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HBV genotypes and subgenotypes

There are ten recognized genotypes (A-J)

Genotypes: are identified based on divergence of the entire genomic
sequence of >7.5%

Subgenotypes are identified based on divergence of the entire genomic
sequence of 4-7.5%

Distribution of HBV genotypes differs throughout the world




Original epidemiology of Hepatitis B virus genotypes




Human hepatitis B virus (HBV)

v Member of the family Hepadnaviridae

v" Circular, partially double-stranded DNA virus of approximately 3200 nt

+ Partially dsDNA




HBYV Structure

4 ORFs
ORF-S region:
Pre-s1 (large protein): 39-42KD: 400 aa

Pre-s2 (middle protein ): 33-36KD: 281 aa
S gene (HBsAg—major protein): 24-27KD:226 aa

Envelope
gene

Surface
proteins

119aa b55aa 226 aa

+

Partially dsDMNA




HBs antigen structure

v"HBV envelope (surface) consists of small (S), middle (M), and large (L)
surface antigens
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Tertiary structure of HBsAg is crucial for:

v' Immunogenicity

v Induction of a protective humoral immune response

v’ Serves as primary target for diagnosis and immunoprophylaxis of
HBYV infection




Dominant epitopes of HBsAg

v' Targets of neutralizing B cell responses

v/ aa 99 to aa 169 is called a major hydrophilic region (MHR)

v Reside in the ““a@” determinant (aa 124-147) within the MHR

v" Shared by all serotypes and genotypes of HBV



Major hydrophilic region (MHR)

“First-loop™:

aa139~aa147

aal24~-aal37

Cytosolic loop



“Q” determinant
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v’ Target for vaccination and infection

v" Amino acid substitutions in the MHR can cause reduced binding of anti-HBs
antibodies, resulting in immune escape

v" The most common MHR mutation, G145R, was initially described in 1990

v Glycine: non-polar aa, Arginine: positively charged aa



Emergence of single or multiple amino acid
substitutions occurs:

1. Antigenic variation of the “a” determinant occurs naturally due to
HBV genetic heterogeneity (different genotypes)

2. Infants born to HBsAg(+) mothers who received the HBV vaccine
with or without HBIG

HBIG: Hepatitis B immune globulin, provides immediate, short-term
protection against hepatitis B infection

3. Vaccinated children



Emergence of single or multiple amino acid
substitutions

4. Chronic carriers
5.Liver transplant recipients who received HBIG
4. Individuals with occult HBV infection (OBI)

OBI: atypical form of HBV infection, long-term persistence of HBV DNA,
despite undetectable HBsAg by regular immunoassays

5. In patients who experienced HBsAg loss after anti-HBV therapy



Most frequent medically selected amino acid changes in HBsAg

diagnostic-escape and
diagnostic dilemma. J Clin Virol.
2013 Jul;57(3):201-8

Amino acid position Wild-type Mutant Cause

120 P E-S-T V-L-HBIG

123 T N HBIG

124 C R-Y mAb-HBIG

126 T A/N/S V-HBIG

129 Q H/L V

130 G D/R L-HBIG

133 M L V

134 FIY N/R HBIG

141 K E/l V-mAb

142 P S V-mAb

144 D AJE V-HBIG

145 G R V-L-HBIG

146 N S V

148 T I V

149 C R V

157 A D/R V-L

158 F Y L

164 E D L-Fam

175 L S L

179 F Y L

181 Q H V

182 Vv * L

183 F C V

184 Vv A V

193 F S L

194 Vv A V

195 | M L V, vaccine; L, lamivudine;
196 W S L mAb, monoclonal antibody;
198 M l L Fam, famciclovir. *Stop
204 N S \% codon mutation.
207 Q R/S L

208 I T V



anti-HBs antibody

1- Therapeutic application

2- in vitro diagnostic use

A- Highly sensitive HBsAg assays, necessary for detection of HBV positive
donors

B- Quantification of HBsAg is performed for monitoring of the infection
course and prediction of the long-term success of treatment



