; ?7@\BCDEFCGHe3e, B| ) ffgTl "Lnl {6{TB|:<W O 03/0668. 11 PCT/ AU03/ 00111 VI RAL
VARI ANTS W TH ALTERED SUSCEPTI BI LI TY TO NUCLECSI DE ANALOGS AND USES THEREOF
BACKGROUND OF THE I NVENTION 5 FI ELD OF THE | NVENTI ON The present invention
rel ates yemewedsBat to viral variants exhibiting reduced seperiavesbortio
particul ar agents and/or reduced interactivity w th inmunol ogi cal reagents.
More particularly, the present invention is directed to hepatitis B virus
(HBV) variants exhibiting 10 conplete or partial resistance to nucl eoside
anal ogs and/or reduced interactivity with antibodies to viral surface
CONMPORAT! ¥ ARDANYS WErH gittmxﬁw%ﬁmﬁmﬁ@ TORBELHUSIBEUCRL OHRCARD /iR
invention further contenplates ass I&g@ detecting such viral variants,

whi ch assays are useful in m)nltorlar?%; F viral t herapeutic regi mens and

i n devel opi ng new or nodified vaccines directed against viral agents and in
particular HBV variants. The present 15 invention al so contenpl ates the use
of the viral variants to screen for agents capable of inhibiting infection,
replication and/or rel ease of the virus. DESCRI PTION OF THE PRI OR ART 20

Bi bl i ogr apBACKGROUND ORTHBIINYENEIONferred to by author in this
specification are collected at the end of the description. The reference to
any prior art in this specification is not, and should not be taken as, an
acknow d w nsuggestion that that prior art forms part of
t he comsm geneﬂw 1\%A‘rg(fc)llge in any country. Specific nutations in an
amno aci d sequence are represented herein as Xaal nXaa2' where Xaal is the
ori gi nal no acid resi due bef ore ﬁ%lt atio ue .nunber

- t Dy argnt §1tres'e€ 2 unber. and
Xaa2 is the"ndtamt Io¥snion delates epperaliy i é{W Y‘i“lﬁ’i‘s?ﬁ& ingyredied 1pg ‘i“HYéVe
letter or 8.11% | 2Lher agtgox( i re@uced XinteraOkAty TWigh aﬂrﬂi’nﬁﬁg@aﬂ e&dgdHRsS foke
Hepatitis |rus pol ynmerase are nunbered wi th the reésidue nethionine
i n the notpdrtidiylarlyydbe prepentdqyentivDid)dincetied ¢o hepatits BayioBa BBV ) variras/exbiidlin) 111

resi due. nunber, 204 ver et al o] 33:.,75] - 757 001 The

i o 101 P, s bRUA Ftsice o’ ipelfoRe aiiHes ik reglRe Y

accordi ng Lbbfed 8 virhl ﬂrfac@%orr%i%ﬂenty ifcding #edudéd sdnttBityl 89Rkse élﬂmﬁléser m
nucl eosi de anal ogs has been used in ref erence to both nucl eotide and

nucl eosi deTlanpiesay invdetion ftriter BostemplatestaBidys famdatenizg stebivirak variants, dﬂﬂs@}ase

diti d | ead | |
o | cat o< ot A oAl T PEPREG - M e redtions jufan FrethelB At &1 1

its repli Clﬁb!iﬂ@d%&%ﬁégﬂreet%& I&?ﬁfrl§ viafa Jéafomd iphrticdRr HEDB vérdants. Th8G#dsentl Ne

HBV genone is of a conplex nature having a parfially doubl e-stranded DNA
struct Uf e miverticovalsd eppemplatesdhe mesadf thy vlraimaetactodmgnsfm hgands camable, of

" i gur o 0T BED PR onendo e Bt Ghife e onal regi one, Che

termnal protein (TP), spacer, reverse transcriptase 15 (rt) and

ri bonucl ease (RNAse). The pol ymerise gene of HBV overlaps the envel ope
gene, mut PESEBIFHOMOFIHEPRIOB ARJhai n of the pol ymerise can affect the
am no aci d sequence of the envel ope protein and vice versa. In particular,
the genetic sequence for the neutralization domain of HBV known 20 . as t he
“a' deper nBib#bBEraphidi ddfaiisSof MHenshiblchtiung reheredBo gy anthok 4 ahRdspeeifiseith ard no
acids 99 and 1 9 actual ly overlaps the major catalytic regions of the
viral pol Wﬁi\]ﬁpt@éabﬂlgteédﬁfMdCSQﬂpﬁantl cul ar domai ns A and B. The presence of
an HBV DNA pol ynerise has led to the proposition that nucl eosi de 25 anal ogs
could act as effective anti-viral agents. Exanples of nucl eosi de anal ogs
currently B Refferbfcet tedm@r;md@ehcincmvs ecifiogtidnt & ot 2dnd’ sHomld frAN)e {aken @s,Hadge,
Antiviral Chem Chenother 4: 67-84, 1993; Boyd et al .) Antiviral Chem
Chenot her . ackpowkggmentaor msfpnnmfwgegese@n ahat thatensior ariofpyms partofghe conupon

Main e 211- 215, 1996]
Lam vudi ne%?l?ﬂla-l F%é‘gﬁg%ée‘glx §E) acytl di ne; (3TC or LMW) [Severini et al.,
30 Antimcrobial Agents Chenother 39: 1430-1435, 1995; Dienstag et al., New

Engl and J Med 333: |657-1661, 1995]. New nucl eosi de anal ogs_which have’
al ready priRgeifiosantations in\Ap agEne8eE saquence arg repryyenisd3renan a3 ‘XaanXaa,' where

Xaa, is the original amino acid residue before mutation, n is the residue number and Xaa,

is the mutant amino acid. The abbreviation ‘Xaa’ may be the three letter or single letter
30 (i.e. ‘X’) code. The amino acid residues for Hepatitis B virus DNA polymerase are
numbered with the residue methionine in the motif Tyr Met Asp Asp (YMDD) being



clinical trials include the pyriamdines Entricitabine,

((-)-(3-L-2"-3" -dideoxy-5-fluoro-3'thiacydidine; FTC), the 5-fluoro
derivative of 3TC, and C evudi ne

(1-(2-fl L{g{g%@ﬁ%ﬂ hyl ~3- L-ar abi no-furanosyl) uracil; L-FMpHravu@ddoipm di ne
anal og. Like , these are pyrimdine derivatives with an unnatural "L"-
configuration. Several purine derivatives 5 have also progressed to
clinical trials; they include Entecavir (BMs-200,475; ETV), a carbocyclic
deoxyguanosi ne anal og, di am nopuri ne di oxol ane (DAPD), an oral pro-drug for
di oxol ane guanine ((-)-(3-D- 2-am nopurine di oxol ane; DXG and Adefovir

di pivoxil, an oral prodrug for the acyclic deoxyadenosi ne nonophosphate
nucl eosi de anal og Adefovir (9-[phosphonyl - net hoxyet hyl ] -adeni ne; PMEA). 10

Whi | st these.agents ar i.ghly effectiye in i rhibicki Pth YAERE bR,
there is tﬁ?l‘g’%t Bpbey) quﬁ%xzﬁfs?‘a%’g }r.‘rl%/ﬁaéénl? & (r)yp ' a"éil/ 7tﬂsg’ ebi‘r?g}ge dels,ll‘i ng I%glﬁig
term anti Vigadues ToMRERSHIBAY virud sRidfidecditige ArP hohbagadtotdis ttheNardyr keyl. (V.
resi stance nmutations are selected in the rt domain within the polynerise at
rt MR041/V Hen. Virbl SNB4IFh34&3ARNC] at ure used for the 15 pol ymeri se
mutations is in accordance with that proposed by Stuyver et al., 2001,
supra. Only LW has been approved for use against chronic HBV infection.
Lam vudisne Tihs tgmPahdiéssiddilalog W Béen 1Bd i teferente IdBsth epticotidé amd munleoside
reduces HBV DNA titres in the sera of chronically infected patients after
ort hot opi c ahalegs. transplantation (OLT) by inhibiting viral DNA synthesis.
LW nonot herapy seens unlikely to be able to control HBV replication 20 in
the longer term This is because energence of LM/-resistant strains of HBV

seems al WDfHeglaﬂﬁé/ Bl AphedpV) Bah bRReidebilienngadistase bghditibherabyan teajeescate y
i nadequate to result in viral clearance per se. ETV_ |s also

. . . .potent ...
i nhi bitor diverBilure 3BV ds iadNAvmps; wehigh, repligates via,an é‘ltw%qade)%%ﬁ{“} utibges

d i | ith actiwi ' e ) - 403-
nor poovit useerspRprpih i B styflchof $Pubn, (fRERN Mt A0g 20, 403 415.
i nhi bi tor qoghB\HeBVZyeRBmeanef & ebinplasadirasaving a(partialiydowitle-atragded DNA

Antim crobi ol ‘Agent Chem 44: 1441-1448, 1997, Siefer et al., Antim crobiol
Agent O zerstriRetura@h-c3ed@pinmomn readias frAce eneading KEFACR; (e RPYMHFER A1t Hem

43: 190-193, 19 . ETV _has_al ' NGt irReraé:
chroni cal | EPHT 3@%8&%&%@&2%%%&@@% %;Heﬁ{egéﬂ{%d:ilﬁﬁigﬁfggghf?%%xgl;
Genovesi etoabists ofTbiruGEtaDlegh@eNthe Gaiina prot3R0@P)29pacer] 908)se arisouptasgeek
dose-escal ation tri al wo a3/ 06~s.~1 -4 PCT/ AU03/ 00111 indicated that ETV
was wel15 t drtgped gbhonnelease@NAS). in a 2.5 logl o mean reduction in virem a at
t he hi ghest dose tested (1 ng/daily). LMW resistance nutations were
reported to confer cross-resistance to ETV in vitro, although entecavir was
still capabhg gélyhidtastBidnkner MBVAbvérkpkithetenoslops genghmutativaesn thhemialyti a
are somewhat surprising considering that ETV is not 5 an L-nucl eoside. ETV
has been ustemamof thegfolymerasecan afect fhaaming 4cid; sequanse of the FRE PLeATPeLER

mut ations. No specific ETV resistan td Sffd SEABV kn

Nucl eosi de vé?Fa‘I’%ﬁf":[%B?‘ré’ﬁk}laﬁége %@egﬁ%#é%ef?ggl%ﬁﬁgn%%ﬁﬁgggpy or conbi r?%ﬁ on
t her apypyhefsand Vo deferiiRiat, MGéIERToER witlhabe HBs) ghadddedted bétereen amifieacids
nucl eosi de anal ogs may 10 al so be adm nistered in conmbination with . ofher

antiviral Sfemd 6y astalyiovedamscthe manr éalnic reeons qfhg BRlyIehase pEptEn

There is a need to.identify nuclgegside- and/or antibody-resistant variants
of HBV. Thé@d—ﬁ?ﬁﬂ%&ﬁ%ﬁ‘ﬁ%’é%%‘ﬁ‘an lead to altered therapeutic protocols
bei ng pursued. WO 03/066841 -5 SUMVARY OF THE | NVENTI ON PCT/ AU03/ QU 111

The abbreviations defined in Table 1 are used in the subject speci filcat.(ilon
5 TABLE 1 ABiwr ewssericeonfs anBEREVDNA prlymersehrpiedte teg prgaosition that nucleoside

(+)° (8- 25 - deoir 3 ut Ml 3QY bkl RRARKAARA Y DARRAHE SORRILRie analogs currently
guani neETVendige qudddaM ?@ﬁéi@lb@i&‘iixﬁ'rﬁ?@rﬂrﬂi firina F ARSI VGre jdodgd, sdrBiviral Chem
i mmunogl obul I nHBsAghepatitis B surface antigenHBVhepatitjs ? ) 1987-
vi r usLMWI anChémotherePVEASA=1 W3; By al. b dntivrelaG s r. 32: 358-363, 1987,

transcri ptageYMDDTy t )- tiob 40 Rk I : €300 mhgrse
the Not T eReEE b e JPBAAERY Thet dhe 100 Ueibe, BEy ¥y PP ke 2
transcripta h ggg\r,]g}ﬁ Nipsy'2066/-3lBALtRIne; UTBBSS of hEMUNt {Sdverianuerr exd,
ot herw se, ?%g]-v\g’r "cor%glbl?e", 10 or variati ogs such as "conprises" or

" Conpri SONgAntimicrbbibiedgerde Chemotket 039:1i#B(-1485, 1995; Dienstag et al., New England J

Med 333: 1657-1661, 1995]. New nucleoside analogs which have already progressed to




inclusion of a stated el enent or integer or group of elenents or integers
but not the exclusion of any other elenent or integer or group of elenents
or integers. WO 03/066841 -6 PCT/ AU0O3/ 00111 Nucl eoti de and ami no acid
sequencewabsceserred to by a sequence identifier nunberpdBEgiddiNC ). The
SEQ >D NGs: correspond nunerically to the sequence identifiers <400>1,
<400>2, etc. A sequence listing is provided after the clains. 5 The
positions of nucleotide and am no acid nmutations identified using

nonmencl ature from genotypes B, C or F where the nethionine residue in the
YMDD notif of the DNA pol ynerase was desBgnated position S50 (see
Australian Patent No. 734831). The nucl eotide and am no acid positions
given in the present specification are based on a new nonencl ature where

t he met hi o resi ' \@/g}, iEnltBRitARdE I.B5-or &f 1901880 10-
rt M04 V\/ne%ﬂg%l tﬁ?sﬁ%@lggﬁrﬂév atdin%%ﬁ? %rﬁé@gl\ier séq??t n%czr%{)tggdé%qy I n

accor dancethiddytidinee FTI®s thet5-flusrerdetioativetdd 3T C,emid Flamdine(1-E2flsowes-anethyl-

identified in a patient (patient_A) with chronic hepatitis B Errgga ed with
both LMW aBd--&pyingriyranopyl é%raqllféahsl{%\fléﬁ;()a gatanding panaleg iﬁse Sl&at eSS h
ETV that had.been previ tre § te @ her ISsast AReOt s

i ncl udi ng BWB“&?]C @%‘ﬁ%ﬁtﬁ’g%%w %[hg{rl%gli/rm aigc'ocﬁogingi ce V\Aﬁ’[ ﬁgilﬁgpgr eseﬁgﬁv s

i nventi en, h&wshlss Ppidgrvsted antcsinihl HRY; Wae e indledet Ehteeshir (BMS200)473;MET¥)da ETV
treatment, with mutations in the HBV DNA pol ynmerase gene_which reiduce t he

sensi ti vi t garbpcyaBy deexygvanesing anabess idipniappursigsdioxane €3ARENaN RIALRIPSIRE i n

h f i | he.id | T i . E S
ortant . Rt S -5 A it iR PROL i Bdsibe B ' ©
resi stancea@nghPpré®ag StrNe h&ychk h@ox?&tfén@ﬁﬁé dQofdpHoshdtd et Ruide C atial¢g Mes

and to screen for agents which are useful as alternative therapeutic
agents. ThAdefovirt(Pdplsospbonsdmesthoxyethiy-adeningsRVIEAId from patient A in key
functigopal domains nanely the rtl1169T + rtV173L + rtL180M + rt M204V is
denonsttated to have reduced sensitivity to ETV in functional assays. 25
The det ect izafi1sPthesé! @ PedtPY¥re/ BighANEfSectife PR iiNiBMha HBVi DN kfithesid) théie is the
managenment of therapéutic protocols including the selection of appropriate
agent s f or potentialiferyesigimi mfitaotsiof 5BV heemergesliriog lang term gphiviral shempthepnys ent

i ti i - edi ted i torli t he _devel i j t
o 'an 1 nor EeBE6R EalenEed BV JPeBBhaty o i niBBRS ME MnkPa dn WpAF
clinician gemhinesitah!tee E)élyﬂ%fﬂsé ¥t AN2OXI/ V061 BEML TRB hobieatRaRE usdd frlthet

an appropriate treatnent protocol accordingly. WO 03/ O68~1
PCT/ AUOS/ Opdlymetse mugtians ipin adverdanesswith thai\psendsedh by tdteyer ¢ al., 2@01gisvae: ed

to an isol ated vari ant co I.Si.ng a_nucl.eof.i iat] i e:
encodi ng QBB&ALEBYM Ibggré.ap%rggﬁ ﬁ{d’s? RERINSY ehrgpic }ﬁ%{;;’ﬁ?%cgggppgnm on’
substi t ut i paisMEPbo®sl RhibdBr SPHBWaepINALBR kit dBidasses HBY DNWhiiteds iexhe kuirk of
decreased sensitivity to ETV and/or LMW and optionally other nucl eosi de

anal ogs. Pclebaically infectérbpabivatspdicy onthaispic divei tvinsplantation €QLI e hyiinhibiting virgl
ETV, or an TV. The ri,ant HBV conpri se ation in_an 4 e
open readi ﬁﬁr P)&fﬁBesilsn\ﬂ Iﬁ%rf%l_lﬁ%aﬂyns “‘Fé’@‘ﬁl&%ygg# ﬁbg’ tBycoélgré’l glﬁevr’rﬁ%’gﬁgﬁ?n
domai ngoF aNheAohferaEal. Fhidfis HRMuENAMRAIMEE bAERIV IEsidthe: fffseof HBWQBIhon
further contenplates a method for determnining the potential for an HBV to
exhi bi t r edowstiinssitatile duiiny moootFnpy aod smglevizerapy éhgensmally inadedvate to result
nucl eosi de. anal 0%3{33{\! i sol ating DNA or correspondi ng nRNA fromthe HBV and
screeni ng Hfrd° TBH °n the nucl eotide sequence encodi ng HBV DNA

pol ynmerase resulting in at least 1 S one am no acid substitution, deletion

and/or addition in any one or nore of donmins F and A through E or a region
proxi mal t E&Veisalsofa pétentDhitibjot ¢idBYstephicrtionsETYiiatndraily avalleblestyslopenty

d d itivity ta ETV LW., .Th . f h 4 i
an_| naPSa: PoTOgHaRa R AR pedhi ninteRrEReRAs Breltigels Bl
Pref er abl y g, 52 ihdRaty &at BTV fxhhiphispdtedUuaRiBite€pE HBW i ¥nZyend= bYid ¢il-teed

ETV and LW. 20 The present inventi'on also provides a conposition
conpr i si ngassaysafInasimoHBVak edinémzmbioloAgeny d¢: [LAM1-3A48.0p1970 ieefey ebtaher

nucl eosi de ,anpal. ogs. or, a \V syr e ti  Lrom the vari ant .HBY. gr

r ecombi nantl” ’F’%@@f’@éﬁ?’%}e 1t 2& %@éﬁoﬁ%@s{(ﬁrﬂm}(@aﬁt qdﬁ?’gfzﬁlﬁ%glogrfl Zhe
or nore phaypRCcget i10pl19y, agogpt Ve hedrdldedemdidii06d EfitiRP! agaif@t WAV her
aspect of the 25 present invention provides a use of the aforenentioned
conposi30i ophronically-infected wesichucky(Godinng ea ahufDeb¥i: d336rd6 200bnGempvgsig 19é »

encodi ng a ,DNA. po] ase resulfi | t ,one amno acid additi
substituti 6ﬁ”’§ffg'?}8¥pe d{é'F'é"t p’&ﬁ’"t 65t H%Moﬁ?ﬁgrésgoﬁnge@( 6@8?-85(,%@%0}1 Bl
sensitivity to ETV and/or LMW and optionally other nucl eoside anal ogs in
the manufacture of a nedicament for the treatnent and/or prophylaxis of

. - ~ S P Y AT 77 IS AN /S sSeS A A o




PCT/ AU0O3/ 00111 g 9. The present invention also contenplates a nethod for
determ ni ng whether an HB~. 1.~ strain exhibits reduced sensitivity to a
nucl eosi de anal og by isolating DNA or corr~ponding ~,. nRNA fromthe HBV
and screempngrodessr a mutation in the nucl eoti de sequence engadgiuvw/obiyg DNA
pol ynerase wherein the presence of the follow ng nutations in thdsspacer
region 5 and the rt region: spacerlL97l, spacerK | SR, spacerH116L,

spacer L128F, spacers 137G spacer R139G spacer F142S, rtY54H, rtL9ll,

rt AQ7V, rtY124H, ~~i126R, rtS 135Y, rtT | 69T, rtV 173 L, rtL 180M

rt 04V, rtA21 S, rtA3 8E, rtF 122g,, rt-®428N, rtQ 13 OP, rtT184G
rtS2021, rtH248N, rtY252L or conbinations thereof orj,~n equival ent one or
nmore other nmutation is indicative of a variant which exhibits a creased

sensi ti Vit YndiGatbdhal ETSNEhOWcll-Mleraftd a08résanad inva @.tshegm el @6dicEen N dredi
The subj ect nethod may al so be practiced by screeng for a mutation in the

nucl eot i de at dpuighast dossddstad) (k me/dolly). JaVIY rmesisigacamutadions prerssisnededio gander
followi ng nutations in t B or. C damain of the rt region,, rtd.l. rntV1i73L
FrLLB0M ©r ReBarindeDg R TV i i Rt el <Bissbihats hE%RE It ipplbigy vha
~" ' qui val eréplRAGorPAt HPR& dOLEE thefdiHAh ia%‘s%nie%ﬂaﬂ%ﬁ&ih%@oﬁid@in\g&hitaﬂ'rv\i@h&h
exhibits a ecreased séensitivity to ETV and/or LMV and optionally other
nucl eosisde andahegdensider EdNohasdbasa used surcessftllyntotteaat patieptsy with the LMY wesastant

rt M204V cor pond. t o {wt ant. VS .19L, L526 SOV ,and., 1,550V,

respecti vel W&%&Waﬁgﬂe%@?éﬁt\/r gta%ﬁgtﬁo%&eﬁﬂesé’ﬁﬁb%er nomencl at ur e
sys~km). Still a further nmethod ogy conprises screening for a nutation in

t he nucl eoti de sequence encodi ng the envel a genes wherein the presence of

the fol | oniNuglessidatanaleg theraph enayr kesadministereg asmannthespyeorscquehinaias therapyhe
over | appi ng .reverse transcriptase region,.are i.ndic i_n. _par.ant 1.S).

e S1NL L 4D, MEeEEVor i P R el o BB Y S B I e RALAE B Ay,
s~ 1614 (( = alsb! BHAdhinistbd4ia EombihMich’ Hith. othbrl AbtMifat doleBO&i¢h, asS Intéi8dron Rire S
1 E86Q reSl NI91K, PreS2 P41H, s@BOK, sP120T, sL176V, sV194F or

conbi nat i ofigpatitis Feinamyroglpbud (nt one or nore other mutation is
indicative of a variant which 30 a 'bits a decreased sensitivity to ETV
and/ or LW and optionally other nucleoside PCT/ AU03/ 00111 Received 19
Decenber 2QG3re 8_a hb& B eRbify hidleskide? hnd/os An€ibodyeras]seing S/afaite tdfABVOThe
determ ni ng whet her an HBV strain exhibits reduced sensitivity to a

nucl eosi de ramdidsgtifigationdsiani¢adgo Bipred thesanentie praterolgbeimgpumsiein t he HBV and
screening for a nmutation in the nucleotide sequence encodi uag the DNA

pol ynerase wherein the presence of the following nutations in the spacer
zegi oz~ and the rt region: spacerlL97l, spacerK 11 SR, spacerPl | | 6L)
spacerL 128F, spacers 137G spacer R139G spacer F142S, rtYS4H, rtLoll,

zfi A97V, rtY124H, rtH126R, xtS 135Y, rtl169T, rtM50V, rtV 173L, rtL 180M
z~M204V, rtA21 S, rtA38E, rtF 122L, rtTl 28N, rtQL30P, rtT184G rt S202I
rtl-1248N, ztY252L or conbi nations thereof or an equival ent one or nore
other nmutation is indicative of a variant which exhibits a decreased
sensitivity to ETV and/or LMW and optionally other nucl eosi de anal ogs. The
subj ect nethod tray al so be practiced by screening fox a nutation in the
nucl eoti de sequence encodi ng the DNA pol ynerase wherein the presence of the
followng nutations in the B or C domain of the rt region: rtll 69T, rtV |
73L, rtL 180M rtT 184G rtS2021, zt M204V or conbi nations thereof ox an
equi val ent one or nore other nmutations is indicative of a variant which
exhibits a decreased sensitivity to ETV and/or LW and optionally other
nucl eosi de anal ogs. It should be noted that nmutants rtVv1i73L, rtl, 180M and
rt M04V correspond to nutants VS 19L, L526M M50V and Mb50V, respectively
in Australian Patent No. 734831 (using an earlier nonmenclature systen).
Still a further nethodol ogy conprises screening for a nutation in the
naucl eoti de sequence encodi ng the envel ope genes wherein the presence of
the following mutations in the PreS 1, PreS2 and S genes (changes in the
over |l apping reverse transcriptase region are indicated in parenthesis):
PreS 1N114D, PreS 1 T11 SS, PreS2 F22L, PreS2 V39A, PreS2 PS2L, sL89V,
ST118A, sF161L (= rt1169T); sE164b (= rtV173L), sl195M (=rt M204V), sl 208T,
PreSI E86Q PreS 1 NI91K, PreS2 P41H, s@OK, sP 120T, sLI 76V, sV 194F or
conbi nati ons thereof or an equival ent one or nore other nutation is
indicative of a variant which exhibits a decreased sensitivity to ETV

and/ or LW and optionally other nucl eosi de anal ogs. AVENDEC. SHEET | PEA/ AU
WO 03/066841 g PCT/ AU(13/00111 Preferably, the variants are in isol ated
form such that they have undergone at | east one purification step away from
natural ly occurring body fluid. Alternatively, the variants may be
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20 PCR seq

uenci ng,

anti body procedures such as ELI SA, Western bl ot and
i nununohi stochem stry. A particularly useful

assay includes the reagents

and conponents required for inmmobilized oligonucl eotide- or

ol i gopepybdBneRdi at ed detection systems. Another aspect gicthhgosRiogsent
invention is directed to a variant HBV conprising a surface 25 antigen

havi ng an am no acid sequence with a single or
addi ti on and/or deletion or a truncation conpared to a

substituti

on,

multiple amno acid

surface antigen froma reference or wild type HBV and wherein an anti body
generated to the reference or wild type-surface antigen exhibits an altered

i nmunol ogi

the 30 sur
profile co
for
DNA pol yne

cal

rase.

profile relative to said HBV variant.
i ncl udes a reduced capacity for

SEAVRAAR Y05 1A

by a nucl eosi de anal og of the

One altered profile
neutralizing the HBV. Mre particularly,

[Eggyﬁghif V exhibits an altered inmunol ogi

where the variant HBV is sel ecte

cal
d

W O 03/066841 -10 PCT/ AU0O3/ 00111 HBV
The variant HBV of this aspect of the invention nmay al so

conpri se aTiwusibestiatibas definsdria d ablenipare sissthinahs sutgéat specificdtionpl e nucl eot i de

substituti
The presen
t her eof cor

vari ant” HBV. Cenerally,
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20 before, during and/or after transfection, with the agent to be tested,
culturing the cells for a tinme and under conditions sufficient for the HBV
to replicate, express genetic sequences and/or assenbl e and/or rel ease
virus or wioriameésske particles if resistant to said agents;pandubhiein
subjecting the cells, cell lysates or culture supernatant fluid to viral -
or viral conponent-detection neans to determ ne whether or not the virus
has replicated, expressed 25 genetic naterial and/or assenbl ed and/or been
rel eased in the presence of the agent. In a preferred enbodi nent, the

pl asmi d vector in a bacul ovirus vector and+the method conprises generating
a genetic construct conprising a replication conpetent-effective anount of
t he genone fromthe HBV contained in or fused to an anmount of a bacul ovirus
genome ef f eqluckBtid®and it 26RI degudHRes 4r8 @&¥eirBd &Sby R9efirthbe fRhlifiehinb&FSHQ
construct, contacting 30 the cells, before, during and/or after infection,
with the ag8AtNOQQ. Bhe SE& B NQsilcomespogdtivmerishlly té the sequenes islantifiers 7400>1,
conditions s icient, for the HBV.to r. i£ate, express genetic WO

03/ 066841 -f%%éf%uéﬁ’%?ﬁ%@?ﬁ@ﬁ’&%‘g&%nﬁ%&héa%l le and/or rel ease virus
or virus-like particles if resistant to said agent and then subjecting the
cells, cell lysates or culture supernatant fluid to viral- or

vi r al - coRpoRbapositiorscef wirleptida end emien asidimuatignstilentified ysing nomendlature frerm

replicated, expressed.geneti erial.and/ or. assenpl / or..be

el eased | nETHEES dRefidt o1 et e ah@hioRRiE, RiRE i dPrar MIDD MBSE ST dhe DYAe
et hod conppbighferddeN&aatded@nated OPSsitiOBSOCRet Austealia@MPhiehit NGo.2N348¥1§C tTHRUS
copy of the, aenpma of the HBV in a replication conpetent effective anount
such that saiadetideadiaguno pEd\pogitionsrgivies i thepprpsant spepificatigni ane basedian 4 0ew
continuous cell Line such as but not l.imnmt 2, 2. 15 o AD ,contactin
the col s whihersi 2o i methortisesially 1 EMIoR s RaoBef PO pe Fortidtfed Bk
under cqodi #MDO veleré HGs e bbYreviafifieforBMveRe HaRddrip@ise?. express genetic
sequences and/or assenble and/or release virus or viruslike particles if
resistant to the agent and then subjecting the cells, cell |ysates or

culture supgrnatant flui.d to viral- or.viraleCconponent-.detectio .10
ot er m no. b ERrnet Y 18 pitsed) n@hiotl, iy RERRRE il Stk RglHIR i 8
materi al angdtiunt gssieAOAR dvitneromic hRpaitiseh erard Wwifh bt DVEP QNE BTV ah8& liver
agent. In an alternative enbodi ment, the present invention also contenplate

a met hod f ofranfplast prient {patiage M) datechwithHEBY tthat had beeropievimsly irested gvina

HBV pol e, | in.yit 20 | y...The HBV pol

act i vi t > cantBRs i ANe R bt ageny meding LMY, Tn egmBikntien Frerinyy, Reiordiiol With the
Antim crob pgest SndnBoR! Reistant addits SO BV Okcre idORZHedifoNSwRlg BMV and ETV
Hepat ol ogy. 28(6): 1669-73, 1998). The HBV E’%Inymerase may be a wild-type or

ref erence HBRAtpenly wathaputagensint the HEBD N pplyeneisse. gep8 whick meduee theosengitivity
th t hod | i t includ . i t || of
other i1 a oLHBYoP Bl Bl ARGt fp e SERicRE 18 1he o nBief piac
Ren and Nasgghr. The idedtiFcatidiPéStheselHBY-vhribhts ig Bgdrtant f6 the @BVd1bpraarit oFrasilys

viral variants . enables the Eroducti on of vaccines conprising 30

parti culfr toeowniondMVvandar ESNpoasistanse smdforaresistangerde aatber nucleosids epalog

genes PreS PreS2, S encoding for.L, S proteins well as therapeutic
Vaco nes  colBrPENtgteETE G4 kokacay o ageher iR G Biefil 25 UETARYY - agune
variants. RadenhfNgihe MhbiGitigRs Het8cts®Yn ahé UIPE 85llcaY SOt Patiche ! ith Yed' fuBBAGHaRL €
t herapeutic nol ecul es capable of interacting with a pol ynmerase of or

envel ope gedmnainy a@nelyrthe $1169F ent¥ti g+ rds 180M N rtBI204dt isi desnamstrateide have
conponent of .the HBV. .Su ru | so_have di agnostic potential. 5 A
sunmary of ?8&???;?8%51?%}85@%&}12%%‘“?%58{@hout t he subj ect specification
is provpged in Table 2. TABLE 2 10 Summary of sequence identifiers SEQUENCE

I D NO DESCRI PTI ON 1r egi on F of HBV DNA pol ynerase (Fornmula | ~2regions A to
E of HBV DNPhgdrigatiomnoé suFloiiBVavariets isvparticaigrly imaporiantin (the Agsnagemiene of

J i TTAA) 7pri (®3) i 9prd TTA210f d i
{111 bver se SPFREIeeisIBlqu, SELERE B8 s5iEEin Dt BITUR e RSP ST TR R o
4) 19- 24Pol  {hftien.0OThd Bhethdd 9P s Bsp&t ITHBE AdesthtifveRtiod B pfrgdié’d%é& in part on

6) 31Pre-ETV (Figure 8)320n-ETV (Figure 8)33Pre-ETV (Figure
monitoring the development in a subject of an increased HBV load in the presence of a

30 nucleoside analog. The clinician is then able to modify an existing treatment protocol or

select an appropriate treatment protocol accordingly.



