of three pan-genotypic regimens for first line 

therapy: SOF/VEL, SOF/DCV or G/P, advising that genotyping was no longer required to 

make treatment decisions (table 2). Thirdly, they called for urgent roll out of DAA treatment 

in LMICs.  
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This thesis was conceived around the release of those guidelines and responds to key gaps in 

the literature highlighted at that time. The SEARCH study, which forms the basis of chapter 3 

and 4, specifically explores predictive factors for selecting persons who could be treated for a 

shorter duration, the clinical importance of NS5A (daclatasvir) resistance and the relationship 

between rare HCV subtypes and treatment failure. Here I will discuss what is already known. 

 

 

Impact of genotypes and subtypes on DAA treatment outcomes 

 

Genotype 1 

As described above, the first DAA drugs were targeted to genotype 1 infection, on account of 

its global predominance and relative resistance to interferon-based therapy. A pattern soon 

emerged of marginally lower SVR rates in genotype 1a infection compared with 1b. This was 

observed with the first generation PIs (boceprevir and telaprevir) in combination with PEG-

IFNα and ribavirin113,114, and with ombitasvir, paritaprevir-ritonavir plus dasabuvir (AbbVie 

3D), in which 1b-infected individuals with mild liver disease had cure rates of 99% compared 

with 90%  in 1a -infected individuals, (rising to 97% with the addition of ribavirin)128. This 

subtype effect was also seen with elbasvir and grazoprevir, in which pre-existing resistance-

associated substitutions (RAS) were associated with inferior outcomes in 1a-infection but not 

1b129. As a consequence, NS5A resistance testing is still recommended in genotype 1a 

patients being considered for elbasvir/grazoprevir therapy in high-income settings. If baseline 

substitutions at amino acid positions 28, 30, 31, or 93 are discovered, an alternative regimen 

is recommended126. Reassuringly, differences in outcome between 1a and 1b infections appear 

to be negligible with the newer pan-genotypic drugs SOF/VEL143, SOF/DCV144 and G/P133.  

 

Genotypes 2 and 3 

Genotype 2 subtypes and their associated resistance-associated substitutions do not 

significantly impact on treatment outcomes with the WHO-approved pan-genotypic agents. 

However, genotype 3, which makes up around 30% of global infections, is considered the 
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hardest-to-treat HCV variant and the presence of baseline resistance mutations affects 

outcome. In one landmark SOF/VEL study evaluating its efficacy in genotype 2 and 3 

infections, the presence of baseline NS5A or NS5B resistance-associated variants was not 

associated with virologic failure in genotype 2 infection. But among patients with HCV 

genotype 3, an SVR rate of 88% was observed among patients with NS5A resistance-

associated variants at baseline compared with 97% among those who had no evidence of such 

NS5A resistance mutations132. Lowest rates of cure (84%) were recorded in patients with the 

Y93H variant at baseline. As consequence, US guidelines recommend that NS5A resistance 

testing is performed before treating genotype 3-infected cirrhotic individuals with SOF/VEL. 

If Y93H is present, the addition of ribavirin or an alternative regimen is advised134,145. 

With regards to SOF/DCV, 12 weeks of therapy achieves high rates of cure in genotype 3 

infection without cirrhosis, but SVR rates fall below 90% in individuals with liver 

disease138,139. Given SOF/DCV is predominantly used in LMIC settings where NS5A 

resistance testing may be unavailable, WHO guidelines recommend the addition of ribavirin 

to 12-week SOF/DCV regimens for all genotype 3-infected infected individuals with 

cirrhosis, or extension of treatment to 24 weeks where ribavirin is contraindicated16 (table 2). 

 

Genotype 4 

Genotype 4 infection is easily treated with most DAAs, regardless of the stage of liver 

disease. An important exception is genotype 4r. In a single arms study of 300 genotype 4-

infected individuals in Rwanda, treated with 12 weeks sofosbuvir and ledipasvir, SVR12 was 

observed in 27/48 (56%, 95% CI 41-71) participants with 4r infection, versus 234/252 (93%, 

90-96) individuals with other subtypes146. A subsequent study investigating RASs before and 

after DAA failure in 195 patients in Europe with different genotype 4 subtypes confirmed 4r 

was frequently sequenced after treatment failure (30%) compared with other subtypes. The 

number of NS5A RASs was significantly higher in subtype 4r compared to 4a or 4d (median 

three RASs vs no or one RAS, respectively, P < .0001)147. The is currently no consensus on 

whether subtype 4r should be treated differently to other genotype 4 subtypes such that 

routine genotype 4 subtyping prior to therapy is not currently recommended. 
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Genotypes 5 and 6 

Data relating to treatment failure in genotype 5 and 6 infection are limited. This was a major 

motivation for conducting the SEARCH study in Vietnam, where genotype 6 is highly 

prevalent. Genotype 6 constitutes around 5% of HCV infections globally62 but is reported to 

be responsible for around 35% infection in Vietnam63,73. Prior to the advent of modern direct 

methods of genotyping, diagnosis of genotype 6 infection was inconsistent, due to identical 

5’UTR between genotypes 6 and genotype 1b148. This has meant that regional genotype 6 

prevalence estimates have likely been underestimated.   

With 29 confirmed subtypes (6a to 6xf) and 21 unassigned subtypes, genotype 6 is the most 

genetically diverse genotype, raising concerns about the potential for naturally occurring 

resistant variants that may impact treatment outcomes149,150. In vitro data suggests that certain 

genotype 6 subtypes have a lower barrier to DAA resistance, particularly NS5A inhibitors. 

Pre-existing NS5A RAS are very common, at two residues in particular (L28 & R30). In the 

largest assessment of its kind, these RAS were detected in 6b, 6f and 6r sequences, and were 

associated with significantly reduced susceptibility in vitro against all tested NS5A inhibitors 

in comparison with a genotype 6a consensus replicon.  

The clinical relevance of these mutations in vivo is less clear. In a study exploring the impact 

of pre-existing RAS on treatment outcomes with SOF/VEL in genotypes 1-6, the highest rates 

of VEL-specific RAS were found in genotype 6151. Single class NS5A resistance to VEL was 

detected in a few patients with virologic failure, but not to the NS4A inhibitor sofosbuvir. 

Overall, high rates of SVR were achieved irrespective of the presence of NS5A RAS.  

Data relating to daclatasvir is sparce. In a 2019 systematic review of genotype 6 outcomes 

with different DAA therapies, only two clinical studies were identified that used SOF/DCV. 

No RAS data relating to SOF/DCV treatment failure were reported152. A key objective of the 

SEARCH study, described in chapters 3 and 4, is therefore to assess the prevalence of 

putative NS5A- and NS5B-inhibitor RAS in genotype 6 subtypes, and evaluate their clinical 

relevance. 
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Table 1: summary of 2020 EASL HCV treatment guidelines 

Genotype Liver disease Prior treatment SOF/DCV G/P SOF/VEL SOF/VEL/VOX 

Unavailable 

No cirrhosis 

Naive 12 weeks 

8 weeks 

12 weeks 

 

No 

PEGIFN + rbv 12 weeks + rbv 

Compensated 

cirrhosis 

Naive 12 weeks  

PEGIFN + rbv 12 weeks + rbv or 

24 weeks 
12 weeks 

1b 

No cirrhosis 

Naive 

12 weeks 
8 weeks 

12 weeks 

PEGIFN + rbv 

Compensated 
cirrhosis 

Naive 

PEGIFN + rbv 12 weeks 

1a, 2, 4,  

5, 6 

No cirrhosis 

Naive 12 weeks 

8 weeks 

12 weeks 

PEGIFN + rbv 12 weeks + rbv or 

24 weeks 

Compensated 

cirrhosis 

Naive 12 weeks 

PEGIFN + rbv 12 weeks + rbv or 

24 weeks 
12 weeks 

3 

No cirrhosis 

Naive 

12 weeks + rbv or 
24 weeks 

8 weeks 

12 weeks No 
PEGIFN + rbv 12-16 

weeks 

Compensated 

cirrhosis 

Naive 8 weeks 
12 weeks* 12 weeks 

PEGIFN + rbv 16 weeks 

All 

genotypes 

No cirrhosis NS5A-I 

experienced 
No No No 12 weeks Compensated 

cirrhosis 

Decompensated 
cirrhosis 

Naive 12 weeks  

+ rbv (G1,2,4,5,6) 
or 24 weeks +rbv 

(G3) 

 

12 weeks + 

rbv or 24 

weeks 

 
PEGIFN + rbv 

End-stage renal 

disease 

Naive 

Possible Preferred Possible Possible 
PEGIFN + rbv 

 
* In patients with cirrhosis who have the Y93H RAS, addition of ribavirin (rbv) or an alternative regimen is recommended.  
 

Table 2 : summary of 2018 WHO HCV treatment guidelines 

 SOF/DCV G/P SOF/VEL SOF/VEL/VOX 

No cirrhosis 12 weeks 8 weeks 12 weeks No 

Compensated Cirrhosis 24 weeks* 12 weeks** 12 weeks No 

Decompensated 
cirrhosis 

24 weeks No 24 weeks No 

 
*12 weeks may be considered in countries where genotype 3 distribution is known and prevalence is <5%. This is based in 

estimation that in a population of persons with cirrhosis where 5% of persons would be infected with genotype 3 HCV, the SVR 

would be 80% in the 5% infected with genotype 3 and 93% in the 95% infected with other genotypes, leading to an overall SVR 
rate of (0.05x0.80)+(0.93x0.95) = 92%. 

 

**Persons with HCV genotype 3 infection who have received interferon and/or ribavirin in the past should be treated for 16 
weeks 
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Predictors of response to standard duration therapy 

As outlined in the section above ‘Evolution of HCV therapeutics’, in the era of PEG-IFNα-

based treatment, various host factors and viral factors were used to predict treatment response 

and determine duration of therapy. These included the presence of liver cirrhosis, host 

polymorphisms in the IFNL4 gene, viral genotype and subtype, baseline viral load and the 

achievement of a rapid virological response106,153. Male gender, black race, high BMI, older 

age, HIV co-infection, diabetes mellitus and a high degree of HCV genome heterogeneity 

(quasispecies), were also considered negative predictors of response, even if not formally 

used to determine duration of therapy153–155. 

With pangenotypic DAA therapy, such are the high rates of cure with standard durations of 

treatment (8-12 weeks), most of these predictors are no longer relevant. The most important 

exception to this is liver fibrosis, which is still used to determine DAA treatment choice and 

duration, particularly in the hardest to treat infections with genotypes 1a and 3. Cirrhosis has 

long been recognised as an important negative predictor of treatment response, but the 

mechanisms underlying this association are poorly understood. Slower viral decline on 

treatment and lower rates of SVR have been variously attributed to impaired drug delivery, 

uptake and metabolism, and the deficient host immune response associated with chronic liver 

disease156.  

Previous treatment failure also remains an important negative predictor of response in the era 

of DAA therapy. This is intuitive given the high potential for persistent NS5A-RAS 

complicating retreatment after NS5A therapy. However, since patients who do not achieve 

SVR with pan-genotypic therapy likely have several negative predictors of response, it is 

often difficult to define the contribution of NS5A RAS per se on first-line treatment failure.  

Age also appears to influence DAA treatment outcomes but is not factored into treatment 

guidelines. In a retrospective single-centre cohort study done in the US, among 551 patients 

treated with DAAs from 2014-2016, SVR12 was achieved in 81% of patients who were >70 

years at treatment initiation as compared with 95% in the non-elderly group. Binary logistic 

regression revealed age >70 years to be the strongest predictor of treatment failure (odds ratio 

= 3.4), along with diagnosis of cirrhosis (odds ratio = 2.4), when corrected for gender, race, 

prior treatment experience, genotype, and presence of hepatocellular carcinoma157. 
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Finally, as discussed above, certain genotypes and subtypes are associated with worse DAA 

outcomes. Even in this era of pan-genotypic therapy, these must still be factored into 

treatment decisions, especially with regards to genotype 3 infection.  

Other traditional predictors of response to PEG-IFNα therapy are generally considered 

obsolete with DAAs. These include, viral kinetics, baseline viral load, IFNL4 polymorphisms 

and HIV co-infection. 

 

 

Viral Kinetics 

Whereas an HCV viral load during week 4 of treatment was a well-evidenced timepoint at 

which to determine duration of PEGINFα-based treatment, HCV RNA kinetics on DAAs 

appear to be poorly predictive of SVR with standard durations of NS5A/NS5B combination 

therapy158–160.  

Detailed kinetic modelling has shown that HCV RNA exhibits a biphasic viral decline in 

response to DAA therapy, with a rapid first phase (from day zero to day 2), followed by a 

slower second phase. Fastest first phase viral decline is seen with NS5A inhibitors (such as 

daclatasvir161, ledipasvir162, and velpatasvir), which has been attributed to the fact that these 

drugs efficiently block two distinct stages of the viral lifecycle, namely viral RNA synthesis 

and virion assembly/secretion. A faster second phase has been described in protocols that 

include a protease inhibitor163.  

The utility of rapid virological response with PEGIFN treatment and the differing speed of 

virological response with different classes of antivirals led some to hypothesise that viral 

kinetics (at an earlier timepoint than 4 weeks), may be used to predict therapeutic outcomes 

with DAA therapy. However, in 152 individuals with genotype 3 infection treated with 

SOF/DCV, on-treatment response was found to be a limited indicator of outcome160. HCV 

RNA levels declined rapidly during the first week of treatment in both treatment-naive and -

experienced cohorts. Individuals with liver cirrhosis had a slower initial virological response 

as measured by the proportion of patients with HCV RNA below the lower limit of 

quantification at day 7, but responses converged thereafter and SVR12 rates were not 
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impacted by time to first undetectable HCV RNA160. Likewise low levels of detectable HCV 

RNA at end of treatment do not necessarily herald treatment failure.  In one study of 69 

patients treated with SOF/LDV, 6/6 patients with low level viraemia at end of treatment 

(range, 14-64 IU/mL) achieved SVR164.  

Reluctance to use viral kinetics to predict DAA treatment outcomes is also partly pragmatic: 

the velocity of the virological response to DAA therapy is such that most patients have 

undetectable virus in peripheral blood within a few days of starting treatment. Therefore, any 

kinetic monitoring needs to occur in the first days after starting antivirals which is rarely 

practical, especially in the context of high rates of cure (>95%) with standard durations of 

therapy. It remains to be determined whether viral kinetics could help achieve high rates of 

cure with shortened therapy (see below). 

 

Baseline viral load 

When efficacy of sofosbuvir and ledipasvir combination therapy in mild liver disease was 

first reported in 2014125, it was noted that, amongst participants with baseline HCV RNA 

level >6 million international units/mL (as determined using the COBAS Taqman HCV Test, 

version 2.0) cases of virologic relapse were numerically higher in individuals treated with 8 

weeks than those given 12 weeks (5% vs 1%). As a consequence this threshold was 

incorporated into treatment guidelines126. However, this cut-off was subsequently questioned 

based on the lack of any statistical difference between all viral load strata. The impact of 

baseline viral load on treatment outcome appears modest and is no longer considered relevant 

with standard duration therapy according to WHO treatment guidelines16. 

 

IFNL4 polymorphisms 

Neither race, nor polymorphisms in the IFNL4 gene have been consistently associated with 

lower SVR rates in multiple trials and cohort studies of standard DAA combination regimens. 

Although some studies have found a modest association with race or IFNL4 polymorphisms 

and SVR127,165, the impact appears to be small when standard durations of pan-genotypic 

DAAs are used, and not sufficient enough to recommend IFNL4 genotype testing in routine 

clinical practice. One large retrospective study of 21,095 hepatitis C virus–infected patients in 
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the US found that among genotype 1–infected patients treated with ledipasvir/sofosbuvir, 

Black patients had significantly lower SVR than white patients when treated for 8 weeks but 

not when treated for 12 weeks. This might suggest that host polymorphisms become more 

relevant with shorter durations of therapy165 but evidence for this is not strong. 

 

 

HIV 

HIV co-infection also has less impact on treatment response in the era of DAA therapy. In a 

study of 151 HIV-co-infected individuals with genotypes 1-4, treated with 8- or 12-weeks 

SOF/DCV (of which 14% had cirrhosis), 96.4% (95% C.I, 89.8 - 99.2) of those treated with 

12 weeks achieved SVR136. Of note, only 75.6% (95% CI, 59.7 -87.6) treated for 8 weeks 

achieved SVR, raising the possibility that HIV co-infection becomes a more important 

negative predictor of response with shortened therapy. However, of the 12 patients who had a 

relapse, 9 were receiving concomitant darunavir–ritonavir. Based on pharmacokinetic (PK) 

data available at the time, daclatasvir doses were halved to 30 mg in these patients. 

Subsequent PK data has shown this dose adjustment is unnecessary, lessening the importance 

of this result.  

 

 

Drug levels 

There is currently no evidence that altered DAA metabolism or plasma drug levels impact on 

DAA outcomes with standard duration therapy.  Although multiple factors are known to 

affect levels of SOF and DCV, and some degree of inter-host variation in drug levels is 

typical, the antiviral effect (measurable by a rapid decline in HCV RNA in peripheral blood), 

is remarkably consistent166.  

SOF is a nucleotide prodrug that is converted intracellularly from monophosphate form to an 

active triphosphate, GS-461203167. Dephosphorylation of GS-4611203 leads to production of 

GS-331007, its inactive metabolite, which is eliminated mainly via the kidneys. SOF’s 

absorption is not affected by food and no dose adjustment is required in hepatic or renal 

impairment, (although its safety has not yet been established in patients with severe renal 
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impairment). Pharmacokinetics are not significantly altered by age, race, or gender167,  but 

SOF area under the curve (AUC) is increased in moderate (Child–Pugh class B) and severe 

(Child–Pugh class C) hepatic impairment by 126% and 143%, respectively, compared to 

patients with mild liver disease. In patients with mild, moderate, and severe renal impairment, 

GS-331007 AUCs are increased by 56%, 90%, and 456%, respectively, compared with 

healthy controls. SOF and its metabolites can be subject to drug-drug interactions. Medicinal 

products that are potent P-gp inducers in the intestine (i.e. rifampicin, rifabutin, St. John's 

wort (Hypericum perforatum), carbamazepine, phenobarbital and phenytoin) may 

significantly decrease SOF plasma concentration leading to reduced therapeutic effect of 

SOF. Co-administration of these drugs with SOF is therefore contraindicated. Medicinal 

products that are moderate P-gp inducers in the intestine (e.g. oxcarbazepine and modafinil) 

may decrease SOF plasma concentration leading to reduced therapeutic effect. Co-

administration with SOF is not contraindicated but it is not recommended.  

DCV is highly selective NS5A replication complex inhibitor that reaches peak plasma 

concentrations a median of 1–2 h after administration and has potent antiviral activity against 

all HCV genotypes. Oral DCV 60 mg once daily achieves a mean Cmin of 255 ng/mL by day 

14, which is substantially higher than the median effective concentration values for genotype 

1a (0.283 ng/mL) or genotype 1b (0.036 ng/mL) HCV. Steady state is achieved after 3–4 days 

of once-daily administration. DCV is metabolized by cytochrome P450 (CYP) 3A 

isoenzymes and nearly 90% is eliminated in the faeces. High-fat meals have been shown to 

reduce the Cmax and AUC by 28% and 23%, respectively, but meal timing is not considered 

critical in daily dosing167. The AUC of DCV is increased in patients with creatinine clearance 

values of less than 30ml/min by 39%, and less than 15 mL/min by 51%, but no dose 

adjustments are recommended in renal impairment. DCV AUC is decreased in subjects with 

mild, moderate, or severe hepatic impairment, but hepatic impairment has no clinically 

apparent effect on unbound DCV concentrations168 such that dose adjustments are not 

required. Gender, race, and age also have no clinically significant effect on DCV 

pharmacokinetics168,169. With regards to drug interactions, DCV is a substrate of CYP3A4 and 

P-gp, so administration of is not recommended with strong inducers of CYP3A4. This 

includes but is not limited to phenytoin, carbamazepine, oxcarbazepine, phenobarbital, 

rifampicin, rifabutin, rifapentine, systemic dexamethasone, and the herbal product St. John's 

wort (Hypericum perforatum). DCV dose may require alteration when taken in conjunction 
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with other drugs which affect CYP3A4 metabolism (including ritonavir and azole drugs such 

as itraconazole).  

There are therefore multiple factors that could influence SOF and DCV drug levels during 

therapy, and detailed pharmacokinetics are a valuable addition to any treatment shortening 

study. 

 

 

Predictors of response to shortened therapy 

Although some of the traditional predictors of response described above have become 

obsolete with standard-duration DAA treatment, they may still have a role in determining 

which individuals could successfully cure with shorter durations of therapy. 12 weeks of daily 

tablets presents a significant barrier to successful engagement in care for some 

populations170,171 and novel, shorter treatment strategies may be desirable for individuals 

under-served by existing models of care, such as people who inject drugs and those of no 

fixed abode.  

In 2018 we conducted a systematic review and meta-analysis of treatment optimisation 

strategies with DAA therapy, separating strategies into those aiming to maintain SVR in the 

absence of predictors of failure, and those aiming to improve SVR in the presence of 

predictors of failure172. Predictors included past treatment failure, genotype 3 infection, pre-

existing RAS, liver fibrosis, obesity, high baseline viral load, and unfavourable on-treatment 

viral kinetics. In individuals lacking such negative predictors, pooled SVR for DAA regimens 

of ≤4 weeks duration was 63.1% (95% C.I 39.9-83.7), 6 weeks duration was 81.1% (75.1-

86.6%), and 8 weeks duration was 94.2% (92.3-95.9%). A subgroup analysis found higher 

SVR rates were achieved with strategies that used ≥3 personalised treatment factors (92.9% 

[90.4-95.1%]) compared to one (81.4% [71.1-90%]) or two (87.2% [82.1-91.6%]). In 

individuals with unfavourable predictors of response, pooled SVR for 12 weeks duration was 

97.7% (94.9-99.5%), 16 weeks duration was 95.1% (91-98.2%), and 24 weeks duration was 

96.3% (93.5-98.5%). However, these figures should be interpreted with caution, given that 

longer durations of therapy were mainly reserved for DAAs known to have poor efficacy 

when used for 12 weeks in patients with negative predictors of response.  
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Response guided therapy 

There is limited evidence to support response guided therapy (RGT) in the era of DAA 

therapy. The most promising results were reported by Lau et al in 2016173. In a small Phase 

IIb, open label, single centre proof-of-concept study in Hong Kong, they investigated the 

efficacy of ultrashort RGT with three DAA drug classes (NS5A-i + NS5B-i + PI), based on 

day 2 viral load. Participants were randomised to one of three triple therapy regimens: SOF, 

ledipasvir (LDV), and asunaprevir; SOF, DCV, and simeprevir; or SOF, DCV, and 

asunaprevir. Those with day 2 viral load <500IU/ml received 3 weeks and those >500 IU/ml 

received 8 or 12 weeks SOF/LDV. Two thirds of participants were female, and all had low 

BMI, mild liver disease and genotype 1b infection (i.e., a highly selected population with few 

negative predictors of response). Among 26 patients enrolled, 18 suppressed HCV RNA <500 

IU/mL after 48 hours and received 3 weeks triple-drug therapy. All 18 (100%) achieved 

SVR12. By way of comparison, in an open label US study which used 4 weeks triple therapy 

(SOF/LDV + PI) to treat genotype 1-infected patients (68% genotype 1a, 32% 1b) with early 

stage liver fibrosis without using early virological response to guide treatment duration, SVR 

was achieved in just 30% (15/50) individuals174. Amongst genotype 1b infected individuals 

SVR12 rate was 50% (8/16). 

No studies have used response guided therapy with dual antiviral therapy (NS5B-i + NS5A-i) 

of less than 6 weeks duration. A 2017 study in Egypt explored RGT in HCV genotype 4 

infected adults with mild disease, using day 14 viral load to determine treatment duration175. 

Participants in the intervention group received 8 weeks of SOF/DCV therapy if HCV viral 

load at 2 weeks was less than the lower limit of quantification (LLOQ; <20 IU/ml) and 12 

weeks if it was above this threshold. Overall, 48/60 (80%) received 8 weeks treatment and of 

the 47 patients who completed the 8 weeks of therapy, 100% achieved SVR12. In total 59/60 

(98.3%) in the intervention group achieved SVR, which was similar to the standard therapy 

group.  

More recently a group in Israel evaluated the feasibility of using a RGT approach to reduce 

the duration of DAA therapy based on mathematical modelling of early viral kinetics. They 

treated 29 patients (8 of which had cirrhosis) with a variety of DAAs, and measured HCV 

RNA on day 2 and weeks 1, 2 and 4 after treatment initiation to determine the trajectory of 

viral clearance. Their mathematical model recommended shortening treatment in 11/29 
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(38%), of which two received 6 weeks treatment, eight received 8 weeks and one received 10 

weeks. Overall 97% achieved SVR. Virological relapse was observed after end of treatment 

in a single case of a non-cirrhotic male with genotype 3, who was treated with SOF/VEL for 6 

weeks. Given the high rates of cure we would expect with 8 or 10 weeks of DAA therapy in 

patients with mild liver disease, and the small numbers in this study, this can’t, on its own, be 

taken as a strong endorsement for the efficacy of RGT.   

 

Baseline viral load 

The efficacy of using baseline viral load to determine treatment duration was evaluated in a 

randomised controlled trial, ‘STOPHCV1’ conducted across 14 UK NHS Hospital Trusts 

from 2016-2018 in patients with mild liver disease. The study assessed variable ultrashort-

course DAA treatment for HCV (4 to 8 weeks based on pre-treatment viral load) vs 8 weeks 

fixed duration therapy176. The DAAs used were ombitasvir/paritaprevir/ritonavir +/- dasabuvir 

depending on infecting genotype, +/- ribavirin (1:1). Towards the latter half of recruitment 

ombitasvir/paritaprevir/ritonavir +/- dasabuvir was replaced with glecaprevir/pibrentasvir. 

First-line SVR12 was 91% [86%-97%] (92/101) after 8 weeks fixed-duration therapy vs 48% 

[39%-57%] (47/98) after 4-8 weeks variable-duration therapy. This finding indicates that 

baseline viral load, on its own, is not a helpful predictor of response to ultra-short therapy.  

 

 

Drug levels and IFNL4 polymorphisms 

There is no evidence for the effect of drug levels or IFNL4 polymorphisms on treatment 

outcomes when DAA therapy is shortened to less than 8 weeks.  

 

 

Host antiviral immunity  

As discussed in the section on natural history of HCV, strong and persistent CD8⁺ and CD4⁺ 

T-cell responses and cytokine-induced factors (that directly inhibit virus replication) are 

critical for spontaneous HCV clearance177. In chronic infection, prolonged and excessive 
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stimulation of T cells by HCV antigens leads to progressive T-cell exhaustion. This is 

characterized by expression of several inhibitory receptors, including ‘Programmed Cell 

Death-1’ (PD-1) on virus-specific T cells, which reduce the quantity and functional capacity 

of the HCV-specific immune response178. In addition to this direct effect on HCV-specific T 

cells, chronic infection results in global immune dysregulation, altering vaccine response179 

and inducing autoimmune disease91.  

 

Figure 1-7: Immune function restoration after DAA therapy for HCV infection 

 

In chronic HCV infection, upregulation of inhibitory receptors means T cells have a narrow repertoire, mounting 

a weak response to HCV antigens. CD8+ and CD4+ T cells express low levels of IFN-γ and IL-2 accompanied by 

up-regulation of PD-1 molecules in the liver. Development of T regulatory cells and compromised dendritic cell 

functions also contribute to T cell functional impairment. DAA’s swiftly eliminate HCV antigen, resulting in down-

regulation of PD-1, and a rapid restoration of virus-specific CD8+ T cell function180. HCV: Hepatitis C virus; 

IFN: Interferon; IL: Interleukin; PD-1: Program death-1; TCR: T cell receptor. Figure reproduced from Sun J, 

Rajsbaum R, Yi M. Immune and non-immune responses to hepatitis C virus infection. World J Gastroenterol 2015; 

21(38): 10739-10748 [PMID: 26478666 DOI: 10.3748/wjg.v21.i38.10739] which has Creative Commons 

Attribution-Non-commercial (CC BY-NC 4.0) License, which permits use, distribution, and reproduction in any 

medium, provided the original work is properly cited, the use is non-commercial and is otherwise in compliance 

with the license.  

 

T cell recovery after removal of HCV antigen, or HCV-specific immune reconstitution, is 

increasingly recognised as a key determinant of SVR after HCV therapy177,180–182 (figure 1-7). 

During the era of interferon therapy, disentangling the role of immune reconstitution from 

interferon induced immunomodulation was problematic. DAAs, unlike interferon, have no 

direct immunomodulatory effect, but instead directly inhibit viral assembly and secretion, 
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resulting in rapid removal of HCV antigen. DAA-mediated antigen removal has been shown 

to result in reduced PD-1 expression and improved proliferation of HCV specific CD8+ T 

cells180. Suppression of HCV is also associated with a decline in other T-cell exhaustion 

markers (CD57; Tim3; PD1) and augmentation of HCV-specific T-cell IFN-gamma responses 

after treatment181.  

The degree and speed at which this immune reconstitution occurs may be integral to 

achieving SVR, particularly with shortened therapy. In an aforementioned 4 week treatment 

study174, in which genotype-1 infected adults achieved SVR rates of 30% with 4 weeks 

SOF/LDV+PI (Vedroprevir), higher HCV specific CD8+ T cell response and circulating PD-

1+CD8+ or CD4+ T cell subset frequencies at baseline were identified as potential 

biomarkers of successful response to 4 weeks DAA therapy in ~90% patients182. While this 

suggest pre-treatment and end-of-treatment host immune function may be integral to ultimate 

clearance of HCV with short duration therapy, the analysis was conducted on peripheral 

blood mononuclear cells of just 26 patients, and there is currently no recognised immune 

biomarker that reliably predicts response to shortened HCV therapy.  

 

 

 

 

In the final section of the introduction, I consider what is known about the HCV epidemic in 

Vietnam. I will describe what steps are been taken to expedite HCV’s elimination before 

focusing on HBV and HDV and the contribution these viruses make to hepatitis-related 

morbidity and mortality.  

 

 

Hepatitis C in Vietnam 

It is likely HCV has been endemic in Vietnam for thousands of years, evolving in spatially 

restricted local epidemics which have resulted in enormous regional viral genetic diversity183. 

Subtypes 6a, 6e, 6h, 6k, 6l, 6o, 6p are thought to be the indigenous strains, with relatively 

recent introduction of genotypes 1b and 2a in the first half of the 20th century (likely from 

East Asia), and genotype 1a in the 1960s (likely from the USA). In the 20th century, HCV 



 

 

 

55 

prevalence rose exponentially, in parallel with increased use of parenteral healthcare 

interventions and intravenous drug use. The American war (1955-1975) likely accelerated the 

spread of non-6 genotypes in Vietnam184 and may have contributed to propagation of the virus 

elsewhere: the highest rates of HCV among US veterans are found in those who served in 

Vietnam between 1964 to 1975185. The true burden of HCV in Vietnam today remains poorly 

understood. One reason for this is that, for more than two decades after its discovery, there 

was limited capital or motivation to screen large numbers of people for a disease which was 

notoriously difficult and expensive to treat.  

 

HCV treatment in Vietnam 

Pegylated Interferon and ribavirin treatment became available in specialist centres, for those 

able to afford it, from around 2003. However, it was only officially approved by the Vietnam 

Ministry of Health (MoH) in 2013, when it was formally introduced into national HCV 

treatment guidelines. An analysis of treatment costs from 2017 revealed the total cost of Peg-

IFN treatment was between US$2,156 and US$5,887186, with patients incurring substantial 

out-of-pocket costs (even if receiving the maximum level of support from the national health 

insurance programme).  

DAAs first became available through specialised treatment centres in 2016, but again, most 

patients were priced out of treatment: a standard course of DAA therapy costing between 

$2000-2500 at the Hospital for Tropical Disease in HCMC187. An additional barrier was that 

outpatient treatment was initially only available in three cities in Vietnam: HCMC, Hanoi, 

and Hai Phong. In 2019 the Vietnam MoH announced that DAA therapy would be 50% 

subsidised by national insurance, and treatment was expanded to most major cities. 

Unfortunately, HCV care remains prohibitively expensive for many of those infected due to 

the exceptionally high cost of drugs. The Clinton Health Access Initiative market report on 

HCV diagnostics and treatments, which provides key updates on global supply and pricing 

trends, singles out Vietnam as the most expensive place in the world to procure DAAs 

amongst LMICs with access to voluntary licences. Generic SOF/DCV is procured from 

foreign manufacturers for US$94 but undergoes a staggering in-country mark-up of 954% 

(figure 1-7). This is variously attributed to insurance costs, taxes and duties, logistics, and 
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distributor margins188. Until this is seriously addressed, access to treatment will remain 

limited. 

Figure 1-8: In country prices of DAAs for 12 week treatment course (US$) 

  

Reproduced from the Hepatitis C Market Memo, July 2022188, produced by Clinton Health Access 

Initiative: an interim update on the market for hepatitis C virus (HCV) diagnostics and treatment, 

providing key updates on supply and pricing trends from January 2021 to April 2022. 

 

HCV prevention in Vietnam 

Prevention of community acquisition of HCV has benefited from a rapid expansion of HIV 

programmes in Vietnam in the early 20th century, driven by donations from The Global 

Fund189 and the US Presidents Emergency Plan for AIDS Relief (PEPFAR)190 among others. 

