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FIG. 2. The cryo-EM structure of HEV T=1 VLP in complex with anti-HEV antibodies. (A) Surface presentation of VLP-Fab224 (left) and
VLP-Fab4 (right) viewed along one of the icosahedral 2-fold axes. One 5-fold axis and two adjacent 3-fold axes are marked with the corresponding
number. In both reconstructions, 60 copies of Fab are attached to the lateral side of HEV VLP; however, the density of Fab4 molecules appears
to be less than that of Fab224 molecules. (B) The viral surface is shown as a stereographic projection overlapped with a line drawing of an
icosahedral asymmetric unit. The 5-fold and two adjacent 3-fold axes are marked with corresponding numbers, while the black triangle encloses
the area of an icosahedral asymmetric unit. The surface residues are colored according to the distance from the center of the VLP, with red being
the furthest away and blue representing the surface depressions. The Fab density is projected as white contour lines on the viral surface, and the

outermost layer of density is drawn as thick white contour lines.

binding sites were occupied by a Fab molecule. The density
corresponding to the VLP capsid was removed from the
cryo-EM map, producing a Fab differential density map that
was used to pinpoint the binding site of the Fab224 antibody
(Fig. 3A and B).

In addition, the structure of HEV VLP in complex with the
neutralizing antibody Fab4 was determined by combining 264
individual images. Fab4 precipitates both the native HEV

virion and recombinant PORF2 peptides, but the reaction de-
pends on the presence of amino acids 597 to 607 (26). Three-
dimensional reconstruction of the VLP-Fab4 complex showed
60 Fab molecules bound to each HEV VLP. Unlike the VLP-
Fab224 complex, the density corresponding to Fab4 was about
one-third of that of the capsid (Fig. 2A), suggesting that only
30 to 40% of the binding sites were occupied by the Fab.
Moreover, the binding of Fab4 appeared to be deeper on the
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FIG. 3. The binding site of Fab224 antibody. (A) The cryo-EM density map of VLP-Fab224 was fitted with the crystal structure of PORF2 and
viewed along a bound Fab molecule. One PORF2 dimer is presented as a solid surface and colored light magenta for the S domain, blue violet
for the M domain, and dark gray for the P domain. The neighboring dimers are drawn in ribbon mode and colored wheat. (B) Side view of a
PORF2 dimer fitted into the cryo-EM density map. (C) A PORF2 dimer viewed along the 2-fold axis and overlapped with the cryo-EM density
map. (D) Top view of a PORF2 dimer viewed along the 2-fold axis. The amino acids in PORF2 responsible for binding to Fab224 are labeled. The
PORF2 dimer is presented as a solid surface and colored in gray, violet, and light magenta for the P domain, the M domain, and the S domain,
respectively. The residues along the Fab binding interface are colored according to the element, with green for carbon, blue for nitrogen, and red

for oxygen.

side wall of the protruding domain toward the capsid shell,
leaving its Fc domain exposed above the surface of the plateau
(Fig. 2A). In contrast, the entire Fab224 molecule stood mainly
on the top of the P domain surface. The Fab224 and the Fab4
molecules extend along the long axis of the P domain. In both
cases, no steric hindrance of the Fab on the P domain with the
neighboring Fab molecules at either the 5-fold or the 3-fold
axes was apparent. The orientation of the Fabs relative to the
plateau appeared different at a radius of 135 A. The long axis
of Fab224 tilted toward the neighboring spike, while the long
axis of Fab4 pointed to the 5-fold axis (Fig. 2A).

To further analyze the Fab and HEV VLP binding interface,
the crystal structure of genotype 1 PORF2 was docked onto the
VLP-Fab224 cryo-EM density map. The genotype 1 PORF2
crystal structure (PDB ID 2ZZQ) is composed of three do-
mains (31), and these domains are in good agreement with
those of genotype 3 and genotype 4 PORF2 (PDB ID 2ZTN
and 3HAG, respectively) (8, 32). The coordinates fitted very

well with the cryo-EM density map without any adjustment
(CCvalue of 80%). The atoms on the surface of the HEV VLP
capsid were plotted and colored according to their radial dis-
tance and overlapped with the density of the Fab at the surface
plateau of the protruding spike (Fig. 2B).

The Fab224 interacted with the residues on the side of the
ORF2 spike rather than with those residues on the spike’s
plateau surface (Fig. 3C). The contact footprint did not over-
lap with the dimeric interface of the PORF2 spike. As ex-
pected, Fab224 recognizes a conformational epitope, and its
binding site covers a surface composed of three loops, includ-
ing amino acids 470 to 493 in AB loop, amino acids 539 to 569
in CD loop, and amino acids 581 to 595 in EF loop (Fig. 3D).
Residues E479, D481, T484, Y485, and S487 from the AB loop
and residues Y532, S533, and K534 from the CD loop were in
close contact with the Fab molecule.