W O 03/066841 -14 PCT/ALJ03/001 i 1 'SEQUENCE |ID NO .DESCRI PTI ON34On- ETV
(Figure 9)35Pre-ETV (Figure 10)36Post-ETV (Figure 10) W Q- 03/0G6841 |,
-15 BRI EF DESCRI PTI ON OF THE FI GURES PCT/ AUO3/ 00111 Figure 1 is a

di agr ammwDios/os@pr esent ati on showi ng the partially doubl e mywapsbad GNA F1BV
genonme showi ng the overl appi ng open readi ng danes encodi ng surface (9),
core S (C), polynerase (P) and X gene. Figure 2 is graphical representation
of Patient A's clinical history including therapy regi nen, HBV DNA viral

| oad and al ani ne transam nase (ALT) levels. 10 Figure 3 is a diagramatic
representation of the chemical structure’of entecavir. Figure 4 is a
representati on show ng conparison of the HBV nucl eoti de sequence encodi ng
the catalytic region of the pol ynerase gene in sequential sanples from
Patient A during LMW nonotherapy or LMV entecavir conbination therapy. 15
Figure 5 is a representation show ng conpari son of the deduced _am no acid
sequence oPne kepechiodlthe ipresertginyantidn, tthesefors, ipadirgsted deonan iislajed) JHAY | wariant

sanpl es from Pati ent during, LIW .nonot he L Of, T i nation
herapy.  JonHrBileS: 5uricols BRI P GRBiinR s B B E s eIy Bt o
anm no aci desePne@eindfacided@ive RB&itoese ahdidr delatientd dhe PNWIpdtyrhérase and
Patient A during LMW nonotherapy or LMW/ entecavir conbi nation therapy

Figure 7 iwhish¢xhigitadeercnsed sensieebniod T ¥ randfor LMY randtentionglly ather gucledside
det 1 ni h 5 PA f yar i .Ei. i
Fopr esent PeIsEEs PRRRRDEL NG, LA Gt apbreR, A bed BRI KE TV, olend,

t he catal yETY, TROVAHar® HBV@oRPHYERES RBEIGR AL ah r@vsle@gﬁfg bpén Sadipp eBanhe tnits
Patient B during LMW nonotherapy (prior to ETV) and on ETV therapy. 30 wW
O 031U6684gnomg 1p@Tegicn3iefinad by pnear mote pkdampiap Feandh fhrosgh Erfildy DNA
conpari son ogf Ellgge deduced am no acid sequence of the catalytic region of

t he pol ymepr A4 gerie i n sequential sanples from Patient B during LW

nonot hegapy (prior to ETV) and on ETV therapy. 5 Figure 10 is a
representation show ng conpari son of the deduced am no.  acid sequence of the

envel ope gHifePTerens dgjiration Abrthas poniegiplateind msthodrfor Belgrminiag taPHenise et 2y
(P Lo AP D SRR B BTy By B SHleal, S spamiaud on

relative taldge byoiselatigg PNAT 6 cdrtspddiny WRNIA tiyge thé HBVamd scheenbipVfor a

encoding the nutations at rtl169T+rtV173L+rt L180Mrt M204V. L
mutation in the nucleotide sequence encoding HBV DNA polymerase resulting in at least

15 one amino acid substitution, deletion and/or addition in any one or more of domains F and
A through E or a region proximal thereto of the DNA polymerase and associated with
resistance or decreased sensitivity to ETV and/or LMV. The presence of such a mutation is
an indication of the likelihood of resistance to said entecavir and/or LMV. Preferably, the
HBYV variant exhibits reduced sensitivify to ETV, or both ETV and LMV.

20
The present invention also provides a composition comprising a variant HBV resistant to
ETV and/or LMV and optionally other nucleoside analogs or an HBV surface antigen from
the variant HBV or a recombinant or derivative form thereof or its chemical equivalent and
one or more pharmaceutically acceptable carriers and/or diluents. Yet another aspect of the

25 present invention provides a use of the aforementioned composition or a variant HBV
comprising a nucleotide mutation in a gene encoding a DNA polymerase resulting in at
least one amino acid addition, substitution and/or deletion to the DNA polymerase and a
decreased sensitivity to ETV and/or LMV and optionally other nucleoside analogs in the
manufacture of a medicament for the treatment and/or prophylaxis of hepatitis B virus

30 infection.



WO 03/0668i 1 - 17 PCT/ Al J03/00111 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS The present invention is predicated in part on the
identification and isolation of nucl eoside anal og resistant variants of HBV
fol | ow ngyy ?/ﬁé gt of patients with ETV or LW or 5 ETV g 410819
optional I'y other nucl eoside analogs. In particular, ETV, or ETV and LW
treated patients gave' rise to variants of HBV exh| bi ti ng decreased or
reduced sensitivity to ETV and/ or LMW. Reference herein to "decreased" or
"reduced” in relation to sensitivity to ETV and/or LW i ncl udes and
enconpasses a conplete or substantial resdstance to the nucl eosi de anal og
as well as partial resistance and includes a replication 10 rate or .
replication efficiency (yield phenotype) which is nore than a wild-type in
the pr ese”ﬁ%eﬁJres%n{‘Hl%&?oﬁi £ BABtarck A Bltfod RAelormifing wifetlR AH B Y tlaih
measured by art rncrease in vira of to a level simlar or greater/than
pre-treat n&amuue\»redhsced%mﬁdnmgcb ¥, mmﬁm)smlspmntogoby usnéatmgebém qrmﬁewén‘mﬁhm&
directed to an isolated_HBV variant 15 wherein s % Lelflat corrﬁrl ses

ofl

nucl eot i de THRINA from ths HBY cnd ssrreBliBrgr 4 Miph gLy & §PYUCHE® e?‘foc@?g
| east one t e
ost one R DAL AR R HASELLL bR TBbAadRhRbaNn I spicdr Rllon
and/ or 15W aadcthept regied:| spacdrh@7l, BpadedOEisRe sam@drH@;wL,Z@amréﬂaSEbsgacenSﬂ&G

decreased sensitivily Ls Ln RSpeck of ETY SO N ETYAN Ui | Boiasy.
overl appi ng gt ﬁ\ﬁ%ﬁ@tﬂf@&/ﬁiﬂﬂﬁ&ﬁﬁr&@l?aHA%’a CAF [ 25D OATH ZEN MeAB0R

may al so occur 1’n the ené enco e surface antigen, (HBsA) resulting
in reduced rtlmtsa(acﬂsrzon, ytmﬂ8]25rtymunot ognlriaitions dheredforgmciquivalenh ong oHIMese

and immune cells tqg HBsAg,. The reduction.i.n t interActiv

i nmunol ogi CerrBHBEAR IS tlei‘%?t\YFr%fla é’ﬁ‘??"éd@‘&bﬁ%ﬁ%? e ﬁeearsg# |S§“Sﬁh‘8?yu6°eETV
absencerd! i IAeUARplRIR i huEREAMURRA! Sublantial Ly fecogni ze the
vi ral surface conmponent

resent 1nvention extends, therefore, to an
HBV vari ant exhi biting decr eased sensitivity to F V and/or LM/ and reduced

|0 el cct ed HeorbicSt RN 58 DG WOEISHRS DR Cof Ao g mieeoa
treat ment UO%&'S%%%%H# %ﬂﬁgﬁgﬁl q_o efald WhErBRDe %tpréE%ﬁébsoﬁﬁ\“! follU\Qr@ihﬁ@ﬁSﬂsl

-18 PCT/ A or LIWrowed. by ETV or nmultip
sequenti al iadheB ot ridonnin of tlmnmegfonETc‘I/l d rtVA738s, rLWOMdﬁ"EWG,AﬁSZQHl

vari ant may, therefore, carr atjon onI t he DNA on rise

/B the B DIRMBAH e Foi gwao%sniﬁ’m%r sttt B B Pt SFBoElY
1S broadeshaBANEEE a AR GhidloanBl &eﬁea i3khansty TNETV 6ok IVIVeRid on
extends to a mutation an any omal n o the HBV DNA pol ynerise and in
particul ar dptighalisotherundlddsideransighs.E provi ded said nutation |eads to

decreased 10 sensitivity to LMW and/4r ETV. Region F of the HBV DNA
polynmerise is defined by the am no Acid sequence set forth in Formula |

58 10 104 Sy A0 P 0 st

F, L, V, D2K, \VPLH, 52681, IS0, Bld SBYZIéddetlF‘ﬁlS lﬂ?,l’ElSSaHﬁlﬂ’mlﬁ IB1373|§831 §using
S,WP K, F, A, V, P, N L, B16, ~S, L, T, N, L, L, S wherein:20Blis L,
or R or |me§r]@rn@megg3w§eqys " D, or A, or N, or YB4is E, or D25 Bsis E,
or K, or @B6is H or R, or B~is I, or TB8is A orSB9is T or R30 Blois A,
or T, or SBllis RorT W (Q/03/0GE841.-19 B 12is V, or GB13is S, or |, or
T, or N, orSt(Bi4iushef methodpfogy copmris¥Bicreening fovra ytation i) thernugleoBde 6¢gregree or
P; and wherein_ S * is deo gnated as, mno amd%l CT/ AU03/ 00111 nt@'s
speci fi cat i ®odingfls arek F§%%§r‘¥li“%ﬂpa ?Rfeﬁﬁ%of efpllovingIay éﬁflsr]@d‘f‘%ﬁ’é €54t
the DNA,10 cﬁaﬁr@ﬁdl@ﬁt@dm
defi ned % frﬁgygﬁé §§% mﬁﬁﬂﬁgqggﬂtgg%g%?%%ﬁe?&nggg? r‘rﬁ?gsf) Q I D NO: 22]
bel ow (and paterbicsid) AP ieS OINPM R BreSD T1733,88432 F22L, PreS2 V39A, PreSZ P52L sL89

sT118A, sF161L (= rtI169T), sE164D (= rtV173L), sI195M (= rtM204V), sI208T, PreS1
E86Q, PreS1 N91K, PreS2 P41H, sQ30K, sP120T, sL176V, sV194F or combinations

theregf or an equivalent one or more other mutation is indicative of a variant which

30 exHibits a decreased sensitivity to ETV and/or LMV and optionally other nucleoside

analogs.



FORMULA Il 15 SZ1 LS WLSLD V SAAFYHZ2PLHPAAMPHLLZ3 GS S GLZ4RYVA
RLSSZSSZ6Z7XNZ8QZ9Z10XXXZI 1LHZ12Z13CSRZ14LYVSLZ15LLY PCT/AU03/00111
- Z16TZ17GZ1sKLHLZ19Z20HPI Z21 LGFRKZ22PMGZ23CGLSPFLLAQF T SRécdived¥d D&entt 2003
Z27 728 R AF 7229 HC Z30 7Z31 F Z32 Y M DD Z33 VL G A Z34 735 Z36 20 Z37
H Z3g E Z39 L Z4p Z41 Q42 Z43 Z44 745 Z46 L L 247 Z48 G| HL NP Z49 KT K
R WG Y SLNFMGYZSO G wherein: 25 Xis any amino acid;Zlis Nor D;Z2is | or
P;Z3is | or V;Z4is S or D;30 ZSis T or -I\g;_ZGi s Ror N wa 03/ o0~~s.~l -20 5
10 15 20 25 30 Z~is Nor 1;Z8is Nor Y or HZ9 s Hor Y;Zlois Gor R Z11is
Dor N Z12is D or N Z13is S or Y;Zl4is N or Q Z15isLorM Z16is K or Q Zl ~is

Y or F; Z18i j “420is S or (A.Z21is | .ar V;Z22is |_or L;Z23is
Vor G 224i12’°_ Sent thishill i35 corteBySera Rotigh g e Htcther o HB etpin ¢
ot R 2951 ot Tt e ok o ol Gien By MolaE RN i o 2541 o
or ; | . or , Lo S or, : : )
03/ 066841 -@A%ﬁ %hefﬁiéf’ agd sprepnipg fore Mugtioniythsinyckotide seqpere enoding A; 5
Z42i's A or i ZNA folyd @hsel wietdh ; ' - 746] or_\.10.7Z4~is S
or D;Z48is L, or ;Z}Z%i gsel\\ror ,ﬁlze}éiggnc\g%?@l@ll%@mo%ﬁ%ﬁlaccspacﬁéeﬁ% and
wher ei n t hé™q ftheskt regipn; peesryd eppcerk 1 45R, nepacerHill 615 . spRETIL ISP sPREAT 37G,

Preferably ' atg I L a ter anm id ence.in any
one or norgpggfgﬁ (}gynéai ﬁé?éérﬂélﬁgé', S—?ﬁ"ﬁ gﬂg‘ﬂ“ﬂ&’ol’m&g& orﬁgpypﬁxftﬁaﬁg#héﬁééﬁgof t he
HBV DNA poFif@das250Y, Aot ey rddpend] rdM204ve rD(l nsema'm,/emizgg, mqugld’es an
HB V vari a LS4 Ag t at,l [ over |l appi.ng qQpen reading franme in
its genoneﬁ\?ir%g%h?ggdﬁﬁa% ﬁ%‘h%é rf%?(%%g‘i"ﬁﬁ"@é‘f’%@&rw opigB caHivalsnte of
domai ns F anclormbierotieg Mukatioh isBYicAING oF @l ARt It ARABMI & R i Jjant
exhibits d?clag?se@ Se]}qfi’i tivity to ETV and/or LW andﬁi\%%t%%a Ifga%ﬁ‘ébﬁer
nucl eosi de “anal 8§¥or WM Vandaptpnally ofhspamcleoside analegse i s provi ded” an HBV
variant conprising a nutation in the nucleotide sequence encodi ng a DNA

pol ynmerase_resulting in an am no acid addition, substitution and/or
del et i on i mD% shbiccHrgEthnd] masealse be practived byr screening fot & auasticdiSinathe BGtledel Or t h

0 on i eSO HODNA B65hibfacd bkt BredicBl he oo cons
L, B1, BZ, D, W BeMB Cr B3 d@aaihl, ¢, tBs rirdgtont R 68T, RVR73L PrBes Rt VnB§84é,G%§/zé)2L

F,L,V,D K, N, T. Bl.O, S Bl1,L,B12,V,D,F, S, QF, S R G,’BlB, Bla,
s, 5, W POy poRpihatioRs 6éieo%onah ‘dauialeph apeion: maty otheponaBiamils L, or
R, or | B2i s indicativeDi¥34 Sarfant Gfhidd exHibif: a Qécrddsed ' 1 a[@% n Kooor
@B6is H or R or NB~is I, or TB8is A or SeBQ?es @gf tgglg\lfs ,{‘oir)‘a,aglfiSBlli S
R, or TB12i sPRfon )’Q&g}uglcggldqﬂm}ogs.or T, or N, or VB1ais T, or S, or H or
YBlsis R, or H or K or @Bl6is Q or P; and ’

It should be noted that mutants rtV173L, rtL180M and rtM204V correspond to mutants

V519L, L526M, M550V and M550V, respectively in Australian Patent No. 734831 (using
an earlier nomenclature system), |

Still a Mer methodology comprises screening for a mutation in the oucleotide sequence
encoding the envelope genes wherein the presence of the folIowing mutations in the PreS1,
PreS2 and S genes (changes in the overlapping reverse transcriptase region are indicated in
parenthesis): PreSIN114D, PreS1 T1158, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V,
sT118A, sF161L (= rtl169T), sE164D (= rtV173L), sI195M (= rtM204V), s1208T, PreS1
E86Q, PreS1 N91K, PreS2 P41H, sQ30K, sP120T, sL176V, sV194F or combinations
thereof or an equivalent one or more other mutation is indicative of a variant which

exhibits a decreased sensitivity to ETV and/or LMV and optionally other nucleoside
analogs.

AMENDEL: SHEET
IPEA/AU
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SZ1LSW.SLDVSAAFYHZz PLHPAAMPHLLZ3GSSGLZ4RYVA

RLSSZsSZ6Z~XNZaQZ9Zl OXXXZ11LHz1zZi 3CSRZ14LYVSLZi sLLY 5

Z16TZ1~Ghleadldebssh 9Zz oHPI Zz1 LGFRKZzzPM3Zz 3G SPFLLAQF PCT/AU03/00111

TSAl Zz4725726722~7Z2aRAFZz9HCZ30Z31 FZ3zYM DDZ33 VLGAZ34ZssZ36 Z3~ H Z3a E
Z39 L Z4o Z41 ZA4z ZAs Zaa Z4s Z46 L L Z4~ Z4a G| HL NP Z49 KT KR WGY
S LNFM3YZsol G 10 wherein: Xis any amino acid;Zlis Nor D;Zzis | or P;15 .
Z3is | or V;Z4is S or D;Zsis T or NZ6is Ror N;Z~is Nor 1;20 Zais Nor Y
or H:Z9% s Hor Y;Zlois Gor R Z1lis Dor9N Zl zis D or N 25 713is S or Y;
Z14is N or Q Z15is L or M Z16isKorQ Zl ~is Y or F;30 Zlais Ror WZi9is Y or
L; WO 03/066841 -24 5 10 15 20 25 30 Z2o0is S or A;Z2l1lis | or V;Z22is | or
L; Z23is V or G Z2qgis C or L;Z25is A or S;Z26is V or MZ2~is V or T;Z28is R
or C Z29is F or P;Z30is L or V;Z31lis Aor V;Z32is S or A Z33is Vor L or M
Z3qgi s K or Prfaadysts wiamszaaiis isplased GraBsuch thabthey, lrysi undergome tdeasRopgoi s
SorFZq0|s rYZ T or A _or 3 | ,.Zqqis. T or C
Sast s N or PiGegon b d ey Gyt et Sefpsindinody TR Dbl 36 Bpclacl wh, o,
| ; and PCThAMnhiR4iHed tlisolad Wy%ﬁ@oﬂn 25 MDNA ﬂiﬂan“h%%rékeﬁﬂﬁweﬁi% A693/
00111 and wherein S* in Formul IS deS| gnated as amno acid 74 and the
first S5incantemplates Imfectsousesolgqslmedow commisingcthg geBoms errpirisHbersph frort @

t hi b t t.o ETV / LTV i | |
ot her nucl Bk AT B8 SEtssRER di Y. 9 1S <ameBEtedh <l PP MRS ke,
or both LMayapfitamE ﬂEWandlsbmmm &f ﬁx%dccﬁﬁrﬁﬁl@ht REatdRcRdafieMy nucleic

i nvention contenpl ates an HBV vari ant corrprl sing a nutation in the
nucl eot i deaciéhawadcdstestion aneays.Hos Axamelsuby nngleicracighhyhmidization tgclauqmq& @rvia

b d/ , h
oo aci a oSt daRE ol b el i (TGRS, Tk foh PBGRY BRI JARGAELAY e’ "
exhi bi 19 dagiivedses BEBIdddY Tymiph, Oriskle/ oR Bekd A sysMoﬁsaﬁféhmMg gétahl, Ywiedl@lood,

nucl eosi de anal ogs. 15 More partlcularly, the present i nventj on prOV|des a
vari ant HBRiopghrd biongy fuisly organeexplantgend m\an [§YSneAsignisteh aeuhcreé é‘éﬁn’én%@lm th

a single o, mul ti acid su tltut diti nad/ or a
Cr uncat Fon RSy p e (RS Sairee i bt Pl Wisk? g iflgRil BBiae,
and wher ei pasaél cwﬂédnbﬁdﬁﬁeﬁt%nﬁlﬁ@lh@ﬂgt&sﬁaﬁoﬁ eﬁ@@dﬁ@ eleﬂgth\/\pb Y;Elﬁsrﬁu (RIBIQIE), 20
antigen exhibits reduced capacity for neutrallzing said HBV variant, said

vari ant semnhﬁﬁ!l Hiagmepb dengsh dTOIﬁn@l]pb]Sm: {(AFBPETsInglecitand | ghain rpod wieipiasm on

or seqy her a Theterm Lnatio V
and” LS ar S oGt eabh ot RO ShERlen Bulenfy BRap B tlifs ShboFs
separate C}%T?@étaké @Rgin PQQ@U&?KH&S-P@RB‘%}%@E poyrhr@se RUain M BsabEort EHCR)hend Wo
agents are adm nistered within seconds, m nutes, hours, days or weeks of

each ot herresgige j transempien @@kyﬁrerasse@fmmrc@qtlonh@%&ﬁ@?él SEnEsb s e Reverse

conpletin the eutic,cours ot 0

conpl et | nonriiEERR B3 Lnmat Miclt BaBlefoply BRAT i RlspitngTnscli ARsodE"

Accor d![ ngl o n@%hﬂ@ lseifeRES! Otfher tIBRnP6 £EREtioh INEIHd N‘%rlﬁ@ﬂlt sloR| 8beheAbloBY

vari an
2

PCR sequencing, antibody procedures such as ELISA, Western blot and
immunohistochemistry. A particularly useful assay includes the reagents and components

required for immobilized oligonucleotide- or oligopeptide-mediated detection systems.

Another aspect of the present invention is directed to a variant HBV comprising a surface
25 antigen having an amino acid sequence with a single or multiple amino acid substitution,
addition and/or deletion or a truncation compared to a surface antigen from a reference or
wild type HBV and wherein an antibody generated to the reference or wild type surface
antigen exhibits an altered immunological profile relative to said HBV variant. One altered
profile includes a reduced capacity for neutralizing the HBV. More particularly, the
30 surface antigen of the variant HBV exhibits an altered immunological profile compared to

a pre-treatment HBV where the variant HBV is selected for by a nucleoside analog of the



conprising a surface antigen having an am no acid sequence wth a single or
mul tiple WD 113/ 06b841 -26 PCT/ AUO3/00111 am no acid substitution

addi tion and/or deletion or truncation conpared to the pretreatnment HBV and
wherei n t o ®uséaagce anti gen of the variant HBV exhi bits anpéliago86b111

i mmunol ogi cal profile conpared to the pretreatnent HBV where the said the
variant HBV is selected for by a nucl eosi de anal og of the HBV DNA

pol ynmerase, said variant selected 5 by exposure of a subject to ETV and/or
LMWV in conbination or sequential therapy. In a rel ated enbodi nent, the
present invention provides an HBV vari antlOconprising a nucl eoti de sequence
conprising a single or nultiple nucleotide substitution, addition and/or

del etion conpared to the pretreatnent HBV and which HBV variant has a
surface 10 iagyi DRI brbdNOrRNvaiAR BBV BPURRI 29ksabf RhOfihvatioanday edsd o
the pretreatnent HBV, said variant sel ected by exposure of a subject to ETV
and/ or LM dompeisersi maddotide sequenge eomprking Hesingle. orpmultiple phgleotidre suhstidions

are in isolated for ch that th have under at | east one 15
purificati d@&@é’&%@%ﬁ%ﬁﬁ%ﬁgﬁ %/Pfc?gt&i‘?’PFﬁmdy fluid. Alternatively,
the variants may be maintained in isolated body fluid or may be in DNA

form The present invention also contenplates infectious nolecular clones
conpr i sing Tieeprgsemb eventiop gxtends e @p dsoltied iBsAg or s recombinany forme theseef of he

present invention provides isolat conmponent s. from t he. variant ~HBV:

as but not ep?ﬁltfv O&tcﬁe%afg%lgqlgg%ﬁ%g%;@nﬁ&oﬁm%ta {Ibe vﬁ@?%@eﬁ?mﬁ%ﬁ S
i nvention HBYAERS i@retSRbRhSdoBer e RBrh &sORP ch@hical efiivhleel e6thpAses an

derivative or chem cal equivalent thereof, said HBsAg being froma vari ant

HBV sel ect ethihy asidpsesuenceowithy assibglecy multipieyvaming agid [swhstitation rasiditian and/en

sequenti al rapy. More particularly angt her t t n

i nvention i‘%peﬁlope%taegg?c&tlgﬂ °P§‘8f’fa€§et8 %ﬁ@tﬁﬁgﬁ?mr?sée?}%‘%g% gﬁir\écagﬁb%eggﬁ %nr
derivatjye ahabsayt difdcedi toArefRréide MBR exiBis ¥ higdied _Ilﬁﬂxhﬁ@lfogwap?x%ﬁlb fadrdHBRS Ag
or its reconbinant or derivative formor its chem cal equival ent exhibits

an al t er ed camimgosaidji vasiant Hi¥siAige In ovnsacabiodiment thesaliered dmmunoiggiea nprefilapy,
said HBsAg being fro . vari.ant .HBY sel ect ed by ex e of a subject to
ETV and/ or ORPTSG LGHBIRRIRShe %’ﬂmé/\e{&b‘g‘h'ﬁchﬁq%‘}e/ PRBY® “\o 03/ 066841

PCT/ AU03/ 00111 -27 Even nore particularly, the present invention provides

an isolated variant HBsAg or a' 1 n reconbinant or derivative formthereof
or a chemi clie prepght/iavention: ik predifategtinmartronsthe identifipaiiop and iselgtion ebragianinel or

derivatjye r. its chem cal. _equival ent i ses_an ] J nce
W ih o B nareydhiugve i SRR RS niotS HE BT b OF ailte ARG AR RIQK
del etion Orfrgin HeatBEsRH I0? RediRBP IRV 18onEBYAGoreRBledsidefaanlps e HaMcanbvel
"wherein a neutralising antibody directed to a reference HBV exhibits no or

reduced newnd/ar ifenatignalcadtivity yof thepatitis-B\e euftgepi ayagaferedapbragatedims Qihersased
HBsAg bei fi i t, .HBV | ted. b i . TV
hnds or RS R A e, e e SRR TP, Tpd dhe ffiGubh

the HBV DNAFBIEY RBAARE withGhésd enitidral bttt RGnPerthntaniep ali §0¢ the\debélopiR¥nt
recurrence followi ng ETV and/or LW treatnent. Preferably, the treatnent

i nvol ve2) EDY assaybdv hdekepy HIRV/ wriantsharidnassaysion sereen forr agentg aicha prer neefidlpip

Nucl eosi d | tment ' | at | t . i

pr ocedur o (BAPE R Risy Phmerbiee ot ibst SeRan® cud/ty Soret B i§eRh il g
treat~l ent 1Rf dRAIdpaINEoL1RHUITE thephgehitib b4 fo¥ mdn@kin@MPBY iffkesds. on of -

variants, viral |0Oads .are obtainable at 1evels greater than pre-~.
treatnment levels. i ~> Preferred nutations in the HBV DNA pol ynerase

i ncl ud f 70, ... 20, K115R, s
UvsaH, o ooy PR Grtg gussens indsnial i Eiestod (ad IOGHRLHEY arens.s
128F, sﬁc%‘i%gﬁlﬁg 2P RGRAIRY 36 midiesRer Mirkations t bl Obbrrélhtel JAth dtt IckeO two

rtviz3aL, rtlL _
characteristics selected from (a) resistance to one or more nucleoside analogs, (b) a

reduced level and/or functional activity of hepatitis B e antigen, or (c) a reduced, abrogated

or otherwise impaired immunological interactivity.

