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HBV - a global problem

HBsAg Prevalence
@ > 8% (high)

B 2% to 7% (intermediate)
E < 2% (low)



Mortality rate (per 100,000 py)
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Global mortality from viral hfépétitis

Proportion attributable to each virus

The area of each pie is proportional to the number of hepatitis-
attributable deaths in that region; each wedge represents the

proportion of those deaths attributable to a given virus.

- Hepatitis A
[ | Hepatitis B
- Hepatitis C
- Hepatitis E

(Cooke et al submitted)
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HBV Genotypesi" Ebi’é{émiOIogy Brg

 HBYV classified into 8 well-documented genotypes (A-H)

— A: North America, Western Europe, and Africa
— B and C: Asia

— D: Southern Europe, Africa, and India

— E: West Africa

— F: Central and South America and Alaska

— G: United States, France, and Germany

— H: Central America

» Genotype B associated with less active disease, slower progression,
and lower incidence of HCC than genotype C

« Genotypes A and B respond better to IFN than genotypes C and D
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Modes of HBV Transmission -

» Spread via exposure to blood and bodily
fluids

e Need a break in skin or mucus membrane

* Found in semen, saliva, vaginal mucus,
and tears but at levels 1000-fold lower
than in serum

 Not found in urine, sweat, or stool



Outcome of HBV Infect|on by Age of

Transmission—
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Geographic Differences

—
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Epidemiologic and Clinical Characteristics

Characteristic
Endemicity
Age of infection

Primary mode of
transmission

Chronicity
Risk of cirrhosis

Risk of HCC

Asia/Sub-Saharan Africa
High
Birth, toddler

Perinatal, horizontal

Common
High

High

N America/W Europe
Low
Early adulthood

Percutaneous, sexual

Rare
Low

Low
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Hepatitis B Disease Progression

30% of chronically '
infected

individuals!?!

.

= > 90% of infected infants
progress to chronic
diseaselll

Liver
Transplantation

Death

Chronic hepatitis B is

= 0 i
< 5% of infected the 6th leading cause of

immunocompetent liver transplantation in
adults progress to 23% of patients decompensate within 5 4] P

. L 13 the US
chronic disease!ll yrs of developing cirrhosis
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HBsAg

— Marker of chronic hepatitis B when found in serum > 6 months
Anti-HBs

— Marker of immunity
HBeAg

— Anindex of active viral replication and high infectivity

— Only produced by Wild Type HBV (pre-core/core-promotor mutants lose ability
produce ‘e’Ag)

Anti-HBe
— Appears in recovery phase and is present/absent in reactivation phase
Anti-HBcC

— Marker of past and possibly current infection
— IgM anti-HBc — marker of recent infection

HBV DNA
— Reported in IU/ml (5 copies/ml = 1 [U/ml)



— -

4 Phases of Chronic HBV Infection

Current Understanding of HBV Infection

ALT activity

HBV DNA

a L 4
L ] L 4
Ya

P
n .liz:::rg".‘

Minimal
inflammation
and fibrosis

Mild hepatitis
and minimal
fibrosis

Active
inflammation

Chronic active
inflammation




Natural history of HBV.infection —a"

continuum of interplayb—etweﬁe\n Ihost/virus\

Earl LYy Immune
Chil tho q Tolerance Adulthood

HBeAg- HBeAg+
Chronic Chronic
Hepatitis B Hepatitis B

Inactive
Carrier

Chen DS, et al. J Gastroenterol Hep. 1993.;8:470-475; Seeff L, et al. N Engl J Med. 1987;316:965-970 7