Structure of HEV chimeric VLP. Chimeric HEV VLP-C-tag
was constructed using a PORF2 fusion protein in which a
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FIG. 4. The structure of the chimeric HEV VLP carrying a B-cell
tag. (A) Surface presentation of VLP-C-tag viewed along an icosahe-
dral 2-fold axis. (B) The cryo-EM density map of VLP-C-tag (mesh)
was fitted with the crystal structure of the PORF2 decamer (ribbon).
(C) Ribbon representation of PORF2 dimer with one monomer col-
ored gray and the other colored pink for the S1 domain, blue for the
M domain, and lime for the P domain. The amino acids prior to the
four internal insertion sites are marked in sphere mode with color
coding representing the elements as described in the Fig. 3 legend.
(D) The top view of the PORF2 dimer, showing the location of the
non-VLP insertion sites.

B-cell tag of 11 amino acids was incorporated into the C ter-
minus of PORF2 (Fig. 1B). A total of 782 images of individual
particles were used to reconstruct the final three-dimensional
model of VLP-C-tag. In agreement with the previously pub-
lished cryo-EM VLP structures, the surface of VLP-C-tag can

FIG. 5. Fitting of the PORF2 structure into the cryo-EM

J. VIROL.

be divided into two distinct layers, an icosahedral shell and a
protruding spike (Fig. 4A). The spike projects outward from
the icosahedral shell and is composed of a PORF2 dimer. The
distance between two adjacent spikes was ~76 A as measured
between the centers of the surface plateaus. These results are
consistent with the measurements of VLPs obtained either
from Tn5 insect cells (30) or from Sf9 insect cells (13), and no
detectable density was added onto the outer surface of the
spike. No RNA density was detected within the chimeric VLP-
C-tag.

The crystal structure fit very well within the VLP-C-tag den-
sity map (Fig. 4B), indicating that the insertion of the C-
terminal 11 amino acids inhibits neither the dimer-dimer in-
teractions nor the formation of T=1 VLP. When the density
maps were contoured to cover 100%, the radii of the S do-
mains were roughly the same for both the VLP-C-tag and the
VLP-Fab224 map, and the heights of the protruding spikes
appeared similar. No density difference was observed from the
docking (Fig. 5), suggesting that the inserted B-cell tag is
flexible and less ordered. However, model fitting revealed that
coordinates with unoccupied density appeared at the lateral
side of the spike and underneath the Fab224 binding site (Fig.
SA and B), which may correspond to the inserted peptide.

DISCUSSION

HEV T=1 VLP is a vaccine candidate that induces protec-
tive immunity in nonhuman primates (12). It can also be used
as an antigen carrier to deliver foreign epitopes through oral
administration (20). Therefore, structural analysis of the anti-
body recognition sites is essential to suppress the neutraliza-
tion effect of host vector-specific antibodies. For this purpose,
we determined the structure of HEV VLP in complex with
antibodies Fab224 (VLP-Fab224) and Fab4 (VLP-Fab4) and
the structure of chimeric HEV VLP carrying a B-cell tag at the
C terminus of PORF2 (VLP-C-tag). Docking the PORF2 crys-

PORF?2 dimer (surface presentation) are overlapped with the cryo-EM density map of VLP-C-tag (mesh). The C-terminal residue A606 is located
at the side of the protruding spike. One PORF2 dimer in the surface presentation is colored light magenta, blue violet, and gray for the S, M, and
P domain, respectively. The ribbon representation shows the adjacent dimers. The amino acids in PORF2 responsible for binding to Fab224 are
colored green for carbon, blue for nitrogen, and red for oxygen. Asterisks mark the location of the extra density that was not occupied with PORF2

coordinates.
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tal structure provides spatial information on the HEV anti-
genic domain and structural guidance to better design foreign
epitope insertion.

Structure of the neutralization epitopes. The antigenic
properties of HEV and the mechanisms by which it is neutral-
ized are difficult to characterize due to the lack of adequate cell
culture replication systems. Therefore, our understanding of
HEV immunology is mainly based on studies using recombi-
nant proteins expressed in E. coli (23) and recombinant pro-
teins or HEV VLPs generated using the baculovirus expression
systems (15, 24). Data from these studies indicate that the
C-terminal region of PORF2 participates in the immune re-
sponse against HEV and that the HEV neutralization epitope
is conformational. The minimum peptide required to induce
HEV-neutralizing antibodies corresponds to a region of 148
residues in PORF2, from amino acids 459 to 607 (33). This
peptide coincides with the P domain revealed in the crystal
structures of PORF2. The densily of the Fab in our cryo-EM
structure interfaced entirely with the spikes, thus confirming
that the P domain is primarily responsible for HEV antigenic-
ity. Fab4 is a chimpanzee antibody that recognizes the ORF2
protein and was isolated from a cDNA library by using phage
display (25). Fab4 binds to native HEV virions and recombi-
nant PORF2 peptides containing amino acids 597 to 607 (26).
We performed fitting with the VLP-Fab4 structure; however,
the Fab4 density was too weak to conclusively determine the
Fab4 binding site on the surface of HEV VLP. However, the
density corresponding to the Fab4 molecule did cover amino
acid 606 (data not shown). It is not clear why Fab224 appeared
not to interact with peptides lacking amino acids 599 to 608 in
immunoblot analysis. However, the Fab224 binding site is con-
sistent with the critical antigenic residues determined previ-
ously using mutagenesis. It was found that double mutations
that changed residues E479 and K534 or Y485 and 1529 to
alanine selectively abrogated PORF2’s reactivity with neutral-
izing antibodies (11). Experiments with another set of mutants
defined the same region as the HEV antigenic domain, with
antibody recognition residues spreading over the AB, CD, and
EF loops (32). The antibodies used in both experiments were
neutralizing antibodies; therefore, the Fab224 binding surface
is part of the dominant neutralization site, suggesting that the
monoclonal antibody Fab224 is a neutralizing antibody. This
neutralization site partially overlaps with the receptor binding
site (32), and antibody binding may create spatial hindrance
that prevents HEV VLPs from attaching to the cell surface.

