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VIRAL VARIANTS 

FIELD OF THE INVENTION 

5 The present invention relates generally to virill variants exhibiting reduced sensitivity to 

particular agents and/or reduced interactiVitY with immllllological reagents. More particularly, 

the present invention is directed to hepatitis B virus variants exhibiting complete or partial 

resistance to nucleoside analogues and/or reduced interactivity with antibodies to viral smface 

components including reduced sensitivity. The present invention further contemplates assays 

10 for detecting such vital variants which assays are useful in monitoring anti-viral therapeutic 

regimes and in developing new or modified vaccines directed against viral agents and in 

particular hepatitis B virus variants. 

15 

BACKGROUND OF THE INVENTION 

Bibliographic details of the publications numerically referred to in this specification are 

collected at the end of the description. 

Specific mutations in an amino acid sequence are represented herein as "Xaa1nXaai" where Xaa1 

20 is the original amino acid residue befote mutation, n is the residue number and Xaai is the 

mutant amino acid. The abbreviation 11X8a" may be the three letter or single letter (i.e. "X") 

code. The amino acid residues for Hepatitis B virus DNA polymerase are numbered with the 

residue methionine in the motifTyr Met Asp Asp (YMDD) being residue number 550. 

25 Hepatitis B virus (HBV) can cause debiliunmg disease conditions and can lead to acute liver 

failure. HBV is a DNA virus which repticktes via an RNA intermediate and utilizes reverse 

transcription in its replication strategy (1 }; The HBV genome is of a complex nature having a 

partially double stranded DNA structare With overlapping open reading frames encoding 

surface, core, polymerase and X genes. the complex nature of the HBV genome is represented 

30 in Figure 1. 
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The presence of an HBV DNA polymerase has led to the proposition that nucleoside analogues 

could act as effective anti-viral agents. Examples of nucleoside analogues currently being tested 

are penciclovir and its oral form famciclovir (2, 3, 4, 5), lamivudine (6,7). Adefovir has been 

shown to have effective anti-HBVactivity in vitro. Generally, such nucleotide analogues are 

5 used in conjunction with Hepatitis B imm.unoglobulin (HBIG) therapy. There is potential for 

such agents to be used in the treatment of chronic HBV infection. 

Penciclovir has been shown to have potent inhibitory activity against duck HBV DNA synthesis 

in vitro and has been shown to inhibit HBV DNA polymerase-reverse transcriptase activity in 

10 vitro (8,9). Similarly, oral famiciclovir has been demonstrated to inhibit intra-hepatic replication 

of duck HBV virus in vivo ( 10). In man, famciclovir has been shown to reduce HBV DNA 

replication in a patient with severe hepatitis B following orthotopic liver transplantation (OLT) 

(11). 

15 In work leading up to the present invention, nucleoside analogue antiviral therapy was used to 

control severe post-OLT recurrence ofHBV infection (12). Long tenn therapy is mandatory 

where patients are immunosuppressed and the rate of HBV replication is very high. However, 

under such conditions, as with any long term chemotherapy of infectious agents, there is a 

potential for development of resistance or reduced sensitivity to the therapeutic agents 

20 employed. In addition, some patients do not respond to famciclovir pre-OLT. This may be due 

to patients not metabolising famciclovir or patients infected with a famciclovir-resistant HBV 

variant 

In accordance with the present invention, the inventors have identified variants ofHBV with 

25 mutations in the HBV DNA polymerase gene which to varying extents reduce the sensitivity of 

HBV to nucleoside analogues. The identification of these HBV variants is important for the 

development of assays to monitor nucleoside analogue therapeutic regimes and to screen for 

agents which can mask the effects of the mutation, i.e. in the development of new vaccines. In 

addition, since the HBV genome comprises a series of overlapping open reading frames, a 

30 nucleotide mutation in one open reading frame can affect translation products in another open 

reading frame. In further accordance with the present invention, the inventors have observed 
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mutations which reduce the interactivity of immunological reagents, such as antibodies and 

immune cells, to viral surface components..Such viral variants are referred to herein as nescape 

mutants" since they potentially escape existing immunological memory. 
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SUMMARY OF THE INVENTION 

Throughout this specification, unless the context requires otherwise, the word "comprise", or 

variations such as "comprises" or "comprising", will be understood to imply the inclusion of 

5 a stated element or integer or group of elements or integers but not the exclusion of any other 

element or integer or group of elements or integers. 

10 

15 

20 

25 

30 

Nucleotide and amino acid sequences are referred to by a sequence identifier, i.e. <400> 1, 

<400>2, etc. A sequence listing is provided after the claims. 

One aspect of the present invention is directed to a variant of an isolated DNA virus which 

replicates via an RNA intennediate wherein said variant comprises a nucleotide mutation in a 

gene encoding a DNA polymerase resulting in at least one amino acid addition, substitution 

and/or deletion to said DNA polymerase. 

Another aspect of the present invention provides a variant of an isolated DNA virus which 

replicates via an RNA intennediate wherein said variant comprises a nu~leotide mutation in a 

gene encoding a viral surface component resulting in at least one amino acid addition, 

substitution and/or deletion in said viral surface component. 

Still a :further aspect of the present invention is directed to a variant of an isolated DNA virus 

which replicates via an RNA intermediate at least wherein said variant comprises a nucleotide 

mutation in an overlapping portion of at least two open reading frames resulting in an amino 

acid addition, substitution and/or deletion to translation products of said open reading frames. 

Still yet a further aspect of the present invention provides 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 forth in Formula I: 
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FORMULA I 

S~LSWLSLDVSAAFYHZiPLHPAAMPHLL~GSSGLZRYVAR 

LS SZ5 SZ6 Z7 XN ZsQZ9 Z10 XXXZ11 L HZ12 Z13 CS RZ14 L YV S LZ15 L LY Z16 T 

5 Z17 G Z18 KL H L 2 19 Z20 HP I Z21 L G FR K Z22 PM G Z23 G L SPF L LA Q FT SA I Z24 

Zis Z26 Zi1 Z28 RAF Z19 H C Z30 Z31 F Z32 Y M• DD Z33 V LG A Z34Z35 Z36Z37 H Z31 E Z39L 

Z40 Z41 Z42 Z43 Z44 Z45 Z46 LLZ47Z48 GIHLNP Z49 K TKR WGY SL NFM GY Z50 IG 

wherein: 

10 

x is any amino acid; 

z, isN orD; 

Z2 is I orP; 

~ isiorV; 

15 Z4 is S orD; 

Zs isTorN; 

z6 isRorN; 

~ isNorl; 

Za isNorYorH; 

20 Z9 isH orY; 

Z,o is G orR; 

Zu isD orN; 

Z12 isD orN; 

Zr3 is S orY; 

25 z,4 isN or Q; 

Z,s isL orM; 

z,6 is KorQ; 

Z11 is YorF; 

z,s is RorW; 

30 Z19 is Yor L; 

Z20 isSorA; 
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Z21 is I orV; 

Z22 is I or L; 

Z23 is VorG; 

Z24 isCorL; 

5 ~ is A or S; 

~6 is V orM; 

~7 is V orT; 

Zzs is RorC; 

Z29 is F orP; 

10 Z30 isLorV; 

Z31 isAorV; 

Z32 isSorA; 

Z33 isVorLorM; 

~ isKorR; 

lS ~s is S orT; 

~6 isVorG; 

~7 is Q orE; 

~8 isLorSorR; 

Z39 is S orF; 

20 Z40 is F orY; 

Z41 is Tor A; 

Z42 is A or S; 

Z43 is Yori; 

Z44 is TorC; 

25 Z4s is Nor S; 

z46 isForV; 

Z41 is S orD; 

Z43 isLorV; 

Z49 isN orQ; 

30 Zso is VorI; and 

M* is amino acid 550 
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provided said mutation is not in the YMDD motif of the C domain alone, and wherein said 

variant exhibits decreased sensitivity to ~ nucleoside analogue. 

Another aspect of the present invention contemplates an HBV variant comprising a mutation 

5 in the nucleotide sequence encoding a viral surface component resulting in an amino acid 

addition, substitution and/or deletion in said viral surface component in a region corresponding 

to the amino acid sequence set forth in Fonnula I wherein said variant exhibits decreased 

interactivity of immunological reagents to said viral surface component. 

10 Yet another aspect of the present invention provides an HBV variant comprising a mutation in 

the nucleotide sequence encoding a vital surface component resulting in an amino acid addition, 

substitution and/or addition in said viral surface component in ·a region defined by amino acids 

67-226 of the HBV surface antigen or functionally equivalent region wherein said variant 

exhibits decreased interactivity of immunological reagents to said viral surface component. 

15 

Still another aspect of the present invention provides an HBV variant comprising a mutation in 

an overlapping open reading frame in its genome wherein said mutation is in a region defined 

by one or more of domains F and A through E ofHBV DNA polymerase provided that it is not 

in the YMDD motif of the C domain alone; and in the overlapping region corresponding to 

20 amino acids 67·226 of HBV surface antigen; and wherein said variant exhibits decreased 

sensitivity to a nuc.Ieotide analogue and eXhibits decreased interactivity to immunological 

reagents specific to HBV surface antigens. 

Still yet another aspect of the present invention contemplates a method for determining the 

25 potential for an HBV to exhibit reduced sensitivity to a nucleoside analogue, 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 wherein the presence of such 

30 a mutation is an indication of the likelihood of resistance to said nucleoside analogue. 
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Even still another aspect of the present invention provides a method for determining the 

potential for an HBV to exhibit reduced interactivity to antibody to HBV surface antigen, 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 

5 amino acid substitution, deletion and/or addition in amino acids 67 to 226 of said surface 

antigen or a region proximal thereto of said surface antigen wherein the presence of such a 

mutation is an indication of the likelihood of reducing interactivity of said antibodies to said 

mutated surface antigen. 

I 0 Another aspect of the present invention contemplates method for determining whether an HBV 

isolate encodes a variant DNA polymerase, said method comprising determining the amino acid 

sequence of its DNA polymerase directly or via a nucleotide sequence and comparing same to 

the amino acid sequence below: 

15 FORMULA I 

S~LSWLSLDVSAAFYHZiPLHPAAMPHLL~GSSGL~RYVAR 

LS S Z5 S Z6 Z7 X N Zi Q Z9 Z10 XX X Z11 L H Z12 Z13 CS R Z14 LY VS L Z15 LL Y Z16 T 

Z17 G Z,8 KL HL Z19 Z20 H PI Z21 LG FRKZ22 P MG Z23 G LS PF L LA Q FTSAI Z24 

20 Z25 Zi6 Z27 Z28 RAF Z29 H C Z30 Z31 F Z32 Y M* DD Z33 V LG A Z34 Z35 Z36 Z37 H Z38 E Z39 L 

Z40 Z41 Z42 Z43 Z44 Z45 ~LLZ47Z48 G IHLNP Z49 K TKR WG Y S LN F MGYZs0 1G 

wherein: 

25 x is any amino acid; 

z, isN orD; 

Zi is I orP; 

Z3 isiorV; 

z4 is S orD; 

30 Zs isTorN; 

z6 isRorN; 
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Z1 is Nor I; 

Zs isN orYorH; 

Z9 isH orY; 

Z10 isGorR; 

5 Z11 is D orN; 

Z12 isDorN; 

Z13 is S orY; 

z,4 is N orQ; 

Z1s isLorM; 

10 Z16 isKorQ; 

Z11 is YorF; 

Zia isRorW; 

z,, isYorL; 

Z20 is Sor A; 

15 ~I is I orV; 

~2 is I orL; 

~ isVorG; 

Z24 isCorL; 

Z2s is Aor S; 

20 Z26 is VorM; 

Z21 is VorT; 

Z2s isRorC; 

Z29 is F orP; 

Z30 is L orV; 

25 Z31 isAorV; 

Z32 isSorA; 

Z33 isVorLorM; 

Z34 isKorR; 

Z3s Is S orT; 

30 z36 is VorG; 

Z31 is Q orE; 
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z38 isLorSorR; 

Z39 is Sor F; 

Z40 is F orY; 

Z41 isTorA; 

Z42 is A orS; 

Z43 is VorI; 

Z44 is T orC; 

Z4s isN orS; 

z46 isForV; 

Z41 is S orD; 

Z4s is L orV; 

Z49 isN orQ; 

Zso is Vor I; and 

~ is amino acid 550. 

Yet another aspect of the present invention is directed to an isolated variant HBV smface 

antigen or a recombinant or derivative form thereof or a chemical equivalent thereof wherein 

said surface antigen or its recombinant or derivative form or its chemical equivalent exhibits an 

altered immunological profile compared to a surface antigen from a reference HBV. 

Still another aspect of the present invention provides an HBV vaccine containing one or more 

HBV variants carrying mutations which alter the surface antigen (not including G 145R). 

Yet another aspect of the present invention provides a composition comprising a variant HBV 

25 or an HBV surface antigen from said variant HBV or a recombinant or derivative form thereof 

or its chemical equivalent and one or more pharmaceutically acceptable carriers or diluents. 