30 Another aspect of the present invention contemplates an isolated HBV variant comprising

a plurality of nucleotide mutations that correlate with (a) resistance to one or more



22L, rtT128N, rtQL30P, rtT184G rtS2021, rtH248N, or an equival ent one or
nore other nutation is indicative of a variant wherein sa~t~ vari ant
exhibits a decreased sensitivity to ETV and/or LW and 25 optionally other
nuC " eosiY8 9¥MBHys. 1t shoul d be noted that the nonencl atroreasosaoen f or
am no acid post~ons is based on the nethionine residues in the YVMDD notif
bei ng designated codtin rt M04. This nunbering systemis different to that
in Australian Patent No. 734831: xyvhere the nethionine residue in the YMDD
notif within the pol ynerase gene is desi gnat ed codon 550. In this regard,
rtv 173L, rtLI 80M and rt M204V correspon Ito 30 V519t1, L526M and MSSOV,
respectively, in Australian Patent No. 734831. The term ACER' neans a
region that has been desi gnated between two functional regions: WO

03/ 0G6841 PoTeaidsamidgs] (b)28refiucad lewt] qndior dinctianal activity 96 hepatitsdB iepdntigen, | t

provi des the rrect foldin or the.functi regions and .no other specific
function ha&d g"g@r{e‘g‘iﬁfiﬁw&?@gﬁi%rrOt{IWéser‘@QP‘S‘?f{‘-"‘%B\'“P 9@8% IRET3EHVRY ons may
al so occur in envel ope genes such as in one or nore of PreS |, Pre and
HBsAg. Particular nutations are as follows: PreS 1 N114D, PreS 1 T11 SS,
PreS2 F22L YebamthaGaspsyAf tHerppeenPbRenticsigovdes al tsbBited HBV6tdriant Edrfigfising a

sl 195M sl 208T. PreSl E860 PreS 1 1K, . PreS2 P41H, OK, sP.120T, sL176V,
sV 194F “or PESHEY r?gPP%lﬁ%th%r{BPtéﬁ?nW eﬁF?Iée{EﬂH’ TP Qﬁ{noé‘h@? aﬁ’é‘FEOB HERFHANAR| on
s | ndi cat vgerf efodaly ANDNANGNkSR! bk oAl L DIPIGHS AndBCEAE AT
sensitivity to ETVOan / or Ll\(v(i)gnd gpti orﬁa%%a%t ﬁfé?&yrsiﬁco gom g gﬁgl %gjslt.lonrhe
mut ati ons Pupshditiencardidi wiglekiBs Ag, szitl BINEG Polyms&as4 Wheosin 1id | vadiaM akhibits
ENRO4V 1 eOREREED SriSiiD o EE AR A AR b s publeetife ARRISRe (P 2
such as spaededtRié!l mutios ah RAzes Hepfils: BSP2GE S iBtidoad &
spacer R139G . -, spacerF142§, rtl%/54H, rtL%II, rtA97\;?énrlt8€1 A%I—P%?{EIE—H%%II{
rt S135Y0 r eentwd elemeny19f3said rgend sehvreint sl avdtationARisalts in A3fuced FevaRland/or

it T128N, r P, rtT184G .rt,S202l., .15 rt H248N, rtY252L .0or conbi nati ons

t her eof or h%gg%iaséYlbﬁtog Sig I%?Paﬁ%gr B % ARaseinQF 4¢) & Mupleotidy mutatiopein,p gene
variant wheiceldihgs ai Bephtitis Bt pSlopptide! fes@tifls Cneas 96ast & [agﬁ 44 Yach i
and/ or LW and g_pti onpella?ll o;%er?i%lpqcl eogi deganpi 0gs. The i en(%ia}clhgadtalﬁ?)ﬁnonbf
t he vari anfubsbtutipn eﬂnéf@sfélﬁtloianemd @olypeptidet whidheragioes; abragatesf oraothangise ~
20 of ass - Q . ct such.vari~, ari'ts. The detection of such variants
may be i npor agr%tlgﬁ}ﬁ%ﬁﬁlgﬁoﬁqabﬁeda?%vzﬁystant variants to determ ne the
appropipate form of chenot herapy and/or to nonitor vaccination protocols,

or develop new or nodified vaccine preparations. Still another aspect' of
t he presenf\nptigie Asneeh of ghe: preptndtisvendionetontethiflates demethoi ongletehn@5n agent

tenti al =+ TBV .1. hi. bj t itivity to ETV d/ LW
oot 1 onai |y BERERnBic Blfey bl o BT ERErHH e SPREOTSETRETIRS Dua
or cor r espoaehliReti GHRYGmbEteR dffechite dnidBhtoRRE SGIBRN KB &f&f r@ﬂ&ﬁé&%ﬁ ihM the

nucl eoti de sequence encoding HBV DNA pol yme' “frase resulting in at [east
one ani no Rlesnaidsyastari andt them fravsfeetingosridnellsowithddid canstrict, zoytacting theneells, of

d i F A.th E i i mal t t f i d_DNA 3
ol yrrer 28 Rbre- Llelie Ay AR e ot ot b EniSh SRR ey el ey
and/ or LWMime Wi@uBHASH8bnPSTIINBEANA B P AWREIICHE bRSiesd FSRHE Soflertbich

nmutation is an indication of the_Ii kel i hood of resisfance t
and/ or LMAndfr@ssemite wnd/pheslease ayrusiet sruslibnparticlesnf mesistant e sdidlagentsnand

mut ati ons §n e spacer regio and/or the rt region:_spacerl| 971, )
spacer Kllgﬁ? Sté‘g‘f&é&-ﬂtﬁ%Lc,eﬁgpﬁélljﬁmF?r Spliwre, Sipsgtant Hfvid; to) yorel- or viral-
spacer F142ompohdstdddtedtioh Hehns fot i j 1k
TV 173L. rULLBOM rNBaay ™ CApT pine WCHior bl IR R Hed BB Pl
rt Tl 845 senskpmpterial ppi{gmMassemiyizd 2ndior beameleratd tmthetpresenoé obtheaagent. In a
equi val ent r re oth tati.on is indicative of a varianf wherein
sai d vari é)ﬁ&%ﬁﬁi %??%‘ﬁlae‘&‘egﬁ%ﬁés&nﬁov?&{sm ta% ??JI?WT\W‘&HHFBS &meéﬁﬁ’d
opti onal | yofiphieés BesdraiRfn 6ecnBAE @S Hegb Y, {

present i nserﬂﬂ?osn@prggﬁi?ese% met ho§8%5%g§ ig?irgnhnzil r@n\%igtg%e"?ﬁ%%gﬁ%%ﬁg%tﬁi n
exhi bi ts rasuetal hergsneme iftop the BBWuohtisdde oarfisdeddo an anbuneohobaadoyinissi ng

i solati ' f i d HBV,and [ f 15
mat at | on A0 PR CAERTE HRC e et Al csotd R BRI PG GORARIR 1 o

presers® afie télts, befor@VdutihgMsliA | 4ARS infBctiddC witha®e" t tiﬁgﬁr%g i on:
spacer L971, a spacer K115R,g spacerH 16L, Spacer Lﬁg%‘g‘g{ﬁ’?g"sﬁ%&g&ll ! L

spacer R13%dls &5z time|and §nden c@uHionstsufficient forAdE \HBVt ty T2glicate, tekpRERgendts
135Y, rtl1169T, rtV 173L, rtLi 80M rtMO04V, rtA21 S, rtA3 8E, rtF 122L, rtT
128N, rtQ 13 OP, rtT 184G rtS2021, rtH248N, 20 rtY252L or conbi nations
there~tif or an equivalent one or nore other nutation is indicative of a

- - e - S - o " .y p— oy o




PCT/ AU03/ 00111 Received 19 Decenber 2003 -27 Even nore particularly, the
present invention provides an isolated variant HBsAg or a reconbi nant or
derivative formthereof or a chem cal equival ent thereof wherein said HBsAg
or its revwidzgsasat or derivative formor its chem cal equipetRib36QFPrI ses
as amno acid sequence with a single or nmultiple am no acid substitution,
addition and/or deletion or a truncation conpared v to an HBsAg from a
reference | ~BV and wherein a neutralising anti body directed to a reference
HBV exhi bits no or reduced neutralising activity to an HBV carrying said
vari ant HBsAg, said HBsAg being froma vd2i-ant HBV sel ected by exposure of
a subject to ETV and/or LM in conbination or sequential therapy. Preferred
mutations in the HBV DNA pol ynerise include variants sel ected ~&m patients
Wi th HBV T eeuidn@BCend/6l AQUnBR EYOraRRasy vikdd/of YREd-RE barticra ieratmt tohaid
treatnment involves ETV or both ETV and/or LMW in conbination or sequenti al

t herapy. Nuagemtoaidithenrsabjegting ¢t oadlss cethyjysetes r dquifuree$upernmtant dluid to viral- or

transpl antati on procedyre (e.qg. bone .marrow t spl ant at.i on. (B or. )
ox 1ol | ot HFaEPepEr d6oci fisatS RydBBEIVRRR Hopt e Grs BE1 FEIcREY
sel ection QuyAkéddNichetid maAdridl QRERr ARDMPATIN SeehlrelB¥ & BEGRERNCE BRThe
pretreatnment | evels. Preferred nutations in the FIBV DNA pol yneri se include
one or nbregeit. spacezL971, spacezK. ||5R, spacezFl 116L, spaccrL128F)

spaccr S137G, spacer RL39G, spacer F142S, rtY54H, rtLOll, rtA97V, rtY124l~,
rtH126~t, rtS135Y, rtil1l69'f, zt M50V, rtVv1i73L, rtL 180M rtM204V, rtA21 S,

rtA38E, rt ﬁﬁze%}-altérhéfﬂx%sé\!nbédiﬁeﬁ@(%ﬁe nfdtdd 8drprisds SEdétatingt d1@6mMuonb Geh Zinedr

conmbi nations thereof or an equival ent one ox wore other nutation is
i ndi cat i ve cofnpaisingr am itfeotinms edapysefi thevganomet ok siei HIBVs i adesplicatiest competent

i tivit .ETY and/or . L opt |. th | e0si.d -
Shoul d be. TRAEGHYS RIDURT Gioholfih and: BIAGU Gy Y RSPomf o 0 4 BBare Bs sl
based ofy t hanfids RBIl Hae'sBSH 84/88t nd? Ifnkifed ¥b\2EX P5 BRIAT, dotaefingl@sd dIRtwHh @adon

rt M04. This nunbering systemis different to that in Australian Patent No.
734831 wheragenthte beetesiedncwlturingsibdiells fort méimavdRl neder feopitions sufficignd| foréhd se
gene is desi ted.codon 550. In.this regar rtVvV 173L. rtlL 180Mand .
PENR04V contRU B atPEREVARIEes soRdia R aRToREatAT aspRE AR YaF Selefsd AT 27
Pat ent No. [ik34fdiclesifRedifthil toIRACEERt aHE Wksh ﬁlbliiwhgﬁhé Balls, Bels 1YRARR or culture
desi gnated bet'ween two functional "AMENDED SHEET ~PEA/ AU~ PCT/ AUO3/ 00111
Recei ved 1$upesoatahicfiuid cosiralp@r viradgiomponemedetdctiah nigaps &0 detemmine sxhsthes or not
transcrjptase.. lt, provides the correct. fol di. f.or the.functional reqio
and o b1 hdhe gt TEPHGRTRE gRrerRad 2Rt Taerigl iR apesnted dnq/Pegpl eltased
Cor r espondiip ehd PteehtOSSthEBYerft! SO occur in envel ope genes such as in one or
nore of PreS 1,” PreS2 and HBsAg. Particular nmutations are as follows: PreS
1 N114D, PreS 1 TI15S, PreS2 F22L, 17?reS2 V39A, Pz'eS2 ~P52L, sL89V, s
T118A, s 161L, sE164D, sl .1 95M gl 208T PreS 1.E860 PreS 1l ~ PreS2
PALE) sCoORT b RIS Empegincit BECRRSH BRI LA SO RBPL fopeed To
equi val ent RRLtHAE aNBE &t WHIEHK eXRbR infibitoty AdtitGab lanEBV potyviddasaifit anezsioua
said variant exhibits a decreased sensitivity'to ETV and/or LW and

opt i onalQ y polymeraseastayo The EIBV: ablygerase hetivitit cani terexaminagiarssngestabdighedyassays
HBs, A.g at sF. 161 L,  sE 164D, ,or sl 95M. al so_resul t . dgnin th
ts. i he pdCpiEEY 454l odnEmephcigens, Choemarser. "G9S A0T3cehiln Rhag)e! efner
corr espondizngafpib 3} bofes: 1889 BLY0R) Thé HBY borsHithhsd s ARcE I pe SPRTGEIL. 1
SR, spacer I—?@fGL,g?}%spa@r L128F, spa)cers 137 oﬁgagerl? 39G, spg%pcr F142S,

rt Y54H, rt BV pohm&97s¢ ormutaaABVpolbagae. rt S135Y, rt1169T, rt M50V, rtV
173L, rtL 180M rtM204V, rtA2l S; rtA3 8E, rtF 122L, rtT 128N, rtQ 130P,
rtT 184G rtS2021, rtl-17?sl8N, rtY252L or conbinations thereof or an
equi val Nt 1AREnsHctibR WthAhB&Y mBlbad, i plasimid Wctih#Finefude geasd éﬂ&bdiﬁgﬁﬁa?ﬂ &
said variant exhibits a decreased sensitivity to ETV and/'or LM/ an

opti onal | y adit dfestherudta osctdes suchl asdmeulBhieus vieohdrs for @denairusfvectors (ase iRemt andof

such var anvesaep el BT dnBan e ORLT nt's r oy’ bermpor tant in

identifying resistant variants to determne the appropriate form of

chenot herapy and/or to nonitor vaccination protocols, or develop new or
nmodi fi ed vddei rdenpifieasimnapf ovisal Giriants -anakl¢se theagpeditctioh ohevapeines romprising

i nventi contenpl ates .a met.hod for deternining the potential for an,ldBV
o exni Bt TRBIFGER kR fatir SpEPRIRRiGRoR PRVSTeSByPT SPEAIFRF Bened reSt
nucl eosi de gpgd 0YSencSdihg BRLMNON, COMRbleRk Ngs W2l & tRGagd¥ic OFactiRkes QRRRIMR
MRNA fromsaid | -1BV an% scre’eni’ngrﬁ‘?or a nmutation in’'the nucleotide trigd
sequence encodi ng HBV DNA polynerise resulting in at | east one am no acid
substitution, deletion and/or addition in any one or nore of domains F and

L - o,




detection systens. 25 One particularly useful nucleic acid detection system
is the reverse hybridization technique. In this technique, DNA from an HBV
sanple is anplified using a biotin or other ligand-labeled prinmer to

gener at eW& BaAb@ded anplificon. Aigonucl eotides i mobili z&c/Agooesal i d
support such as a nitrocellulose filmare then used to capture anplified
DNA by hybridi zation. Specific nucleic acid fragnents are identified via
biotin 30 or the ligand. Generally, the |abeled priner is specific for a
particul ar nucl eotide variation to be detected. Anplification occurs only
if the variation to be detected is presddt~. There WO 03/066891 -31

PCT/ AU03/001 | | are many fornms of the reverse hybridization assay and all
are enconpassed by the present invention. Detecting HBV replication in cell
cul ture i slefeativé HBWr Variamef Rationd]l Angy ldesigasney talsof bé henplogaiend ideniEnt don
cont enpl at es a hod for ge,ct ecting . an_agent which exhibits inhibitory
activity tBSRAte VaB?tlcgEW Bl 15gp %Qﬁé@tF@c%%%ﬁhu%Pob’@iﬁé?ﬁesWn@Y gnvelope

replicati v/

cont ai ned%?g&?%?%?%sdfvectg!rﬂﬁg f%ilojf’heh %%t%& ?thgle&qg?d{ ?{]ﬁ% Ss‘%aChd
construct dregsmh@cilsobavtehdiagrktispotbsifabr e, during and/ or after transfectl on,
with the agent to be tested; 15 culturing the cells for a tine and under
condi ti%ons sufficient for the HBV to replicate, express genetic sequences
and/ or as eg{g},ﬁaéqg% i nt
to said azxents %uénﬁéﬁc?eéﬁ %Illgéltsl ?dngﬁ?ttgggﬁtkéf‘ﬁ%@%t’&lr@k& n1§ F&% ({%re
super nat adiabklli d to viral - or viral -conponent-detection rreans to determ ne
whet her or not the virus has replicated, expressed genetic nmaterial and/or
assenbl ed and/or been released in the presence of the agent. 25 In a
preferred enbodi nent, the plasm d vecfopy ey include genes encoding part or
all of oher viral vectors such as baculovirus or adenovirus (Ren and
Nassall0 2001, supra) and the Swimog sfsepuémeddengifiessy ati ng a genetic
construct conprising a replication conpetent-effective 30 amount of the
genonme fromthe HBV contained in or fused to an amount of a bacul ovirus w

Pn?22?62§4|18— gﬁMeM gq—ﬁtq' i ' RESGRIFIION | cont act i ng
the cells, before, daring and/or aftlegdnrffm({BVrDNwIidlyﬁl&qs@g%?ﬁmI be §
tested; cprturingthe cells for la tine and under conditions sufficient flor
the HB V ko replicaté, express geﬁ%lp@s AéqMé&Vm@lm@Memm/mr
rel ease vfrTus—or virgb-i ke partictres—f—restst alu o (OSh t—agent—and—14
4 primer (TTA3
5 primer (JM)
6 primer (TTA4)
7 primer (OS2)
8 primer SEQ2
9 primer TTA2
10 _ forward primer PC1
11 reverse primer PC2
12 HBV-specific molecule beacon primer
13-18 TR1 (Figure 4)
19-24 Pol Trans of TR1 (Figure 5)
25-30 | HBsAg Trans of TR1 (Figure 6)
31 Pre-ETV (Figure 8)
32 On-ETV (Figure 8)
33 Pre-ETV (Figure 9)




t hen subjecting the cells, cell lysates or culture supernatant fluid to
viral - or viral -conponent-detection neans to determ ne whether or not the
virus has replicated, expressed genetic material and/or assenbl ed and/ or
been rel ed¥@83/96684the presence of the agent. 15 In an alter rariau®3/00111
enbodi ment, the nethod conprises: generating a continuous cell line
conprising an infectious copy of the genone of the HB Vin a replication
conpetent effective anount such that said infectious HB V 20 genone is
stably integrated into said continuous cell line such as but not limted to
2.2.15 or AD;, contacting the cells with tﬁ@‘agent to be tested; 25
culturing the cells for a tinme and under conditions sufficient for the HBV
to replicate, express genetic sequences and/or assenbl e and/or_rel ease
virus or vifus-SEQUENCEID &O:i f rlesi stant to t hBES@RIPTI@ON t hen

subj ecti ng Um;4uﬁiég_£eLL_L¥saLes_QL43A44u£Lﬁfﬁ§§naLaht fluid to viral-
or 30 viral}conponent-¥#etection nefans to deter TWdFigare @ not the virds

Lo Dl On

has repli catetd; WO 31066841 —33 Pgi'/LALJGS/IQ"“" P SIme) ed—genetiT
T e (RN
[ he se
1

mat eri al angd/ or assenbl'ed and/ or been rel eased e of the
agent. As indicated abzge, variant|s may al so beqsetEy ¢) reference tg
the HBsAg (s—gene) 5 and Pres 1, Bres? envelop genes. Preferred mitatians
in this regard include one or nore of PreSlI N114D, PreSl T115S, PreS2 F22L,
PreS2 V39A, PreS2 P52L, sL89V, sT118A, s F 161 L, skE 164D, sl | 95M sl 208T
PreS 1 E86Q PreS 1 N91 K, PreS2 P41 H, s@ OK, sP120T, sL176V, sV194F. 10
Accordi ngly, another aspect of the present invention contenplates a nethod
for determ ning whether an HBV strain exhibits reduced sensitivity to a
nucl eosi de anal og, said nethod conprising isolating DNA or correspondi ng
MRNA from said HBV and screening for a nmutation in the nucleotide sequence
encodi ng the envel ope genes wherein the presence of the follow ng nutations
inthe PreS 1, PreS2 and HBsAg: PreS 1 N114D, 15 PreSlI T115S, PreS2 F22L,
PreS2 V39A, PreS2 P52L, sL89V, sT118A, sF161L, sE164D, sl 195M sl 208T PreS
E86Q PreSl NI91K, PreS2 P41H, s@OK, sP120T, sL176V, sV 194F or

conbi nations thereof or an equivalent one or nore other nutation is

i ndi cative of a variant wherein said variant exhibits a decreased
sensitivity to ETV and/or LMW and optionally other nucl eosi de anal ogs. 20
The present invention is predicated in part on the identification and
isolation of variants of HBV that have a plurality of nmutations and exhibit
two or nore characteristics selected from decreased or reduced sensitivity
to one or nore nucl eoside anal ogs, a reduced | evel and/or functional
activity of hepatitis B a antigen, or a reduced, abrogated or otherw se 25
i npai red i nmunol ogical interactivity, relative to wild-type HBV. Thus, the
identification of HBV variants with these nutational patterns is inportant
inter alia for the devel opnment of assays to detect HBV variants and assays
to screen for agents which are useful in treating and/or preventing

i nfections by those variants and/or other HBV isol ates and for the

devel opnent of alternative therapeutic regines for managi ng HBV i nfections.
30 WO 03/066841 -34 PCT/ AUO3l 00111 Accordingly, one aspect of the
present invention is directed to an isolated HBV variant conprising a
plurality of nucleotide nmutations that correlate with at | east two
characteristics selected from(a) resistance to one or nore nucl eosi de

anal ogs, (b) a reduced | evel and/or functional activity of hepatitis B a
antigen, or (c) a reduced, abrogated




5 or otherw se inpaired i nmunol ogical interactivity. Another aspect of the
present invention contenplates an isolated HBV variant conprising a
plurality of nucleotide nutations that correlate with (a) resistance to one
or nore MEP¥We84de anal ogs, (b) a reduced | evel and/or furcriawsborctivity
of hepatitis B a antigen, 10 and (c) a reduced, abrogated or otherw se

i npai red i nmunol ogi cal interactivity. Yet another aspect of the present

i nvention provides an isolated HBV variant conprising a plurality of

nucl eoti de nutations selected fromtwo or_ nore of (a) a nucleotide nutation
in a gene encoding a DNA pol ynerise res X1 ng in at | east one amno acid
addition, 15 substitution and/or deletion to said DNA pol yneri se wherein
said variant exhibits decreased sensitivity to ETV andlor LW and

opti onal | BRIEEDESCREFIQN GRhIHYFIGURES: nucl eotide nutation in a gene
encodi ng a hepatitis B a antigen or in a transcriptional control elenent of
said gene wherein said nutation results in a reduced | evel and/or

fracti onalg; j yi; f ' L LS i : C [

it on 1 pee gLie%, JegRRia iRk GICh SAPnE RS paflal ClodI MR R A

| east one HBVngenaniedshmsidig thon overidppinigt apfenarading /framedednedding sucfasa($), core

pol ypept i whi ch redyces brogates or otherwi se inpairs its inmunol ogi cal
i nt erac}ti &&9&015%@&%&3@@3&3@?- amino acid variants of DNA polynerise is
conveni ently acconplished by 25 reference to the am no acid sequence shown
in Formulae | and Il. The pol ynorphi sns shown represent the variations
shown i n Rigneu? dagmaphisalsreporsentation of Ratiengdris clinidyl distarynmcludigr éreaapyHBV

vari ant conpri se ino gcid different to what j epresented, then such
an isol at é%%ﬁ?%@%?d@@%dg@iﬂéwwwe Ef‘éir?h%vglﬁ' al tered DNA

pol ynerise activity. 30 WO 0310668: 11 -35 PCT/ AU03/ 00111 The present

i nvention further contenpl ates agents which inhibit ETV and/or LW

r esi st Hht RigvedrsiaahegramBiatib representation lof theechpmidal stadciuwre pfestetartir.i f | ong
termtreatnent by ETV and/or LMW and/or optionally other nucleoside anal ogs
is contenplated by the clinician. The agents nmay be DNA or RNA or

Prot el Nac §qpigreol ﬁog'%?%s@tﬁﬂ@&ﬁ%ﬁ&v&f%&ﬁ'on”@f Y PV .ﬁ\lﬂﬂ#ﬁiﬁk RgReitet
screeni ng stch as fromplants, coral "an croorgani sns i s al so

cont enpl ateacdodasg theustAlytic gtoantfitht pelymerse génamsdeqmentiabsamypdes finvm Ragient & may
be in isolated mor .in the f of a pharmaceutical conmposition and may
be admi ni MP%&@WI?%‘PHW” { FRIFRER & WURP%}}‘FWWe nucl eosi de anal og.
10 Accpy dingly, another aspect of the present invention contenplates a

met hod for detecting an agent which exhibits inhibitory activity to an HBY,
exhi bi ti ndFigwei S isan capresentdton shoentg venpatison ofythe aledioédamiiho racid\déquersiechf

nmet hod conpri si.ng: generating a genetic construct conprising a repljcation
conpet ent - e acien aﬁﬁtﬁ]?olam%m% gﬁ%%‘i“?@?ﬁt‘ §é’ingpeﬂ_|§7m& Safiertd e,
pl asm d VQ%Vrm@rmhefrgﬁ‘%ﬂI%Wé:ﬁ&éa!vﬂ%oﬁﬁir%}igf{ltﬁe?a th said construct;

contacting said cel efore, during an aft'eér transfection, with the
agent to be tested; 20 culturing said cells for a tine and under conditions
he HB V to.replicate, ress t%erégai c ,sequences and/ or

sufficjent  for ex
2ssentAG THEHTES 15t BERECSEURHOR SHPviRE COTDRRRD plahe idefheced; aming apidy sedpencs ofai d
agent; an ‘ge%g; eglien I I 0 m%%
fluid to S/Ill1 erzgli1 re g%drea?l-%: ‘ﬁexgtgiéns?x_n getge%?rlhg%ﬁﬁggﬁsat 0 g‘tlig?n@ Elg&\%\l/ﬁ%%ﬂemrr or
not the viLM¥/entesaviepbmbmbtioh thexgpyessed genetic material and/ or assenbl ed
and/ or been released in the presence of said agent. W O 03/ 066841

Figure 7 is a diagrammatic representation of a computer system for determining the

25 potency value (P,) of a variant HBV.

Figure 8 is a representation showing comparison of the HBV mnucleotide sequence
encoding the catailytic regioﬁ of the polymerase gene in sequential samples from Patient B
during LMV monotherapy (prior to ETV) and on ETV therapy.

30



-36 PCT/ AU03/00111 Still another aspect of the present invention provides a
nmet hod for detecting an agent which exhibits inhibitory activity to an HBV
exhi biting resistance or decreased sensitivity to ETV and/or LW, said

met hod cowpriB®648dl S generating a genetic construct conpriRGTYUES/00111
replication conpetent-effective anount of the genone from said HBV
contained in or fused to an anount of a bacul ovirus genone effective to
infect cells and then infecting said cells with said construct; contacting
said cells, before, during and/or after infection, with the agent to 10 be
tested; culturing said cells for a tinme = under conditions sufficient for
the HBV to replicate, express genetic sequences and/ or assenbl e and/or

rel ease virus or virus-like particles if resistant to said agent; and 15
subj ect i ng Figerec®lid s repredentdtipnahewingy camngarisor of tipedadatethsmirouaaid sequenceabt
or viral conponent - detectlon means to determ ne et her o % Vi,r us
has repl i cdheqatabigregion Pifhn dohvansrascasens i srahegHa éﬂ ‘if?%’f B dwing

rel eased i %?b another aspect of the
pr esent |nvent|oﬁ&ggégﬁggﬁkn%gfﬁﬁggﬁ?o? t@%ﬁ#kg an agent which exhibits
inhibitory activity to an HBY, exhibiting resi stance or decreased

sensitivity to ETV.and/or LMY, said nethod.conprjsin enerati.n enetic
const ruct c%am ) jsq Tepresphtation F}Eﬂwle%ﬁﬁ‘@?@ilﬁmgﬁ‘r%f‘@ f‘?fﬁ’é S AT AIE SEUCRFEO

genone fro 3Q&h
genone eff g}é‘?%‘%ldﬂ%\éeﬁ?g%%qﬂeﬁ% Q%{r}] o E’gﬁl%&nggg?ld%gﬁ nwfé%‘ﬁ"?%% h Sglyﬁj
construct ; EDVi} adtomBT¥aheapel | s, before during and/or after infection,
with the agent to be tested; 30 WO 03/ 066841 -37 PCT/ AU03/ 0011 |
culturing said cells for a time and under conditions sufficient for the HBV
to replicat |

i us,or v B O L A R
the cell®, quehtitatiyesRCRsralativeutot the enosdmgravatrahforf hath avitdtyperarus and ther BBV
conponent - dete n neaps to 1.0 e r he virus has
replicated,® 95§'F é’a“tﬁgﬂ‘ést4t9qm+ﬂ\éﬁ3ﬁgﬁﬁgg6¥3’§%m4éé and/ or been
released in the presence of said agent. Preferably, the HBV genone is
stably integrated into the cells' genone. 10 Wil st the bacul ovirus vector
is a particularly useful in the practice of the present invention, the

subj ect invention extends to a range of other vectors such as but not
limted to adenoviral vectors. 15 The present invention further extends to
cell lines carrying genetic constructs conprising all or a portion of an
HBV genome or a gene or part of a gene therefrom The present invention

al so provides for the use of the subject HBV variants to screen for
anti-viral agents. These anti-viral agents inhibit the virus. The term
"inhibit" includes



20 antagoni zi ng or otherw se preventing infection, replication, assenbly
and/or release or any internedi ate step. Preferred anti-viral agents

i ncl ude nucl eosi de anal ogs, however, the present invention extends to

non- nucl #80ges6sdll ecul es. I n addition, rational drug desi goTiAU03MEA1
contenplated to identify or generate chem cal 25 nol ecul es which either
m m c a nucl eoside or which interact with a particul ar nucl eoti de sequence
or a particular nucleotide. Conbinatorial chemstry and two hybrid
screening are sone of a nunber of techniqfes whi ch can be enpl oyed to
identify potential therapeutic or diagnostic agents. 30 In one exanple, the
crystal structure of polynerase or the surface antigen is used to ‘
rationally design small chem cal nolecules likely to interact with key
regi ons of DREAINEDOBSCRIPFRINOY AWWE/ PREEERRED EMBODIMENTS
function and/or antigenicity. Such agents may be useful as inhibitors of
pol ynerase activity and/or nay alter an epitope on the surface antigen

S | | f the HBV h b d. d
Sirilari {m (i Bresent ipation 1 paticeen qua%rggﬁ hsipyhopbak ot ifacon pf o legrice
75(10) : zé'ﬂialo Afe%lsta%@’%minﬁ? I&—.|epat @#ment'ﬁﬁitleﬁ{srﬁtﬁ%’ré%%@v or

337-342 19 len et a 1670-1677, 1998 The nodel s
of the HBEPYI @tﬂﬂtMB/éamhnpﬂnmaﬂlyeIﬂhdrmuctebsde atalogslIn greadiputlesEGN, of Eddvand

agents eff ai nst HBV encodi ng the resi mut at i ons

wild type W\térea eP"r“a?PFSoﬁ%x‘fe gsudot ‘??E@“tﬁ ?tﬁﬁﬁ h‘l,bd eff&“ﬁas%rd r%dr‘ﬂcﬁg
modi fi cati &t “qeGBasR” Bf"e eB0&AAY H3EELN

t he sel ectfég%ﬁg ?%?Iﬁ@%%ﬂcgg{\ﬁgﬁifﬁﬂgﬁﬂéﬁ% afilﬁgxr)ls assocl at edr W th r1e5| stlance.
Vi ruses ortocdensitivity xpER\éiand/oriB\MYemolides amdt emcmhpasmoa;ilcagpleltm omaulasttmml;
may al so be used to screlefn for new antqllw ral ag ents. aboge rret are

parti cul arieyistaaes 19 the pucleaside epalag as yellasingrt e%aftarge INENEFHE rﬁP Bfor
LMV-r esgp st t t e -typ
corrpos;ﬂt)l oﬁgg 8?%%‘81?%% t%&g (ﬁ%g%ﬁﬁ?@o@%f/ Ig&?o&lg%eal \r’]v'ilg he f é? r%h%f
ant i bodi espresengendt a muolebsidellaaslogudin ons arspd:nb,zﬁmass canvaéngentlyemeadusedd [bysan

and/ or sense nol.ecul f.or co-su essi o t he induction.of RNA.