Effect of mutant HBsAg in diagnosis

v Natural variation and mutations can induce HBsAg conformational
changes

v" Many HBsAg immunoassays use monoclonal antibodies against
epitopes in major hydrophilic region, in particular against the “a”
determinant

v" Amino acid substitution in this region may account for false-
negative results in immunoassays




Reactivity pattern of anti HBs MAbs with mutant forms of
HBsAg

9 mAb, 14 HBsAg mutants

MAbs P120E T123N T126N  Q129L Q129H M133L M133H K141E P142S T143K D144A G145R N146S  C147S

5G7 + - - - ++ + ++ ++ + + + + + ++
1C10 + - ++ + ++ + ++ ++ + +++ - + + +
4G4 + - +++ ++ ++ + ++ + + +++ + + -
3C9 + - - - ++ + ++ ++ + ++ + + + +
3A7 + - ++ + ++ + + ++ + ++ + - + +
2F2 + - - - ++ + ++ ++ + ++ ++ + + +
2F1 + + ++ + ++ + ++ - + - - - + +
6E3 + - ++ + ++ + ++ ++ + +++ + - + +
S4A - - ++ + ++ ++ - + -+ ++ - - - -

Results are expressed as the ratio of optical density obtained for reactivity of each MAb with mutant hepatitis B surface antigen (HBsAg) to that of
the wt HBsAg and presented as: —, < 40%; +, 40-80%; ++, 80-120%; +++, >120. Wt: wild-type HbsAg.

J Gastroenterol Hepatol. 2014 May;29(5):1083-91. doi: 10.1111/jgh.12483.



“Second-loop™:
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v'T123N: Glycozilation site, 32KD band instead of 26 with MAbs



Impact of MHR mutations on viral antigenicity and secretion

Reactivity to MHR MAbs Immunoassay Secretion of  Virion
Class A Class B Class C Class E/F Class G detection Sproteins  secretion

G119R - + +++ - ++ + e e
P120T + + ++ - +++ + - -
C124R ++ +++ +++ = +++ ++ = =
C124Y +++ +++ +++ - ++ ++ - +
1126S - - - - +++ - ++ ++
Q129R - - - - +++ - ++ ++
S136P - - +++ = + = ++ +++
C139R - ++ ++ - +++ + - +++
T140I - - - - + - T +
K141E - +++ ++ ++ + ++ + ++
D144A - ++ +++ +++ ++ ++ ++ +++
G145A - - - ++ - - - -
G145R - + e e R - ++ +++
M133T n.d. n.d. n.d. n.d. n.d. - + -
M133L n.d. n.d. n.d. n.d. n.d. - + +
M133T/Q129R  n.d. n.d. n.d. n.d. n.d. - ++ -

-, no obvious decrease; +, minor decrease; ++, moderate decrease; +++, dramatic decrease; n.d., not determined.

J Hepatol. 2012 Oct;57(4):720-9. doi: 10.1016/j.jhep.2012.05.009. (China)



Results obtained with five HBsAg assays for HBs
mutants (recombinant form)

Index value?

Mutant or parameter Mutation(s) Centaur Liaison Monolisa Ultra Vidas Ultra AxSYM
(cutoff = 1)  (cutoff = 1.1) (cutoff = 1) (cutoff = 0.13)  (cutoff = 2)

Recombinant mutants

A T126S 20.12 15 12.73 115 7.47
B Q129H 16.51 17 16.31 1.33 8.15
C M133L 12.62 15 12.41 1.61 8.33
D D144A 5.89 6.2 12.31 1.34 6.32
E G145R <0.10 4 11.03 1.09 6.4

F T126S, G145R 0.12 3 9.21 1.57 4.7

G P142L, G145R 0.12 37 10.48 1.06 6.51
H P142S, G145R <0.10 5 10.57 1.15 6.19
| D144A, G145R <0.10 1 10.71 0.38 5.21
K T123N, T143S 0.3 5.8 1.51 0.49 1.29
L T123N 0.56 6.5 4.6 1.16 0.99
M T126S 1.73 4.6 3.05 0.2 2.2