Opioid substitution therapy (OST) and needle and syringe programmes were introduced in 

2007, followed by universal antiretroviral treatment (ART) for HIV-infected PWID. Since 

then additional community-based organisations (CBO) have emerged in most cities, 

delivering HIV and hepatitis screening and distributing free syringes191. In 2015 the Ministry 

of Health (MoH) expanded methadone treatment to at least 30 provinces with the aim of 

providing treatment for more than 80,000 drug users192. According to data from the 

Department of HIV/AIDS Prevention and Control, by 2017, more than 50,000 people had 

received opiate replacement therapy193. However, while these initiatives have been effective 

in reducing the incidence of HIV, their impact on the incidence of HCV seroconversions in 
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PWID seems to have been more limited194. In recent years, international funding for harm 

reduction intervention programs in Vietnam has decreased significantly193.  

 

Healthcare associated transmission of HCV has also been a major problem in Vietnam until 

relatively recently. A systematic review of HCV infection in haemodialysis patients found 

that prior to 1999, seroprevalence of HCV antibodies was 54.8% (95% CI 48–61.5%) in the 

south of Vietnam, falling significantly to 15.5% (95% CI 8.1–22.9%) from 2008, (p < 

0.001)195. Seroprevalence is also high in individuals who have received multiple blood 

transfusions, estimated at around 6% (32/529) in one study that used data from prior to 

201042. In 2012, the Vietnam MoH formally introduced national infection prevention and 

control guidelines. These aimed to establish infection control teams and standardised 

operating procedures in all healthcare facilities, with mandatory monitoring and audit of 

healthcare associated infections. While this has been effectively implemented in large tertiary 

centres in major cities, a 2017 government-commissioned report acknowledged that 

implementation of safe injections, and sterilization of procedural and surgical instruments has 

not been addressed in smaller healthcare facilities. According to the report, 20% of medical 

facilities with over 150 beds were yet to establish an infection control department with active 

screening and surveillance of blood born viruses193.  

Antibody screening of blood donations for HBV, HCV and HIV was first implemented in 

Vietnam in 1992 with additional pooled nucleic acid screening from 2013. While blood safety 

is likely to have improved significantly in the last thirty years, longitudinal data are lacking. 

In a 2021 report on blood safety the Vietnam MoH cites a lack of standardised quality control 

on blood product screening and incomplete surveillance as important areas for 

improvement193.  

 

 

Hepatitis B 

While this thesis is primarily focused on HCV, no discussion of viral hepatitis elimination 

should ignore Hepatitis B virus (HBV), which has similar sequelae to HCV (chronic hepatitis, 
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liver cirrhosis and cancer), is transmitted through many of the same routes (unsafe healthcare 

activities, and intravenous drug use), but dwarfs HCV in terms of prevalence, morbidity and 

mortality.  

HBV is a hepadna virus that is estimated to have infected around two billion people 

worldwide, resulting in chronic carriage in approximately 316 million196. Regional prevalence 

is highly variable (figure 1-8), but some of the highest rates of infection in the world are 

observed in the Western Pacific, including Vietnam. The Vietnam MoH estimates around 8-

25% of the population are Hepatitis B surface antigen positive197, but in the absence of large 

cross sectional serosurveys or effective surveillance, the precise burden is unknown. Around 

7,603 (95% C.I. 5,418 - 10,480) HBV-related deaths are estimated to occur each year.  

Unlike HCV, HBV infection is most frequently acquired in childhood, through vertical 

mother-to-child transmission (MTCT), or through horizontal transmission from infected close 

contacts. The wide range in prevalence of chronic infection in different parts of the world 

largely reflects differences in the age at exposure, which is inversely related to risk of 

chronicity.  Progression from acute to chronic HBV infection is estimated to be around 90% 

for perinatally acquired infection, 20-50% for infections between the age of one and five 

years, and <5% percent for adult-acquired infections198–200.  
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Figure 1-9 Geographical distribution of the prevalence and death rate of hepatitis B in 

2019. 

(A) All-age HBsAg prevalence in 2019. (B) HBsAg prevalence in children younger than 5 years in 2019. (C) All-

age death rate per 100 000 for HBV-related diseases in 2019. HBV=hepatitis B virus. 

 

 

Reproduced from Global, regional, and national burden of hepatitis B, 1990–2019: a systematic analysis for the 

Global Burden of Disease Study 2019196 available through Creative Commons Attribution (CC BY 4.0).  
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Hepatitis B natural history 

HBV has a complex natural history, that progresses from HBeAg-positive chronic infection to 

HBeAg-positive hepatitis, to HBeAg-negative chronic infection over a period of 10-40 years 

(figure 1-8).  

 

Figure 1-10 Hepatitis B disease phases and treatment indications 

 

Diagram adapted from Hepatitis B virus infection, Man-Fung Yuen et al, Nature Reviews (with permission under 

licence number 5420670585922, Nov 02, 2022)  showing the relationship between hepatitis B virus (HBV) DNA 

and alanine transaminase (ALT) levels and the relation of these levels to different phases of chronic HBV infection 

using new and old terminology. Some patients (solid lines) experience intermittent flares in HBV DNA and ALT 

levels before achieving HBeAg seroconversion. Other patients (dashed line) may have a less frequent flares. 

Treatment is indicated when the HBV DNA levels are >2,000 or >20,000 international units (IU) per litre and 

ALT levels are higher than one or two times the upper limit of normal according to different regional guidelines. 

anti-HBe, antibodies against Hepatitis B e antigen; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface 

antigen. 

 

Variability in the age at which HBeAg to anti-HBe seroconversion occurs partly explains why 

the risk of MTCT is especially high in South-East Asia and the Western Pacific: late HBeAg 

seroconversion means mothers are frequently still HBeAg positive (with high HBV viral 

loads) at time of delivery. In the absence of any preventive interventions, the risk of 

transmission from mother to child ranges from 70-90% for HBeAg mothers with high viral 

loads and from 10-40% for those that are HBeAg negative201–203. Historical epidemiological 
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studies estimate 50% of women in Southeast Asia are HBeAg positive at the time of delivery 

in comparison with less than 15% in African cohorts, where perinatal transmission is 

proportionately less common204.  

Age of seroconversion is influenced by viral and host factors, with HBV genotype thought to 

play an important role. HBV is classified into 10 genotypes (A to J) based upon a genetic 

divergence of greater than 8% in the complete nucleotide sequence. Although genotypes are 

not tested in routine HBV care, there is growing evidence that they influence clinical outcome 

and HBeAg seroconversion rates. In Vietnam genotypes B and C predominate205,206, and 

genotype C, in particular, is associated with later age and lower rate of HBeAg 

seroconversion207. This may partly explain the exceptionally high rates of MTCT of HBV in 

the region. 

 

HBV prevention in Vietnam 

Regardless of genotype, HBV infection is still largely preventable through a highly 

efficacious vaccine, that has been available for over 30 years. According to WHO guidelines, 

infants born to mothers who are HBsAg positive should receive active and passive 

immunization (i.e. hepatitis B vaccine and hepatitis B immune globulin [HBIG]) as soon as 

possible and preferably within 12 hours of birth. This intervention reduces perinatal 

transmission by at least 95%. In addition, nucleoside analogue therapy (tenofovir) is 

recommended in the third trimester of pregnancy for mothers with high HBV viral loads. 

HBV vaccination is also recommended for high-risk groups such as PWID, sex workers and 

people on haemodialysis.  

HBV was added to standard childhood immunisation programme in Vietnam in 1997 and 

birth dose vaccination was introduced in 2004. However, despite immunisation campaigns at 

district obstetric facilities in recent years, HBV birth-dose vaccination remains below WHO 

targets, at around 80% nationally193. HBV antivirals have been covered by government 

insurance since 2015, but passive immunisation of new-borns with HBIG must still be paid by 

parents and costs around US$100.  Blood donor screening, implementation of infection 

control in hospitals and dialysis units, and promotion of community interventions for PWID 
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have also play a part in reducing community and healthcare associated transmission of HBV 

in recent decades. 

Data on the HBV cascade of care in Vietnam is lacking, but in 2017 WHO estimated just 

1.34% (43,230/3,220,000) of treatment eligible patients were on antiviral therapy197. 

 

 

Hepatitis D  

Hepatitis D (HDV or delta virus), discovered in 1977, is a defective virus that requires the 

presence of HBV for complete virion assembly and secretion. Consequently, individuals with 

HDV are always dually infected with HDV and HBV. The virion comprises an RNA genome, 

a single HDV encoded antigen, and a lipoprotein envelope courtesy of HBV.  

Transmission can occur simultaneously with HBV (co-infection), after which chronicity is 

determined by persistence or clearance of HBV. Alternatively HDV infection occurs when a 

HBsAg positive individual is exposed to HDV (superinfection), after which HDV chronicity 

is the norm208. Clinical sequelae of HDV infection are similar to HBV and HCV, varying 

from an inactive carrier state to fulminant hepatitis with liver failure. 

While acute HDV infection is characterised by direct cytopathic damage in the liver, the 

natural history of chronic infection is highly variable and is determined by a complex 

interplay between HBV activity, the host immune response and viral factors, including HDV 

genotype and expression of Hepatitis D antigen (HDV Ag). HDV genotype is increasingly 

recognised as a key determinant of prognosis209. Eight HDV genotypes have been described, 

but most existing data concerns genotypes 1 and 2. Genotype 1 is dominant in Europe and 

North America and is associated with increased risk of liver failure and progression to 

cirrhosis210. Genotype 2 HDV is more common in East and Southeast Asia and generally has 

a more benign course.  

The global burden of HDV is poorly understood, on the basis that most infections remain 

undiagnosed. A recent systematic review estimates the prevalence is around 13.02% (95% C.I 

11.96–14.11%) among HBV carriers, with far higher rates among HBV-infected individuals 

with cirrhosis (25.77% (20.62–31.27%) and HCC (9.80% 10.97–30.45%)211. Investigators of 
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that study estimate that overall, HDV infections progress to cirrhosis within 5 years and to 

HCC within 10 years.  

 

HDV in Vietnam 

HDV seroprevalence data in Vietnam is especially sparse. HDV does not feature in current 

hepatitis guidelines or elimination strategy and most clinics do not test for it. This is partly 

because the optimal treatment of HDV is uncertain, and the current therapeutic options are 

expensive and frequently unavailable: first line treatment for chronic HDV is either pegylated 

IFN alfa-2a or pegylated IFN alfa-2b administered for one year, but these therapies are no 

longer recommended in national HBV or HCV treatment guidelines, making procurement 

impossible. New HDV therapeutics are forthcoming212, so understanding the true burden and 

impact of HDV in Vietnam will be vital. 

 

  



 

 

 

64 

Chapter 2                                                                 

Seroprevalence of Hepatitis B, C and D in Vietnam 

 

Background 

Vietnam is one of twenty countries reported to shoulder 75% of the world’s burden of viral 

hepatitis213. Around 96% of viral hepatitis deaths globally are attributable to Hepatitis B virus 

(HBV) and Hepatitis C virus (HCV)213 but the prevalence of these infections in Vietnam is 

poorly characterized and published estimates vary widely.  

Reliable prevalence data is considered a central policy indicator by which to measure a 

country’s progress towards elimination213,214. In a recent analysis of policy scores and 

rankings of 66 countries with the highest burden of viral hepatitis, Vietnam was singled out as 

scoring poorly214. Mandatory reporting of newly diagnosed hepatitis infections was 

introduced in 2015 but implementation of the online surveillance system has been 

problematic: by 2019 just 52,086 cases of hepatitis B virus and 6,792 cases of hepatitis C had 

been formally reported to the national surveillance system, representing less than 1% of total 

estimated cases of both infections from past surveys. The Vietnam Ministry of Health blames 

this under-reporting on software glitches and inadequate awareness of notifiable disease 

surveillance at the local level215. In the absence of reliable surveillance or regular large cross-

sectional surveys, meta-analysis of small scale seroprevalence studies can provide prevalence 

estimates to focus elimination efforts.  

To formally assess this gap in the literature I searched PubMed and Embase for systematic 

reviews published between January 1st 1990 (when HCV antibody testing became available) 

and 31st December 2021 using the terms ‘Hepatitis’ and ‘Vietnam’ and ‘prevalence’. I found 

two relevant publications: a 2019 meta-analysis of 16 studies relating to HBV and HCV 

infections in dialysis patients195, and a 2017 systematic review of HCV control efforts216. The 

latter identified basic epidemiological and public health data as a significant gap in the 

literature and concluded there is an urgent need for an up-to-date assessment of hepatitis 

disease burden in Vietnam.  
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HBV prevalence estimates 

Morbidity from viral hepatitis in Vietnam is largely driven by Hepatitis B virus (HBV), with 

most chronic infections acquired through mother-to-child transmission (MTCT)217 and 

horizontal transmission in early childhood218. Vietnam’s Ministry of Health (MOH) 

approximates the prevalence of chronic HBV infection to range from 8-25%197. WHO 

Vietnam Office estimates there were 7,697,525 chronic infections in 2017 (8.1% 

prevalence)219, and the most recent Global Burden of Disease (GBD) modelling from 2019 

estimates a prevalence of 6.6% (95% C.I. 6.30 - 6.92)12 based on data from eight studies220. 

The Vietnam Viral Hepatitis Alliance concedes that since these models are based on a small 

number of studies, the true burden of HBV in Vietnam remains uncertain197.  

 

HCV prevalence estimates 

Prevalence estimates for HCV are similarly variable. Since 2015 WHO have reported HCV 

prevalence in terms of individuals with active infection (based on detection of HCV RNA), 

rather than detectable anti-HCV antibodies alone, to better reflect the numbers requiring 

treatment. WHO estimate that approximately one million Vietnamese (~1%) have chronic 

active infection197, while the most recent GBD modelling suggests this figure may be over 

60% higher (1.66% [95% C.I 1.35 – 2.0])12. A major reason for this discrepancy is that a high 

proportion of HCV infections are believed to result from unsafe health-care associated 

activities42,54,55 and community services56–58, making it difficult to accurately assess the size of 

the population at risk of chronic infection. Prevalence estimates from both low- and high-risk 

populations and data relating to co-infection with HIV are needed to better characterize the 

epidemic and plan elimination strategy. 

 

HDV prevalence estimates 

HDV is not currently screened for in Vietnam and is not included in national treatment 

guidelines. It therefore unclear what contribution HDV makes to hepatitis-related morbidity 

and mortality. Worldwide HDV prevalence is estimated to be around 4.5% (95% CI 3.6-5.7) 

among all HBsAg-positive individuals and around 16.4% (14.6-18.6)221 in those attending 
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hepatology clinics. However, prevalence is highly variable and does not parallel rates of HBV 

infection221. In some regions of the world HDV is endemic, with high rates of infection 

recorded in Pakistan222, Mongolia and some countries in Eastern Europe and West Africa221.  

However, in other countries that report high rates of HBV and might be expected to have high 

rates of HDV co-infection, prevalence of HDV is low and largely confined to high-risk 

individuals such as PWID. Improved HDV therapeutics are forthcoming212, so HDV 

prevalence estimates for Vietnam are urgently needed. 

 

Trends in seroprevalence 

In the last thirty years Vietnam has undergone unprecedented change10. Economic and 

political reforms under ‘Doi Moi’, launched in 1986, established Vietnam as the fastest-

growing economy in the world223. It is estimated that between 2002 and 2018, 45 million 

people were lifted out of poverty10, bringing remarkable improvements in public health. 

Notable progress has been made in access to HBV vaccination, blood donor screening, 

healthcare infection control and, more recently, government subsidization of HBV and HCV 

therapy, altering the shape and scope of the hepatitis epidemic. The study described in this 

chapter evaluates viral hepatitis trends over the last 30 years with the aim of informing future 

hepatitis elimination strategy. 

 

Objectives 

1. Conduct a systematic review of all published HBV, HCV and HDV prevalence 

studies in Vietnam since 1990 

 

2. Assess study quality and heterogeneity to determine if meta-analysis of pooled 

seroprevalence of each infection in low- and high-risk populations is viable 

 

3. Evaluate geographical and chronological trends in viral hepatitis prevalence in 

Vietnam  
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Methods 

I conducted this systematic review in accordance with PRISMA guidance224. PRISMA 

(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) provides an 

evidence-based minimum set of items for reporting systematic reviews and meta-analyses and 

has become the standard by which most journals expect such studies to be reported. While 

PRISMA primarily focuses on the reporting of reviews evaluating the effects of interventions, 

it can also be used for reporting systematic reviews with alternative objectives such as 

prevalence, diagnosis or prognosis224. A full checklist for this systematic review is provided at 

the end of the chapter.  

I registered the study with the Centre for Reviews and Dissemination (CRD) on 4th September 

2020 (PROSPERO CRD42020202567). PROSPERO is an international database detailing the 

key aspects of prospectively registered systematic reviews for which there is a health-related 

outcome. By providing a comprehensive listing of systematic reviews registered at inception, 

PROSPERO helps avoid duplication of work and reduces reporting bias by enabling 

comparison of the completed review with what was planned in the protocol225. This study 

conforms to its original protocol, with subsequent addition of chronological and HIV co-

infection analyses (neither of which affect the original study objectives). 

I searched Medline, Embase and Global Health - Ovid® (Wolters Kluwer) from 1st January 

1990 to 31st December 2021 for all reports that contained data for HBV, HDV and HCV 

seroprevalence in Vietnam. Using a free text search strategy, I entered the search terms 

[‘Hepatitis B’ OR ‘Hepatitis C’ OR ‘Hepatitis D’] AND [‘Vietnam’] AND [‘Prevalence’] 

(figure 2-1). 
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Figure 2-1: PubMed Free text advanced search  

‘Hepatitis B‘ OR ‘Hepatitis C’ OR ‘Hepatitis D’ AND ‘Vietnam’ AND ‘Prevalence’ with date filter 1990 – 2021 

elicits 327 results. 

 

 

 

Figure 2-2: Embase Free text advanced search  

Hepatitis B‘ OR ‘Hepatitis C’ OR ‘Hepatitis D’ AND ‘Vietnam’ AND ‘Prevalence’ with date filter 1990 – 2021 in 

Embase Classic+Embase (1947 to 2022 March 11), Global Health (OVID) (1973 to 2022 Week 10) elicits 370 

results. 

 

 

I included both prospective and retrospective studies with manuscripts published in English, 

French or Vietnamese language. This included published surveys from screening 

programmes, antenatal clinics, blood donations, sexual health and HIV clinics, needle and 
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syringe programmes for people who inject drugs (PWID), commercial sex worker initiatives, 

and inpatient, outpatient and community serosurveys.  

For HBV I included studies reporting HBsAg, the diagnostic marker of infection. For HCV 

and HDV, I separated studies reporting antibody (a marker of past exposure, but not 

necessarily active infection), from those reporting antigen or RNA (markers of active 

infection) for separate analyses. HCV core antigen assays are around 90%-95% sensitive and 

98-100% specific in diagnosing active HCV infection versus gold standard  HCV RNA 

testing by polymerase chain reaction (PCR)226–229. For HCV I additionally noted any studies 

that included genotyping to estimate pooled prevalence of genotypes 1-6.  

I excluded non-peer reviewed conference abstracts, and studies not stating sample size or 

HBV, HCV or HDV seroprevalence. I also rejected studies involving Vietnamese patient 

populations from outside of Vietnam (e.g. USA) and studies exclusively published in 

Vietnamese without evidence of peer review. 

I performed the literature search, screened all abstracts, and extracted all required data from 

prevalence studies. Hang Vu Thi Kim (HVTK), an OUCRU colleague and study doctor, 

independently reviewed the abstract search, reviewed all manuscripts written in Vietnamese, 

checked the 49 full-text articles that I had excluded, and assisted with data entry. 

Discrepancies regarding study eligibility were resolved through discussion between myself 

and HVTK. 

I documented study title, authors, study type & design and seroprevalence data for extraction 

and synthesis on a spreadsheet (with predetermined dropdown lists where applicable). I 

recorded year of publication, year(s) of data collection, region of Vietnam, study population, 

study type, exposure risk, sample size, HBsAg and/or HCV antibody seroprevalence, HCV 

antigen and/or PCR prevalence, HCV genotypes, HDV antibody and HDV RNA prevalence, 

and prevalence of HIV co-infection. I also recorded HBV and HCV co-infection prevalence 

in HIV infected populations. 

Given the heterogeneity in study populations included in viral hepatitis seroprevalence 

surveys, I classified each population by risk. I subcategorized ‘high risk’ populations into 

patients with known liver disease (acute hepatitis, chronic hepatitis, hepatocellular carcinoma 

(HCC)), and patients with high-risk exposure to blood borne viruses. In the latter group I 
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included i) people who inject drugs (PWID), ii) commercial sex workers (CSW) iii) men who 

have sex with men (MSM) attending sexual health services, iv) dialysis patients v) individuals 

who have had multiple transfusions or major surgery and vi) (for HBV only) children of 

HBsAg positive mothers. 

I defined ‘low risk’ as absence of any of the above risk factors. To limit sampling bias I 

further subdivided low-risk groups into blood donors and non-blood donors in recognition 

that blood donors are risk-assessed prior to testing and may not be representative of the 

general population. I further subcategorised non-blood donors into i) antenatal patients, ii) 

adults in the general population (including community studies, outpatient studies and 

occupational surveys), iii) children in the general population and iv) inpatients with non-

hepatic illness.  

 

Assessment of methodological quality 

Methodological quality of all selected studies was assessed using the Joanna Briggs Institute 

(JBI) critical appraisal checklist for prevalence data230, a validated tool specifically designed 

to assess methodological quality of prevalence studies. It is comprised of nine criteria to 

assess whether a study should be included in a review.  

1. Was the sample frame appropriate to address the target population? 

2. Were study participants recruited in an appropriate way? 

3. Was the sample size adequate? 

4. Were the study subjects and setting described in detail? 

5. Was data analysis conducted with sufficient coverage of the identified sample? 

6. Were valid methods used for the identification of the condition? 

7. Was the condition measured in a standard, reliable way for all participants? 

8. Was there appropriate statistical analysis? 

9. Was the response rate adequate, and if not, was the low response rate managed 

appropriately? 

 

Each study is given a score out of nine and a decision is made on whether it is suitable for 

inclusion in the meta-analysis. There is no agreed standard for assessing methodological 

quality of prevalence studies. A 2020 analysis of systematic reviews of prevalence studies 

identified an urgent need for the development and validation of a standardised tool that could 



 

 

 

71 

be widely endorsed and accepted by the research community. The authors conclude that until 

that has been achieved, the JBI critical appraisal tool is the optimum choice for assessing 

study quality on the grounds that it has been formally evaluated and remains the most popular 

method231. 

 

Meta-analysis 

Not all data harvested from a systematic review is suitable for meta-analysis. To determine 

whether data was eligible for pooled analysis I held that study populations, years of data, 

locations, diagnostic tests, and sampling strategies should all be adequately described. While 

most studies met these criteria, there was substantial qualitative heterogeneity between the 

blood donor studies and other low-risk populations, such that it was not possible to include 

blood donor cohorts pooled prevalence estimates for all low-risk populations. 

 

Statistical Analysis 

I determined point estimates and 95% CIs for the proportion of people with HBsAg, HCV 

antibody, HCV core antigen or PCR, HDV antibody and HDV RNA where available. In light 

of substantial between-study heterogeneity, data from each study were pooled with a 

DerSimonian-Laird random-effects model232, which estimates between-study variance, 

allowing that the true effect size may vary between studies. Pooling describes the practice of 

gathering together small sets of data that are assumed to have a shared value or characteristic 

(e.g. ‘antenatal populations, PWID) and using the combined larger set (the “pool”) to obtain a 

more precise estimate of that characteristic. I combined different populations from the same 

study provided they were from same decade, population and geographical region. From this I 

estimated the overall pooled prevalence of HBsAg, HCV antibody and HCV antigen in low-

risk groups (blood donors and other low risk populations), those at high risk of exposure and 

those with liver disease. I further determined prevalence of each virus by population 

subgroup.  

For the chronological analysis, I assessed pooled prevalence by decade (1990-2000; 2001-

2010; 2011-2020). In high-risk populations I used a different approach for each virus. For 
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HBV the difference in risk between various high-risk exposures is small, and it is 

recommended that all high-risk individuals are vaccinated. Therefore, I estimated pooled 

prevalence by decade in all high-risk exposures combined. For HCV there is no vaccine, and 

PWID are at highest risk of infection by far. Therefore, I restricted chronological and regional 

analysis of HCV to PWID populations, in which between study heterogeneity was minimal.  

I utilised the t2 statistic to assess between-study heterogeneity for the estimates of pooled 

prevalence by population and by decade. The variance of raw proportions was stabilised with 

a Freeman-Tukey type arcsine square root transformation233. There are several methods 

available for pooling proportions; the Freeman-Tukey method works well with both fixed-

effects and random-effects meta-analysis234. Statistical analysis was performed on R version 

4.1235. 

 

 

Results 

I analysed 72 studies in total, representing 22 different locations in Vietnam (figure 1).  This 

included 501,543 individuals tested for HBsAg in 120 cohorts, 448,765 individuals tested for 

HCV (antibody or antigen/RNA) in 114 HCV cohorts, and 7055 individuals tested for HCV 

or HBV co-infection in 13 HIV cohorts. Most studies included populations from the three 

largest cities in Vietnam, HCMC (29), Hanoi (24) and Hai Phong (16), while rural 

representation was low (6 studies). A full list of included studies in shown in table 2-1 and 

appendix A. 

A summary of all included studies, with study quality assessment, is shown in table 3. 

Breakdown of the quality assessment is shown in appendix A, table V. Study quality was 

generally good, but only 8 studies met all nine critical appraisal checklist criteria for 

prevalence data230. The most frequently identified deficiency was in sampling, with 82% 

(59/72) studies relying on non-random consecutive, or response-driven sampling or including 

an entire single centre population. Sampling was most rigorous in the low-risk general 

population, with 6/14 studies apparently truly cross sectional in nature. 
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Figure 2-3: Study selection 

 

 

Table 3: Summary of 72 included studies with JBI quality assessment 

 

Study Year(s) 
of 
data 

Region(s) Study 
population(s) 

Population 
categories 

Prevalence 
data 

JB 
score* 

Potential bias 

Barcus et 
al 2002 

1992-
96 

HCMC Inpatients with 
severe malaria 

Low risk HBsAg 7 Non-random consecutive 
sampling, non- 
representative sample 
(severe malaria) 

Binh et al 
2018 

2013-
15 

Hanoi HBV positive 
outpatients 

HDV  HDV RNA 7 Non-random consecutive 
sampling, non-
representative sample 
(85% male) 

Boettiger 
et al 2015 

1998-
13 

Hanoi HIV outpatients  HIV 
population 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling 

Buchy et al 
2004 

2002 Nha Trang Inpatients with 
hepatitis  

High risk 
(liver 
disease) 

HBsAg, 
HCV Ab 

7 Non-random consecutive 
sampling, underpowered 

Bùi et al 
2014 

2005-
11 

Hanoi HIV outpatients  HIV 
population 

HBsAg, 
HCV Ab 

8 Non-random; entire 
centre's population 

Chau et al 
2002 

1991-
96 

HCMC Inpatient PWID 
with malaria, 
inpatient non-

High risk 
(exposure), 
low risk 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling 
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PWID with 
malaria 

Clatts et al 
2009 

2005-6 Hanoi PWID High risk 
(exposure) 

HCV Ab, 
HIV 
coinfection 

7 Non-random sampling; 
non-representative 
sample (male IVDU only) 

Clatts et al 
2015 

2010-
11 

Hanoi, 
HCMC, Nha 
Trang 

MSM sex 
workers 

High risk 
(exposure) 

HCV Ab 8 Non-random; non-
representative (sex 
workers)  

Colby et al 
2016 

2014 HCMC MSM sex 
workers 

High risk 
(exposure) 

HCV Ab, 
HIV 
coinfection 

8 Non-random sampling; 
non-representative (sex 
workers)  

Cordier et 
al 1993 

1989-
92 

Hanoi Inpatients, 
patients with 
HCC 

Low risk, 
high risk 
(liver 
disease) 

HBsAg, 
HCV Ab 

8 Non-random, non-
representative, male HCC 
only 

Corwin et 
al 1996 

1993-
95 

Hanoi Adults in general 
population, 
inpatients with 
hepatitis  

Low risk, 
high risk 
(liver 
disease) 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling 

Dang et al 
2020 

2019 Hanoi MSM with HIV 
and non-MSM 
with HIV 

HIV 
population 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling 

Do et al 
2015 

2012 Binh Thuan Adults in general 
population 

Low risk  HBsAg, 
HCV Ab, 
HCV Ag 

9 
 

Dunford et 
al 2012 
(HBV) 

2008-9 Hanoi, 
Haiphong, 
Danang, 
Khanh Hoa, 
Can Tho 

Military, 
antenatal, adults 
in general 
population, 
blood donors, 
PWID, dialysis, 
CSW, multiple 
transfusions, 
surgical 

Low risk, 
high risk 
(exposure), 
HDV 

HBsAg, 
HDV Ab 

8 Non-random consecutive 
sampling 

Dunford et 
al 2012 
(HCV) 

2008-9 Hanoi, 
Haiphong, 
Danang, 
Khanh Hoa, 
Can Tho 

Military, 
antenatal,  
adults in general 
population, 
blood donors, 
PWID, dialysis, 
CSW, multiple 
transfusions, 
surgical 

Low risk, 
high risk 
(exposure) 

HCV 
Ag/RNA 

8 Non-random consecutive 
sampling 

Duong et 
al 2009 

2006 Thai 
Nguyen 

Adults in general 
population 

Low risk HBsAg 8 Cross sectional but non-
representative rural 
sample 

Duong et 
al 2015 i 

2012-
2013 

HCMC Dialysis  High risk 
(exposure) 

HCV 
Ag/RNA 

8 Non-random consecutive 
sampling 

Duong et 
al 2015 ii 

2012-
2013 

HCMC Dialysis  High risk 
(exposure) 

HBsAg, 
HCV Ag 

8 Non-random consecutive 
sampling 

Duong et 
al 2016 

2012-
2014 

HCMC Dialysis  High risk 
(exposure) 

HBsAg, 
HCV Ag 

8 Non-random; entire 
centre population 

Duong et 
al 2018 

2014 Hai Phong PWID High risk 
(exposure) 

HCV Ab 8 Non-random consecutive 
sampling 

Duong et 
al 2019 

2012-
2014 

HCMC Dialysis  High risk 
(exposure) 

HCV Ab, 
ACV Ag, 
HCV RNA 

8 Non-random; entire 
centre population 
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Follezou et 
al 1999 

1996 HCMC PWID High risk 
(exposure) 

HBsAg, 
HCV Ab 

6 Non-representative 
sample (very high rates 
HIV) 

Goto et al 
2005 

2003 Nghe An Antenatal Low risk HBsAg 8 Non-random consecutive 
sampling 

Hall et al 
2015 

2010-
11 

Hanoi, Hai 
Phong, Da 
Nang, 
Khanh Hoa, 
Can Tho 

HBV positive 
PWID 

High risk 
(exposure) 

HDV Ab, 
HDV RNA 

7 Non-random consecutive 
sampling, lacks baseline 
characteristics 

Hipgrave 
et al 2003 

1990-
99 

Thanh Hoa Children in 
general 
population, 
adults in general 
population 

Low risk HBsAg 9   

Hoang et 
al 2015 

2009 Hai Phong, 
HCMC 

PWID High risk 
(exposure) 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling 

Ishizaki et 
al 2017 

2007-
2012 

Hai Phong Blood donors, 
antenatal, PWID, 
CSW 

Low risk, 
high risk 
(exposure) 

HBsAg, 
HCV Ag, 
HIV 
coinfection 

8 Non-random consecutive 
sampling 

Kakumu et 
al 1998 

1994-
96 

HCMC, Da 
Lat 

Chronic 
hepatitis; adults 
in general 
population 

Low risk, 
high risk 
(liver 
disease) 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling of hepatitis 
patients. Details of 
sampling strategy for 
general population 
lacking 

Katelaris 
et al 1995 

1993 Dong Nai children in 
general 
population 

Low risk HBsAg, 
HCV Ab 

8 Under powered for HCV 
prevalence  

Kha To et 
al 2020 

2017-
19 

HCMC blood donors Low risk HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling 

Lan et al 
2008 

2006 Hanoi Adults in general 
population 

Low risk HBsAg 8 Non-representative 
sample (married women 
age 18-49) 

Lien et al 
1997 

1994 HCMC Adults general 
population, 
CSW, PWID, HIV 
patients 

Low risk, 
high risk 
(exposure) 
HIV 
population 

HCV Ab 8 Non-cross sectional 
sampling 

Linh-Vi et 
al 2019 

2013 Hanoi, Hai 
Phong, 
HCMC 

CSW High risk 
(exposure) 

HBsAg, 
HCV Ab, 
HCV Ag, 
HIV 
coinfection 

9   

Minh et al 
2021 

2018-
20 

Hue Adults in general 
population 

Low risk HBsAg 7 Non-random, non-
representative sample 
(males from infertile 
couples) 

Miyakawa 
et al 2021 

2009-
12 

Khan Hoa antenatal, 
children in 
general 
population 

Low risk HBsAg 7 Non-random sample, 
high drop out >30% 

Mohan et 
al 2017 

2012-
15 

Hanoi, Pho 
Yen, Thai 
Nguyen 

HIV outpatients  HIV 
population 

HBsAg, 
HCV Ab 

8 Non-random 
retrospective chart 
review 

Molès et al 
2020 

2014 Hai Phong PWID High risk 
(exposure) 

HCV Ab 8 Non-random response-
driven sampling 
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Nadol et al 
2015 