Ref er ence *P&fe&mfl Vllﬁgfo@gg%a?eé'ﬁ&‘gﬁf@éo’f %reé}prﬁhﬁn ﬁa%@egtelpmls conposi ti on"

i ncl udes a "pharnmaceuti cal corrposi tion". The i nh| bitor is referred to bel ow
as an "active ingredient” or "active corrpound and may be selected fromthe
list of | nAcdmrdmghy, 9w @sp&bof ¢he pEesaitancatiposs dircetedrty anrisdlatdd HBVavariagbni ¢
conpon B t he HEV aangef ective HBV vatll ant or an eacé;ent ident.ifi egDNA

t hr oug na‘f’ e SHdavarant GOmRTISAY % PUPlgPHds, utdhany Iy igghe (§AGeting; A

combi nat org, %rm@x'&@é“r&hftbbg mpaﬁaléiﬁ%ﬁh'tahﬁﬁ& la¥i JeddaRira RhiBst#@idd SForBélésn to

di luents include any an sol vents, 30 dispersion nedia, coatings,

ant i bact erdaad Davl }miyménasgahd aglean¢is, saids wardait cexhibits atestaaped ecnsmahezytm@TV

agents and the i suc di a .and agents for pharnaceuti cal
active &W@prﬁg@ﬁ@a& Pe@g@ 0%t ances is wel | known in the
art. Except |nsof ar as any conventional nedia or agent is uiconpatible with
the active ingredient, use thereof in the therapeutic conpositions is

cont enp0 at Bdfershiipphe deoreaey sasitivity is igregpticeolt KT cor aitls BTWeandrdiddiVoor at ed
into the conpositions. 5 The pharmaceutical conposition may al so conprise
genetic nol ecul es such as a vector capable of transfecting target cells

where the yer{itonCRl 4 | RatfonH% igtnP e diiR 5] |§‘ol9ﬁ@@a§é eRftoQRE %%ﬂa)p%g
aspartyl protease Inhibitor. e vect or y or exanple, be a viral

vector. lmdahrarafethed{B‘éagenbmler(ﬁgmc ipd eorresi:oﬂdiﬁgmmaﬂom 11 aﬂsmcbmle istheil e
aqueous sol utions (wheye ma er sol ubl ste ers, f.or

ext enpor ar@é‘ﬁse%oééfﬁ o s HePe&%-ﬂ?@ggt é‘?ﬁu “Etf figed lPteFﬁ?gt“%eOf
stabl ezsm%ﬁnﬁﬁb%gqeﬂ%&geﬁﬁ%ueﬁ B itds Uhe iARMnS e AfSHBRA MRS rd¥Riction in

the interactivity of immunological reagents to a viral surface component generally includes

the absence of immunological memory to recognize or substantially recognize the viral
surface component. The present invention extends, therefore, to an HBV variant exhibiting
decreased sensitivity to ETV and/or LMV and reduced interactivity of an immunological
30 reagent to HBsAg wherein the variant is selected for following ETV and/or LMV

combination or sequential treatment. The term “sequential” in this respect means ETV



preserved agai nst the contam nating action of mcroorgani sns such as
bacteria and fungi. The carrier can be a solvent or dilution nedium
conprisin for exanple, water, ethanol, 15 polyol (for exanple, glycerol,
propyl ene%‘? ¥684dnd 1i qui d pol yet hyl ene glycol, and the IF’EE’)“,U"%/g?%ébI e

m xtures thereof and vegetable oils. The proper fluidity can be maintained,
for exanple, by the use of superfactants. The preventions of the action of
m croorgani sms can be brought about by various anti-bacterial and
anti-fungal agents, for exanple, parabensigchlorobutanol, phenol, sorbio
acid, thirnerosal and the like. In many cases, it 20 will be preferable to
i nclude isotonic agents, for exanple, sugars or sodium chloride. Prolonged

absorption of the injectable co sition n be br.ought abput by the us

' the compBuiereary bMUgeind EaN A BLY, Bt FORIPIP Sraiselb pmzks TRMORF o

nDnostearaygwﬂqﬁqu}Q&iﬂNn2§r§$@yL&fEfvjectable solutions are prepared by
t

i ncor porating € active conpounds 1n the required anount in the
appropriate solvent with the active ingredient and optionally other active

ingredients as required, followed by filteredq steriljzation or othef .

appr opri at eAngEhyagantdngy thsrs ?’letft?@ }ééng*elé#] P‘fl@mﬁWBQFgoﬁ‘dP thfie
pr epar at on ke aBll RELEL 8o SEEIP A utaB it AR B 1RINATE tRbadest context
pr epar at?onDﬂl%ﬁﬂggde%/%g&g% rlglﬁ%fgg?r?{gq%ﬁg 1rleaeze-ﬁryi ﬁg 30 techn? glsjeco\i\lheixch
yield a powaelinclidecihuitiple mytatidnent pl us any additional ly desired

i ngredi ent. wo o: ~/ ob~sal -40 PCT/ AU03/00111 When the active ingredient
is suitably protected, it may be orally admnistered, for exanple, with an
nevt Ol Uefhe esct il cilof S2tcfidd B0 ufbiPhitl &7 ddrfdin of thel HBYEINACH APfEASE
in hard or so she gelatin capsule, or it y be conpressed into

t abl et s. Foindoimparfictlae regienst F and divitimosgh &t prowjdetl rsaidanmtationi legdsctdi éenreased
be incorporated wth i pi,en d us Ln t f.or.m of i ngesti bl bl ets,
puccal _¢Rbl ESIVY ot RSLY BGE IS Kegitn phheddE BN ARy EHec 5o Res &9 it
the like. Shah GRIPRILEARMS RRY iR FERANAT SN DAYl beeRtai n at |east 1 by
wei ght of g%???eggg gdﬁ%. f%e percentagggg? t he conpositions and
preparations may, of course, b varied and may conveniently be between about
S to about 80% of the weight 10 of thﬁ ﬁ@h@lnge anount of active conpound
in such therapeutically useful conpos Y s such that a suitable dosage
will be .obtained. Preferred conpositions or preparations according to the
present invention are prepared so that an oral dosage unit form contains

bet ween1abolyj B{) B}, PgWai@ P200) BapBoH, &% HsyH, B i P, Rl TPy, Ry ¥, Bos@ge, V,
anounts inc fro u (0] out 1000 fro bqu 0 ~g
about 500 %%’Meﬁlgggogaé@ggﬁa%r Bnaalg’ gélr t’r ﬁéﬁ’sg&ﬁgf Sof g]eg’ E‘gbb#d;’l’ g\é?’éﬁt :
Adm ni strat] erper up, K; t year The tablets,
troches, pisfgfgggbghFég’ggg’?#gg?ﬁ %ﬂ%g?TéFEg’gbﬁiain t he conponents as

| isted hereafter. A binder such as gum acacia, corn starch or gelatin;

exci pients sgch,as 20 di cal ci um phosphat e; a disintegrati ng agent such as
corn starchWa@g8lat o starch, alginic acid and the like; a lubricant such as
magnesi yj stearate; and a sweetening agent such as sucrose, |actose or
saccharin may be added or a flavouring agent such as pepperniint, oil of

W nt er greenBpr cigdr, oy R, balyouri ng. When the dosage unit formis a capsule,

it may contain, jn addition to materials of the above type, a liquid
carrier. VaPtousiSébREL materials may be 25 present as coatings or to

ot herw se npdify:.t iAC of the dosage unit. For instance,

tabl ets, pin? S olrsjgg’;r);wd?égé’rar%alff’g%@coat ed with shellac, sugar or both. A
syrup or elBxir W&, oe@ntain the active conpound, sucrose as a sweetening
agent, nethyl and propyl parabens as preservatives, a dye and a flavouring.
Of courde, Bny nét PF%%°H d in preparing any dosage unit form should be
phar maceutigal | y; .pur ubstantially non 30 toxic in the anmounts

enpl oyed. I%6add§?¥éﬁFe?ﬁgﬁactive conpounds) may be incorporated into

sust ai ned- rB} easw Ipsr€par at i ons and formul ati ons. WO 03/066841 -41

PCT/ AU03100111 As stated above, the present invention further extends to an
i sol at ed HBEAQ f¥dMAMe HBV variants herein described. Mre particul arly,

t he presenthnveBpfgp$provides an HBsAg or a reconbi nant formthereof or
derivative or chem cal equivalent thereof. The isolated 5 surface conponent
and, noBe pBiet i cislArdryL, or Sol at ed surface antigen or its reconbi nant,
derivative gr chemcal_ equivalents are useful in the devel opnent of

bi ol ogi cal Unpo@ﬂ%ﬁ%ﬂé such as vaccine fornul ati ons. Yet another aspect of
the present invention provides a conposition conprising a variant




10 HBV resistant to ETV and/or LM/ and optionally other nucl eosi de anal ogs
or an HBV surface antigen fromsaid variant HBV or a reconbi nant or
derivative formthereof or its chem cal equivalent and one or nore

phar macedt? 8419634 1accept abl e carriers and/or diluents. As PREIAIAS1abOVeE,
anti bodi es may be generated to the nutant HBV agents and used for 15
passive or direct vaccination against infection by these viruses. The

anti bodi es may be generated in humans or non-hunman aninmals. In the case of
the latter, the non-human antibodies may;qeed to be dei muni zed or nore
specifically humani zed prior to use. Dei mmuni zed may i nclude, for exanple,
grafting conplinentarity determ ning regions (CDRs) fromthe variable

regi on of ﬁ marj ge or_non-human ani mal anti-HBV anti body 20 onto a human
consensus Pragnént %8t i body bi ndi ng (Fab) pol ypeptide. Alternatively, anino
aci ds defimjng i i ariabl e region of the antibody may be

mut at ed sogltBhat@{glﬁgpfé)%?Féggs@grrg no | onger recogni zed by the human VHC 11
conpl ex. IBgof ais Tasr B tioyoreY anti sense or co-suppression (RNAI) repression
is concerned, this is 25 _conyeniently ained at post-transcription gene

si | enci ng{‘ﬁ léh{’RNgL pRlS BEESadm' ni stered or a conplex conprising RNAI or a
chem ca a@%I ogﬂsqhgggof specific for HBV nRNA nmay be enployed. Al such

mol ecul es may be Yncofporated into pharmaceutical conpositions. 30 WO
03/066841 -42 PCT/ AU03/ 00911 In another enbodi nent, the present invention
provi des a hial ogi ¢cgl. gonposifion conprising a variant HBV or an HBsAg or
L, Mor S#&qﬁ’%%%%dﬁﬁggg@t?éﬁsi%f’O%Q’Mr a reconbi nant or derivative form
thereof or its chem cal equivalent. 5 Generally, if an HBV is used, it is
first attenuated. The bi ol ogi cal conposition according to this aspect of

t he preserin thiswpetificatiope mefeminty isf partitidarly orade its e comserved megiens of the DNA
phar maceutically acc aQle carriers or diJuents. The biol ogical .
conposf(fi d’r‘?(fm‘i}%?o%‘ﬁ%’églhg RS Aith}%ﬂ%I‘%tq cﬂ‘i’i"gﬁgn theranine a¢id or
t he conposdt i . r:.S i i ke
ol coul oo Y reg SH AR & FQENR I (PO below Mot ip o liPhih Puglt 120
i ncl usi ons734Bpl)y where the conposition conprises an HBV. The present
invention is further directed to the use of defective HBV variants in the
15 manuf acture of therapeutic vaccines to vaccinate individuals against
infection by HBV strains having a pggg Y ppucl eoti de sequence or

encodi ng a particular polynerase or surtrace antigen or L, Mor S proteins.
I n onel®enbodi nent, for exanple, an HBV variant may be identified having a

parti cul ar, I iNtsS I nferrj [ esi n r_decreased
Censi ¢ 1 vi 132t b A TuSieBef Sk M ERGH T & 4 s R L 2 S RE6T 2RV 8
render |t RIEIOYL 87, 2, 0 N 24 QAUA) KK ZHIAN A, b, ¢Ru4e R, DREPIS 07, BYCP 2
def ective, nucl eosi dé"anal og-resistant virus nmay then & Used "as

t her apeut iZas Valac Grigs XghiEh 17,y iZpo HéhE Zyilr GFER K dyi iyl Gy RS Pt ali AQ Fn
its poly 25 The subj ect, Lnventign ex ds to kits for assays for
vari ant @\f?@%@%?ﬂﬁ?ﬁt@v%’mﬁﬁg%ﬁ%o mi:%kgﬁ%d Hap 3ﬁé{rL@X§ﬁ$F§?5 Zss
contaigp t f r f | @i ¢ j g di '

Fechnal ooy or PSR L PRR T B0 RIS 2T BTSN S TR WO Y,
particul aSyNEM Gl Yassh¢ i ncl udes the reagents and conponents required for
i mmobi |'i zed ol i gonucl eoti de- or oligopeptide-nedi ated detection systens. 30
WO 03/066841 - 43 PCT/ AU03100111 Still another aspect of the present

i nventionygRplignpl ates a nethod for determning the potential for an HBV to
exhi bit reduced sensitivity to ETV and/or LMW or optionally other

nucl eosi de anal ogs, said nethod conprising isolating DNA or correspondi ng
nRNA .0 aid.HBV and screening for a nmutation in the nucl eotide sequence
encodi?lg PBV DN 35n9aeidsse resulting in at |east one amino acid
substitutizon, ¢eNgkimn and/or addition in any one or nore of dommins F and
A t hrough or a region proximal thereto of said DNA pol ynerase and

associ at edawi t s Farsk;st ance or decreased sensitivity to ETV and/or LW
wherein t pr esglenc}(;' of such a nutation is an indication of the |ikelihood
of resistéhce 19 ¥ald ETV and/or LM/. 10 An assessnment of a potential viral
variant ig,impad gpb;for sel ection of an appropriate therapeutic protocol.
Such an assessnent 1S suitably facilitated with the assistance of a
conmputd®r @sogr afedNp th software, which inter alia adds index val ues (lvs)
for at |east tmsg%\fe%ures associated wth the viral variants to provide a
pot ency véafue FPALT corresponding to the resistance or sensitivity of a
viral variant to a particular chem cal conpound or inmunol ogi cal agent. The
lvs can be selected from(a) the ability to exhibit resistance for reduced
sensitivity to a particular conpound or immunol ogi cal agent; (b) an altered

~RA IA 1 o N 7 0N o I 1 o o o,




Thus, in another aspect, the invention contenplates a conputer program
product for 25 assessing the likely usefulness of a viral variant or

bi ol ogi cal sar‘g)l e conprising sanme for determ ning an approgri ate

t her apeut M@ B%88ol in a subject, said product conprisi ngPCTAPOYBYA! t hat
receives as input Ivs .for at least two features associated with said viral
agents or biological sanple conprising sane, wherein said features are
selected 30 from WO 03/0668. 11 PCT/ AU03/ 00111 -44 (a) the ability to
exhi bit resistance for reduced sensitivityto a particular conpound or

i mrunol ogi cal agent; (b) an altered DNA pol ynerase tomw | d-type HBV, (c)
an altered surface antigen fromwld-type HBV; or 5 (d) norbidity or
recovery potential_ of a patient; (e) altered replication capacity

(i ncreased %r dé8MNeRsled): (2) code that adds said Ivs to provide a sum
correspondi-ng t forr.said viral variants or biological sanples; and 10
(3) a corrpu?ser ?%gld%\gg?ﬁr#édi umthat stores the codes. In a related aspect,
the i nventiZyn ext#helsYf o a conputer for assessing the likely useful ness of
a viral varjiant or_ biological sanple conprising same in a subject, wherein
said corrputZew 155&%335 ses: (1) a machine-readabl e data storage nedi um
conprisifg A, datiapsgagage material encoded with machi ne-readabl e data,
wher ei n 'sai d" machi ne-readabl e data conprise Ivs for at |east two features
associated Zwth is®iet Nj ral variant or biol ogical sanple; 20 wherein said
features are selected from (a) the ability to exhibit resistance for
reduced ser@bti VFBWIt0 a particul ar conpound or i nmunol ogi cal agent; (b)an
altered ol .fromw |l d-type HBV; 25 (c)an altered surface antigen
fromw | %ge ﬁg&&fﬁ’( d)norbidity or recovery potential of a patient;
(e)al tered Zepl iichtard; capacity (increased or decreased); (2) a working
menory Ior stori,ng iné_tructi ons for processing said nmachi ne-readabl e 30
dat a; W0 %8! 06 45 PCT1AU03/ 00111 (3) a central - processing unit

coupl ed tozsﬁali dwerkigg nenory and to said nmachine readable data storage
medi um for processing said machine readable data to provide a sum of said
| vs corres@ypndi igRtaxy W; Pv for said conpound(s); and S (4) an out put

har dwar e C%Jpl ed &o aid central processing unit, for receiving said Pv.
Any gener al®“®r 3$pecitals purpose conputer systemis contenplated by the
present i n\@pti qgsq,gqr.i ncl udes a processor in electrical comunication with
both a menory and at [’east one input/output device, such as a termnal.
Such a EystZm naylon¥tude, but is not limted, to 10 personal conputers,
wor kstati o or ,rTEi nLrarres. The processor may be a general purpose
processor dr2m df offbcessor or a specialized processor executing prograns
| ocat ed inféﬁM qgf\yggry . The prograns nmay be placed in RAMfrom a storage
device, such’as a scﬁ’ or pre-programed ROM nenory. The RAM nenory in one
enbodi nent 4,6 ude@ drdi;h for data storage and program execution. The

conput er system.al so enbraces systens where 15 the processor and nenory
reside in deffel®eMOTphysical entities but which are in electrical

conmuni gt i N by .of a network. For exanple, a conputer system having
the overal "?tharacteri stics set forth in Figure 7 may be useful in the
practi ce ofZ,} he i Nsdralit i nvention. Mre specifically, Figure 7 is a
schematic representation of a typical conputer work station having in

el ectri cal ZeonmihiRtGon (100) with one another via, for exanple, an 20
internal buys or i?? g?nal network, a processor (101), a RAM (102), a ROM
(103), a t éfhi na EO 04), and optionally an external storage device, for
exanpl e, aZjskdsLer WD ROM or nmagnetic tape (105). The present invention

is further described by the following non-limting Exanples. WO 03/ 066841
-46 25 Zs isAorV;

Zs; isSorA;
Z33 isVorLorM;
Z34 isKorR;
Zys isSorT;
30 Zs isVorG;
Zz; isQorE;



EXAMPLE | Overl appi ng gehone of HB V PCT/ AU03/00111 The overl appi ng genone
of HBV is represented in Figure 1. The gene encoding DNA 5 polynerise (P),
over | aps jral envel ope genes, Pre-S 1 and Pre-S2, and partially

over | aps‘%‘ﬂ@‘@%gﬁd core (C) genes. The HBV envel ope conpr PSEAUHHMAIIL 1 ddl e
and | arge HBV surface antigens. The |arge protein conponent is referred to
as the HBV surface antigen (HBsAg) and is enclosed by the S gene sequence.
The Pre-S | and Pre-S2 gene sequences encode the other envel ope conponents.
10 EXAMPLE 2 Patient and Treatnent Patiesd A is a 44 year old nale with
chronic hepatitis B presented on Day 0 (9 July 1999) 15 with raised serum
HBV DNA | evel s (>2000 pg/ M) and was comrenced on LMW treatnent inmmediately
(Figure 2). The, A was HBsAg positive and anti-HBe positive.

Fol | owi ng Lxe i i ’EafPBPr of LMV treahnent the HBV DNA levels fell to 8
pg/ M over %4 da mqf t herapy. The HBV DNA | evels remained | ow until day
199 when there Was a’relapse in replication such that HBV DNA | evel s
reached 1824 pgiksMorBy Day 241 the 20 serum ALT peaked at 741 1U/|. The HBV
DNA was seguenced. and LMW resistant virus was detected. The patient was

t hen enrol44d of II%‘y‘g’382 (24 July 2000) into a blinded ETV plus LW
clinicaf tyjal. lsljﬁyrg)NA | evel s only decreased to 33 pg/m and the ALT
decreased t0 167 U L by day 784. The patient was started on open | abel
ETV plus LZW He\NémeI;, both HBV DNA | evel s and ALT continued to rise and

t he HBV @quenced at day 894 (Figure 2). Patient B 1ls a liver

t ranspl ant atllé his patient has been treated with a nunber of

nucl eosi deg gnallggsoﬂ g¢icl udi ng ganciclovir, fanciclovir LW and ETV. The
patient was treated with LM/ prior to ETV. The patient is currently on ETV
t r eat ment Z4a1r|1n§®'lw 30 treatnent the HBV DNA | evel s were reduced to | ess
than 5 (gg/iﬁ 532 days ETV treatnent, that.corresponds to 3857 days post
transpl 47théF§ arisein the HBV DNA WD 03/ 066841 - 47

PCT/ AU03/ 0111 jkevsylys, to 993 pg/m . The HBV DNA fromthis sanple was
further characterized by sequencing. EXAMPLE 3 5 Detection of Viral Markers
Hepatitis 4osurif &ter @nti gen (HBsAg), hepatitis B a antigen (HBeAg),

anti - HBe zd hegg}nééfé (g core antigen (HBcAg) specific IgG and I gM were
measur ed Png B4l Iy available i mmunoassays (Abbott Laboratori es,
North Chi gabo, i bkmidd>hd2d4 Hepatitis B viral DNA |evels were neasured
using a capture hybridizati’on assay according to the manufacturer's

di rect}®dns (Digene Hybrid Capture |1, Digene Diagnostics Inc., Beltsville,
MD). The mmpuf.actur.er d. cut-off for d cting HBV virema in clinical
speci mens AL HTeR {h %égéb‘pcfé’ﬂ‘ﬁt?dﬁmﬁl@% - [Hendricks DA et al., AmJ
Cin Pathol 104: 537-46, 199S]. 15 EXAMPLE 4 Sequenci ng of HB i ~DNA HBV DNA
was extracted from 100A of serumcollected at 6 different tinme points

(Fi gure 2@refprably, dies pnitdiion rpsulisiinasl ajtetryl ayinoetidasequentetiapay @ne d2Gnore of

1148- 53, 1997. | e des were synt |zed Adel ai de,
Austral i a]fi g ‘?@g&é}g" gtfht%éeglﬁ? 358%/ eéo an@ }%ﬁﬁﬁémo&%@ﬁ%ed by
Aye etym@l ., 1997 supra. The specific anplified products were purified
using PCR purification colums fi om MO 25 Bl O Laboratories Inc (La Jolla,
CA) and dlAmdtdrysmqqﬁﬂnc@desam ingerfiiog pbywade¢seanniBat variafly congpristiep e nmitatpoReady
Reaction Kit (PRerkin Elne %rus Norwal I c, CT). The PCR primers were used
as sequen@‘flrf’d’gﬂ?f?%g gpewadsng ape Al gopp exety §aid retatioqis m a rggion

1408- | 430) T, T 45)
[SEQ 1 17 Ry 2y Sl wiboe of dndtne P00 'S R T ap His TIRA il s

[ SEQ >D N®hesjin saiflAvarkint eciibithdecreBed TsensiBAG GEBT 3 afidor LMW Hidl/ Ofieddwlly- 48
PCT/ AL%~Z' g‘flll 2652;(; 26 2 [SEQ ID NGO 6], OS2 5° TCT CTG ACA TAC TTT CCA

AT 3 59D NO 7], to sequence the internal regions of
t he PCR products.

In a related embodiment, there is provided an HBV variant comprising a mutation in the

nucleotide sequence encoding a DNA polymerase resulting in an amino acid addition,

substitution and/or deletion in said DNA polymerase in one or more amino acids as set
30 forth in Formulae I [SEQ ID NO:1] and/or I [SEQ ID NO:2]:



EXAMPLE 5 5 Anal ysis of HBYDNA Patient A: The LM resistant nutations at
rtL180M and rt M204V were detected by sequencing by day 199 (Table 3).

Duri ng th%v&'%@%g phase of entecavir and LMW treatnment, the nutation at
rtVvizaL wasl 4 etected. A unique mutation in the B DonmaP&THI 00| 169T
was detected in conbination with the two other B domain nutations at
rtL180M and rtV 173L as well as the nutation at rtM04V in the C domain. A
nunber of other uni que changes were al so detected in the polynerase and in
the overl appi ng envel ope gene (Table 4, Fgures 4, S and 6). These unique
changes were conpared to reference sequences from each of the seven
genotypes A-G as well as a consensus sequence from pretreatnent 15 sanples
to determ ne uni que changes. Patient B: The sanple at S32 days ETV
treatnent was sequenced and was comp¥F@BMBL4Achpl es prior to ETV treatnent
(Figures 8, 9 and 10) Several polynerase nutations were detected in this
sanple including rtA2l S, rt A38E, rtY54H, rtN/76D, rtLOlIl, rtF122L, 20
rtY124H rtIB8B,, D Wl &)P, Cr BLIRON, G, BLI8A8s, LR, I20OP| R, TKINEBMR, Vi B5A33G, V,
rtY252L. At_the start of ETV treatnent_the patient had been on LW
treatnent dhd-t\d Nt PodsNat, Bie BoM BrnalaBoaV, dbde Sa6s Ecbel. OFBgenBese 8 o
and 10).< The ien r a r re detected during ETV
treat menst é\?’en’wmﬁ’?{h s%’n&c’eﬁ’(#%g%é&%’ ggﬁgg;?"o%\epressure and t hese

mut ations may al so contribute to ETV resistance. At the tinme 25 of the
virol ogi cal breakthrough on ETV, the LMW selected nutations were still
present as Tfgs the nutations |isted above. Al the nmutations |isted
were conpared to reference sequences from each of the seven genotypes A-G
as well as a consensus sequence from pretreatnent sanples to determ ne

uni que chages. i8Q,BaRient B i s HBeAg negative and the HBV isolated from
this patjent encoded a nutation in the precore gene at GL896A that results
in a stdp dtdon B% PR precore protein V' O 03; 0668al -49 PCT/ AU03/ 00111
precor eV28S$ op. ; HO i t regions in the genone that included the
precore rrut&%ti onlygt’ 3*@?83’3‘2’ 6#313’ affect the replication fitness of HBV and
the sensitiBjty ik®,enDi viral agents in conbination with the nutation in the
pol ynmer ase gene., EXAMPLE 6 In vitro anal ysis of entecavir resistance The
sensi tivity?r esil8Eafts FQfile of HBV nmutants to entecavir was exam ned in
vitro usin ec j t V/ bacul ovirus. The procedure for analysing the
resi st ancegspé; of in?’iBgRﬁ}-ghtl ined in the foll owi ng Exanples 7-14. EXAMPLE 7
Cel |l culiurBy 15 i81,6rT i nsect cells were maintained in supplenented G ace's
i nsect medium further supplenmented with 10% v/v heat-inactivated fetal

bovi ne ser §th (GHAeOBRL, Gaithersburg, MD) in hunidified i ncubator at 28 C
with Q2. Hep& lﬁq\ld were maintained in mninmal essential nedium

suppl enment ed wit 16 ov/v heat-inactivated fetal bovine serum ( MEM FBS).
Hep& cel | Ber ds @, onil, oS humi di fied 37C i ncubators at 5% 20 v/v C02.
EXAMPLE 8 Prepar.ation_of HBT~I bacul ovirus, transfer vector with specific
poi nt n: ut & ondsBsomhe reconbi nant HBV/ bacul ovi r us system used for

antivir trest i been previously described (Del aney et al., Antimcrob
Agent s &ergr?}ét hggv?lgfg): 1705-1013, 2001). In brief, the reconbi nant
transfer vaxtor isv8sorck eaTast Myorekci sing a fragnent containing the 1.3x HBV
genone construct. and cloning_.it into the nultiple cloning region of a
bacul ovi ruBwectidd: PP EEROIY5 (I nvitrogen, Carlsbad, CA). Point nutations
were creatgg by ;sit g g0,k r ed nut agenesis using the commercial lots
according td°the manufactuters specifications (Qui kChange, Stratagene). A
HBV r econbiByant ieQgefPng the reverse WO 03/0668.11 -50 PCT/ AU03/ 00111

25

and



transcriptase nmutations rtl169T + rtV173L + rtL184M + rt M204V. The

nucl eoti de sequence of the plasmd and the point nutations generated by
site di r%‘}ed_ nut agenesi s were confirmed by sequencing using the ABI Prism
Bi g Dye MeetYr Cycl e Sequenci ng Ready Reaction Kit ac®0TaUeyoeiolt he
manuf acturer's specifications (Perkin S Eliner, Cetus Norwal k, CT). EXAMPLE
9 Generation of reconbi nant bacul oviruses containing the 1.3 HBV construct
10 Purified reconbinant transfer vector and |linear AcCMNPV bacul ovirus DNA
were co transfected into Sf21 cells using the BacNBlue transfection kit
fromlnvitrogen (Carlsbad, CA); reconbi nant viruses were isolated by plaque
assay according to the manufacturer's instructions. A series of reconbi nant
" viruses were anplified fromisol ated pl aques by infecting 100- nm di shes
of SfZ | cells. Viral DNA was extramﬁfmférrplified viruses 1 S using
standard procedures. Purified viral DNA was digested with restriction
enzynes and then fractionated by el ectrophoresis in a 1 %v/v agarose gel.
Sout her n (8 Bf Liy WssL peVioAned Y 8 IR eriPne AWM ER VUG iSsoGAat g5 Repit ai ned
the intact_1.3 HBV construct. A Boehringer Mannhei m Random Pri ne DNA

Label i ng & € § P ddaSahafoXiN Zs Nfs ZasX St o Hyéndna€s RZ321L-Y ¥t biZabbileld

probes.s A4 u I t | @-str e t te
For a1 r 4df o1 268 2 S Fo L2 P B S LR B2 b M 7 6 fen P LAR B
anpl i fi catT B DL,t2ye Zpoky ' 7s RYeF&) Bl @ U621, G079V NEIDD Zhey BaNACZ N7, MBI,
5'-GCC TCA TIT TGI_GGG TCA CCA TA- 3" [SE(En‘IdD NO: ?K% (nucl eoti de 140§ to
1430 accork BZed ZV- Genve dikZancae Zes B Lk darntes (BBHIAN Rke KAcKRW &e¥se
prinmer 5' -ql TAG TTT CCA AT-3'" [SEQ ID NO: 6] (nucleotides 2817 to
2798 accorsdg%%qig@%gn%ebank 25 Accessi on nunber M38454). The foll ow ng
prinmers were utilized for the sequencing of internal regions S - TGC ACG
ATT CCT. GCT CAA-3'" [SEQ I D NO: 8] (nucleotides 2345-2362 according to HBV
Genebatk AMEEY8; on nunber. MB8454) and 5'-TTT CTC AAA GGT GGA GAC AG 3'

[ SEQ I D NO: 9] (nucleotides 1790-1810 according to HBV Genebank Accession
nunber MB8454). W O 03/066841 PCT/ AU03/00111 -51 EXAMPLE 10 Preparative
bacrcl ovi 3Us arpany amaiol aeid;and purification Bacul oviruses were anplified by
i nfecting suspensjon cultures of Sf21 cells in | og phase at 5 a
rrultiplici%sly ofS Nfffddti on (noi) of 0.5 pfu/cell. Infections were allowed to
proceed until a;pgjprity of the cells in the flasks showed visible signs of
infection (four to five days). Virions were concentrated frominfected SfZ
| medildm @y cengFofvigati on at 80,000 x g and purified through a 20-60% w v
sucr ose gz‘ldi ent, Purified virus was titrated in quadruplicate in Sf21
cells by énd- pé?%tormil ution. An aliquot of each high titer stock was 10
used for A exi¥a¢iN.on. The polynerase gene was anplified and sequenced to
confirmthé préesence’of the site-directed nutagenesis as in Exanple 9
EXAMPLE 1Z%Z¢! hf écRicoN; of Hep&2 cells with reconbi nant HBY expressing
bacrtlovirus 15 Hep& cells were seeded at approxi mately 20-40% confl uency
and then f@re VW for 16-24 hours before infection. On the day of

i nf ectjoonzstri R NGREE LAt es of cells were trypsinized, and viable cell
nunber was determned wth a henbcytoneter using Trypan bl ue excl usion.
Aver age c&l caviitos Yyere cal cul ated and used to determ ne the volune of 20
high-titer, viral stock necessary to infect cells at the indicated noi.
Hep&X2 cel Zeo welsG\ifked one time with serumfree MEMto renove traces of -
serum Bagull ovidyge s diluted into MEM without serumto achieve the
appropri at® moi- usi ng volunes of 1.0, 0.5, and 0.25 m to infect 100-mm 60
mm and 3Z;ym i BleedN; respectively. Bacul ovirus was adsorbed to Hep& cells
for o&g hogur at 37C with gentle rocking every 15 mnutes to 25 ensure that
the i #ecufm wisS 8U&nly distributed. The inocul umwas then aspirated and
Hep&2 cel k? we;sqq\g@%jged two tines with phosphate-buffered saline and refed
MEM FBS wi th or withdut various concentrations of agents. WO ~13/ 06841
PCT/ AU03/ 23111isbar AMPLE 12 Anal ysis of secreted HBV antigen Detection of
hepatitis_Be antigen (HBeAg) was performed by radi oi munoassay and 5

m cr opartZ@ﬁI e Wn@ﬁ nmunoassay using kits purchased from Abbott

Labor at or'z?s (ﬁb{a% .Park, I'L, USA). Mediumfrom Hep& cells was coll ect ed,
centrifugecf at 6, g to renove cellular debris, transferred to clean

t ubes 30and;sst oisRloaW;20C unti |l anal ysis. HBeAg val ues are expressed as fold
of positiye control . Medium sanples were diluted appropriately so that

radi oi mm%t?ssabs¥@§ErFts wer e bel ow positive control values for 10 HBeAg.
EXAMPLE 13 Detection of intracellular replicative internediates 15 HBV core
particles were isolated fromthe cytoplasmc fraction of Hep& cells |ysed
in 0.5%wv NP-40. Cytoplasmc extracts were adjusted to 10 nmol/1 Md 2

N 1 . a1 A 1A T - I T NN Y -~ .