Insertion sites for foreign epitopes. Because they are highly
organized capsids that mimic the overall structure of virus
particles, VLPs are a robust means by which to simultaneously
carry small molecules, peptide antigenic epitopes, and DNA
vaccines from heterogeneous sources to target discase sites.
However, this rational vaccine design relies on excellent VLP
structural information so that epitopes can be effectively con-
jugated to the VLP surface. In a previous study, rather than
selecting PORF2 insertion sites on the basis of structural in-
formation, six insertion sites were selected according to restric-
tion enzyme sites located either internally (four sites) or in the
N or C terminus of PORF2. The internal sites are located after
residues Al179, R366, A507, and R542. Fusion proteins carry-
ing insertions at sites A179 and R336 completely failed to
produce VLPs, and insertions at A507 and R542 greatly re-
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duced VLP production (20). Crystal structure data revealed
that the spatial position of these sites is disadvantageous. Res-
idue A179 is located in the S domain in the middle of an
a-helix, which is necessary for the integrity of the S domain and
its interaction with the 2-fold-related neighboring subunit.
R366 is located in the M domain and favors electrostatic in-
teraction with residue E386 from the 3-fold-related neighbor-
ing subunit. Although located within the P domain, the side
chain of R542 is within the dimeric interface and guides the
hydrophobic interaction of the two monomers. Replacement
of R542 may misalign the orientation between two P domains
and weaken the dimeric interaction between PORF2 proteins.
Residue A507 in the P domain plays an important role in
maintaining P domain orientation by fixing the angle of the
long proline-rich hinge. Moreover, none of the four residues
are exposed on the surface of VLPs, although some of them
are located on the surface of individual PORF2 subunits (Fig.
4C and D). Therefore, the insertion of a foreign sequence at
these sites does not interfere with the expression of individual
proteins but, rather, hinders the assembly of HEV VLPs. The
crystal structure revealed that the C terminus is exposed on the
surface of VLPs, while the N terminus points toward the VLP
center. Therefore, insertion at these two sites does not inhibit
VLP assembly; however, the C terminus is more suitable for
tethering bulky foreign antigenic sequences, as was shown in a
previous report (20).

The cryo-EM structure of the chimeric HEV VLP-C-tag
suggested that the B-cell tag was located at the lateral side of
the spike, not far from residue A606 (C-terminal end in the
crystal structure) (Fig. 5A). This density is located beneath the
Fab224 binding site but nonetheless overlaps with the potential
binding site of Fab4. As a result, the insertion of the 11-amino-
acid B-cell sequence may leave the HEV antigenic site partially
open and accessible to the host immune system. This explains
why mice can develop antibodies against both HEV and the
foreign epitope after oral administration of VLP-C-tag (20).

In conclusion, the cryo-EM structures of VLP-Fab224 iden-
tified the lateral surface of the P domain as the recognition site
for anti-HEV neutralizing antibodies. The insertion of a B-cell
epitope at the PORF2 C terminus does not interfere with T=1
VLP assembly. Thus, T=1 HEV VLPs are a novel tool for oral
vaccine delivery, as they constitute nonreplicating entities that
can induce mucosal immunity without adjuvant. The induction
of antibodies against both HEV and the target disease is an
additional advantage of this delivery system.
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ABO91385 {(JSN-Ssp-FHYJapan {Sappora)
AB189941 (JYN-Sap01)/Japan {Sapporo)

AB114178 (JSF-Tol03)Japen (Tottori)

ABO99347 {HE-JK4 Y dapan (Tochigi)
AB183178 {(JYN-N#O2LYJapan (Nigata)

%8 AB189937 {JRT-SapS4yJapan (Sapporo)
———‘[:{_ AB074915 {(JAK-SalyJapan (Sattama}

AB189935 {JR5-Saps4)/Japan {Sapporo)
AB181717 (JSM-Sapd5)/Japan {Sapporo)
L[\szme {HE~JAZB)Japan (Monbetsu)
AB220879 (HE-JA41 YJapan (Kitami) u
8 1| AB220977 (HE-JA28apan (Gtami) lml o
AB201850 (JTCHRFHOSL VJapan (Kiami) strain”
AB291965 (HRC-HE14CYJapan (Kitami)
AB201066 (JST-KitAsaO4C)iiapan (Asahkaws)
o ABS34108 (JHA-Sap9).Japan (Sapporo)
—-[ AB534202 {JYS-Sap09)ylapan (Sapporo)
ABS34197 (JY1-Sap0o)japan (Sapporo)
ABS534201 {JTU-Sap0¥Japan (Sapporo) “New
AB534199 (JSO-Sap09)Japan (Sapporo) Sapporo
AB534200 {JKT-Sap09).Japan (Sapporo} strain”