Still yet another aspect of the present invention provides a use of a variant of an isolated DNA 

virus which replicates via an RNA intermediate wherein said variant comprises a nucleotide 

30 mutation in a gene encoding a DNA polymerase resulting in at least one amino acid addition, 

substitution and/or deletion to said DNA polymerase in the manufacture of a medicament for 
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the treatment and/or prophylaxis of hepatitis. 

Even still yet another aspect of the present invention provides a use of a variant of an isolated 

DNA virus which replicates via an RNA intennediate wherein said variant comprises a 

5 nucleotide mutation in a gene encoding a viral surface component resulting in at least one amino 

acid addition, substitution and/or deletion in said viral surface component in the manufacture 

of a medicament for the treatment and/or prophylaxis of hepatitis. 

Another aspect of the present invention prt>vides a use of a variant of an isolated DNA virus 

10 which replicates via an RNA intermediate wherein said variant comprises a nucleotide mutation 

in an overlapping portion of at least two open reading frames resulting in an amino acid 

addition, substitution and/or deletion to translation products of said open reading frames in the 

manufacture of a medicament for the treatment and/or prophylaxis of hepatitis. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a diagrammatic representation showing the partially double stranded DNA HBV 

genome showing the overlapping open reading frames encoding surface (S), core (C), 

5 polymerase (P) and X gene. 

10 

Figure 2 is a representation showing conserved regions of domain A to E (widerlined) ofHBV. 

M in YMDD is designated amino acid number 550. * indicates greater than three amino acid 

possibilities at this position of the consensus sequence. 
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DETAILED DESCRIPTION OF TH£ PREFERRED EMBODIMENTS 

Accordingly, one aspect of the present mvention is directed to a variant of an isolated DNA 

virus which replicates via an RNA intemiediate wherein said variant comprises a nucleotide 

5 mutation in a gene encoding a DNA polyhlerase resulting in at least one amino acid addition, 

substitution and/or deletion to said DNA j;olymerase. 

Another aspect of the present invention proVides a variant of an isolated DNA virus which 

replicates via an RNA intermediate wherem skid variant comprises a nucleotide mutation in a 

I 0 gene encoding a viral surface component resulting in at least one amino acid addition, 

substitution and/or deletion in said viral sufface component. 

Still a further aspect of the present invention is directed to a variant of an isolated DNA virus 

which replicates via an RNA intennediate at least wherein said variant comprises a nucleotide 

15 mutation in an overlapping portion of at least two open reading frames resulting in an amino 

acid addition, substitution and/or deletion to translation products of said open reading :frames. 

Preferably, the DNA virus is a hepatitis virtis or a related virus and is most preferably HBV. 

20 A "related virus" in accordance with the present invention is one related at the genetic, 

immunological, epidemiological and/or biochemical levels. 

25 

Preferably, the mutation in the DNA polytn~e results in decreased sensitivity of the HBV to 

a nucleoside analogue. 

PreferabJy, the mutation in the viral surface component reduces the interactivity of 

immunological reagents such as antibodies and immune cells to the viral surface component. 

Most preferably, the viral surface component is a viral surface antigen. The reduction in the 

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

30 absence of immunological memory to recognize or substantially recognize the viral surface 

component. 
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A viral variant may, in accordance with a preferred aspect of the present invention, carry 

mutation only in the DNA polymerase or the surface antigen or may carry a mutation in both 

molecules. The term ''mutation" is to be read in its broadest context and includes a silent 

mutation not substantially affecting the nonnal function of the DNA polymerase or surface 

5 antigen or may be an active mutation having the effect of selection of nucleoside analogue 

resistance or an escape mutant phenotype. Where multiple mutations occur in accordance with 

the present invention or where multiple phenotypes result from a single mutation, at least one 

mutation must be active or the virus must exhibit at least one altered phenotype such as 

nucleoside analogue resistance or reduced immunological interactivity to the surface antigen. 

10 

Regions of the HBV polymerase show amino acid similarity with other RNA-dependent DNA 

polymerases and RNA-dependent polymerases (13). The present invention extends to all 

domains of the HBV DNA polymerase and in particular regions F and A through E. In this 

specification, reference is particularly made to the conserved regions defined by Poch et al. (13) 

15 as domains A to E (see also reference 18). Regions A to E are defined by the amino acid 

sequence set forth in Formula I below: 

FORMULA I 

20 SZ1 LSWLS LDVSAAFYHZ:?PLHPAAMPHLL~ GSSGLZ4 R YV AR 

LS S Zs S Z6 Z, X N Z8 Q ~ Z 10 XXXZ11 L H Z 12 Z 13 C S R Z 14 LY VS L Zis LL Y Z 16 T 

Z17 G Z18 KLHL Z 19 Z20 HP I Z21 LG FRKZ22 P MG Z 23 G LS PF LL A Q FT S AIZ 24 

Zis Z26 Z27 Z28 RAF Z29 H C Z30 Z31 F Z32 YM• DD Z 33 VL G AZ34Z 35 Z 36Z 37 HZ38 E Z39 L 

Z40 Z41 Z42 Z43 Z44 Z45 Z46 LLZ47 Z48 GIHLNP Z49 K TKR WGY SL NF M GY Z50 1G 

25 

wherein: 

x is any amino acid; 

z, is N orD; 

30 Z2 is I orP; 

~ islorV; 
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Z4 isSorD; 

Zs is TorN; 

z6 is RorN; 

z, is Nor I; 

5 Zs is N orYorH; 

~ isHorY; 

Z10 is GorR; 

Zn is D orN; 

Z12 is D orN; 

IO Z13 isSorY; 

Z14 isN orQ; 

Z1s isLorM; 

Z16 isKorQ; 

Z11 is Y orF; 

15 ZIB isRorW; 

z,, isYorL; 

Zio isSorA; 

Zit is I orV; 

Zii islorL; 

20 ~ isVorG; 

~ isC orL; 

Zis is A orS; 

Z26 isVorM; 

Zi1 is VorT; 

25 Z2s isRorC; 

Z29 isForP; 

~o is L orV; 

Z31 is AorV; 

~2 isSorA; 

30 ~3 is VorL orM; 

~4 is Kor R; 
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ZJ.s is S orT; 

z36 is VorG; 

Z3, isQorE; 

Z3s isLorSorR; 

5 Z39 is Sor F; 

Z40 isForY; 

Z41 is Tor A; 

Z42 is A orS; 

Z43 is Yori; 

10~ isTorC; 

Z45 is N orS; 

z46 isF orV; 

Z41 isSorD; 

Z41 is LorV; 

15 Z49 isN orQ; 

Zso is VorI; and 

M9 is amino acid 550. 

Preferably, the mutation results in an altered amino acid sequence in any one or more of 

20 domains F and A through E or regions pi:oximal thereto of the HBV DNA polymerase. The 

present invention does not extend to a mutation alone in the YMDD motif of the C domain of 

the HBV DNA polymerase although such a mutation is contemplated by the present invention 

if it occurs in combination with one or more mutations in another location. 

25 The mutation in the viral surface component is preferably in one or more amino acid residues 

within the major hydrophilic<: regions of the protein, and in particular within the amino acid 

sequence 67-226 of the HBV viral surface antigen. 

According to a preferred aspect of the present invention, there is provided an HBV variant 

30 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 
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acids as set forth in Formula I: 

FORMULA I 

5S~LSWLSLDVSAAFYHZPLHPAAMPHLL~GSSGLZRYVAR 

L S S Zs S ~ Z., X N Z8 Q Z9 Z10 XX X Z11 L H Z12 Z13 C S R Z14 LY V S L Z15 LL Y Z16 T 

Z17 G Z18 KL H L Z19 Z10 HP I Z21 LG FR K Z22 P MG Z23 G L S PF LL A Q FT SA I Z24 

~ZuZ27~8 RAF Z29 HCZ30 Z31 F Z32 Y~DDZ33 VL G AZ34 Z:uZ36 Z37HZ38 EZ39 L 

Z40 Z41 Z42 Z43 Z44 Z45 Z46 LL Z47 Z48 GI H L NP Z49 KT KR W G Y SL NF MG Y Zso I G 

10 

wherein: 

x is any amino acid; 

z, isNorD; 

15 ~ islorP; 

~ islorV; 

Z4 is SorD; 

z, isTorN; 

z6 isR.orN; 

20 z., is Nor!; 

Zs isNorYorH; 

~ isHorY; 

Z10 isGorR; 

Zu is DorN; 

25 Z12 is DorN; 

Zu is S orY; 

Z14 isN orQ; 

z,, is L orM; 

Z16 isKorQ; 

30 Z17 is YorF; 

Zts isRorW; 
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Z19 is YorL; 

Z20 isSorA; 

Zz1 islorV; 

Zz2 isiorL; 

5 Zz3 isVorG; 

Z24 is C orL; 

Zzs is A or S; 

Zz6 is VorM; 

Z21 is VorT; 

10 Zza is R or C; 

Z29 isForP; 

Z30 isLorV; 

~I isAorV; 

~ isSorA; 

15 Z,3 isVorLorM; 

~ is KorR; 

z,, is SorT; 

z6 isV orG; 

z, is QorE; 

20 Zs isLorS orR; 

z9 isSorF; 

Z40 is F orY; 

Z41 isTorA; 

Z42 is A or S; 

25 Zn is V or I; 

Z44 is T orC; 

l45 is N orS; 

z46 isForV; 

Z41 is S orD; 

30 Z48 isLorV; 

Z49 isNorQ; 
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Z50 is V or I; and 

M* is amino acid 550 

provided said mutation is not in the YMDD motif of the C domain alone, and wherein said 

5 variant exhibits decreased sensitivity to a nucleoside analogue. 

Another preferred aspect of the present invention contemplates an HBV variant comprising a 

mutation in the nucleotide sequence encoding a viral surface component resulting in an amino 

acid addition, substitution and/or deletion in said viral surface component in a region 

10 corresponding to the amino acid sequence set forth in Formula I wherein said variant exhibits 

decreased interactivity of immunological reagents to said viral surface component 

Yet another preferred aspect of the present invention relates to an HBV variant comprising a 

mutation in the nucleotide sequence encoding a viral surface component resulting in an amino 

15 acid addition, substitution and/or addition Ui said viral surface component in a region defined 

by amino acids 67-226 of the HBV surface iiiltigen or functionally equivalent region wherein 

said variant exhibits decreased interactiVttY of immunological reagents to said viral surface 

component. 

20 Still yet another aspect. of the present inveiition is directed to an HBV variant comprising a 

mutation in an overlapping open reading ft8me in its genome wherein said mutation is in a 

region defined by one or more of domafus F and A through E of HBV DNA polymerase 

provided that it is not in the YMDD motif of the C domain alone; and in the overlapping region 

corresponding to amino acids 67 to 226 of HBV surface antigen and wherein said variant 

25 exhibits decreased sensitivity to a nucle6ttd~ analogue and exhibits decreased interactivity to 

immunological reagents specific to HBV sili:face antigens. 

One particular mutant is MSSOIN whicli tta~ been previously described following lamivudine 

treatment The present invention does not extend to this mutant in so far as it arises following 

30 treatment with lamuvidine alone. An MSSOV mutant is selected in conjunction with the 

mutation L526M and this is also not wittiiri the scope of the present invention. 
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The present invention does not extend to the following lam.uvidine resistance mutations when 

selected by lam.uvidine treatment alone, however, it does extend to these mutations when 

selected during famciclovir (FCV) treatment: 

5 L428M, T481C, T496A, L497F,V5091, V519L, L526M, T530S, A546V, FS48V, MSSOI, 

V553I, S559T, Q561H, SS65A, A568T, I570S, L575M, L5811 and N584S (16, 29, 30, 31, 32, 

33, 34, 35, 36, 37, 40, 41, 42, 45). 

Furthennore, the present invention does not extend to the following published famciclovir 

10 selected mutations: 

S424T, Del 462-468, 1509V, V519L, P523L, L526M, L526V, AS28T, TS30S, VSS31, SS6SA, 

1570V and NS94H (38, 39, 41, 43, 44, 46). 

15 The viral variant exlnbiting reduced interactivity to immunological reagents is an escape mutant 

since antibodies or other immunological response to HBV from a prior exposure to the virus or 

following vaccination are no longer effective in targeting a viral surface component since the 

mutation has altered a B- and/or T-cell epitope on the surface antigen . 

. 
20 Reduced or decreased sensitivity to nucleotide, analogue or immunological agents is also 

encompassed by the term ••resistance". The tenn .. resistance" is used in its most general sense 

and includes total resistance or partial resistance or decreased sensitivity to a nucleoside 

analogue. 

25 Preferably, the variants are in isolated form such that they have undergone at least one 

purification 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 genome or parts thereof from a variant 

HBV. 

30 

Preferred mutations in the HBV DNA polymerase and/or surface antigen include variants 
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selected from patients following HBV recurrence following famciclovir and HBIG treatment, 

and patients who did not respond to famciclovir treatment as indicated by a decreased in HBV 

DNA and/or viral protein. 