Hecul es California) was used to anal yze suitable exposures of Southern
blots. Densitonetry data was fitted to | ogistic dose response curves using
t he Tabl e &[;3? g&) sof tware package from Jandel Scientific. Logistic dose
response % 166%d were used to calculate | Cso and | CS val BEZ/AdQg00111
co-efficients of variation. 30 WD 03/0668d1l -53 EXAMPLE 14 Real tinme PCR
PCT1AU03/001 i 1 For the real-time PCR based assay for HBV, HBV DNA was
extracted from 200 p,l of 5 serumusing the Q Aanp DNA M ni. Kit according
to the manufacturer’'s instructions (Q AGEY GrbH, Hildens, Gernany). Priners
and a nol ecul ar beacon were designed for conserved nucleic acid sequences
within the precore domain of the HBV genone to anplify and detect a

216- nucl eotj de product (Figure 1). Anplification was performed in a 50-~.|
reaction mi4ee ur ésgdﬁt"’éi ning 1.0 Taqgman buffer A (Applied Bi osystens, Foster
Cty, 10 C@i 34 MyCl, 0.4 prol of each prinmer per p.l,, forward
primer, PC T (5 GATTAGGITAA3" [SEQ ID NGO 10]) and reverse prinmner,
PC2 (5 GGCAAAA. ACTHIBGTAACTC3' [SEQ ID NO 11]), 0.4 prol of the

HBV- speci fi_¢c nol egul ar beacon per uL, (5 FAM CGCGICCTACTGITCAAGCCTCCAAGCTGT
GACGCG- DAB -3'lsffu§E 1D NO: 12]; where FAM represents fluorophore 6 15

car boxyf4 u%%§scqg@& DABCYL, 4-di net hyl am nophenyl azobenzoic acid, a
guenching c rom)phorrelj’ and 1. 25U of AnpliTaqg Gol d DNA pol yner ase

(Per ki n- Ehrgs ) . iPBRNERs performed using the ABI PRI SM 7700

spectrofl ugyonetric tl\ger nocycl er (Applied Biosystens). The PCR program
consi sted &6 an 1§$(iqri P cycle (95C for 10 minutes) followed by 45
anplificat izgp Cyg +.94C for 15 secs, SOC for 30 secs, 72C for 30 secs).
20 The instrument detécted and recorded the fluorescence spectrum of each
reaction tuhe dusRmg dhe anneal i ng phase. An external standard was

const ruct e%@by l.i gat '&,(_)n of a 1.3 kB wld-type HBV plasm d (genotype D) into
t he pBlIUeB&e pl a8hi%tvect or (Hershey Medical Center, Hershey, PA). 25
Quanti ficatz,on qf [ t& .DNA concentration of the plasmd was determn ned by
spect rophot ormetry. Duplicates of serial 10-fold dilutions of the plasmd
rangi ng frdmn 108s Aopives/ml to 100 copies/m were included in each run in
order to generate_a standard curve. The copy number in each experinental
reaction 2 det®P OF Aed by interpolation of the derived threshold cycle
(CT). W @.03/ Q6684 o, EXAMPLE 15 ETV treatnents PCT/AL~03/Qlt | | ETV
was resuspended in sterilé water, aliquoted, and frozen at -20C to avoid
repeat eld 57 eeds Kpr&yd t hawi ng of the drug. Medi um contai ni ng ETV was

pr epar ed dzly as ne&ged using fresh aliquots of 3TC. In experinents in

whi ch ETV teat AR Was initiated after viral infection, Hep& cells were
exposed toztspe ifigrqt.ed concentration of ETV imediately after infection
with HBV bacul ovirus. In experinents utilizing pretreatnent with ETV, cells
were fed nZgj umicQrirdi;ni ng ETV 16 hours prior to HBV bacul ovirus 10

i nfection, HBV bhacul gvirus infection was al so carned out in nedium

cont ai ni ngZerV, Sh@T AR were refed fresh nmedi um cont ai ni ng ETV

i mredi | w aft l etion of the infection and washi ng procedures.
EXAI\/PL?(FiGZi% AE{IS\Q/)?IF}; testing performed with wild type and

HBVI bacul oYy us i€Roodi;ng rt 1 L69T + rtv173L + rtL180M + rt M204V The

gr aphi cal %al ysi,’s_I of the dose effect of ETV on wild-type HBV and the
quadr upl e ¥t ants 8YA4re shown in Fi gure 11 using the quantitative

real -tine Q%? r AIOE$.reI ative 20 to wild type virus grown in the absence
of ETV (0 ~ ET?f. ¥V had the nost pronounced effect on wild-type HBV
replicati odspas devWandfrated by the reduction in HBV replicative

[ nterma2 [ a&gg det ctaﬂ by quantitative PCR at all ETV concentrations

t est ed.“’I n“gont FasO “bhere was reduced sensitivity to ETV by the

r econbi nang C)Bvisqqcog)@i.ng the quadruple mutant (rtl169T + rtV 173L + rtlLl
8oM + rt Me0% especi ally at concentrations 25 up to 0.5 NM ETV. EXAMPLE 17
ETV 30 ETVZ4f or neF by VBMS- 200475 or SQ 34676) is a potent inhibitor of HBV
replication. ETV s an cycl opentyl deoxyguanosi ne anal og that has bio-oral
avai | abl e propert Qéaivi th activity

Zag isLorV;
30 Z49 isN or Q;

Zso isVorl; and



wo 03/ os6sal -55 PCT/ AUO3/ 00111 agai nst hepadnavi ruses and herpesviruses.
The structure of ETVis shown in Figure 3 and its synthesis is described by
Bi sacchi \,@603% 68-£lBi oorg. Med. Chem Lit. 7: 127-132, 1997%’. Preclinical
studies indicate that entecavir is a highly potent inhibi €6F/AMIPENI| n
enzyneand cel | - based assays (lnnaino et al., 1997, supra; Siefer et al.,
1998, supra; Yananaka et 5 al., 1999, supra. ETV was fornerly described as
BMS- 200475 and SQ 34676. Those skilled in the art will appreciate that the
i nvention described herein is susceptiblgsto variations and nodifications
ot her than those specifically described. It is to be understood that the
i nvention includes all such variations and nodifications. The invention
al so 10 i nckudes al.l of. 55% steps, features, conpositions and conpounds
referred t¥ or FABIRARHEH this specification, individually or
collectively, and any and all conbinations of any two or nore of said steps
or features. WO 03/066841 -56 3 v ~3 i1, +~wC- 'L~ ONUOWO;~a U
0 a E~ pCHnduaisteo SHinFermpRdos desigitat@l §0ampino @sid-74 @ddhe firstS in.Fobpula Iis p p
~a~~0, . . .
designated as amino acid 75;
5
and wherein said variant exhibits decreased sensitivity to ETV and/or LTV and optionally
other nucleoside analogs. Preferably, the decreased sensitivity is to ETV, or both LMV

and/or ETV.

10 Another preferred aspect of the present invention contemplates an HBV variant comprising
a mutation in the nucleotide sequence encoding HBsAg resulting in an amino acid
addition, substitution and/or deletion in said HBsAg in a region corresponding to the
amino acid sequence set forth in Formulae I and II wherein said variant exhibits decreased
sensitivity to ETV and/or LMV and optionally other nucleoside analogs.

15 |
More particularly, the present invention provides a variant HBV comprising a surface
antigen having an amino acid sequence with a single or multiple amino acid substitution,
addition and/or deletion or a truncation compared to a surface antigen from a reference or
wild type HBV and wherein an antibody generated to the reference or wild type surface

20 antigen exhibits reduced capacity for neutralizing éaid HBYV variant, said variant selected

by exposure of a subject to ETV and/or LMV in combination or sequential therapy.

The term “combination therapy” means that both ETV and LMV are co-administered in
the same composition or simultaneously in separate compositions. The term “sequential

25 therapy” means that the two agents are administered within seconds, minutes, hours, days
or weeks of each other and in either order. Sequential therapy also encompasses
completing a therapeutic course with one or other of ETV or LMV and then completing a
second therapeutic course with the other of ETV or LMV.

30 Accordingly, another aspect of the present invention contemplates an HBV variant

comprising a surface antigen having an amino acid sequence with a single or multiple
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amino acid substitution, addition and/or deletion or truncation compared to the
pretreatment HBV and wherein the surface antigen of the variant HBV exhibits an altered
immunological profile compared to the pretreatment HBV where the said the variant HBV
is selected for by a nucleoside analog of the HBV DNA polymerase, said variant selected

by exposure of a subject to ETV and/or LMV in combination or sequential therapy.

In a related embodiment, the present invention provides an HBV variant comprising a
nucleotide sequence comprising a single or multiple nucleotide substitution, addition
and/or deletion compared to the pretreatment HBV and which HBV variant has a surface
antigen exhibiting an altered immunological profile compared to the pretreatment HBV,
said variant selected by exposure of a subjéct to ETV and/or LMV in combination or

sequential therapy.

Preferably, the variants are in isolated form such that they have undergone at least one
ﬁuriﬁcation step away from naturally occurring body fluid. Alternatively, the variants may
be maintained in isolated body fluid or may be in DNA form. The present invention also
contemplates infectious molecular clones comprising the génome or parts thereof from a
variant HBV. Furthermore, the present invention provides isolated components from the
variant HBVs such as but not limited to an isolated HBsAg. Accordingly, the present
invention provides an isolated HBsAg or a recombinant form thereof or derivative or
chemical equivalent thereof, said HBsAg being from a variant HBV selected by exposure

of a subject to ETV and/or LMV in combination or sequential therapy.

More particularly, yet another aspect of the present invention is directed to an isolated
variant HBsAg or a recombinant or ﬂerivative form thereof or a chemical equivalent
thereof wherein said HBsAg or its recombinant or derivative form or its chemical
equivalent exhibits an altered immunological profile compared to an HBsAg from a
reference HBV, said HBsAg being from a variant HBV selected by exposure of a subject
to ETV and/or LMV in combination or sequential therapy.

~ NN
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Even more particularly, the present invention provides an isolated variant HBsAg or a’

recombinant or derivative form thereof or a chemical equivalent thereof wherein sa{’d
HBsAg or its recombinant or derivative form or its chemical equivalent compn;es an
amino acid sequence with a single or multiple amino acid substitution, addltlon and/or
deletion or a truncation compared to an HBsAg from a reference HBV and wherem a
neutralising antibody directed to a reference HBV exhibits no or reduced neutralising
activity to an HBV carrying said variant HBsAg, said HBsAg being from:v a variant HBV
selected by exposure of a subject to ETV and/or LMV in combmatlon or sequential

therapy.

Preferred mutations in the HBV DNA polymerase include vanants selected from patients
with HBV recurrence following ETV and/or LMV treatment Preferably, the treatment
involves ETV or both ETV and/or LMV in combmatlon or sequential therapy. Nucleoside
analog treatment may occur in relation to a transpla:ntatlon procedure (e.g. bone marrow
transplantation (BMT) or OLT) or following treatnient of patients diagnosed with hepatitis.
Following selection of variants, viral loads are obtainable at levels greater than pre-

ﬂ:f’

treatment levels. #/

&
o

P
;’J’

k4

Preferred mutations in the HBV DI;IA polymerase include one or more of spacerL97I,
spacerK115R, spacerH116L, spagérL128F spacerS137G, spacerR139G, spacerF142S,
rtY54H, rtL911, rtA97V, rtY124H rtHI126R, rtS135Y, rtI169T, rtV173L, rtL180M,
tM204V, rtA21S, rtA38E rtF122L rtT128N, rtQ130P, rtT184G, rtS2021, rtH248N,
1tY252L or combinations ,thereof or an equivalent one or more other mutation is indicative
of a variant wherein saﬁl variant exhibits a decreased sensitivity to ETV and/or LMV and
optionally other nucleos1de analogs. It should be noted that the nomenclature system for
amino acid pos;t{‘ons is based on the methionine residues in the YMDD motif being
designated codon rtM204. This numbering system is different to that in Australian Patent
No. 7 34831 Where the methionine residue in the YMDD motif within the polymerase gene
is demgnéted codon 550. In this regard, rtV173L, rtL180M and rtM204V correspond to
V519J_, L526M and M550V, respectively, in Australian Patent No. 734831. The term
“SPACER” means a region that has been designated between two functional regions:

/
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Terminal protein and reverse transcriptase. It provides the correct folding for the function
regions and no other specific function has been designated for this region. Correspongdng
mutations may also occur in envelope genes such as in one or more of PreS1, Pr; and
HBsAg. Particular mutations are as follows: PreS1 N114D, PreS1 T115S, PreS2 F22L,
5 PreS2 V39A, PreS2 P52L, sL89V, s T118A, s 161L, sE164D, sI195M, sI208T PreSl
E86Q, PreS1 N91K, PreS2 P41H, sQ30K, sP120T, sL176V, sV194F or;combinations
thereof or an equivalent one or more other mutation is indicative of a variant wherein said
variant exhibits a decreased sensitivity to ETV and/or LMV and optionally other
nucleoside analogs. The mutations in gene encoding HBsAg at sF161L, sE164D, or
10 sI195M also result in mutation in the in the polymerase géne rtI169T, rtV173L, or
rtM204V respectively. Other corresponding mutations may occur in the rt such as
spacerL.971, spacerK115R, spacerH116L, spacerL128F spacerS137G, spacerR139G,
spacerF142S, rtY54H, rtL911, rtA97V, rtY124H, n;H126R, rtS135Y, rtI169T, rtV173L,
rtL180M, rtM204V, rtA21S, rtA38E, rtF122L féTlZSN rtQ130P, rtT184G, rtS202I,
15 rtH248N, rtY252L or combinations thereof or an equlvalent one or more other mutation is
indicative of a variant wherein said vanant exh1b1ts a decreased sensitivity to ETV and/or
LMYV and optionally other nucleoside anplogs

/

&

The identification of the variants c}f’/the present invention permits the generation of a range
20 of assays to detect such vaﬁ;gdfs. The detection of such variants may be important in
identifying resistant variants-to determine the appropriate form of chemotherapy and/or to

monitor vaccination protocols, or develop new or modified vaccine preparations.

&
#
S
E

Still another aspec;t’iof the present invention contemplates a method for determining the
25 potential for aanfBV to exhibit reduced sensitivity to ETV and/or LMV or optionally other
nucleoside amalogs, said method comprising isolating DNA or corresponding mRNA from
said H'B\[fﬁnd screening for a mutation in the nucleotide sequence encoding HBV DNA
polymef/;se resulting in at least one amino acid substitution, deletion and/or addition in any
one/or more of domains F and A through E or a region proximal thereto of said DNA

30 pblymerase and associated with resistance or decreased sensitivity to ETV and/or LMV
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wherein the presence of such a mutation is an indication of the likelihood of resistance to

said ETV and/or LMV.

Preferably, the assay detects one or more of the following mutations in the spacer region
5 and/or the rt region: spacerL971, spacerK115R, spacerH116L, spacerL128F, spacerS137G,
spacerR139G, spacerF142S, rtYS4H, rtL911, rtA97V, rtY124H, rtH126R, rtS135Y,
rtl169T, rtV173L, rtL180M, rtM204V, rtA21S, rtA38E, rtF122L, rtT128N, rtQ130P,
tT184G, rtS2021, rtH248N, rtY252L of combinations thereof or an equivalent one or more
other mutation is indicative of a variant wherein said variant exhibits a decreased

10  sensitivity to ETV and/or LMV and optionally other nucleoside analogs.

Accordingly, another aspect of the present invention'khproduces a method for determining
whether an HBV strain exhibits reduced sensitivity to a nucleoside analog, said method
comprising isolating DNA or corresponding mRNA from said HBV and screening for a
15 mutation in the nucleotide sequence encodmg the DNA polymerase wherein the presence
of the following mutations in the syacer region and the rt region: spacerL97],
spacerK115R, spacerH116L, spacerLl‘?8F spacerS137G, spacerR139G, spacerF142S,
rtY54H, rtL91l, rtA97V, rtY124I},/ rtH126R, rtS135Y, rtI169T, rtV173L, rtL180M,
rtM204V, rtA21S, rtA38E, rtF 122L, rtT128N, rtQ130P, rtT184G, rtS202I, rtH248N,
20 rtY252L or combinations therqd% or an equivalent one or more other mutation is indicative
of a variant wherein said Van;.nt exhibits a decreased sensitivity to ETV and/or LMV and

/
optionally other nucleoside analogs.

The preferred mut;ﬁons in the reverse transcriptase are rtI169T, rtV173L, rtL180M,
25 riT184G, rtSZOZL;/ rtM204V or combinations thereof or an equivalent one or more other
mutation is n}ghcatlve of a variant wherein said variant exhibits a decreased sensitivity to

ETV and/oAMV and optionally other nucleoside analogs.

gly, another aspect of the present invention contemplates a method for
30 det
id method comprising isolating DNA or corresponding mRNA from said HBV and

ing whether an HBYV strain exhibits reduced sensitivity to a nucleoside analog,



OUNDOOHOVI OF' b~UU4~~ NOO,~NDbUNNNCDNdO Ot", NN

i ., PCT/AN03/06111
~ ~ PCT/ AW03/ 00111 Received 19 Decenber 2003 :,1
L~J-l-lHGe!_LEL)J ~ 2 ; .. . ;Q. i 0~04y ;~.xr ~gmO0Oov p R¢Ceivcdd9gD®elﬁlbeﬂ.2003
‘:,~.. 0. 0. ~~r . P~-D;.~".: M5Pt~o0etry wwNAJPp eo CW V.

: ~.. ', O7~"~T7dcpsclfp. v .~a...;. dvyav\:lmss S~
(~FE~S~~~ ~~~s.C , ~~a~~~~~ . 1~~~X7Cr ~o0i ~,~,~0e 0" 're ~'r ~0 e3l ,f
~X~X<~X~WWNa~, ~ 3~<~ .. g c3 ~ ~ 47 ~f rs5n ~"1" C o :r;). Hqu \S:VN. L7 =

: 'l 1h4HN®ai» ... vo". v chr ~ ~ ~ ~ ~
?; :~t'~li"H]-c~~w~~C~ .., ;; rac~~~ ~a~<~~~~Naar ~a 0~n G- COQ
a A Cl t E%“n’“ﬁ“é@pﬁ‘hﬁﬁ&lﬁ I%Eéa‘lpéyent invention provides an isolated variant HBsAg or a

recombinant or derivative form thereof or a chemical equivalent thereof wherein said
HBsAg or its recombinant or derivative form or its chemical eqﬁivalent comprises an
amino acid sequence with a single or multiple amino acid substitution, addition and/or
deletion or a truncation compared to an HBsAg from a reference HBV and wherein a
neutralising antibody directed to a reference HBV exhibits no or reduced neutralising
activity to an HBV carrying said variant HBsAg, said HBsAg being from a variant HBV
selected by exposure of a subject to ETV and/or LMV in combmatxon or sequential
therapy.

Preferred mutations in the HBV DNA polymerase include variants selected from patients
with HBV recurrence following ETV and/or LMV treatment, Preferably, the treatment
involves ETV or both ETV and/or LMV in combination. or sequential therapy. Nucleoside
analog treatment may occur in relation to a transplantation pmcedurc (e.g. bone marrow
transplantation (BMT) or OLT) or following treatment of patients diagnosed with hepatitis. -
Following selection of variants, viral loads are obtainable at levels greater than pre-
treatment levels. '

Preferred mutations in the HBV DNA polymerase include one or more of spacerlL971,
spacerK1 ISR, spacert116L, spacerL128F, spacerS137G, spacerR139G, spacerF142S,
nY54H, ntl91l, ntA97V, ntY124H, rtHI26R, rtS135Y, rtl169T, tM250V, rtV173L,
nL180M, rtM204V, rtA21S, rtA3SE, rtF122L, rtT128N, rtQ130P, rtT184G, rtS202I,
rtH248N, rtY252L or combinations thereof or an cquivalent one or more other mutation is
indicative of a variant wherein said variant exhibits a decreased sensitivity to ETV and/or
LMV and optionally other nucleoside analogs. It should be noted that the nomenclature
system for amino acid positions is based on the methionine residues in the YMDD motif
being designated codon rtM204. This numbering system is different to that in Australian
Patent No. 734831 where the methionine residuc in the YMDD motif within the
polymerase gepe is designated codon 550. In this regard, itV173L, rtL180M and rtM204V
correspond to VSI9L, L526M and M550V, respectively, in Australian Patent No. 734831,
The term “SPACER” means a region that has been designated between two functional
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¢ identification of the variants of the present invention permits the generation of a range

of assays to detect such variants. The detection of such variants may be imborta.nt in
identifying resistant variants to determine the appropriate form of chemotherapy and/or to

monitor vaccination protocols, or develop new or modified vaccine preparations.

Still another aspect of the present invention contemplates a method for determining the
potential for an HBV to exhibit reduced sensitivity to ETV and/or LMV or optionally other
nucleoside analogs, said method comprising isolaﬁng DNA or corresponding mRNA from
said HBV and screening for a mutation in the nucleotide seqﬁence encoding HBV DNA
polymerase resulting in at least one amino acid substitution, deletion and/or addition in any
one or more of domains F and A through E or a region proximal thereto of sajd DNA

polymerase and associated with resistance or decreased sensitivity to ETV and/or LMV
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isolated HBV v "ant of Claim1 wherein said variant conprises a nmutation in
any one of domains A thr , gh E thereby conferring an altered am no acid
sequence to the sequence set forth in Forlzla Il (SEQ ID NO:2): FORMIA |1
SZ1LSWLLDVSAAFYHZ2 PLHPAAMPHLLZ3GSSGLZaRYYA RLSSZs

Z6Z7XNZ8QZ9Z10XXXZI 1LHZ12Z13CSRZI aLYVSLZI SLLY Z16TZ17 '
Z18KLHLZ19Z20HPI Z21LGFRKZ22PMZ23CGLSPFLLAQFT S A | 24 Z2s 726 727 Z28 R A F

Z29 H C Z3ay N .

BE230L 7anza| sy De FAdelceti it frittn 9. D4 EIPOE IR o pesisapes 10

03/ 066841 s&dETyhand&rdM¥i s any amino acid;Zlis Nor D;ZZis | or P;Z3is |
or V;Z4is S or D;ZSis T or N, Z6is Ror N Z~is Nor |;Z8is Nor Y or H Z9 s
Hor Y;Zlois Gor R Zl lis Dor N,Z12is D or N;Z13is S or Y;Z14isNorQ Zl
sis L or MPEfemblfpth@asayidetetts @he o Zibdd 6f Be ToUIWIAE AifatiinSin thelpbded ez A
Z21lis | or V,Z722is | or L; tgﬁ‘;ZZBis V or Gx Z241S C O ~.;Z25is or S;Z26V
or M z2~ | 2adprthyrigesion: speeerl BospaerrE 1R, spgoedB) 166 cipreerkp28E; apaser$ 137G C;
Zz9i s F or spic&RBSGL sphceMi1434] $ty54 L %321 oy 24391 Z3ai s
Kor R ZSSiga S or T 28618 VvV Cr;gl\%jid’é9213 ﬁ%ﬁsﬁ?@ﬁ%o%z%’ k‘%gé?/"s S or
F: Zaoi s F &169T7aM250Y, oV I3Ea ALd 80Mo mM20433i A SrtA38E, aitR122Lo mt TT285i s N

or S; Zabi s 1 186p ERAGS 12 i [ , e ks Noor O xZSQ s Voor
l;;andM s gg no ‘aci d 204: éa%lﬁ g@’:ﬁt#%eéﬁ‘ é@@@%%@?f@ﬁﬁeﬁuﬁ’ Bhi no
acid 75. POW ALTOS8¢ Uit mtdtion issindientive bBY vasintawheroin Gidiivanidnt Gexhibitahser ei n
said varia iUsther. co .Ses. a ered . HBSAQ. 031 0668. 11

PCT/ AU03/ 08%1“{;1“9‘1 syt WY gy ok iad viaed cptionalin sty né?asw PE% or 7
wherein said variant :exhibits reduced interactivity to an i nmunol ogi cal
reagent sp HBs AgQ. i sol ated HBV variant conprising a nutation

cific lt 0 g. 9. A
in the nuc%@%‘lrii’ﬂg Vs é’éﬂﬁlé?ﬁ@épfé’h%alcriﬁc%%m%mr?‘ﬁﬁgs # meghpdafer deteppining
addi tion, Skl &/HBW st ERHibC Bhide bohdhivl) @Oﬁﬁ&sidg@a{ogg%@gﬁ pethod

corresponding to the am no acid sequence set In or SEQ ID
NO: 2 and WREREISNGEPlAtREPNMor egtraspondingdoBNda font s BBV end sertemidgliér and/ or

LW and opt, : ther aucl.eosi I 0. JThe isolated.HB V vari ant
of i m o peh if o oot hiied Endiihe U DNA pol B MO e oS- 11,
The i sol at efi thiB\follawingntuuttiofd dhmhd vhwerciregiomi dhdv el antregshi RpcerIdhggr eased
sensitivi tg/ EOFB ETV (il tM\/ 1mg€e i sol ated HBV varliant of Claim?9
wher ei n an*BhRt ﬁfg’ %éﬁﬁiig + SRacerL £ $iat SRIEe BB’y parerBil $2G.o spasarid d2s,
capacity taYSeHf r@bigenasiv] HBY241r renbeRNASIBEY Sl 698 GNIBGW afkvaRir | S

sel ected b%{umsure of a subject to ETV and LMV I n conbinatidn of
sequenti al pPM2ZP4V, T2 155 SADBEd B2 ks artT 428N, ot QEICR, mtT1 846G, ;8293Kr i si ng

a mut ati ongHP4gNI6t N, r1 sl , cer K115R,
spacer H116L, space‘t%%BF,c Iggigger ?2‘“’?@%%‘3%@?@@8%@’3@?&% ezfg?&&?nf&H,
rtLol 1, rtindipgtiverafvilvadipnt whelrdi 6Rd vatigt ERhibits a dedredsed Sehsitivity ©/ETV3dnd/drt L

180M ~rt r W tA3.8E, . rtE 1221, rtT 128N, rt QL30P, rt Tl ~4G
rtS2021, ?“?M@Q,°tpﬁfz’%“}‘§fth%?“%e°é%dﬁﬁﬁﬂaﬁ-on t hereof or an equival ent
nmut ation. f

S
~ .t > 14. ~r~ ~ The isolated HBV variant of Claim1 or 9 or
13 conpri sweg a.mutation selected PreSI N114D, PreSl T115S, PreS2 F22L,
Pres2 V39Al MppEfgred-mptatianss i thes reyeuse, tragcriptase parg g 1$97Ts |tV 1 BEMrIIBOIMGT PreS

1 E86Q PrefisioNed2i1, RVEBIVRt leobirtBi thebf $22d equivalent one or more other

mutation is indicative of a variant wherein said variant exhibits a decreased sensitivity to

ETV and/or LMV and optionally other nucleoside analogs.

Accordingly, another aspect of the present invention contemplates a method for
determining whether an HBV strain exhibits reduced sensitivity to a nucleoside analog,

said method comprising jisolating DNA or corresponding mRNA from said HBV and

AMENDED SHEET
PEA/AU



WD 03/ 0668. 11 -64 sL176V, sV 194F or a conbination thereof or an equival ent
mut ati on. PCT/ AUU3/ 00111 15. The isolated HBV variant of Claim1 or 9 or 13
conpri si ngY]g mut ati on sel ected fromsF 161 L, sk 164D and sl | 95Mor a
conbi nat i PHEOBYs or an equivalent nutation. 16. The i solPSTAYRBUNari ant
of Caiml1l or 9 or 13 conprising a nutation selected fromrtl169T, rtV173L,
rtL180M rtT184G rtS2021 and rt M204V or a conbination thereof or an
equi val ent mutation. 17. A nethod for determ ning the potential for an HBV
to exhibit reduced sensitivity to ETV andd@or LMW or optionally other
nucl eosi de anal ogs, said nethod conprising isolating DNA or correspondi ng
MRNA from said HBV and screening for a nutation in the nucl eoti de sequence
encodi ng HBV DNA pal ynerase resulting.in at | east one .am no [
substit uti o¥fTcHEIE{GToA BABHOR Bdide: P&%ﬂtheawusﬁlré S?C%B%geﬁbef ﬁ%‘grai"h‘?nﬁméﬁd
A through | | h GO el i ion:
associ at edaymﬁérﬁ&rtgg%g?gaéﬁgégﬁ gélrbggrgg:gﬁgég%g?ﬁx \%t y trﬁ@é{_d\?/ﬁ%xﬁ?/?g?@%wgmn
wher ei n t herti68Fenvd 78E, glt80M, ntitl&4Go ntSRE21amtNIAH\E atr i combariatione thérked dthemd
of resistance to said ETV andlor LW, 18. .The nethod of. CJ aim 1:7 wherein .
the nutati offYAIEE A5G Promore other drytation b AMArRitE, 9lg) variapt Whepgn Faig variant
spacer H 5 16L,,1.: : Stal NRY3 , \
rtLol | rt5A97%?fm@t%$51§df|ﬁ€°%%aHSf§%ﬁR@ tt§1§§$3 aﬁ?ﬁfigg@ o g%?ﬁ{f%%égﬁu%ﬁéﬁ
rt M204V, rtanalogs, rt A38E, rtF122L, rtT128N, rtQL30P, rtT184G rt S202l,
rt H248N, rtY252L or a conbination thereof or an equivalent nutation. 19. A
nmet hod for determ ning whether an HBV strain exhibits reduced sensitivity
to a nucl e%h@&et@&@{xo& HBY gr @E&ﬂgoﬂvﬂl@ﬁi SRY cé1f Bsalel NEENY Sipernatant fluid
correspondi ng nRNA Trom said HBU. and screening for a nutation'in the
nucl eot i de aEqbedibe flaik oaiynbe thye abNaopwinyent asmswinghing ahy mclkese nck-hesed he
foll ow tations in the spgcer regi.on .and,the rt re '.on: spacerL97I
spacer KE‘?S letection dngans.¢ier e’?ﬁ&g@ﬁ?_yl °1C §f)‘§2’é’ ng\*ﬁ{‘fn &ﬁ%@?ﬁl@’g‘é‘f OR% 8F EIPES s,
(LYSAH, ¢ L glmefsbdORM0 feAdbROTPCROHIARRenh 6hRY Auid! HefHes Y Rk deriydO
03! 0G6841 -" 6 PCT/AUO3/ U011 I' rtL180M rtM04V, rtA21 S, rtA3 8E, rtF
122L, rtT 1f26ah, the bidod3lydph, tissTie b8 Hfyan (ySROR|includidg 48Mum,rwivsle dlood; biopsy and
conbi nati ons, theti}ggf or an _equival ent one ar_nore qther nmutatiop,is .

i E'Bemventlon

i ndi cat i ve HPPSY Wi organ Grplants andiorean SUSPEasien sYqh a5iliver snspensienss

sensi tivit Y%#Q%E%}{%ﬁx?gés%tﬂcl\{ge 3Pdi ARt A58k f¥rRAth oF saﬁHf‘ﬁh@l@_ﬁi 4463-8531 A8Ectidh -