ABS34203 (JHT-Sep08)Japan (Sapporo)
HE-JA10-0350
L ABS34166 (JYN-Sap09Y.Japan {Sapporo}
AB189930 (JSY2-Sapl2yJapan (Sapporo)
AB220972 (HE-JF4)Japan {Sapporo)
AB220973 (HE-JF5)MJapan {Sapporo)
AB189929 (JFK-Sap02)Japan (Sapporo)
AB113310 (HRC-HEBYJapan (Date)
AB189940 {JYi-Sap01)iJapan (Sapporo)
~ AB220975 (HE-JA19)Japan {Sapporo)
- ABZ20978 (HE-JA3T Y apan (Kitami)
- AB(74921 (JSY-Sap)japan (Sapporo) “Sapporo
AB189939 (JTS-Sapd2B)/Japan (Sapporo) strain”
AB189932 {JAA-Sap01).Japan {Sapporo)
AB189934 (JES-Sap01)Japan {Sapporo)
ABO74917 (JKK-SapyJapan (Sapporo)
ABH3305 {HRC-HE 1)/apan {Sapporo)
AB113307 {HRC-HE3)/ Japan (Asahikawa)
_| AB108654 (HE-JA14)Japan (Kitami)

AB113304 (HRC-HM)Japan {Saru)
AB113303 {HRC-5K)\Japan (Muroran)

Fig. 1 Phylogenetic tree constructed by the neighbor-joining method based on the partial nu-
cleotide sequence (326 nt) of the ORF1 region of 59 HEV isolates. The HEV isolate (HE-JA10-
0350) obtained in this study, is indicated by bold type for visual clarity. Bootstrap values of >
70% are indicated for the major nodes as a percentage of the data obtained from 1,000

resamplings.
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Table 1 Laboratory parameters, anti-HEV and HEV RNA in serum samples obtained periodically from the patient

with hepatitis E

Date AST ALT TBil DBl PT PLT
(IU/L) (IU/L) (mg/dD) (mg/dh) (%) (X10%/ul)

Anti-HEV (OD450) HEV RNA

IgG IgM Igh  (genotype)

2010/1/8 8550 10330 52 42 53 93
20107179 4080 8240 52 43 61 123
2010/1/10 1582 5020 48 41 80 172
2010/1/11 722 3970 41 37 85 185
20107379 18 19 09 NT 86 184
2010/4/13 24 28 09 03 87 174

0967 (+) >3000(+) >3000(+) + (4)
0816(+) >3000(+) >3000(+) +
0778 (+) >3000(+) >3000(+) +
0975(+) >3000(+) >3000(+) +
NT NT NT NT

>3000(+) 0683 (+) 0425 () -

NT: not tested

ZEoT, B E RNV EBRELAZZE2HE
LT3 HEV BREEDBREFELEEEBERNTT S
21 HEV Bk BIZ TR BAE R T 5 L RIS, &4
YR LI ICBEROATCOREREL ROV &
25, BREEPOBE RTT) CIABERLRUE
CTORFONE* GO LFALREERFEETH
5.

RO HEV B, EINRRY:, 5 FRERAT

Xak:1) £ AE BREEE KEEA i F
B 2010 ; 51 : 51—53 2) Takahashi M,
Kusakai S, Mizuo H, et al. ] Clin Microbiol 2005; 43:
49—56 3) Mizuo H, Suzuki K, Takikawa Y, et al.
J Clin Microbiol 2002; 40: 3209—3218 4) #8 1} &
t, EEALCT, EHLEL, fi B 2007
48 1 15—21

RYEE
A case of domestic hepatitis E living in Ibaraki
Prefecture who was suspected to contract
infection of a new Sapporo HEV strain
while traveling in Hokkaido

Tatsuya Aikawa"*, Kazuto Ikezawa®,

Takashi Mamiya®, Chisato Ueno”,
Yumiko Wada",
Suzuka Shimada”, Fumio Tsuda”,
Masaharu Takahashi”,
Hiroaki Okamoto”

We encountered a 34-year-old man who developed
domestic infection of genotype 4 hepatitis E virus
(HEV) in January 2010 two weeks after traveling to
Hokkaido, where a series of sporadic cases of hepatitis
E (n=8) had been noted between September and Octo-
ber in 2009 (Kanzo 51:51-53, 2010). The HEV isolate re-
covered from our patient segregated into a cluster of
new Sapporo strains consisting of those recovered
from the 8 reported patients, with up to 100% identity,
suggesting the wider and continuing spread of the par-
ticular strain in Hokkaido. In addition to routine test for
hepatitis E, detailed interview and phylogentic analysis
of HEV strains should be considered for identifying
sources of infection and modes of infection transmis-
sion.

Key words: HEV infection, domestic infection,
phylogenetic analysis
Kanzo 2010; 51: 579—581
1) Aikawa Internal Medicine Hospital

2) Division of Gastroenterology, Department of Inter-
nal Medicine, Tsukuba Memorial Hospital

3) Division of Virology, Department of Infection and
Immunity, Jichi Medical University School of Medi-
cine

*Corresponding author: tt.aikawa@ops.dtine.jp

© 2010 The Japan Society of Hepatology
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R ARMOBIETFE “genotype5” ZMRFETH LB b LHAIEHE
E BIFF R 4 N A E B

aiE MY FH B=?