5 Preferred mutations in the HBV DNA polymerase together with corresponding mutation in the 

surfilce antigen (shown in parentheses) include one or more of the L423L/M/V (168I/M), 

L423L/F (C69F/L), H436HIY, H436Y, DEL 471-474 (DEL 117-120), S438T, W499E (D144E, 

G145R), 1508V, V519L (E164D), LS26M, SS65A(S210R), N584S, N/S/H584N/K, R588R/K 

and N594H such as selected in patients with HBV recurrence following famciclovir and HBIG 

10 treatment; andH436N/H, S463S/Y (LI09I/L), V537V/I (C/W182Y/STOP), V/G560E (Y206N), 

S/F 565A/S (S210R/S), S/F S6SA (S210R), N/Q 584H, K587R and NS94H, such as selected 

in patients who did not respond to famciclovir. Preferred mutations in the surface antigen 

include one or more of the following V96~ C138R, P142T/P, K160K/N and A194G/A after 

only hepatitis B vims immunoglobulin (HBIG) treatment. The term "DEL" m~ "deletion" 

15 and "STOP" means a stop codon. 

20 

The present invention does not e~d to a fuutation in the Hepatitis B surface antigen at Gl 45R 

alone or in combination with DI 44E (23) when these mutations are selected without famciclovir 

treatment. 

Particularly preferred mutations in the HBV DNA polymerase together with corresponding 

mutations in the surface antigen (shown in parentheses) include one or more ofL423UMV 

[I68I/M], H436HIY, H436Y, DEL47IJJ14 ·[DELI 17-120]. W499B [D144E and G145R], 

V519L (El64DJ, N/S/H 584 NIK and RS88 RIK such as selected in patients with HBV 

25 recurrence following famciclovir and HtUo treatment; and H436H/N, 8463 S/Y [LI09IIL], 

V537 VII [C/W 182 Y/STOP], and K.S~1R. such as selected in non-responding patients 

following famciclovir treatment. 

The identification of the variants of the present invention pennits the generation of a range of 

30 assays to detect such variants. The detectiOrt of such variants may be important in identifying 

resistant variants to determine the apJ)r6pnate fonn of chemotherapy and/or to monitor 



W000/61758 PCT/AU00/00294 

-22-

vaccination protocols, develop new or modified vaccine preparations. 

Accordingly, another aspect of the present invention contemplates a method for determining the 

potential for an HBV to exhibit reduced sensitivity to a nucleoside analogue, said method 

5 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 A through E 

or a region proximal thereto of said DNA polymerase wherein the presence of such a mutation 

is an indication of the likelihood of resistance to said nucleoside analogue. 

10 

A further aspect of the present invention provides a method for determining the potential for an 

HBV to exhibit reduced interactivity to antibody to HBV surface antigen, 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 

15 amino acid substitution, deletion and/or addition in amino acids 67 to 226 of said surfi1ce 

antigen or a region proximal thereto of said surface antigen wherein the presence of such a 

mutation is an indication of the likelihood of reducing interactivity of said antibodies to said 

mutated surface antigen. 

20 Preferably, the assay detects one or more of the following mutations in the HBV DNA 

polymerase (with the corresponding mutation in the surface antigen shown in parentheses): 

L423L/M/V (1681/M), L423UF (C69F/L), H436H/Y, H436Y, DEL 471-474 (DEL 117-120), 

S438T, W499E (D144E, G145R), 1508V, V519L (E164D), L526M, S565A(S210R), N584S, 

N/S/H584N/K, RS88R/K. and N594H such as selected in patients with HBV recurrence 

25 following famciclovir and HBIG treatment; and H436N/H, S463S/Y (L1091/L), V537Vfl 

(C/Wl82Y/STOP), V/G560E (Y206N), S/F 565A/S (S210R/S), S/F 565A (S210R), N/Q 584H, 

K587R and N594H, such as selected in patients who did not respond to famciclovir. Mutations 

may also be detected in the surface antigen including one or more of: V96A, C138R, P142T/P, 

K160K/N and Al94G/A such as after Hepatitis B virus immunoglobulin (HBIG) treatment. 

30 

More particularly, the assay detects one or more of the following mutations in the HBV DNA 
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polymerase (with corresponding mutatiottS in the surface antigen shown in parentheses): 

L423L/MV [1681/M], H436HIY, H436Y, DEIA71-474 [DEL117-120], W499E [D144E and 

G145R], V519L [E164D], N/S/H 584 NIK Ind RS88 RIK such as selected in patients with HBV 

recurrence following famciclovir and HBIO treatment; and H436HIN, 8463 SN [L109IIL), 

5 V537 VII [C/W 182 Y/STOP], and Ks8'1R, such as selected in non-responding patients 

following famciclovir treatment. 

10 

The DNA or corresponding RNA may be assayed or alternatively the DNA polymerase or 

surface antigen may be screened for the mutation. 

The detection according to this aspect of the invention may be any nucleic acid-based detection 

means, for example nucleic acid hybridisatic>n techniques oq~olymerase chain reaction (PCR). 

The invention :further encompasses the use of different assay fonnats of said nucleic acid-based 

detection means, including restriction ftaginent length polymorphism (RFLP), amplified 

15 fragment length polymorphism (AFLP), single-strand chain polymorphism (SSCP), 

amplification and mismatch detection (AMD), interspersed repetitive sequence polymerase 

chain reaction (IRS-PCR.), inverse polymerase chain reaction (iPCR) and reverse transcription 

polymerase chain reaction (RT-PCR), amongst others. 

20 The present invention extends to a range of immunologically based assays to detect variant HBV 

DNA polymerase or surface antigen. These assays are based on antibodies directed to naturally 

occurring HBV DNA polymerase or surface antigen which do not, or substantially do not, 

interact with the variant HBV DNA polymerase or surface antigen. Alternatively, antibodies to 

a variant HBV DNA polymerase or surface antigen are used which do not or substantially do 

25 not, interact with naturally occurring HBV DNA polymerase or surface antigen. 

Monoclonal or polyclonal antibodies may be used although monoclonal antibodies are preferred 

as they can be produced in large quantity and in a homogenous form. A wide range of 

immunoassay techniques are available such as descn'bed in U.S. Patent Nos. 4,016,043, 

30 4,424,279 and 4,018,653. 
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The detection of amino acid variants of DNA polymerase is conveniently accomplished by 

reference to the consensus amino acid sequence shown in Figure 2. The polymorphisms shown 

represent the variations shown in various data bases for active pathogenic HBV strains. Where 

an HBV variant comprises an amino acid different to what is represented, then such an isolate 

S is considered a putative HBV variant having an altered DNA polymerase activity. 

Accordingly, another aspect of the present invention. contemplates a method for determining 

whether an HBV isolate encodes a variant DNA polymerase, said method comprising 

detennining the amino acid sequence of its DNA poiymerase directly or vja a nucleotide 

10 sequence and comparing same to the amino acid sequence below: 

FORMULA I 

S~LSWLSLDVSAAFYH~PLHPAAMPHLL~GSSGL~RYVAR 

15 LS SZs SZ;~XNZ8 QZ,Z10 XXXZn LHZ12 Z13 C SRZ14 L YVSLZ15 LL YZ16 T 

Z.7 G Z18 KL H L Z19 Zio HP I Zi1 LG F RK Z22 PM G Z23 G LS PF LL A Q FT SA I Z24 

Zi, ~ Zi, Zia RAF Zig H C Z30 Z31 F Z32 Y M• DD Z33 V L GA Z34 Z" Z36 Z37 H Z38 E Z39 L 

Z40 Z41 Z42 Z43 Z44 Z45 Z46 LL.Z,.7Z48 G IHL NP ~K TKR WGY S LNFMG Y Zsol G 

20 wherein: 

x is any amino acid; 

z. isNorD; 

Zi. is I orP; 

25 ~ islorV; 

z4 is S orD; 

Zs is T orN; 

z6 isRorN; 

~ is Nori; 

30 Zi isNorYorH; 

Zg isHorY; 
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Z10 isGorR; 

Zu isD orN; 

Z12 isDorN; 

Z13 is SorY; 

5 Z14 isNorQ; 

Z1s isLorM; 

z,, is KorQ; 

Z11 isYorF; 

Z1s isRorW; 

10 Z19 is Y orL; 

Zio is Sor A; 

Zi1 is lorV; 

Zn islorL; 

Zil isVorG; 

15 ~ isCorL; 

Zis isAorS; 

Zi, isVorM; 

Z21 isV orT; 

Zia isRorC; 

20 ~ is F orP; 

Z30 isLorV; 

~1 isAorV; 

~2 isSorA; 

Z33 is V orLorM; 

25 ~ isKorR; 

~s is SorT; 

~6 isV orG; 

Z31 isQ orE; 

Z3a isLorSorR; 

30 ~9 is Sor F; 

Z40 isF orY; 
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Z41 is Tor A; 

Z42 is A orS; 

Z43 is V orl; 

Z44 is TorC; 

5~ isN or S; 

z46 is F orV; 

~1 is S orD; 

Zia is L orV; 

~ isNorQ; 

10 Zso is Vorl; and 

~ is amino acid 550. 

The present invention :further contemplates agents which mask the nucleoside analogue 

resistance mutation. Such agents will be particularly useful in long term treatment by nucleoside 

15 analogues. The agents may be DNA or RNA or proteinaceous or non-proteinaceous chemical 

molecules. Natural product screening such as from plants, coral and microorganisms is also 

contemplated as a useful potential source of masking agents. The agents may be in isolated fonn 

or in the form of a pharmaceutical composition and may be administered sequentially or 

simultaneously with the nucleoside analogue. 

20 

The present invention further extends to an isolated surface component from the HBV variants 

herein described. More particularly, the present invention provides an isolated surtace antigen 

or a recombinant form thereof or derivative or chemical equivalent thereof. The isolated surface 

component and, more particularly, isolated surface antigen or its recombinant, derivative or 

25 chemical equivalents are useful in the development of biological compositions such as vaccine 

formulations. 

Accordingly, another aspect of the present invention is directed to an isolated variant HBV 

surface antigen or a recombinant or· derivative form thereof or a chemical equivalent thereof 

30 wherein said surface antigen or its recombinant or derivative form or its chemical equivalent 

exhibits an altered immunological profile compared to a surfilce antigen from a reference HBV. 
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More particularly, the present invention provides an isolated variant HBV surface antigen or a 

recombinant or derivative fonn thereof or a chemical equivalent thereof wherein said HBV 

surface antigen or its recombinant or d.etlvative form or its chemical equivalent comprises an 

amino acid sequence with a single or multiple amino acid substitution, addition and/or deletion 

5 or a truncation compared to an BBV stliface antigen from a reference BBV and wherein a 

neutralising antibody directed to a ~ence HBV exhibits no or reduced neutralising activity 

to an HBV carrying said variant HBV surface antigen. 

The present invention particularly contemplates an HBV vaccine containing one or more of the 

10 mutations which alter the surface antigett (not including G145R). Preferred mutations in the 

surface antigen and the HBV vaccine include one or more of 168!/M, C69FIL, H436Y, DEL 

117-120, D144E, E164D, S210R, such as selected in patients with HBV recurrence following 

famciclovir and HBIG treatment; and L1o9IIL, C/Wl 82Y/STOP, Y206N, S210R/S and S210R; 

such as selected in patients who do not respond to fam.ciclovir. Variants canying mutations in 

15 the surface antigen at V96A, C133R, P142T/P, Kl60K/N and/or Al94G/A are particularly 

preferred. 

The tenn "isolated" means the same as it does in relation to an isolated HBV variant 

20 As stated above, the present invention extends to derivatives and chemical equivalents (i.e. 

analogues) of the HBV surface component Derivatives include single or multiple amino acid 

substitutions, additions and/or deletion$ to the HBV surface antigen. "Additions" to amino acid 

sequences include fusions with otherptptltles, polypeptides or proteins or fusions to nucleotide 

sequences including :fusions to other~ components. 

25 

Analogues of the variant HBV surface antigen contemplated herein include, but are not limited 

to, modification to side chains, inoo"rJ>litating of unnatural amino acids and/or their derivatives 

during peptide, polypeptide or proteiii ~esis and the use of crosslinkers and other methods 

which impose conformational constrairits on the proteinaceous molecule or their analogues. 

30 These types of modifications are u8dhl ii ~iltting the immunointeractive molecules for use 

in diagnostic assays or in therapeutic prntbcols. 
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Examples of side chain modifications contemplated by the present invention include 

modifications of amino groups such as by reductive alkylation by reaction with an aldehyde 

followed by reduction with NaBH4; amidination with methylacetimidate; acylation with acetic 

anhydride; carbamoylation of amino groups with cyanate; trinitrobenzylation of amino groups 

S with 2, 4, 6-trinitrobenzene sulphonic acid (TNBS); acylation of amino groups with succinic 

anhydride and tetrahydropbthalic anhydride; and pyridoxylation of lysine with pyridoxal-5-

phosphate followed by reduction with NaBH... 

The guanidine group of arginine residues may be modified by the formation of heterocyclic 

10 condensation products with reagents such as 2,3-butanedione, phenylglyoxal and glyoxal. 