2009-
10 

Hanoi, Hai 
Phong, 
Quang 
Ninh, Nghe 
An, Yen Bai. 
Da Nang, 
Dong Nai, 
HCMC. Can 
Tho, An 
Giang 

PWID High risk 
(exposure) 

HBsAg, 
HCV Ag, 
HIV 
coinfection 

8 Non-random response-
driven sampling 

Nadol et al 
2016 

2009-
10 

Hanoi, Hai 
Phong, 
HCMC, Can 
Tho 

MSM High risk 
(exposure) 

HBsAg, 
HCV Ag, 
HIV 
coinfection 

8 Non-random response-
driven sampling 

Nakata et 
al 1994 

1993 Hanoi, 
HCMC 

inpatients, 
multiple 
transfusions, 
PWID. Dialysis, 
CSW, prisoners 

Low risk, 
high risk 
(exposure) 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
and retrospective 
sampling 

Nerurkar 
et al 1999 

1997-
98 

Hanoi PWID High risk 
(exposure) 

HCV Ab, 
HIV 
coinfection 

7 Non-random sampling, 
diagnostics were combo 
of sera or filter paper-
blotted whole blood  

Nghiem et 
al 2021 

2018-
19 

Hanoi HBV positive 
outpatients 

HDV HDV RNA 8 Non-random, consecutive 
sampling 

Ngo et al 
2009 

2007 HCMC General 
inpatients 

Low risk HBsAg, 
HCV Ab 

6 Non-random, consecutive 
sampling, non-
representative sample 
(inpatients and 
outpatients), minimal 
baseline characteristics 

Nguyen et 
al 1997 

1995 HCMC Inpatients with 
Dengue 

Low risk HBsAg, 
HCV Ab 

6 Non-random consecutive 
sampling, non-
representative sample 
(patients with severe 
Dengue), under-powered 
for HCV   

Nguyen et 
al 2006 

2002 Thai Binh Adults general 
population 

Low risk HBsAg 9   

Nguyen et 
al 2007 

2002 Thai Binh Adults general 
population 

Low risk HCV Ab 9   

Nguyen et 
al 2011 

2007 Hai Phong Adults in general 
population, 
antenatal, blood 
donors 

Low risk HBsAg 8 Non-random consecutive 
sampling 

Nguyen et 
al 2014 

2011 Vietnam 
(national) 

Children in 
general 
population 

Low risk HBsAg 9   

Nguyen et 
al 2017 

2015 Da Nang HBV positive 
outpatients 

HDV HDV RNA 7 Non-random consecutive 
sampling, non- 
representative 

Nguyen et 
al 2021 

2017 Thai 
Nguyen 

MSM in sexual 
health clinics, 
PWID 

High risk 
(exposure) 

HCV Ab 7 Non-random sampling, 
Oraquick diagnostics 

Nguyen-
Dinh et al 
2018 

2010-
16 

HCMC Patients with 
HCC 

High risk 
(liver) 

HBsAg, 
HCV Ab 

8 Non-random 
retrospective sample 

Pham et al 
2020 

2017-
18 

Hai Phong Antenatal, 
children of HBV 
infected mothers 

Low risk, 
high risk 
(exposure) 

HBsAg 9   
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Pham et al 
2020 ii 

2018 Central 
Highlands 

Adults in general 
population 

Low risk HBsAg 9   

Quan et al 
2009 

2003 Bac Ninh PWID High risk 
(exposure) 

HBsAg, 
HCV Ab, 
HIV 
coinfection 

8 Non-random snowball 
sampling using peer 
recruiters 

Quesada 
et al 2015 

1994-
05 

HCMC Adults in general 
population 

Low risk HCV Ab 8 Non-representative 
sample (females only) 

Rangarajan 
et al 2016 

2013-
14 

HCMC HIV outpatients  HIV 
population 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling 

Riondel et 
al 2020 

2016-
17 

Hai Phong PWID High risk 
(exposure) 

HCV Ab 8 Non-random response-
driven sampling 

Sinh et al 
2012 

1992-
09 

HCMC Dialysis  High risk 
(exposure) 

HCV Ab 7 Non-random consecutive 
sample, lacking baseline 
characteristics 

Son et al 
2014 

2006-
09 

Hai Phong HIV inpatients HIV 
population 

HBsAg, 
HCV Ab 

6 Non-random consecutive 
sampling, non-
representative 
(inpatients with 
penicilliosis), under 
powered for HBV/HCV 
prevalence 

Song et al 
1994 

1992 HCMC, 
Hanoi 

blood donors Low risk HBsAg, 
HCV Ab 

8 Non-random sampling 

Sy et al 
2013 

2000-
09 

Hanoi HBV positive 
outpatients 

HDV HDV RNA 7 Non-random consecutive 
sampling, non-
representative (HCV and 
HIV positive patients 
excluded) 

Tanimoto 
et al 2010 

2007 Hai Phong PWID High risk 
(exposure) 

HCV Ab, 
HCV PCR 

8 Non-random response 
driven sampling 

Tanuma et 
al 2017 

2007-
13 

Hanoi HIV outpatients  HIV 
population 

HBsAg, 
HCV Ab 

8 Non-random consecutive 
sampling 

Terakawa 
et al 2011 

2009-
10 

HCMC Adults in general 
population 

Low risk HBsAg, 
HCV Ab 

7 Non-random sampling, 
non-representative 
(healthy workers at major 
companies) 

Thanh et al 
2020 

2016-
17 

HCMC Hepatitis 
outpatients 

High risk 
(liver) 

HBsAg 7 Non-random consecutive 
sample, non-
representative (HCV-
infected outpatients) 

Tran et al 
2003 

1998-
02 

HCMC Adults in general 
population, 
patients with 
liver disease 

Low risk HCV RNA, 
HDV Ab 

7 Non-random sampling, 
non-representative 
(healthy outpatients) 

Truong et 
al 2016 

2014 Hai Phong HIV outpatients  HIV 
population 

HBsAg 8 Non-random consecutive 
sample 

Trung et al 
2010 

2006-
08 

HCMC Inpatients with 
dengue and non-
dengue acute 
infections 

Low risk HBsAg 8 Non-random consecutive 
sampling 

Van Be et 
al 1992 

1989-
91 

HCMC Blood donors, 
adults in general 
population, 
inpatients, 
prisoners, CSW, 
PWID 

Low risk, 
high risk 
(exposure) 

HBsAg 6 Non-random sampling, 
unclearly defined study 
populations, no baseline 
characteristics 
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HBsAg = Hepatitis B surface antigen; HCV Ab = Hepatitis C antibody; HCV Ag = Hepatitis C antigen; HDV Ab 

= Hepatitis D antibody; RNA = ribonucleic acid 

 

Figure 2-4: Study populations by location 

 

 

 

Blood donors 

Blood donor screening studies contributed the largest study populations, such that 90% of all 

included individuals tested for HBsAg and 93% tested for HCV were blood donors. Overall 

infection rates in this population were lower than is reported in the general population (see 

next section), with an HBsAg point prevalence of 1.86% (95% C.I. 1.82 - 1.90) (figure 2-5), 

Khanh Hoa Thai Nguyen Dong Nai Nghe An An Giang

Bac Ninh Nha Trang Quang Ninh Yen Bai Binh Thuan

Da Lat Pho Yen Quang Tri Thai Binh Thanh Hoa

Central Highlands Hue

HCMC

HanoiHai Phong

Can Tho

Danang

Van Quang 
et al 2019 

2010-
17 

Hanoi Patients with 
HCC 

High risk 
(liver) 

HBsAg 8 Non-random, 
retrospective sample 

Viet et al 
2012 

2007 Quang Tri Blood donors Low risk HBsAg, 
HCV Ab 

7 Non-random sampling; 
non-representative 
(potential blood donors, 
HBV-vaccinated 
individuals excluded) 

Zhang et al 
2015 

2005-
07 

Thai 
Nguyen 

PWID High risk 
(exposure) 

HCV Ab, 
HIV 
coinfection 

8 Non-random sampling 
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an HCV antibody prevalence of 0.18% (0.16 - 0.19) and HCV antigen prevalence of 0.31% 

(0.10 – 0.61) (figure 2-6). Pooled HBsAg prevalence in blood donor cohorts from prior to 

2011 was around 9%, with apparent improvement in pre-screening in the last decade, when it 

fell to 1.44% (1.41 – 1.48). HCV prevalence in blood donors was extremely high when it was 

first discovered in the 1990s (7.6% [6.1 – 9.4]) but is around 0.2% overall in studies since 

2001. 

 

Low risk (non-blood donors) 

Overall prevalence of HBsAg in non-donor low-risk groups was 8.6% (8.3 – 8.9). It was 

lowest in children in the general population (3.4% (3.1 – 3.8)) but was 10.8% [10.1-11.6] in 

antenatal women and 10.6% [10.2-11.1] in adults from the general population. HBsAg 

prevalence was high in inpatients presenting with non-hepatic illness (16.2% (14.7 - 17.8)), 

which included patients admitted with Dengue236 and Malaria237,238. Pooled prevalence of 

HBsAg in low-risk non-donors fluctuated from 11.6% (11.0 – 12.3) in studies from 1990 to 

2000, 7.0% (6.6 – 7.4)) in 2001-2010 and 9.4% (8.8 – 10.1) in studies since 2011. 
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Figure 2-5: Estimated pooled seroprevalence of HBsAg in low-risk populations 

 

Studies = number of separate study populations included. N = total number tested. Children defined as aged 0-16 years
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For HCV, pooled antibody prevalence in non-blood donor low-risk populations was 2.0% (1.7 

– 2.5) and HCV antigen prevalence was 0.26% (0.09 - 0.51). We found no significant change 

in prevalence of HCV antibody in non-blood donor low-risk populations by decade. There 

was insufficient data to assess whether prevalence of HCV antigen has changed (Figure 2-6).  

 

Figure 2-6: Estimated pooled seroprevalence of HCV antibody (blue) and HCV antigen 

or PCR (red) in low-risk populations 

 

 

Studies = number of separate study populations included. N = total number tested. Children 

defined as aged 0-16 years 

 

High-risk  

In high-risk groups, overall pooled prevalence of HBsAg was 13.3% (12.8 – 13.8) (figure 2-

7). Prevalence of HBsAg in individuals undergoing haemodialysis, blood transfusion or 

surgery was similar or lower than observed in non-blood donor low-risk groups (8-10%). In 

contrast, rates of HCV infection were significantly elevated in these populations, with 16.8% 

(14.7-18.9) of dialysis patients showing evidence of active HCV infection (figure 2-8). 
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Overall, for HCV in high-risk groups, pooled prevalence was 49.3% [48.3 – 50.3]) for HCV 

antibody and 31.4% (30.6 – 32.2) for HCV antigen (figure 2-8). These figures were heavily 

influenced by very high prevalence of HCV in PWID, with evidence of past HCV exposure in 

72.5% (71.4 – 73.6) of PWID tested, and active infection in 57.8% (56.5 – 59.1) (figure 2-8). 

Extremely high rates of active HCV infection were reported in in the northern provinces of 

Yen Bai (87.4% [83.7 – 90.7])) and Quang Ninh (84.6% [80.3 – 88.5]))239 (figure 2-9) and the 

southern metropolis of Ho Chi Minh City (92.2% [73.0 -100] HCV antibody, five 

studies238,240–243  and 71.0% (65.8 – 75.9) HCV antigen, one study239) (figure 2-9).  

Only six studies described both HCV antibody and antigen/RNA prevalence in the same 

individuals (table 2-10). In one PWID cohort244 79.3% (74.4 – 83.6) of individuals testing 

positive for HCV antibody had evidence of current infection. This proportion was lower 

among individuals with liver disease (60.9% [48.3 – 72.4])245 and in sex workers (58.5% 

[52.4 – 64.4]246, and in adults the general population (50.0% [26.0 – 74.0]247 and 44.4% 

[13.70 - 78.8]245, which likely reflects less frequent exposure. A fifth study in individuals 

undergoing haemodialysis248 found HCV antigen prevalence exceeded antibody prevalence 

(12.9% [8.6 – 18.4] vs 5.5% [2.8 - 9.6]). This surprising finding may reflect a high number of 

acute HCV infections associated with the dialysis unit concerned, or defective antibody 

generation in the context of frequent exposure to HCV from haemodialysis. However, 

numbers were small. 

 

Table 4: Studies reporting HCV antibody and HCV antigen or HCV RNA in same 

population 

 

 

Study 

 

Population 

Proportion of HCV antibody 

positive individuals with HCV 

RNA or antigen 

 

95% C.I. 

Duong et al 2019 Dialysis 100%    [71.5 - 100] 

Tanimoto et al 2010 PWID 79.30%    [74.4 – 83.6] 

Kakumu et al 1998 Liver disease 60.90%    [48.3 – 72.4] 

Le et al 2019 CSW 58.50%    [52.4 – 64.4] 

Do et al 2015 General population  50.00%    [26.0 – 74.0] 

Kakumu et al 1998 General population  44.40%    [13.70 -78.8] 
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Figure 2-7: Pooled seroprevalence of HBV in high-risk populations 

 

Figure 2-8: Pooled prevalence of HCV Ab and HCV antigen or PCR in high-risk groups 

Studies = total number of study populations included. N = total individuals tested. CSW = commercial sex worker; 

MSM = Men who have sex with men; PWID = People who inject drugs. HCC = hepatocellular carcinoma 
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Figure 2-9: HCV antigen prevalence (and antibody where available) in PWID by region 

Prevalence pooled for locations with more than one study. HCMC = Ho Chi Minh City. All prevalence is 

HCVAg/PCR unless otherwise stated to be anti-HCV. 

 

In HIV positive cohorts, 12.1% (11.3 – 13.0) were HBsAg positive and 39.2% (38.0 – 40.3) 

were HCV antibody positive (figure 7). Although baseline characteristics were available, it 

was not possible to ascertain specific risk factors in coinfected individuals, such as past 

injecting drug use or high-risk sexual activity. Only one study compared HCV co-infection in 

HIV positive MSM vs HIV positive heterosexual men attending the same HIV service249. 

Injecting drug use was more prevalent in HIV positive heterosexuals than in MSM (46.8% vs 

2.4%). Consequently, HIV-HCV co-infection was higher in heterosexual males (55%) than 

MSM (4.9%). 

Among 4676 HCV-infected individuals in 27 high-risk cohorts screened for HIV, 50.52% 

(49.1 – 51.2) were HIV co-infected.  HIV co-infection was extremely prevalent in HCV 

antibody positive MSM, with 94.5% (91.6 – 97.0) testing positive. It was less prevalent in 
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PWID (45.6% (44.1 – 47.1), reflecting different routes of exposure: HCV is more likely to be 

accompanied by HIV when sexually acquired.  

Among over 20,000 individuals with Hepatocellular carcinoma (HCC), a very high 

prevalence of both HBsAg (62.8% (62.1 – 63.4)) (figure 4) and HCV antibody (25.7% (25.1 – 

26.3)) (figure 5) was observed, highlighting the devastating consequences of these infections.  

 

Figure 2-10: Estimated pooled prevalence of i) HBsAg and ii) HCV antibody in HIV 

positive populations and iii) HIV co-infection in HCV-antibody positive populations 

 

 

Studies = total number of study populations included. N = total individuals tested. CSW = commercial sex worker; 

MSM sexual health = Men who have sex with men attending clinic; PWID = People who inject drugs.  

 

HCV genotypes 

HCV genotype data was available for 8,707 individuals from 17 separate study populations in 

14 studies (table 5). Overall 47.7% (95% C.I 46.6, 48.8) had genotype 1, 37.7% (36.7, 38.7) 

had genotype 6, 11.4% (10.7, 12.1) had genotype 2. A very low prevalence of genotype 3 
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(0.01%) was reported across studies. Amongst PWID, pooled prevalence of genotype 1 was 

higher (68.5% [95% C.I 63.2, 73.5]) and genotype 6 was lower (26.5% [21.8, 31.6]) than 

among low-risk individuals (37.5% [34.8, 40.2] genotype 1 and 48.4% [45.6, 51.2] genotype 

6). Subtype data was available for 1,993 individuals from 13 populations in 10 studies. The 

most prevalent subtypes were 1a (22.0%) [20.1, 23.9]), 1b (20.3% [18.5, 22.2]), 6a (19.2% 

[17.5, 21.1]) and 6e (13.9% [12.3, 15.5]). The only other subtype found at greater than 1% 

prevalence was 2a (2.7% [1.9, 3.6]. 

 

Table 5: HCV genotypes 

  Studies N Gt1 Gt2 Gt3 Gt6 

Overall 17 8707 47.7%  
[46.6, 48.9] 

11.4%  
[10.7, 12.1] 

0.01%  
[0.0, 0.03] 

37.7%  
[36.7, 38.7] 

Acute hepatitis 1 322 56.5%  
[51.1, 61.9] 

7.5%  
[4.8, 10.6] 

2.2%  
[0.8, 4.1] 

33.9%  
[28.8, 39.1] 

Chronic hepatitis 3 7343 47.8%  
[46.6, 49.0] 

14.5%  
[13.6, 15.3] 

0.15%  
[0.07, 2.7] 

36.8%  
[35.7, 38.0] 

 

PWID 3 320 68.5%  
[63.2, 73.5] 

0.15%  
[0.00, 1.15] 

4.2%  
[2.2, 6.8] 

26.5%  
[21.8, 31.6] 

CSW 1 33 63.6%  
[46.4, 79.4] 

0.0%  
[0.0, 5.2] 

3.0%  
[0.0, 12.6] 

33.3%  
[18.1, 50.5] 

Dialysis/multiple 
transfusions 

4 144 53.0%  
[44.3, 61.5] 

0.0%  
[0.0, 1.5] 

0.09%  
[0.0, 2.4] 

44.9%  
[36.3, 53.5] 

HIV positive 1 93 68.8%  
[59.0, 77.9] 

0.0%  
[0.0, 1.8] 

5.4%  
[1.5, 11.1] 

25.8%  
[17.4, 35.2] 

Low risk* 4 452 37.6%  
[34.9, 40.3] 

11.3%  
[9.5, 13.2] 

0.0% 48.4%  
[45.6, 51.2] 

N = total number of individuals genotyped; Gt = genotype; PWID = People who inject drugs; CSW = Commercial 

sex worker; *Low risk includes blood donors, general population surveys, general inpatients. 
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Figure 2-11: HCV genotypes 
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Figure 2-12: Pooled prevalence of HCV subtypes among 1,993 individuals genotyped 

 

*’Other’ includes genotypes  1e,  2b, 2c,  2i,  2j, 2k, 2m, 3a,  3b,  6a,  6c, 6e, 6f, 6h, 6k, 6l, 6n, 6o,  6p, 6r, 6t       

(all with prevalence <1%) and unidentifiable genotypes. 

 

 

Hepatitis D 

We included 1975 individuals tested for HDV antibody or HDV RNA in 23 HDV cohorts. Of 

708 HBsAg positive individuals tested for HDV antibodies in 12 cohorts, 7.9% (5.9 – 10.2) 

were positive (figure 2-11). Highest rates of HDV infection were seen in PWID. One study of 

45 HBsAg positive military recruits found 17.20% (8.0 - 32.1) were HDV antibody positive250 

but no cases of HDV were detected in other larger low risk cohorts. We found highest 

prevalence of HDV RNA in individuals presenting with acute hepatitis (43.3% [26.0 – 61.5]), 

suggesting HDV may be an under-recognised cause of this presentation in Vietnam. Only 4 

studies included genotype data in 115 individuals. Of these 74% had genotype 1 infection and 

26% had genotype 2. 
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Figure 2-13: Estimated pooled prevalence of HDV antibody and HDV RNA in HBsAg 

positive cohorts 

 

Studies = total number of study populations included. N = total individuals tested. CSW = commercial sex worker; 

MSM sexual health = Men who have sex with men attending clinic; PWID = People who inject drugs.  

 

 

Discussion 

This study is the most comprehensive review of HBV, HCV and HDV seroprevalence in 

Vietnam and provides important detail on the distribution of the hepatitis epidemic in one of 

the highest burdened countries in the world.  

 

Hepatitis B  

I found that pre-screening of blood donors in Vietnam has improved significantly in the last 

30 years, with very low rates of both HBV and HCV infection detected in blood donors 
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compared with the general population. This improvement may be attributable to the 

prohibition of paid and family/replacement blood donation since 2013251, with a successful 

switch to voluntary unpaid blood donation, supported by an annual “All People’s Voluntary 

Blood Donation Day”252. In addition, in the last decade rapid HBsAg testing has become 

mandatory for all new blood donors prior to blood donation251.  

In in other low-risk populations I found that the pooled prevalence of HBV was high, 

exceeding 10% in all non-donor adult cohorts. The overall estimate (8.64% [95% C.I 8.34 – 

8.94%]) is broadly consistent with that of a large, unpublished seroprevalence survey 

conducted by the Vietnam MoH in collaboration with the US Centers for Disease Control and 

Prevention (US CDC) and Abbott Diagnostics from 2018 - 2019. Amongst 25,649 adults in 

32 provinces, they recorded a HBsAg prevalence of 9.2% (95% C.I 8.9 – 9.6%)193.  

The high HBsAg prevalence observed in inpatients with non-hepatic illness may reflect the 

increased all-cause morbidity associated with chronic liver disease. HBV prevalence in 

groups at high-risk of exposure was similar, or only modestly elevated compared to low-risk 

populations. This may be explained by high rates of vaccination in high-risk groups and a 

reduced risk (<10%) of chronic infection when exposed to HBV in adulthood253.   

The lower HBsAg prevalence in children (3.4% (3.1 – 3.8)) is somewhat reassuring. HBsAg 

positivity in children (defined as 0-16 years of age) was >15% in two studies from the 

1990s254,255, compared to 2.7% (2.2 - 3.3) in a national study from 2011256 and 1.9% (1.2 - 

2.7) in a study in infants from Central Vietnam with data from 2009-2012257. This change is a 

direct consequence of vaccination, which has been included in Vietnam’s national vaccine 

program since 1997 and was expanded to a cost-free 4-dose schedule for all new-borns in 

2004, including birth dose vaccination within 24h of delivery. Scale up of this vaccine series 

has had a profound impact on horizontal transmission in early childhood256, which will 

become apparent in future surveys of the adult population. However, this has made vertical 

transmission proportionally more dominant258. 

Despite a concerted effort in the last decade to improve delivery of birth dose vaccine, 

coverage is not yet perfect, being below the WHO target of 90%. A 2019 study found that 

only 63% of children in Vietnam received birth dose vaccine, with lowest uptake seen in 

poor, rural communities and among ethnic minorities259.  The WHO has stated that among 

countries in the Western Pacific, Vietnam ranks 34/37 in terms of timely delivery of birth 
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dose vaccination and is one of only five countries in which HBsAg prevalence is estimated to 

be greater than 1% among children under 5 years of age193 (infections in this age group being 

a surrogate indicator of the cumulative incidence of chronic HBV).  In a 2021 National 

Action Plan for the elimination of viral hepatitis, the Vietnam MoH cites vaccine hesitancy 

and distribution issues as major obstacles to improving birth dose vaccination rates193.  Recent 

data from Haiphong showed that 13.1% (8.5-18.5) of children of HBV-infected mothers are 

HBsAg positive217. Given the high rates of chronic infection resulting from HBV acquired in 

infancy (>90%)253, more therefore needs to be done to reduce the perinatal transmission 

driving Vietnam’s HBV epidemic.  

Prophylactic antiviral treatment for HBsAg positive expectant mothers in the final trimester 

of pregnancy has been recommended by Vietnam’s MOH since 2014, and tenofovir is now 

covered by health insurance. However, many pregnant women lack this basic cover, and 

antenatal care in rural settings is frequently inadequate, with one study indicating only one 

fifth of rural women receive sufficient core antenatal services according to national 

recommendations260.  

Hepatitis B immunoglobulin (HBIG) is also recommended at birth for all children born of 

HBsAg-positive mothers. However, HBIG is a blood product that requires infection screening 

and a cold chain, making delivery to resource-poor regions problematic. Where available, 

HBIG costs around US$100/dose, which must be fully paid by the parents and access is very 

limited. Even when these preventative measures are implemented appropriately, vertical 

transmission rates from HBeAg-positive women are estimated to range from of 8–30%,261–263 

indicating research into additional interventions is still warranted.  

 

Hepatitis C  

In contrast to HBV, our findings indicate that HCV infection is probably less common in the 

general population than previous estimates suggest. One possible reason for this is that studies 

prior to 2012 were generally limited to measuring HCV antibody - a marker of past HCV 

exposure but not active infection. Estimates for the number of active infections were inferred 

from population studies measuring both antibody and antigen, in which high-risk individuals 

from high-income settings are over-represented264. Given 15-45% of acute HCV infections 
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spontaneously resolve without treatment2, the proportion of antibody positive individuals with 

active infection will be lower in low-risk groups compared to those with repeated exposure, 

such as PWID. Our data illustrate this point, with very low prevalence of active HCV 

infections in general population cohorts, and a high prevalence of active infections in PWID, 

MSM and dialysis patients. The risk of over-estimating prevalence of active HCV infection 

may be greater in LMICs, in which a greater proportion of antibody positive individuals are 

low-risk, and repeat exposure risk is hard to quantify. This has important implications for 

health policy, which is currently insufficiently loaded towards those at highest risk. 

I identified an extremely high prevalence of HCV in PWID, with antibody positivity (72.5% 

[71.4 – 73.6]) 39% higher than global estimates from a 2017 meta-analysis (52.3% [42·4–

62·1])265. PWID represent a key target population for ending the HCV epidemic and are 

estimated to contribute to nearly 40% of disability-adjusted life-years (DALYs) due to HCV 

worldwide8. In Vietnam preventative interventions have been implemented since 2008, 

including opioid substitution therapy, universal antiretroviral treatment (ART) for HIV-

infected PWID, and financing of community-based organisations to deliver harm reduction 

and distribute free syringes191. In 2015 the MOH expanded methadone treatment to at least 30 

provinces to provide treatment for more than 80,000 drug users192. While these initiatives 

have been effective in reducing the incidence of HIV, incidence of HCV seroconversions in 

PWID remains very high194 and I found no significant reduction in HCV antigen prevalence 

in the last decade. 

Accumulating evidence shows that PWID can achieve high cure rates with DAA drugs, 

comparable with other populations266, reducing the risk of onward transmission of HCV in the 

process. In 2019 the government began subsidizing 50% HCV treatment costs for those with 

health insurance. However, many PWID lack coverage and treatment remains expensive - a 

12 week course of sofosbuvir and daclatasvir currently costing US$ 1347141. In 2021 the 

Global Fund committed to providing free DAA therapy to 16,000 HIV/hepatitis C co-infected 

patients at HIV treatment facilities across Vietnam267. This represents a positive step, but 

given less than 50% of HCV antibody positive PWID in our study are co-infected with HIV, 

most won’t be eligible for free treatment through this scheme, highlighting important 

limitations in current global funding. Provision of free HCV screening and treatment for 

PWID would have a major impact on reducing the scale of the HCV epidemic in Vietnam268.  
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My finding of a high prevalence of active HCV infection among patients on dialysis is 

concerning. Given that chronic HCV infection is associated with a range of renal pathologies 

including type 1 membranoproliferative glomerulonephritis, focal segmental 

glomerulosclerosis, and interstitial nephritis, some of these patients may have end-stage renal 

failure because of HCV acquired some years previously. However, given the high rates of 

HCV antigen in this population it is likely many individuals are acquiring HCV from dialysis, 

highlighting a need for improved infection control and an HCV vaccine.   

 

HCV genotypes  

My findings regarding genotype prevalence are broadly consistent with a 2021 meta-analysis 

of HCV genotypes and subtypes in Southeast Asia which found that genotypes 1, 2 and 6 

accounted for 56.1%, 10.6% and 34.6% HCV infections in Vietnam, respectively63. That 

study used different search criteria (including manuscripts in Russian and non-prevalence 

studies) and identified 5 additional studies from Vietnam with HCV genotype data. My 

finding of a relatively higher prevalence of genotype 6 in low-risk individuals is consistent 

with data from previous phylogenetic analyses, which have shown that genotype 6 is the 

endemic lineage, and therefore more likely to be associated with infections acquired through 

one-off exposures decades ago184. In contrast genotype 1a is estimated to have emerged in 

Vietnam as recently as 1963, and appears to be more prevalent is those with more recent high-

risk exposures, such as PWID and CSW. None of the genotype studies were truly cross-

sectional in design, and methodology, geography and sampling date will all have impacted 

these subtype prevalence estimates. Historically the 5' untranslated region (5'UTR) sequences 

of subtype 6e were noted to be indistinguishable from those of genotype 1b such that 

genotyping performed prior to 2010 likely underestimated 6e prevalence in Vietnam. 

 

Hepatitis D 

HDV infection in Vietnam remains poorly characterised. I found just seven studies assessing 

HDV prevalence and most cohorts were small. The largest HDV antibody cohort surveyed 

just 97 HBV infected individuals across five provinces, and the largest RNA cohort included 
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just 250 individuals. Across all studies, only 115 HDV infections were genotyped, with 

genotype 1 appearing dominant.  

The finding that 7.9% (5.9 – 10.7) of individuals with HBV may have HDV co-infection is 

highly skewed by the nature of the cohorts surveyed, with >50% individuals tested for HDV 

antibody coming from PWID cohorts. Globally HDV prevalence is frequently over-estimated, 

as surveys tend to be performed in patients with known HBV infection and liver disease, 

representing the more severe end of the HBV disease spectrum221. Despite a high prevalence 

of HBV in Vietnam, from the limited data available, it appears HDV is not endemic and 

seems to be concentrated in high-risk groups at risk of repeated exposure to blood borne 

viruses. This is in keeping with the HDV distribution in Japan, Hong Kong and parts of 

Europe and quite different to the high community prevalence reported in other parts of Asia 

such as Pakistan222 and Mongolia221.  

HDV is not routinely screened for in Vietnam, partly because of its perceived rarity, but also 

because drugs licensed to treat HDV (PEGylated IFN alfa-2a, PEGylated IFN alfa-2b and 

bulevirtide) are not available. My findings would not support mass screening. However, given 

the high prevalence in individuals with acute hepatitis, I suggest HDV diagnostics should be 

available and HDV should be included in future treatment guidelines. Given the high 

prevalence of HBV in Vietnam, the most effective measure to minimise the impact on HDV 

will be vaccinating high-risk HBV-susceptible individuals against HBV and improving birth 

dose vaccine coverage.  

 

Study strengths & Limitations 

The major strength of this study is in its breakdown of population groups. The significant 

difference in HBV and HCV prevalence between blood donors and other low-risk adult 

populations, highlights the bias inherent in including pre-screened blood donors in prevalence 

estimates. By estimating pooled prevalence of both HCV antibody and antigen I was also able 

to identify the groups most in need of screening and treatment.  

This study has some important limitations. Over 70% of study populations analysed came 

from just three large cities (figure 2-4): Ho Chi Minh City, Hanoi and Hai Phong. While these 

are the most populous cities, this urban focus limits generalisability to the entire country, 
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particularly rural areas where there may be increased risk of community transmission of HCV 

and lower rates of HBV vaccination. In addition, my search was limited to peer-reviewed 

articles retrieved from three databases and published in one of three languages; an expanded 

search including grey literature and non-peer reviewed Vietnamese manuscripts, including the 

aforementioned MoH data193, could strengthen the meta-analysis.  Equally, the lack of 

methodological detail in the grey literature, such as the sampling strategy or disclosure of 

diagnostics, could introduce bias that is harder to quantify. HCVAg testing platforms, in 

particular, vary in their sensitivity for detecting HCV RNA226.    

The quality of studies included was generally good, with Joanna Briggs Institute Systematic 

Review Index scores of 6-9. However, most were not randomized cross-sectional surveys, and 

only 11% (8/72) met all nine quality criteria. Low-risk ‘general population’ groups are at 

highest risk of selection bias, but I mitigated this to some extent by separating adults from 

children and inpatient studies from community surveys. In addition, MSM studies were 

universally high-risk populations attending sexual health clinics or engaged in commercial 

sex work, such that pooled prevalence should not be extrapolated to the wider MSM 

community. Finally, the DerSimonian–Laird random effects model has been criticized for 

producing confidence bounds that are too narrow when the number of studies is small or 

when there are substantive differences among study estimates269. This is because it fails to 

capture uncertainty in estimations of between-study and within-study variance when few 

studies are available for comparison. This is especially relevant to my smallest subgroups, 

such as pooled prevalence of HCV in PWID by region and HDV by population. 

These limitations are important when extrapolating data to the population level. The numbers 

in a meta-analysis such as this can be large, generating prevalence estimates with narrow 

confidence intervals that appear accurate and precise. However, the lack of information 

regarding the sampled populations’ age distribution, gender, ethnicity, occupation and address 

limits the generalisability of findings. A good example of this is the pooled prevalence 

estimate for HCV RNA in ‘low risk populations’ of 0.26% (0.09 – 0.51). This estimate comes 

from just 3 studies (Tran et al 2003, Dunford et al 2012 and Ishizaki et al 2017), which 

included 2166 antenatal patients and 1350 adults in the general population identified through 

non-random consecutive sampling at the involved study sites. Antenatal populations are, by 

definition, young and female and over-represented by individuals living in urban settings with  

good access to healthcare. This estimate therefore likely underestimates HCV prevalence in 
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the low risk adult population of Vietnam. In this respect there is no replacement for large, 

well-conducted serosurveys which use randomised sampling strategies to select more 

representative study populations.    