WE A, BREORER 140 HER R, HEV
RNABHEZRLA5Hd ) % 3#11E genotype 4, 1
B1iX genotype 3, %% 1 Flo genotype I3[ 8] & #
HL. MAHo [A3HF] O HEVIZ1RAG 4
B ¥ COBEM genotype (IR LET, HHE5B] 0
TN A T REEERINEZEFEL TS 2 EHH
HLADTHRETS.

MR ERE  BRABERTREX O LT 2009 4 2
H1HCHEIhBEH 10kg DB (ID#135) @
m#E#A S HEVRNA 3l L, ORF] #lMH 326 13
DEH| % k52 L 7> (isolate name i3 JBOAR135-Shiz09,
accession number & AB573435). BEELYI & o b8k ik
Multiple Sequence Alignment by CLUSTALW 24k Y,
SHiHiE Unrooted N-] Tree T 7-.

# R : JBOAR135-Shiz09 & BE H11~4 & genotype
DENZORLBARFIZEL TWAH I L, REH
BT (Fig.1) 2oRBEh7z. BROREIE JBOAR
135-Shiz09 & 1~4 ® HEV BE#h#k & OB D nucleotide
identity (72.7-764% vs G1, 755% vs G2, 71.2-782%
vs G3, 749782% vs G4) 6 b o/, BREEHD
74 ¥HE HEV? (GDCI & GDC46) 133k 4 O Mg
Tl genotype 3OHIZA Y (Fig. 1 BH), JBOAR
135-Shiz09 & @ nucleotide identity & G3 IZAHIE LV vl
(755~773%) %KL

LI E@7RB1: ORF2 %@ 412-nt sequence DFHT
(datanot shown) 2L o THHHEEINL.

1) WEmb

2) PEEWILRERIK

3) HEREEMBT

*Corresponding author: shunjimishiro@po toshibacojp
<ZfB2010E8A 68 > <IFRB20104E8H9H >

Bl #HZ?

W R SR R

EE . FNROHEBESICOT ToMBI, &
HIZIXH 4 HEV genotype 4 € A 63 4 B A
LMY ROPBERLIYTELTFTLYERSH
TR, SROBBA (E#IIERTREXO
IR I B S5 S & genotype 5 HEE X5 HEV
BARR XN Z 2, OB~ ORELOB0E—
R ¢ ERT L. G, o LBk HEV #ka¢
Hohbhrd Lk

SBEIROF 7 HEV-G 8¢ M7 212 h BRI RED
HHhOEXISHOBRETHY, b MM EH
WRBREROBIZL HEVG  OTO M4 TFE LT
® JBOAR135-5hiz09 ek 7 / AEEEFIRENDE
Thab.

HREIAZ  EMPFRIANVK, BEFH B4

Xk 1) SFHEZ Bufz, BN G
2010 ; 44 : 1046—1049 2) Zhao C, Ma Z,
Harrison TJ, et al. ] Med Virol 2009; 81: 1371—1379
3) FHAHT, WHIEE, MARTEM, . 68 2006
A7 1 465—473  4) JHATRRH, MERRIE, BHE#E—
fis. BFBE 2010 : 51 : 418—424 5) {RiE %, /b
ME—, IWTHEK, . B 2006 47 @ 316—318
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SSWKyo-FHOBL _ SWKOR2 108
S0 NO-Swid-1 M’:g:‘ y PO
JECO- 1760F Arkell
JHK-ToyOeC 1
JTTKan
JRA |
: l ! f kil
E008-STMOIC Lo HER
; swDQ
SWMNOS-AT200 ks
/ w3y EOB7-SM06C
Osh2s
SWMNOS-C1056
SwX07-£1 ~ SH-SWers-1
HEJA
/ 9
S0-0000 2 K-S
SWIB5 JK FHOSC
ME-JAOS-1911 — 14C
HE-JAZD
S Yococ
o -
6DC9 \
\ JAK-Soi
ND-SW-00-01
£087-5AP0C
ri-ChisaiE
KNIH-HREVS 4
bl Swxzg WO-ChiSsREC
Mrovee
hova?
Uigh179 81 JBOAR13S-Shiz08
X | EvNESL
SARSS
X . .02
1 ABB-20 this study 0