Natural history of HBV'i'r;feetj/o;#‘f:wh‘ere

does HIV co-infection fitin? |

Earl > 95 % [ 1 [ TT
Childhz’°d Tolerance Adulthood

< 5% HIV/HBV

Increased likelihood

HBeAg- HBeAg+ HIV/HBV:
z::heHer Chronic Chronic Increased VL

Lower ALT
Increased Fibrosis

Viral loads Hepafitis B HepaTiTiS B

Inactive
Carrier

HIV/HBV

Reduced seroconversion

Chen DS, et al. J Gastroenterol Hep. 1993;8:470-475; Seeff L, et al. N Engl J Med. 1987;316:965-970
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Treatment of HBV alms

e Ultimate aims
— Prevent progression to ESLD/death
— Prevent HCC

— Prevent transmission of HBV (NB: Vaccination also
available)



When do we need to Rx HBV? |

* Everybody with detectable HBV DNA?

e Based on HBV DNA levels?

* Those with evidence of significant liver
disease?

— Based on abnormal ALTs?
— Histological activity/Fibrosis scores?



Level of HBV DNA {c/ml) a’—c'eritrv'/&,prc\jgre's‘sion 1{o)
cirrhosis in population-based cohort studies

All Participants HBeAg(-), Normal ALT
14 - (n =3582) 14 - (n =2923)
12 4 *P < .001 12 1 *P < .001 "
10 4 10 -
RR * * *
0, - -
(95% CI) 8 65 8 6.6
6 - 5.6 6 - 5.6
4 - * 4 - *
2.5 2.5
7 4 1.4 2 - 1.4
0 - T 1 1 O T ]
300-< 104 104 -10° 10° - 10° >10° 300-< 104 104 -10° 10° - 10° > 106
HBV DNA copies/mL HBV DNA copies/mL
* Adjusted for age, sex, cigarette smoking, and alcohol consumption.
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HBV DNA and immune response = engine
ALT/Histological Activity Index (inflammation) = train speed
Fibrosis stage = distance from canyon
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Immune
Tolerance

HBeAg- HBeAg+
Chronic Chronic
Hepatitis B Hepatitis B
Inactive
Carrier

eAb+, sAg+

HBV DNA
undetectable

Viral Clearance (HBV DNA neg)
Anti-HBe sero-conversion
Anti-HBs sero-nversion
Clearance cccDNA
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End-points of HBV—fT'r'_/c—f:‘at"r\,n'ent ‘

* Primary

— HBV DNA suppression
* Secondary

— Normalisation of ALT

— Improvement in histology
— Anti-HBe sero-conversion (for HBeAg+)
— HBsAg loss and anti-HBs sero-conversion
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HBV Treatment Landscape

Peginterferon alfa-2a

Entecavir
Lamivudine Tenofovir
Interferon alfa-2b Adefovir Telbivudine
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Nucleotides
*Anti-HIV activity

Anti-HBV drugs ™~ -

Potency

>

Genetic barrier 4




When to Start HBV\TEeZé‘fment? ‘»

> Risks

Likelihood of

: Patient’ s age and Adverse effects
Adverse outcome oreference Drug resistance
without treatment

Costs

= Long-lasting response

Activity and stage of liver disease at presentation
Risk of cirrhosis/HCC in the next 10-20 yrs
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Three key inter-linked factors in the

decision totreat” -

* Age
— <30yrs vs. >30yrs
— FH of HCC
* Level of fibrosis/inflammation
— Cirrhosis
— F2+ fibrosis
— Abnormal liver enzymes
* HBV DNA levels
—>20000 IU/ml



Determining Treatment Candidacy.for
Chronic Hepatitis B:-Guidelines

AASLD 200911 > 20,000 >2xULNor 5 55 000 S2 N el
positive biopsy positive biopsy
EASL 2009 > 2000 > ULN > 2000 > ULN
APASL 20083 = 20,000 >2 x ULN > 2000 >2 x ULN
NIH Consensus >2 x ULN or =2 x ULN or
Conference 20094 > 20,000 positive biopsy* = AT positive biopsy*

*Moderate/severe inflammation or significant fibrosis.

= Expert guidelines also published with recommendations specific for HBV
management in US!®! and more recently for Asian Americans!®!