 

Conclusion 

In this chapter I have shown that although blood safety has improved in Vietnam, and HDV 

appears to be largely confined to high-risk populations, a renewed focus on birth dose HBV 

vaccination and targeted HCV screening and treatment of people who inject drugs, is urgently 

required to meet elimination targets. Larger randomised cross-sectional surveys using high-

quality HBV, HCV and HDV PCR as well as serological markers in both urban and rural 

settings will provide more robust prevalence estimates to inform future hepatitis strategy. 

Likewise, mandatory reporting of newly diagnosed infections to a national database would 

provide incidence and prevalence data in real time. Improved surveillance is a major objective 

of the Vietnam MoH’s 2021 National Action Plan for Elimination of Viral Hepatitis193.  A 

surveillance program was piloted at the National Hospital for Tropical Diseases, Hanoi in 

2017 and expanded to Thai Nguyen Central Hospital (north of Hanoi) and Cho Ray Hospital 

(in HCMC) in 2018. It aims to collect information on risk factors, disease stage and mortality 

from acute and chronic viral hepatitis and hepatocellular carcinoma to further inform 

interventions. The government are committed to further expansion and development of this 

project, which should, in time, reduce reliance on modelled data from small studies of 

variable quality.  
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Chapter 3 

Efficacy of ultra-short, response-guided sofosbuvir and daclatasvir 

therapy for Hepatitis C: a single arm mechanistic pilot study 

 

Background 

As discussed in chapter 1, directly acting antiviral (DAA) therapy for hepatitis C (HCV) 

offers high cure rates (>95%) to those able to adhere to standard durations of treatment. In 

low- and middle-income countries, where treatment is limited to second generation 

NS5A/NS5B-inhibitor combinations, standard treatment is at least 12 weeks. This duration 

presents a barrier to successful engagement in care for some populations170,171, hampering the 

elimination of HCV as a public health threat. Novel treatment strategies are required for 

individuals under-served by existing models of care, such as people who inject drugs and 

those of no fixed abode.  

In Vietnam DAA therapy remains prohibitively expensive for many of those infected. A 

standard twelve-week course of sofosbuvir and daclatasvir (SOF/DCV) was priced at 

US$2417 - 2472 in Ho Chi Minh City in 2019187. Despite the government subsidising 50% of 

drug costs since 2019, the Ministry of Health estimate only 1000 individuals accessed DAA 

treatment through health insurance in 2019, and 2700 in 2020193.  

In 2018 the World Health Organisation called for research into predictive factors for selecting 

persons who could be successfully treated with shorter durations of therapy16, on the grounds 

that this could help expand access to treatment and reduce drug costs. Studies evaluating short 

course therapy are challenging for infectious diseases where there are significant clinical risks 

of failure (e.g. TB, sepsis). However, HCV provides a model where treatment failures can be 

successfully retreated176 allowing exploration of mechanisms underlying successful therapy.  

In chapter 1 I showed how shortened DAA therapy is generally associated with disappointing 

rates of cure (see section on ‘Predictors of response to shortened therapy’), such that it could 

never be recommended routinely. Our 2019 systematic review and meta-analysis of treatment 

optimisation for HCV revealed that for individuals with favourable predictors of 
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response, pooled sustained virological response (SVR) for regimens of ≤4 weeks duration was 

63.1% (95% C.I. 39.9-83.7), 6 weeks duration was 81.1% (75.1-86.6) and 8 weeks duration 

was 94.2% (92.3-95.9)172. However improved rates of cure were seen with an increased 

number of individual-level factors known (or assumed) to be favourable, such as non-

genotype 3 infection, lower body mass index (BMI), lower baseline viral load, mild liver 

disease, absence of prior treatment failure, and a rapid virological response to treatment172.  

Use of rapid virological response may offer a promising means of shortening treatment 

duration while maintaining high rates of cure. Evidence supporting response guided therapy 

(RGT) with DAAs is emerging173,175,176, notably using day 2 (D2) viral load to determine 

treatment duration in genotype 1b infection. In this population, high cure rates were observed 

with just three weeks triple therapy (protease inhibitor (PI), NS5A inhibitor and NS5B 

inhibitor)173. In a UK treatment shortening study, which used 4-8 weeks ombitasvir, 

paritaprevir, dasabuvir and ritonavir based on baseline viral load, all 10 individuals who 

became undetectable at day-3 of treatment achieved first-line SVR12 regardless of treatment 

duration176. There is currently no data for RGT durations less than 8 weeks with sofosbuvir 

and daclatasvir (SOF/DCV), which remains the lowest-priced and most widely available 

treatment option globally141. 

Drug resistance in association with particular viral genotypes and subtypes is also known to 

influence treatment outcome270,271 and may predict who can be treated with shortened therapy. 

Vietnam has a high burden of genotype 6 HCV infection (around 35%)63, which is rare 

outside South East Asia and under-represented in clinical trials. Since genotype 6 is the most 

genetically diverse HCV lineage149, legitimate concerns remain about the potential for 

emergence of resistant variants150.  

Shortening therapy to less than 8 weeks may reveal additional predictors of treatment 

response. The human IFNL4 di-nucleotide polymorphism rs368234815 (ΔG/TT) controls 

generation of the IFNL4 protein and is also associated with impaired clearance of HCV272 and 

inferior responses to pegylated interferon-alpha/ribavirin therapy273 and SOF-based 

treatment274,275. The impact of host IFNL4 genotype in shortened DAA therapy is not well 

understood but merits investigation. It is also unknown how serum levels of SOF, its 

metabolite GS-331007, and DCV might impact treatment success with shortened therapy.  
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The SEARCH study, described in this chapter, is double strata, single arm, mechanistic pilot 

study which aimed to address these research questions. Stratum A, described in this chapter, 

concerns patients with mild liver disease. 

 

Objectives 

1. Test the hypothesis that early on-treatment virological response to treatment with 

SOF/DCV can identify a group of individuals able to achieve high cure rates with 

shortened (4 week) courses of treatment. 

2. Evaluate efficacy of standard duration (12 weeks) retreatment with the same antiviral 

combination (SOF/DCV) in individuals who do not achieve SVR with shortened therapy. 

3. Explore whether genotype 1 and genotype 6 subtypes and associated resistance-associated 

substitutions impact treatment outcomes with shortened therapy. 

4. Explore whether IFNL4 genotype, drug levels or alternative host (age, gender, BMI) and 

viral factors (baseline viral load) impact treatment outcomes with shortened therapy.  

 

 

Methods 

Study population 

Participants were recruited from the outpatient hepatitis clinic of the Hospital for Tropical 

Diseases (HTD) in HCMC, between February 2019 and June 2020. The HTD is a 650-bed 

referral hospital for infectious diseases for southern Vietnam. In 2018, it was estimated 

approximately 1000 patients with viral hepatitis were attending the clinic each day, of which 

approximately 10-15% had hepatitis C. 

For this study, eligible patients were ≥18 years and had chronic infection with HCV genotype 

1 or 6 without evidence of liver fibrosis (defined as a FibroScan® score ≤7.1kPa, equivalent 

to F0-F1 disease)276. In addition, participants were required to be HCV-treatment naïve, have 
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a BMI ≥18kg/m2, a creatinine clearance ≥60ml/min, with no evidence of HIV or Hepatitis B 

coinfection, or solid organ malignancy in the preceding 5 years. Full eligibility criteria are 

provided in the online protocol available at https://doi.org/10.1186/ISRCTN17100273 and a 

graphical representation is shown in figure 3-1.  

Patients referred to the trial were initially enrolled into an observational study at the HTD, 

which involved FibroScan® assessment and genotyping. Individuals in this cohort found to 

be potentially eligible for the trial were invited for further screening. All patients provided 

written informed consent.  

 

Figure 3-1: SEARCH stratum A Eligibility Criteria  

 

  

 

https://doi.org/10.1186/ISRCTN17100273
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Study design 

All participants were treated with sofosbuvir 400mg and daclatasvir 60mg (Pharco 

Pharmaceuticals, Egypt) administered orally as two separate tablets, once daily. Individuals 

requiring dose adjustment for any reason were excluded.  

Treatment duration was determined using hepatitis C viral load measured two days after 

treatment onset (D2). Participants with viral load <500 IU/ml at D2 (after second dose of 

SOF/DCV) were treated with 4 weeks of SOF/DCV. Those with HCV RNA ≥500 IU/ml 

received 8 weeks (figure 3-2). This threshold was taken from the aforementioned Lau 

study173, which had found 100% SVR12 following 3 weeks triple therapy (NS5A-i, NS5B-i, 

PI). A minimum 4-week duration was chosen for this study based on the broader inclusion 

criteria (any subtype of genotypes 1 and 6) and the use of dual class therapy (SOF/DCV - 

NSA5B-i/NS5A-i). 

To determine viral kinetics on treatment (and on occasion of any failure), HCV viral load was 

measured at baseline (day 0) and at all subsequent follow up visits on day 1, 2, 7 and then 

twice weekly until end of treatment (figure 3-2). Visits after end-of-treatment (EOT) were 

scheduled twice weekly in the first month after completion of treatment, and then at 8 and 12 

weeks after EOT. 

 

 

Figure 3-2: Study design 

 

*HCV RNA on day 0, 1, 2, 7, 10, 14, 17, 21, 24, 28, (42, 56), EOT+3, EOT+7, EOT+10, EOT+14, EOT+17, 

EOT+21, EOT+24, EOT+28s, EOT+56, EOT+84 
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The primary endpoint was sustained virological response (SVR12) defined as plasma HCV 

RNA less than the lower limit of quantification (<LLOQ) 12 weeks after the end of treatment 

without prior failure. Failure of first-line treatment was carefully defined to incorporate 

individuals who fully suppressed HCV RNA (<LLOQ) on therapy with late virological 

rebound, as well as those who never fully supressed HCV viral load. In both cases two 

consecutive viral loads >LLOQ, taken at least one week apart, were required to confirm 

failure, with the second >2000 IU/ml. This higher threshold for determining failure was used 

because patients have been observed to achieve cure despite having low-level viraemia at the 

EOT or shortly after. In practice any patient with low-level viraemia <2000 IU/ml either cures 

or viral load rises above this level. This same failure criteria was used in a previous short-

treatment trial and found to be robust176. Once failure was confirmed, participants commenced 

retreatment with standard duration SOF/DCV within 2 weeks (figure 3-2).  

Secondary endpoints were lack of initial virological response (<1 log10 decrease in HCV 

viral load from baseline), serious adverse events (SAE), grade 3/4 clinical adverse events 

(AEs), adverse events of any grade leading to change in treatment (SOF, DCV or any other 

concomitant medication) and adverse reactions (AR). Severity of all AEs and ARs were 

graded using the Common Toxicity Criteria for Adverse Events gradings277. 

 

Sample size justification 

We set a target cure rate of ≥90%, and an unacceptably low cure rate of 70%. Assuming 90% 

power and one-sided alpha=0.05, 37 participants were required to exclude the null hypothesis 

that cure was <90%. Assuming 5% loss to follow-up, and that, based on the study by Lau et 

al173, 65% would suppress viral load <500IU/ml by day 2 and receive 4 weeks (rather than 8 

weeks) of therapy, the final target population was 60 participants, pooling genotypes 1 and 6.  

 

Study assessments 

At each visit patients were assessed by a study doctor. AEs and ARs were recorded and 

graded according to a standardised scale277 and medication adherence and use of healthcare 

facilities were recorded on case report forms.  
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HCV RNA was measured in the hospital using the available commercial platform. At start of 

study (for the first 41 participants enrolled), this was the Abbott Architect® (LLOQ = 12 

IU/ml). This was subsequently replaced with the COBAS AmpliPrep®/COBAS TaqMan® 

HCV Quantitative Test, version 2.0 (Roche Molecular Systems, LLOQ = 15 IU/ml). Standard 

laboratory tests - including full blood count, renal function, and liver function tests – were 

performed in the hospital laboratory at baseline, EOT and EOT+12.  

 

Virus sequencing 

At screening, HCV genotype and subtype were determined using NS5B, Core and 5’ UTR 

sequencing, according to the method described by Chau et.al13. To evaluate the impact of 

HCV subtypes and resistance associated substitutions on treatment outcome, whole genome 

sequencing (WGS) was additionally performed on all enrolled participants’ virus at baseline, 

and upon virological rebound and at start of retreatment in participants who did not achieve 

SVR with shortened treatment. WGS of the HCV viral genome was attained using Illumina 

MiSeq platform as described previously278–281. The de novo assembled nucleotide sequences 

were translated into amino acids and were aligned to H77 HCV reference (GenBank ID: 

NC_038882.1) and the NS5A and NS5B protein regions were extracted.  We only looked for 

RAS that were present in at least 15% of the reads in the sample and had a read count of 

greater than 10.  

We used the Public Health England (PHE) HCV Resistance Group’s definition for resistance 

associated substitutions (RAS)282. For genotype 1 we looked for RASs defined specifically for 

genotype 1 as they are well studied. For genotype 6 we looked for all RASs defined across all 

genotypes, as little work has been done on RASs in genotype 6.   

For DCV we looked for 24R, 28T, 30E/K/T, 31M/V, 32L, 58D, and 93C/H/N/R/S/W in 

genotype 1 infection and additionally looked for 28S, 30R and 31F in genotype 6 infection. 

For SOF we looked for 159F, 237G, 282T, 315H/N, 321A/I in genotype 1 infection and 

additionally looked for 289I in genotype 6 infection274,275.   

In addition to viral sequencing, we evaluated host genetic polymorphisms within the 

interferon lambda 4 (IFNL4) gene of all participants at baseline. Genotyping of IFNL4 
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rs368234815 was performed on host DNA using the TaqMan® SNP genotyping assay and 

primers described previously272 with Type‐it Fast SNP Probe PCR Master Mix (Qiagen). 

 

Pharmacokinetics & pharmacodynamics (PK/PD) 

To assess pharmacokinetics (PK) and pharmacodynamics (PD), we measured the plasma drug 

levels of SOF, its inactive metabolite GS-331007, and DCV at baseline, at day 14 and at EOT 

(day 28 or 56) in all participants. In addition, we conducted intensive drug level sampling in a 

subset of 40 participants, who were sequentially invited to join an ancillary PK study. In this 

subgroup, five samples were collected in each participant after the first dose of SOF/DCV and 

at day 28, according to one of two randomly assigned sampling schedules (A and B). In 

sampling schedule A, drug levels were measured at 0.5, 2, 4, 6, and 24 hours post-dose; in 

sampling schedule B, drug levels were measured at 1, 3, 5, 8 and 24 hours post-dose. 

Drug quantification was performed using liquid chromatography tandem mass-spectrometer 

at Mahidol Oxford Tropical Medicine Research Unit, Bangkok. Two separate analytical 

assays were developed and validated to quantify SOF plus its metabolite GS-331007, and 

DCV, respectively. Full methodological details of PK/PD analysis are provided in appendix 

B. 

 

Statistical analysis 

Primary and secondary outcomes 

Analysis were performed under intention-to-treat (the per-protocol analysis, defined as 

including all participants taking 90-110% of prescribed treatment, was equivalent to the 

intention-to-treat analysis) with an additional post-hoc analysis excluding those who were 

non-G1/6 from WGS. Where possible, proportions and 95% confidence intervals (CIs) were 

estimated from the marginal effects after logistic regression. Where no events were recorded 

and models would not converge, we used binomial exact 97.5% CIs. Absolute HCV VL was 

analysed using interval regression (incorporating censoring at the LLOQ) adjusting for 

baseline HCV VL. Differences between baseline means and medians in 4-weeks cures vs 4-

week failures were analysed with unpaired t-tests and Wilcoxon rank sum tests respectively; 
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differences in proportions were assessed using chi-squared tests or Fisher’s exact tests as 

appropriate. Analyses were performed using Stata v16.1283. 

 

Virus genomics 

Fisher’s exact test was used to test for association between presence and absence of each RAS 

and treatment outcome. To test for association between outcome and number of RAS we used 

logistic regression. 

 

PK/PD 

Intensive drug levels of SOF, its metabolite GS-331007, and DCV from the subset of 40 

patients at day 0 and day 28, together with any EOT samples at day 28, were analysed using 

non-compartmental analysis in PKanalix version 2020R1284. Two separate analyses were 

performed to characterise the pharmacokinetic properties of the study drugs.  

In the first, naïve pooled analyses were performed separately on data from day 0 and day 28 

(not including end of treatment samples) to derive median pharmacokinetic parameters at 

each day. In these analyses, the median concentration at each protocol time were calculated. 

Individual concentration measurements below the LLOQ was set to LLOQ/2 when 

calculating the median values. It was assumed that the participants had no drug concentrations 

at time 0. 

In the second analysis, data from day 0 and day 28 were pooled for each individual. This 

resulted in a full pharmacokinetic profile for each subject, which was analysed with a non-

compartmental approach. The mean value of drug concentrations were used if patients had 

two or more samples taken at the same time point. These derived individual drug exposures 

were used to evaluate the relationship between drug exposure and therapeutic outcome. It was 

assumed that the participants had no drug concentrations at time 0. In this analysis the first 

measurement below LLOQ in a series of LLOQ samples were imputed as LLOQ/2 and the 

later measurements were ignored. In both approaches, SOF samples taken at ≥24 hours post-

dose were excluded. SOF is a prodrug and has a very short half-life of less than 1 hour, which 

make concentrations at 24 hours after dose extremely unlikely285.  



 

 

 

106 

In addition, outcome variables and the relationship between outcome variables and drug 

exposure were evaluated. Additional detail of the PK/PD analysis (performed at MORU in 

Bangkok by my co-investigator Richard Hoglund) is provided in appendix B. 

Ethical approval 

The trial was approved by the research ethics committees of The Hospital for Tropical 

Diseases286, Vietnam Ministry of Health287, Imperial College London288, and Oxford 

University Tropical Research Ethics Committee289. The study’s conduct and reporting is fully 

compliant with the World Medical Association’s Declaration of Helsinki on Ethical Principles 

for Medical Research Involving Human Subjects.290 The trial was registered at ISRCTN, 

registration number is ISRCTN17100273291. 

 

 

 

  



 

 

 

107 

Results 

Baseline characteristics  

Of 455 patients screened, 52 were enrolled and one subsequently withdrew (figure 3-3). Most 

exclusions were on account of either FibroScan score of >7.1kPa (with cirrhotic patients 

enrolled into a parallel study292), or ineligible genotype. 22/51 were initially identified as 

genotype 1 infection and 30 as genotype 6. With the benefit of WGS data, it was confirmed 

that 22 (43%) had genotype 1 infection, 27 (53%) had genotype 6, one had genotype 2 and 

another had genotype 4 infection. The latter two individuals were included in the intention-to-

treat analysis but excluded from a post-hoc analysis of G1 and G6 infections only. 

Recruitment was completed short of the initial target of 60 due to severe COVID-19-related 

restrictions in Vietnam from February 2020. These included clinic closures, travel restrictions 

and repurposing of the HTD as a COVID-19 treatment centre.  

 

Figure 3-3: Screening and enrolment 

 

 

Baseline and clinical characteristics are described in Table 5. One participant, a male with 

genotype 1b infection who was cured with 4 weeks of therapy, had an HCV viral load of 618 

IU/ml on day 0 which may have been consistent with spontaneously resolving acute infection, 
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but could equally reflect fluctuating viraemia. Baseline viral load was >10,000 IU/ml in all 

other participants, who were all assumed to have chronic infection.  

 

Table 6: Baseline characteristics 

 

 

Treatment duration, adherence and efficacy outcomes 

By day two, 34 participants (65%) had HCV viral load below the threshold of 500 IU/ml 

(figure 3-3; table 2), so received 4 weeks of treatment. 18 participants were above the 

threshold at this timepoint, of which one withdrew after 9 days of treatment, meaning 17 

completed 8 weeks therapy. Adherence was good, with 96% completing the full prescribed 

 N/ median  %/range 
Total participants  52  
Age in years  49.5 (25.0, 67.0) 
Female  29 (56%) 
Body-mass index in kg/m2  23.3 (18.7, 30.6) 
   
Genotype 1 22 (43%) 
1a 11  
1b 12 (1 withdrew)  
   
Genotype 6  27 (53%) 
6a 12  
6e 10  
6h 2  
6l 2  
6u 1  
   
Genotype 2(m) 1  
Genotype 4(k) 1  
   
   
Baseline HCV viral load in IU/ml  1,932,775 (618, 

11,200,000) 
HCV viral load – log10 IU/ml (range) 6.3 (2.8, 7.0) 
   
Past medical history:   
Illicit drug use 4 (8%) 
Alcohol dependence (historic; current excluded) 4 (8%) 
Diabetes 2 (4%) 
Hypertension 7 (13%) 
Ischaemic heart disease 1 (2%) 
Tuberculosis 2 (4%) 
Current smoker 18 (35%) 
   
Previous spontaneous clearance of HCV with re-infection 2  (4%) 
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course of SOF/DCV (as assessed by patient reporting and physician pill counting). 18 (35%) 

participants missed at least one visit because of COVID-19-related restrictions. 

Of the 51 participants with outcome data, 38 (75% [95% CI (63, 86)]) achieved SVR12 while 

13 failed therapy and required retreatment. All treatment failures occurred in individuals who 

received 4 weeks therapy, translating to an SVR12 of 62% (21/34; 95% CI (44, 78)) in rapid 

responders who received 4 weeks therapy, and 100% (17/17; 97.5% CI (80, 100)) in slower 

responders who received 8 weeks SOF/DCV (figure 3-4; table 6).  

Of the 13 participants who underwent retreatment, 100% were cured. The mean first-line 

SOF/DCV treatment duration was 37 days (standard deviation, SD 13.7), with a first-line cure 

rate of 75%. The mean (SD) total SOF/DCV duration (i.e. including 12 weeks retreatment 

where required), was 58 (34.2) days per patient, with a 100% cure rate. There was no 

evidence of differences in age, gender, BMI, IFNL4 genotype, transaminases or baseline 

HCV viral load between patients who achieved cure with 4-weeks of treatment versus those 

who experienced treatment failure with 4 weeks of treatment (table 7).  

 

Figure 3-4: Primary outcome, with HCV subtypes 

 

 

All 13 individuals who experience treatment failure with 4 weeks SOF/DCV were cured with                                  

12 weeks SOF/DCV retreatment 
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Table 7: Treatment outcome 

 N/ median  %/range 
Detectable HCV viral load (HCV VL) at day 2 50 96% 
   Abbot  39/41 95% 
   COBAS 11/11 100% 
Median (IQR) HCV VL at day 2 in IU/ml 269 (104, 690) 
   Abbot 217  (101, 690) 
   COBAS 459  (209, 832) 
Below threshold - for 4 weeks therapy 34 (65%) 
   Abbot 31  (66%) 
   COBAS 3 (60%) 
Above threshold – for 8 weeks therapy 18 (35%) 
   Abbot 16 (34%) 
   COBAS 2 (40%) 
Mean (SD) duration of first-line therapy received in days 37 (13.7) 
Mean (SD) duration of all therapy received in days 58 (34.2) 
Median weeks from enrolment to last visit (range) 20 (1, 42) 
   
Primary Outcome   
Outcome available 51  
SVR12 by intention-to-treat analysis and per protocol analysis 38 (75% [95% CI 63, 86]) 
SVR12 by sensitivity analysis (i) [missing results = failure] 38 (73% [95% CI 61, 85]) 
SVR12 by post-hoc analysis (ii) [G1 and G6 only] 37 (76% [95% CI 63, 88]) 
   
   
Secondary Endpoints   
Lack of initial virological response 0 (0% [97.5% CI 0, 7])* 
Serious adverse events 0 (0% [97.5% CI 0, 7])* 
Grade 3/4 clinical adverse events 0  (0% [97.5% CI 0, 7])* 
Non-serious adverse reactions 18 (35% [95% CI 22, 48]) 
Adverse events or reactions leading to change in study medication 0  (0% [97.5% CI 0, 7])* 

 

For each result, I have indicated whether HCV RNA was tested on Abbott or COBAS. No samples were tested on 

more than one platform. 

 

Viral kinetics and timing of treatment failure 

All participants had an initial virological response ((i.e. ≥1 log10 decrease in HCV viral load 

from baseline) (figures 3-5, 3-6). There was no evidence of association between time to 

complete virological suppression (HCV RNA <LLOQ) and treatment outcome (table 7; figure 

3-7). In an exploratory analysis, we estimated first-line cure rates based on suppression below 

the LLOQ at other timepoints which could be used for RGT. At day 7, 9/21 cures and 1/12 

treatment failures (one missed visit) had HCV RNA <LLOQ (p=0.054; table 8), translating to 

90% sensitivity (95% CI [56, 100]) for predicting cure with 4 weeks treatment. However, by 

day 10, 9/21 cures and 9/13 failures had HCV RNA <LLOQ (p=1.00), making a rapid 

virological response 50% [26, 74] sensitive in predicting cure with 4 weeks treatment. HCV 

RNA kinetics in all participants treated with 4 weeks SOF/DCV are shown in figure 3-6, with 
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cures (blue lines) distinguished from those experiencing treatment failure (red lines). Even 

though the numbers are small, this helps illustrate that early on-treatment response alone may 

be of limited value in determining cure with ultra-short therapy.  

Figure 3-5: Mean (95% C.I) HCV RNA (log10) by visit day 

 

Figure 3-6: HCV RNA (log10) kinetics in participants treated with 4 weeks SOF/DCV 
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Figure 3-7: Time to HCV RNA suppression <LLOQ and treatment outcome 

 

D = day; EOT+7 = 7 days after end of treatment 

Since the two HCV assays used in our study have previously been shown to yield different 

HCV RNA results in the same individuals on therapy293, we conducted additional analyses of 
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viral kinetics stratified by platform. We found no evidence of a difference between platforms 

in terms of proportion of participants with undetectable viral load at different timepoints 

(table 6, table 7), or in terms of first phase (day 0 to day 2) or second phase (day 2 to first 

HCV RNA < LLOQ) viral decline on treatment (figure 3-8). However, numbers were small 

meaning we may have lacked power to detect effects.  

All treatment failures occurred during follow-up after EOT. Despite intensive twice weekly 

sampling from EOT to EOT+28d, the earliest virologic rebound occurred 3 weeks after 

completion of therapy (figure 3-9).  

 

 

 

Figure 3-8: Median HCV RNA (log10), by PCR assay, at different timepoints in 

participants treated with 4 weeks SOF DCV 

 

Box plot with range (‘whiskers’ indicating minimum and maximum values in data set), IQR (box indicating Q1 and Q3), and 

median (line within box). (A = Abbott Architect® (LLOQ = 12 IU/ml). C = COBAS AmpliPrep®/COBAS TaqMan® HCV 

Quantitative Test, version 2.0 (Roche Molecular Systems, LLOQ = 15 IU/ml).  
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Figure 3-9: Timing of treatment failure 

 

Treatment failure defined as second of two consecutive viral loads >LLOQ, taken at least one week apart, with the 

second >2000 IU/ml. EOT = End of Treatment. 

 

Table 8: Comparison of baseline factors, drugs levels and virological response in individuals who 

failed to achieve SVR12 with 4 weeks therapy vs those who cured with 4  or 8 weeks therapy 

  4-week cures  
(n=21) 

4-week failures  
(n=13) 

p 8-week cures 
(n=17) 

Host factors     

Male (%)  62%                    38% 0.18  29%  

Mean age 45 48 0.23 55 

Mean BMI 23 23 0.40 24 

Median ALT 54 36 0.10 31 

Median AST 34 28 0.44 33 

IFNL4 delG/TT and TT/TT 
genotypes (rs368234815) 

71% 58% 0.47 69% 

Virus factors     

Median D0 HCV VL 916,000 2,139,258 0.20 4,982,889 

   Abbot 960,913 1,972,841 0.47 4,625,118 

   COBAS 916,000 5,260,000 0.40 4,605,000 

D2 VL <LLOQ 2/21 (10%) 0/13 (0%) 0.51 0% 

   Abbot 2/18 (11%) 0/10 (0%) 0.41 0/13 (0%) 

   COBAS 0/3 (0%) 0/3 (0%) - 0/5 (0%) 

D7VL <LLOQ 9/21 (43%) 1/12 (8%)* 0.054 0% 

   Abbot 8/18 (44%) 1/9 (11%) 0.09 0/13 (0%) 

   COBAS 1/3 (33%) 0/3 (0%) 1.00 0/5 (0%) 

D10 VL <LLOQ 9/21 (43%) 9/13 (69%) 0.17 6% 

   Abbot 8/17 (47%) 8/10 (80%) 0.12 1/10 (10%) 

   COBAS 1/4 (25%) 1/3 (33%) 1.00 0/6 (0% 
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D14 VL <LLOQ 14/21 (68%) 9/13 (69%) 1.00 18% 

   Abbot 11/16 (69%) 6/9 (67%) 1.00 1/11 (18%) 

   COBAS 2/4 (50%) 3/4 (75%) 1.00 1/6 (17%) 

HCV genotype 1 10/21 (48%) 6/13 (46%) 
1.00  

(vs Gt 6) 
6/17 (35%) 

1a 4/21 (19%) 5/13 (38%) 
0.15  

(vs 1b) 
2/17 (12%) 

1b 6/21 (24%) 1/13 (8%)  4/17 (24%) 

HCV genotype 6 10/21 (48%) 6/13 (46%)  11/17 (65%) 

6a 6/21 (29%) 2/13 (15%) 
0.58 

 (vs 6e) 
4/17 (24%) 

6e** 3/21 (14%) 3/13 (23%)  4/17 (24%) 

Resistance associated substitutions    

Median (range) SOF-RAS  0 (0-1) 0 (0-2) 0.76 0 (0-1) 

Median (range) DCV-RAS  2 (0-2) 1 (0-2) 0.17 2 (0-4) 

Median (range) SOF- & DCV-
RAS combined 

2 (0-3) 2 (1-2) 0.12 2 (0-4) 

Drug Exposure (n=37)**** n=15 n=8  n=14 

Median AUClast, SOF  
(h×ng/mL) ***** 

1,250 (594-2,410) 1,170 (496-2,070) 0.975 
1,120  

(755-1,380) 
Median AUClast GS-331007 
(h×ng/mL) ***** 

3,050 (2,190-3,670) 3,920 (2,400-5,140) 0.023 
3,640  

(2,670-4,540) 
Median AUClast, DCV 
(h×ng/mL) ***** 

9,610 (5,020-16,500) 9,720 (4,900-19,900) 0.728 
10,500  

(6,800-12,600) 

*n=12, no HCV VL data for one participant’s day 7 visit 

** h, l and u subtypes excluded from the table/analysis due to small numbers (≤2) 

*** Results presented as median (5th-95th percentile) 

**** Complete d0 and d28 data only available for 37 participants 

**** AUClast is the total exposure to the last time point (8 hours for SOF and 24 hours for GS-331007 and DCV) 

P value represents differences between baseline means and medians in 4-weeks cures vs 4-week failures, analysed 

with unpaired t-tests and Wilcoxon rank sum tests respectively; differences in proportions were assessed using chi-

squared tests or Fisher’s exact tests as appropriate. A p value of <0.05 was considered statistically significant.

  

Whole genome sequencing was attempted on all participants’ virus at baseline, but consensus 

sequences could not be assembled in two individuals (who had low baseline viral load and 

were both cured with first line therapy). This left 50 patients with baseline sequences, of 

which 49 had outcome data.  

We found nine discrepancies between lab genotyping and sequencing-based genotyping. Five 

of these differences were at the level of subtypes for genotype 6 samples, highlighting 

difficulties inherent in classifying this rare and genetically diverse lineage using an amplicon 

approach for genotyping (lab genotyping). Two samples were called 6a/e using lab 

genotyping and whole genome sequencing classified them as 6e. One sample was classified 

as 6e on lab genotyping, but whole genome sequencing showed that it was a genotype 2m 

sample. Whole genome sequencing revealed another patient to have mixed infection with 

genotype 1a and genotype 6a; this had been classified by laboratory genotyping as a genotype 
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6a mono-infection. The individual with mixed infection received 4 weeks of SOF/DCV but 

cure was not achieved, with relapse of the genotype 1a infection. They subsequently 

responded to 12 weeks retreatment. 

We found no evidence of differences between genotypes or subtypes with regards to rates of 

treatment failure (table 7), however the study was not powered for this analysis. Among 

genotype 1-infected individuals, 1/7 subtype 1b infections experienced treatment failure with 

4 weeks therapy compared with 4/8 subtype 1a infections (including the mixed infection case) 

(p=0.15). Among genotype 6-infected individuals, 1/8 subtype 6a infections were not cured 

with 4 weeks SOF/DCV compared with 3/6 subtype 6e (p=0.58), 0/1 subtype 6h and 1/1 

subtype 6l (figure 3-4). 

At baseline, the 159F SOF RAS was identified in one patient, and the 237G putative SOF 

RAS was identified in six patients (figures 3-10 and 3-11). The DCV RAS 24R, 30R, 31M, 

93H and 93S were detected at baseline (figures 3-12 and 3-13).  