Fig. 1 Phylogenetic tree (CLUSTALW Unrooted N-J Tree Method) of HEV based on 326-nt sequence within ORF1.
Sequences compared with our JBOAR135-Shiz(9 are as follows;
Genotype 1: Bl-Burma (M73218), HEVNE8L-Myanmar (D10330), Haryana-India (AF459438), TK15-92-Nepal
(AF051830), ABB-2b-Pakistan (AF185822), Hebei-China (M94177), Xinjiang-China (D11092), SAR55-Pakistan (M80581),
Uigh179-China (D11093), hev037-India (X98292), Morocco-Morocco (AY230202). Genotype 2: M1-Mexico (M74506).
Genotype 3. USI-USA (AF060668), Meng-USA (AF082843), swKOR-2-Korea (FJ426404), US2-USA (AF060669), HE-
JA10-Japan (AB089824), JKN-Sap-Japan (AB074918), Arkell-Canada (AY115488), J10-Sai97L-Japan (AB291951), JIO-
sw]19-1-Japan (AB443623), JSW-Kyo-FHO6L-Japan (AB291955), wb]JYGl-Japan (AB222184), sw]570-]Japan
(AB073912), JE03-1760F-Japan (AB301710), JHK-Toy04C-Japan (AB291962), JJT-Kan-Japan (AB091394), JRA1-Japan
(AP003430), JMNG-Oki02C-Japan (AB236320), JDEER-Hyo03L-Japan (AB189071), JSO-Hyo0O3L-Japan (AB189073),
E088-STM04C-Japan (AB369689), swMN06-A1288-Mongolia (AB290312), Osh205-Kyrgyzstan (AF455784), swMN06-
C1056-Mongolia (AB290313), swX07-E1-Sweden (EU360977), SW626-Spain (EU723512), TLS25-France (EU49514),
JMH-Osa04C-Japan (AB291961), sw]8-5-Japan (AB248521), HE-J A04-1911-Japan (AB248520), GDC9-China (F]J906895),
GDC46-China (F]J906896). Genotype 4: T1-China (AJ272108), swCH25-China (AY594199), HEVN2-Japan (AB253420),
swDQ-China (DQ279091), HE-JA2-Japan (AB220974), swCH31-China (DQ450072), E067-SIJ05C-China/Japan
(AB369690), SH-SW-zs1-China (EF570133), HE-JA19-Japan (AB220975), JKK-Sap-Japan (AB0749176), HE-JF4-Japan
(AB220972), JSM-Sap95-Japan (AB161717), JKO-Aba-FHO6C-Japan (AB291967), HRC-HE14C-Japan (AB291965), JTC-
Kit-FHO4L-Japn (AB291959), HE-JA28-Japan (AB220976), HE-JK4-Japan (AB099347), JSF-Tot03C-Japan (AB19317),
JSN-Sap-FH02C-Japan (AB20239), HE-JAl-Japan (AB197812), HE-]JI14-Japan (AB080575), sw]B-H7-Japan (AB481227),
JAK-Sai-Japan (AB074915), IND-SW-00-01-India (AY723745), E087-SAP04C-Japan (AB369688), CCC220-China
(AB108537), JYI-ChiSai01C-China/Japan (AB197674), KNIH-hHEV-Korea (F]763142), JKO-ChiSai98C-China/Japan
(AB197673), swGX32-China (EU366959).
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RBXEE
A wild boar-derived hepatitis E virus isolate
presumably representing so far unidentified
“genotype 5”

Kazuaki Takahashi"”, Shuzo Terada®,
Hiroyuki Kokuryu®, Masahiro Arai”,
Shunji Mishiro"*

A peculiar nucleotide sequence of HEV RN A was re-
covered from a wild boar (Sus scrofa leucomystax) of male
sex with about 10 kg of body weight, captured 1-Feb-
2009 in the forest of Tenryu-ku, Hamamatsu, Shizuoka,
Japan. The sequence (JBOAR135-Shiz09, accession
number AB573435) showed only less than 80% nucleo-
tide identity to so far reported sequences of HEV geno-
type 1 through 4 (72.7-764% vs G1, 755% vs G2, 71.2-
782% vs G3, 74.9-78.2% vs G4) and also to the rabbit
HEV isolates recently reported from China (75.5-
77.3%). Since the rabbit HEV segregates to genotype
3 in the present phylogenetic analysis (CLUSTALW
Unrooted N-] Tree Method), we propose our JBOAR
135-Shiz(9 isolate as the first member of new genetic
group of HEV, “genotype 5.

Key words: hepatitis E virus, genotype, wild boar
Kanzo 2010; 51: 536—538

1) Toshiba General Hospital

2) Yaizu City Hospital

3) Kyoto Katsura Hospital

*Corresponding author: shunjimishiro@po.toshibacojp

© 2010 The Japan Society of Hepatology
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BB S R R
1/ VHOBRRICKDEE E BFFRO—pI

SHE= Ei#e SRS

BATORMENS EBFRIAILA (HEV) D% <L |F genotype 3 & 4 THBN,
genotype 4 [FREMEHEL B LR TVEDREKLELEE TH D, genotype 4
[FALEE TOREFINZ LD, BEZHT genotype 4 DEIFEPIIC K DEAEFFR
HMRETNTUVD . MEFISEFMRICHVTRA LT HEV genotype 4 [CKDE
iE EBIFRTHD, ABFK DBBRISA L@ EETVREG LA T,

& U & €

E HIHF %13 Hepeviridae \ZJ& 3 % RNA 7 A4 )L 2
THBH, A/, v, TR EDERREYE
LR X W e T 2P TchH b, AFE
BYYEE L THEHE N T 5, E BFFRIEEERM
iz dH D, I ABC AMEHFRICETH 10% % Y
B3 EINTOEH, RIREISE % 2 BHiIRI 7
728, WYBW X NT OB AHEMNEINE L,