The carboxyl group may be modified by carbodiimide activation via 0-acylisourea formation 

followed by subsequent derivitisation, for example, to a corresponding amide. 

15 Sulphydryl groups may be modified by methods such as carboxymethylation with iodoacetic 

acid or iodoacetamide; perfonnic acid oxidation to cysteic acid; fonnation of a mixed 

disulphides with other thiol compounds; reaction with maleimide, maleic anhydride or other 

substituted maleimide; formation of mercurial derivatives using 4-chloromercuribenzoate, 4-

chloromercuriphenylsulpbonic acid, phenylmercwy chloride, 2-cbloromercuri-4-nitrophenol and 

20 other mercurials; carbamoylation with cyanate at alkaline pH. 

Tryptophan residues may be modified by, for example, oxidation with N-bromosuccinimide or 

alkylation of the indole ring with 2-hydroxy-5-nitrobenzyl bromide or sulphenyl halides. 

Tyrosine residues on the other hand, may be altered by nitration with tetranitromethane to form 

25 a 3-nitrotyrosine derivative. 

Modification of the imidazole ring of a histidine residue may be accomplished by alkylation 

with iodoacetic acid derivatives or N-carbethoxylation with diethylpyrocarbonate. 

30 Examples of incorporating UD113tural amino acids and derivatives during peptide synthesis 

include, but are not limited to, use of norleucine, 4-amino butyric acid, 4-amino-3-hydroxy-5-
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phenylpentanoic acid, 6-aminohexanoic acid, t-butylglycine, norvaline, phenylglycine, omithine, 

sarcosine, 4-amino-3-hydroxy-6-methylheptanoic acid, 2-thienyl alanine and/or D-isomers of 

amino acids. A list of unnatural ammo aeid, contemplated herein is shown below in Table 1. 

The inclusion of such unnatural amino aeids or other derivations descn"bed herein may assist in 

5 stabilising the molecule in a vaccine composition. 
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TABLEt 

Non-conventional Code Non-conventional Code 

amino acid amino acid 

5 

a:-aminobutyric acid Abu L-N-methylalanine Nmala 

a:-amino-a:-methylbutyrate Mgabu L-N-methylarginine Nmarg 

aminocyclopropane- Cpro L-N-methylasparagine Nmasn 

carboxylate L-N-methylaspartic acid Nmasp 

10 aminoisobutyric acid Aib L-N-methylcysteine Nmcys 

aminonorbomyl- Norb L-N-methylglutamine Nmgln 

carboxylate L-N-methylglutamic acid Nmglu 

cyclohexylalanine Chexa L-N-methyJhistidine Nmhis 

cyclopentylalanine Cpen L-N-methylisolleucine Nmile 

15 D-alanine Dal L-N-methylleucine Nmleu 

D-arginine Darg L-N-methy1lysine Nmlys 

D-aspartic acid Dasp L-N-methylmetb.ionine Nmmet 

D-cysteine Dcys L-N-methylnorleucine Nmnle 

D-glutamine Dgln L-N-methylnorvaline Nmnva 

20 D-glutamic acid Dglu L-N-methylornithine Nmom 

D-histidine Dhis L-N-methylphenylalanine Nmphe 

D-isoleucine Dile L-N-methylproline Nmpro 

D-leucine Dleu L-N-methylserine Nmser 

D-lysine Dlys L-N-methylthreonine Nmthr 

25 D-methionine Dmet L-N-methyltryptophan Nmtrp 

D-ornithine Dorn L-N-methyltyrosine Nmtyr 

D-phenylalanine Dphe L-N-methylvaline Nmval 

D-proline Dpro L-N-methylethylglycine Nmetg 

D-serine Dser L-N-methyl-t-butylglycine Nmtbug 

30 D-threonine Dthr L-norleucine Nie 

D-tryptophan Dtrp L-norvaline Nva 
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D-tyrosine Dtyr «-methyl-aminoisobutyrate Maib 

D-valine Dval u-methyl-y-aminobutyrate Mgabu 

D-«-methylalanine Dmala u-methylcyclohexylalanine Mchexa 

D-a:-methylarginine Dmarg u-metbylcylcopentylalanine Mcpen 

S D-«-methylasparagine Dmasn o:-methyl-u-napthylalanine Manap 

D-u-methylaspartate Dmasp «-methylpenicillamine Mpen 

D-a:-methylcysteine Dmcys N-(4-aminobutyl)glycine Nglu 

D-u-methylglutamine Dmgln N-(2-aminoethyl)glycine Naeg 

D-a:-methylhistidine Dmhis N-(3-aminopropyl)glycine Norn 

10 D-u-meth.ylisoleucine Dmile N-amino-cx-methylbutyrate Nmaabu 

D-u-metbylleucine Dmleu «-napthylalanine Anap 

D-a:-methyllysine Dmlys N-benzylglycine Np he 

D-a;..methylmethionine Dmmet N-(2-carbamyletbyl)glycine Ngln 

D-u-methylomithine Dmorn N-(carbamylmethyl)glycine Nasn 

15 D-«-methylphenylalanine Dmphe N-(2-carboxyethyl)glycine Ng1u 

D-u-methylproline Dmpro N-(carboxymethyl)glycine Nasp 

D-u-methylserine Dmser N-cyclobutylglycine Ncbut 

D-u-methylthreonine Dmthr N-cycloheptylglycine Nchep 

D-«-methyltryptophan Dmtrp N-cyclohexylglycine Nchex 

20 D-u-methyltyrosine Dmty N-cyclodecylglycine Ncdec 

D-u-methylvaline Dmval N-cylcododecylglycine Ncdod 

D-N-methylalanine Dnmala N-cyclooctylglycine Ncoct 

D-N-methylarginine Dnmarg N-cyclopropylglycine Ncpro 

D-N-methylasparagine Dnmash N-cycloundecylglycine Ncund 

25 D-N-methylaspartate Dnmasp N-(2,2-diphenylethyl)glycine Nbhm 

D-N-methylcysteine Dnm.cys N-(3,3-diphenylpropyl)glycine Nbhe 

D-N-methylglutamine Dnmgln N-(3-guanidinopropyl)glycine Narg 

D-N-methylglutamate Dnmghl N-(1-hydroxyethyl)glycine Nthr 

D-N-methylhistidine Dnmhis N-(hydroxyethyl))glycine Nser 

30 D-N-methylisoleucine Dnmile N-(imidazolylethyl))glycine Nbis 

D-N-methylleucine Dnmleu N-(3-indolylyethyl)glycine Nhtrp 
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D-N-methyllysine Dnmlys N-methy1-y-aminobutyrate Nmgabu 

N-methylcyclohexylalanine Nmchexa D-N-methylmethionine Dnmmet 

D-N-methylomithine Dnmom N-methylcyclopentylalanine Nmcpen 

N-methylglycine Nala D-N-methylphenylalanine Dnmphe 

5 N-methylaminoisobutyrate Nmaib D-N-metbylproline Dnmpro 

N-(1-methylpropyl)glycine Nile D-N-methylserine Dnmser 

N-(2-methylpropyl)glycine NJeu D-N-methylthreonine Dnmtbr 

D-N-methyltryptophan Dnmtrp N-(1-methylethyl)glycine Nval 

D-N-methyltyrosine Dnmtyr N-methyla-napthylalanine Nmanap 

10 D-N-methylvaline Dnmval N-methylpenicillamine Nmpen 

y-aminobutyric acid Gabu N-(p-hydroxyphenyl)glycine Nhtyr 

L-t-butylglycine Thug N-(thiomethyl)glycine Ncys 

L-ethylglycine Etg penicillamine Pen 

L-homophenylalanine Hphe L-u-methylalanine Mala 

ts L-a:-methylarginine Marg L-u-methylasparagine Masn 

L-u-methylaspartate Masp L-u-methyl-t-butylglycine Mtbug 

L-a:-methylcysteine Mcys L-methylethylglycine Metg 

L-u-methylglutamine Mgln L-a:-methylglutamate Mglu 

L-u-methylhistidine Mhis L-a-methylhomophenylalanine Mhphe 

20 L-u-methylisoleucine Mile N-(2-methylthioethyl)glycine Nmet 

L-u-methylleucine Mleu L-a:-methyllysine Mlys 

L-a-methylmethionine Mmet L-a-methy1norleucine Mnle 

L-a-methy1norvaline Mnva L-a:-methylomithine Mom 

L-a-methylphenylalanine Mp he L-a:-methylproline Mpro 

25 L-a-methylserine Ms er L-a:-~ethyltbreonine Mthr 

L-u-methyltryptophan Mtrp L-a:-methyltyrosine Mtyr 

L-a-methylvaline Mval L-N-methylhomophenylalanine Nmhphe 

N-(N-(2,2-diphenylethyl) Nnbhm N-(N-(3,3-diphenylpropyl) Nnbhe 

carbamylmethyl)glycine carbamylmethyl)glycine 

30 1-carboxy-1-(2,2-diphenyl- Nmbc 

ethylamino )cyclopropane 
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Crosslinkers can be used, for example, to stabilize 3D conformations, using homo-bifunctional 

crosslinkers such as the bifunctional imido esters having (CHJn spacer groups with n= 1 to n=6, 

glutaraldehyde, N-hydroxysuccinimide esters and hetero-bifunctional reagents which usually 

contain an amino-reactive moiety such as N~hydroxysuccinimide and another group specific-

s reactive moiety such as maleimido or dithio moiety (SH) or carbodiimide (COOH). In addition, 

peptides can be conformationally constrained by, for example, incorporation of C111 and ~ -

methylamino acids, introduction of double bonds between Cci and Cp atoms of amino acids and 

the fonnation of cyclic peptides or analogues by introducing covalent bonds such as fonning an 

amide bond between the N and C termini, between two side chains or between a side chain and 

10 the N or C tenninus. 

As stated above, these types of modi:ficiltiohS may be important to stabilize the variant HBsAg 

molecule if administered to an individual or for use as a diagnostic reagent 

15 Other derivatives contemplated by the pre$ent invention include a range of glycosylation 

variants from a completely unglycosylated molecule to a modified glycosylated molecule. 

Altered glycosylation patterns may result :ftbm expression of recombinant molecules in different 

host cells. 

20 Another aspect of the present invention extends to the variant HBV surface antigen molecule 

or its recombinant, derivative or chemical fohn or a variant HBV comprising said HBV surface 

antigen in composition form. Such cahij:iositions are particularly useful as therapeutic 

compositions and may be referred to herein interchangeably as biological, vaccine or 

pharmaceutical compositions. The biological compositions are particularly useful in inducing 

25 immunological memory against infection by an HBV variant such as an HBV escape mutant 

controlling by administering a variant ~V surface antigen or a recombinant, derivative or 

chemical fonn thereof or an HBV com.prlSing same capable of inducing an immune response 

including immunological memory agehtS. 

30 Accordingly, the present invention contemplates a composition comprising a variant HBV or 

an HBV surface antigen from said variant imv or a recombinant or derivative fonn thereof or 
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its chemical equivalent. The composition may be considered as a biological composition. 

Generally, if an HBV is used, it is first attenuated. The biological composition according to this 

aspect of the present invention generally :further comprises one or more pharmaceutically 

5 acceptable carriers and/or diluents. 

The biological composition may comprise an HBV surface antigen or like molecule from one 

HBV variant or the composition may be a cocktail of HBsAgs or like molecules from a range 

ofHBV variants including the referenced HBV. Similar inclusions apply where the composition 

10 comprises an HBV. 

The biological composition fonns suitable for injectable use include sterile aqueous solutions 

(where water soluble) or sterile powders for the extemporaneous preparation of sterile injectable 

solutions. It must be stable under the conditions of manufacture and storage and must be 

15 preserved against the contaminating action of microorganisms such as bacteria and fungi. The 

carrier can be a solvent or diluent containing, for example, water, ethanol, polyol (for example, 

glycerol, propylene glycol and liquid polyethylene glycol, and the like), suitable mixtmes 

thereof, and vegetable oils. The preventions of the action of microorganisms can be brought 

about by various antibacterial and antifungal agents, for example, parabens, chlorobutanol, 

20 phenol, sorbic acid, thimerosal and the like. In many cases, it will be preferable to include 

isotonic agents, for example, sugars or sodium chloride. Prolonged absorption of the injectable 

compositions can be brought about by the use in the compositions of agents delaying absorption, 

for example, aluminum monostearate and gelatin. 

25 Sterile injectable solutions are prepared by incorporating the HBsAg or like molecule or HBV 

variant or reference strain in the required amount in the appropriate solvent or diluent as 

followed by sterilization such as by filter sterilization. In the case of sterile powders for the 

preparation of sterile injectable solutions, the preferred methods of preparation are vacuum 

<hying and the freeze-drying technique which yield a powder of the immunointeractive molecule 

30 plus any additional desired ingredient from previously sterile-filtered solution thereof. Routes 

of administration contemplated by the present invention including intravenous, intraperitoneal, 
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intrathelial, subcutaneous and intracerebral. 

The biological composition of the present mvention may also be given in oral, bucal, nasal 

spray, inhalation, patch, drip or suppository form. 