— Some key differences between these guidelines ﬂ



ALGORITHM OF WHO RECOMMENDATIONS ON THE MANAGEMENT OF PERSONS WITH
CHRONIC HEPATITIS B INFECTION®

HBsAg positive

CIRRHOSIS
= Clinical criteris®
e NITs (APRI score >2 In a0ults

or FibroScan)
Yes L No
|
! |
= — AGE
30 years

g {(In particutar) =30 years
ﬁ | . 1 1 |
oc
= ALT® ALT® ALTE ALTe
5 Persistentty Intermitiently Persistently Persistentty
- abnormal abnormal nommal normal
= |
¥ I 1 1
w
¥ HBEV DNA o || nev ona HBV DNA
v
% 220000 ML | o Ao vt | <2000 wemL <2000 1LAMIL

| - l e e l

INITIATE NA THERAPY
AND MONITOR
 TenofoWr or entacavir DEFER TREATMENT AND MONITOR
e Entecavir in chiidren aged
2-11 years

| |
WHO Guidelines 2015




EACS Guidelines 2014 = HBVin HIV+

Assessment of treatment indication for HBV
infection in HIV-positive individuals

cirrhosis

HBV-DNA®

ALT

Note: In patients with significant liver fibrosis (F2-F3), anti-HBY treatment
might be considered even when serum HBV-DNA is below 2000 IU/mL and

v Y
>2000 <2000
v v
elevated normal
' i '
- No

liver enzymes are not elevated.




Current Guideline Recommendatlons f

for First-line Therapy

* Peginterferon alfa-2a

— Exceptions: pregnancy, chemotherapy
prophylaxis, decompensated cirrhosis, acute
infection

 Entecavir
 Tenofovir

EASL. J Hepatol. 2009;50:227-242. Liaw YF, et al. Hepatol Int. 2008;2:263-283.
Lok AS, et al. Hepatology. 2009;50:661-662. 7



PeglFN vs. Nucleos(t)idéfAnélOgues

Pro Con

= Finite course of
therapy

= No resistance

= Higher rate of
HBeAg loss in

* Frequent AEs

patients with
cirrhosis, in

1yr pregnancy, with
acute hepatitis B,

= Higher rate of

HBsAg loss with and who are
short duration immunosuppresse
therapy* d

= SC administration

= Contraindicated in

Pro Con

PO administration = Need for long-

Infrequent AEs term or
Safe at all stages of indefinite
disease, including therapy

= Potential for
drug resistance

decompensated
cirrhosis

Safe in immuno-
compromised
populations
Selected drugs
probably safe in
pregnancy

*Particularly for HBeAg-positive patients with genotype A infection.

Lok AS, et al. Hepatology. 2007;45:507-539. Lok AS, et al. Hepatology. 2009;50:661-662. Lok AS.
Hepatology. 2010;52:743-747. Buster EH, et al. Gastroenterology. 2008;135:459-467. Lange CM, et al.

Hepatology. 2009;50:2001-2006.



5-Yr Rates of ReS|stance Wlth Oral

Agents in Nucleos(t)lde -Naive Patlents\‘ ‘
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Lamivudinel!!  Adefovirlll! Telbivudine*!!! Entecavirl!! Tenofovirl?

*Telbivudine rate determined at Yr 2.
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Genetic Barrier
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 The number of substitutions needed for primary
antiviral drug resistance

— LAM/TBV: rtM204V/I
— ADV: rtN236T

 Combination of low genetic barrier drugs: at least 2
mutations required

e ETV: at least 3 mutations required:
— rtL180M + rtM204V + one of
— rtT184 or rtS202 or rtM250 change



Impact of lamivudine resistance on
progression of liver disease

Liaw, N Engl J Med. 2004



More than just ‘drugresistance” -

Points of action of * Overlapping Pol and S

nucleos(t)ide analogues
Polyr;:)r;si: Terminal protein |  Spacer GFA BCDE RNAseH | © Mutations in POI - Changes inS
A 4
: Surface antigen |  prest Pre | S

protein 4 i » ADASMs — Antiviral Drug-
Associated S mutations

 ADAPVEMS — Antiviral Drug
Associated Potentially Vaccine
(and detection) Escape Mutations

