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History of hepatitis –
From jaundice to HCV

Hepatoscopy





• -3000 Sumerians (Jaundice…)

• -420 Greek   Hippocrate → « icterus »

• +750 Middle Ages
Pope Zacharie St Boniface
→ isolation

• 1800 Jaundice of camps

St Jean d’Acre (1799)

Paris (1870)
Sieges

→ prevention

I. Epidemic hepatitis
(-3000 to 1900)



« Syringe » hepatitis
injections for syphilis

Post-vaccine hepatitis
1882 : anti-small pox: Lurman (Breme)
1937 : anti-yellow fever: Findlay
1942 : 28000 cases US navy

Serum and post transfusion hepatitis
(1945-1975)

I. Serum hepatitis
(1880-1945)



1947 Mc Callum

• Hepatitis A epidemic

• Hepatitis B serum

1964 Krugman (Willow Brook School)

• Hepatitis A → oral (30-45d) « MS1 »

• Hepatitis B → parenteral (60-90d) « MS2 »

Duality of hepatitis



HBV



The discovery by Blumberg in 1964 of a new 
antigen in the serum of an Australian aborigine 
initiates a new era in the history of hepatitis. 
Blumberg, an ethnologist, demonstrates that this 
“Australian antigen” is a marker of hepatitis. 

Nobel Prize in 1976 for the discovery of new mechanisms for the dissemination of 
infectious diseases

1964

Baruch Blumberg



• Described the SH Ag in patients who developed a 
post-transfusion hepatitis 

• Confirmed
– The specificity of this Ag for hepatitis B

– The identity with Australia Ag

Alfred PRINCE
(New York Blood Center)

1968



The virus

DANE

1970





Antigens Antibodies

 Anti-HBc total (1971)

 Anti-HBc-IgM

 Anti-HBe

 Anti-HBs

 ADN POL (1972)

 ADN (1974)

 HBsAg (1965)

 HBeAg (1972)

Capside
HBcAg 
(HBeAg) 

Enveloppe
HBsAg 

HBV Serologic Markers



Tests / techniques

• 1965 Immunodiffusion (HBs/e Ag and Ab)

• 1970 Counter-electrophoresis (HBs/e Ag and Ab)

• 1970 RIA Ag/Ab
HBV DNA polymerase

• 1975 ELISA (Ag/Ab)

• 1980 DNA hybridization

PCR Real time
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Cloning of HBV
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The Vaccine

Plasmatic vaccines (1975-76)
– Ph. Maupas / institut Pasteur (F)

– M. Hilleman / MSD (USA)

Recombinant vaccines (1981)
– P. Tiollais / institut Pasteur

– W. Rutter/ Chiron/MSD





- Discovered the first HBV vaccine in humans (1976)
- Confirled the association between HBV and primitive liver cancer

Pr Ph. Maupas

1976



IMPACT OF HBV VACCINATION IN 
TAIWAN

• Incidence of HBs Ag : 

- 1985 : 9 % 

- 1995 : 1 %

• Réduction of HCC incidence and 
almost disappearance in children







HEPADNAVIRUSES

DHBV - Duck
HHBV - Heron 
SGHBV - Goose
STHBV - Stork

Avihepadnavirus Orthohepadnavirus 

HBV - Humans
WHV - Woodchucks
GSHV- ground squirrel
TSHV – Tree squirrel
ASHBV – Artic squirrel

Old world monkeys :
- Gibbon (GiHBV)
- Gorilla (GoHBV)
- Orang-outang (OuHV)
- Chimpanzee (ChHBV)  

New world monkeys :
- Woolly Monkey (WMHBV) 

Missing
small available

monkey



• Editorial – Hepatology (November 2013)
Persistent Human Hepatitis B Virus Infection in Cynomolgus Monkeys: A Novel 
Animal Model in The Search for a Cure?
J Bukh, R.E. Lanford, and R.H. Purcell

• Comment – Nature/middleeast (May 15, 2013)
Macaques-new animal models to test anti-HBV drugs and vaccines. B. Das

Hepatology
Volume 58, Issue 5, November 2013, 1610–1620



HBcAg HBsAg

Negative
Control

Macaque
HBV +

HBV protein expression in Macaques liver sections 



BL12

BL13
BL14

ALT peak

3/3 animals

HBsAg+  week 4/7 PI

HBsAg+ /HBcAg
+ by IF on liver sections

PCR HBV DNA (+) X 12 weeks

About 103 copies HBV DNA/ ml 
at week 9 pi

HBV transmission from cynomolgus
to sylvanus Macaques
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HEPATITIS VIRUSES DISCOVERY

1963 1973 1977 1983 1989

HBV
Blumberg et al

HAV
Feinstone et al

HCV
Houghton et al

HDV
Rizzetto et al

HEV
Balayan et al

Serology
IEM

(stool)
Serology, IF 

(liver)
Serology, IEM 

(stool)
Cloning (liver)



HDV 37 th Birthday





MAJOR CHARACTERISTICS

- Unique agent

- Defective virus

- Highly pathogenic

- Reemerging

- Most challenging therapy



42 nm

Hepatitis B virus

HBs Ag

HBc Ag

polymerase
DNA

37 nm

Hepatitis D virus

Ag HD
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RNA

HDV – the virion

PreS1/PreS2

HBs Ag
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HDV HBV



HDV INHIBITS HBV REPLICATION

Anti-transcriptional effec

Competition envelope

Cytokines (MxA ?)