In the assessment of SOF RAS (figure 3-10), the one patient who had 159F at baseline failed 

treatment, although this was a minority variant making up 20% of the sequencing reads 

(figure 3-14; black box). 237G was identified as a majority variant in two individuals where 

treatment failed, but was also seen in four individuals who were cured (three received 4 

weeks treatment (figure 3-10).  
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Figure 3-10: All SOF RAS at baseline with treatment outcome 

  

PA33, PA41 etc. represent pseudo-anonymised patient identifiers. SOF-RAS are shown on the x axis. Genotypes 

and subtypes are displayed on the right of the figure. Shade of red/blue indicates percent of reads with specified 

SOF-RAS. 
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Figure 3-11: Proportion of each subtype with each SOF RAS at baseline 

 

 

The most prevalent DCV RAS was 31M, present in 9 participants where treatment failed after 

4 week first-line therapy (figure 3-12, figure 3-13). However, 31M was also found in 13 

individuals cured with 4 weeks treatment, and 13 cured with 8 weeks. The next most 

prevalent RAS was 30R, present at baseline in 3 patients who had treatment failure, in 5 

individuals cured with 4 weeks treatment and in 4 patients cured with 8 weeks treatment. 30R 

RAS was present in 11/12 6a genomes and 1/1 2m genomes but was absent in other subtypes. 

31M RAS was present in 10/11 1a genomes and 12/12 6a genomes and was also found in 

other subtypes. Additionally almost all of the subtype 6a samples carried both 30R and 31M 

RASs while other subtypes did not carry this combination (apart from the 2m sample). 
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Figure 3-12: All DCV RAS at baseline (with treatment outcome) 

 

 

PA33, PA41 etc. represent pseudo-anonymised patient identifiers. DCV-RAS are shown on the x axis. Genotypes 

and subtypes are displayed on the right of the figure. Shade of red/blue indicates percent of reads with specified 

DCV-RAS. 
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Figure 3-13: Proportion of each subtype with DCV RAS at baseline  

 

Viral genomics in participants who did not achieve SVR with shortened therapy 

Among 13 individuals who experienced treatment failure, we compared the emerging viral 

genome with baseline virus (figure 3-14). Full genome sequences could not be assembled for 

three participants at time of virological relapse, however, we were able to generate whole 

viral genomes using samples from the start of retreatment for two of these individuals. No 

new genomes were identified at treatment failure (ruling out any new infections). No new 

SOF RAS were identified on virologic rebound. DCV 28T RAS (not present at baseline) was 

identified in one participant who did not achieve SVR with shortened therapy (see red box 

figure 3-14) as a minority variant at time of virological rebound and start of retreatment (at 

30% and 25% of reads respectively). Given 100% of retreated individuals achieved SVR12 

with standard duration of therapy we found no evidence to suggest this emerging RAS was 

clinically significant. There was no evidence of differences in the number of combined SOF- 

and DCV-RAS at baseline in those who did not achieve SVR with 4 week therapy (median 2, 

range 0-3) vs those who cured with 4 weeks (median 2, range 1-2), (p=0.12) or in those with a 

slower initial virological response, who received 8 weeks (median 2, range 0-4).  
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Figure 3-14: SOF RAS and DCV RAS at baseline, at virological rebound, and at start of retreatment in all participants who did not achieve SVR 1 

with first line treatment. 2 

  3 

PA41, PA46 etc. represent pseudo-anonymised patient identifiers of the 13 participants who did not achieve SVR with shortened therapy. DCV-RAS and SOF-RAS are shown on the left of the 4 
figure. Genotypes and subtypes are displayed at the top of the figure. Each shaded box represents virus sequenced. B = at Baseline, V = when virological rebound identified, R = at start of 5 
retreatment (commenced within 2 weeks of virological rebound). Boxes are absent where sequencing failed. Black boxes indicate 100% reads coding for specified RAS. White boxes indicate 6 
specified RAS was identified in 0% of reads. Gray shades indicate approximate proportion of reads coding for specified RAS. Solid vertical grid lines separate subtypes/genotypes. Solid 7 
horizontal lines separate RAS. Red box (PA13) indicates participant in which 28T SOF-DCV RAS was absent at baseline but detected upon virological rebound and persisted at start of 8 
retreatment. Black box (PA39) indicates participant in which 159F RAS was present at low read frequency at baseline but was absent at time of retreatment (sequencing at time of virological 9 
rebound failed).  10 
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Pharmacokinetics and pharmacodynamics 

Pharmacokinetic parameters derived from the naïve pooled analysis (based on 40 patients on 

day 0 and 37 patients on day 28) are presented in table 8. Exposure after the individual 

analysis as well as outcome measurements are presented in table 9. In the individual analysis 

and the linear regression between outcome measurements and drug exposure, 3 patients were 

excluded as they did not have dense samples collected at day 28 (n=37). In the analysis of 

outcome variables, data from all 40 patients were used. No significant relationship between 

outcome variables and drug exposure was found using linear regression (table 10). 

In the subset of 37 patients who underwent dense PK analysis at day 0 and 28, 23 patients 

received 4 weeks of SOF/DCV and 14 patients received 8 weeks of therapy. There was no 

significant difference between total drug exposure (AUClast) for SOF and DCV in 4 week 

cures (n=15) vs 4 week treatment failures (n=8); (table 7). GS-331007 exposures were 

significantly higher in the patient group with treatment failures (p=0.023) although numbers 

were small. 

 

Table 9: Pharmacokinetic parameters from the naïve-pooled analysis  

  Sofosbuvir GS-331007 Daclatasvir 

  Day 0 Day 28 Day 0 Day 28 Day 0 Day 28 

Cmax (ng/mL) 1,320 1,070 988 1,230 1,170 1,110 

Tmax (h) 1.00 1.00 3.00 4.00 3.00 3.00 

t1/2 (h) 0.670 0.650 9.20 12.4 7.31 8.18 

AUClast (h×ng/mL)* 1,550 1,600 10,500 14,600 11,400 12,400 

AUCINF (h×ng/mL)* 1,550 1,600 12,700 20,400 12,800 14,400 

Cmax is the maximum observed concentration, tmax is the time to reach the maximum 
concentration, t1/2 is the terminal elimination half-life (calculated using the 3-6 last 
concentration measurements, depending on drug and day), AUClast is the total exposure to 
the last time point (8 hours for SOF and 24 hours for GS-331007 and DCV), AUCinf is the total 
exposure extrapolated to infinity.  

*Extrapolation based on the last observed concentration measurement 
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Table 10: Pharmacokinetic exposure from the individual analysis & pharmacodynamic 

parameters 

Pharmacokinetics       

 Sofosbuvir GS-331007 Daclatasvir 

AUClast (h×ng/mL) 
1,140  
(598-2,150) 

3,430  
(2,200-4,720) 

9,770  
(5,080-16,200) 

    

Pharmacodynamics       

AUC (days×IU/mL) 252,000 (19,200-1,370,000)   

t1/2 (days) 2.25 (0.986-5.22)   

%ReductionEnrolment-Day1 99.9 (99.0-100)   

%ReductionEnrolment-Day7 100 (100-100)     

Data is presented as median (5th -95th percentile). AUClast is the total exposure to the last time 
point (8 hours for SOF and 24 hours for GS-331007 and DCV). AUC14 is the area under the 
viral load-time curve from enrolment (day 0) to day 14, t1/2 is the terminal viral half-life 
(estimated using at least three measurements), %ReductionEnrolment-Day1 is the reduction in 
viral load from enrolment to day 1, %ReductionEnrolment-Day7 is the reduction in viral load from 
enrolment to day 7. 

*The half-life could not be determined for one participant due to only one sample above the 
lower limit of quantification. 

 

Table 11: Pharmacokinetic-pharmacodynamic analysis 

Linear 
regression           

 Sofosbuvir GS-331007  Daclatasvir  

 
Slope (95% 

CI) p Slope (95% CI) p 
Slope (95% 

CI) p-value 

Area under the 
viral load-time 
curve 

-157  
(-423 - 109) 0.239 

16.2  
(-74.4 - 107) 0.719 

-14.2  
(-67.1 - 

38.6) 0.589 

Viral elimination 
half-life 

1.55×10-4  
(-8.70×10-4 - 

5.60×10-4) 0.662 

-3.64×10-5  
(-2.74×10-4 - 

2.01×10-4) 0.757 

2.17×10-5  
(-1.16×10-4 

- 1.60×10-4) 0.751 

Relative reduction 
in viral load at day 
1 

1.31×10-6  
(-4.54×10-6 - 

7.16×10-6) 0.652 

2.67×10-8  
(-1.94×10-6 - 

1.99×10-6) 0.978 

2.81×10-7  
(-8.62×10-7 

- 1.42×10-6) 0.621 

Relative reduction 
in viral load at day 
7 

2.53×10-7  
(-2.81×10-7 - 

7.86×10-7) 0.343 

5.09×10-8  
(-1.29×10-7 - 

2.31×10-7) 0.569 

1.44*10-8  
(-9.11×10-8 

- 1.20×10-7) 0.783 
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Safety 

SOF/DCV was well-tolerated and no participants discontinued treatment due to drug side 

effects. 18 participants (35%; 95% CI 22%, 48%) reported at least one non-serious adverse 

reaction. The most common of these were insomnia, gastritis and dizziness, which are all 

consistent with undesirable effects described in the summary of product characteristics of 

SOF/DCV169. There were no serious adverse events or grade 3 or 4 adverse events. 

 

 

Discussion 

In this mechanistic study in individuals with genotype 1 or 6 HCV infection and mild liver 

disease, treated with 4 or 8 weeks of SOF/DCV depending on HCV viral load 2 days after 

starting treatment, overall first-line cure rate was 75% [95% CI (63, 86)], with a mean 37 days 

treatment. This saved 47 days DAA therapy per participant compared with a standard 12 

week course, but cure rate fell below our target of ≥90%. For the secondary endpoint - 

SVR12 after combined first-line therapy or retreatment - cure was 100%, with mean treatment 

duration 58 days, saving 26 days DAAs per participant.  

 

Effect of shortening therapy  

Inferior rates of cure are well described when DAA therapy is shortened below 8 weeks 

without use of early on-treatment virological response, falling below 50% with ≤4 weeks 

therapy without stratification172,294–296. A few small studies have reported high rates of cure 

with shortened therapy based early virological response173,297,298. The only previous RGT 

study to use less than 6 weeks treatment, by Lau et al, found a cure rate of 100% with just 

three weeks of DAA therapy in 18 individuals whose HCV viral load was suppressed below 

500 IU/ml after two days of therapy. This was the same threshold and time point used in our 

study. One important difference was in the treatment regimen, which included a protease 

inhibitor (simeprevir or asunaprevir). Although NS5A- (DCV) and NS5B- (SOF) inhibitors 

rapidly eliminate HCV from the blood, second-phase decline in viral load appears to be 

enhanced by addition of a protease inhibitor299. This may be crucial in sustaining high rates of 
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cure with shortened therapy. Viral kinetics in our participants were broadly similar to those 

observed in patients treated with DCV-containing regimens in the study by Lau et al, with a 

rapid first phase viral decline leading to an approximate 4 log10 IU/ml decline in HCV RNA 

in the first 48h of treatment. However a detailed comparison of viral kinetics is limited by 

differences in sampling schedule, baseline viral loads and the HCV PCR platforms used. 

Another key difference relates to infecting genotypes -all participants in the Lau study had 

genotype 1b infection, compared with just 23% (n=12) in ours. Genotype 1b is associated 

with favourable outcomes with some DAAs compared with other genotypes128,300. Although 

real world 1b outcomes with standard duration SOF/DCV appear similar to other non-3 

genotypes301, subtype may be more important when treatment is shortened.  

 

Role for response-guided therapy with SOF/DCV 

Cure rates with this strategy are too low for it to be routinely recommended. With standard 

duration therapy, SVR12 is known not to be impacted by time to first undetectable HCV 

RNA160 or by the presence of detectable virus at the end of treatment 302. This also appears to 

be true of shortened treatment: in one individual who experienced treatment failure, HCV 

viral load was already <LLOQ by day 7; in five of the 4-week cures, HCV VL was only 

suppressed to <LLOQ virus for the first time at end of treatment (figure 3-7). Comparison of 

4-week cures and 4-week treatment failures indicates that an HCV RNA <LLOQ by day 7 

may be a useful discriminator of 4-week treatment outcome (p=0.054). However, neither day 

10 nor day 28 HCV RNA<LLOQ was predictive of response to shortened treatment. Day-7 

viral load thresholds for shortening DAA therapy are currently being evaluated as part of a 

large ongoing randomised controlled trial in Vietnam303. 

 

A case for 8-weeks SOF/DCV therapy 

Given the high rates of cure observed with 8 weeks of SOF/DCV in participants with a slow 

initial virological response (17/17), there is a case for reducing SOF/DCV therapy from 12 to 

8 weeks in individuals with mild liver disease. Prior evidence for caution regarding 8 weeks 

of SOF/DCV comes predominantly from a small 2015 study in HIV-coinfected individuals136, 

in which 7/10 treatment failures in the 8-week arm received half-dose daclatasvir (30mg) 
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because participants were taking concomitant darunavir–ritonavir. This dose adjustment was 

subsequently deemed unnecessary once drug-interaction data emerged, such that this study is 

likely to underestimate the efficacy of 8 weeks SOF/DCV. More recent studies corroborate 

our finding of >90% cure with 8 weeks NS5A/NS5A inhibitor combination175,297,304. Larger 

trials are warranted to evaluate 8 weeks SOF/DCV therapy for patients with mild liver disease 

(irrespective of speed of virological response). This could save significant costs, particularly 

in countries where pricing is determined per pill rather than per treatment course, such as 

Vietnam, and the USA294,305. 

 

Impact of resistance-associated substitutions and retreatment concerns 

To our knowledge this study is the largest assessment of G6 RAS in vivo with SOF/DCV 

therapy. We hypothesised that a high number of putative RAS at baseline may be associated 

with higher rates of failure with shortened treatment. However, we found no evidence that 

number or type of SOF- or DCV-RAS was different at baseline in 4-week cures compared 

with 4-week treatment failures (table 7, figures 3-10 and 3-12), although numbers were small. 

Additionally, the excellent retreatment outcomes observed (13/13 SVR12) are reassuring, 

particularly for low-resource settings where protease inhibitor-based retreatment options are 

limited. Only one novel RAS was detected after first line treatment failure, and the individual 

concerned achieved SVR with standard duration retreatment, suggesting this was not 

clinically relevant. 

 

Impact of drug levels 

This was the first assessment of the impact of DAA drug levels on efficacy of shortened 

therapy. The inactive SOF metabolite GS-331007 is the main circulating metabolite of SOF 

prior to undergoing renal excretion, and it is frequently used to describe SOF’s 

pharmacokinetics306. We hypothesized that accumulation and slow elimination of GS-331007 

and DCV in vivo might protect against the re-emergence of HCV viraemia. However we 

found no evidence of a difference in AUClast between 4-week cures and 4-week treatment 

failures for SOF or DCV. Total exposure to GS-331007 was higher in treatment failures 

(3,920 (2,400-5,140) vs 3,050 (2,190-3,670) (p=0.023). This was a surprising result, given 
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that SOF and GS-331007 AUCs are near dose proportional over the dose range of 200 mg to 

1200 mg306, and higher day 10 concentrations of GS-331007 have been associated with 

improved rates of cure with SOF/ribavirin treatment307.  Further PK studies are warranted to 

better understand if SOF metabolism impacts treatment outcomes. 

 

Limitations 

This study has important limitations. Firstly it was powered to determine overall cure rate 

with 4- and 8- weeks treatment, rather than outcomes with each duration. It is possible that we 

would have seen patients not achieve SVR with 8 weeks therapy in a larger sample, and our 

cure estimates may therefore be imprecise. Secondly, the participating cohort did not include 

any individuals with HIV, Hepatitis B-co-infection or renal impairment and only 4 

participants reported a history of injecting drug use, of which none were currently injecting. 

These populations are known to have an altered immunological response and constitute an 

important part of the HCV epidemic. Thirdly, in order to identify the timing of failure, the 

protocol required a visit schedule with many more visits than is standard of care, which many 

patients would not be able to follow. Consequently, adherence was very high, which may not 

reflect real world practice.  

Another potential limitation relates to our use of two different HCV RNA platforms which 

have previously been shown to give discrepant results in the same individuals308. The Abbott 

Architect® has a lower LLOQ than the COBAS AmpliPrep®/COBAS TaqMan® and may 

detect HCV RNA for longer on therapy than the COBAS293, though we found no evidence of 

difference in viral decline by platform. With regards to the PK analysis our non-

compartmental analysis of drug levels may not adequately account for drug accumulation of 

sofosbuvir’s metabolite GS-331007 and DCV between day 0 and 28, which was observed 

(see appendix B for more detail).  

In summary our findings indicate that shortened SOF/DCV therapy cures a significant 

proportion of patients with mild liver disease without compromising retreatment with the 

same drug combination in those who do not achieve SVR with first-line therapy. This study 

adds to a growing case for shortening SOF/DCV therapy in individuals with mild liver 

disease from 12 to 8 weeks, and offering retreatment with 12 weeks SOF/DCV when 
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required. Given the small sample size and high exclusion rate in study screening, this 

evidence is not, on its own, guideline changing. However, 8 weeks SOF/DCV treatment does 

now warrant further evaluation (see chapter 6).  

I found no evidence that relatively high numbers of putative resistance associated 

substitutions at baseline were associated with treatment outcomes, suggesting routine 

sequencing at baseline or prior to retreatment remains unnecessary. I also found no evidence 

that drug levels affect virological response or influence treatment outcome. Further work is 

required to understand which factors can reliably predict cure with ultra-short DAA treatment.  
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Chapter 4 

Efficacy of 12 weeks sofosbuvir and daclatasvir therapy for HCV 

genotype 6-infected adults with advanced liver fibrosis 

 

Background 

This chapter concerns the efficacy of SOF/DCV in treating HCV genotype 6 infection in 

patients with advanced liver fibrosis. As shown in chapter 1, table 2, SOF/DCV is one of just 

three pangenotypic regimens recommended by WHO for first-line treatment of adults with 

HCV16, (the others being the NS5B/NS5A combination SOF/VEL and the PI/NS5A 

combination glecaprevir/pibrentasvir). As the lowest priced option, with the most generic 

manufacturers worldwide309, SOF/DCV has become the most widely available treatment. 

SOF/DCV can now be procured through voluntary licences in some LMICs for as little as 

US$60 per treatment course309.  

WHO recommends SOF/DCV for 12 weeks in individuals with mild liver disease, for all 

HCV genotypes and for 24 weeks in individuals with liver cirrhosis, with the caveat that 12 

weeks ‘may be considered in countries where genotype distribution is known and Genotype 3 

prevalence is <5%’16. While high quality clinical trial evidence exists for SOF/DCV in 

Genotypes 1-4138,310–314 , there is little data on the outcomes of DAA treatment in those with 

genotype 5 or 6 infection, particularly those with cirrhosis. This is acknowledged in WHO 

Guidelines which advocate for more research into rare genotypes and subtypes16.  

Genotype 6 accounts for around 5% of HCV infections globally but is a dominant genotype in 

parts of Asia63,315, including Vietnam, where it is responsible for around a third of infections 

nationally, with higher prevalence reported in HCMC63,73,187. With 29 confirmed subtypes (6a 

to 6xf) and 21 unassigned subtypes, it is the most genetically diverse lineage149, raising 

concerns about the potential for naturally occurring resistant variants that may impact 

treatment outcome150.  
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Observational real-world studies suggest rates of cure of genotype 6 infection with SOF/DCV 

are high (>90%)316–320 but may be lower than for genotype 1 or genotype 2 infection, 

particularly in individuals with cirrhosis.317,318 Consequently, up until 2020, the Vietnam 

national guidelines318 and the Asia Pacific guidelines321 diverged from WHO, in  

recommending that ribavirin should be added to the 12-week SOF/DCV regimen in genotype 

6-infected individuals with cirrhosis, or, where ribavirin is contraindicated, 24 weeks of 

SOF/DCV should be given. This is in contrast to sofosbuvir/velpatasvir (SOF/VEL), the other 

WHO-approved DAA regimen available through voluntary licences in LMICs, which is 

recommended for 12 weeks only, without ribavirin, in all guidelines16,318,321. Given the high 

prevalence of genotype 6-infected patients with liver cirrhosis in Vietnam, these 

recommendations had a profound impact of drug procurement, with the Vietnamese MoH 

opting to prioritise SOF/VEL over SOF/DCV. Consequently SOF/DCV prices in Vietnam 

remain some of the highest in the world305. 

 

Table 12: International treatment guidelines in 2018 

 
SOF/DCV SOF/VEL 

Genotype 6 WHO  

201816 

Vietnam MOH 

2016318 

APASL  

2016321 

All guidelines 

Mild Disease 
12 weeks 12 weeks 12 weeks 12 weeks 

Compensated 

cirrhosis 
24 weeks* 

24 weeks 

OR 

12 weeks + 

RBV 

24 weeks 

OR 

12 weeks + RBV 

12 weeks 

Retreatment 
16-24 weeks** 

No specific 

recommendation 

No specific 

recommendation 
16-24 weeks** 

 

*May be considered in countries where genotype distribution is known and genotype 3 

prevalence is <5%, based on assumption that in a population of persons with cirrhosis where 

5% of persons would be infected with genotype 3 HCV, the SVR would be 80% in the 5% 

infected with genotype 3 and 93% in the 95% infected with other genotypes, leading to an 

overall SVR rate of (0.05x0.80)+(0.93x0.95) = 92%. 

**Only recommended in the absence of glecaprevir/pibrentasvir or SOF/VEL/VOX, (based on 

expert consultation). 
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Response-guided Therapy 

In stratum A of the SEARCH study, described in chapter 3, I evaluated the efficacy of ultra-

short, day 2-response-guided SOF/DCV therapy in patients with mild disease. Since liver 

fibrosis is a well-recognised negative predictor of treatment response, shortening treatment to 

less than 12 weeks in is not recommended for patients with liver cirrhosis, irrespective of 

early virological response. Patients with cirrhosis treated with less than 12 weeks of 

SOF/DCV would be expected to have cure rates <90% in non-genotype 3 infections139,322,323 

and <80% in genotype 3 infections314. However, there may still be a role for response guided 

therapy in determining which patients with cirrhosis could benefit from extension of 

treatment beyond 12 weeks (i.e. extending therapy to improve moderate rates of SVR rather 

than shortening therapy to maintain high rates of SVR). This concept was used in the 

PEGIFN era in genotype 1 infections, where improved cure rates were achieved by extending 

PEG-IFNα and ribavirin therapy to 72 weeks in patients who demonstrated slower virological 

responses110. In our meta-analysis of treatment optimisation strategies that attempted to 

improve rates of SVR in the presence of negative predictors of response, we found high 

pooled SVR rates (95.1-98%)  could be achieved in the presence of cirrhosis and/or prior 

treatment failure, compared with other negative predictors of response such as genotype 3 

infection172. In subgroup analyses we found no evidence that addition of ribavirin offers any 

advantage in improving SVR in patients with negative predictors of response (p=0.243). 

Stratum B of the SEARCH study addresses whether high rates of cure can be achieved in 

individuals with genotype 6 HCV-related liver fibrosis, when on-treatment virological 

response, is used to determine whether they receive 12 or 24 weeks of SOF/DCV (without 

need for ribavirin). 

 

 

Objectives 

1. Test the hypothesis that high rates of cure can be achieved in genotype 6 infected 

adults with advanced liver fibrosis by using delayed suppression of HCV RNA by 
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day 14 of SOF/DCV treatment (>500IU/ml) to identify individuals who should be 

treated for longer duration (24 weeks). 

2. Explore whether genotype 6 subtypes and associated resistance-associated 

substitutions impact treatment outcomes with shortened therapy. 

 

 

Methods 

Study population 

As for SEARCH-1 stratum A (chapter 3), participants were recruited from the outpatient 

clinic of the Hospital for Tropical Diseases (HTD) in Ho Chi Minh City, Vietnam between 

February 2019 and June 2020. Eligible patients were 18 years or older, had chronic infection 

with HCV genotype 6 and severe fibrosis or compensated cirrhosis. Severe fibrosis was 

defined as a FibroScan® score ≥10.1kPa, which has been shown to correlate to 

histopathological Metavir score ≥F3324, or a biopsy result consistent with cirrhosis (Ishak 

score >=5/6 or equivalent). Compensation was defined as Child-Pugh Score ≤7. Participants 

were required to be HCV-treatment naïve, have a BMI ≥18kg/m2, a creatinine clearance 

≥60ml/min, and no evidence of HIV or Hepatitis B coinfection, or solid organ malignancy in 

the preceding 5 years. As for stratum A, patients referred to the trial were initially enrolled 

into an observational study which included FibroScan® assessment and genotyping. Eligible 

individuals from this cohort were invited for additional screening. Full eligibility criteria are 

provided in the protocol (available at https://doi.org/10.1186/ISRCTN17100273) and 

summarised in figure 4-1.  

 

 

 

 

 

https://doi.org/10.1186/ISRCTN17100273
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Figure 4-1: SEARCH stratum B Eligibility Criteria 

 

 

 

 

Study design 

Participants were treated with sofosbuvir 400mg and daclatasvir 60mg, administered orally as 

two separate tablets, once daily, with no dose adjustment. Study drugs were procured through 

Pharco Pharmaceuticals, Egypt.  

HCV viral load was measured at baseline and at all subsequent follow up visits. Day 14 viral 

load was used to guide duration of therapy: participants with viral load <500 IU/ml at day 14 

were treated with 12 weeks of SOF/DCV and those with HCV RNA ≥500 IU/ml were to 

                  

   
   

                     

        
       

            

                           

  

           
                     

                    
         



 

 

 

134 

continue treatment for 24 weeks. The timepoint and viral load threshold were adapted from a 

study by Yakoot et al, which used an undetectable viral load at day 14 to determine whether 

genotype 4-infected patients with mild liver disease should receive 8 or 12 weeks of 

treatment175. In that study 48/60 (80%) individuals had HCV RNA < LLOQ at day 14. Since 

our study concerned patients with liver fibrosis, known to experience slower virological 

decline on therapy156, we used a threshold of 500IU/ml at day 14 (the same as that used at day 

2 in the treatment shortening study by Lau et al discussed in chapter 3)173.  

Clinic visits were scheduled on day 0, 14, 28, and monthly thereafter until end of treatment, 

for 12 or 24 weeks depending on day 14 viral load. End of treatment (EOT) follow up visits 

were scheduled for 4, 8 and 12 weeks after the last tablet for all participants. Unlike in 

stratum A, no in-study retreatment was proposed for those experiencing treatment failure.  

 

Endpoints 

The primary endpoint was sustained virological response (SVR12) defined as plasma HCV 

RNA <LLOQ 12 weeks after the end of treatment without prior failure. Failure of first-line 

treatment was defined by the same criteria used in stratum A: i) two consecutive 

measurements of HCV RNA > LLOQ (taken at least one week apart) after two consecutive 

visits with HCV RNA <LLOQ, at any time during follow up, with the latter confirmatory 

measurement also being >2000 IU/ml or ii) two consecutive measurements of HCV RNA that 

are >1 log10 above the nadir on treatment and >2000 IU/ml, at any time. 

Secondary endpoints were lack of initial virological response, serious adverse events, grade 

3/4 clinical adverse events (AEs), adverse events of any grade leading to change in treatment, 

and adverse reactions (AR).  

 

Sample size justification 

We set a target cure rate of ≥90%, with an unacceptably low cure rate of 70%. Assuming 90% 

power and one-sided alpha=0.05, 37 participants were required to exclude the null hypothesis 

that cure <90%. Assuming 5% loss to follow-up, and that, based on pharmacokinetic 
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modelling161, 90% would achieve on-treatment response and receive 12 weeks (rather than 24 

weeks) of therapy, the final target population was 43 participants.  

 

Study assessments 

HCV RNA was measured using molecular platforms locally. At start of study (for the first 26 

participants enrolled), this was the Abbott Architect® (lower limit of quantification (LLOQ) 

12 IU/ml). This was subsequently replaced by the COBAS AmpliPrep®/COBAS TaqMan® 

HCV Quantitative Test, version 2.0 Roche Molecular Systems, (LLOQ 15 IU/ml). HCV 

genotype and subtype were determined using NS5B, Core, 5’ UTR sequencing , according to 

a method described by Chau et.al13 (see appendix B). Assessments during treatment included 

physical examination, standard laboratory testing and serum HCV RNA. Adverse events were 

recorded and graded according to a standardised scale277.  

Whole genome sequencing (WGS) of the target regions of DCV (NS5A) and SOF, (NS5B), 

was performed for all patients at baseline, with a plan to also assess this at time of detection 

of any treatment failures. As in stratum A, for DCV we reported the following RAS 

(according to European Association for the Study of the Liver (EASL) guidelines for 

genotype 6325,326): Q24H, F/L28A/I/L/M/T/V, R30E/H/N/S, L31I/M/V, P32A/L/S/Q/R/S, 

T58A/G/H/N/S, E92T and T93A/H/N/S. For SOF we reported S282G/R/T. 

WGS of the HCV viral genome was attained using Illumina MySeq platform as described 

previously278,327. The sequence reads were aligned with HCV genotype 6 reference sequence 

(GenBank accession no Y12083) and NS5A (sequence position 6,212 to 7,567) and NS5B 

(sequence position 7,568 to 9,340) region was analysed. We reported resistance-associated 

variants present in more than 1% of sequence reads and analysed the sequence for clinically 

relevant, in-vitro, primary and secondary drug resistance mutations. 

 

Statistical analysis 

Analyses were performed under intention-to-treat; a per-protocol analysis included all 

participants taking 90-110% of prescribed treatment. Proportions and 95% confidence 

intervals (CIs) were estimated from the marginal effects after logistic regression where 
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possible, and calculating proportion with binomial exact 97.5% CIs where not. Absolute HCV 

VL was analysed using interval regression adjusting for baseline HCV VL. The proportion of 

participants with undetectable HCV VL at each visit were analysed using binomial exact 95% 

CIs. Analyses were performed using Stata v16.1, primarily by Leanne McCabe (see thesis 

declaration). 

 

 

Results 

Baseline characteristics  

Of 455 patients screened, 41 were enrolled (figure 4-2). Recruitment was completed short of 

the initial target of 43 because of COVID-19 related restrictions in Vietnam from February 

2020. Baseline and clinical characteristics are described in detail in Table 12. All participants 

had severe fibrosis or compensated cirrhosis, with a median FibroScan score of 17.3kPa. 95% 

had the minimum Child-Pugh score. There was a high prevalence of hypertension (44%) and 

diabetes (20%). Only 2 participants had a history of alcohol dependence and no participants 

reported illicit drug use. The most prevalent subtype was 6a (51%), followed by 6e (34%). 

Subtypes 6h, 6k, 6l and 6o were also represented in 1 or 2 participants each.  

 

Treatment duration, adherence to DAA regimen and efficacy outcomes 

By day 14, all 41 participants (100%) had a supressed HCV viral load below the threshold of 

500 IU/ml (Table 2), meaning everyone in the study was to receive 12 weeks of treatment. 

98% participants completed the full prescribed course of SOF/DCV. One participant missed 

three doses of SOF/DCV in total but intention to treat and per protocol analysis were 

identical. Eight participants (20%) missed at least one visit. All 41 participants (100% 

[97.55% CI 91.4; 100]) achieved SVR12.  
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Figure 4-2: Screening and Enrolment 
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Table 13: Baseline characteristics 

Total participants  41  
Age in years  62 (42 – 72) 
Female  29 (71%) 
Body-mass index in kg/m2  25.3 (19.5 – 36.5) 
   
Subtype:   
6a 21 (51%) 
6e 14 (34%) 
6h 1 (2%) 
6k  1 (2%) 
6l 2 (5%) 
6o 2 (5%) 
   
Median FibroScan result (kPa) 17.3 (10.1 – 49.6) 
Severe fibrosis by AASLD* criteria135 (10.1 – 12.5kPa) 10 (24%) 
Cirrhosis by AASLD criteria (≥12.5kPa) 31 (76%) 
Child-Pugh score    
5 39 (95%) 
6 1 (2%) 
7 1 (2%) 
   
Baseline HCV viral load in IU/ml  1,030,000 (6258 – 17, 516,779) 
HCV viral load – log10 IU/ml (range) 6.0 (3.8 – 7.2) 
   
Previous spontaneous clearance of HCV with re-infection 6 (15%) 
   
Past medical history:   
Illicit drug use 0 (0%) 
Alcohol dependence (historic; current excluded) 2 (5%) 
Diabetes 8 (20%) 
Hypertension 18 (44%) 
Ischaemic heart disease 1 (2%) 
Stroke 1 (2%) 
Malignancy 1 (2%) 
Smoking (past, current) 1, 8 (2%, 20%) 
Depression 0 (0%) 
Chronic obstructive pulmonary disease 0 (0%) 
Tuberculosis 0 (0%) 
   
Liver & kidney function:   
ALT in IU/L (range) 61 (19 -216) 
AST in IU/L (range) 56 (25 – 200) 
ALP in IU/L (range) 91 (64 – 249) 
Albumin umol/L (range) 41.6 (30.2 – 47.9) 
Bilirubin umol/L (range) 11.5 (5.6 – 34.3) 
Creatinine Clearance ml/min (range) 76.2 (60.0 – 176.9) 
Platelets K/uL (range) 156  (71 – 282) 
INR (range) 1 (1-1.3) 
N (%) or median (range) presented. 
*AASLD – American Association for the Study of Liver Diseases 
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Viral Kinetics 

Viral clearance was rapid and no patients showed a lack of initial virological response (97.5% 

CI 0%, 9%). By day 7, 25% (10/40) had HCV RNA <LLOQ, rising to 54% (22/41) by day 14, 

90% at 4 weeks, 97% at 8 weeks and 98% at end of treatment (figure 4-3). Mean (95% CI) 

HCV viral load log10 fell from 5.93 (5.69, 6.17) at baseline to 1.20 (1.02, 1.38) at day 14 

(figure 4-4). At end of treatment, one participant had a detectable viral load (HCV RNA 26 

IU/ml, Abbott Architect®) and 2 had detectable virus <LLOQ. All viral loads measured after 

end of treatment follow up were <LLOQ. All viral loads measured after end of treatment were 

undetectable except in one participant who had detectable HCV RNA <LLOQ at 4 and 12 

weeks after end of treatment, and one who had detectable HCV RNA <LLOQ 8 weeks after 

end of treatment. 