The net hod erein the nutati on screened for is selected from

rtll 6915 rmvankyfcluding t@aMtiont ffaghteh lengtispoBimerphismt (WKIRY, emplified fiagment on
t hereof or an ui val ent pon. 21. A pethod for deternini whet her. an
HEV strai n ERHROIA PR GAEL RS Mind sy heth pot Sherpisth ISPORS AP RiYh o
compri si g 4izolalhgh Diklectdh, FAMINS PRRAIEET RN AN S gichobENo13m:SE T @R Ng
for a nutation 1n the nucleoti sequence encodi ng t he DNA pol ynerase

wher ei n t herepetimefIRB-RER), levetse! palyinarpse ebainreaction1@@IR) and/1§8ise transeEption
rtTi84G rtS2 in the B or C dommi the rt rt M20Q4V or conhi pati.ons

t her eof or Y@Eﬁﬁﬁ‘?/ﬁﬁ%ﬁtre%?ﬁ@ndﬁﬁ}gﬁzg’oﬁm@gshﬂ@&ﬁ #ls om{%:%gecgoaéeqlgdo& ed

sensi tiygt e Vit nBins i | SdkediPes Qi QNFIIZA,
ot her n%d():l Z%Iél?hd%;{ }Ag¥b8§$th§3. ﬁktsﬁem%g‘gl%?&ggi Ig{gttﬂ?/cﬁfgl g&lr%a%ent whi ch exhibits
i nhi bitory Westes blpt aml mmmididiistectientistty. dgpartisnlatip nsefubassele orohatee dhe reagents
sensitivity to ETV and/or LM, sajid t.ho onprising: generating a genfjc
construct cHWpFPEPARFDLS F%ﬁ%/gaquoﬁn@gﬁ%‘é? rfﬁlgg?g?lgﬁ?tf‘gé ‘%m? ﬁ?p@flg?ﬂg%baé?flme
~0 said HBVd&%baisyﬁ&nén a plasmd vector and then transfecting said cells
with said cons ct; conta~fing said cells, before, during and/or after

transfection, with the agent to be tested; culturing said cells for a tine

and under condition ufficient for the HBV to Fate,. express geneti.G. ..
sequencés aABg & I"éeé‘i]d}%‘;el? A etertipn s syteny 15,49 irgséer?qc rﬂ‘ryégﬁ@?%‘?ﬂ

to sai d ageflyn; %@@@8 - R ; a&gﬂﬂé’ gty 5 Rgotebt S,

cell lysat %Ewa%ll?lﬁﬁegtgupe n’a’Pz]af%‘it‘x f%i@%ﬁl ra fu%r iral sit

conponent - detherctligand+tateibed t primert etoni genemateet &ie labsledn ctmplifeoni r Otighmeleotides

ol eaced | HITREVIFELn a0 SRPEF RS LR END FLROCdBFRCEThED S Hont

whi chexhi bj 54 ANHRIAGF yifdibatohy shéki fBirh At af ERIESHAGRE Sia Yioti

decr eased séé&n@f%%a\tl?ﬁﬁx ?%Kg%@liaé#g}lbrsb%ﬁlngglé% a%e@ﬁg coﬁgr I Ell ng: ? 10_ g
30 or the ligand. Generally, the labeled primer is specific for a particular nucleotide variation

to be detected. Amplification occurs only if the variation to be detected is present. There



generating a genetic construct conprising a replication conpetent-effective
anount of the genone fromsaid HBV contained in or fused to an anount of a
bacul ovi E}Hé génﬁgme effective to infect cells and then infecting said cells
Wi th sai N8Pt . contacti ng said cells, before, durind@@mMyBO0HAter
infection, with the agent to be tested; culturing said cells for a tine and
under conditions sufficient for the HBV to replicate, express genetic
sequences and/ or assenble and/or release virus or virus-like particles if
resistant to said agent; an~~ f,,, subj g:ft_i ng the cells, A~cell |ysates or
culture supernatant fluid to viral- or viralf conponent-detection nmeans'to
determ ne whether or not the virus has replicated, expressed genetic

mat eri al and/ orsenbl ed and/ or been rel eased in the presence of said agent.
24. A nod PEMyst oEms of thereseranhybidizaion,assay an alharersmeompassed by ithe pregenan
HBV, exhi bj 'Hgm{ estance or decreased sensitivity to ETV and/or LMW, said
met hod conpri’Sing: generating a genetic construct conprising a replication
conpetent-effective of the genonme fromsaid HBV contained in or fused to an
anount of a baculqgvirus effective to infect cells and then infecting said
cel I's wi t hPsteringHBM replication ipeelh gulpse svpartigrathorseflo3/ 00111 cont acti ng
said cekls, before, during and/or after infection, wth the agent to be
tested; culturing said cells for a tinme and under conditions sufficient for
t he HBV t oAnether asgeet ofxliy prsegeinetntionsemtenislers anthetiodafis alehdcting ngl Sgent

rel ease virus_ or_virus-like particles_if resistant to said agent; and subj
ecting t heWBish exhibats mhibitery petavityrto @ HBY dYsuper nat ant fluid to viral - or

vi ral conponent - det ecti on nmeans to determ ne whether or not the virus has
replicated, expressed genetic material and/or assenbl ed and/ or been

rel eased in the prgseratiagof gemdtid egstitict Sdmpridifg weidplicativh €dmpdtentetfedtiv?3
or 24 erein the HBV geno is stably integrated into the cells' genone.
26. A vYccaReunt q%?mgleaggraﬁb? e sontamsd pe aplasmid yectppend, thep srapsiseting)y
one of C alf . nti body thereto. 27. The vaccine of C aim 26
wherein tﬁ%‘@%ﬁ%@ﬁ‘?g“%"’nﬁgﬁ%ﬁt is an HBsAg or PreS 1 or PreS2. 28. The
vaccine of Claim26 wherein the antigenic conponent is a defective HBV
variant. 29. The ~racci.ne of @sa' r? 26 conprising an antibody to HBsAg or
PreS 1 or PreS2. Pntactingths eedis, {5‘? Bsw dUrIRg ANG{eK afley; trapsiastion,| witlp he agent to
usef ul ness,ofggq.viral variant or biologi' ~ 1 sanple conprising sane for
determ ni ng an appropriate therapeutic protocol in a said product

conpri $5ng: WO 03/ 066841 PCT/ AUO3/ 00111 68_ (1) code that receives as

input lvs for at |east, t\é\ﬁ) fe@t res.,associated with said viral agents or
bi ol ogi cal sanpl e ‘é’g‘?’?‘B‘F‘g S1 a tifae pad pmden epnditiong sufficient fethecHBY for om

(fJ the abj HéaYe,t&g?ééQ' %Qhéticr ?Tsdou%ﬁ@egcﬁdy&rasrsgrglﬁ'%eﬂld?oernfe'lédsg Ivﬁfﬁﬁ\t& s-like
parti cul ar ctonmpound or 7 mmunol ogi cal agent; (g) an altered polymerase
from wi | d-paytieediBYesistant tasnidhgemedndur f ace antigen fromwi I d-type HBV, or
(1) nmorbidity or recovery potential of a patient; (j) altered replication
capacity (increased or~ decreased); (2) code that adds said Ivs to provide
a sum g@rr espondi f i i varj i [ es;
and (305 comput erier Sufedie 85 o, RelfBhest & LS siferthel 3R 3PS
for assessiirgrcompondnt-detecticne eanie ss deferrfinei whtthstasr aot the vibisohagiepiicats@npl e
conprising sane in a subject, wherein _said conputer conprises: (1) a

machi ne- r SXEBFE SNEHC MAGTIAY ﬁ@aiaéﬁﬁr&véﬁépmd@r%ea rgleesedsinothe paeseatepf the
encoded w fhmachi ne-readabl e data, wherein said machi nereadabl e data
conprise. Ivs for at |least two features associated with said viral variant
or biological sanple; wherein said features are selected fro~n'~ . fi ~)
the abjlity to exhibit resistance fqr reduced sensitivity tQ a particul ar
conpou Jz : pﬁer%ﬁqgfi(;&hggpn%e@p plasmid vector may include genes €ncoding part or all of

oher viral vectors such as baculovirus or adenovirus (Ren and Nassal, 2001, supra) and the

method comprises:

generating a genetic construct comprising a replication competent-effective

30 amount of the genome from the HBV contained in or fused to an amount of a baculovirus



~) an altered DNA polynerase fromw | d-type HBV; ~) an altered surface
antigen fromw ld-type HBV; or ~3) norbidity or recovery potential of a
patient; ~sal -69 PCT/ AU03/ 00111 (e) altered replication capacity
(i ncr easeaV%pg%ggergased); (2) a working menory for storing AGT&AYA3P18ns for
processi ng said machi nereadabl e data; (3) a central-processing unit coupled
to said working nenory and to said nachi ne-readabl e data storage nedi um
for processing said machi ne readabl e data to provide a sumof said lvs
corresponding to a Pv for said corrpound(_s%i_and (4) an out put hardware
coupled to said central processing unit, for receiving said Pv. 32. A
conposition conprising an agent capable of directly or indirectly
inhibiting an HBV variant as defined.in any. one of aing 1 to 16, said.
conposi t i onB¥aFeHYa Bﬂ’ﬁmssgﬂ’@n@n%?eﬁw?rﬂ? B feHs @apd themnfieting saxt %‘H?Se“’lth
carriers andfPEofdid;ients. 33. The conposition of Caim32 wherein the agent
is a reconbinant profein fromsaid HBV variant. 34. The conposition of

Cl aim 33 wherein the reconbinant protein is HBsAg or PreS 1 or PreS2. 35.

The conposition of Caim 32 wherejn the agent s capahle of jphibitin n
i BV variant 36. Tzconéaceaﬁﬂe&?eﬁfsohefeﬁa g ado ‘?felP?PCPHBv \35&6196 agent to be
identifigd t@g{?@at ural product ing~~r rational drug design. 37~ The

conposition of 'Claim32 wherein the agent is a defective HBV variant. WO
03/ 066841 PCT/ AU03/00111 38. The conposition of C aim 32 wherein the agent
is an antibody directed to an HBV conpound. 39. The. co of _Claim3 ein
the agent is a ri bo%\j%‘,lgé]iﬁ‘? pellsnios aﬁgﬁéeg mﬁ%fcmvélwsawweﬁtﬁaﬁf%%éﬁe.
PLOPERVE] hEshl RCTSLAA095 761 aMRL bRESL I/ dLaREWp R LB A2 A
T80 QLA WS SR arPEe] B Ap(ﬁéﬁ 250%1’4 iriafetb at%lgké}HB%Evar ook ggxﬁe?g?n
sai d var i amaritcesif resestard tosaifl egaitgdnut ati on in a gene encodi ng a DNA

pol ymerg@e resulting in at |least one am no acid addition, substitution

and/ or |l etion to said DNA pol ynerase and wherein said variant exhibits
decreased sensi ti Vi, &hiEdeathe/Rlis, O F0febt LARRE SHpQhiight kgl BOSAE
anal ogs wherein the rfrll,lt atJi onglafg thes’DNA gg%/rrer ase {:s? gée}flecteg ?r om of
spacer L971 ,vimpeompéndnt-dSRctiepamantites deGominepwhether 2P 8bBt tispaiores $28 Z&plicated,
spacer R139G__spacer F142S, rtY54H, rtL9l |, . rtA97V, rtY124H, rtH 126R rt
135v, rtl FSBsSe Rpshy Bipial Eadior asembléch RRA/PY Rprsnglessenn the prejcasaef the
rtF122L, ritapde8N, rtQL30P, rtT184G rtS2021, rtH248N, rtY252L or a

conmbi nati on thereof or an equivalent nmutation with the proviso that where
the HBVIv¥ariant is resistant to LMW alone, then the nutation is not
rtviz3L, rtL180M or .rt M204V. 2. The isolated HBV variant of Claim1 wherein
the mutati JHW&NFW@“WB%‘PWBMWFQO EPBRESSE from rtl169T, rtV 173L,
rtL180M rtT184G rtS2021, rtM04V and rt M50V or a conbination thereof or
an equivalent nutation. 3. An isolated HBV variant wherein said variant
conpri ses a nucl eogederating atcontimions aelj éine cemprising gnanfectiduscmpyuifahé genome
resulting i t st one.amno acid additjon, substitution. and/or de jon
to said surqr}éE% Pﬁ?ﬂﬁeﬁw”&#@%ﬁ‘eﬁ?ﬂﬁ%i%&%ﬁ aWPu%thCi‘}i t&’%‘ Elﬂé&l r“ééi%*é‘?}ls hﬁt\)
sensi t iy}t YoehOmEIVstahdl; ; i [ P&ﬂg
wherein thegerrut at? %nagr%ﬂ{e e sufr’il ascagcpgélr??%g{ﬁyfégf tshg% Se'%ltﬁgééeo?lr%ggn{a re {i?ﬁl?fill[;
PreSl Tl 15%r ADeS2 F22L, PreS2 V39A, PreS2 P52L, sL89V, sTlI | 8A, s 16l L,

sEl 64D, sl | 95M sl1208T PreS 1 E86Q PreS | N91 K, PreS2 P41H, s@@OK,
sP120T, sL176V, sV194F or a conbination thereof or an equival ent nutation.

4. The isol ated HBY 4@k lsc%@‘ ' nmutation in the surface
antigen is select egogr orﬁ%@e%i ,hgi}iéal%ggo?ﬁge%%ﬁl%M or a conbi nation
t hereof AMENDED SHEET | PEA/ AU

25 culturing the cells for a time and under conditions sufficient for the HBV to

replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to the agent; and

then subjecting the cells, cell lysates or culture supernatant fluid to viral- or

30 viral-component-detection means to determine whether or not the virus has replicated,



P~OPER~Ej h~E] W pCTs~2(F 19576 ntl bhcalNY i ) rc.. emmEcO cl ai ns8 Mc~29101AY~
-60 or an equivalent nutation. PCT/AU03/00111 29 April 2004 5. The isol ated
HBV var i a@b@%ﬁ@‘@i m1l or 2 or 3 or 4 wherein said variant exhibits
decreased sensitivity to ETV. 6. The isolated HBV vari ant RET/&eym or 2
or 3 or 4 wherein said variant exhibits decreased sensitivity to both ETV
and LW. 7. The isolated HBV variant of any one of Clains 1 to 6 wherein
said variant exhibits reduced interactivity to an i mmunol ogi cal reagent
specific to HBsAg. 8. The isolated HBV vaggiLant of Claim1l or 2 wherein said
variant further conprises an altered HBsAg. 9. The isolated HBV variant of
any one of Clains 1 to 8 wherein said variant exhibits reduced

interactivity to.an inmunpl.ogical rea speci.fic to HBsAg, 10. An
S0l at oo HEXTEUS AT PR LG T R B GRLIER BERR TFigrseaan, e PRagifERbe
encodi ng HBsA® resulting in an amno acid addition, substitution and/or

deletion in said HBsAg and wherein said variant exhibits decreased
sensitivity to ETV and/ or LMW and optionally other nucl eosi de anal ogs,

P25l r oo uAbte Alels naGuTs b Bhbiidad vithfbrencee o by (o 6w
s1208T Br egnd PR8EQredY @velop ed@Pr&%ﬁ*@nRﬁ;lﬂtioHs i {0 Fogaih ul%l}_ﬁI_P &lor Hnﬁ' of SV

194F or a conbination thereot or an equival ent nutation. : e 1solated

HBV vari anPresfl X iDmPreShdil £35S, RrbS2 Fd2lat Prof2 V3% | RreS2 P 52Eosh.89V, 15T118A, SE

164D and s 5MLar, C inat | t her.eo qyi ent jon. )
The isol at g%lg“a!B %ﬁﬁ’ aﬁi{l@ %\?’ (*p?g% ?f?sgr Eﬁé\/\,{%ﬁ?é #\@ﬁ%’ B fﬁgyﬁ ?2@ eﬁ@%ﬁ@ S
decreased sEI®TL §IVIT6W,5V184FY. 13. The isol ated HBV variant of Caim 10 or
11 wherein said variant exhibits AMVENDED SHEET | PEA/ AU

P~OPERVE~h~Ej h~PCTSI 7ht ) v57ti ntl bAuhhNl 2 Pcl unndd cl nrsdx~I 91 M OC - 61
decr easgd sikiivity to both ET nd LMW..  PCT/AU03/00111 29 April. 2004 14.
The i szﬁat gg@ Be ar@ﬁﬁer()]asp&:taiox] % Qfesﬂt_ WREREOR ﬁ?fltﬁlﬂ_ﬂaieéd?_ Sthed i fer £ or
a Wi | d-typeetbiBafimgenhdthért & BBV Skifif ExaARRGhdnkel QePaHVHR S 28R BodidEBYalog,
variant and wherein said HBV variant is selected by exposure of a subj gct
to ETV andsadnngtirod semprising dselatings BN rori coirrespandiy mRISA Aomesdid dHBYT and

d i ni ial f BV. hi bi duced i tivi ETV
andor LereiSisb Ry 33 Gl RLpe Rutieeidl wtthed dgedng iR eetor pirSig
i sol ating fhtldréencsf SiepoNewHg Mitiods’ DNthe Prek 1HBYe$0 dnd HIRAY: PIe$ PN 184D,

nmutation in the nucl eoti de sequence encodi ng HBV DNA poi ymerase resultihg

in at ReasPre§hd1dpPnRre82iFa2kulie? M30ko RreSPeP ¥, sh8aW s B 8AddF161dn sEA64Dy

one or nor d LRSS F can t jr Qug or. i j er f
sai d DNA p%?%/)sfr%’r g@'sin}d)reﬁsg§@’t Eﬁe%an &ﬁﬁe#&%ﬁ%&%r%@#’@s@hhém?ﬂ?w ty
to ETV antd\oro4EMy cehdifitiong thereBf 85 8 64ui Pdle Uil ordndidldthérQButhforfy thBdhGal | ON
of the likelihood of resistance to said ETV and/or LMW wherein the nutation
i s sel ect eaf & yasignt phersin said varian exhikitd 4 dsmeassdaensitivityl 61 ET¥ paudéor LNIY8#nd
spacers 137 cerR 139 spacerF 142S, rtY54H, rtL91 I, rtA97V, rtY
124H, rtHOP?lg@%??tgerl%&O%dﬂagﬁo%@T, rt M50V, rtV 173L, rtL 180M rt M204V,
rt A21 8 rtA38E, rtF 122L, rtT128N, rtQL30P, rtT184G rtS2021, rtH248N,

rtY252L or_a conbination thereof or an equivalent mutation with the proviso
t hat wher elhergesapt/inygntiomis predicatest intpartton the idavitificativen artdhisolatioreofruaréntoof i s

not rtV 1% tL. 180M or .rt M204V...16. The thod of laiml S LM wherein
t he nut at i%%vi @ats PR Bﬁ""fl}%%%ﬂ‘?{iw,aﬂﬁ%lﬁuw CLIEBRC AERGIERSHES _@EﬁZI
rt M204V arorh idbERMédr @d&@&@ér&ﬁwi@ﬁot&iﬁr&%ox%rmﬁféo@i%'a.‘ﬁ_@fgg%ltar fgg&@é& dfwel 17.

A method for determ ning the potential for an HBV to exhi ce
sensi ti vi tapdfos fEmoyioaakdadivity ¢ hepatitist Bom antigenp oh erredunsde abiogated mal atlyerwissai d

th ising isolating . . di f i d, HBY and
Cor corthg sl A RBbBheRtnieenR i AR R0 SElERE St He SR das gt i 4tmBe
antigen r efHBV Rgriknts &fithl tﬁ@s%tmﬁ&%rﬁﬁﬂﬁbrﬁscfsgn%Hﬁﬁti ihiek lBR ,foxd&ilk g&iﬁ%ﬂ&ﬂ/ or

addition in any one or nore of domains F an MENDED SHEET
P\ OPFR\ E~9{Faspdys po dessct HIB'S 7@riantsMaihassayis? top screemfrCagentsryhiohn-arer @efidt in- 62

PCT/ AUO3/ 1 29 ril 2004 thr.ough or a.regio roxi opl. thereto of said
surface ag%jaé‘é% a%%’é\ngeg 8%% Cﬁﬂ%%bx & %‘E‘Egaﬁ“gageﬁ’éé% é@ﬁ%@t f&r to
ETV and/ orthé_wey@?gjegt Of ilteenddive : ; i 2 G i pdi cation of
the likelihood of resistance tﬁﬁ?ﬁ%@%ﬁ%&é%ﬁﬁh&m@gzi@ﬁ%ﬂm ation is
select¥Y fromPreS | N114D, PreS | T1 | SS, PreS2 F22L, PreS2 V39A, PreS2
P52L, sL89V, sT 118A, s | 61 L, skE 164D, sl 195M sl208T PreS | E86Q PreS
I N91 K, PreS2 P41 H, sQ@O0K, sP 120T, sL 176V, sV 194F or a conbination

t hereof or an equivalent nutation. 18. The nethod of Caim 17 wherein said
mutation is selected fromsF 161 L, sE164D and sl 195M or a conbi nati on

t hereof or an equivalent nmutation. 19. A nethod for detecting an agent

.y o R o,




be tested; culturing said cells for a tinme and under conditions sufficient
for the HB V to replicate, express genetic sequences and/or assenbl e and/or
rel ease virus or virus-like particles if resistant to said _agent; and
AVENDED SMEERMEYA AU pynncRy~~pl vVACTs~2679576 nel bhul N"?C%Q‘Uﬂf‘/"%'r’fﬁnzoo
cl aims doc~29/ CeN~ - 63 PCT/ AUD3/ 00111 29 April 2004 subjecting the cells,
cell lysates or culture supernatant fluid to viral- or vira
conponent - det ecti on nmeans to determ ne whether or not the virus has
replicated, expressed genetic material ang/or assenbl ed and/or been

rel eased in the presence of said agent. 20. A nethod for detecting an agent
whi ch exhibits inhibitory activity to an HBV, exhibiting resistance or

d d itivity to ETV d/ LW wh i.nth \/ i i
Tutat; on i PG BES Py BmBSkob Beatest PSR AL NEGH T fdednga B TAREP
spacer H 118bnaRagerl adfiy SansiRodd! GruiaRgeenfil $8clananss Ful48s: two

rtYs4H, rtL 24H, rtH126R rtS135Y, rtl169T, rtM50V,
rtV173L, rtdhafaSftdsticst bElOetsd froanAAd) Besistank8ste, one Prlipote, nhelosidamnaloggn) R3oP,
rtT 184G rt $S2021, rtH248N, rtY252L . or C ihation thereof or an
equi val ent Tocsdiloms! apa/ar %tlcﬁafaﬁeqtgv(stytq@pp%rfgeta%g%gr Kf‘irairﬁﬁ ce?,sabrogated
resi stang t f't]ll\@\[wﬁsl irddSin ot 3hteRRVisy. not rtV 173L, rtL180M or
rt I\/204V?§ sa‘?} met ggﬁ?glrrm“ SI ng:oéggnerati ngﬁ}é genetic construct conprising
a replication conpetent-effective anount of the genone fromsaid HB V
contained in oy fused to an anmpunt of a hacul ovirus .ge effective
infect cel I%n%{{\?f 3SR qfﬁheeﬁrﬁ mygpHo 8‘?42%‘“5\‘#? a?d?%lg@g uvﬁj?ntc%%}gis??%g
said cells,, %ﬁir?l'it?’ ofj‘cri}ﬁéle f(ﬁnﬂfu@iﬁoﬁg tigst EdH@mbi WRh (W) Ubsifthfcer 8L Bhe t& BRre
ce

tested; cultuaring”sal s for a tine and under conditions sufficient for
t he HBV t o mefeokidatealogx{bes sedyeeidvel amljucfinetionshdetivityaefslapstids Breiarfigen,
rel ease_ virus or virus-Iljke rticles if resi,stant fo.said agent; and

subj ect ?eﬁg %rﬂéc)cae{ng?edeéﬁ’@g?@@a{% eBy e Rated T ué]roi?ﬁca?ﬁfnq?rﬁgtfvd fo viral -
or viral conponent-detection neans to determ ne whether or not the virus
has replicated, expressed genetic material and/or assenbl ed and/or been

rel eased i nYtthmoihersspecteofdhe preseht agemtion pvENBBERNSHEETEd [HBW/vagant comprising a

PCT/ AU03/ 00111, P~QVLRt Ezh~E; A~PC7s~~, p9_76 ntl bhcnl ~h. w 2 '
doo20/ OINL DFeHpr¢ Hclsonde Tyietons SseEd Bt Py Sorisct (s Bts R A giof ™
exhi bits inhighid Qh¥odifg i & TINAL SolgetdBY refitidiihi #0leh@tsbid aRfifo lcidleadripacd

sensitivity to ETV and/or LMW Wwherein the HBV variant conprises a mutation
in a DNBS podupstitnere andlozcdaetidr don wphd¥NAOPolymeprse ewkerein SRd ypaesr pKhn

bigy |
L 128F, LA37 R E, 142S t. Y54 L91
PPROTVL 1t VASIARL SPRIOTE @ FIRGAIYRK LMY and REGOLAT BB nidep i aflogd; (B2
180M rt M20g¥eokiié\dutation i *a8Fene retn'éoéiﬁé g, héﬁaﬁiﬂig@#e Enitigeh36tPin b ltfdns&4fBional

rtS2021, rtH248N, rtY252L or a conbination thereof or an equival ent
mut ati on wi dontrbheleprent iof ssatch geneniereint IsaidHBVtatiani resultsi in pexsitucednievelo andipr

al one, then_the nutati.on is.pot rtV 173L,.rtL 18QM or .rt 204V,  sai.d t hod
conpri si ng: m@%t%gg??th‘ﬁtyaog%igﬁe atlfﬁné t% H}ngeoﬂb?‘i st mjdgm?%pﬂu@ﬁ‘tof]olﬁ igent
conpet e - eJJcS&iEhVE Repa B pdififeptRE AeRIHAS ThS 8 JedsB\ore0inind188id Madettion,
fused to an anournit of "a bacul'ovi rgs genone effective to infect cells and

t hen i nf ectsubgtitatiord anélot sleletibh teasail polypeptidet whivhrteducdsn gbrgates cs| ptherwise
before, durjing.and/or after jnfection, wth the agent to be tested,

cul turing sEIPAirE df pramugplogical iferagtiyitnder conditi ons sufficient for the HBV
to replicate, express genetic sequences and/or assenble and/or rel ease

virus or virus-like particles if resistant to said agent; and subjecting
the cells, T detécfivatosamino aid vaniantsofBNAgalpmefaseiscconyeniently accomplished by

conponent - det ecti on ans to determ ne. whet.h or.n t i.rus .has_..
Copl | Cabha. telrIeE B dhe GBNRR AERedur1oR ShANE, B orBulitol st Tt Pojirphisms
rel eased i i98bits @RRMH in ¢#ioukD 104ctivie 3o gkficOHB0
or 21 wher gﬁkﬁuﬁh%bﬁ%%ﬁgglﬁgjﬁagaﬁg&st abl yu} ﬁ%é%ﬁrga%gg%:s%?go t hcé cg? I_s'g%genome.
23. A vacci steimsoWidrs an ¢IBY: variantgemipriseoap amant aad differepiBovwhatiis senressntedny

one of Claips 1 to 14 or an anti.hody thereto. NDED ,SHEET | PEA{ AU
then such an isoEate nls consi ered a puta%ve HﬁME vanant having anEéftered DNA

polymerase activity.
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PCT/ AU03/ 0011 | P.t OPER~E~hi E~h~PCTs~2@095)t~ ntl bhcslthw 11 pcn ammed
clsinms.doc~29/ArtN 2 9 Apri | 2004 - 65 24. The vaccine of Claim?23
wher ei n 08 o3fesPENi € conponent is an HBsAg or PreS 1 or PresS2. 25. The
vaccine of Caim 23 wherein the antigenic conponent is a d&fetYPPaipy
variant. 26. The vaccine of Claim 23 conprising an antibody to HBsSAg or
PreS 1 or PreS2. 27. A conputer product for assessing the |ikely useful ness
of a viral variant or biological sanple conprising same for determning an
appropriate therapeutic protocol in a suk§ect, said product conprising: ( 1
) code that receives as input Ivs: (a) an altered DNA pol ynerase from

w | d-type HBV sel ected from spacerlL97l, spacerK 11 SR, spacerH 116L,

L 128F . S137 R139 F142S, .r1Y54 tL9l I,
TPASTY, 1t P BReRC iahch SRRGE GO AmPAGt SEG St hilR Fr ‘pilor LMy
rt M204V, riefidthnSHBW Aadnts. 'Sukch bdéhts will beSiNiculhddl 38tul 1rt1dAdS&En frbaerieR %y

rt H248N, rtY252L or _a conbi nation thereof or an ‘equival ent nutation an
rt11697, rEVA7and/on LM8omd/art aptipadly rotigz omicleasifier avbags\isocorderaplateidnby ithe

t hereof or ,an.equiwval ent, nut at,i on...and an altered rface anti.gen from
w0 Lypo AR LG 5Bhts bR BN G, BN A i el oy B Die ke &
V39A, F5 eShefliddl, nolictQlbs. SNhtuddi Apradud® lsckeenfils kA4, as! frdiBo ll:alﬁé,ZngEll Pagd 1

E86Q PreSl  N91K, PreS2 P41H, sQ0K, sP120T, sL176V, sV 194F or a
conbi nat i JRICCOIBIBIMY 1S 2lpo eeptPmplatadt asrnsefilapotenial sered bf mEkiggDgentd. The 95M

nbi nat j f i val.ent sutation: . AVENDED SHEET .| PEA/ AU
DCTT s/ carits theot S5l i BN KL ot hiAreAR G SREpS v R AR deY B
doc- 7qr t 4rgienidStefdd dcqueitifly 08 Sintdlan6RE WiRthetldf oS dndlyg. t O provide a sum

corresponding to a Pv for said viral variants or biological sanples; and
(3) a conputer readable nmediumthat stores the codes. 28. A conputer for

assessjhg 1 kel ef ul ness .of a viral wariant or biologi anpl. e
conpri isq1ng‘&€°g’ﬁclialh§1 g” énos %j aéB?"? O&ﬁ § Eeng g}v(gng%ﬁmqg?zp{%% F?g’soﬁatl()i%erg&mg
machi ne- r eadglehewtlithaexaitifsAgRIbIEEI Abtivi 19 ah TIBY, exHibitiag TEHHARR dredRidasdd
encoded with machi ne-readabl e data, wherein said machine readabl e data

conpri se I59BSifBiY ot ET ga8d/of LY csaid method sewprisingd wi th said viral variant
or biological sanple; wherein said features are selected from (a) an
altered DNA pol ynerase fromw | d-type HBV sel ected from spacerL971,

spacer K115R, spacer F@eﬁ@ﬂaﬁn? RaaEtcleststru@ RReRTBg A3eplibafo nt-effective
spacer F142S, rtY54H, rtLOll, rtA97V, rtY124H rtHL26R rtS135Y, rtl 169T,
rt 508, rampingef thegenaosfrom sad 4BV coptzined in aaksmid vestopand then Trrpgfisting
rtQL30P, rf. A .. rtH248N, rtY252L or a conbination thereof or an
equi val entst‘n-rléljﬁ%g iét?\”ana“%rn?‘?‘i%m, rtVi73L, rtL180M rtT184G rtS2021 and
rt M04V or a conbi nation thereof or an equivalent nmutation; and (b) an
altered surface antigen fromwld-type HBV selected fromPreSI N114D, PreS|
T115S, PreS2 F22L, mMoagptingsnd ccliSesgf%nszlupng red/or afer)trapgfictien, waith the agent
164D, sl | g%Mst [ 208T PreS 1 E86Q PreS 1 N91 K, PreS2 P41 H, s@@O0K, sP
120T, sL fc} , SV’ 194F or a conbination thereof or an equival ent nutation
and sP0l6l1l L, sk 164D and sl | 95M or a conbination thereof or an

equi val ent nutation;, AVENDED SHEET | PEA/ AU  PCT/ AU03/ 00111

?.\ C*ER~E~hV: j h\ PCTeritBung sad eelifor myime aedundensondisivossnfazignciorghe HBVApn
1 2004 -6 .a working nepory for stqring instructions for. processi

sai . oo Sliche) Pt adReRE stapefles 4ndor Hscollit e of AlFese iR el TRcite
wor ki ng mpaRicYesdNfesisins & i t;a8dr eadabl e data storage nedium for
processi ng said nachine readable data to provide a sumof said lvs
corresponding to a Pv for said conpound(s); and (4) an output hardware

coupl to said central progessing it, . for receiving said.Pv. . 29,
corrpog%ti on conpri sisg@e tﬁngaﬁ}el Sl Vcéggﬁat%?rcﬁ‘ﬁﬁgg SE%%B&WR/Q“’;QCH \YF?G or
agai nst arirzByorepdticht-8étotionefiea:edtos 8etsinhinY ivhethd SxINotaihe/ Ahis hdWreéphicsted,
anti-HBV agent identified using an HBV vari ant as defined in any one of
Clains 1 t#preased Egneficmaissie]l andier dsgembled andiopbesn rajeased i therpresence of said
phar maceu 'ggnql |y acceptable carriers and/or diluents. 30. The conposition
of Claim wherein the agent is a reconbinant protein fromsaid HBV
variant. 31. The conposition of Caim 30 wherein the reconbi nant protein is
HBsAg or PreS 1 or PreS2. 32. The conposition of Caim?29 wherein the agent
is capable of inhibiting an HBV variant pol ynerase. 33. The conposition of
Claim 32 wherein the agent is identified by natural product screening or
rati onal drug design. 34. The conposition of C.aim29 wherein the agent is
a defective HBV variant. AMENDED SHEET | PEA/ AU
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PCT/ AU03/ 00111 29 April 2004 35. The conposition of Caim 29 wherein the

agent is dy directed to an HBV conpound. 36. The n of

Claim 29 \%)e%q hpﬁhe agent is a ribozyme, antisense nol ecuﬁ;gg&%é@fg

nol ecul e relative to an HBV gene. AVMENDED SHEET | PEA/ AU . AF. A. Af 51 . AY. Al A;

Y.AQY. Au. AF. . Af!l .AY. A L.AI.A> WA /.A

, . ASLS. A@3. A A AA?AAAANAAN.Ae. A 5. A AU AE. A A5?. A?. Al . Ae. AH. A A .

