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Hepatitis C virus: a success story for modern 
medicine: Some definitions

• Virus: an infectious agent, on the borders of life – only “comes alive” 
when inside a cell 



Hepatitis C virus: a success story for modern 
medicine: Some definitions

• “Hepar” = Liver

• “itis” = Inflammation

• Inflammation of the liver: Top causes in the UK:

1) Alcohol-mediated

2) Fatty liver disease Obesity-related

3) Viruses



Liver disease is important!



Thomas DL. New England Journal of Medicine 2019; 380: 2041-50

Chronic HBV and HCV infection

Viral hepatitis is important!



Thomas DL. New England Journal of Medicine 2019; 380: 2041-50



Hepatitis C virus: a success story for modern 
medicine: Some definitions



Causes of viral hepatitis

Hepatitis A virus

Hepatitis B virus

Hepatitis C virus

Hepatitis D virus

Hepatitis E virus

Hepatitis F virus

Hepatitis G virus

Doesn’t exist

Doesn’t cause hepatitis
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Hepatitis C Virus (HCV)
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Natural History of HCV Infection

Acute 

infection

Subclinical infection

Acute hepatitis (jaundice)
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Cirrhosis of the liver



Cirrhotic liver with a hepatocellular carcinoma



HCV: Natural History

Chronic infection – 50-75%

Clearance – 25-50%

Infection



Hepatitis C virus: routes of transmission

• HCV is a blood-borne virus (BBV)

• Injecting drug use

• Blood/blood products (hence the Infected Blood Inquiry)

• Other needles e.g. acupuncture, tattoo, needles for medical use

• Mother-to-baby (1-5%)

• Sexual (?real)



FIG. 1 

Clinical Microbiology and Infection 2011 17107-115DOI: (10.1111/j.1469-0691.2010.03432.x) 
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Treatment of hepatitis C



Treatment of Hepatitis C
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Treatment of Hepatitis C
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Monday Wednesday Friday

[IFN]

PEG-IFN

IFN IFNIFN

Concentration 

of IFN in 

blood stream

PEG = Polyethylene glycol

PEG-IFN = interferon chemically 

bound to PEG



Treatment of Hepatitis C
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Treatment of Hepatitis C
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HCV

5`
NCR

Core  Env1   Env2 NS2   NS3   NS4   NS5

STRUCTURAL

GENES
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NS5 encodes 2 proteins 
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assembly
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Protease inhibitor BILN-2061 targets the enzyme active site

Directly-Acting Antiviral Agents (DAAs):

Designer Drugs

Viral proteins 

crystallised and their 

3-dimensional 

structure worked out

Drugs then designed 

to bind to the 

structure and inhibit 

function



HCV Antivirals in Development

Other HCV Other HCV 

CompoundsCompounds

NS5AsNS5As

PhIIa

PhIIb

PhIII

PhI

ITMN-191/R7227

BI-201335

MK-7009

VBY376

Boceprevir

R7128

MK3281

BMS

PF868554

GS 9190

ANA598

Albuferon

Locteron CR 

Nitazoxanide

Debio025

IF'sIF's

PEG-IL-29

NonNon--nucnuc

polymerasespolymerases

IDX-184

NucNuc

polymerasespolymerases

PIsPIs

IDX-102

BMS 790052

PSI-7851

VCH 916IFN-alpha-2b-XL

TMC435350

Telaprevir

VX-813

Sources: GBI Analysis (August 4, 2010), Pipeline Sources, Company Press Releases, Reuters Knowledge Analyst Reports

VCH-222

BIT-225

PHX-1766

ABT-333

ITCA-638

AZD-7295

Celgosivir

SCH 900518

sr-IFN-alpha 

(LG Life Sciences)

ABT 450

BI-207127

Belerofon

ABT-072

IDX-136 and IDX-316

ACH-1095

HDV-IFN 

(Hepasome)

SCY-635    

Miglustat
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 IFN alpha, Medgenics

(Biopump SR)

NIM-811

Taribavirin

ANA773

PF 4878691

VCH 759

BMS-791325

ITX 5061 

IMO-2125

MK-1220 

Golotimod (SCV 07) sc

ACH-1625

PSI-879

PPI-461

IPH 1101

PRO 206

Interferon-alpha 

(buccal lozenge, Amarillo)