Bayer  Dia-Sorin Bio-Rad  bioMe'rieux Abbott
CLIA CLIA ELISA ELISA ELISA

J Clin Microbiol. 2006 Jul;44(7):2321-6. doi: 10.1128/JCM.00121-06 (France)



Samples with natural HBsAg
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13
14
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17

mutants

S204R/K, L205V, C/Y206S,
D/S207N, 1208T

P120T, 1150T, S132F, F134N,
P135A, D144G,

S143L

D144E, G145R

T126A, M1331

S143L

1110M, T116N, S117T, T118S,
T1408S, S143L

P127T, G145R

F134V, D144G

T1261, Y134H, P142L, G145R

P120S, T1891, D144E, G145R

G145A

P108H, S113T

M1331, Y134H, S143M

L1091, G112K/R, S113A,
P120T, F/Y134S

S143L

I/L110R, S1171, G119R, T123N,
C124R, P203R

Results obtained with five HBsAg assays for HBs
mutants (samples with natural mutants)

J Clin Microbiol. 2006 Jul;44(7):2321-6. doi: 10.1128/JCM.00121-06 (France)

Dia-Sorin

Centaur Liaison
(cutoff = 1)  (cutoff = 1.1)
>1,000 =240
>1,000 =240
0.9 =240
0.75 99
123 5.1
0.43 =240
0.87 =240
594.5 >240
<0.10 =240
<0.1 0.4
<0.10 54
889.7 =240
>1,000 =240
164.7 =240
=>1,000 =240
3.31 =240
0.02 51
Bayer
CLIA CLIA

Monolisa Ultra Vidas Ultra
(cutoff = 1) (cutoff = 0.13)

=30 >17
>30 >17
>30 16.5
>30 >17

2.37 0.47
=30 =17
>30 >17
=>30 >17
>30 >17

8.7 2.9
>30 >17
>30 >17
=30 >17
=30 >17
>30 >17
=30 >17

0.29 0.1
Bio-Rad PioMe’rieux

AxSYM
(cutoff = 2)

354
220

326
342
12
238.6
3924

163.5
229
28.8
164.34
2247
381.8
338
400

360
1.09

Abbott
ELISA



Mutations in the HBsAg in occult HBV infection (OBI) and their
influence on viral antigenicity and phenotype

J Hepatol. 2012 Oct;57(4):720-9. doi: 10.1016/j.jhep.2012.05.009. China



Performance of seven HBsAg assays in detecting MHR mutants
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B (Monolisa-Ultra)

C (Hepanostika-Ultra)
D (XC-HBsAg)

E (WT-HBsUltra)

F (Architect-HBsAg)
G (Elecsys-HBsAg)



Mutations that strongly decreased the analytical
sensitivity of commercial HBsAg immunoassays

v Four out of the 13 mutations (C124R, C124Y, K141E, and D144A)
strongly decreased the analytical sensitivity of seven commercial
HBsAg immunoassays

v' G119R, C124Y,1126S, Q129R, S136P, C139R, T140I, K141E, D144A,
and G145R significantly impaired virion and/or S protein secretion
in both HUH7 cells and mice



Effect of MHR mutations

v Not only alter S protein antigenicity

v" But also affect virion and S protein secretion



Effect of different HBV genotypes on commercial
HBsAg assays

Previously shown that some HBsAg mutants can escape detection
by commercial HBsAg assays

Genetic diversity of HBV affect the sensitivity of HBsAg assays

The standards used for calibration of the HBsAg test kits are based
on genotype A subtype ad

Reduced sensitivity with HBV variants is likely to be detected only
qguantitatively

Immunoassay is capable of detecting them at high HBV
concentrations but not at low antigen concentrations



Effect of HBV genetic diversity on HBsAg assays

v’ Laboratories testing blood samples for HBV are required to
recognize the different HBV genotypes and subtypes