1980s: Global Anti-HDV Prevalence in 
HBsAg Carriers (15,000,000 Positive)



2010

immigrants



HEPATITIS VIRUSES DISCOVERY

1963 1973 1977 1983 1989

HBV
Blumberg et al

HAV
Feinstone et al

HCV
Houghton et al

HDV
Rizzetto et al

HEV
Balayan et al

Serology
IEM

(stool)
Serology, IF 

(liver)
Serology, IEM 

(stool)
Cloning (liver)





The approach

1. 1979 Tubule Forming Agent  Shimizu (NIH)

2. 1985 D. Bradley (CDC)

- Togavirus

- Flavivirus

- HDV

3. 1987 <50 nm filter

4. Post-transfusion NANB hepatitis 1980-

incidence 7% in France  10% USA





Dead End

• 1983 HDV like  Kamimura/Purcell

• 1984 Retrovirus  Seto/Gerety

• 1984 Spumavirus  Prince

• 1985-9 Non-A, non-B Ag/Ab systems
Shimizu & many others





The ascent

• 1st viral isolation
- without culture
- without electronic microscopy
- without serology

Direct molecular approach

Since then:

- HEV, HHV8
- TTV
- HGV



The HCV discovery team 
(from left to right; M. Houghton, 
Q-L Choo, G. Kuo and D. Bradley





E1 and E2 
envelope 

glycoproteins
(T r im e r  of  E 1E2  

he te rod im e r )

Nucleocapsid 
(Core protein and ss(+)RNA)

Phospholipid bilayer

A s  a  re su lt  of  fu s ion  and /o r  co -assem b ly  of  
V LD L  w ith  H CV  nuc leocap s id  and  E 1E2  en ve lop  

g lycop ro te in s

Temptative model of HCV 
“Lipo-Viro-Particle”

Phospholipid monolayerA po lipop ro te in  B
(and  som e  o the rs , 

e .g . A poE )

f.penin@ibcp.fr

Francois PENIN & Patrice ANDRE



HISTORY OF 
HEPATITIS 
THERAPY







Chronic Hepatitis

 1955 - From steroids to abstention

 1976 – The Anti-Viral Era:  “The Prophets”
 Aciclovir and herpes

 1981 - Interferons
 Alpha 
 Beta

 2004 - PEG IFNs



Treatment with Oral Nucleos(t)ides

 1978 Vidarabine

 1979 Foscarnet

 1985 Ganciclovir

 -----------------------------------12 years-------

 1997 Lamivudine

 2003 Adefovir

 2006 Entecavir/Telbivudine

 2008          Tenofovir



Raymond SCHINAZI





SUSTAINED BENEFIT
Entecavir in HBeAg negative patients: Proportion of Patients with 

HBV DNA <300 copies/mL

n=    93/99                       4/99          56/95       79/95      84/90        72/77        67/74       54/57‡

EOD† Baseline    Wk 12     Wk 24     Wk 48       Wk 72     Wk 96      Wk 144
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† EOD= end-of-dosing
‡ 10 patients who remained on treatment at the Week 144 of ETV-901 visit had missing PCR samples

Adapted from Shouval D, et al. 59th AASLD Meeting, Oct 31–Nov 4, 2008, San Francisco, USA. Poster 927. Hepatology. 2008;48(4, suppl):722A. 



VIRAL LOAD PREDICTS OUTCOME

Chen et al; JAMA 2006



Cumulative Risk for HCC

Yuen M-F. et al 2008. Gastroenterology;135:1192



Paradigm shift

1) Break of tolerance
 Disease

Therapy

2) Replication is the driving force of 
complications

 Anticipate
 Prevention >> cure



BEYOND VIROSUPPRESSION :

Can we achieve HBsAg clearance, 
thereby preventing disease

progression and resistance?