 Associated with L-nucleosides
and Entacavir, possibly with
adefovir
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Selection of Entecavir vs Tenefovir; Either Is

an Excellent Choice for Most Patients

Log HBV DNA | at
21 21 WK 48-52
< 20 T .
E— [ Entecavir » HBeAg positive 6.9 6.2
g - [ Tenofovir = HBeAg negative 5.0 4.6
g Genotypic
. resistance, %
Q 10 o [ i
§ NA naive 1.2 (Yr %) 0 (Yr3)
o » Lamivudine
€ 5 - experienced SV NR
3
2 <1 Pregnancy rating Class C Class B
0 ' : 0 . Renal
HBeAg HBsAg HBsAg AEs None toxicity;
seroconversion loss loss | BMD
HBeAg Positive HBeAg Negative

Lok AS. Hepatology. 2010:52:743-747. 4
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Management options for'HIV/ 21:1Y ’c‘,o-infectionf

—

tment of chronic HBV infection in HIV-positive individuals

HIV/HBV Coinfection
CD4 > 500/l AND . scw?“:og:’:w
No indication for ART or Cinthosis ®

HBV Rx indicated ™ No HBV Rx indicated ™ 3TC expanenced 37C naive
a) Early ART including

TOF + FTC/3TC ™M™ Add or substitute one ART including
b) PeglFN ™ if genotype Monitor closely NRTI with TDF ™, as part TOF ™,+3TC ™

A, high ALT, low HBV of ART FTC ™

DNA

EACS Treatment Guidelines 2014
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Studies 102/103: Long-term Histology

»

Study During Open-Label Follow-up

2 randomized, double-blind, placebo-controlled phase Il trials
e All pts received open-label TDF after Yr 1 for a total study duration of 8 yrs*
* Liver biopsies obtained at baseline, Yr 1, and Yr 5 (honmandatory)

TDF300mgQD _
(n =250, 176)
Open-Label TDF
] —> (n =585 entered, n = 489 completed 5 yrs,
- n = 348 with biopsy samples at Yr 5)
ey
Study Yr I0 j 2 3 4 5 8

)\

Biopsies 1 1 1

*FTC could be added for confirmed viremia on/after Wk 72.
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Non-histologic Efficacy \Réfgmt‘s Tt Ve~

HBV DNA < 400 copies/mL 99 (292/295) 97 (170/175)
ALT <1 x ULN 85 (236/277) 73 (124/169)
HBeAg loss - 49 (81/165)

HBsAg loss 0 10* (6.8-14.7)

Marcellin P, et al. Lancet. 2013;381:468-475. Marcellin P. et al. AASLD 2013. Abstract 926. ﬂ



96% of Pts Treated With Tenofovir Had Stable or

Improved Fibrosis at-Yr. 5—

* Pts with Ishak score > 4: 38% at baseline, 12% at Yr 5
e Pts with cirrhosis (Ishak score > 5): 28% at baseline, 8% at Yr 5 (n=96)

P < .001
P < .001 Ishak Fibrosis
100 = — Scores

12%[ 6 O

80 + 38% 5 [

£ 60 i 45
(7]

-

£ 40 - 20
o

63% 1O

20 1 39% ol

O — r I -__I
Baseline Yr1 Yr5

N = 348 matched biopsies
Marcellin P, et al. Lancet. 2013;381:468-475. 7
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1007 B —
80 -
60 -
20 -
n= 126 79 37 19
0' I ] ] ]
3 4 S 6

S

Ishak Fibrosis Score at Baseline

Marcellin P, et al. Lancet. 2013;381:468-475.