 

Figure 4-3: Proportion of participants with HCV viral load (VL) < LLOQ).  

 

EOT, end of treatment. 
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Figure 4-4: Mean log10 hepatitis C virus (HCV) viral load (VL) from day 0 to day 14.  

 

 

Mean log10 HCV VL at each visit: Screening 5.93 (95% confidence interval [95% CI], 5.69–6.17); Enrolment 

5.81 (95% CI, 5.57–6.05); Day 7 1.75 (95% CI, 1.57–1.93); Day 14 1.20 (95% CI, 1.02–1.38). 

 

 

Table 14: treatment outcome 

Detectable HCV viral load (HCV VL) at day 14 19 (46%) 
Median (IQR) HCV VL at day 14 in IU/ml 42 (28, 96) 
   
Below threshold for extended (24 weeks) therapy 41 (100%) 
Above threshold for extended (24 weeks) therapy 0 (0%) 
Mean (SD) duration of therapy received in days 84 (0.4) 
Median weeks from enrolment to last visit (range) 24 (23-25) 
   
Primary Outcome   
Sustained viral response 12 weeks after end of treatment 41 (100%; 91%, 100%) 
   
Secondary Endpoints   
Lack of initial virological response 0 (0%; 0%, 9%) 
Serious adverse events 1 (2%; 0.1%, 13%)* 
Grade 3/4 clinical adverse events 1 (2%; 0.1%, 13%)* 
   
Non-serious adverse reactions 20 (49%; 33%, 64%)* 
Adverse events or reactions leading to change in study medication 0 (0%; 0, 9%) 
   

Where not labelled, data presented as n (%; 97.5% confidence interval) 

*95% confidence intervals 
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Viral genomics 

Whole genome viral sequencing of baseline samples revealed seven distinct RAS to DCV 

(Table 14). The R30S was detected in 100% (14/14) of 6e and the F/L28V RAS were detected 

in 100% of 6h (1/1), 6k (1/1), 6l(2/2). These RAS almost certainly represent the wild type 

(WT) amino acids in these genotypes, but may still provide some resistance to DCV. The 

numbers of 6h, 6k and 6I sequences are low here but when the available sequences on HCV 

GLUE328,329 are analysed (8 sequences for 6h, 1 for 6k and 11 for 6I) F/L28V is present in 

100% of sequences.  

No clinically relevant SOF RAS were detected but the L159F substitution was detected in one 

6a sequence. This substitution has been linked to treatment failure (Table 8). Given there 

were no treatment failures it was not possible to assess the role of these mutations in 

treatment response. In the four participants who exhibited slower virological response, with 

HCV RNA persisting >LLOQ by day 28, one was infected with 6e and 3 had 6a.  We 

detected F/L28V in one of the 6a genomes but the remainder had no apparent RAS. 

 

 

Table 15: Prevalence of genotype 6 RAS in cohort  

Subtype n Daclatasvir RAS detected (n) Sofosbuvir RAS detected (n) 

           6a 21  F/L28V(3); L31M(1)  L159F**(1) 

           6e 14  F/L28V(7); L28M(5);  
R30S(14)*; L31I(1); T93S (1) 

None Detected 

           6h 1  F/L28V*(1) None Detected 

           6k 1  F/L28V*(1) None Detected 

           6l 2  F/L28V*(2);  None Detected 

           6o 2  F/L28V(1); T58A(1) T93S (1) None Detected 

* RAS is considered WT for this genotype.  

** Not considered clinically relevant RAS for genotype 6 but has been shown to be treatment emergent.  

(RAS Definitions from EASL Guidelines 2020134) 
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Safety 

SOF/DCV was well-tolerated and no participants discontinued treatment due to drug side 

effects. 20 participants (49%; 95% CI 33%, 64%) reported at least one non-serious adverse 

reaction consistent with those described in the summary of product characteristics (SmPC) for 

SOF/DCV169. One participant with type 2 diabetes developed symptomatic hypoglycaemia, 

which is a known consequence of DAA therapy due to improved glucose control. There was 

one serious adverse event, a new diagnosis of diffuse large B cell lymphoma, which was 

diagnosed after a new splenic mass was identified on an end-of-study routine ultrasound scan. 

There were no deaths. 

 

 

 

Discussion 

Pangenotypic DAA combinations are not equally efficacious for all HCV genotypes138,314 or 

subtypes271,330 and have lower rates of cure in patients with cirrhosis16. This study provides the 

most detailed dataset to date for the treatment of genotype 6 HCV with SOF/DCV in patients 

with severe fibrosis or cirrhosis.  

Initial virological response was more rapid than has been observed in other study populations 

with cirrhosis159,331,332, with an almost 5-log drop in mean viral load after 7 days of therapy. 

Previous studies in HCV kinetics have shown a biphasic viral decline in response to DAA 

therapy, characterised by a rapid 3-4 log viral decline from 12-48h, followed by two slower 

phases from day two onwards333. Slower viral clearance rates from blood have been 

associated with Child Pugh scores ≥7, and liver stiffness measurements ≥21 kPa332. This 

phenomenon is variously thought to reflect impaired drug delivery in the context of reduced 

hepatic blood flow and portal systemic shunting in advanced liver disease, altered drug 

metabolism, and/or a compromised immune response. Participants in this study were well-

compensated (95% Child Pugh score = 5) with a median liver stiffness of 17.3kPa which 

likely explains the rapid virological responses observed. 
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The high cure rate observed is consistent with real-world studies317,318. In the largest published 

cohort of genotype 6-infected individuals treated with SOF/DCV, from Phnom Penh in 

Cambodia, among 1292 patients with a mixture of mild disease and cirrhosis, 95.9% (95% CI 

[94.7; 96.9]) of patients with a known treatment outcome achieved SVR12 with 12 weeks 

SOF/DCV (without ribavirin)317. A separate analysis from the same study, restricted to 

patients with compensated cirrhosis (59.7% genotype 6), found a 98.1% cure rate (95% CI 

[97.5; 98.6]) with this regimen. In Vietnam, 1111/1148 (96.8%) of individuals with genotype 

6 infection treated with either SOF/DCV or SOF/ledipasvir achieved SVR with 12 weeks of 

therapy. Liver fibrosis did not influence outcome.   

The added evidence from this study is relevant to current treatment guidelines. Firstly, in 

most LMICs, SOF/DCV is cheaper than SOF/VEL and easier to procure. There are five WHO 

prequalified generic suppliers for SOF and three for DCV, contrasting with just one supplier 

of the SOF/VEL combination309. Three DCV products have been registered in Vietnam since 

the fourth quarter of 2019, which may lead to further decline in DCV price in the future309. 

Data showing high cure rates after 12 weeks treatment duration will promote its use. 

Secondly, ribavirin has a problematic side effect profile. It is teratogenic and causes anaemia, 

so that patients taking it must be monitored for signs of toxicity. International guidelines 

recommend non-ribavirin based treatment where possible16,325 and data supporting its 

obsolescence in the treatment of HCV will be welcomed.  

Thirdly, 12 weeks of DAA treatment is cheaper than 24 weeks. In Vietnam DAAs remain 

expensive, with a 12-week course of SOF/DCV currently priced at $1347309. When the 

additional laboratory tests and healthcare visits involved in long course therapy are factored 

in, savings are likely to be substantial309.  

Finally, given that WHO recommends that 12 weeks of SOF/DCV treatment “may be 

considered for patients with cirrhosis, in countries where genotype distribution is known and 

genotype 3 prevalence is known to be <5%”16, this data could negate the need for costly 

genotyping altogether in countries such as Vietnam, where genotype 3 prevalence is around 

0.5%187. As well as driving down the cost of treatment, this would also help decentralise 

hepatitis care, ending the reliance on well-resourced laboratories that offer genotyping.    
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In the absence of slow treatment responders or treatment failures, it is not possible to draw 

conclusions from this study regarding a role for response-guided therapy. However, while the 

cost of viral load testing (currently $20-50 in Vietnam) remains well below the cost of drugs, 

RGT has the potential to provide huge financial savings and appears worth pursuing.  

RAS are not well understood in HCV genotype 6, particularly for non-6a subtypes. Six 

different genotype 6 subtypes were represented in this study (6a, e, h, k, l, o). Most RAS are 

reported with reference to RAS in other HCV genotypes. We found that several 

polymorphisms previously reported as RAS for genotype 6 as a whole that are actually WT in 

some genotype 6 subtypes and their contribution to resistance remains unclear. It has been 

shown that certain understudied subtypes such as 4r and 3b are inherently resistant to NS5A 

inhibitors and in-vitro studies have shown that certain genotype 6 subtypes may be inherently 

resistant to NS5A inhibitors150. There was no obvious contribution of RAS to treatment 

outcomes in this study. However, further clinical studies may be needed to elucidate the role 

of RAS in genotype 6 infections, especially in the context of other negative predictors of 

treatment response, such as decompensated cirrhosis172.  

In terms of safety, SOF/DCV was well-tolerated. No patients stopped treatment on account of 

drug side effects. However, non-severe adverse reactions typical of those described in 

SOF/DCV SmPC, such as dizziness and gastritis, were reported by nearly half the study 

population. One participant had a serious adverse event: a new splenic mass detected by 

ultrasound at end of study, which was ultimately diagnosed as B-cell lymphoma.  B-cell non-

Hodgkin’s lymphoma is a typical extrahepatic manifestation of chronic HCV, and emergence 

after HCV eradication with DAA therapy has also been described334. Three participants were 

noted to have low levels of detectable virus at end of treatment and all achieved SVR12. In 

clinical practice, routine testing for HCV RNA at end of treatment is not recommended but 

this supports recent data showing treatment prolongation is not indicated in this scenario158,302. 

 

Limitations 

Our study has important limitations. Stringent eligibility criteria meant that only 6% of 

patients screened were enrolled, which could affect the generalisability of our results. The 

participating study population did not include any people who inject drugs, or individuals 
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with HIV, Hepatitis B co-infection, or renal impairment. These are important groups which 

characterise the global HCV population. Adherence was very high and may not reflect real-

world practice. 

Furthermore, only 31 participants had cirrhosis by AASLD criteria135. We did not include 

patients with decompensated cirrhosis and all but two of the individuals with cirrhosis had the 

minimum Child- Pugh score. Treatment outcomes in individuals with decompensated 

cirrhosis are inferior to those in seen in compensated disease317,318. In Cambodia, only 66.3% 

(95% CI [60.2, 72.0] of patients with decompensated cirrhosis who initiated SOF/DCV 

treatment achieved SVR12, despite 24 weeks of treatment.  

 

Conclusions 

Overall, given that this study population is typical of the population attending the outpatient 

clinic at a large tertiary referral hospital, in terms of age, comorbidities and viral genotypes, 

and that all participants were confirmed to have severe liver fibrosis (with a median 

FibroScan score of 17.3kPa), our findings are likely generalizable to genotype 6-infected 

individuals with compensated cirrhosis. The optimum treatment duration of SOF/DCV in 

decompensated disease remains uncertain. 

In summary this study suggests that excellent outcomes are achievable with 12 weeks of 

SOF/DCV in the treatment of HCV genotype 6 in individuals with compensated cirrhosis. 

Further research is required to further assess the utility of early virological response in 

shortening therapy, and the role of genotype 6-associated RAS in treatment response. 
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Chapter 5 

Performance analysis of post-treatment changes in liver 

transaminases in detecting HCV treatment failure  

 

Background 

To confirm cure from Hepatitis C virus (HCV) infection, the World Health Organisation 

(WHO) recommends qualitative or quantitative nucleic acid testing for HCV RNA 12-24 

weeks after direct acting antiviral (DAA) therapy to confirm sustained virological response 

(SVR)16. This has been shown to be a durable measure of cure335, associated with significant 

reduction in all-cause mortality336–338.  However, nucleic acid testing is often expensive, 

particularly in resource-limited settings which shoulder the highest burdens of disease. For 

example, in Vietnam, public sector HCV RNA testing is currently priced at US$37-90188 per 

test. While the price of generic DAA drugs is falling305, the high cost of lab investigations 

continues to make HCV treatment prohibitively expensive for many of those infected339. 

Nucleic acid testing also involves significant technical expertise, requiring that samples are 

transported across the country to specialised laboratories. This impedes scale up and 

decentralisation of HCV care. In updated guidelines published in 2022, WHO calls for more 

efficient and simplified hepatitis diagnostics that could benefit marginalized populations, such 

as persons who inject drugs, and communities under-served by existing models of care with 

high rates of loss to follow-up17. Alternative surrogate biomarkers merit evaluation. 

The liver enzymes alanine aminotransferase (ALT) and aspartate transferase (AST), 

measurable in blood, are non-specific markers of liver inflammation which are simple and 

relatively cheap to test in local facilities. Elevated pre-treatment ALT levels have been 

associated with slower virological response298 and pre-treatment levels of both enzymes have 

been associated with failure to achieve SVR340, though neither are reliably predictive of 

treatment outcome. Levels of both enzymes decline on therapy102,341,342and, in the pre-DAA 

era, a ‘sustained biochemical response’ was used as a surrogate for SVR102,342. Elevated ALT 
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levels (greater than upper limit of normal) at EOT and EOT+12 weeks have also been 

associated with DAA treatment failure343,344. In one study, patients were 14% less likely to 

achieve SVR12 for each one unit increase in ALT at end of treatment versus baseline343. I 

found no published data evaluating how changes in ALT and AST after EOT relate to DAA 

outcomes or their sensitivity for detecting treatment failure. 

Experimental treatment-shortening trials, such as SEARCH stratum A described in chapter 3, 

have reported cure rates <80%. This relatively high rate of treatment failure provides an 

opportunity to compare biomarker responses in individuals who achieve SVR versus those 

that do not. In this chapter I describe changes in ALT and AST observed after 4 or 8 weeks 

SOF/DCV therapy in SEARCH stratum A. Based on my findings, in a separate population 

from a larger UK-based short course therapy trial (n=202) I test the hypothesis that any 

elevation in ALT or AST between EOT and EOT12 is a sensitive marker of treatment failure.   

 

Objectives 

1. Describe changes in ALT (ΔALT) and AST (ΔAST) from EOT to EOT+12 weeks in 

patients that achieve SVR with 4-8 weeks SOF/DCV therapy compared with those 

experiencing virological rebound (treatment failure).  

2. Compare ALT and AST levels at baseline, EOT and change from baseline to EOT in 

patients who cure versus those who experience treatment failure  

3. Evaluate sensitivity, specificity, positive predictive value and negative predictive value of 

a change in ALT > 0 IU/L and a change in AST > 0 IU/L versus gold standard HCV RNA 

testing at EOT+12 weeks.  

4. Replicate the analysis in a larger, independent study population with different genotypes, 

patient demographics and DAA therapy.  

 

 

 



 

 

 

148 

Methods 

Since this work is a retrospective  diagnostic accuracy study, I have reported according to 

STARD 2015 essential items checklist345, which is provided in appendix C. STARD was 

initially conceived in 2003 with an objective of improving the completeness and transparency 

of reporting of studies of diagnostic accuracy. It allows readers to assess the potential for bias 

in the study (internal validity) and to evaluate its generalisability (external validity). It was 

last updated in 2015 and is a publishing requirement of all major journals. 

 

SEARCH Stratum A 

SEARCH Stratum A is described in detail in chapter 3. In summary, genotype 1- or 6- 

infected adults with mild liver disease (FibroScan score ≤7.1kPa) received 4 or 8 weeks of 

SOF/DCV therapy according whether HCV RNA was below or above 500 IU/ml after two 

days treatment. HCV RNA was measured at regular intervals until end of follow up (EOT+12 

weeks) or until treatment failure if it occurred first (figure 5-1). Of 52 adults recruited, 34 

received 4 weeks SOF/DCV, 17 received 8 weeks, and one withdrew. SVR12 was achieved in 

38/51 (75%). 13 (25%) experienced virological relapse (between 21 and 84 days after EOT) 

and commenced retreatment within 2 weeks. All 13 participants who did not achieve SVR 

were determined to have virological relapse rather than reinfection on whole genome 

sequencing.  

ALT and AST were measured at baseline and at EOT in all participants, at start of retreatment 

in those with virological relapse, and at EOT+12 in those without evidence of treatment 

failure. I analysed change in ALT and AST from EOT to EOT+12 (ΔALT and ΔAST) in 

participants who cured, and from EOT to retreatment day zero (RTD0) in participants who 

did not achieve SVR. I chose to exclude patients with ALT or AST greater than twice the 

upper limit of normal (>2xULN) at EOT on the basis that this would ordinarily prompt HCV 

RNA testing145.  I calculated median ΔALT and ΔAST (and interquartile ranges) in patients 

according to whether their treatment was successful or unsuccessful, and used Wilcoxon’s 

Rank Sum test to compare outcomes. I also compared enzyme levels at baseline, EOT and 

decline on treatment, and performed genotype-specific analysis. I evaluated sensitivity and 
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specificity of any increase in ALT (ΔALT >0 IU/L) or any increase in AST (ΔAST>0 IU/L) 

compared to gold standard of HCV RNA >LLOQ at EOT+12 (or nearest available timepoint). 

On the basis of results from this analysis I proceeded to evaluate the performance of an 

increase in ALT and AST after EOT in detecting treatment failure in a second study 

population.  
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Figure 5-1: SEARCH Stratum A flow diagram 

 

 

Of 52 adults enrolled, 34 received 4 weeks SOF/DCV, 17 received 8 weeks and one withdrew. SVR12 was achieved in 21/34 (62%) treated for 4 weeks, and 17/17 (100%) treated for 8 weeks, 

equating to 38 cures and 13 treatment failures overall. LFT data were available for 48 participants (35 cures and 13 treatment failures). ΔALT was calculated as change in ALT from EOT to 

EOT+12 weeks in those without evidence of treatment failure during EOT monitoring (cures; n= 35), and from EOT to retreatment day 0 (RTD0) in those experiencing virological rebound 

during EOT monitoring (n=13). Timing of RTD0 lay between EOT+6weeks and EOT+14weeks in the 13 participants who did not achieve SVR with shortened treatment. 
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STOPHCV1 

STOPHCV1 was a randomised trial, conducted across 14 UK NHS Hospital Trusts from 

2016-2018, which assessed variable ultrashort-course DAA treatment (4 to 8 weeks therapy 

based on pre-treatment viral load according to a continuous scale) versus 8 weeks fixed 

duration therapy for chronic HCV infection295. The DAAs used were 

ombitasvir/paritaprevir/ritonavir +/- dasabuvir depending on infecting genotype, +/- ribavirin 

(1:1). Towards the latter half of recruitment ombitasvir/paritaprevir/ritonavir +/- dasabuvir 

was replaced with glecaprevir/pibrentasvir.  

As in the SEARCH-1 study, participants were followed closely after EOT, with viral load 

testing 2, 4, 8, 12 and 24 weeks after EOT (figure 5-2). Any patients with confirmed 

virological rebound were retreated as soon as practicable with 12 weeks sofosbuvir 

400mg/ledipasvir 90mg once-daily, and weight-based oral ribavirin. Full details are available 

in the original article295. HCV RNA was tested on the platform available in local NHS labs, 

which included Cobas Amplicor v2, Abbott Realtime, Aptima QuantDX and Roche CAP-

CTM. 

Of 199 individuals who remained under follow up until EOT week 12, SVR12 was achieved 

in 141, with 58 individuals experiencing virological rebound at or before this timepoint. ALT 

and AST were tested on local NHS lab platforms at baseline and EOT in all participants, and 

at start or retreatment or EOT+12 in those with or without evidence of virological rebound, 

respectively. I tested the hypothesis that ΔALT >0 IU/L and ΔAST >0 IU/L from EOT to 

EOT+12 weeks (or nearest available timepoint), would have a high sensitivity for detecting 

treatment failure, with a high negative predictive value. 
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Figure 5-2: STOPHCV1 flow diagram 

 

204 participants were enrolled. Two individuals were randomised in error, leaving 202 participants. 100 were randomised to receive variable ultrashort-course treatment with 

ombitasvir(OBV)/paritaprevir(PTV)/ritonavir(r) +/- dasabuvir(DSV) (49 with ribavirin and 51 without ribavirin), and 102 were randomised to receive 8 weeks fixed-dose therapy with the same 

antivirals (51 with ribavirin and 51 without ribavirin). Three individuals were lost to follow up and one experienced an increase in ALT on treatment >2xULN so was excluded from this analysis. 

Of the remaining 196 participants, 139 achieved SVR12 and 57 experience virological rebound during EOT follow up, commencing retreatment with sofosbuvir and ledipasvir as soon as 

possible. ΔALT was calculated as change in ALT from EOT to EOT+12 weeks in those without evidence of treatment failure during EOT monitoring (cures; n= 139), and from EOT to RTD0 in 

those with virological rebound (treatment failure; n=57). Timing of RTD0 lay between EOT+7weeks and EOT+42weeks in the 57 participants who did not achieve SVR with shortened treatment.
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Statistical Analysis 

In each study I plotted ALT and AST at baseline, EOT, and EOT+12 (or retreatment day 0 in those 

who experienced virological rebound). For STOPHCV1, in which participants received a variable 

number of days of antiviral therapy, I categorized treatment duration in weeks (+/- 3 days), such that 

individuals who received 31 days were labelled as receiving 4 weeks DAA (4 weeks +3 days), while 

those who received 32 days were labelled as receiving 5 weeks (5 weeks -3d) . I calculated median 

ΔALT and ΔAST and interquartile range in cures vs failures and used Wilcoxon Rank Sum test to 

compare outcomes. A p-value <0.05 was considered significant. I compared baseline and EOT ALT 

and AST in cures vs treatment failures in the same way. 

I chose to assess the performance of ΔALT or ΔAST >0 IU/L for assessment in STOPHCV1, as the 

most logical and pragmatic value (i.e. ‘any increase’). Evaluation of sensitivity and specificity 

included all available data for the relevant outcomes. Performance is presented with the corresponding 

binomial exact 95% confidence interval (95%CI). I calculated positive and negative predictive values 

for the observed results, and adjusted for a lower prevalence of treatment failure observed with 

standard durations of therapy (5%). I calculated area under receiver operator curves (AUROC) for 

both liver enzymes. Finally, I conducted a post-hoc analysis of ΔALT and ΔAST by infecting 

genotype. In SEARCH-1, in which genotype 6 was predominant, I stratified by genotype 6 and non-6 

genotypes. In STOPHCV1, in which 99% of the study population had genotype 1 infection, I 

stratified by genotypes 1a and 1b. All data were analysed using Stata (version 14.2, StataCorp, Texas, 

USA).  

 

 

Results 

Baseline characteristics 

Patient characteristics at enrolment for each study are shown in table 15. The SEARCH-1 population 

was made up entirely of Vietnamese adults, with a higher proportion of female participants (56%) and 

genotype 6-infected individuals (53%). HIV positive individuals were excluded and only 8% reported 

current or recent illicit substance abuse. In contrast the STOPHCV1 population was predominantly 

male (69%), of white ethnicity (87%) with genotype 1a predominating (82%). 32% reported current 

or recent illicit substance abuse and 34% were HIV co-infected. Both study populations had mild liver 

disease: median FibroScan scores were 6.0kPa and 4.9kPa in SEARCH-1 and STOPHCV1 
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respectively. In both study populations, mean and median ALT and AST levels were within the 

normal range. 

Table 16: Participant characteristics at enrolment in SEARCH-1 and STOPHCV1  

 
SEARCH-1 (VN) STOPHCV1 (UK) 

Total participants 52 202 
Age (years) 49.5 (39.5, 59.0) 45.5 (37.5, 53.0) 
Female at birth 29 (56%) 62 (31%) 
Weight 55.4 (51.5, 64.9)  

 
74.0 (66.0, 84.6) 

BMI (kg/m2) 23.3 (20.8, 25.1) 24.9 (22.2, 27.2) 
White ethnicity 0 (0%) 176 (87%) 
Vietnamese Asian 52 (100%)  
Enrolment HCV viral load (IU/ml)  
(n=199 in STOPHCV-1) 

1,932,775  
(618, 11,200,000) 

741,946 
(249,097,1872136) 

HCV genotype/subtype:   
 

              1a 11 (21%) 166 (82%) 
              1b 12 (23%) 34 (17%) 
              2 1 (2%) 0 (0%) 
              3 0 (0%) 2 (1%) 
              4 1 (2%) 0 (0%) 
              6 27 (53%) 0 (0%) 
   
HIV coinfected 0 (HIV excluded) 68 (34%) 
Fibroscan result (kPa) 6.0 (5.0, 6.6) 4.9 (4.2, 5.8) 
   
ALT (IU/L) 39 (26, 66)  52 (34, 87) 
AST (IU/L) (n=189 in STOPHCV-1) 32 (25, 47)  38 (30, 57) 
   
Current/recent alcoholism/alcohol abuse 4 (8%) 13 (6%) 
Current/recent illicit substance abuse 4 (8%) 64 (32%) 
Treated with sofosbuvir + daclatasvir 52 (100%) - 
Treated with paritaprevir + ombitasvir + dasabuvir - 198 (98%) 
Treated with paritaprevir + ombitasvir - 2 (1%) 
Treated with glecaprevir + pibrentasvir - 2 (1%) 
   
Withdrew or lost to follow up before EOT 1 3 
ALT data not available 3 2 
AST data not available 3 22 
ALT or AST >2xULN at EOT warranting exclusion 0 1 
Total number with ΔALT analysed 48 (92%) 196 (97%)* 
Total number with ΔAST analysed 48 (92%) 173 (86%) 
Timing of RTD0 in treatment failures (weeks from EOT) 10 (6,10) 11 (8, 13) 
 

Note: showing n (%) for categorical factors, or median (IQR) for continuous factors. Missing data indicated by denominators 

in the row label. *3/135 individuals had EOT24 ALT data but no EOT12 ALT data. 
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SEARCH-1  

Of 52 patients treated with SOF/DCV in SEARCH-1, 48 (92%) had liver function test data available 

for analysis (figure 5-3; table 15). All 48 of these individuals experienced a reduction in ALT and 

AST on treatment, as demonstrated in the spaghetti plots of ALT in figure 5-4, so all were included in 

the analysis.  

ΔALT and ΔAST from EOT to EOT12 (or RTW0 for participants who experienced treatment failure 

prior to EOT12) are shown in figure 5-4 box and whisker plots. All 35 participants who achieved 

SVR12 had ALT and AST data from EOT12. For the 13 treatment failures, ALT and AST data was 

from median 10 weeks after EOT (IQR = 6, 10). Median (IQR) ΔALT from EOT to EOT+12 weeks 

was -2 IU/L (-6.0, +2.0) in individuals achieving SVR12 and +17 IU/L (+7.5, +38.0) in those who 

experienced treatment failure (p<0.001). Median (IQR) ΔAST was -1 IU/L (-3.0, +1.0) in cures and 

+12 IU/L (+6.0, +16.0) in treatment failures (table 16). We found no evidence of a difference between 

baseline ALT or AST, EOT ALT or AST, or change in ALT or AST from baseline to EOT between 

cures and treatment failures (p>0.28; table 16).  
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Figure 5-3: STARD diagram for flow of participants through SEARCH-1 

 

 

Study population was treatment naïve adults with chronic HCV infection referred to study screening from the HTD, HCMC. 
Index test = ΔALT >0IU/ml or ΔAST >0IU/ml. Reference standard = HCV RNA >LLOQ at EOT+12 weeks. LLOQ – lower limit of 
quantification; EOT12 – end of treatment +12 weeks; RTW0 – retreatment week 0. True positive indicates HCV RNA >LLOQ 
at EOT+12 weeks (treatment failure) and ΔALT >0IU/ml. False positive indicates HCV RNA <LLOQ) at EOT+12 weeks (SVR12) 

but ΔALT >0IU/ml. True negative indicates HCV RNA <LLOQ at EOT+12 weeks (SVR12) and ΔALT <0IU/ml. False negative 
indicates HCV RNA >LLOQ at EOT+12 weeks (treatment failure) but ΔALT <0IU/ml. 
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Figure 5-4: Serial ALT in cures (blue lines) and treatment failures (red lines) in participants 

from SEARCH-1  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5-5: ΔALT and ΔAST in cures and treatment failures in all participants from SEARCH-

1 (n=48) 

 

 

 

 

 

 

 

 

 

 

 

‘Box plot with range (‘whiskers’ indicating minimum and maximum values in data set), IQR (bottom of box indicating Q1 

and top of box indicating Q3), and median (line within box). Maximum ΔALT and maximum ΔAST recorded in same 

participant.  

 

 

SEARCH-1: 4 weeks DAA therapy             SEARCH-1: 8 weeks DAA therapy 

Late rise in ALT in one 

participant with late 
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Table 17: Performance of ΔALT >0 and ΔAST >0 vs HCV RNA at EOT week 12 in SEARCH-1 

SEARCH-1 (n=48) 
 

HCV RNA >LLOQ at EOT12/RTW0 
(treatment failures) 

HCV RNA <LLOQ at 
EOT12(cures) 

p  

Timing of ALT & AST in weeks since 
EOT (median [IQR]) 

10 (6, 10) 12 (12, 12)  

ALT 

       Δ  T (IQR) from EOT to 
EOT+12 

+17 (+7.5, +38) -2 (-6, +2) <0.001 

       Δ  T       genotype 6 +12.5 (+5.5 - +95) -2.5 (-7.25 - +1.25) <0.001 

       Δ  T       non-6 genotype  +22 (+12 - +38) 0 (-3 - +2) <0.001 

             w    Δ  T    12 12 

 

             w    Δ  T ≤   1 23 

S      v  y (95%  . ) Δ LT >0 92% (64.0 – 99.8) 

 Sp   f    y (95%  . ) Δ LT >0 66%  (48 - 81) 

AUROC (95% C.I) 0.95 (0.87 - 1.00) 

Baseline ALT 36 (24 - 41) 48 (24 - 76) 0.275 

EOT ALT 13 (10 - 15.5) 13 (11 - 22) 0.464 

Decline in ALT from baseline to EOT -19 (-28.5, -15) -28 (-49, -11) 0.437 

AST 
       Δ ST (IQR) from EOT to 
EOT+12 

+12 (+6, +16) -1 (-3, +1) <0.001 

       Δ ST (IQR) genotype 6 +12 (7 - 74.5) -1 (-4 - 1.8) <0.001 

       Δ ST (IQR) non-6 genotype  +12 (5 - 14) -1 (-2 - 1.5) <0.001 

Δ  T     13 12 

 

Δ  T ≤   0 23 

S      v  y (95%  . ) Δ ST >0 100% (75 - 100) 

 Sp   f    y (95%  . ) Δ ST >0 66%  (48 - 81) 

AUROC (95% C.I) 0.96 (0.91 - 1.00) 

Baseline AST 28 (24.5 - 41) 33 (25 - 47) 0.437 

EOT AST 19 (14.5 - 21) 18 (15 - 20) 0.472 

Decline in ALT from baseline to EOT -10 (-20.5, -7.5) -14 (-27, -8) 0.981 

 

Of the 13 participants who experienced treatment failure, 13/13 had an increase in AST between EOT 

and retreatment, and 12/13 had an increase in ALT (table 16). The exception was a participant who 

was found to have low level viral rebound (3390 IU/ml) at the EOT+12 week visit having had 

undetectable virus at preceding visits. At EOT week 12, ΔALT was -1 IU/L, but by RTD0, two weeks 

later (equivalent of EOT week 14), when HCV RNA had risen to 431,604 IU/ml, ALT and AST had 

both increased substantially (ΔALT= 46, ΔAST= 44). This participant’s ALT profile is marked by the 

arrow in the 4-week treatment chart in figure 5-4. Of the 35 patients who were cured (blue lines in 

figure 5-4), ALT and AST both decreased or stayed the same after EOT in 23/35 and increased by >0 

IU/L in 12 participants. 

Performance analysis of ΔALT > 0 IU/L and ΔAST > 0 IU/L is shown in table 16. An increase in 

ALT was 92% sensitive (95%C.I [64.0 - 99.8]) for detecting treatment failure vs HCV RNA at 
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EOT12, and an increase in AST was 100% sensitive (95% C.I [75 - 100]). Both enzymes were 66% 

specific (48 - 81). The area under the receiver operator curve (AUROC) was 0.95 (95% C.I [0.87 - 

1.00]) for ΔALT and 0.96 (95% C.I [0.91, 1.00]) for ΔAST, indicating ΔALT and ΔAST are both 

very good at distinguishing individuals with virological rebound from those achieving SVR12. A 

significant difference between cures and failures with regards to both ΔALT and ΔAST was observed 

in genotype 6-infected individuals (53% study population; median (IQR) ΔALT = 0 IU/L (-3, +2) in 

cures vs +22 IU/L (+12, +38) in treatment failures (p<0.001)) and non-6 infected individuals (43% 

population;  -2.5 IU/L (-7.5, +1.25) in cures vs +12.5 IU/L (+5.5, +94.5) in failures (p<0.001; table 

16). 