Pharmaceutically acceptable carriers and/or diluents include any and all solvents, dispersion 

media, coatings, antibacterial and antifungill agents, isotonic and absorption delaying agents and 

the like. The use of such media and agents for pharmaceutical active substances is well known 

in the art. Except insofar as any convitttlo:rial media or agent is incompatible with the 

10 immunointeractive molecule, use thereof ill the therapeutic compositions is contemplated. 

Supplementary active ingredients can aist> be incorporated into the compositions. 

The HBV surface antigen or like molecwe 0r HBV variant or reference strain will be added in 

a concentration effective to induce an iniet*t iUlmune response against the same molecule or 

15 an HBV carrying the same or an imrmm.olojicBlly similar molecule. For example, an effective 

amount of HBV surface antigen may rattgt ftom about I 0 mg to about 2000 ng, or 50 ng to 

about 1000 mg or 100 ng to about 500 mg or other suitable effective amount. It is sometimes 

more convenient to express dosage amounts in tenns of body weight. Accordingly, the effective 

amounts may be from, for example, abOU.t 0:5 ng/kg body weight to about 500 mg/kg body 

20 weight or an amount therebetween. 

25 

The subject invention extends to kits for ~i.ys for variant HBV. Such kits may, for example, 

contain the reagents from PCR or other nucleic acid hybridisation technology or reagents for 

immunologically based detection tecbniqaes. 

The present invention further contemplat~s a vlriant of an isolated DNA virus which replicates 

via an RNA intermediate wherein said ~ant comprises a nucleotide mutation in a gene 

encoding a DNA polymerase resulting iii at ieilst one amino acid addition, substitution and/or 

deletion to said DNA polymerase in the maiiufacture of a medicament for the treatment and/or 

30 prophylaxis of hepatitis. 
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In a related embodiment, there is provided a use of a variant of an isolated DNA virus which 

replicates via an RNA intermediate wherein said variant comprises a nucleotide mutation in a 

gene encoding a viral surface component resulting in at least one amino acid addition, 

substitution and/or deletion in said viral surface component in the manufacture of a medicament 

5 for the treatment and/or prophylaxis of hepatitis. 

In a further related embodiment, there is provide a use of a variant of an isolated DNA virus 

which replicates via an RNA intermediate wherein said variant comprises a nucleotide mutation 

in an overlapping portion of at least two open reading frames resulting in an amino acid 

10 addition, substitution and/or deletion to translation products of said open reading frames in the 

manufacture of a medicament for the treatment and/or prophylaxis of hepatitis. 

The present invention also provides for the use of the subject HBV variants to screen for anti­

viral agents. These anti-viral agents in1nbit the virus. The tenn ''inhibit" includes antagonizing 

15 or otherwise preventing infection, replication, assembly and/or release or any intermediate step. 

Preferred anti-viral agents include nucleoside analogues, however, the present invention extends 

to non-nucleoside molecules. 

Accordingly, another aspect of the present invention contemplates the use of a variant of an 

20 isolated DNA virus which replicates via an RNA intermediate wherein said variant comprises 

a nucleotide mutation in a gene encoding a DNA polymerase resulting in at least one amino acid 

addition, substitution and/or deletion to said DNA polymerase in in screening for an anti-viral 

agent capable of inhibiting said virus. 

25 Another aspect of the present invention provides for the use of a variant of an isolated DNA 

virus which replicates via an RNA intermediate wherein said variant comprises a nucleotide 

mutation in a gene encoding a viral surface component resulting in at least one amino acid 

addition, substitution and/or deletion in said viral surface component in in screening for an anti­

viral agent capable of inhibiting said virus. 

30 

Yet another aspect of the present invention is directed to the use of a variant of an isolated DNA 
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virus which replicates via an RNA intenn.ediate wherein said v~riant comprises a nucleotide 

mutation in an overlapping portion of at least two open reading frames resulting in an amino 

acid addition, substitution and/or deletion to translation products of said open reading frames 

in in screening for an anti-viral agent capable of inhibiting said virus. 

The present invention is further described by the following non-limiting Examples. 
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EXAMPLES 

In order to identify what other mutations may be selected during FCV therapy in the OLT 

setting, the inventors sequenced and analyse~ the _HBV DNA polymerase encompassing the 

S catalytic domains from 26 patients with high levels ofHBV (greater than 90 pg/ ml HBV DNA) 

undergoing FCV therapy and 10 patients with low levels ofHBV (less than 90 pg/ml HBV 

DNA). Multiple serial samples were analysed, including prior to therapy and pre-OLT, during 

the FCV response phase post-OLT, and during HBV recurrence post OLT. The methods and 

results are shown in Examples 1 to 7. 

10 

15 

Treatment protocol 

EXAMPLE I 

Patients and methods 

The clinical details of the FCV prophylaxis liver transplantation protocol as previously 

described (19). Briefly, the aim of the study was to compare the safety and efficacy of oral FCV 

and IV penciclovir in reducing the risk ofhepatitis B re-infection post-OLT in liver transplant 

patients. The study design was a multicentre, randomized, part double-blind, part placebo 

20 controlled trial in patients with end stage liver disease requiring OLT. Patients with HBV DNA 

levels more than 90 pg/ml at study entry (by hybridization) [high replicators] were treated with 

both FCV and HBIG post-OLT. These high replicators were treated with FCV (500 mg tds) to 

reduce HBV DNA levels prior to OLT. Famciclovir treatment was continued for 12 months 

post-OLT. An untreated control group of patients with HBV DNA levels less than 90 pg/ml 

25 [low replicators] at study entry were treated with HBIG alone post-OLT. In the original study, 

thirty six patients underwent OLT, and of these the clinical and virological outcome of 

twenty-two of the FCV treated patients bas recently been presented (17 Manns). Essentially, 

FCV treated high replicators who became HBV DNA undetectable prior to OLT bad HBV 

recurrences with similar frequency as low replicators treated with HBIG alone. 

30 
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ltXAMPLE2 

Patients 

PCT/AU00/00294 

Twenty six patients who had HBV levels more than 90 pg/ml at study entry (high HBV 

5 replicator [HR]) were treated with FCV'pte-OLT and those patients who responded were then 

treated with HBIG plus FCV post-Oi::r; Of the 19 patients who responded to FCV and 

subsequently went to OLT, 9 did not haVe BBV recurrence 0-12 months post-OLT and 10 had 

HBV recurrence by 12 months post-OLT. Of the initial 26 patients, 6 did not initially respond 

to FCV and 1 was withdrawn from the study because of treatment with lamiwdine. Ten patients 

10 who had HBV levels of less than 90 pg/ml at study entry (low HBV replicator [LR]) were 

treated only with HBIG post-OLT. Six of these patients had no HBV recurrence at 12 months 

post-OLT and 4 patients had HBV recurrence during the 12 months post-OLT. 

IS 

EXAMPLE3 

Extraction Of BBV DNA from patient serum 

HBVDNA was extracted from a total of9U samples from 36 patients. Aliquots of 50 ml of sera 

were mixed with 150 ml TE (10 mmol/L Tris-HCI (pH 7.5), 2 mmo1/L EDTA), 1% w/v sodium 

dodecyl sulfate and 1 mg/ml protein~e K, and incubated at 55°C for 30 mins. DNA was 

20 deproteinized by phenol/chlorofonn eitractlon, precipitated with isopropanol and dissolved in 

40 ml nuclease-free water. 

25 

EXAMPLE4 

PCR amplification 

Two oligonucleotide primers (Bresatec, Atte'laide, Australia) were used to amplify a fragment 

encompassing the catalytic domain of the polymerase protein and the "a" detenninant of the 

surfuce protein. The first round sen.Sepriiilbi{S'-GCC TCA 1TI TGT GGG TCA CCA TA-3' 

<400>1), and the antisense primer t51-tef ·cro ACA TAC TIT CCA AT-3' <400>2) were 

30 used in the amplification. Each reaeiiott WD earned out using 5 ml of the extracted DNA as 

template, 1.5 U of Taq polymerase (Qiagen, Melbourne Australia), 1 mmol/L of sense and 
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antisense primers, 200 mmol/L each of deoxynucleoside triphosphates, SO mmol/L KCl, 3.5 

mmoJ/L MgCI, 10 mmol/L Tris-HCI (pH 8.3) and 0.01% w/v gelatin. PCR was performed by 

40 cycles of denaturation (94°C for45 sec), annealing (55°C for45 sec) and extension (72°C 

for 1.5 min}, followed by a final extension of 7 min (Perkin-Elmer 2400, Cetus, Norwalk, CT). 

5 If required, a further hemi-nested round of amplification was performed using 2 ml of first 

round product as template and primer 5' TIO GGG TOO AOC CCT CAO OTC 3' <400>3 as 

the sense primer. The amplification conditions were the same as the initial round except with 

only 25 rounds of cycling. 

10 EXAMPLES 

Sequencing of the polymerase/envelope genes of HBV DNA 

Amplified products were gel purified using Geneclean II (BIO 101 Inc., La Jolla, CA) and were 

directly sequenced using the ABI Prism Big Dye Terminator Cycle Sequencing Ready Reaction 

15 Kit according to the manufacturers specifications (Perkin Elmer, Cetus Norwalk. CT). 

Electrophoresis was carried out by the Australian Genome Research Facility (Walter and Eliza 

Hall Institute, Melbomne). The PCR primers were used as sequencing primers as well as several 

additional primers (5'-AAA TIC GCA GTC CCC AAC-3' <400>4, 5'- GAA AAT TGG TAA 

CAO COG -3' <400>5, and 5'-GTA TCC CTC CTG TIO CTG T-3' <400>6) required to 

20 sequence the internal regions of the PCR products. Mac Vector and AssemblyLIGN (Mac Vector 

version 6.0 and AssemblyLIGN, Oxford Molecular, UK) was used to analyze all automatic 

sequence data. The deduced amino acid sequences were compared using the subprogram 

ClustalW. 

25 EXAMPLE6 

Sequence analysis 

Sequences were analyzed by comparison of the deduced amino acid sequence within the 

polymerase gene to the published polymerase consensus sequence (Figure 2; Formula I; ref. 18). 

30 A unique amino acid change was defined as a change to an amino acid which is not present in 

the HBV polymerase consensus sequence. Unique changes in the HBV isolates were compared 
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to the individual pretreatment isolate and where appropriate, sequences were compared to other 

pretreatment samples. Any changes within the conserved polymerase domains A to E were 

noted (where domain A includes ammo acids 421-436, Domain B includes 505-529, Domain 

C includes 546-555, Domain D includes 576-586 and Domain E includes 592-601). Due to the 

5 overlapping open reading frames for the genes encoding the polymerase and envelope (HBsAg), 

unique changes in the polymerase gene which alter the HBsA.g were noted. 

The deduced amino acid sequences for the surface antigen in the overlapping reading frame 

were compared to the 88 published sequences, genotypes A to F from Norder et al (20). An 

10 unique amino acid change was defined as a change which is not present in the published 

sequences (20). In addition, unique changes were compared to published amino acid changes 

detected after HBIG treatment and/or vaccination (21, 22, 23, 24, 25, 26). Due to the 

overlapping open reading frames for the polymerase and envelope genes, unique changes in the 

envelope gene which alter the polymerase were noted. 

15 

20 

EXAMPLE7 

Results 

Outcome analysis 

In this study, famciclovir (FCV) was given prophylactically pre-OLT to patients with end-stage 

liver firilure due to chronic HBV infection with serum HBV DNA levels greater than 90 pg/ml, 

[high replicators (HR)]. The patients were then subsequently treated with HBIG and FCV 

post-OLT. Samples were taken for sequencing pretreatment with FCV, pre-OLT, during the 

25 FCV responding phase post-OLT and tliett in those cases with rising viraemia during HBV 

recurrence. HBV DNA sequence was exfilniiied from 36 patients. These patients included 26 

high replicators [HBV DNA greater than 96 pg/ml at study entry (HR) 1 who were treated with 

both FCV and HBIG. Of these patients, 19 lesponded pre-OLT, 6 did not initially respond and 

1 patient was withdrawn because of ~i with lamiwdine. The 19 patients who responded 

30 underwent OLT and 9 of these patient$ bad n.O HBV recurrence at 12 months post-OLT and sera 

were available post-OLT for 7 of these patients. The remaining 10 of these patients had HBV 
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recmrence. Serum samples Wel'e available for study ftom seven of these patients after HBV 

recmrence post-OLT. The 10 patients treated with HBIG alone had pre-OLT serum HBV DNA 

levels ofless than 90 pg/ml [low replicators (LR)]. Of these, 4 patients had HBV recurrence in 

the 12 months post-OLT. Sera was available from three of these patients pre-OLT and ftom two 

S patients after HBV recurrence. Six patients had no HBV recurrence at 12 months post-OLT and 

sera was available from five of these patients post-OLT. 