No histologic improvement
M Histologic improvement



Tenofovir Studies 102/103
HCC Incidence Based on Cirrhosis Status at Baseline

5 4
47 6
— n=
£ 357 4.5%
@2 3 A '
8 25 -
g 2 - ——
: — [
3 1.5 T n=8
T 11 1.5%
0.5 -+
O T 1 1 I I I 1
0 48 96 144 192 240 288 336
Week
No. atrisk
Non-cirrhotic 482 453 425 396 377 360 343 324~
Cirrhotic 152 146 137 132 126 120 115 109~
*Patients completing 328 weeks in study as defined by protocol REACH-B is a risk calculator developed in non-cirrhotic pts so

Kim WR, et al. J Hepatol 2013 Supp 1:58(43):519 - Oral#43 It may underestimate the risk
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However, cirrhotics remain ‘at risk’

Observed vs Predicted HCC Cases:
Noncirrhotics

20
oW
2 ——-Predicted -
g redic -
S 15 1 © Observed ,,"
- ’,’
= -
g 10 ,"’
=2 - — O
= - [ SIR = 0.45
= - = 0. -
g S ',':" () -' 952 CI (0.227, 0.909)
< 9”" 1= significant
& cifference
o) - - - . ' >
o 48 o6 144 192 240 288 336
Week

~Statistically significant at nominal a-level of 0.05.
Cl. confidence interval: SIR, stancardized incdence ratio.

Observed vs Predicted HCC Cases:
Cirrhotics

12
o
D
£ 10 - ——-Predicted -
S © Observed e
8 - -
0= -
= -
= 6 S -
= @ -
= 4 - —_—
= e ——
= O
S 2 - O
o - - - - - . .
O a8 o6 144 192 240 288 336



Study Design

Week o 16 24 48 72 120
. . [

n=186 RIS @ e -
GES LS TDF+PEG| - TDF D .

n=185 TDF

n=185

Start TDF during follow-up

if prespecified safety criteria met

¢ Randomized, controlled, open-label study (N=740)
— Stratified by screening HBeAg status and HBY genotype

¢ Inclusion critena
— HBeAg+ and HBY DNA =20,000 IU/mL; HBeAg- and HBWV DNA =2 000 1U/mL
— ALT =54 and =400 U/L (men); ALT =36 and =300 U/L (women)

No bridging fibrosis or cirrhosis on liver biopsy or by transient elastography

4

Marcellin, et al. APASL, March 2015



Patients with HBsAg Loss,
Kaplan-Meier Estimate (%)

0.15
0.14
0.13
0.12
0.11 4
0.10 <
0.08
0.08 —
0.07 <
0.08 —
0.05 —
0.04 <
0.03 —
0.02

0.01
0.00

*

HBsAg loss at V\\/e'éjk‘ffz |

48 weeks 72 weeks

ToF + PG 48wk [T - g
F

rrl - | p=D.002

p<0.001

PEG 48 wk m-

TDF + PEG 16 wk —TDF 22wk [EX] -

| | |

— |
ToF 120wk [ - |

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 €60 64 @68 72

Week

7 patients had HBsAg seroreversion on or after Week 48 (4 [TDF + PEG 48 wk],
3 [TDF + PEG 16 wk —TDF 32 wk])

Marcellin, et al. APASL, March 2015 7



Preventing Perinatal HBV Transmission:

Why Is It So Important?