PAN – Proof of Concept for Cure

Stopping 
viral replication

Take over by the immune system

Controls the disease and the infection



Mr Gu..,
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Anti Hbe

Anti Hbs

HBV-RELATED POLYARTERITIS NODOSA



Results from the PAN Treatment
According to Antiviral Protocol

Protocol Cure Anti HBe Anti HBs

Vidarabine - 1978 75% 45% 19%

(3 weeks)

+PE-cortc/sev
25/3

Interferon - 1976 80% 64% 50%

(6 months)

+PE+cortic/sev
11/14

Lamivudine - 1997 90% 80% 60%

Tenofovir - 2010 9/10 90% 80%



CHRONIC HEPATITIS C THERAPY



Suivi (années)

Lee MH et al. J Infect Dis 2012;206:469–477
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Hepatic causes Extrahepatic causes

Anti-HCV Ab positive, HCV-RNA undetectable

Anti-HCV Ab negative

12,8%

1,6%
0,7%

19,8%

12,2%

11,0%

p<0,001 for intergroup comparison 
p<0,001 for HCV-RNA detectable vs undetectable

Anti-HCV Ab positive, HCV-RNA detectable

The REVEAL HCV Cohort Study
• 23 820 adults, Taiwan

• 1095 anti-HCV positive ; 69.4% HCV-RNA detectable

Follow-up (years) Follow-up (years)

HCV infection and global mortality risk

p<0,001 for intergroup comparison 
p<0,001 for HCV-RNA detectable vs undetectable



Van der Meer AJ, et al. JAMA 2012;308(24):2584-93.
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SVR : Sustained virological response

P < 0,001

SVR improves global survival



What is the Goal?

Inspired by Jordan Feld, Donald Jensen and Hubert E. Blum

 Interferon-free combination therapy

 High barrier to antiviral resistance

 Once daily oral therapy

 Pan-genotypic antiviral activity

 Reasonable safety and minimal drug-drug
interactions

 Short duration (12 weeks)

 SVR rates > 90%

 ... and affordable



Preclinical

Phase I

Phase II

Phase III

SCY635

IDN6556

Vaniprevir

Danoprevir (DNV)

Asunaprevir (ASV)

VX985

MK5172

IDX320

GSK2336805

Daclatasvir (DCV)

BMS824393

AZD7259

Mericitabine
(MCB)

Filibuvir

TGV

Deleobuvir

FDVDBV

MCB DNVr

ASV

The Hurricane of HCV Drug Development

GSK2336805

GS9620

Sovaprevir
ABT450r

ABT267

PPI461

IDX184

GS9669

PSI938

ABT333

Setrobuvir

GSK2485852

PEG-IFN-λ

NIM811

ITX5061

Clemizole

Narlaprevir

Vedroprevir

ABT333

Lomibuvir

GS9669

Status 11/2013 (selection)

BMS986094

Erlotinib
Mira-

virsen

Others

DCV

TVR

Lomi-
buvir

Ledipasvir (LDV)
Samatasvir

ABT267

LDVSOF

BMS791325

ASV DCV

BMS791325

ACH2928

PPI668

GS5816

Neceprevir

ACH3102

Coformulation

MK8742

MK5172MK8742
Filed

Telaprevir (TVR)

Boceprevir

Simeprevir (SMV)

Faldaprevir (FDV)

Sofosbuvir
(SOF)

ABT450r

VX135

BIT225
Alisporivir (ALV)

LDVSOF



Other Direct
Antivirals

1st Stage
1989-1998

2nd Stage

1998-2001

3rd Stage

2001 - 2009

4th Stage

2009-2010

5th Stage

2011-2015

6th Stage

2015+

35%

Estimated
60-70%

42-50%

Estimated
85-90%

OR

+/-

+/-

Ribavirin

Potential Evolution of HCV Therapy for GT 1
Small Molecules will be Added in an Effort to Improve 
SVR Rates

Interferon

Peg-Interferon

Nucleoside 
polymerase 
Inhibitor

Protease Inhibitor 

All Oral Therapy 

+/-

+/-

10%

Estimated
85-90%



I   :
One of the most beautiful 
histories of medicine since 
small pox, polio and… 

tuberculosis



CONCLUSIONS
AND

PERSPECTIVES 





« I Have a dream »
HCV

1. Predictive genetic tests
- fibrosis
- IFN response
- efficacy/tolerance of DAAs

2. Specific anti-HCV Ig

3. Prevention of HCC
- primary
- secondary



« I have a dream »
HBV

1) Chronic hepatitis B must become priority
research

2) We should aim at HBV CURE

3) Since most HBV infected people live in 
ressource limited countries new 
immunotherapic appraoaches including
therapeutic vaccine are needed

4) Availibility of a small primate macaque model 
may be most helpful.

Yes we can !



Marcellin P et al. Adefovir dipivoxil for the treatment of B e antigen-
positive chronic hepatitis B. N Engl J Med 2003;348:808-16

We should have a dream

Worldwide famous wizard



They paved the way
way
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