To meet these needs:

v" International Consortium for Blood Safety (ICBS): established HBsAg
Master Panels which include panel members comprising the major
HBV genotypes A-F and HBsAg subtypes adw2-4, ayw1-4 and adr

v" These samples were collected from blood banks around the world
to evaluate HBsAg assays for sensitivity



15t WHO International Reference Panel for HBV
genotypes for HBsAg-based assays

v’ Panel contains 15 non-inactivated Iyophilized specimens
representing the subgenotypes Al, A2, B1, B2, C2, D1-D3, E, F2, and
H

v The panel is a helpful complementation to the IS to validate HBV
genotype specific analytical test sensitivities




Reactivity of a panel of anti-HBs mAbs with
first WHO international hepatitis B virus genotype reference
panel

v Reactivity of 18 anti-HBs mAb was evaluated with the first WHO
international hepatitis B virus genotype reference panel
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Anti-HBs mAbs that recognize all subgenotypes
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Genotypes that profoundly affect the reactivity of

7 anti-HBs mAb



"a" determinant (aa 124 to 147): A2 ref seq and S6, S7, and S8

a-determinant aa 226

126 131 143

A? PCEKTCTTPAQGNSMEFPSCCCTKPTDGNC
38 PCKICTIPAQGTSMFPSCCCTEPSDGNC
5] PCKTCTIPAQGTSMFPSCCCTKPSDGNC

sbo PCKTCTITAQGTSMFPSCCCTKPSDGNC
*kkEkkE 1&tt+tttttttt*tt:*ttt

It is noteworthy that this substitution (127, in the first loop) is only seen in samples
(S6, S10, S12, S13, S15) that profoundly affect the reactivity of most of anti-HBs mAbs
S6, 7, 8: Genotype C2, adr, Japan

P: proline (non polar aa), T: Thereonine (polar aa)
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Designing an HBsAg detection assay which recognize
all genotypes

=X




Recombinant HBsAg derived
from HBV of genotypes A to H were assayed by utilizing 10 diagnostic kits
available in Japan

Genotype

BA

BB
ocC
oD
mlb

W O 9 8 O

CO.L

o W LA

@F

nG

oH

<

| 2 3 4 5 6 T 8
(B) Kit No.

Only one kit (No. 8) gave negative results for the HBsAg of genotypes E and F

J Virol Methods. 2006 Sep;136(1-2):254-6. doi: 10.1016/j.jviromet.2006.03.022. Japan



Genotypic differences vs mutation variations

v Genotypic differences in the HBV family thus appear to have little
impact on the sensitivity of currently available HBsAg diagnostic kits




Reactivity of 70 HBsAg test kits from around the world to HBV gentoypes
using 394 ICBS Master Panel members of diverse geographical origin
comprising the major HBV genotypes A-F

v" Diagnostic efficacy of the evaluated HBsAg test kits differed
substantially

v Reduced sensitivity for HBsAg with genetic diversity of HBV
occurred with genotypes / subtypes D/ ayw3, E/ayw4, F/adw4 and
by S gene

v Genotypes / subtypes D/ayw3, E/ayw4, and F /adw4, share a
substitution at position 127, i.e., P127T for the ayw3 subtype and
T1271/ L specific for E /ayw4 and F /adw4

v E /ayw4 and F /adw4 have the genotype specific P140T residue

Vox Sang. 2010 Apr;98(3 Pt 2):403-14. doi: 10.1111/j.1423-0410.2009.01272.x. Germany



Conclusion

v Subgenotypes D2, F2, E, and H profoundly affect the reactivity of
anti-HBs mAbs

v Therefore, in parts of the world that these genotypes are the
predominant genotypes, the HBsAg analytical assays should be
used that recognize these genotypes



Perspectives

v Anti-HBs mAbs that can recognize all subgenotypes of HBV can be
used in commercial HBsAg detection assays

v A panel of anti-HBs mAbs with ability to recognize all subgenotypes

of the virus can have therapeutic application as a candidate for
HBIG
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