* Risk of progression to chronic infection is
inversely related to age at infection

100+
X 80
Sc
c.9
Q0% 601
o9
o £
o 40-
©'c
a 9
£ 201
(&)
0- : : o —
Newborns Infants/Children Immunocompetent
Adults

Lok AS, et al. Hepatology. 2009;50:661-662. 7
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Risk of Perinatal Transmission Associated

With HBV DNA Level and HBeAg Positivity

213 pregnant HBsAg-positive women with detectable HBV DNA; 138 infants tested at 9 mos of age

= 2.9% (4/138) of infants were HBsAg positive

In all 4 cases of transmission, mothers were HBeAg positive and had very high HBV DNA
(> 8 log,, copies/mlL)

10 A
=
T 81
E 6.6
c 67
0
2 4]
£
[7,]
c
c 24
0 0
= T T T
All Infants HBeAg-Positive <10° 10>-108 > 108
of HBV DNA- Mothers -
Positive Mothers Maternal HBV DNA (copies/mL)

Infants received HBIG 100 IU within 12 hrs of birth and HBV vaccination at 0, 2, 4, and 6 mos of age
Wiseman E, et al. Med J Aust. 2009;190:489-492 7
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Algorithm for HBV Management in

Women During Pregnancy

Pregnant women with HBV infection

I
1st trimester: assess HBV Active disease/suspected
replication and liver disease cirrhosis: con_3|der |n|t|at|_ng
I treatment with tenofovir

End of 2nd trimester: quantitative
HBV DNA and ALT levels

HBV DNA < 106 [U/mL* HBV DNA > 106 [U/mL*
I |
Monitor: Consider initiating treatment with tenofovir,
infant receiveé HBIG lamivudine, or telbivudine at 28-32 wks’

+ vaccine at birth |
Infant receives HBIG

+ vaccine at birth

The cut-off level of maternal HBV DNA level for initiation of therapy is unclear, and HBV DNA from 6-8
log,, IU/mL can be considered for therapy based on physician and patient preference.

TTenofovir is preferred if treatment is expected to be > 12 weeks or if treatment is expected to continue
while breastfeeding.
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Risk of Reactivation by Disease

= Bone marrow transplantation
= QOrgan transplantation

= | eukemia

" Lymphoma
Risk Increased with Rituximab Therapy

= Myeloma
= Solid tumors

= HIV

YSI4 SUISea.29(

=  Autoimmune diseases

= |nflammatory bowel disease

Alvarez-Suarez B, et al. Rev Esp Enferm Dig. 2010;102:542-552. Lau GK. Bone Marrow Transplant.
1997;8:795-799. Roche B, Samuel D. Liver Int. 2011;31(Suppl 1):104-110. Hwang JP, et al. AASLD ZOﬂostract
172.



HBV Management in Pts Receiving

Chemotherapy, Immunosuppressive Rx

HBsAg+ HBsAg- HBsAg-
| anti-HBc+ anti-HBc-
Check anti-HBs+ anti-HBs-
HBV DNA
I Check ALT HBV Vaccine
Start therapy !\
LAM if HBV DNA < 2000 IU/mL; Normal ALT: no Elevated ALT
ETV or TDF if action
HBV DNA > 2000 IU/mL required
FoIIow ALT,
HBV DNA HBV DNA+ HBV DNA-
\4
° d - Start antlwral Evaluate non-
econsider therapy therapy HBV causes for
6-12 mos after . .
liver dysfunction
cessation of
chemotherapy

Roche B, Samuel D. Liver Int. 2011;31(Suppl 1):104-110. 7



HBV life 'cyc[éj "
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on-nfectious
filamentous and spherical
subwvirad particles

Pt al "'.
»
{3

5
Ho/

< -rmm(“(‘('l'

antiviral activity, induces
“antiviral state” in cells.

'r. o 00“(“(“0(“

yz eos(t)ide
alogues

Trepo et al, Lancet 2014, Wieland et al, PNAS, 2005; Sadler & Williams, Nat Rev Immunol 2008

p://biology.kenyon.edu/slonc/bio38/scuderi/image008.gif;




For the (near) future

Prophylactic 1°

Vaccines :
Therapeutic 1° 20

. {“r“‘m““« J.

'rc«nm«««oc/

' Ca sid Assembly
012,13,26

RNAse H
inhibitor®,

“Antiviral state” — miRNAs2:1>,19,20,23
ZAP>, Immunomodulation??




The End....
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GreenShools

FOUNDATION