 

STOPHCV1 

ALT and AST data was available for 196 and 173 participants respectively (figure 5-2, figure 5-6; 

table 15). Figure 5-7 shows the ALT profiles for all 196 participants according to duration of therapy 

received. One participant experienced an increase in ALT > 3x upper limit of normal by end of 

treatment so was excluded from performance analysis as per the pre-defined analysis plan (dashed 

black line in figure 5-7).  

ΔALT and ΔAST from EOT to EOT12 (or RTW0 for participants who experienced treatment failure 

prior to EOT12) are shown in figure 5-8 box and whisker plots. ALT and AST data for the 

participants who achieved SVR12 was from the EOT+12 week visit in all except 3 participants, in 

who ALT data was only available from their EOT+24 week visit. ALT and AST data for treatment 

failures was from median 10 weeks after EOT (IQR = 8, 13).  

Median ΔALT from EOT to EOT+12 weeks was 0 IU/L (IQR [-2, +5]) in individuals achieving 

SVR12 and +41 IU/L (+20, +85) in those who experienced treatment failure (p<0.001, figure 5-8, 

table 17). Median (IQR) AST was +2 IU/L (-1, +5) in cures and +23 IU/L (+13, +49) in treatment 

failures. As in SEARCH-1, we found no evidence of a difference between those who cured and those 

who experienced treatment failure in terms of ALT or AST at baseline, EOT or change in ALT or 

AST from baseline to EOT (p>0.67; table 17). 
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Figure 5-6: STARD diagram for flow of participants through STOPHCV1 

 

 

“Study population was treatment naïve adults with chronic HCV infection enrolled into STOPHCV-1 study. Index test = 

ΔALT >0IU/ml or ΔAST >0IU/ml. Reference standard = HCV RNA >LLOQ at EOT+12 weeks. LLOQ – lower limit of 

quantification; EOT12 – end of treatment +12 weeks; RTW0 – retreatment week 0. True positive indicates HCV RNA 

>LLOQ at EOT+12 weeks (treatment failure) and ΔALT >0IU/ml. False positive indicates HCV RNA <LLOQ at EOT+12 

weeks (SVR12) but ΔALT >0IU/ml. True negative indicates HCV RNA <LLOQ at EOT+12 weeks (SVR12) and ΔALT 

<0IU/ml. False negative indicates HCV RNA >LLOQ at EOT+12 weeks (treatment failure) but ΔALT <0IU/ml. 
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Figure 5-7: ALT profiles for all 196 participants with available data in STOPHCV1 

according to treatment duration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5 weeks DAA therapy (+/-3d)  4 weeks DAA therapy (+/-3d) 

Cures 

Treatment 

Failures 

Excluded 

because ALT  

increased on 

treatment 

y axis ALT (IU/L); EOT = End of Treatment. 

6 weeks DAA therapy (+/-3d) 7 weeks DAA therapy (+/-3d) 

8 weeks DAA therapy (+/-3d)  
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Table 18: Performance of ΔALT >0 and ΔAST >0 vs HCV RNA at EOT week 12 in STOPHCV1 

STOPHCV1 
 

HCV RNA >LLOQ  
(treatment failure) 

HCV RNA negative  
(cure) 

 

Timing of ALT & AST in weeks since EOT 
(median [IQR]) 12 (8, 13) 12 (12, 12) 

 

ALT (n=196) 

       Δ  T       from EOT to EOT+12 +41 (+20, +85) 0 (-2, +5) <0.001 

       Δ  T       genotype 1a  +42 (+20, +124) +1 (-2, +5) <0.001 

       Δ  T       genotype 1b  +41 (+19, +60) -1 (-5, +3) <0.001 

             w    Δ  T     57 68  

             w    Δ  T ≤   0 69 

Sensitivity (95% C.I) 100% (93.7, 100) 

 

Specificity (95% C.I) 51.1% (42.4, 59.7) 

Positive predictive value (95% C.I)  
assuming 5% failure rate 46% (37 - 55) 

Negative predictive value (95% C.I)  
assuming 5% failure rate 100% (95 - 100) 

AUROC (95% C.I) 0.96 (0.94 - 0.99) 

Baseline ALT +50 (+34, +90) +55 (+31, +88) 0.885 

EOT ALT +17 (+14, +21.5) +18 (+13, +23) 0.712 

Decline in ALT from baseline to EOT -32 (-58, -20) -35 (-67, -18) 0.828 

AST (n=173) 

       Δ ST (IQR) from EOT to EOT+12 +23 (+13, +49) +2 (-1, +5) <0.001 

       Δ ST (IQR) genotype 1a +23 (+10, +54) +2 (-1, +6) <0.001 

       Δ ST (IQR) genotype 1b +22 (+14, +30) +1 (0, +2.3) <0.001 

Δ  T     52 77  

Δ  T ≤   1 43 

Sensitivity (95% C.I) 98.1% (89.9, 99.9) 

 

Specificity (95% C.I) 35.8% (27.3, 45.1) 

Positive predictive value (95% C.I)  
with 5% failure rate 40% (32 - 49) 

Negative predictive value (95% C.I)  
with 5% failure rate 98% (88 - 100) 

AUROC (95% C.I) 0.92 (0.88 - 0.96) 

Baseline AST 39 (29 - 55) 39 (31 - 58) 0.674 

EOT AST 20 (17 - 26) 20 (17 - 24) 0.794 

Decline in AST from baseline to EOT -19 (-31,-10) -19 (-38.5, -9) 0.898 

 

 

 



 

163 

 

Figure 5-8: Box & Whisker plots of ΔALT (left, n = 194) and ΔAST (right, n= 174) in 

cures vs treatment failures in STOPHCV1 

 

Box plot showing interquartile range (IQR); bottom of box indicating Q1 [bottom 25%] and top of box indicating 

Q3 [top 75%]), range (‘whiskers’ indicating ‘minimum’ (Q1-1.5*IQR) and ‘maximum’(Q3+1.5*IQR) values in 

data set), median (line within box) and outliers (observations that are numerically distant from rest of data shown 

as dots outside of whiskers). Maximum ΔALT and maximum ΔAST recorded in same participant. 6/7 participants 

with ΔALT outliers were ΔAST outliers. 

 

Figure 5-9: Receiver Operator Curve for ΔALT in SEARCH1 and STOPHCV1 
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Figure 5-10: Receiver Operator Curve for ΔAST in SEARCH1 and STOPHCV1 

 

 

 

 

Discussion 

In this retrospective analysis of two independent HCV treatment-shortening studies I found 

that an increase in ALT or AST >0 IU/L within median 10 weeks after end of treatment is 
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highly sensitive for detecting treatment failure, compared with gold standard HCV RNA at 

EOT12.  

In SEARCH-1 (n=48) an increase in ALT >0 IU/L after EOT picked up 12/13 individuals 

who experienced treatment failure by EOT12. This finding was replicated in STOPHCV1 

(n=196), in which an increase in ALT after EOT was observed in 57/57 individuals who did 

not achieve SVR12 on shortened therapy. By comparison just 68/139 participants achieving 

SVR12 had an increase in ALT between EOT and EOT+12 weeks, making ΔALT >0 IU/L 

100% (93.7 - 100) sensitive and 51.1% (42.4 - 59.7) specific in identifying treatment failure. 

ΔAST >0IU/L also performed well but appears to be less sensitive and specific than ALT in 

identifying treatment failure, with a lower median difference between cures and failures.  

AUROC for both liver enzymes demonstrated they are excellent markers for discriminating 

cures from treatment failures. Assuming a cure rate of 95%, typical of standard duration 

therapy, both tests had a negative predictive value exceeding 98% meaning the risk of a false 

negative result (missing a case of treatment failure) is exceptionally low. 

ALT and AST are well-established markers of hepatocyte injury and ALT is known to be a 

more sensitive and specific compared with AST (which is found in skeletal and cardiac 

muscle as well as the kidneys). An association between pre-treatment liver enzyme levels and 

DAA treatment outcomes has been described previously340, and greater declines in ALT and 

AST on treatment have been observed in individuals who cure, compared to those who do not 

achieve SVR, with standard duration therapy343,346. Likewise elevated levels of  liver enzymes 

are associated with liver fibrosis and high HCV viral loads347, which are both soft predictors 

of an inferior response to DAA therapy156,348.  This study is, to my knowledge, the first 

evaluation of the performance of ΔALT and ΔAST after EOT as a surrogate for HCV RNA at 

EOT12 in detecting treatment failure and represents important proof of concept. 

ALT monitoring after EOT could have a major cost-saving impact in resource limited 

settings, where nucleic acid testing is often expensive and restricted to few specialised, 

centralised laboratories. ALT testing is cheap ($2-5 in Vietnam) and can be performed from 

finger prick specimens in most laboratories. New point-of-care ALT testing technology has 

recently emerged which could negate the need for a lab altogether349. Furthermore ALT is 

measured routinely at EOT and EOT12 according to most HCV treatment guidelines16,318, 

such that this strategy would not involve any additional clinic visits or blood testing. In the 
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long-term liver enzyme monitoring would be unlikely to replace PCR, and improved point-of-

care HCV RNA testing will be preferable. However, this approach may enable more patients 

to access HCV treatment until that access to that technology becomes a reality.  

Assuming a positive predictive value of 46% (figure 1), a negative predictive value of 100%, 

and a cure rate of 95%, this screening strategy would reduce viral load testing by 51%. In 

Vietnam this translates to a saving of US$18-46,000 per thousand patients treated (equivalent 

to approximately 36-90 courses of DAA therapy).  In LMICs, where HCV treatment must be 

part- or fully funded by patients, this reduction in out-of-pocket costs could help prevent the 

kind of catastrophic health expenditures that have been associated with DAA therapy350. The 

2022 updated WHO guidelines recommend the use of point-of-care (POC) HCV ribonucleic 

acid (RNA) assays as an additional approach alongside laboratory-based RNA assays to 

detect HCV viraemia. Pre-screening with ΔALT and ΔAST from EOT to EOT+12 weeks 

could further complement this approach in high-burden, resource-limited settings and remote 

regions of both high- and low-income countries. Work would be required to ensure ALT and 

AST are standardised across platforms. 

Strengths & Limitations 

The major strength of this study is in the replication of our finding from the SEARCH-1 pilot 

study in the larger independent STOPHCV1 study. The results were similar across divergent 

income settings with differing population demographics and infecting genotypes, using 

different antiviral treatments. Both trial populations had comprehensive clinical data, meaning 

we were able to include a high proportion of participants from each study (92% and 96% in 

SEARCH-1 and STOPHCV1 respectively).     

The main limitation of this study is that both study populations were treated with short-

duration DAA therapy, and it remains to be seen if this phenomenon persists with standard 

duration therapy. Similarly, both study populations had mild liver disease, with baseline ALT 

and AST levels within normal range. ALT dynamics are known to be altered in patients with 

cirrhosis351, and a persistently elevated ALT after DAA therapy has been independently 

associated with high body mass index (BMI), diabetes, alcohol consumption and, opioid 

substitution therapy344. These conditions were poorly represented in the Vietnam study. While 

I found no evidence that genotype influenced change in ALT or AST after treatment, the 
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limited data with respect to non-1, non-6 genotypes, means my findings may not be 

applicable to all infecting genotypes.  

Another limitation relates to timing of liver function testing, which was earlier than EOT12 in 

most patients who failed to achieve SVR12 (median 10 weeks after EOT, with a large range 

in STOPHCV1 from 5 to 42 weeks after EOT). Although ALT and AST timings were 

generally close to the EOT12 timepoint used to assess SVR (IQR = 8, 13), it would be 

preferable to test both cures and treatment failures at an identical timepoint. Furthermore, 

both trials had high rates of medication adherence, and it is not clear if an increase in ALT or 

AST after treatment would be reliable in those who haven’t fully suppressed virus by EOT.  

Despite these limitations, this study shows that an increase in ALT or AST >0 IU/L after end 

of treatment is a highly sensitive marker of virological rebound after shortened therapy, and 

this deserves further exploration in a prospective real-world study with standard duration 

therapy and in patients with cirrhosis. Given the large volume of real world data available a 

meta-analysis would also be helpful and may better define a cut off with improved specificity 

and positive predictive value. I am confident this approach has potential to reduce reliance on 

nucleic acid testing in resource-limited and remote settings, driving down costs and 

facilitating decentralisation of care. 
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Chapter 6 

Discussion 

The title of this thesis, ‘Towards Elimination of Hepatitis C in Vietnam’ is intentionally broad 

and inclusive, to reflect the wide range of research questions that demand attention as 

Vietnam strives towards elimination of HCV. In chapters 2-5 I have described a meta-analysis 

of prevalence studies, a clinical trial evaluating novel HCV treatment strategies, and a 

diagnostic accuracy study. Each study makes a small yet important contribution to the HCV 

literature which I hope will stimulate further work. In this chapter I will contextualise my 

findings and discuss the studies’ major limitations, describe what additional work could build 

on the results, and address what I perceive to be the major issues relating to the elimination of 

HCV in Vietnam.  

 

Chapter 2 – seroprevalence of HBV, HCV and HDV in Vietnam 

The systematic review and meta-analysis of prevalence studies described in chapter 2 

provides useful detail about the viral hepatitis epidemic in Vietnam. Effective, real-time 

surveillance of new infections is essential for public health systems to target screening to at-

risk groups, implement preventative measures and scale up treatment. A national online 

surveillance system was established in Vietnam in 2017 but has been hampered by technical 

shortcomings and a lack of motivation at the regional level, recording just 52,086 cases of 

HBV, and 6,792 cases of HCV by the end of 2019193. Systematic reviews and meta-analyses 

of published prevalence studies are not a substitute for real time surveillance. The data they 

include is generally a few years old and study heterogeneity diminishes accuracy. The Joanna 

Briggs Institute Systematic Review Index is imperfect and, as discussed in chapter 2, the 

DerSimonian–Laird random effects model has a tendency to generate implausibly narrow 

confidence bounds when the number of studies is small or when there are substantive 
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differences among study estimates269. These shortcomings notwithstanding, meta-analyses 

can still provide a useful snapshot of prevalence within different at-risk groups, particularly in 

the absence of a functioning surveillance system. In addition, they a cheap and efficient when 

compared with large scale serosurveys. Other high prevalence countries with inadequate 

hepatitis surveillance, such as Indonesia352 and the Philippines353, would benefit from a 

similar study in the short to medium term. 

Concerning Hepatitis B, my major findings were a very high prevalence of HBsAg amongst 

antenatal populations (10.8% [10.1-11.6]) and adults in the general population (10.5% [10.0-

11.0]) with similar prevalence in adults at high risk of exposure to blood-borne viruses. This 

suggests the epidemic is largely driven by chronic infections acquired in childhood (rather 

than by healthcare-related activities or intravenous drug use) and highlights that mother-to-

child transmission is a major problem in Vietnam. It also predicts an extremely high burden 

of liver cirrhosis and HCC in years to come.  

These HBV prevalence figures are also worth framing within the limitations of the study, 

however. Of the 44 HBV studies included, only 8 were from the last 5 years, and the data they 

reported was frequently older than that. Given that chronic HBV is mostly acquired at birth or 

in early childhood, HBsAg serosurveys of the adult population are like looking at light from a 

distant star: they show something that happened years ago. Many of the individuals surveyed 

would have been infected long before HBV vaccination was incorporated into the routine 

childhood immunisation schedule in 1997, and virtually all would have been born prior to 

introduction of universal birth dose vaccination in 2004. This means that some of the work to 

reduce future burden of HBV in Vietnam has already been done, and future serosurveys, that 

incorporate adults vaccinated at birth, will reflect this. HBsAg prevalence in children under 5 

is used as a surrogate indicator of the cumulative incidence of chronic HBV and gives a better 

indication of the current situation. The Vietnam MoH estimates that HBsAg prevalence in 

under 5s remains greater than 1%, but robust data for this age group is lacking. Even if 

current rates of mother-to-child transmission are being over estimated, it is clear that birth 

dose vaccination remains well below WHO target levels. Vaccine hesitancy354 and the 

COVID-19 pandemic355 have both negatively impacted vaccine uptake in recent years. A 

renewed focus on maternal HBV screening and prophylaxis of MTCT is required, with 

effective surveillance of infections in children. 
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With regards to HCV, my finding that pooled prevalence of active infection in the general 

population is lower than historical estimates (0.26% [0.09-0.51]) is reassuring and may imply 

Vietnam will need to treat fewer infections that originally anticipated. However it is worth 

noting that current HCV antigen platforms are only 90-95% sensitive for detecting active 

infection compared to HCV RNA226–229 and sensitivity of older assays is lower than this. I did 

not incorporate diagnostic platform into my analysis so my results may underestimate the true 

number of active infections in the population. In addition, ‘adults in the general population’ in 

my analysis were from community studies, outpatient studies and occupational surveys, and 

may have had fewer risk factors than might be expected in a true cross-sectional sample.  

New data has emerged since I published my systematic review. An unpublished cross-

sectional survey of 25,649 adults conducted in 32 provinces by the Vietnam MOH in 2018 

and 2019, (which used Abbott Architect for HCV antibody and reflex antigen testing), found 

that 1.8% of individuals were antibody positive and 1.0% were HCV antigen positive193. In a 

2022 study, among 14,675 adults surveyed in Ho Chi Minh City, 298 tested positive for HCV 

antibody (weighted prevalence 1·3% (95% CI, 1·1%-1·6%) and 50·6% (118 of 233) of those 

tested for HCV RNA had evidence of active infection356. These surveys, which include both 

high and low-risk groups, provide a more current estimate of pooled prevalence for the entire 

population. Nevertheless, my study shows that in the absence of obvious risk factors, 

prevalence of HCV antigen/RNA is low in Vietnam, such that universal screening of low-risk 

individuals is unlikely to be cost-effective.  

Another important finding from the meta-analysis was that HCV prevalence in PWID is 

extremely high in Vietnam, far higher than the estimated global average (anti-HCV 

prevalence 72.5% [71.4 – 73.6] versus 52.3% [42·4–62·1])265. This estimate was based on 

data from 14 separate PWID populations which included 6666 individuals so should be 

robust. Interventions to prevent community transmission of HIV and HCV, such as needle 

and syringe programmes and opioid substitution therapy, were introduced from 2007. While 

these programmes have incorporated free antiretroviral therapy for people living with HIV, no 

such treatment has been available for those living with HCV. Intravenous drug use is 

officially labelled as a ‘social vice’ in Vietnam and forced incarceration for drug 

rehabilitation in facilities overseen by the Department of Social Vices Prevention (DSVP) 

remains common. As of April 2020, there were 97 public drug detoxification facilities, 

treating 34,982 patients, and only 16 organization and individual-based certified voluntary 
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drug detoxification facilities countrywide357. To achieve the 2030 WHO viral hepatitis 

elimination goals, EASL recommends that all barriers to the uptake of healthcare services by 

PWID be removed by changing policies and discrimination that hinder access. This includes 

the decriminalisation of minor, non-violent drug offences and the adoption of an approach 

based on public health promotion, respect for human rights and evidence358.  

Until PWID have equitable access to screening and treatment in Vietnam, HCV prevalence 

will remain high in this population. A major effectiveness-implementation trial evaluating an 

integrated model of HCV care for PWID has been underway in Hai Phong since 2020191. The 

model comprises large community-based mass screening, simplified treatment with 

SOF/DCV and major involvement of community-based organisations which reach out, link 

marginalised PWID to care, supervise treatment adherence and implement measures to 

prevent reinfection. Results are expected in 2023 and could have a major impact on policy. 

My analysis of HCV genotype prevalence revealed a high prevalence of subtypes 1a, 1b, 6a 

and 6e but very few genotype 3 infections. Given the increasing evidence that genotype 6 

treatment outcomes appear to be broadly similar to those of other non-3 genotypes, this 

finding supports my recommendation in chapter 4 that genotyping is not necessary in 

Vietnam, as it would seldom influence choice or duration of therapy. 

With regards to Hepatitis D, my major finding was a lack of data. Given the high burden of 

HBV, there is almost certainly a high burden of HDV in Vietnam, though probably not on the 

scale seen in Mongolia221, where HDV co-infection (as opposed to superinfection) is endemic. 

HDV is not screened for in public hospitals in Vietnam and remains absent from treatment 

guidelines and the MOH National Action Plan for viral hepatitis, published in 2021193. As 

new therapies (and therapeutic strategies) emerge, HDV screening should be incorporated 

into clinical practice. Well-designed studies (that are not restricted to individuals with liver 

disease) are warranted to clarify the burden of HDV. However, this will remain a low priority 

until affordable therapeutics become more widely available. 
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Chapter 3: SEARCH study stratum A (mild liver disease) 

At a superficial level, the mechanistic pilot study described in chapter 3 provided a negative 

result: day 2 virological response does not adequately predict SVR12 with 4 weeks SOF/DCV 

treatment. We therefore could not accept the alternative hypothesis that high rates of cure are 

achieved with this approach. The main evidence on which this hypothesis was based came 

from a study in which 18 patients with genotype 1b infection were treated with ultra-short 

triple-class DAA therapy173. Given that HCV protease inhibitors are not widely available in 

most countries, and that the WHO now recommends forgoing genotyping before first-line 

treatment, it was rational to test the reliability of day 2 virological response with dual 

SOF/DCV therapy in patients infected with genotypes other than 1b.  

Although day 2 virological response with SOF/DCV <500 IU/ml does not predict cure with 4 

weeks treatment, early on-treatment virological response may still be a useful predictor of 

response to shortened therapy. In our study, participants who achieved SVR12 with 4 weeks 

treatment were more likely to have a day 7 HCV RNA < LLOQ than those who experienced 

treatment failure. However, this result did not reach statistical significance (p=0.054). A 

recent paper, published in May 2022, re-analysed data from a mathematical modelling-based 

response guided therapy study described in chapter 1298. The original study used HCV RNA 

trajectory from days 0, 2, 7, 14 and 28 to determine treatment duration. At reanalysis, they 

found day 7 HCV RNA was integral to predicting time-to-cure, whereas day 2 and day 28 

were less helpful359. A possible explanation for the importance of day 7 viral load is that this 

constitutes the final phase of viral decline on DAA therapy (i.e. the second phase in the 

biphasic model), whereas day 2 could be part of a transient phase that precedes the final 

phase360. By day 28 most patients have HCV RNA <LLOQ and those that don’t tend to have 

low level viraemia that likely represents low levels of non-infectious virions which are 

eventually cleared302.  

The optimal way to evaluate day 7 response guided therapy is in a randomised controlled trial 

(RCT). In 2020 we commenced recruitment for a multi-arm factorial RCT with adaptive 

design (‘VIETNARMS’; trial registration: ISRCTN61522291) in HCMC and Hanoi. The trial 

is evaluating three treatment shortening strategies for HCV infection (versus standard care), 

one of which is day 7 RGT303 (figure 6-1). In the RGT arms, participants with day 7 HCV 

RNA <LLOQ receive 4 weeks SOF/VEL or SOF/DCV, those with day 7 HCV RNA > LLOQ 
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but <250 IU/ml get 8 weeks and those >250 IU/ml receive 12 weeks. The study will complete 

recruitment in March 2023 and results will be shared in 2024.  

Figure 6-1: VIETNARMS trial schema 

 

SOF = sofosbuvir, DCV = daclatasvir, RGT = response guided therapy, VL = viral load,  

induction = 7days/week, maintenance = weekends off therapy 

 

While results from the pilot study described in chapter 3 were disappointing in terms of the 

primary endpoint, it was encouraging that 100% (13/13) participants who did not achieve 

SVR12 were cured with 12 weeks retreatment (with the same DAA combination). It is also 

reassuring that the high number of putative NS5A mutations we identified were not clinically 

relevant. These findings support the notion that, unlike in other infections, there may be 

minimal risk in not eliminating HCV at the first attempt. Given that most patients with mild 

disease cure with treatment courses shorter than 12 weeks, there is a case for reducing 

standard duration of treatment to 8 weeks (irrespective of early virological response) and 

retreating the small increment in patients who fail to achieve SVR with the same DAAs. This 

approach would not entail additional monitoring and could dramatically reduce treatment 

costs, particularly in regions where DAA prices remain high. Testing the efficacy of 8 weeks 

SOF/DCV in patients with mild liver disease (with 12 weeks retreatment if required), with a 

minimal monitoring approach, would be straightforward and ethically sound and warrants 



 

174 

 

investigation. A health economics evaluation of potential cost savings, and how things might 

change as DAA prices decline, would also augment this research.  

The SEARCH study was not powered to detect differences between cures and treatment 

failures with respect to host factors, viral factors, or drug levels. However, it is noteworthy 

that we found no evidence that any of the factors we evaluated were different in individuals 

who achieved SVR with 4 weeks SOF/DCV compared to those who did not. The fact that two 

individuals who cured with 4 weeks therapy still had HCV RNA > LLOQ at EOT implies that 

speed of elimination of HCV RNA from the blood is not the key determinant of outcome. If 

baseline virus levels, day 2 virological response, resistance mutations and drug levels are not 

key determinants of SVR after shortened therapy, it is worth considering what alternative 

mechanisms may be relevant.    

As outlined in chapter 1, DAA’s swiftly eliminate HCV antigen from blood, resulting in 

down-regulation of PD-1, and other inhibitory receptors in the liver. This leads to a rapid 

restoration of virus-specific CD8+ T cell function, which is known to be integral in 

spontaneous clearance of HCV. Romani et al evaluated T cell responses in 13 individuals who 

achieved SVR with 4 weeks triple therapy (NS5B-i/NS5A-i/PI) compared with 13 who did 

not achieve SVR182.  They found that PD-1+ virus-specific CD8+ T cell subsets with 

cytotoxic capacity were present in a subset of chronic HCV-infected individuals at baseline 

and end of treatment, and this was associated with ability to achieve SVR with shortened 

treatment. The study involved flow cytometry analyses on thawed peripheral blood 

mononuclear cells and phenotyping was performed using monoclonal antibodies to assess the 

expression of multiple T cell lineage, activation and inhibitory receptors. They generated 

receiver operating characteristics curves for various CD4 and CD8 T cells with co-expressed 

inhibitory receptors, at both baseline and EOT. Some immune markers were promising for 

discriminating patients that would cure with 4 weeks treatment. Although this methodology is 

cumbersome and clearly not clinically practical for determining treatment duration, it 

indicates an important role of immunity in DAA mediated viral clearance after shortened 

therapy. One theory to have arisen from this is that immunomodulatory therapy alongside 

short-course DAA treatment might help achieve high rates of cure. In a small pilot study in 

Denmark, high rates of cure were achieved when PEG-IFN therapy was given alongside 

SOF/LDV and ribavirin for just 4 weeks361. In the VIETNARMS trial we are testing whether 

high rates of cure can be achieved with 4 weeks SOF/DCV or SOF/VEL when it is given 
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alongside 4 weeks of PEGIFN therapy. Should this ultrashort therapy with DAA + PEGIFN 

prove non-inferior to standard duration DAA therapy, questions will remain over whether this 

approach is practical, economical, or indeed ethical – given the side effects associated with 

interferon treatment. However, proof of concept would suggest that shorter treatment 

durations are achievable with combined DAA + immunomodulatory treatment which may be 

lead to investigation of more practical approaches that could be appropriate in some 

situations. 

Rejuvenation of T cell responses following DAA-mediated elimination of viral antigen might 

also explain why retreatment after shortened therapy is highly effective176,362. It is plausible 

that patients recover some degree of immune function with unsuccessful first-line treatment, 

which helps permanently clear the virus when they are re-treated181.  

 

Chapter 4: SEARCH study stratum B (compensated cirrhosis) 

In chapter 4 I showed that high rates of cure are achieved with 12 weeks SOF/DCV in 

genotype 6-infected individuals with compensated liver cirrhosis and advanced liver fibrosis. 

Since publication of our trial, and a separate large real-world study from Cambodia317 (which 

also reported high rates of cure in genotype 6 infection with 12 weeks SOF/DCV), genotype 6 

treatment guidelines have been updated. The Vietnam MoH stopped recommending addition 

of ribavirin to 12 weeks therapy and removed its recommendation for 24 weeks of therapy in 

individuals who cannot take ribavirin.  

One of the major contributions this study made was to show that despite considerable genetic 

variation in genotype 6, with a high frequency of putative resistance-associated substitutions, 

outcomes with dual NS5B-i/NS5A-i therapy are very good and likely equivalent to those seen 

with other non-genotype 3 infections. There is therefore little reason to perform genotyping 

where it won’t affect choice of therapy. Although this is consistent with WHO guidelines, 

when our data was presented to the Hospital for Tropical Disease they asked us to remove this 

recommendation from the report. Genotyping is no longer recommended as part of routine 

care by the Ministry of Health but remains part of the hospitals’ standard of care and is a 

lucrative part of HCV treatment. I make this point to illustrate that policy change requires 
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engagement from multiple stakeholders in the public and private sector and potential cost-

saving strategies should not be assumed to be welcomed by those who may stand to lose out 

financially in the short-term.   

 

Chapter 5: ALT and AST analysis 

My diagnostic accuracy study regarding changes in ALT levels after DAA therapy provides 

promising proof of concept for a strategy that could bring significant cost-saving and simply 

HCV care in remote regions. However as discussed in the limitations section of chapter 5, 

further evaluation is required in patients with cirrhosis and individuals treated with standard 

duration therapy, and to see if results are replicated with alternative ALT and AST platforms.  

I am currently in discussions with the Infectious Disease Data Observatory (IDDO) regarding 

a potential systematic review of DAA studies with ALT data, and meta-analysis of ΔALT and 

ΔAST performance using the IDDO framework. This could provide more robust estimates of 

the accuracy of these biomarkers in detecting treatment failure, and might help better define a 

cut-off that preserves sensitivity but improves specificity.  

Even if ΔALT proves a highly sensitive screen for treatment failure on alternative LFT  

plaforms and in patients with cirrhosis, ΔALT will not replace PCR testing, which ultimately 

defines SVR. In the long-term, we should still be striving for improved point-of-care HCV 

RNA testing in all settings. However, ALT monitoring may enable more patients to access 

HCV treatment until access to PCR testing is universally available. 

 

The Big Picture 

From 2014-2018 Hepatitis C treatment was arguably the most dynamic area of research in 

clinical medicine. When the SEARCH study was conceived, the exorbitant price of novel 

antiviral drugs meant that there was an urgent need to find ways to reduce costs and expand 

access to treatment with the cheapest and most widely available antivirals. There was 

legitimate concern regarding the potential for antiviral resistance, doubts over the efficacy of 



 

177 

 

pangenotypic DAAs in understudied genotypes, and uncertainty over drug tolerability and its 

impact on adherence.  

Four years on, the scientific environment has changed: there is good evidence that DAAs are 

safe and well-tolerated, such that 8-12 weeks of treatment is acceptable for most individuals. 

Drug resistance has not presented a major problem, thanks to sofosbuvir’s high barrier to 

resistance and the ability to administer fixed dose combination therapy. The advent of 

pangenotypic regimens has diminished the importance of viral genotypes and subtypes. 

Consequently, the personalised medicine that characterised the era of PEG-IFN therapy has 

been replaced by a drive for pragmatic and decentralised care. The most important studies in 

Hepatitis C since 2019 have been those that address these goals. The MINMON study, 

published in 2022 by Solomon et al, showed that a minimal monitoring approach was highly 

effective in both high- and low-income settings. Participants treated with 12 weeks SOF/VEL 

achieved excellent rates of cure without a need for pre-treatment genotyping, staggered drug 

dispensing, multiple scheduled visits, or laboratory monitoring. In the updated 2022 WHO 

guidelines, it is recommended that testing and treatment for HCV is delivered at peripheral 

health or community-based facilities, ideally at the same time. WHO advise that such services 

are integrated into existing care models (e.g. primary care, harm reduction facilities, and HIV 

services) and that testing, care, and treatment be delivered by trained non-specialists (e.g. 

primary care physicians or nurses). In this context, it is hard to foresee a lasting role of early 

on-treatment viral load testing which would increase both the cost and expertise required to 

treat HCV.  

With respect to eliminating HCV in individuals under-served by existing models of care, 

long-acting antiviral injections could be crucial. Injectable drugs have proved highly effective 

for HIV363 but there are currently no  prospects of injectable antivirals for HCV. There has 

been one published study reporting efficacy for a retrievable coil-shaped long-acting DAA 

system in swine, compatible with nasogastric tube administration, with capacity to 

encapsulate and release gram levels of drugs while resident in the stomach364. However, cost 

and practicality of this approach are likely limited.  

An HCV vaccine would also significantly reduce the global burden of HCV-associated 

disease, especially given that HCV cure by direct-acting antivirals does not lead to a complete 

reversion of T cell exhaustion and thus HCV reinfections still occur97. Barriers to HCV 
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vaccine development include virus diversity, limited models for testing vaccines, and an 

incomplete understanding of the protective immune responses365. Overcoming these 

challenges may be necessary for global control of HCV. 

For Vietnam and other resource-constrained, high burden countries, the foremost barriers to 

HCV elimination in the short to medium term are financing and political leadership. Rwanda 

has shown how integrating HCV programs into existing services can help maximize 

effectiveness of public health spending. Rwanda was one of the first low-income countries to 

establish a national viral hepatitis control programme in 2012, and in 2018 launched a bold 

five-year HCV elimination plan with strong high-level governmental endorsement366. Its 

elimination strategy was carefully costed by integrating HCV testing and treatment services 

into the existing HIV response infrastructure, using its primary health care services to deliver 

hepatitis care (which was covered by its existing health insurance scheme), and procuring 

generic DAAs through voluntary licenses for as little as $60 per treatment course188. External 

funding from international donors also helped subsidise treatment for population categories 

not covered by insurance9.  