Sequence Analysis 

10 (A) Patients with HBV DNA greater th.an 90 pg/ml (BR group) 

15 

Pre OLTphase 

(i) FCV responders 

Nineteen of the original 26 HR patients responded to FCV. (One further patient responded but 

was withdrawn ftom further analysis because of subsequent treatment with lamivudine.) There 

were 28 unique amino acid changes throughout the region encompassing the catalytic region of 

the polymerase when compared to the published sequences (Table 2). This includes 9 unique 

20 mutations within the :functional domains in 8 patients who responded to FCV. These were at 

L423F (A domain), IS08V (B domain), V/UM5531/M (C domain), N/Q584S (D domain), 

N/Q584H (D domain), S592H (E domain), N594H (E domain), N594HN (E domain), and 

M596TIM (E domain). 

25 There were also 28 unique changes in the HBsAg in these pretreatment isolates compared to the 

sequences published in Norder et al., (20) [Table 2]. Of these mutations, 8 amino acids have 

been previously noted either at the same position or are the identical amino acid reported . 

associated with either vaccine escape or selection after HBIG treatment post OLT. Three of 

these were at amino acid position 120 (f/S/A120S/A/T/P, P/S/A120T and P/S/A120T/P) and 

30 four were at amino acid position 134 (F/Y/Il34V, F/Y/I134N/Y, F/Y/1134S and F/Y/1134N). 

The other change was at D/A144E/N. 
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(ii) FCV non-respondtn's 

Six patients with high levels of HBV i>Ni-\ [HR} pre-transplantation did not respond to FCV 

treatment. There were 10 unique amib.D acid changes from HBV isolated from all six patients 

S when compared to the previously published polymerase consensus (Table 4). Of these, there 

were 4 amino acids H436N/B, S463S/Y, V537V/I and K587R which were not present in the 19 

FCV responders (Table 1). The changes detected in the polymerase gene at position 463, 537, 

560, and 565 (in 2 isolates) all resulted in an altered HBsAg in the overlapping reading frame 

(Table4). 

10 

There were 8 unique amino acid differences in the HBsAg compared to the sequences in Norder 

et al (20) in 5/6 patients. These include the S changes noted above which also resulted in a 

unique mutation in the polymerase gen6, ¥/S/A120Y/S and 8204~ which resulted in a change 

in the polymerase gene that.appears in th(, JSOlymerase consensus sequence (ie. not unique) and 

15 P217L, which did not result in a change tO the polymerase gene. One of these amino acids is 

located at the same position as a knowii BBIG selected variant (P120Q) at P/S/A120Y/S. 

Post OLT phase 

20 ((> HBV recurrence 

Ten of the nineteen patients with high levels ofHBV DNA at study entry [HR] had recurrence 

post-OLT within the first 12 ttiOnths. Of th~ patients, sera were available after recurrence for 

sequence analysis from 7 patients. There'it~e 15 unique changes in sn patients compared to 

25 the previously published consensus seq_ulttict; or in the individual pretreatment sequences from 

these patients, including 10 within th.t cdttSined domains (Table 5). Eight of these 15 unique 

amino acid differences (detected in 417 patients) were also not detected in any pretreatment 

samples from the 19 patients who responded to FCV pre OLT, nor in the post-OLT samples 

:from the 9 patients treated with FCV without recurrence. These were L423LIMN (A domain), 

30 H436H/Y (A domain), H436Y (A domain), -a deletion of amino acids 471-474, W499E, V519L 

(B domafu), N584N/K. (D domain) mi<l U8RJK (Table 5). The change at V519L is the same 
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as previously reported after long tenn FCV therapy (27). The L526M mutation which has been 

previously reported after long term FCV therapy (27), was also detected in this study in one 

sample from a patient who responded to FCV (Table 5) but was not detected in latter samples 

from the same patient The H436Y mutation was seen in isolates :from two different patients 

5 with recurrence, and in both cases was seen as a transitory change (i.e. had reverted to the 

original sequence in the next sample). A change at this amino acid position to a different residue 

was also seen in a non-responder (see above). 

The 15 llllique changes in the HBV polymerase were then examined to determine if there was 

10 any alteration in the HBsAg in the overlapping reading frame {Table 5). The deletion at residues 

471-474 was found to result~ a corresponding in-frame deletion in the envelope gene (aa 

117-120). The H436Y, H436H/Y, S483T, 1508V and LS26M mutations did not result in any 

change to the envelope gene sequence. The L423UM/V altered the HBsAg sequence to 168JJM, 

the mutation at L423F/L altered the HBsAg to C69F/L, the V519L resulted in El64D in the 

15 HBsAg sequence and S565A altered the HBsAg at S210R. The mutation at W499B (due to 2 

nucleotide changes) resulted in a change at both D 144E and G 14SR in the HBsAg sequence (a 

lmown vaccine escape mutant) and the NS84N/K, N584S, RS88R/K and the N594H changes 

were located after the end of the HBsAg gene. The HBsAg termination codon at position 226 

overlaps with the codon encoding amino acid 582 in the polymerase gene. 

20 

There were a total of 11 unique amino acid changes in HBsAg when compared to the published 

sequences of Norder et al., (20) and the individual pretreatment sequences. This includes the 

seven mutations listed above which changed the HBV polymerase and P67P/Q, P67Q, R73P 

and Ml33T which did not alter the HBV polymerase. Of these 11 changes, two in one patient 

25 have been previously reported as vaccine or HBIG escape (D144E and Gl45R). The 5 unique 

changes in the HBsAg post-OLT in patients with HBV recurrence not detected in any 

pretreatment sample are listed in Table 6. 

(ii) HBV non-recu"ence 

30 

Nine of the HR patients treated with FCV and HBIG did not have HBV recurrence in the 12 
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months following OLT and sera was available from 7 patiems for sequence analysis. There were 

12 unique changes in three patients compared to the previously published HBV polymerase 

consensus sequence that were not present in the individual's pretreatment sample. These 

included 5 changes in the functional dotmtins and were at L423L/F (A domain), A432V (A 

5 domain), R466K, N477T, N485NIK, G498E, L526M (B domain), T530S, NS72K, FS73Y, 

L577UMN (D domain) and LS93GN/L/STOP (E domain). The L526M mutation was detected 

only during a peak ofHBV DNA immediately after transplantation and was not detected in 

subsequent isolates from this patient. Nme of the 12 unique polymerase mutations resulted in 

an altered HBsAg in the overlapping teading frame as shown in parentheses, L423LIF 

10 (C69C/F/S/Y), A432V (R78L), R466K (Gl 12R). N477T (Tl23P), N485N/K (Nl 3 lNII/I'/S), 

G498E (DJ44N), T530S {Ll76V), NS7tt. (1218N) and FS73Y (F219I). 

There were 11 unique changes in the BBsAg post treatment when compared to the sequences 

listed by Norder et al. (20) and the individual's pretreatment isolate. These were C69C/S/F/Y, 

15 R78L, T123P, Tl31NII/I'/S,Dl44N,C147S/Y, S167L, Ll73R,L176V,I218N andF219L The 

changes at Cl 478/Y, S167L and LI 73R did not result in a change in the overlapping polymerase 

reading frame, whereas the other uniqlie HBsAg mutations all resulted in a change in the 

polymerase Oisted above). The T131N/I/T/S irtutation has previously been detected after HBIG 

treatment and the changes at Tl23P and bt44N are at the same position as other previously 

20 reported HBIG associated changes. These patients did not have HBV recurrence even in the 

presence of these previously noted HBI<i lbisociated variants. No amino acid sequence in this 

patient group was noted that was conU:noti to all non-recurrence patients which was not present 

in HBV isolates from patients with re~riee nor FCV nonresponder. 

25 {B) Patients with HBV DNA less ttiatt 90 pg/ml (LR group). 

Pre-OLT phase 

Multiple HBV isolates from transplant patients treated with HBIG only and not FCV were 

30 sequenced to determine the backgrouiid ~uence variation over a comparable time interval in 

the transplantation setting. 
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Of the 10 patients with low levels of viremia, serum samples were available from 9 patients 

pre-OLT. Sequencing of these isolates demonstrated that there were 12 unique changes isolated 

ftom five patients compared to the published HBV polymerase consensus sequence. These were 

at S/D455P, N469D, Y 494F, Y/F497L, S/F565A/S, FN573F/L, P583T (D Domain), N/Q584S 

5 (D domain), K585K/G (D Domain), S592N (E domain), L593IlI/V (E domain) and N594H (E 

domain). 

In the HBsAg of these pretreatment isolates, five amino acid variants were detected in 4 patients 

when compared to the sequences published by Norder et al. (20). These variants were at 

10 P/S/Al20Q P/S/Al20T, S/N210A/S, S/N210R/S and F219Y/F. The first two of these HBsAg 

changes have been previously associated with HBIG selected changes post OLT (23). 

15 

Post-OLT phase 

(i) 

Sermn samples suitable for sequencing were available from only two patients who had HBV 

reCUJTenCe during HBIG treatment. The HBV sequence characterized from these two patients 

revealed that there were 6 unique changes compared to the published consensus and the 

20 individual's pretreatment sample. These were N469D, L492S, Y494F, T496T/N, Y497L and 

85488/R (C domain). The L4928, the T496T/N and the 85488/R also changed the HBsAg at 

C138R, T142T/P and A194G/A, respectively. The other changes did not alter the HBsAg. 

Domain A is the only conserved domain region in which there were no unique changes selected 

in HBV isolates from LR patients post OLT whereas several changes were selected in this 

25 domain during FCV treatment in HR HBV isolates (see Section A above). 

Within the HBsAg there were 6 unique changes in two patients when compared to the published 

sequences (20) and the individual's pretreatment sample. These were V96A, P120Q, Cl38R, 

P142T/P, K160K/N and A194G/A. The K160K/N mutation resulted in a change of the HBV 

30 polymerase at IS 1 SI/L. The other changes which affected both overlapping reading frames are 

listed above. Five of these changes were not detected in any pretreatment samp]e (Table S). The 
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mutation at P120Q was detected pretreatment, and has previously been reported to be selected 

after HBIG treatment (23). 

(ii) HBV non-reCUl'rence 

Sera was available from five out of the six patients post-OLTwithout HBV recurrence. In two 

of these patients there were 5 changes in the polymerase gene compared to the published 

consensus and the individual's pretreatment isolate. These were at US/R563RIC, L581L/F(D 

domain), L581UStop (D domain) and l>58lP/R (D domain) and L593UI (E Domain). Only the 

10 US/RS63R/C mutation altered the HBs.Ag in the overlapping reading frame at 12081/M. 

The I208JJM was the only uniq~e change detected in the HBsAg sequences compared to those 

listed by Norder et al (20) and the individtial's pretreatment sample. This change has not been 

previously noted with vaccine or HBIG escape. The amino acid variant (P/S/A120T, a known 

15 HBIG selected variant) was detected in otte patient's pretreatment isolate. This was not detected 

in this patients post treatment isolates and the patient did not have recurrence. 



W000/61758 PCT/AU00/00294 

-48-

TABLE 2 Unique HBV polymerase changes in the pretreatment isolates from FCV 
responders 

Amino acid differences compared to the pulished BBV 
polymerase eo.osensus sequence 

Corresponding HBsAg dump 

L423F C69S 

S452A no change 

S/D455P no change 

L461V no change 

S462A Cl07W 

Q471L Sl17C 

HN472R no change 

H479H/Q T/Ml25Mff/K/R 

J S483T no change 

V488E F/Y/11348 

V488FJV F/Y/J/134N/Y 

V488G F/Y/1134V, M/K/L133T 

PJW499G/W D/A144G 

1508V no change 

IS33L no change 

V/UM533YM After stop codon 

V/G560E Y/F/H/C206N 

V/G560P KIN/S204R 

Q/ES61S S/GIHIN/Dm07R 

Q/B561 Q/Stop no change 

S/F565A S/N210R 

T/AS68S l/UM213F 

N/Q584S After HBsAG Stop 

N/Q584H After HBsAG Stop 

S592H After HBsAG Stop 

N594H After HBsAG Stop 

NS94H/Y After HBsAG Stop 

MS96TIM After HBsAG Stop 
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TABLE 3 Unique HBV HBsAg changes in the pretreatment isolates from FCV responders 

Amino acid differences compared to the Corresponding HBV polymerase change 
published HBV BBsAg sequences 

P67Q no change 

C69S IA23F 

R73P no change 

R79H no change 

L94STOP no change 

V96A no change 

QIOIR no change 

Cl07W S462A 

S117C Q417L 

P/S/A120S/AIT/P T/P/N/14741 tr/N/S 

P/S/Al20T no change 

P/S/Al20T/P no change 

T/M125M/I'/K/R H479Q 

M/KJL133T V488G 

F/Y/Il34N/Y V488V/E 

FN/1134V V488G 

F/Y/11348 V488E 

F/Y/I134N V488E 

S/T143M no change 

D/A144E/N R/W499G/W 

A/G166V no change 

KJN/S204R no change 

Y/F/H206N V/G560E 

S/GIH/N/Dfl207R Q/E561S 

S/N210R SIF565A 

I/MJL213F TIA568S 

P214L no change 

P217L no change 



··------···-~-----------------------------------------

WOOOl61758 PCTIAUOOI00294 

-50-

TABLE 4 Summary of amino acid changes in HBV variants isolated from FCV non­
responders compared to the published consensus sequence (18) 