AS. AH. A AH Ay. Al , . Ay. A/ [_. As. AH?. A. A5. A2. 3 |

Ae AS5. AL A5, #. A$. A AS. A?. A&R. A. AN. AH. A& A. A(. A A?. AAy A2. AA[,.A5,.AH,.A
A[@A35 A35, .AS.A":M.qg45 .C qq(g#. #. @00 ' @, ) k30 " d 0O
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I dXXY f
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g2qqq-~ xsnl Yl gb] WUWV] U] ca] cal ca] ca] ca] caV] ca] ca] ca] ca] ca] ca]ca]ca]ca]calc

a] ca] calxaV] ca] ca] ca] ca] ca] ca\/] caV] ca] caV]ca] ca] ca
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20 dicalcium phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid
and the like; a lubricant such as magnesium stearate; and a sweetening agent such as
sucrose, lactose or saccharin may be added or a flavouring agent such as peppermint, oil of
wintergreen or cherry flavouring. When the dosage unit form is a capsule, it may contain,
in addition to materials of the above type, a liquid carrier. Various other materials may be
25 present as coatings or to otherwise modify the physical form of the dosage unit. For
instance, tablets, pills or capsules may be coated with shellac, sugar or both. A syrup or
elixir may contain the active compoﬁnd, sucrose as a sweetening agent, methyl and
propylparabens as preservatives, a dye and a flavouring. Of course, any material used in
preparing any dosage unit form should be pharmaceutically pure and substantially non-
30 toxic in the amounts employed. In addition, the active compound(s) may be incorporated

into sustained-release preparations and formulations.
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Deimmunized may include, for example, grafting complimentarity determining regions
(CDRs) from the variable region of a murine or non-human animal anti-HBV antibody
20 onto a human consensus fragment antibody binding (Fab) polypeptide. Alternatively,
amino acids defining epitopes in the variable region of the antibody may be mutated so that

the epitopes are no longer recognized by the human MHC II complex.

Insofar as ribozyme, antisense or co-suppression (RNAIi) repression is concerned, this is

25 conveniently aimed at post-transcription gene silencing. DNA or RNA may be
administered or a complex comprising RNAi or a chemical analog thereof specific for
HBV mRNA may be employed.

All such molecules may be incorporated into pharmaceutical compositions.
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The present invention is further djreéted to the use of defective HBV variants in the
15 manufacture of therapeutic vaccines to vaccinate individuals against infection by HBV
strains having a particular nucleotide sequence or encoding a particular polymerase or

surface antigen or L, M or S proteins.

In one embodiment, for example, an HBV variant may be identified having a particular
20 mutation in its polymerase conferring resistance or decreased sensitivity to a nucleoside
analog. This variant may then be mutated to render it defective, i.e. attenuated or unable to
cause infection. Such a defective, nucleoside analog-resistant virus may then be used as a

therapeutic vaccine against virulent viruses having the same mutation in its polymerase.

25 The subject invention extends to kits for assays for variant HBV resistant to ETV and/or
LMV. Such kits may, for example, contain the reagents from PCR or other nucleic acid
hybridization technology or reagents for immunologically based detection techniques. A
particularly useful assay includes the reagents and components required for immobilized
oligonucleotide- or oligopeptide-mediated detection systems.

30



8CP| [ : NAA1010 Y, )" 10% # & () -
S'$10% # & ()-  YF- 10%#‘&'8- 10%# & ()-all [ N1010 F 6°1¢
F4" 10% # $10% # & FI 1"10

@ $10% #tﬁ"ﬁ"}”"%ﬁv" 10 "1099" 9& ()- "910%0"9& ()- f10%0" 9& (P)C /AU03/00111
1099" 9& ()-10ti"t10ti"t10ti"t ,S; Z0A0% i "t & ()-BLH [:vUA10 " 10%@"9& ()-
y$1099" 9&' ()- "10%"9& ()- 9 $10%9"9& ()- "1090"9& ()- Y 1099"9& ()- HC3
I[:vUAL0 ', 10%9"9& ()- % 1099"9& ()- L$"1099"9&' ()- "$1090"9&' ()-

1" 10997 9&' ()- 1099"9&' ()- 3 v IW!("|[:44410 19"10%@"9& ()-

| 4" 1099" 98’ () - f93$10°/<9"9&'()- 1/ 1099" 9& ()- F."109%9"98&' () -

010908 (): (77707 AVUALO 3 10VERE () SOVERS ()

9 =" 109 09 $Si, $54904 | 1 yUA10
L0 ) TR RN B A e SR o ST
| " 10%E#& (DotdElsdt 40 HIBVUbHARibit' &&Qé@#&s(t)ﬂt)y)té@f\ﬂ%#&m 0 Eﬁi@‘éﬁﬁ éﬁ&})

SF$109&#& () -F Y'109&#& ()- Y'10 &+ ++++ [ - 410E#
@ $10%E#& Wcleospleiapelogs, (a)d me@@d@a@p&sx@guo@atmgﬂom& ogo)rrespondmg mRNA from

Eé’m%oﬁf‘ sdid T ahe feregng doa mitidn in th ialeg e, Segubnog ancofing MEYhPRA )

s"10% &5()p ol?'ﬂa@%s&réshhm %&ﬂ@%)t&né }a.mmo]&ﬁ Sublstitu 14)99&@%‘&% e[nd{iﬂ’]agg'ﬁloﬁ in any
%409 & ()~ 1)"10% & () 0% & ()- S$L0 & ()- "$1006 &

"109% & () - omed BRr&9h FlpmAde#nd ﬁﬂ%@( E-or altegion &rc(x)lma]_ﬂﬁ%tﬂ%f&'a@ DNA

9% 10% & 55555 55- 6
P 109se (TOVRFBIAE Croo RN PR BTG i, Qe Vel Lo
Y3" 10%E#& ‘éfheremft@%%ﬂc% dfsucl'a XU {s)an inbicdQEE EiHe) ik MASOYEH esistance fo
| " LOYEH#& () - STV UAL0 VS T00ErE (T M VIS 05 15 eI T On e
3% 109EHE f(a}dﬁﬁfg PEGYEMY () - 7 S $109E#E () - Z<="=a=b=c=d=r =w=vU410
9f 10% 1 & ()- 10% " & ()- 10E#10E#10E# @ 10%E#& ()- 9 109%&#& ()-
L6810 g& - wE=+>n>QR2x@[: VUAL10  $10% & ()- $10% & ()-
- _La&t $10‘V6|'An'5§se(s§m6ﬁt3<5¥’/ﬁ ‘pBtential VE Garfinf )s im &Mt 1& (93¢ eét@rﬁay\ﬁhcggrgﬂria%‘l
1ow3$10%wv& ()-9 3$10% "& ()-9 ,)$10% " & (5’ $10% " & () % & (
$10% " & ()thempeyticpprefmpl. ﬁucmmsspssnmovm uitably" mﬂweﬂ)mthfthmamw of a

10 O SIS 0 e MR R

two features associated with the viral variants to provide a potency value (Pa)
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15  corresponding to the resistance or sensitivity of a viral variant to a particular chemical
compound or immunological agent. The Iys can be selected from (a) the ability to exhibit
resistance for reduced sensitivity to a particular compound or immunological agent; (b) an
altered DNA polymerase from wild-type HBV; (c) an altered surface antigen from wild-
type HBV; or (d) morbidity or recovery potential of a patient. Thus, in accordance with the

20  present invention, Iys for such features are stored in a machine-readable storage medium,
which is capable of processing the data to provide a P, for a particular viral variant or a

biological specimen comprising same.

Thus, in another aspect, the invention contemplates a computer program product for
25  assessing the likely usefulness of a viral variant or biological sample comprising same for

determining an appropriate therapeutic protocol in a subject, said product comprising:

(1) code that receives as input Iys for at least two features associated with said viral

agents or biological sample comprising same, wherein said features are selected
30 from:
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(a) the ability to exhibit resistance for reduced sensitivity to a particular
compound or immunological agent;
(b)  an altered DNA polymerase from wild-type HBV;
25 (©) an altered surface antigen from wild-type HBV; or
(d)  morbidity or recovery potential of a patient; '

(e) altered replication capacity (increased or decreased);

(2) a working memory for storing instructions for processing said machine-readable
30 data;
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and includes a processor in electrical communication with both a memory and at least one
input/output device, such as a terminal. Such a system may include, but is not limited, to

10 personal computers, workstations or mainframes. The processor may be a general purpose
processor or microprocessor or a specialized processor executing programs located in
RAM memory. The programs may be piaced in RAM from a storage device, such as a disk
or pre-programmed ROM memory. The RAM memory in one embodiment is used both for
data storage and program execution. The computer system also embraces systems where

15 the processor and memory reside in different physical entities but which are in electrical
communication by means of a network. For example, a computer system having the overall
characteristics set forth in Figure 7 may be useful in the practice of the instant invention.
More specifically, Figure 7 is a schematic representation of a typical computer work
station having in electrical communication (100) with one another via, for example, an

20 internal bus or external network, a processor (101), a RAM (102), a ROM (103), a terminal
(104), and optionally an external storage device, for example, a diskétte, CD ROM, or
magnetic tape (105).

The present invention is further described by the following non-limiting Examples.
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EXAMPLE 1
Overlapping genome of HBV

The overlapping genome of HBV is represented in Figure 1. The gene encoding DNA
5 polymerase (P), overlaps the viral envelope genes, Pre-S1 and Pre-S2, and partially
overlaps the X and core (C) genes. The HBV envelope comprises small, middle and large
HBYV surface antigens. The large protein component is referred to as the HBV surface
antigen (HBsAg) and is enclosed by the S gene sequence. The Pre-S1 and Pre-S2 gene
sequences encode the other envelope components.
10
EXAMPLE 2

Patient and Treatment

Patient A is a 44 year old male with chronic hepatitis B presented on Day 0 (9 July 1999)
15 with raised serum HBV DNA levels (>2000 pg/ml) and was commenced on LMV
treatment immediately (Figure 2). The patient A was HBsAg positive and anti-HBe
positive. Following the initiation of LMV treatment the HBV DNA levels fell to 8 pg/ml
over 54 days of therapy. The HBV DNA levels remained low until day 199 when there was
a relapse in replication such that HBV DNA levels reached 1826 pg/ml. By Day 241 the
20 serum ALT peaked at 741 IU/1. The HBV DNA was sequenced and LMYV resistant virus
was detected. The patient was then enrolled on Day 382 (24 July 2000) into a blinded ETV
plus LMV clinical trial. HBV DNA levels only decreased to 33 pg/ml and the ALT
decreased to 167 IU/ L by day 784. The patient was started on open label ETV plus LMV.
However, both HBV DNA levels and ALT continued to rise and the HBV DNA was
25 sequenced at day 894 (Figure 2).

Patient B Is a liver transplant patient. This patient has been treated with a number of
nucleoside analogs including ganciclovir, famciclovir LMV and ETV. The patient was
treated with LMV prior to ETV. The patient is currently on ETV treatment. During ETV
30 treatment the HBV DNA levels were reduced to less than 5 pg/ml. At 532 days ETV
treatment, that corresponds to 3857 days post transplant, there was a rise in the HBY DNA
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levels to 993 pg/ml. The HBV DNA from this sample was further characterized by

sequencing.

EXAMPLE 3
5 Detection of Viral Markers

Hepatitis B surface antigen (HBsAg), hepatitis B e antigen (HBeAg), anti-HBe and
hepatitis B core antigen (HBcAg) specific IgG and IgM were measured using
commiercially available irnmunoaséays (Abbott Laboratories, North Chicago, IL, USA).
10  Hepatitis B viral DNA levels were measured using a capture hybridization assay according
to the manufacturer’s directions (Digene Hybrid Capture II, Digene Diagnostics Inc.,
Beltsville, MD). The manufacturers stated cut-off for detecting HBV viremia in clinical
specimens was 0.7 x 10° copies/m] or 2.5 pg/ml, [Hendricks DA, et al., Am J Clin Pathol
104: 537-46, 1995].
15
EXAMPLE 4
Sequencing of HBV DNA

HBYV DNA was extracted from 100p1 of serum collected at 6 different time points (Figure

20 2) as described previously by Aye et al., J Hepatol. 26: 1148-53, 1997. Oligonucleotides
were synthesized by Geneworks, Adelaide, Australia. Amplification of the HBV
polymerase gene has been described by Aye et al., 1997, supra.

The specific amplified products were purified using PCR purification columns from MO
25 BIO Laboratories Inc (La Jolla, CA) and directly sequenced using Big Dye terminator
Cycle sequencing Ready Reaction Kit (Perkin Elmer, Cetus Norwalk, CT). The PCR
primers were used as sequencing primers, OS1 5'- GCC TCA TTT TGT GGG TCA CCA
TA ~3' (nt 1408-1430) [SEQ ID NO: 3], TTA3 5-AAA TTC GCA GTC CCC AAA -
3’(nt2128-2145) [SEQ ID NO: 4], IM 5’- TTG GGG TGG AGC CCT CAG GCT -
30 3’(nt1676-1696) [SEQ ID NO: 5], TTA4 5° —-GAA AAT TGG TAA CAG CGG -3’(nt
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2615-2632) [SEQ ID NO: 6], OS2 5' TCT CTG ACA TAC TTT CCA AT 3' (nt 2798-

2817) [SEQ ID NO: 7], to sequence the internal regions of the PCR products.

EXAMPLE 5
5 Analysis of HBV DNA

Patient A: The LMV resistant mutations at rtLlSOM and rtM204V were detected by
sequencing by day 199 (Table 3). During the blinded phase of entecavir and LMV
treatment, the mutation at rtV173L was also detected. A unique mutation in the B Domain
10  at rtI169T was detected in combination with the two other B domain mutations at rtL180M
and rtV173L as well as the mutation at rtM204V in the C domain. A number of other
unique changes were also detected in the polymerase and in the overlapping envelope gene
(Table 4, Figures 4, 5 and 6). These unique changes were compared to reference sequences
from each of the seven genotypes A-G as well as a consensus sequence from pretreatment

15 samples to determine unique changes.

Patient B: The sample at 532 days ETV treatment was sequenced and was compared to
samples prior to ETV treatment (Figures 8, 9 and 10) Several polymerase mutations were
detected in this sample including rtAZlS, rtA38E, rtY54H, rtN76D, rtL91I, rtF122L,
20 rtY124H, rtT128N, rtQ130P, rtL180M, rtT184G, rtS2021, rtM204V, rtH248N, rtY252L.
At the start of ETV treatment the patient had been on LMV treatment and the mutations at
rtL80M and M204V were detected (Figures 8, 9 and 10). The LMV mutations (rtL180M
and rtM204V) were detected during ETV treatment even in the absence of the LMV
selection pressure and these mutations may also contribute to ETV resistance. At the time
25 of the virological breakthrough on ETV, the LMV selected mutations were still present as
well as the mutations listed above. All the mutations listed were compared to reference
sequences from each of the seven genotypes A-G as well as a consensus sequence from

pretreatment samples to determine unique changes.

30 Patient B is HBeAg negative and the HBV isolated from this patient encoded a mutation in

the precore geme at G1896A that results in a stop codon in the precore protein
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precoreW28Stop. Mutations in other regions in the genome that included the precore
mutation at G1896A may affect the replication fitness of HBV and the sensitivity to

antiviral agents in combination with the mutation in the polymerase gene.

5 EXAMPLE 6

In vitro analysis of entecavir resistance

The sensitivity/resistance profile of HBV mutants to entecavir was examined in vitro using
recombinant HBV/baculovirus. The procedure for analysing the resistance profile is

10  outlined in the following Examples 7-14.

EXAMPLE 7
‘Cell culture

15 Sf21 insect cells were maintained in supplemented Grace’s insect medium further
supplemented with 10% v/v heat-inactivated fetal bovine serum (Gibco BRL,
Gaithersburg, MD) in humidified incubator at 28 C with CO,. HepG2 cells were
maintained in minimal essential medium supplemented with 10% v/v heat-inactivated fetal
bovine serum (MEM-FBS). HepG2 cells were grown in humidified 37°C incubators at 5%

20 v/v CO,.

EXAMPLE 8

Preparation of HBV/baculovirus transfer vector with specific point mutations

25 The recombinant HBV/baculovirus system used for antiviral testing has been previously
described (Delaney et al., Antimicrob Agents Chemother 45(6): 1705-1013, 2001). In brief,
the recombinant transfer vector was created by excising a fragment containing the 1.3x
HBYV genome construct and cloning it mnto the multiple cloning region of a baculovirus
vector pBlueBac4.5 (Invitrogen, Carlsbad, CA). Point mutations were created by site

30 directed mutagenesis using the commercial kits according to the manufacturers

specifications (QuikChange, Stratagene). A HBV recombinant encoding the reverse
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transcriptase mutations rtI169T + rtV173L + rtL180M + rtM204V. The nucleotide

sequence of the plasmid and the point mutations generated by site directed mutagenesis

were confirmed by sequencing usiﬁg the ABI Prism Big Dye Terminator Cycle

Sequencing Ready Reaction Kit according to the manufacturer’s specifications (Perkin
5 Elmer, Cetus Norwalk, CT).

EXAMPLE 9

Generation of recombinant baculoviruses containing the 1.3 HBV construct

10 Purified recombinant transfer vector and linear AcMNPV baculovirus DNA were co-
transfected into Sf21 cells using the BacNBlue transfection kit from Invitrogen (Carlsbad,
CA); recombinant viruses were isolated by plaque assay according to the manufacturer’s
instructions. A series of recombinant viruses were amplified from isolated plaques by
infecting 100-mm dishes of Sf21 cells. Viral DNA was extracted from amplified viruses

15 using standard procedures. Purified viral DNA was digested with restriction enzymes and
then fractionated by electrophoresis in a 1% v/v agarose gel. Southemn blotting was
performed to determine which virus isolates contained the intact 1.3 HBV construct. A
Boehringer Mannheim Random Prime DNA Labeling kit (Indianapolis, IN) was used to
generate [P**]-radiolabeled probes. A full-length double-stranded HBV genome was used

20 as a template for all radiolabeled probes. Viral DNA sequence was confirmed by PCR
amplification of the polymerase catalytic region using the sense primer 5’-GCC TCA TTT
TGT GGG TCA CCA TA-3” [SEQ ID NO:3], (nucleotide 1408 to 1430 according to HBV
Genebank Accession number M38454) and the antisense primer 5’-TCT CTG ACA TAC
TTT CCA AT-3’ [SEQ ID NO:6] (nucleotides 2817 to 2798 according to HBV Genebank

25  Accession number M38454). The following primers were utilized for the sequencing of
internal regions 5’- TGC ACG ATT CCT GCT CAA-3’ [SEQ ID NO:8] (nucleotides
2345-2362 according to HBV Genebank Accession number M38454) and 5°-TTT CTC
AAA GGT GGA GAC AG-3’ [SEQ ID NO:9] (nucleotides 1790-1810 according to HBV
Genebank Accession number M3 8454)..
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EXAMPLE 10

Preparative baculovirus amplification and purification

Baculoviruses were amplified by infecting suspension cultures of Sf21 cells in log phase at
a multiplicity of infection (moi) of 0.5 pfu/cell. Infections were allowed to proceed until a
majority of the cells in the flasks showed visible signs of infection (four to five days).
Virions were concentrated from infected Sf21 medium by centrifugation at 80,000 x g and
purified through a 20-60% w/v sucrose gradient. Purified virus was titrated in
quadruplicate in Sf21 cells by end-point dilution. An aliquot of each high titer stock was
used for DNA extraction. The polymerase gene was amplified and sequenced to confirm

the presence of the site-directed mutagenesis as in Example 9

EXAMPLE 11

Infection of HepG?2 cells with recombinant HB V expressing baculovirus

HepG2 cells were seeded at approximately 20-40% confluency and then were grown for
16-24 hours before infection. On the day of infection, triplicate plates of cells were
trypsinized, and viable cell number was determined with a hemocytometer using Trypan
blue exclusion. Average cell counts were calculated and used to determine the volume of
high-titer viral stock necessary to infect cells at the indicated moi. HepG2 cells were
washed one time with serum-free MEM to remove traces of serum. Baculovirus was
diluted into MEM without serum to achieve the appropriate moi using volumes of 1.0, 0.5,
and 0.25 ml to infect 100-mm, 60 mm, and 35-mm dishes, respectively. Baculovirus was
adsorbed to HepG2 cells for one hour at 37°C with gentle rocking every 15 minutes to
ensure that the inoculum was evenly distributed. The inoculum was then aspirated and
HepG2 cells were washed two times with phosphate-buffered saline and refed MEM-FBS

with or without various concentrations of agents.
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EXAMPLE 12

Analysis of secreted HBV antigen

Detection of hepatitis Be antigen (HBeAg) was performed by radioimmunoassay and
5 microparticle enzyme immunoassay using kits purchased from Abbott Laboratories

(Abbott Park, IL, USA). Medium from HepG2 cells was collected, centrifuged at 6,000 g

to remove cellular debris, transferred to clean tubes, and stored at 20°C until analysis.

HBeAg values are expressed as fold of positive control. Medium samples were diluted

appropriately so that radioimmunassay results were below positive control values for
10 HBeAg.

EXAMPLE 13

Detection of intracellular replicative intermediates

15 HBV core particles were isolated from the cytoplasmic fraction of HepG2 cells lysed in
0.5% w/v NP-40. Cytoplasmic extracts were adjusted to 10 mmol/l McC12 and
unprotected DNA was removed by an incubation to 500 g/ml Proteinase K for 1.5 hours at
37°C. HBV DNA in the samples were then extracted using commercial DNA extraction
kits such as Qiagen (DNA extraction) or in-house methods using sequential phenol and

20 chloroform extractions, and the nucleic acids were recovered by ethanol precipitation.
Nucleic acids were resuspended in 50 pl /1 TE (10 mmol/i Tris, 1 mmoll
ethylenediaminetetraacetic acid), normalized by OD260, and digested with 100 g/ml
RNase (Boehringer Mannheim, Indianapolis, IN) for one hour at 37 °C before analysis by
real-time PCR or electrophoresis and Southern blotting. After southern blot analysis a

25 BioRad GS-670 imaging densitometer and the Molecular Analyst software (BioRad,
Hecules California) was used to analyze suitable exposures of Southemn blots.
Densitometry data was fitted to logistic dose response curves using the TableCurve 2D
software package from Jandel Scientific. Logistic dose response equations were used to

calculate IC5o and ICqg values and co-efficients of variation.
30
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EXAMPLE 14
Real-time PCR

For the real-time PCR based assay for HBV, HBV DNA was extracted from 200 ul of

5 serum using the QIAamp DNA Mini Kit according to the manufacturer’s instructions
(QIAGEN GmbH, Hildens, Germany). Primers and a molecular beacon were designed for
conserved nucleic acid sequences within the precore domain of the HBV genome to
amplify and detect a 216-nucleotide product (Figure 1). Amplification was performed in é
50-pl reaction mixture containing 1.0 Tagman buffer A (Applied Biosystems, Foster City,

10 CA), 3.0 mM MgCl, 04 pmol of each primer per pl, forward primer, PC1
(’GGGAGGAGATTAGGTTAA3’ [SEQ ID NO:10]) and reverse primer, PC2
(S’GGCAAAAACGAGAGTAACTC3’ [SEQ ID NO:11)), 0.4 pmol of the HBV-specific
molecular beacon per ul, (5’FAM-CGCGTCCTACTGTTCAAGCCTCCAAGCTGT
GACGCG-DABCYL-3" [SEQ ID NO:12]; where FAM represents fluorophore 6-

15  carboxyfluorescein and DABCYL, 4-dimethylaminophenylazobenzoic acid, a quenching
chromophore) and 1.25U of AmpliTaq Gold DNA polymerase (Perkin-Elmer). PCR was
performed using the ABI PRISM 7700 spectrofluorometric thermocycler (Applied
Biosystems). The PCR program consisted of an initial cycle (95°C for 10 minutes)
followed by 45 amplification cycles (94°C for 15 secs, 50°C for 30 secs, 72°C for 30 secs).

20 The instrument detected and recorded the fluorescence spectrum of each reaction tube

during the annealing phase.

An external standard was constructed by ligation of a 1.3 kB wild-type HBV plasmid
(genotype D) into the pBlueBac plasmid vector (Hershey Medical Center, Hershey, PA).

25 Quantification of the DNA concentration of the plasmid was determined by
spectrophotometry. Duplicates of serial 10-fold dilutions of the plasmid ranging from 10g
copies/ml to 100 copies/ml were included in each run in order to generate a standard curve.
The copy number in each experimental reaction was determined by interpolation of the
derived threshold cycle (Cy).
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EXAMPLE 15
ETV treatments

ETV was resuspended in sterile water, aliquoted, and frozen at -20°C to avoid repeated

5 freezing and thawing of the drug. Medium containing ETV was prepared daily as needed
using fresh aliquots of 3TC. In experiments in which ETV treatment was initiated after
viral infection, HepG2 cells were exposed to the indicated concentration of ETV
immediately after infection with HBV baculovirus. In experiments utilizing pretreatment
with ETV, cells were fed medium containing ETV 16 hours prior to HBV baculovirus

10 infection, HBV baculovirus infection was also carried out in medium containing ETV, and
cells were refed fresh medium containing ETV immediately after completion of the

infection and washing procedures.

EXAMPLE 16
15 Antiviral testing performed with wild-type and HBV/baculovirus encoding
rIL69T + rtvl73L + rtL180M + rtM204V

The graphical analysis of the dose effect of ETV on wild-type HBV and the quadruple

mutant HBV are shown in Figure 11 ﬁsing the quantitative real-time PCR results relative
20 to wild type virus grown in the absence of ETV (0 uM ETV). ETV had the most

pronounced effect on wild-type HBV replication as demonstrated by the reduction in HBV

replicative intermediated detected by quantitative PCR at all ETV concentrations tested. In

contrast, there was reduced sensitivity to ETV by the recombinant HBV encoding the

quadruple mutant (rtI169T + rtV173L + rtL180M + rtM204V) especially at concentrations
25 upto0.5 uM ETV.

EXAMPLE 17
ETV

30 ETV (formerly BMS-200475 or SQ-34676) is a potent inhibitor of HBV replication. ETV

is an cyclopentyl deoxyguanosine analog that has bio-oral available properties with activity
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against hepadnaviruses and herpesviruses. The structure of ETV is shown in Figure 3 and

its synthesis is described by Bisacchi et al. (Bioorg. Med. Chem. Lit. 7: 127-132, 1997).

Preclinical studies indicate that entecavir is a highly potent inhibitor of HBV in enzyme-

and cell-based assays (Innaimo et al., 1997, supra; Siefer et al., 1998, supra; Yamanaka et
5 al, 1999, supra. ETV was formerly described as BMS-200475 and SQ-34676.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood
that the invention includes all such variations and modifications. The invention also
10 includes all of the steps, features, compositions and compounds referred to or indicated in
this specification, individually or collectively, and any and all combinations of any two or

more of said steps or features.
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1 reference HBV genotypes, mutations not in bold are changes from the previous sample that are present
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109%+& ()-18 109%*& ()-18 10%*& ()-18 10%#& ()-18 10%*& ()-18 10%& ()- 18
109%& ()-12tX<;/-0."  Db[TR(8 10%& ()-18 10%& ()- 1kCB8 10%#&' ()-1T8

10%4& 18 10%#& ()-18 10%#& ()-18 10%& ()- 1§, 1t X<8
8 10%5@3()]‘%?%‘9/1{%%) ()-18 10%&5&')() 18 10%&5&')() 18 10%&5&')() @5&‘/4:?& 1h-18

109%#& ()- 1t X<8 8 109%#& ()-18 10%*& ()-18 10%*& ()-18 10%#& ()-18
1094&' ()-18 10%& ()-18 109%t& ()- 1t X<8 8 10%& ()-18 10%& ()- 18
1096:€ () -18 1096#& ()-18 109%+& ()-18 10% ()-18 10%& ()-1j J*t X<8
1094&' ()-18 10%& ()-1:/-0."  b[ TR(cC<B8>°"
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10988 109%+& ()-18 109%#& ()-18 10%*& ()-18 10%*& ()-18 10%& ()- 18
109%& ()-1 _?<8 1098 109%*& ()-18 109%*& ()-18 10%*& ()-18 10%& ()- 18

1094& ' ()-1 _?<8 1098 10%& ()-18 10%& ()- 18 %0 ' ()-18
10948 8-‘%%031@%% 8-18 T09%%& ()-1 "% *-/ ?<8 1098 10%t& ( 9@%}_&%& )-18
109%+& ()-18 109%#& ()-18 10%*& ()-18 10%#& ()-1/1369; > ?<8 1098 10%& ()- 18
109%& ()-18 109%*& ()-18 109%*& ()-18 10%*& ()-18 10%*& () - 1>ADFHKM ?<8 1098
10%¢& ()-18 10%¢& ()-18 10%t& ()-18 10%g& ()-18 10%& ()-18

109%t& () - IMRTVYZ\ cC<8 1098

CLAIMS

1. An isolated HBV variant wherein said variant comprises a nucleoside mutation
in a gene encoding a DNA polymerase resulting in at least one amino acid addition,
substitution and/or deletion to said DNA polymerase and wherein said variant exhibits

decreased sensitivity to ETV and/or LMV and optionally other nucleoside analogs.

2. The isolated HBV variant of 'Claiml 1 wherein said variant.féxhibits decreased
sensitivity to ETV.
3. The isolated HBV variant of Claim 1 wherein said ‘variant exhibits decreased

sensitivity to both ETV and LMV.
4. The isolated HBV variant of any one Q/f~"'"?Clairns 1 to 3 wherein said variant

exhibits reduced interactivity to an immunolo gical reagent specific to HBsAg.