Vietnam is one of the top five fastest growing economies in the world and has potential to 

follow Rwanda’s example. In recent years the government has channelled increasing capital 

into its viral hepatitis response: a new national action plan for 2021-2025 is funding improved 

surveillance and screening, promoting HBV vaccination, optimizing healthcare safety and 

implementing harm reduction services193. Vietnam’s laudable response to the COVID-19 

pandemic367 - initially through successful surveillance and non-pharmaceutical interventions 

and latterly through comprehensive vaccine roll-out - has also demonstrated what is 

achievable with coordinated leadership and political will. Elimination of viral hepatitis 

remains some way off, but there are plenty of reasons for optimism. 
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Chapter 7 

Dissemination of research 

Chapter 2 

My systematic review and meta-analysis of HBV, HCV and HDV seroprevalence studies in 

Vietnam was published in The Lancet Regional Health: Western Pacific in July 2022. 

https://www.thelancet.com/journals/lanwpc/article/PIIS2666-6065(22)00083-9/fulltext 

I have presented the data at the annual SEARCH (South East Asia Research Collaborative for 

Hepatitis) meeting in Ho Chi Minh City. Professor Pham Minh Khue, who reviewed and 

contributed to the manuscript prior to publication, is a professor of public health at Haiphong 

University of Medicine and Pharmacy, and works closely with the Vietnam Ministry of 

Health. He has shared this data with health policy makers to maximise its impact. 

 

Chapter 3 

A manuscript titled ‘Efficacy of ultra-short, response-guided sofosbuvir and daclatasvir 

therapy for HCV: a single arm mechanistic pilot study’ was submitted to eLife in July 2022 

and simultaneously uploaded to the preprint server medRxiv. It underwent open peer review 

in October 2022 which is available to read here: 

https://www.medrxiv.org/content/10.1101/2022.08.15.22278752v1   

It has been provisionally accepted for publication and will be published in 2023.  

The results of the study were shared with Vietnamese clinicians and scientists in an oral 

presentation at the Hospital for Tropical Disease National Hepatitis Conference, HCMC, July 

2022. A poster describing the pharmacokinetic data was presented at the American Society of 

Tropical Medicine and Hygiene Conference in Seattle, USA, in October 2022.  

 

https://www.thelancet.com/journals/lanwpc/article/PIIS2666-6065(22)00083-9/fulltext
https://www.medrxiv.org/content/10.1101/2022.08.15.22278752v1
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Chapter 4 

Stratum B of the SEARCH study was published in Open Forum Infectious Disease in July 

2021.  

https://academic.oup.com/ofid/article/8/7/ofab267/6295331 

The results were shared with Vietnamese clinicians and scientists in an oral presentation at 

the Hospital for Tropical Disease National Hepatitis Conference, HCMC, July 2022.  

 

Chapter 5 

The transaminase study described in chapter 5 was submitted as an abstract for ID Week 2022 

in Washington DC and awarded a Guerrant international travel grant. I presented the work as 

a poster at ID Week in October 2022. A copy of the poster is shown on the next page.  

At ID Week I was invited by the editor of Clinical Liver Disease to submit a short report for a 

series on Innovations in Hepatitis Elimination. The manuscript has been accepted and is 

currently with editorial staff.  

The work will be presented to Vietnamese clinicians at the SEARCH investigators annual 

meeting in December 2022. 

 

 

 

 

 

 

 

https://academic.oup.com/ofid/article/8/7/ofab267/6295331
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Figure 7-1: Poster presented at ID Week, Washington DC, October 2022 
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 1 

Chapter 8 2 

COVID-19 impact statement 3 

Four months after registering my PhD, the first cases of SARSCoV2 were reported in Wuhan, China. 4 

Ho Chi Minh City was one of the first places to report human-to-human transmission368, and by 5 

March 2020, widespread emergency public health measures had been implemented to supress the 6 

outbreak. This included enforced quarantine of newly diagnosed cases (and their close contacts) in 7 

centralised facilities, a stay-at-home order, temporary suspension of outpatient services at the HTD, 8 

and closure of the international border. Meanwhile, as the scale of the outbreak in Europe became 9 

apparent, the UK government requested all doctors mobilise from extra-clinical commitments to assist 10 

the COVID-19 response. I returned to the UK on 23rd March 2020, as the country entered its first 11 

lockdown.  12 

 13 

Impact of COVID-19 on the SEARCH study 14 

Recruitment for SEARCH stratum A (chapter 3) and stratum B (chapter 4) was stopped early on 15 

account of the COVID-19 outbreak, with 52/60 (87%) and 41/43 (95%) of the target study 16 

populations enrolled. To navigate travel restrictions and the reduction in hospital outpatient services, 17 

we adapted trial follow up. This ensured that participants who were already enrolled attended the 18 

minimum number of visits required to establish primary endpoints, without compromising patient 19 

safety. Our strategy was broadly successful and, as discussed in chapters 3 and 4, early cessation of 20 

recruitment did not significantly compromise trial findings.  21 

 22 

Impact of COVID-19 on thesis and other research 23 

As well causing millions of deaths and wrecking most economies, COVID-19 has been a great 24 

disruptor of plans! International border closures, difficulties acquiring travel documents for ‘pandemic 25 

babies’, and lengthy military-led lockdowns meant this thesis was composed in various unanticipated 26 

locations, including Skien public library in Norway, my parents’ spare bedroom in Surrey and 27 

quarantine hotels in Oslo, HCMC and Cần Giờ. But while my family and I have had to relocate at 28 

short notice on a few occasions, we have been lucky to avoid serious ill health or family tragedy and 29 
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have benefited from the Wellcome Trust’s financial support and colleague’s adaptability and 1 

understanding of our changing circumstances.  2 

The pandemic provided me an opportunity to be involved in vital clinical research which proceeded at 3 

unprecedented speed. At Imperial Hospitals I worked as a research fellow on the RECOVERY, 4 

COVACTA and REMAP-CAP clinical trials. I co-wrote a protocol for a SARSCoV2 diagnostics 5 

study and helped deliver REACT-2 (Real-time Assessment of Community Transmission-2), a series 6 

of studies funded by the Department of Health and Social Care assessing SARSCoV2 antibody tests 7 

to see how accurate they are and how easily people can use them at home. REACT-2 ultimately 8 

provided population level data regarding SARSCoV2 exposure and durability of antibody responses 9 

to infection and vaccination. Our data was used to guide government policy.  10 

My involvement with REACT-2 led to requests to review other SARSCoV2 antibody seroprevalence 11 

studies and I was subsequently invited to write commentaries for The Lancet, The Lancet Regional 12 

Health Western Pacific and South East Asia Forum. The pandemic allowed me to collaborate with 13 

several talented clinical trialists, epidemiologists, statisticians, and basic scientists, from who I learned 14 

a huge amount. A large part of my development as a researcher is directly attributable to the dynamic 15 

scientific environment created by the emergence of COVID-19 in the first year of my PhD.  16 

 17 

Summary of COVID-19 related work during my PhD 18 

1. Flower B, Brown JC, Simmons B, et al. Clinical and laboratory evaluation of SARS-CoV-2 19 

lateral flow assays for use in a national COVID-19 seroprevalence survey. Thorax. August 20 

2020:thoraxjnl-2020-215732. doi:10.1136/thoraxjnl-2020-215732 21 

2. Flower B, Atchison C. SARS-CoV-2 antibody seroprevalence in patients receiving dialysis in the 22 

USA. Lancet. 2020;396(10259):1308-1309. doi:10.1016/S0140-6736(20)32006-7 23 

3. Flower B, Marks M. Did Laos really control the transmission of SARS-CoV-2 in 2020?. Lancet 24 

Reg Health West Pac. 2021;13:100202. doi:10.1016/j.lanwpc.2021.100202 25 

4. Flower B, Delta variant sets off alarm bells in Vietnam, East Asia Forum, 01 August 2021, 26 

https://www.eastasiaforum.org/2021/08/01/delta-variant-sets-off-alarm-bells-in-vietnam/ 27 

5. Gibani MM, Toumazou C, Flower B, et al. Assessing a novel, lab-free, point-of-care test for 28 

SARS-CoV-2 (CovidNudge): a diagnostic accuracy study [published correction appears in Lancet 29 

Microbe. 2020 Nov;1(7):e280]. Lancet Microbe. 2020;1(7):e300-e307. doi:10.1016/S2666-30 

5247(20)30121-X 31 

https://www.eastasiaforum.org/2021/08/01/delta-variant-sets-off-alarm-bells-in-vietnam/
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6. Atchison C, Pristerà P, Flower B, et al. Usability and Acceptability of Home-based Self-testing 1 

for Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Antibodies for Population 2 

Surveillance. Clin Infect Dis. 2021;72(9):e384-e393. doi:10.1093/cid/ciaa1178 3 

7. Moshe M, Daunt A, Flower B, et al. SARS-CoV-2 lateral flow assays for possible use in national 4 

covid-19 seroprevalence surveys (React 2): diagnostic accuracy study. BMJ. 2021;372:n423. 5 

Published 2021 Mar 2. doi:10.1136/bmj.n423 6 

8. Ward H, Cooke GS, Flower B, et al. Prevalence of antibody positivity to SARS-CoV-2 following 7 

the first peak of infection in England: Serial cross-sectional studies of 365,000 adults. Lancet Reg 8 

Health Eur. 2021;4:100098. doi:10.1016/j.lanepe.2021.100098 9 

9. Ward H, Flower B, Garcia PJ, et al. Global surveillance, research, and collaboration needed to 10 

improve understanding and management of long COVID [published online ahead of print, 2021 11 

Nov 10]. Lancet. 2021;S0140-6736(21)02444-2. doi:10.1016/S0140-6736(21)02444-2 12 

10. Rosadas C, Khan M, Flower B et al Detection and quantification of antibody to SARS CoV 2 13 

receptor binding domain provides enhanced sensitivity, specificity and utility. J Virol Methods. 14 

2022 Apr;302:114475. doi: 10.1016/j.jviromet.2022.114475. Epub 2022 Jan 22. PMID: 15 

35077719; PMCID: PMC8782753. 16 

11. Ward H, Whitaker M, Flower B, et al. Population antibody responses following COVID-19 17 

vaccination in 212,102 individuals. Nat Commun. 2022 Feb 16;13(1):907. doi: 10.1038/s41467-18 

022-28527-x. PMID: 35173150; PMCID: PMC8850615. 19 

12. Khan M, Rosadas C, Flower B, et al. Simple, sensitive, specific self-sampling assay secures 20 

SARS-CoV-2 antibody signals in sero-prevalence and post-vaccine studies. Sci Rep. 2022 Feb 21 

3;12(1):1885. doi: 10.1038/s41598-022-05640-x. PMID: 35115570; PMCID: PMC8814240. 22 

 23 

 24 

 25 

 26 

 27 

 28 
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Profiles of People Who Inject Drugs in Haiphong (Vietnam) 

Riondel et al 2020 

The evolution of hepatitis C in the kidney transplant recipient at CHO ray 
hospital 

Sinh et al 2012 

Markers of hepatitis C and B virus infections among blood donors in Ho Chi 
Minh City and Hanoi, Vietnam. 

Song et al 1994 

Multiple routes of hepatitis C virus transmission among injection drug users 
in Hai Phong, Northern Vietnam 

Tanimoto et al 2010 

Prevalence of hepatitis B and hepatitis C in healthy adults in Ho Chi Minh 
City 

Terakawa et al 2011 

Prevalence of hepatitis virus types B through E and genotypic distribution of 
HBV and HCV in Ho Chi Minh City, Vietnam 

Tran et al 2003 

Liver involvement associated with dengue infection in adults in Vietnam Trung et al 2010 

Epidemiological Characteristics of Advanced Hepatocellular Carcinoma in 
the Northern Region of Vietnam 

Van Quang et al 2019 
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Prevalence of hepatitis B & hepatitis C virus infections in potential blood 
donors in rural Vietnam. 

Viet et al 2012 

Prevalence and correlates of HCV monoinfection and HIV and HCV 
coinfection among persons who inject drugs in Vietnam 

Zhang et al 2015 

 1 

 2 

Appendix A Table iii: HIV studies with HBV or HCV co-infection data (n=10) 3 

Title Author 

TAHOD-LITE: Antiretroviral Treatment for Adult HIV Infection in Asia, 
1998 to 2013 

Boettiger et al 2015 

HBV and HCV Coinfection among HIV/AIDS Patients in the National 
Hospital of Tropical Diseases, Vietnam 

Bùi et al 2014 

Prevalence of Opportunistic Infections and Associated Factors in HIV-
Infected Men Who Have Sex With Men on Antiretroviral Therapy in 
Bach Mai Hospital, Hanoi, Vietnam: A Case-Control Study 

Dang et al 2020 

Epidemiology of hepatitis C virus infection in Vietnam. [French] Lien et al 1997 

Viral hepatitis among HIV+ patients in northern Vietnam Mohan et al 2017 

High Proportion of HIV-HCV Coinfected Patients with Advanced Liver 
Fibrosis Requiring Hepatitis C Treatment in Haiphong, Northern 
Vietnam (ANRS 12262) 

Nguyen et al 2016 

Factors associated with HIV RNA viral loads in ART-naive patients: 
implications for treatment as prevention in concentrated epidemics 

Rangarajan et al 2016 

Penicilliosis and AIDS in Haiphong, Vietnam: evolution and predictive 
factors of death 

Son et al 2014 

Long-term viral suppression and immune recovery during first-line 
antiretroviral therapy: a study of an HIV-infected adult cohort in Hanoi, 
Vietnam 

Tanuma et al 2017 

 4 

Appendix A Table iv: HDV studies (n=7) 5 

Title Author 

HDV infection rates in northern Vietnam Binh et al 2018 

A multicentre molecular analysis of hepatitis B and blood-borne virus 
coinfections in Viet Nam 

Dunford et al 2012 

High prevalence of hepatitis delta virus among persons who inject drugs, 
Vietnam 

Hall et al 2015 

Predominance of HBV Genotype B and HDV Genotype 1 in Vietnamese 
Patients with Chronic Hepatitis 

Nghiem et al 2021 

Prevalence and genotype distribution of hepatitis delta virus among chronic 
hepatitis B carriers in Central Vietnam 

Nguyen et al 2017 

High prevalence and significance of hepatitis D virus infection among 
treatment-naive HBsAg-positive patients in Northern Vietnam 

Sy et al 2013 

Prevalence of hepatitis virus types B through E and genotypic distribution of 
HBV and HCV in Ho Chi Minh City, Vietnam 

Tran et al 2003 
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Appendix A Table v: Joanna Briggs Institute (JBI) critical appraisal checklist for prevalence 1 

data for all 72 included studies 2 

Critical appraisal of study quality was performed by BF (first author) and HVTK (third author). 3 

Discrepancies regarding study eligibility were resolved through discussion between investigators 4 

(HVTK, BF).  5 

1. Was the sample frame appropriate to address the target population? 6 

2. Were study participants recruited in an appropriate way? 7 

3. Was the sample size adequate? 8 

4. Were the study subjects and setting described in detail? 9 

5. Was data analysis conducted with sufficient coverage of the identified sample? 10 

6. Were valid methods used for the identification of the condition? 11 

7. Was the condition measured in a standard, reliable way for all participants? 12 

8. Was there appropriate statistical analysis? 13 

9. Was the response rate adequate, and if not, was the low response rate managed appropriately? 14 

Study  JBI checklist indicators Score Comment 

  1 2 3 4 5 6 7 8 9     

Barcus et 
al 2002 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random consecutive 
sampling, non- 
representative sample 
(severe malaria) 

Binh et al 
2018 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random consecutive 
sampling, non-representative 
sample (85% male) 

Boettiger 
et al 2015 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Buchy et al 
2004 

Yes No No Yes Yes Yes Yes Yes Yes 7 Non-random consecutive 
sampling, underpowered 

Bùi et al 
2014 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-      ;              ’  
population 

Chau et al 
2002 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Clatts et al 
2009 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Non-random sampling; non-
representative sample (male 
IVDU only) 

Clatts et al 
2015 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Non-random; non-
representative (sex workers)  

Colby et al 
2016 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Non-random sampling; non-
representative (sex workers)  

Cordier et 
al 1993 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Non-random, non-
representative, male HCC 
only 

Corwin et 
al 1996 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Dang et al 
2020 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Do et al 
2015 

Yes Yes Yes  Yes Yes Yes Yes Yes Yes 9 Multi-stage cross-sectional 

Dunford et Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
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al 2012 sampling 

Dunford et 
al 2012 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Duong et 
al 2009 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Cross sectional but non-
representative rural sample 

Duong et 
al 2015 i 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Duong et 
al 2015 ii 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Duong et 
al 2016 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random; entire centre 
population 

Duong et 
al 2018 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Duong et 
al 2019 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random; entire centre 
population 

Follezou et 
al 1999 

No No Yes Yes Yes Yes Yes Yes Yes 6 Non-representative sample 
(very high rates HIV) 

Goto et al 
2005 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Hall et al 
2015 

Yes No Yes No Yes Yes Yes Yes Yes 7 Non-random consecutive 
sampling, lacks baseline 
characteristics 

Hipgrave 
et al 2003 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 
 

Hoang et 
al 2015 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Ishizaki et 
al 2017 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Kakumu et 
al 1998 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling of hepatitis 
patients. Details of sampling 
strategy for general 
population  lacking 

Katelaris et 
al 1995 

Yes Yes No Yes Yes Yes Yes Yes Yes 8 Under powered for HCV 
prevalence  

Kha To et 
al 2020 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Lan et al 
2008 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Non-representative sample 
(married women age 18-49) 

Lien et al 
1997 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-cross sectional sampling 

Linh-Vi et 
al 2019 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 
 

Minh et al 
2021 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random, non-
representative sample (males 
from infertile couples) 

Miyakawa 
et al 2021 

Yes No Yes Yes Yes Yes Yes Yes No 7 Non-random sample, high 
drop out >30% 

Mohan et 
al 2017 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random retrospective 
chart review 
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Molès et al 
2020 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random response-driven 
sampling 

Nadol et al 
2015 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random response-driven 
sampling 

Nadol et al 
2016 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random response-driven 
sampling 

Nakata et 
al 1994 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive and 
retrospective sampling 

Nerurkar 
et al 1999 

Yes No Yes Yes Yes No Yes Yes Yes 7 Non-random sampling, 
diagnostics were combo of 
sera or filter paper-blotted 
whole blood  

Nghiem et 
al 2021 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random, consecutive 
sampling 

Ngo et al 
2009 

No No Yes No Yes Yes Yes Yes Yes 6 Non-random, consecutive 
sampling, non-representative 
sample (inpatients and 
outpatients), minimal 
baseline characteristics 

Nguyen et 
al 1997 

No No No Yes Yes Yes Yes Yes Yes 6 Non-random consecutive 
sampling, non-representative 
sample (patients with severe 
Dengue), under-powered for 
HCV   

Nguyen et 
al 2006 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 9  

Nguyen et 
al 2007 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 9  

Nguyen et 
al 2011 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Nguyen et 
al 2014 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 9  

Nguyen et 
al 2017 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random consecutive 
sampling, non- 
representative 

Nguyen-
Dinh et al 
2018 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random sampling, 
Oraquick diagnostics 

Pham et al 
2020 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 9 Non-random retrospective 
sample 

Pham et al 
2020 ii 

Yes Yes Yes Yes Yes Yes Yes Yes Yes 9   

Quan et al 
2009 

Yes No Yes Yes Yes Yes Yes Yes Yes 8   

Quesada 
et al 2015 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Non-random snowball 
sampling using peer 
recruiters 

Rangarajan 
et al 2016 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-representative sample 
(females only) 

Riondel et 
al 2020 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 



 

219 

 

Sinh et al 
2012 

Yes No Yes No Yes Yes Yes Yes Yes 7 Non-random response-driven 
sampling 

Son et al 
2014 

No No No Yes Yes Yes Yes Yes Yes 6 Non-random consecutive 
sample, lacking baseline 
characteristics 

Song et al 
1994 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling, non-representative 
(inpatients with penicilliosis), 
under powered for HBV/HCV 
prevalence 

Sy et al 
2013 

No No Yes Yes Yes Yes Yes Yes Yes 8 Non-random sampling 

Tam et al 
2016 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling, non-representative 
(HCV and HIV positive 
patients excluded) 

Tanimoto 
et al 2010 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random response driven 
sampling 

Tanuma et 
al 2017 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Terakawa 
et al 2011 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random sampling, non-
representative (healthy 
workers at major companies) 

Thanh et al 
2020 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random consecutive 
sample, non-representative 
(HCV-infected outpatients) 

Tran et al 
2003 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random sampling, non-
representative (healthy 
outpatients) 

Truong et 
al 2016 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random consecutive 
sample 

Trung et al 
2010 

No Yes Yes Yes Yes Yes Yes Yes Yes 8 Non-random consecutive 
sampling 

Van Be et 
al 1992 

No No Yes No Yes Yes Yes Yes Yes 6 Non-random sampling, 
unclearly defined study 
populations, no baseline 
characteristics 

Van Quang 
et al 2019 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random, retrospective 
sample 

Viet et al 
2012 

No No Yes Yes Yes Yes Yes Yes Yes 7 Non-random sampling; non-
representative (potential 
blood donors, HBV-
vaccinated individuals 
excluded) 

Zhang et al 
2015 

Yes No Yes Yes Yes Yes Yes Yes Yes 8 Non-random sampling 

 1 

Sample size adequacy was assessed using the formula n= Z2P(1−P)/d2, where n is the sample size, Z is the statistic 2 
corresponding to level of confidence (95%), P is expected prevalence (10% HBV, 1-10% HCV depending on risk-group) and 3 
d is precision (corresponding to effect size)369. 4 
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Appendix B 1 

Supplementary information for chapters 3 & 4 2 

 3 

Lab genotyping methodology SEARCH stratum A and B (chapters 3 & 4) 4 

Viral RNA was extracted from 140 μl of plasma using MagNa pure 96 DNA and viral NA small 5 

volume kit (Roche Diagnostics, Basel). Viral RNA was reverse transcribed using superscript III 6 

reverse transcriptase protocol as described earlier370. The resulting cDNA was used for amplification 7 

of 236 bp 5’UTR, 377 bp NSB5 and 464 bp core region using primers through nested PCR as 8 

described earlier370. Amplicons were run on 1.5% agarose gel (Merck, Germany) and purified using 9 

the Agincourt AMPure XP (Beckman Coulter, Inc) according to the manufacturer’s protocol. Purified 10 

amplicons were sequenced both forward and reverse direction using Big Dye Terminator Cycle 11 

Sequencing Ready Reaction Kit and Applied Biosystems 3130xl Genetic Analyzer (Applied 12 

Biosystems). 13 

The nucleotide sequences were aligned and the consensus sequence was generated. This includes 236 14 

bp 5’UTR (position 78 to 314), 464 bp core sequence (position 288 to 752) and 377 bp NS5B 15 

(position 8259 to 8636) of GenBank sequence AY051292. Forty seven well characterized HCV whole 16 

genome sequences representing all genotypes and subtypes were downloaded from GenBank and used 17 

as reference sequences371. The reference sequences and the sequences from the current study were 18 

subjected to phylogenetic analysis using Genious 8.0.5 software package (http://www.geneious.com). 19 

NSB5 sequences (if NS5B sequence is not available, core or 5’UTR sequences respectively) from the 20 

present study and the corresponding region of reference sequences were aligned with MUSCLE 21 

alignment program available within the Genious package. The sequence alignments were then 22 

subjected to Jmodel test to identify the best model for phylogenetic analysis372. The suggested 23 

nucleotide substitution model (GTR+G+I) was subsequently used in phylogenetic analysis using 24 

Neighbor-Joining method (available in Genious package). To confirm the reliability of phylogenetic 25 

tree analysis, bootstrap resampling and reconstruction were carried out 1000 times. All sequences 26 

from this study was submitted to GenBank (accession numbers for 5’UTR MH191406—MH191721; 27 

core region MH191722—MH192024 and, NS5B region MH192025—MH192337). 28 

Methodological detail of PK/PD analysis in stratum A (chapter 3) 29 

Sofosbuvir and GS-331007 were extracted from 100 µL of plasma using phospholipid removal in the 30 

96-well plate format (Phree, 8E-S133-TGB, Phenomenex), followed by separation on a Gemini, 50 31 

mm × 2.0 mm I.D. 5 µm, column (00B-4435-B0, Phenomenex). Quantification was performed using 32 

https://www.ncbi.nlm.nih.gov/nuccore/AY051292
http://www.geneious.com/
https://www.ncbi.nlm.nih.gov/nuccore/MH191406
https://www.ncbi.nlm.nih.gov/nuccore/MH191721
https://www.ncbi.nlm.nih.gov/nuccore/MH191722
https://www.ncbi.nlm.nih.gov/nuccore/MH192024
https://www.ncbi.nlm.nih.gov/nuccore/MH192025
https://www.ncbi.nlm.nih.gov/nuccore/MH192337
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selected reaction monitoring for the transitions m/z 530.2–>243.2 (sofosbuvir), 536.2–>243.1 1 

(isotope-labelled internal standard for sofosbuvir), 261.3–>113.1 (GS-331007), and 265.3–>113.1 2 

(isotope-labelled internal standard for GS-331007).  3 

The lower limit of quantification (LLOQ) was set to 1.95 ng/mL for sofosbuvir and 20.5 ng/mL for 4 

GS-331007. A total of 9 quality control samples (3×low, 3×mid and 3×high concentration) were 5 

analysed for each analyte within each batch of clinical samples (96-well plate), resulting in an 6 

accuracy of 2.81-2.93% RSE for sofosbuvir and 2.19-3.50% RSE for GS-331007. 7 

DCV was extracted from 100 µL of plasma using supported liquid extraction in the 96-well plate 8 

format (ISOLUTE® SLE+ 96-well plate, 820-0200-P01, Biotage), followed by separation on a 9 

Gemini, 50 mm × 2.0 mm I.D. 5 µm, column (00B-4435-B0, Phenomenex). Quantification was 10 

performed using selected reaction monitoring for the transitions m/z 739.5–>339.3 (DCV) and 747.5–11 

>339.3 (isotope-labelled internal standard for DCV). The LLOQ was set to 1.64 ng/mL for DCV. A 12 

total of 9 quality control samples (3×low, 3×mid and 3×high concentration) were analysed within 13 

each batch of clinical samples (96-well plate), resulting in an accuracy of 2.46-2.62% RSE for DCV. 14 

 15 

PK/PD analysis 16 

Maximum concentration (Cmax) and time to reach maximum concentration (tmax) were derived directly 17 

from the observed drug concentrations. The software’s automatic slope calculator was used to derive 18 

the elimination rate (λ) (adjusted R2 value with uniform weighting) and terminal elimination half-life 19 

(t1/2). The drug exposure measured as area under the concentration-time curve (AUC) was calculated 20 

for each drug using the trapezoidal method. Linear interpolation was used for acceding concentrations 21 

and log-linear interpolation for descending concentrations. For the individual analysis, the linear 22 

method was used for all measurements due to accumulation between the day 0 and day 28 23 

measurements. Both the AUC to the last time point (AUClast, 8 hours for SOF and 24 hours for GS-24 

331007 and DCV) and AUC to infinity (AUCinf) were calculated.  25 

A non-compartmental pharmacodynamic analysis were conducted using viral load data from 26 

enrolment to day 14 to calculate area under the viral load – time curve and terminal elimination half-27 

life of the viral clearance curve, using the same methodology as explained above. In addition, the 28 

relative reduction in viral load between enrolment and day 1, and between enrolment and day 7 were 29 

calculated. Ordinary linear regression of drug exposure (AUClast) from the individual pharmacokinetic 30 

analysis and the outcome measurements were performed in GraphPad Prism 9.3.1 (GraphPad 31 

Software, San Diego, California USA). 32 

 33 
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Limitations of PK/PD analysis 1 

Two different sampling schedules were used to collect pharmacokinetic samples on day 0 and day 28, 2 

resulting in an overlapping sampling profile overall. Therefore, data collected within an individual on 3 

a specific day was not dense enough to justify a non-compartment analysis. However, if the data on 4 

day 0 and 28 were combined. it resulted in a complete pharmacokinetic profile for the individual. Two 5 

separate pharmacokinetic analyses were carried out. A naïve-pooled analysis was performed 6 

separately conducted on day 0 and 28 data. This resulted in a summary of exposure (AUC and Cmax) 7 

and half-life of the drugs, but it would not be possible to link these measurements to treatment 8 

outcome due to the different sampling strategies. Therefore, a second analysis was performed in 9 

which the data from day 0 and 28 were pooled for each individual. This resulted in complete 10 

pharmacokinetic profiles for each patient, and the pharmacokinetic-pharmacodynamic analysed 11 

demonstrated no significant relationship between drug exposure and treatment outcome. Drug 12 

accumulation was observed for the sofosbuvir metabolite GS-331007 and DCV between day 0 and 28. 13 

However, the individual analysis should still generate median exposure values for each patient, which 14 

can be linked with treatment outcome. Another drawback is that no pre-dose samples were collected. 15 

Therefore, the non-compartmental analysis will assume no concentration at day 0 on day 28 for GS-16 

331007 and DCV, even though drug accumulation was observed. 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 
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Appendix B - Figure i: Original R plot of SOF-RAS at baseline (D0), time of virological rebound (R) 1 

and start of retreatment (RT_W0) from which Figure 3-14 was derived. 2 

 3 

 4 

Grey boxes represent missing data 5 

 6 

 7 

 8 

 9 

 10 
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Appendix B - Figure ii: Original R plot of DCV-RAS at baseline (D0), time of virological rebound (R) 1 

and start of retreatment (RT_W0) from which Figure 3-14 was derived. 2 

 3 

 4 

Grey boxes represent missing data 5 

 6 

 7 

 8 

 9 
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Appendix C 1 

Supplementary Information for Chapter 5  2 

 3 

Appendix C Table i: STARD Checklist for reporting diagnostic accuracy studies 4 

 Section & Topic No Item Reported on page # 
     

 TITLE OR 

ABSTRACT 

   

  1 Identification as a study of diagnostic accuracy using at least one measure of 

accuracy 

(such as sensitivity, specificity, predictive values, or AUC) 

Title. page 1 

 ABSTRACT    

  2 Structured summary of study design, methods, results, and conclusions  

(for specific guidance, see STARD for Abstracts) 

Abstract, page 2 

 INTRODUCTION    

  3 Scientific and clinical background, including the intended use and clinical role of 

the index test 

Introduction, p3  

  4 Study objectives and hypotheses  

 METHODS    

 Study design 5 Whether data collection was planned before the index test and reference 

standard  

were performed (prospective study) or after (retrospective study) 

Methods, p3-4 

 Participants 6 Eligibility criteria  Methods, p3-4 

  7 On what basis potentially eligible participants were identified  

(such as symptoms, results from previous tests, inclusion in registry) 

Methods, p3-4 

  8 Where and when potentially eligible participants were identified (setting, 

location and dates) 

Methods, p3-4, 
published trial 
papers 

  9 Whether participants formed a consecutive, random or convenience series Methods, p4, 
published trial 
papers 

 Test methods 10a Index test, in sufficient detail to allow replication Methods, p4, 
published trial 
papers 

  10b Reference standard, in sufficient detail to allow replication Methods, p4, 
published trial 
papers 

  11 Rationale for choosing the reference standard (if alternatives exist) Methods p4 

  12a Definition of and rationale for test positivity cut-offs or result categories  

of the index test, distinguishing pre-specified from exploratory 

Methods p4 

  12b Definition of and rationale for test positivity cut-offs or result categories  

of the reference standard, distinguishing pre-specified from exploratory 

Methods, p4 

  13a Whether clinical information and reference standard results were available  

to the performers/readers of the index test 

Methods, Appendix 
figures 1 & 2 

  13b Whether clinical information and index test results were available  

to the assessors of the reference standard 

Methods, p4, 
Appendix figures 3 
& 4 

 Analysis 14 Methods for estimating or comparing measures of diagnostic accuracy Methods, p4 

  15 How indeterminate index test or reference standard results were handled N/A 

  16 How missing data on the index test and reference standard were handled Methods, Appendix 
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figures 1 & 2 

  17 Any analyses of variability in diagnostic accuracy, distinguishing pre-specified 

from exploratory 

Methods, Appendix 
figures 1 & 2 

  18 Intended sample size and how it was determined Published trial 
papers 

 RESULTS    

 Participants 19 Flow of participants, using a diagram Appendix figures 3 
& 4 

  20 Baseline demographic and clinical characteristics of participants Appendix table 1 

  21a Distribution of severity of disease in those with the target condition Appendix table 1 

  21b Distribution of alternative diagnoses in those without the target condition Appendix table 1 

  22 Time interval and any clinical interventions between index test and reference 

standard 

Appendix figures 1 
& 2 

 Test results 23 Cross tabulation of the index test results (or their distribution)  

by the results of the reference standard 

Appendix figures 3 
& 4 

  24 Estimates of diagnostic accuracy and their precision (such as 95% confidence 

intervals) 

Figure 1 

  25 Any adverse events from performing the index test or the reference standard N/A 

 DISCUSSION    

  26 Study limitations, including sources of potential bias, statistical uncertainty, and 

generalisability 

Discussion p6 

  27 Implications for practice, including the intended use and clinical role of the index 

test 

Discussion, p6 

 OTHER 

INFORMATION 

   

  28 Registration number and name of registry In original papers 

  29 Where the full study protocol can be accessed Both study 
protocols available 
with published 
papers 

  30 Sources of funding and other support; role of funders Acknowledgements 
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