AHE B 4% 5 B UR 2 3 W THEAE L 72 genotype 4 O
HiE ERFRO—-HITH Y, 4 /7 > v HOB AL
W EHE S e, EWNRINERBEEE O LA %R0 7
7o@, WA S ATHHEIBRES L UATa A Fos
WABGZFT>I L TR LA L EZTVE,
R TIIHA LERTIER L, wEEIO HEV
genotype 4 MAE Sz, FRAEOFHAE L ) >
140 B2\ T, HEV BRI 2 3 E L 7R2R b OF
TG T 5,

fiE B
B OHE 54, Bk
F R ROBOEK B,
BRAERE © MHBERG ML,
SRIRRE : Rt L,
HEERE ¢ BN, oM ERTIE e L, I A L

BRI - X 4 9 HICHEr i X T & L

1WA v v ORFIBE B TR L 72, 19 3 8
B h2OEEEK, 3SCHDFKE, BalRIHEL
7o BIE O 1 20 ARSI T 22 s ig %
? L5 (AST 8206 U/L, ALT 6604 U/L) # fifii &
nit-d, YBEHNZL L ho 7,

ABRBFIRAE : 54 184 cm, fAH 73.3 kg, ki
B, MRERAEE S K RS Rd D, PE SR
L, K3, MR emBEamias L.,

ARBRERZR (R 1) : T-bil 6.2 mg/dL, D-bil
47mg/dL & HERENOHEE % A L O, AST
17090 U/L, ALT 13440 U/L & [F8fii BE 3358 12
EFLTw7, PT39% & FHHA BRI R R 24 L
Oz, ABERFOBRFR Y A L ZADRERIZ TR
Ech -7,

BSEB CT : IFHE @ CT DRI LR H bh, HFE
fiRlKIE A E DI,

BEEB US : \EAFEADH D,

ABREIRA © AR Ic B OTHMERNIE XA L D7
W D@, PT 39%, AST 17090 U/L, ALT 13440 U/
LE70tbtayE iGEn(ET &2 Tl
DY, AMERFRELER LWL 72, FRIBNE(LR
282%, 2R TLIFBNENL & HE N, b+
7 VAT ST —EHBEREICECZ LS, il
ORIV L 2 -, ABEH X b BRI i
AcHA 3 HE, IMER@ENT 4 Hilc X 2 A TR
WEBLUOATOA FANVARE (AFL7LEF=

Tof LedT)  BERMEERIR HILER, (Ve VADE . mERR HEBAR, 2L »T6H%  TSHK

R FR7E

90 (1046)
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* 1 ABRFREMR

[Mm#] ALT 13440 U/L || HSV IgG Ba
WBC 5900/ L || LDH 12400 U/L || EBNA #itk Batt
Hb 16.7 g/dL || ALP 1083 U/L || EB VCA IgM =353
Pit 10.0 H/pL || y-GTP 445 U/L || EB VCA IgG 20 f&
B350 CHE 295 U/L || HEV-RNA BBt
PT 39% || AFP 3.0ng/mL || HEV-IgG (24K
APTT 428% || 7xUF> 129700 ng/mL || HEV-IgM [Z1E3
FDP 35.9 ug/mL || BIFE{E FRIFEER"  28.20% | HEV-IgA {21k
D-dimer 14.4 pg/mL | 520X FEBIE(L | HEV genotype 4
[E1EE] [71ILR] Isolate Name ~ JKM-Shiz08R
TP 8.0 g/dL || HCV itk fats || [&]

Alb 41g/dL | HCV-RNA E& Batk | 83 PO RUTHIMAE 201%
T-bil 6.2mg/dL | HBs #iR Bt | mizIiE 40 &
D-bil 4.7 mg/dL | IgM HBc #itk fatt | RF <5.01U/mL
BUN 14 mg/dL | HA igM itk Bat% | 19G 1412 mg/dL
CRE 0.86 mg/dL | CMV-IgM Bats | IgM 259 mg/dL
NH, 46 ug/dL | CMV-IgG 20 1%

AST 17090 U/L || HSV-IgM [543

CHFERE -NBHS X URAENBHE TR AT A1 X B AT BEEL TR

vm e 1000mg 3 HE) #Mafr L7z, 5 2 % HICIE
PT 31% 2% F, AFYERGEE T EEASHBI L, FHIBHE
13 39.7% B L L 72, 58 3 9% H 121X NH; 132
pg/dL i LS L, %5 HICIE T-bil 9.2 mg/dL
TLERALELDD, ZOHBIBHBLICYEL Tt
15 W HOER CT CRFERPEALR EZAS
Y, 916 9 H ST U 22 AP AR T 2ERF RN
MDD HTH o7, HHEELIIZITERL (PT
889%, T-bil 1.7 mg/dL, AST 30 U/L, ALT 82U/L)
L7z7-®, F25WHICBEE o7,

HEV ik - HEV-RNA OBRHE@iF: 4 /> >
D & E BIFRDEE DD - - DT, APz
HRSRTE S LT = fiLi§ic oV T HEV-IgA, HEV-
IgG, HEV-IgM, HEV-RNA OJE%{To7 & 5,
WG Bk TH > 72, HEV-RNA & ORF1 HD L
7Y A — P 821 HE ORI & RE L, B
BHENT 2 1T 72 (B 1), AREGID & o7l S ki
genotype 4 IZJB L TWw7:28, HALFMTIZAL
% & D EEFRIC T L T/,

% =

WA, HA%R & o7 foEEGEEIC B VT, B
i E BRRF Rk & (3 genotype D57 5
HEV #:1C & 2 ERES 5 it > TE LY,