BMS-650032

IFN-alpha-2b-medtronics

Suspended / Discontinued 

CYT-107

P-1101

Nov-205

BMS-824393 

ATI-0180 

IDX-189

MK5172 IDX-375

GS 9256

VX-985

CB-5300

GS9190+GS9256

CombinationCombination

ProductsProducts

VCH-222+ Telaprevir

RG7227+RG7128 

BMS-790052 + BMS-650032
BI-201335+BI20127 

AZD 2795

EDP-239

PSI-938

PSI-7977

RG 7348

GI-5005

Changed/additional info 

IDX-320

TaigGen Bio

ACH 2928

Clemizole

FGI 103723

IDX184+IDX320

In 2010



Different classes of direct acting antiviral 
agents (DAA)

Asselah et al. Liver Int. 2012~previr ~buvir~asvir

Grazoprevir



Different classes of direct acting antiviral 
agents (DAA)

Asselah et al. Liver Int. 2012~previr ~buvir~asvir

Pibrentasvir



Different classes of direct acting antiviral 
agents (DAA)

~previr ~buvir~asvir

Sofosbuvir





Study Design – ION-11

Randomised clinical trial in treatment-naïve patients with HCV infection

Primary endpoint: How many patients achieve SVR when tested 12 weeks after end of therapy?

SOF = Sofosbuvir; LDV = Ledispavir; SOF/LDV = Harvoni RBV = Ribavirin



ION-1

ION-1 Study Design: a randomised, open-label trial evaluating 12 and 24 weeks of treatment 

with HARVONI with or without RBV in treatment-naïve subjects with HCV GT11

Cure 

rate



ION-1

ION-1 Study Design: a randomised, open-label trial evaluating 12 and 24 weeks of treatment 

with HARVONI with or without RBV in treatment-naïve subjects with HCV GT11

Cure 

rate
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https://www.who.int/hepatitis/news-events/ghss-hepatitis-video/en/

May 2016:



https://www.england.nhs.uk/2018/01/hepatitis-c-2/



Definitions: Elimination versus Eradication



A lesson in WHO-speak

• Eradication: refers to the complete and permanent worldwide 
reduction to zero new cases of the disease through deliberate efforts.

• e.g. …..





A lesson in WHO-speak

• Elimination:

• As a public health threat ….

• Is defined as 90% reduction in incidence and 65% reduction in number of 
related deaths from a 2015 baseline



Thomas DL. New England Journal of Medicine 2019; 380: 2041-50



Progress towards elimination of 
hepatitis C in England



The good news

• DAAs cure >95% of patients with chronic HCV infection

• NHSE have committed funding to purchase these DAAs (>£200 million)

• So “all” we have to do is diagnose the infected patients and cure them



Hepatitis C in the UK 2018 Report (PHE)





The bad news (1)

• We don’t know who the patients are:

• As of 2020, it is estimated that there are 89,000 individuals in England 
with chronic HCV infection

• Of these, 30% are diagnosed and therefore “awaiting treatment”

• Therefore 70% are currently undiagnosed



The missing 70%

• Who are they?

• People who inject drugs (PWID)

• Ex-PWID

• Ethnic minority populations

• Babies of carrier mothers

• Sexual partners of PWID

• Blood/blood product recipients

• Where are they?

• Addiction treatment services, 
prisons

• Primary care



Some more bad news

• We don’t have a vaccine

• It is questionable whether, in the long-term, we can achieve global 
elimination without one





Vaccine development – an aside

Virus First identified First vaccine trials Vaccine adopted 

for global clinical 

use

HIV 1983 1990s No effective 

vaccine

HCV 1989 2017 ( phase 3 trial) No effective 

vaccine 

SARS-CoV-2 2020 2020 2020



WHO Elimination Targets: Hepatitis C



Incidence of new infections

• A MAJOR challenge!

• There is no single diagnostic test for incident HCV infection



Evidence of HCV infection in “new” injectors



WHO Elimination Targets: Hepatitis C



Public Health England report: Hepatitis C in England 2020



HCV registration for liver TX Liver Tx % all liver Tx

Liver transplantation data



Hepatitis C: from pandemic to elimination in 
40 years?

• Virus identified in 1989

• Current estimates – 71 million people are infected

• Curative DAAs with >95% cure rates licensed for clinical use 2015

• WHO set elimination target of 2030

• In England: Current diagnosis rates   ̴  10-15,000 per year

• 89,000 untreated patients in England of whom 60,000 are undiagnosed

• Current treatment rates   ̴  12-15,000 per year 



Hepatitis C: from pandemic to elimination in 
40 years?

• The challenge has shifted from molecular virology

• What kind of virus?

• How can we diagnose infection?

• What viral targets are there for antiviral drugs?

• To public health medicine

• How can we find the infected patients?

• And link them in to care pathways for treatment?



HCV 
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Nobel Prize for Medicine October 2020
Harvey Alter Mike Houghton Charlie Rice