Amino acid dHTereoces Corresponding BbsAg Antino acid change in other 
compared to the published change patient groups 

HBV polymerase 
consensus sequence 

H436N/H no change H436H/Y (3-61
, 27-38) 

S463S/Y L1091/L not detected 

V537V/I CIW182Y/Stop not detected 

V/G560E Y206N V560E (15-lb) 

SIF565AIS S210R/S S/F 56SA (4-1\ 10-lb, 18-1~ 
S/F 565 A 

N/QS84H After end HbsAg N/Q584H (15-lb) 
N/Q584 S (2-3•, 3-1\ 26-l'j 

N/S/H 584N/K. (3-3•) 

K587R After end HBsAg not detected 

N594H After end HbsAg N594H (2-31
, 14-lb, 15-lb, 

17-lb, 26-lc, 31-l'j 
N594NIY (2-lb) 

Amino acid changes in bold were not detected in patients who responded to FCV 

a 

b 

c 

= 
= 

= 

HBV isolated from patients with HBV recurrence during FCV treatment 

HBV isolated from a pretreatment isolate from a FCV treated responder 

HBV isolated from a pretreatment isolate from an HBV low replicator not 

treated with FCV 
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TABLE 5 Summary of amino ·acid dift'erences in HBV variants isolated during HBV 
recurrence from FCV treated patients compared to the publsihed consensus 

Amino add-differences ~orrespondJng Amino acid change in 
compared-to tiie'p~llshed BBV · ilbsAg change other patient groups 
polymerase consensus sequence 

L423L/MN 1681/M L423F/L (ls-2•) 
.. L423F (12-le) 

U23L/F C69F/L L423F/L (15-2a) 
L423F (12-1 ~ 

H436H/Y no change H436N (32-21>) 

H436Y 

DEI..471-474 117-120 not detected 

-S483T no change S483T(2-1~ 

W499E D144E/G14SR R499K (l-2°) 

I508V no change IS08V(2-r) 

V519L E164D V519L (1-3') 
·-

L526M no change L526M (1-3°, 6-2a.I) 

S56SA -S210R S565A(4-r1.10-1e, 1g.1c) 

N584S after HBsAg stop N/Q584S (3-le, 26-1~ 
N584H (15-lr, 32-lb) 

N/S/H584N/K after HBsAg stop N/Q584S (3-1 c. 26-1 'j 
N584H (15-lr, 32-1'? 

R588R/K. after HBsAg stop not detected 

N594H after HBsAg stop N594H (14-le,15-le, 17-lc, 
24-lb, 25-lb, 26-lf, 31-11 

N594N/Y (2-1 e) 

Amino acid changes in bold were not detected in patients who responded to FCV, nor in patients 
with HR HBV who did not have HBV reCU1TC11ce post-OLT. 

a 

b 

c 

d 

e 

r 
g 

HR FCV Responder pre-OLT, non-recurrence post OLT 
HR non-responder · 
LR with recmrence post OLT, treated with FCV post recurrence 
HR non~recurrence 
HR FCV responder pre-OLT 
LRpre-OLT 
Transitory change 
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TABLE 6 Unique changes in HBsAg in patients with lffi.V recurrence comparison to 
Norder et al. (20) and all HBsAg pretreatment sequences 

BBsAg change Isolate FCV treatment BBV polymerase 
equivalent 

1681/M 5-2 FCV+HBIG L423L/MN 

DEL 111..:120 4-3 FCV+HBIG DEL471-474 

D144E 4-3 FCV+HBIG W499E 

G145R 4-3 FCV+HBIG W499E 

E164D 27-3, 4, 5 FCV+HBIG V/G519L 

V96A 26-3 HBIG no change 

C138R 26-3 HBIG IA92S 

P142T/P 28-4 HBIG T496T/N 

K160K/N 26-4 HBIG 15151/L 

A194G/A 26-3 HBIG S/A548S/R 



C· 

W000/61758 PCT/AU00/00294 

-53-

BmLioGRAPBY 

1. Summers J, Mason W. Cell (1982) .29: 403-415. 

2. Vere Hodge R.A. Antiviral Chein Chemother (1993) 4:67-84. 

3. Boyd MR et al Antiviral Chem Chemother. (1987) 32: 358-363. 

4. KrugerT et al Hepatology (1994) 12: 219A. 

5. Main Jet al. J. Viral Hepatitis (1996) 3:211-215. 

6. Severini A et al Antimicrobial Agents Chemother (1995) 39: 1430-1435. 

7. Dienstag JL et al New EnglandJMed (1995) 333: 1657-1661. 

8. Shaw T, et al. Antimicrobiol Age'ftts Chemother (1994) 38:719-723. 

9. Shaw T, et al. Hepatology (1996) 24: in press. 

10. Tsiquaye KN, et al. J. Med Viral (1994) 42: 306-310. 

11. Boker KHW, et al. Transplantation (1994) 57: 1706-1708. 

12. Angus P, et al. J. Gastroenterol '.Hepatol (1993) 8: 353-357. 

13. Poch 0, et al. EMBOJ. (1989) 8: 3867-3874. 

14. Delarue M, et al. Protein Engineering (1990) 3: 461-467. 

15. Chiou HC, et al. Antiviral Chem diemother(1995) 6: 281-288. 

16. Ling R, et al. Hepatology (1996) 24: 711-713. 

17. Price PM, et al. Hepatology 19~~ 16: 8-13. 

18. Bartholomeusz et al., Intervirology 1997 

19. Manns M, et al, Hepatology 1998 28 (4 part2) 260A. 

20. NorderH, eta/, J. Gen V"zrol 1993 74: 1341-1348. 

21. Wallace LA and Cannan W F, 'Viral Hepatitis Reviews 19913: 5-16. 

22. Protzer-Knolle U et al, Hepatology 1998 27: 254-263. 

23. Carman W F, Thomas H C. Gastroenterology 1992102: 711-719. 

24. Moriyama K, et al. Lancet 1991 337: 125. 

25. Ghany MG et al, Hepatology 1998 27: 213-222. 

26. Cariani E, et al, Journal of Medical Virology 1995 47: 410-415. 

27. Aye TI, et al., Jomnal ofHepatology1997 26:1148-1153. 

28. Xiong, et al., Hepatology 1998 28 1669-1673 



W000/61758 PCT/AU00/00294 

-54-

29 Allen MI, et al .• Hepatology 1998 27: 1670-1677. 

30. Niesters HGM, et al., Journal of Infectious Diseases 1998177:1382-5, 

31. ChayamaK, et al., Hepatology 19981711-1716. 

32. Ladner SK, et al .• Antiviral Chemistry & Chemotherapy 1998 9: 65-72. 

33. Tipples GA, et al., Hepatology 1996 24:714-717. 

35. Bartholomew MM, et al., Lancet 1997 349:20-22. 

36. Cane PA, et al .• Submitted 1998. 

37. Wolters LMM, et al .. Journal of Hepatology 1998 28: 909-911. 

38. Naoumov NV, et al.,. Hepatology 1996 24:282A 

39. Zoulim F, et al .• Hepatology 1997;Abstr. 1200. 

40. Xiong X, et al., 11th International Conference on Antiviral Research, San Diego, April 

1998. 

41. Melegari M, et al., Hepatology 1998 2:628-633. 

42. Ono-Nita SK,et al., Antiviral Therapy 1997; Abstr. 017. Second International 

Conference on Therapies for Viral Hepatitis. Hawaii. 

43. Batholomeusz Al, et al .. Antiviral Therapy 1997; Abstr. P72. Second International 

Conference on Therapies for Viral Hepatitis. Hawaii 

44. Tillman HL, et al., Hepatology 1997 26: 4. Abstr. 1202. 

45. Fu L, et al., Biochemical Pharmacology 1998 55:1567-1572. 

46. Pillay D, et al., International Antiviral News 1998 .. 



WOOOl61758 PCTIAUU0/00294 

- 55-

l llltll llllll 11111 \11\1 li 1111 
* C L M S * 

CLAIMS 

1. A variant of an isolated DNA virus which replicates via an RNA intermediate 

wherein said variant comprises a nucleotide mutation in a gene encoding a DNA polymerase 

resulting in at least one amino acid addition, substitution and/or deletion to said DNA 

polymerase. 

2. A variant of an isolated DNA virus which replicates via an RNA intermediate 

wherein said variant comprises a nucleotide mutation in a gene encoding a viral surface 

component resulting in at least one amino acid addition, substitution and/or deletion in said viral 

smface component. 

3. A variant of an isolated l>NA virus which replicates via an RNA intermediate 

wherein said variant comprises a nucleotide mutation in an overlapping portion of at least two 

open reading frames resulting in an amino acid addition, substitution and/or deletion to 

translation products of said open reading frames. 

4. A variant according to any one of Claims 1 to 3 wherein the DNA virus is a 

hepatitis virus or related virus. 

5. 

(HBV). 

6. 

A variant according to Claim 4 wherein the hepatitis virus is hepatitis B virus 

A variant according to Claim 5 wherein the mutation in the DNA polymerase 

results in desensitivity of the HBV to a nucleoside analogue. 

7. A variant according to Claim 5 wherein the mutation in the viral surface 

component reduces the interactivity of immunological reagents to the viral surface component. 

8. A variant according to Claim 7 wherein the viral surface component is the viral 

surface antigen. 
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9. A variant according to Claim 8 wherein the mutation in the surface antigen is 

within amino acid residues 67-226. 

10. 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 forth in Formula I: 

FORMULA I 

S~LSWLSLDVSAAFYH~PLHPAAMPHLLZGSSGL~RYVAR 

LS S Zs S Z6 Z, X N Zi Q ~ Z10 XX X Z11 L H Z12 Z13 C SR Z14 LY VS L Z1s LL Y Z16 T 

Z17 G Z18 KL H L Z 19 Z20 HP I Z21 LG F RK Z22 P MG Z 23 G LS PF LL A Q FT SA I Z 24 

Zis Z26 Z27 Z28 RAF Z29 H C Z30 Z 31 F Z32 Y M* DD Z 33 VL GA Z 34Z 3sZ36 Z 37 H Z38 E Z 39L 

Z40 Z41 Z42 Z43 Z44 Z4sZ46 LLZ47Z48 G IHLNP Z49 K TKR WG Y SL NF MGY Zso I G 

wherein: 

x is any amino acid; 

Z1 isN orD; 

Z2 is I orP; 

Z3 is I orV; 

Z4 is S orD; 

Zs is TorN; 

z6 isRorN; 

z, is Nori; 

Zs isN orYorH; 

z, isHorY; 

Z10 isGorR; 

Zu isD orN; 

Z12 isD orN; 

Z13 is SorY; 

Z14 isN or Q; 
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Z1s isLorM; 
I lllflll lllfil 11111 1111111 1111 

* C L M S * 

Z16 isKorQ; 
d. 

Z11 isYorF; 

Z1s is RorW; 

Z19 isYorL; 

~ isSorA; 

Zit is I orV; 

Zn isiorL; 

~ is V orG; 

Zu isCorL; 

Zis is A or S; 

Zi6 isVorM; 

Zi1 isVorT; 

Zas isRorC; 

Zi9 isF orP; 

~o is L orV; 

~I is A orV; 

~2 isSorA; 

~3 isVorLorM; 

~ isKorR; 

z" is S orT; 

~6 isVorG; 

Z37 is QorE; 

~8 isLorSorR; 

~9 is S orF; 

Z40 isF orY; 

Z41 is Tor A; 

Z42 is AorS; 

Z43 isVorI; 

Z44 isTorC; 

Z4s is N orS; 
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z46 is F orV; 

Z..1 is S orD; 

z48 isL orV; 

Z49 isN orQ; 

Zso isVorl; and 

~ is amino acid 550 

provided said mutation is not in the YMDD motif of the C domain alone, and wherein said 

variant exhibits decreased sensitivity to a nucleoside analogue. 

11. An HBV variant comprising a mutation in the nucleotide sequence encoding a 

viral surface component resulting in an amino acid addition, SUbstitution and/or deletion in said 

viral smface component in a region corresponding to the amino acid sequence set forth in 

Formula I wherein said variant exhibits decreased interactivity of immunological reagents to 

said viral surface component. 

12. An HBV variant comprising a mutation in the nucleotide sequence encoding a 

viral surface component resulting in an amino acid addition, substitution and/or addition in said 

viral surface component in a region defined by amino acids 67-226 of the HBV surface antigen 

or functionally equivalent region wherein said variant exhibits decreased interactivity of 

immunological reagents to said viral surface component. 

13. An HBV variant comprising a mutation in an overlapping open reading frame 

in its genome wherein said mutation is in a region defmed by one or more of domains F and A 

through E ofHBV DNA polymerase provided that it is not in the YMDD motif of the C domain 

alone; and in the overlapping region corresponding to amino acids 67-226 ofHBV surface 

antigen; and wherein said variant exhibits decreased sensitivity to a nucleotide analogue and 

exhibits decreased interactivity to immunological reagents specific to HBV surface antigens. 