JEHESE  vol. 44 no. 9 2010

HATHE & 717 HEV 138 A B % R & geno-
type3 L 402 @HTHY, REICELS AT S
genotype 3 & b L CAL#E#E 12 flifE 9 % genotype 4
DIF 5 BMIEEMEZ AL Tw3Y, ARIZBLT
2003 512 v AP, 2005 iz 4 2 22995 D HEV
DR O TIHEEEH S /- 2 & T HEV O
BRI )OO H 5D, FESYICk S L,
HEV O &Y 3 B i ke R G A3 30%, A
LD 8%, BRIMUESRA 2%7 LG I, KREL
THY 60% DIERFIRIEAHTH 5,

ARG T3 M AR & RIS &, ABC BUF 2R
PEAM:, HARBERREEEWTHD, 1 />
YHFOMERED & HEV x5t - 72 2 L TR
F o7, HEV 3 70°CHL LB CAREE L E s &
WEINT0E2Y, PN —_F 2 —L LTE
JUFR X 7 R 1 & B A b % 259
KEEBITIIA /oo R 774 R TS5 £ T
FICMBFHR L2 LD ETH o255, AD—
BMBA+ D TH o720, B EOFHBEOUM
BARFITH o100, BRI L - & HEH X
1%, E RBIFRZW D7 o3BGy g ic o
WTDORBAEEZ GO FMAERPEETH S,
LA L, ERFFR DK 60% 2B AHTH 5 2
E, JEABC HIAMEH RO 10% % E BF&3 O

91 (1047)
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Genotype 1

Burma B1(M73218)

Mexico (M74506)

—]
2

USA US1 (AF060668)

JKS-8hiz07L(AB521805) Hamamatsu
JYN-Shiz08L(AB521806) Hamamatsu
SH-SW-zs1 (EF570133)
E067-S1J05C (AB369690)

swCH31 (DQ450072)

CCC220 (AB108537)

Japan E087-SAP04C (AB369688)
Ch-S-1 (EF077630)
JYI-ChiSai01C (AB197674)
Korea KNIH-hHEV4 (FJ763142)
JKO-ChiSai9sC (AB197673)
swGX32 (EU366959)

China

HE-JA28 (AB220976)
HRC-HE14C (AB291965)
HE-JA36 (AB220977)
HE-JA41 (AB220979)
JSM-Sap95 (AB161717)
JTS-Sap02 (AB161718)
JYW-Sap02 (AB161719)
HE-JF4 (AB220972)

] HE-JF5 (AB220973)
JKK-Sap (AB074917)
HE-JA19 (AB220975)
HE-JA37 (AB220978)

India IND-SW-00-01 (AY723745)
swDQ (DQ279091)

SWGX40 (EU676172)

Japan HEVN2 (AB253420) Okinawa
hb-3(GU361892) .
i Al€—————=— this study
8) Beijing
bjsw1(GU208559) Beijing
swCH189 (FJ610232) Cansu

Japan

JAK-Sai (ABO74915)
HE-JI4 (AB080575)
swJ13-1 (AB097811 )
HE-JK4 (AB099347)
JYN-Sap01C (AB193177)
JSN-Sap-FHO2C (AB200239)
JYN-Nii02L (AB193178)
JSF-Tot03C (AB193176)
HE-JA1 (AB0S7812)
HE-JF3 (AB220971)
HE-JA2 (AB220974)

0.02

B 1 ERFX74I)LR (HEV) ® ORF1 AL 7Y H—EHEHE 821 EEDO L FREHBAT

Tw3 I EYhslE LT, JEABC BlAakF%sc
FIE BN E D 2 &b E RIFREE DG
DL TH 5,

E RS R o SiEfLlic o LT, isEscii
M EENT 7 & O N Bk T S s,
4y =7 za B, AT0A FoOLANEE, &
AR & OFL7 4 VL AFEED AR EEH &
TR WVDS, Fi7 A L AT X 2 Hl Raf 7
BT b SN TE D, EFICIE U 2o Bitns

DT H B, RREGTIEFERE R X O BRI s
A, MREORBNT, 2704 FLAEELRT-
7o 2 L CTHRIEZ TG TELLDEEZT
W5,

F 70, REEWNLHEIERED i b b 6 T,
Skt (1) icsweThETRESI N TS
genotype 4 (ZUIL T % HEV 28rlE S duiz, b Ut
2B 2854 7 220 HEV BRIt 2 # R 5 7
iz, FRREE &% LT 2005~2009 SEicKa L 9

92 (1048) BHEE vol. 44 no. 9 2010
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FAEODICINEZINLEEA /> > DIfiiE 140
el (HSHEIX 45 #afhk, HpfiblX 59 #efk, vk
IX 35 Mefh, A3 1 #efk) %A7-. HEV ik
X 30 Wik (66.7%), "hifHLIX 7 Bik
(11.9%), PEiFHEX 11 itk (31.4%) Dt 48 Mafk
(34.3%) THMET, HIBHLX T HEV HiERG RS
7o 72, HEV-RNA (EHHLIX 1 #&fk (genotype
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Fig. 1 a) Phylogenetic tree showing the partial nucleotide sequences of the ORF1 region (326nt)
of hepatitis E virus in 75 isolates by unweighted pair-grouping method with arithmetic means
(UPGMA). b) Phylogenetic tree showing the complete or near-complete nucleotide sequences of
hepatitis E virus in 50 isolates by UPGMA.
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