5. The isolated HBV variant of Claim 1 wherein said variant comprises a mutation
in domain F of the HBV DNA polymérase thereby conferring an altered amino acid
sequence to the sequence set forth in EOhnula I(SEQ ID NO:1):

FORMULA1

L,B,B,,D,W,G,P, C, B3,B4,H G,Bs,H,Bs, L R,B;,P,R, T,P,Bg, R, V, By, G, G, V,
F,L,V,D,K,N,P, H;N T, B, E, S,B1n, L, Bi, V,D,F, S,Q,F, S, R, G, B13,B14,B15,V,

SWPK,FA,VPNLBw,SLTNLLS*
7

/

wherein;

isLorRorl;
isEorD;



1094:& ()-18 10%4& ()-18 10%& ()-18 109%:& ()-18 10%& ()-18

109%4t& 8 NN Nzc(c)<8 1094t& ()2 )18 10;/4;08/‘& )E )1; /1 £30.1'(')%#&bE )TR(l §abeg| mcC<8 109%¢t8
109%& () - ' ()-18 10%& ()- 18 () - '()-18

109%44& 8 i&rr(o)gﬂ ? f‘fg‘f‘iﬁ,lg 1098 109%t& ()-18 10%t& ()-18 10%t& ()E(i'éAftlﬂTyﬁ?&I‘()- 18
109%+&' ()-18 10%+&()-1z| ~_?<8 1008 10%:& ()-18 10%#&' ()-18 10%4& ()-18 »
1004€ ()-18 1004& ()-18 109%& ()-1_?<8 1098 10%#& ()-18 10%& ()-18 ,
10%:& ()-18 109%#€ ()-18 10%:& ()-18 109 ()-1j N2_?<8 109& ()-18 .
109%t& ()-1:/-0." Db[TR(tX<8 18 109&& ()98 10948 ()-1:8 10%& ()-18 .

B; isTorDorAorNorY;
B4 is E or D;

Bs isEorKorQ;

B¢ isHorRorN;

B, islorT;

Bg is AorS;

By is TorR;

By isAorTorS;
B;; isRorT; /«r"f
Bi, isVorG; i

Bz isSorlorTorNorV; i

By isTorSorHorY; ﬁ,«f

Bis 1sRorHorKorQ; f,,f

Bis isQorP; ;;f

and wherein S* is designated as . "cid 74.

6. The isolated HBV vgfiant of Claim 1 wherein said variant comprises a mutation

in any one of domains A thrghgh E thereby conferring an altered amino acid sequence to the
sequence set forth in Formpdla II (SEQ ID NO:2):

FORMULA I

SZiLSWL DVSAAFYHZZPLHPAAMPHLLZ3GSSGLZ4RYVA

RLSSZ; 72621 XNZs QZo Z1o X XXZy LHZ12Z3CSRZWLYVSLZsLLY

Zy6eTZ1GZis KLHLZ9 ZyHPI1Z; LGFRK Z;PMGZ;s GLSPFLLAQFT

SAI1Z4Zys 726 Z27 Z3s RAF Zpo HC Z30 Z3) F Z3s YM DD Z33 VL G A Zsg Zss Zag Zan

HZ4EZ3g L Zao Za1 Za3 243 Z44 Zas Zag L L Z47Z4s GITHL NP Zu K TKRWGYSLN
GYZyIG



1096:& ()-18 10%:& ()-18 10%#& ()-18 1096:& ()-1tX<8 18 10%t& ()-18
10%#& ()-1;8 10%t& ()-18 10%t& () - 1§3 100/#35%2 2& (1§3 ig%;gz(yé 2& 18 ig%;g‘(yé 2& . (1; x;g
18 109%t& #& ()-1;8 10%t& ()-18 1 '

10%¢t&' ( -‘%b\]"?”t%x‘is ’/1ocy§¢2&' ()-18 10%& ()-1;/-0."  Db[TR(pT8 31%‘1%)@#821) 188
0%#&'() 18 10%#& ()-18 10%t& ()-18 10%t& ()-18 100/#&'() 18 10%t& ()-1cC88
18 108 10%t& ()-18 10%t& ()-18 10%t& ()-18 10%t& ()-18 10%t& ()-1(8

10%#& ()-1pT88 18 10%t&' ()- 198 10%t&' () 18 109%t& ()-18 10%t& ()-18

10%#&' ()- 18 61 -

wherein:

X is any amino acid;

Zy is NorD;

Z islorP;

Zs islorV;

Zy4 is SorD;

Zs is TorN;

Zs isRorN;

Zq isNorl; %_
Zg isNorYorH;
Zy isHorY;

VAT is GorR;

Z;; isDorN; I

Z;, isDorN; ‘fﬁ”

Z;3 isSorY; f |

Ziy isNorQ; -f’f

Zis isLor M, f/

Zis isKorQ; f;f

Z;; isYorF; /i

Zs isRorWw; ff ’

Ziy isYorL; 4
Zzo is Sor A; /
Zn islorV; A

Z22 islorL;
. £
Zz3 1s Vor Gy




109%+& ()-18 109%#& ()- IN2pT88 10%#& ()-1;/-0." Db[TR(8 10%#& ()- 1t X<8 18
109%& ()-1;8 109%*& ()-18 109%*& ()-18 10%*& ()-18 109%*& ()-18 10%& ()- 18

10%#&' () - 0%& ()-1;8 10%t& ()-18 10%t& ()-18 10%#&'18-718
10%t& () - ]1‘&6?8@%“(1) -18 10%t& () -1t X<8 18 10%#& ()-1; 8 10%RETAU3H0111

109%+& ()-18 109%#& ()-18 109%#& ()-18 10%*& ()-18 10%*& ()- 1N t X<8
1094& ()-1;/-0." b[TR(8 10%& ()-1t X<8 18 10%& ()-1;8 10%& ()- 18
109%¢&! () -18 10%& ()-18 10%& ()-18 10%:& ()-18 10%:& ()-1tX<8 18
109%+& ()-1;8 109%*& ()-18 10%t& ()-18 -62-

Zog isRorC;

Zyy isForP;

Z3p isLorV,;

Z3 isAorV,

Zyp isSorA;

Z33 isVorLorM;
Zas isKorR;

Zss isSorT;

Zsg isVorG;

Z37 isQorE;

Zyz isLorSorR;
Z39 isSorF;

Zyo isForY;

Z4 isTorA;

Zyp isAorS;

Z43 isVorl;

Z4y isTorC,

Zsys isNorS;

Zas | isForV,;

Zy  isSorD;

Zag isLorV;
Zy isNorQ; ;
Zso is Vor I,and

M is ammo acid 204;
and whe’r;m the first S is designated as amino acid 75.

P

e

I

f;f’}’lan altered HBsAg.
/,«f

The isolated HBV variant of Claim 5 or 6 wherein said variant further comprises



109%#& ()-18 10%t& ()-18 10%*#& ()-18 10%t& ()- 1t X<8 18 10%#& ()-1;8
109%+t& ()-18 10%t& ()-18 10%t& ()-18 10%t& ()- 18 1(();/#&' ()é1e138 0o ()-1: 8
1098 () EN L X<8,10%¢#& ()-1;/-0."  b[TR(8 10%#& ()- 1t X< '()-1;
109%#&' 8‘%@"’%@2& ()-18 10%*& ()-18 10%t& ()-18 10%t& () - BETIAABAHOIHL. 1

't X<8 18 10%t& ()-1;8 10%t& ()-18 10%*& ()-18 10%t& ()-18 10%t& ()-18
109%#& ()-18 10%#& ()- 1! "#$%&' (t X<8 18 10%t& ()-1;8 10%t& ()-18 10%t& ()-18
109%#& ()-18 10%#& ()-18 10%t& ()-18 10%t& ()-1()*1N. t'X<8 10%t& ()-1;/-0."
b[ TR(8 10%t& ()-112345678t X<8 18 10%& ?3:-1;8

/
f}f
8. The isolated HBV variant of Claim 5 or 6 or 7 wherein said variant exhibits
reduced interactivity to an immunological reagent specific to HBsAg.
9. An isolated HBV variant comprising a mutation in the nuc;lébtide sequence

encoding HBsAg resulting in an amino acid addition, substitution and/or deletion in said
HBsAg in a region corresponding to the amino acid sequence set fox/'tl{ in SEQ ID NO:1 or
SEQ ID NO:2 and wherein said variant exhibits decreased sensitiyify to ETV and/or LMV

and optionally other nucleoside analogs. .

10. The isolated HBV variant of Claim 9 where@n" said variant exhibits decreased
sensitivity to ETV,
11. The isolated HBV variant of Claim 9 wherein said variant exhibits decreased

sensitivity to both ETV and LMV.

12. The isolated HBV variant of Claim 9 wherein an antibody specific for a wild-
type HBsAg exhibits a reduced capaci’cy to neutralize said HBV variant and wherein said
HBYV variant is selected by exposure of a subject to ETV and LMV in combination or

sequential therapy.

13. The isolated HBV variant of Claim 1 or 9 comprising a mutation in the HBV
DNA polymerase sele;ctéd from spacerL97I, spacerK115R, spacerH116L, spacerL128F,
spacerS137G, spacerR139G, spacerF142S, rtY54H, rtL91I, rtA97V, rtY124H, rtH126R,
rtS135Y, rt116917,"{rtV173L, rtL180M, rtM204V, rtA21S, rtA38E, rtF122L, rtTI128N,
rtQ130P, I’tTlfSiG, rtS2021, rtH248N, rtY252L or a combination thereof or an equivalent

mutation.

&
¥
re

14.
fropd PreS1 N114D, PreS1 T1158S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V, sT118A,
J161L, sE164D, sI195M, sI208T PreS1 E86Q, PreS1 N91K, PreS2 P41H, sQ30K, sP120T,

The isolated HBV variant of Claim 1 or 9 or 13 comprising a mutation selected




109%+& ()-18 109%#& ()-18 10%*& ()-18 10%*& ()-18 10%*& ()-18 10%#& ()-189:;
<=>?t X<8 18 10%4& ()-1:8 10%& ()-18 10%& ()-18 10%& ()-18 10%& ()- 18

109%& () - ' () - 1?@\BCDEFt X<8 18 10%& ()-1;8 10%& (). 048 ()-18
109448, 8 %%%%18- 18 109%t& ()-18 109%& ()E)lFGHI N2t X<8 1%5’&#22‘%%%/‘ 0."

b[ TR(8 109%& ()- 11 JKLMNOPt X<8 18 1094& ()-1:8 10%& ()-18 10%& ()- 18
109%+& ()-18 10%*& ()-18 109%*& ()-18 10%*& ()- IPQRSTUVW X<8 18 1094& ()-1;8
109%+& ()-18 109%*& ()-18 109%*& ()-18 109%#& ()-18 109%& ()- 18

109%& () - IWKYZ[\] "t X<8 18 109%#& ()-1;8 1U94& ()-18 10%& ()- 18

sL176V, sV194F or a combination thereof or an equivalent mutation.

15. The isolated HBV variant of Claim 1 or 9 or 13 comprising a mutation selected

from sF161L, sE164D and sI195M or a combination thereof or an equivalent mutation.

16. The isolated HBV variant of Claim 1 or 9 or 13 comprising a mutation selected
from rtI169T, rtV173L, rtL180M, rtT184G, rtS2021 and rtM204V or a combination thereof

or an equivalent mutation.

17. A method for determining the potential for an HBV toy',,e)alibit reduced sensitivity
to ETV and/or LMV or optionally other nucleoside analogs: said method comprising
isolating DNA or corresponding mRNA from said HBV and screening for a mutation in the
nucleotide sequence encoding HBV DNA polymerase resulting in at least one amino acid
substitution, deletion and/or addition in any one or mofe of domains F and A through E or a
region proximal thereto of said DNA polymerase and associated with resistance or decreased
sensitivity to ETV and/or LMV wherein the preéence of such a mutation is an indication of

the likelihood of resistanc_e to said ETV anQ/Br LMV.

18. The method of Claim 17 wherein the mutation screened for is selected from
spacerL971, spacerK115R, spaCérH116L, spacerL128F, spacerS137G, spacerR139G,
spacerF142S, rtY54H, 11L91‘{I;"rtA97V, tY124H, rtH126R, rtS135Y, rtl169T, rtV173L,
rtL180M, rtM204V, rtA218, rtA38E, rtF1221, rtT128N, rtQ130P, rtT184G, rtS202l,
rtH248N, rtY252L or a cbmbination thereof or an equivalent mutation.

19. A mptﬁod for determining whether an HBV strain exhibits reduced sensitivity to
a nucleoside _aii;llog, said method comprising isolating DNA or corresponding mRNA from
said HBV; and screening for a mutation in the nucleotide sequence encoding the DNA
polyn%gfgse wherein the presence of the following mutations in the spacer region and the rt

re "6’?1: spacerL.971, spacerK115R, spacerH116L, spacerL128F, spacerS137G, spacerR139G,
/éierFMZS, rtY54H, rtL911, rtA97V, rtY124H, rtHI126R, rtS135Y, rtl169T, rtV173L,




109%+& ()-18 109%*& ()-18 109%#& ()-18 10%#& ()-1”_"jN t X<8 10%#& ()-1;/-0."
b[TR(8()10%¢&' 0) - 1j §<|) Mopqt X<8 18 10%& ()-1;8 10%:& ()-18 10%& ()-18
1096& ()-\;g %gg}ﬁ, ()-18 10%& ()-18 109& ()-1qrstuvaxt X<8 18 109%& ()-1;8
109%+& ()-18 1 ()-18 10%:& ()-18 10%:& ()-18 10%:& ()- 1’ .

10948 () - 1xyz{|}~t X<8 18 10%:& ()-1;8 10%& ()-18 10%& ()-18 10%& ()-18
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rtL180M, rtM204V, rtA21S, rtA3SE, rtF122L, rtT128N, rtQ130P, rtT184G, rtS202,
rtH248N, rtY252L or combinations thereof or an equivalent one or more other mutation is
indicative of a variant wherein said variant exhibits a decreased sensitivity to ETV and/or

LMV and optionally other nucleoside analogs.

20. The method of Claim 19 wherein the mutation screened for is selected from
1t1169T, rtV173, rtL180M, rtT184G, rtS202I and rtM204V or a combination thereof or an

equivalent mutation.

21. A method for determining whether an HBV strain e)ghii)its reduced sensitivity to
a nucleoside analog, said method comprising isolating DNAfor/ corresponding mRNA from
said HBV and screening for a mutation in the nucleo’gi_dé sequence encoding the DNA
polymerase wherein the presence of the following mu}at{ons in the B or C domain of the rt
region: rtl169T, rtV173L, rtL180M, rtT184G, 1tS2021, rtM204V or combinations thereof or
an equivalent one or more other mutation is igdiative of a variant wherein said variant

exhibits a decreased sensitivity to ETV and/o;J.’iMV and optionally other nucleoside analogs.

22. A method for detecting anfa'gent which exhibits inhibitory activity to an HBV,

exhibiting resistance or decreased seyﬁitiWW to ETV and/or LMV, said method comprising:

generating a gengfic construct comprising a replication competent-effective

tested;

culturing said cells for a time and under conditions sufficient for the HBV to
repligate, express genetic sequences and/or assemble and/or release virus or virus-like

icles if resistant to said agent; and
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subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral-
component-detection means to determine whether or not the virus has replicated, expressed

genetic material and/or assembled and/or been released in the presence of said agent.

23. A method for detecting an agent which exhibits inhibitory activity to an HBV,

exhibiting resistance or decreased sensitivity to ETV and/or LMV, said method comprising:

generating a genetic construct comprising a replication competent-effective
amount of the genome from said HBV co_ntained in or fused to an amount of a baculovirus

genome effective to infect cells and then infecting said cells with said construct;

contacting said cells, before, during and/or after infection, with the agent to be

tested;

culturing said cells for a time g.nd under conditions sufficient for the HBV to
replicate, express genetic sequences and/or assemble and/or release virus or virus-like
particles if resistant to said agent; and””
subjecting the cellsj‘l cell lysates or culture supernatant fluid to viral- or viral-
rd
component-detection means to determine whether or not the virus has replicated, expressed

genetic material and/or assembled and/or been released in the presence of said agent.

24. A method for detecting an agent which exhibits inhibitory activity to an HBV,

exhibiting resjétance or decreased sensitivity to ETV and/or LMV, said method comprising:

generating a genetic construct comprising a replication competent-effective
t of the genome from said HBV contained in or fused to an amount of a baculovirus

enome effective to infect cells and then infecting said cells with said construct;
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contacting said cells, before, during and/or after infection, with the agent to be
tested;

culturing said cells for a time and under conditions sufficient for the HBV to
replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and

subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral-
component-detection means to determine whether or not the virus has replicated, expressed

genetic material and/or assembled and/or been released in the presence of said agent.

25. The method of Claims 22 or 23 or 24 whérein the HBV genomé is stably

integrated into the cells’ genome.

26. A vaccine comprising an antigenic component of the HBV variant of any one of

Claims 1 to 16 or an antibody thereto.

27. The vaccine of Claim 26 wherein the antigenic component is an HBsAg or PreS1
or PreS2. |

28. ~ The vaccine of Claim 26 wherein the antigenic component is a defective HBV
variant. |

29. The yéécme of Claim 26 comprising an antibody to HBsAg or PreS1 or PreS2.
30. ;’f& computer product for assessing the likely usefulness of a viral variant or

sample comprising same for determining an appropriate therapeutic protocol in a

subjéct, said product comprising:
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(1)  code that receives as input Iys for at least two features associated with‘.
said viral agents or biological sample comprising same, wherein said

features are selected from:

® the ability to exhibit resistance for reduced sensitivity to a
particular compound or immunological agent;

(2)  analtered DNA polymerase from wild-type HBV;

(h)  an altered surface antigen from wild-type HBV, or

@) morbidity or recovery potential of a patlent

)] altered replication capacity (xncreased or decreased);

(2)  code that adds said Iys to provide a sum corresponding to a Py for said

viral variants or biological samples; and
(3)  acomputer readable medium that stores the codes.

31. A computer for assessing the Iikely usefulness of a viral variant or biological

sample comprising same in a subject, wherein said computer comprises:

1N a machine-readable data storage medium comprising a data storage
material eng,oded with machine-readable data, wherein said machine-
readable data comprise Iys for at least two features associated with said
viral vanant or blologlcal sample; wherein said features are selected

ﬁom -

¢'
&
&

rf"{(a) the ability to exhibit resistance for reduced sensitivity to a particular

/ | compound or immunological agent;
# (b) an altered DNA polymerase from wild-type HBV;
/ (c) an altered surface antigen from wild-type HBV; or

(d) morbidity or recovery potential of a patient;
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(e) altered replication capacity (increased or decreased);

(2)  a working memory for storing instructions for processing said machine-

readable data;

3) a central-processing unit coupled to said working memory and to said
machine-readable data storage medium, for processing said machine
readable data to provide a sum of said Iys corresponding to a Py for said

compound(s); and

4) an output hardware coupled to said cenugl processing unit, for receiving
said Pv.

32. A composition comprising an agent capablé of directly or indirectly inhibiting an
HBYV variant as defined in any one of Claims 1 to 16, said composition further comprising

one or more phannaceutlcally acceptable camers and/or diluents.

33. The composition of Claim 32 wherein the agent is a recombinant protein from
said HBV variant. |
34, The compos1t1on of Claun 33 wherein the recombinant protein is HBsAg or

PreSl or PreS2.

P
&

35. The composmon of Claim 32 wherem the agent is capable of inhibiting an HBV
variant polymerase,
i’fr‘w’
/
36. }he composition of Claim 35 wherein the agent is identified by natural product

screenin pr rational drug design.

The composition of Claim 32 wherein the agent is a defective HBV variant.
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38. The composition of Claim 32 wherein the agent is an antibody directed to an
HBV compound. P

— s
39, The co #1061 of Claim 32 wherein the agent is a ribozyme, antisense

or sense molecule relative to an HBV gene.
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. CLAIMS

1. An isolated HBV variant wherein said variant comprises a nucleoside mutation
in a gene encoding a DNA polymerase resulting in at least one amino acid
addition, substitution and/or deletion to said DNA polymerase and wherein
said variant exhibits decreased sensitivity to ETV and/or LMV and optionally
other nucleoside analogs wherein the mutation in the DNA polymerase is
selected from spacerL971, spacerK115R, spacerH116L, spacerLL128F,
spacerS137G, spacerR139G, spacerF1428, rtYS4H, rtL911, rtA97V, rtY124H,
rtH126R, rtS135Y, rtl169T, rtM250V, rtV173L, rtL180M, rtM204V, ntA218S,
rtA38E, rtF122L, rtT128N, rtQ130P, rtT184G, rtS2021, rtH248N, rtY252L or a
combination thereof or an equivalent mutation with the proviso that where the
HBV variant is resistant to LMV alone, then the mutation is not tV173L,
rtL180M or rtM204V.

2. The isolated HBV variant of Claim 1 wherein the mutation in the DNA
polymerase is selected from rtI169T, rtV173L, rtL180M, rtT184G, rtS2021,

rtM204V and rtM250V or a combination thereof or an equivalent mutation.

3. An isolated HBV variant wherein said variant comprises a nucleoside mutation
in a gene encoding a surface mutation resulting in at least one amino acid
addition, substitution and/or deletion to said surface antigen and wherein said
variant exhibits decreased sensitivity to ETV and/or LMV and optionally other
nucleoside analogs wherein the mutation in the surface antigen is selected from
PreS1 N114D, PreS1 T115S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V,
sT118A, s161L, sE164D, sI195M, sI208T PreS1 E86Q, PreS1 N91K, PreS2
P41H, sQ30K, sP120T, sL176V, sV194F or a combination thereof or an

equivalent mutation.

4, The isolated HBV variant of Claim 3 wherein the mutation in the surface

antigen is selected from sF161L, sE164D and sI195M or a combination thereof

AMENDED SHEET
IPEA/AU
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or an equivalent mutation.

5. The isolated HBV variant of Claim 1 or 2 or 3 or 4 wherein said variant

exhibits decreased sensitivity to ETV.

6. The isolated HBV variant of Claim 1 or 2 or 3 or 4 wherein said variant
exhibits decreased sensitivity to both ETV and LMV,

7. The isolated HBV variant of any one of Claims 1 to 6 wherein said variant

exhibits reduced interactivity to an immunological reagent specific to HBsAg.

8. The isolated HBV variant of Claim 1 or 2 wherein said variant further
comprises an altered HBsAg.

9. The isolated HBV variant of any one of Claims 1 to 8 wherein said variant

exhibits reduced interactivity to an immunological reagent specific to HBsAg.

10. An isolated HBV variant comprising a mutation in the nucleotide sequence
encoding HBsAg resulting in an amino acid addition, substitution and/or deletion in said
HBsAg and wherein said variant exhibits decreased sensitivity to ETV and/or LMV and
optionally other nucleoside analogs, wherein said mutation is selected from PreS1 N1 14D,
PreS1 T1158S, PreS2 F22L, PreS2 V39A, PreS2 P52L, sL89V, sT118A, sl61L, sE164D,
sI195M, sI208T PreS1 E86Q, PreS1 N9IK, PreS2 P41H, sQ30K, sP120T, sL176V,

sV194F or a combination thereof or an equivalent mutation.

11. The isolated HBV variant of Claim 1 wherein the mutation is selected from

sF161L, sE164D and s1195M or a combination thereof or an equivalent mutation.

12. The isolated HBV variant of Claim 10 or 11 wherein said variant exhibits

decreased sensitivity to ETV.
13. The isolated HBV variant of Claim 10 or 11 wherein said variant exhibits

AMENDED SHEET
IPEA/AU
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decreased sensitivity to both ETV and LMV.

14. The isolated HBV variant of Claim 10 or 11 wherein an antibody specific for a
wild-type HBsAg exhibits a reduced capacity to neutralize said HBV variant and wherein
said HBV variant is selected by exposure of a subject to ETV and LMV in combination or

sequential therapy.

15. A method for determining the potential for an HBV to exhibit reduced
sensitivity to ETV and/or LMV or optionally other nucleoside analogs, said method
comprising isolating DNA or corresponding mRNA from said HBV and screening for a
mutation in the nucleotide sequence encoding HBV DNA polymerase resulting in at least
one amino acid substitution, deletion and/or addition in any one or more of domains F and
A through E or a region proximal thereto of said DNA polymerase and associated with
resistance or decreased sensitivity to ETV and/or LMV wherein the presence of such a
mutation is an indication of the likelihood of resistance to said ETV and/or LMV wherein
the mutation is selected from spacerL97I, spacerK115R, spacerH116L, spacerL128F,
spacerS137G, spacerR139G, spacerF142S, rtY54H, rtL911, rtA97V, rtY124H, rtH126R,
ntS135Y, rtl169T, rtM250V, rtV173L, rtL180M, rtM204V, rtA21S, rtA38E, rtF122L,
rtT128N, rtQ130P, rtT184G, rtS2021, rtH248N, rtY252L or a combination thereof or an
equivalent mutation with the proviso that where the HBV variant is resistant to LMV

alone, then the mutation is not rtV173L, rtL180M or rtM204V.

16. The method of Claim 15 LMV wherein the mutation is selected from rtl 169T,
rtVI73L, rtL180M, rtT184G, rtS2021I rtM204V and rtM250V or a combination thereof or

an equivalent mutation.

17. A method for determining the potential for an HBV to exhibit reduced
sensitivity to ETV and/or LMV or optionally other nucleoside analogs, said method
comprising isolating DNA or corresponding mRNA from said HBV and screening for a
mutation in the nucleotide sequence encoding HBV surface antigen resulting in at least one

amino acid substitution, deletion and/or addition in any one or more of domains F and A

AMENDED SHEET
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through E or a region proximal thereto of said surface antigen and associated with
resistance or decreased sensitivity to ETV and/or LMV wherein the presence of such a
mutation is an indication of the likelihood of resistance to said ETV and/or LMV wherein
the mutation is selected from PreS1 N114D, PreSl T115S, PreS2 F22L, PreS2 V39A,
PreS2 P52L, sL89V, sT118A, s161L, sE164D, s1195M, sI208T PreS1 E86Q, PreS1 N91K,
PreS2 P41H, sQ30K, sP120T, sL176V, sV194F or a combination thereof or an equivalent

mutation.

18. The method of Claim 17 wherein said mutation is selected from sF161L,

sE164D and sI195M or a combination thereof or an equivalent mutation.

19. A method for detecting an agent which exhibits inhibitory activity to an HBV,
exhibiting resistance or decreased sensitivity to ETV and/or LMV wherein the HBV
variant comprises a mutation in a DNA polymerase selected from spacerL971,
spacerK115R, spacerH116L, spacerL128F, spacerS137G, spacerR139G, spacerF1428S,
rtY54H, rtL91l, rtA97V, rtY124H, rtHI126R, rtS135Y, rtI169T, rtM250V, rtV173L,
rtL180M, rtM204V, rtA21S, rtA38E, rtF122L, rtT128N, rtQ130P, rtT184G, rtS202],
rtH248N, rtY252L or a combination thereof or an equivalent mutation with the proviso
that where the HBV variant is resistant to LMV alone, then the mutation is not rtV173L,
rtL 180M or tM204V, said method comprising:

generating a genetic construct comprising a replication competent-effective
amount of the genome from said HBV contained in a plasmid vector and then transfecting

said cells with said construct;

contacting said cells, before, during and/or after transfection, with the agent to

be tested;

culturing said cells for a time and under conditions sufficient for the HBV to
replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and

AMENDED SHEET
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20. A method for detecting an agent which exhibits inhibitory activity to an HBV,
exhibiting resistance or decreased sensitivity to ETV and/or LMV wherein the HBV
variant comprises a mutation in a DNA polymerase selected from spacerL97],
spacerK115R, spacerH116L, spacerL128F, spacerS137G, spacerR139G, spacerF142S,
rtY54H, rtL91l, ntA97V, rtY124H, rtHI126R, rtS135Y, rtI169T, rtM250V, rtV173L,
rtL180M, rtM204V, rtA21S, rtA38E, rtF122L, rtT128N, rtQ130P, rtT184G, rtS202I,
rtH248N, rtY252L or a combination thereof or an equivalent mutation with the proviso
that where the HBV variant is resistant to LMV alone, then the mutation is not rtV173L,
rtL180M or tM204V, said method comprising:

generating a genetic construct comprising a replication competent-effective
amount of the genbme from said HBV contained in or fused to an amount of a baculovirus

genome effective to infect cells and then infecting said cells with said construct;

contacting said cells, before, during and/or after infection, with the agent to be

tested;

culturing said cells for a time and under conditions sufficient for the HBV to
replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and

subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral-
component-detection means to determine whether or not the virus has replicated, expressed

genetic material and/or assembled and/or been released in the presence of said agent.
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generating a genetic construct comprising a replication competent-effective

amount of the genome from said HBV contained in or fused to an amount of a baculovirus

genome effective to infect cells and then infecting said cells with said construct;

contacting said cells, before, during and/or after infection, with the agent to be
tested;

culturing said cells for a time and under conditions sufficient for the HBV to
replicate, express genetic sequences and/or assemble and/or release virus or virus-like

particles if resistant to said agent; and

subjecting the cells, cell lysates or culture supernatant fluid to viral- or viral-
component-detection means to determine whether or not the virus has replicated, expressed

genetic material and/or assembled and/or been released in the presence of said agent.

22. The method of Claims 19 or 20 or 21 wherein the HBV genome is stably

integrated into the cells’ genome.

23. A vaccine comprising an antigenic component of the HBV variant of any one

of Claims 1 to 14 or an antibody thereto.
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¢)) code that receives as input Iys:

(a) an altered DNA polymerase from wild-type HBV selected from
spacerL971,  spacerK115R, spacerH116L, spacerL128F,
spacerS137G, spacerR139G, spacerF142S, rtYS4H, rtL9ll,
rtA97V, rntY124H, rtH126R, rtS135Y, rtl169T, rtM250V,
rtV173L, rtL180M, rtM204V, rtA21S, rtA38E, rntFl122L,
rtT128N, rtQ130P, rtT184G, rtS202I, rtH248N, rtY252L or a
combination thereof or an equivalent mutation and rtl169T,
rtV173L, ntL180M, rtT184G, rtS2021 and rtM204V or a
combination thereof or an equivalent mutation; and

(b)  an altered surface antigen from wild-type HBV selected from
PreS1 N114D, PreS1 T115S, PreS2 F22L, PreS2 V39A, PreS2
P52L, sL89V, sT118A, s161L, sE164D, sI195M, sI208T PreS]
E86Q, PreS1 NO9IK, PreS2 P41H, sQ30K, sP120T, sL176V,
sV194F or a combination thereof or an equivalent mutation and
sF161L, sE164D and sI195M or a combination thereof or an

equivalent mutation;
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spacerL97],  spacerK115R, spacerHI16L, spacerL128F,
spacerS137G, spacerR139G, spacerF142S, rtYS4H, rtL91l,
rtA97V, rtY124H, rtH126R, rtS135Y, rtI169T, rtM250V,
rtV173L, rtL180M, rtM204V, rtA21S, rtA38E, rtF122L,
rtT128N, rtQ130P, rtT184G, rtS202I, rtH248N, rtY252L or a
combination thereof or an equivalent mutation and rtl169T,
rtV173L, rtL180M, rtT184G, rtS2021 and rtM204V or a
combination thereof or an equivalent mutation; and

(b)  an altered surface antigen from wild-type HBV selected from
PreS1 N114D, PreS1 T115S, PreS2 F22L, PreS2 V39A, PreS2
P52L, sL89V, sT118A, s161L, sE164D, s1195M, sI208T PreS1
E86Q, PreS1 NOIK, PreS2 P41H, sQ30K, sP120T, sL176V,
sV194F or a combination thereof or an equivalent mutation and
sF161L, sE164D and sI195M or a combination thereof or an

equivalent mutation;
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30. The composition of Claim 29 wherein the agent is a recombinant protein from
said HBV variant.
31. The composition of Claim 30 wherein the recombinant protein is HBsAg or

PreS1 or PreS2.

32. The composition of Claim 29 wherein the agent is capable of inhibiting an HBV

variant polymerase.

33. The composition of Claim 32 wherein the agent is identified by natural product

screening or rational drug design.

34. The composition of Claim 29 wherein the agent is a defective HBV variant.
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" #$%& () * 36- THOIGHBBMR% T Faitn 29 wherein the agent is a ribozyme, antisense molecule or

sense molecule relative to an HBV gene.
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