14. An HBV variant according to any one of Claims 11 to 13 wherein the mutations 

in the HBV DNA polymerase and/or surface antigen comprise variants selected from patients 
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following HBV recurrence following famciclovir and HBIG treatment. 

15. An HBV variant according to any one of Claims 11to13 wherein the variant 

comprises a mutation in the HBV DNA polymerase together with a corresponding mutation in 

the surface antigen (shown in parentheses) selected :from one or more ofIA23L/MN (1681/M), 

IA23L/F (C69F/L), H436H/Y, H436Y, DBL 471-474 (DEL 117-120), S438T, W499E (Dl44E, 

G145R), I508V, SS65A(S21 OR), NS84S, N/S/H584N/K, R588R/K and N594H; and H436N/H, 

S463S/Y (Ll09I/L), V537V/I (C/Wl82Y/STOP), V/G560E (Y206N), S/F S6SA/S (S210R/S), 

S/F 565A (82 lOR), N/Q 584H, KS87R ahd NS94H, wherein DBL means a deletion and STOP 

means a stop codon. 

16. An HBV variant according to any one of Claims 11 to 13 wherein the variant 

comprises a mutation in the HBV surface antigen selected from one or more ofV96A, Cl3~ 

Pl42T/P, K160KIN andA194G/A. 

17. An HBV variant according to any one of Claims 11 to 13 wherein the variant 

comprises a mutation in the HBV DNA polymerase together with a corresponding mutation in 

the surface antigen (shown in paren1heses) selected from one or more of IA23L/MV [1681/M], 

H436H/Y,H436Y,DBIA71-474[DBL117-120],W499E[Dl44EandG145R],N/S/H584N/K 

andR588 RIK; andH436HIN, 8463 S/Y [L109t/L], V537 VII [C/W 182 Y/STOP], andK587R. 

18. A method fo~ determini1igthe P<>tential for an HBV to exhibit reduced sensitivity 

to a nucleoside analogue, said method comprl.Sing isolating DNA or corresponding mRNA from 

said HBV and screening for a mutatioh 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 

wherein the presence of such a mutation :iS-l:ih indication of the likelihood of resistance to said 

nucleoside analogue. 

19. A method for determining the potential for an HBV to exhibit reduced 

interactivity to antibody to HBV surface antigen, said method comprising isolating DNA or 
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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 amino acids 67 to 226 of said smface antigen or a region proximal thereto of said 

surface antigen wherein the presence of such a mutation is an indication of the likelihood of 

reducing interactivity of said antibodies to said mutated surface antigen. 

20. A method according to Claim 18 or 19 wherein the assay determines one or more 

of the following mutations in the HBV DNA polymerase (with the corresponding mutation in 

the SUtface antigen shown in parentheses): IA23UM/V (I681/M}, lA23UF (C69F/L), H436H/Y, 

H436Y, DEL 471-474 (DEL 117-120), S438T, W499E (D144E, G14SR), IS08V, V519L 

(El 640), L526M, S565A(S21 OR), N584S, N/S/H584N/K, R588RIK; and H436N/H, S463S/Y 

(L109UL), V537V/I (C/Wl82Y/STOP), V/G560E (Y206N), S/F 565A/S (S210R/S), S/F 565A 

(S210R), N/Q 584H, K587R and NS94H, wherein DEL means a deletion and STOP means a 

stop codon. 

21. A method according to Claim 18 or 19 wherein the assay determines one or more 

of the following mutations in the surface antigen: V96A, Cl38:R, P142T/P, K160K/N and 

A194G/A. 

22. A method according to Claim 20 wherein the assay detennines one or more of 

the following mutations in the HBV DNA polymerase (with corresponding mutations in the 

surface antigen shown in parentheses): IA23UMV [1681/M], H436HIY, H436Y, DEIA71-474 

[DEL117-120], W499E [D144EandG14SR], V519L [E164D], N/S/H 584N/KandR588R/K; 

H436HIN, 8463 S/Y [L1091/L], V537 Vil [C/W 182 Y/STOP], and K587R 

23. A method for determining whether an HBV isolate encodes a variant DNA 

polymerase, said m~thod comprising determining the amino acid sequence of its DNA 

polymerase directly or via a nucleotide sequence and comparing same to the amino acid 

sequence below: 
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FORMULA I 

S~LSWLSLDVSAAFYH~PLHPAAMPHLL~GSSGL~RYVAR 

LS S Z5 S Z, Z7 X N z, Q Z Z10 XX X Z11 L H Z12 Z13 CSR Z14 LY VS L Z15 LL Y Z16 T 

Z17 G Z18 KL H L Z19 Z20 H PI Z21 LG FR KZ22 PM G Z23 G LS PF LL A Q FT SA I Z24 

~ Z26 Zi7 Zia RAF Z'l9 H C Z30 Z31 F Z32 Y M'" DD Z33 V LG A Z34 Z35 Z36 Z37H Z38 E Z39 L 

Z40 Z41 Z42 Z43 Z44 Z45 Z46 LLZ47Z41 GIHLNP Z49 K TKR WGYS L NF MGYZ50 IG 

wherein: 

x is any amino acid; 

Z1 isNorD; 

Zi islorP; 

~ is I orV; 

Z4 is S orD; 

Zs is TorN; 

z6 isRorN; 

Z1 is Nori; 

Za isNorYorH; 

~ isHorY; 

Z10 isGorR; 

Zu isDorN; 

Z12 is DorN; 

Z13 is S orY; 

Z14 is Nor Q; 

Z1s isLorM; 

Z16 isKorQ; 

Z11 isYorF; 

Z1s isRorW; 

Z,9 is YorL; 

Z20 isSorA; 
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Z21 is I or V; 

Zii is I or L; 

~ is VorG; 

Z24 is C orL; 

Z25 is Aor S; 

Zi6 isVorM; 

Zi1 is VorT; 

Zia isRorC; 

Z29 is F orP; 

~o is L orV; 

~. isAorV; 

~2 isSorA; 

~3 is VorLorM; 

~ isKorR; 

~s is S orT; 

~6 isVorG; 

~7 is Q orE; 

~8 isLorSorR; 

Z39 is S orF; 

Z40 isForY; 

Z41 isTorA; 

Z42 is Aor S; 

Z43 is Vorl; 

Z44 is TorC; 

Z4s isN orS; 

z46 is F orV; 

Z41 is S orD; 

z48 is L orV; 

Z49 isN orQ; 

Zso is Vorl; and 

M* is amino acid 550. 
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24. A method according to Claim 23 wherein the variant comprises a mutation in 

the HBV DNA polymerase together with a corresponding mutation in the surface antigen 

(shown in parentheses) selected from one or more ofL423L/M/V (1681/M), L423LJF (C69F/L), 

H436HIY, H436Y, DEL 471-474 (DEL it?-120), S438T, W499E (D144E, G145R), 1508V, 

S56SA(S210R), N584S, N/S/H584NIK. R588RIK and N594H; and H436N/H, S463SN 

(L109J/L), V537V/I (C/Wl82Y/STOP), V/G560E (Y206N), S/F 565AIS (S210R/S), S/F 56SA 

(S210R), N/Q 584H, K587R and N594H, wherein DEL means a deletion and STOP means a 

stop codon. 

25. A method according to Claim 23 wherein the variant comprises a mutation in 

the HBV DNA polymerase together With a corresponding mutation in the surface antigen 

(shown in parentheses) selected from one brmore ofL423UMV [1681/M], H436HIY, H436Y, 

DEL471-474[DEL117-120], W499E[Dl44EandG145R],N/S/H584N/KandR588R/K.;and 

H436H/N, 8463 S/Y [L1091/L], V537 VII [C/W 182 Y/STOP], and K587R. 

26. An isolated variant HBV stirface antigen or a recombinant or derivative fonn 

thereof or a chemical equivalent thereof wherein said surface antigen or its recombinant or 

derivative form or its chemical equivalent exhibits an altered immunological profile compared 

to a surfuce antigen from a reference HBV. 

27. An isolated variant HBV surface antigen according to Claim 26 wherein the 

variant comprises an amino acid sequence with a single or multiple amino acid substitution, 

addition and/or deletion or a truncation coinpared to an HBV surface antigen from a reference 

HBV and wherein a neutralizing antibOdy directed to a reference HBV exhibits no or reduced 

neutralizing activity to an HBV carrying said variant HBV surface antigen. 

28. An HBV vaccine contahl.irig one or more HBV variants carrying mutations which 

alter the surface antigen (not including Gl45R). 

29. An HBV vaccine according to Claim 28 wherein the mutations in the surface 

antigen are selected from one or more ofl68I/M, C69F/L, H436Y, DEL 117-120, DI44E, 

SUBSTITUTE SHEET (RULE 26) RO/AU 
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E164D, S210R; Ll091/L, C/Wl82Y/STOP, Y206N, S210R/S and S210R, wherein DEL means 

a deletion and STOP means a stop codon. 

30. An HBV vaccine according to Claim 28 wherein the mutations in the surface 

antigen are selected from one or more ofV96A, C138R, P142T/P, Kl60KIN and/or Al94G/A. 

31. A composition comprising a variant HBV or an HBV surface antigen from said 

variant HBV or a recombinant or derivative form thereof or its chemical equivalent and one or 

more pharmaceutically acceptable carriers or diluents. 

32. A composition according to Claim 31 comprising multiple variant HBVs or 

multiple HBV surface antigens from said variant HBVs or recombinant or derivative fonns 

thereof or their chemical equivalents. 

33. A composition according to Claim 31 or 32 wherein the surface antigen carries 

a mutation within amino acid residues 67 to 226 of the HBV surface antigen or a functionally 

equivalent region. 

34. A composition according to Claim 33 wherein the variant comprises a mutation 

in the surface antigen together with a corresponding mutation in the DNA polymerase (shown 

in parentheses) selected from one or more of 1681/M (L423L/MN), C69F/L (L423L/F). DEL 

117-120 (DEL 471-474), D144E, G145R (W499E), S210R(S565A), L109I/L (S463S/Y), 

C/Wl82Y/STOP (V537V/l), Y206N (V/G560E), S210R/S (S/F 565A/S), S210R (S/F 565A), 

wherein DEL means a deletion and STOP means a stop codon. 

35. A composition according to Claim 33 wherein the variant comprises a mutation 

in the HBV surface antigen selected from one or more of V96A, Cl38R, P142T/P, Kl60K/N 

and Al 94G/A. 

36. A composition according to Claim 33 wherein the variant comprises a mutation 

in-the HBV DNA polymerase together with a corresponding mutation in the surface antigen 

SUBSTITUTE SHEET (RULE 26) RO/AU 
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(shown in parentheses) selected from one or more of I68I/M [L423L/MV], DEL117-120 

[DEIA71-474], Dl44E and G14SR [W499E], Ll09IIL [S463 S/Y] and C/W 182 Y/STOP 

[V537 Vil]. 

37. Use of a variant of an isolated DNA virus which replicates via an RNA 

intermediate wherein said variant comprises a nucleotide mutation in a gene encoding a DNA 

polymerase resulting in at least one amino acid addition, substitution and/or deletion to said 

DNA polymerase in the manufacture of a medicament for the treatment and/or prophylaxis of 

hepatitis. 

38. Use of a variant of an isolated DNA virus which replicates via an RNA 

intermediate wherein said variant comprises a nucleotide mutation in a gene encoding a viral 

surface component resulting in at least one amino acid addition, substitution and/or deletion in 

said viral surface component in the manufacture of a medicament for the treatment and/or 

prophylaxis of hepatitis. 

39. Use of a vari~t of an isolated DNA virus which replicates via an RNA 

intennediate wherein said variant comprises a nucleotide mutation in an overlapping portion 

of at least two open reading frames resulting in an amino acid addition. substitution and/or 

deletion to translation products of said open reading frames in screening for an anti-viral agent 

capable of inhibiting said virus. 

40. Use of a variant of an isolated DNA virus which replicates via an RNA 

intermediate wherein said variant comprises a nucleotide mutation in a gene encoding a DNA 

polymerase resulting in at least one amino acid addition, substitution and/or deletion to said 

DNA polymerase in in screening for an anti-viral agent capable of inhibiting said virus. 

41. Use of a variant of an isolated DNA virus which replicates via an RNA 

intermediate wherein said variant comprises a nucleotide mutation in a gene encoding a viral 

surface component resulting in at least one amino acid addition, substitution and/or deletion in 

said viral surface component in in screening for an anti-viral agent capable of inhibiting said 

SUBSTITUTE SHEET {RULE 26) RO/AU 



-- ----------------------------------

W000/(i17S8 \ \1"11\ \\\I\\ lllll lllll \l \Ill 
* C L M S * 

PCT/AU00/00294 

-66-

virus. 

42. Use of a variant of an isolated DNA virus which replicates via an RNA 

intermediate wherein said variant comprises a nucleotide mutation in an overlapping portion 

of at least two open reading frames resulting in an amino acid addition, substitution and/or 

deletion to translation products of said open reading frames in in screening for an anti-viral 

agent capable of inhibiting said virus. 
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