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SUMMARY. In this study. 520 serum samples from Yezo-
deer in the Hidaka disirict. Hokkaido. Japan were exam-
ined by enzyvme-linked immunosorbent assay Lo investigate
whether the animals were infecied wiih hepatilis E virus
(HEV), The distribution of optical density values showed a
bimodal pattern and 181 samples (34.8%) were deemed 1o
be antibody-positive against HEV., AL least live (2.8%) of
the positive sera gave specilic bands by Western blot

analysis. An age<dependent increase in prevalence of the
antibodies was found among the Is. These lindings
indicate that Yezodeer are a possible host for HEV
infection. To avoid the risk of becoming HEV infected.
the consumption of raw Yezm-deer meal must be
prohibited.

Keywords: hepatitis E virus. seroprevalence, Yezo-deer.

INTRODUCTION

Hepatits E virus (HEV) Is the causative agent ol acute sell-
limiting hepatitis in humans [17] and the sole member of the
genus Hepevirus in the provisionally proposed lamilv Hepe-
viridue [4]. The virus is thouglt 10 comprise a single serolype
[17]. although it is divided into al least four genotypes
igenolypes 1-4) [19). The majority of infections in several
countries in Asia and Africa [8,23] are caused by genolype 1
and in Mexico and Nigeria by genotype 2 [31.26]. Genotype 3
HEV is widely distributed and found in the 1'SA, Europe and
Asia |7.16.18.21.23), while genotype 4 is largely conlined
10 Asia [23.27).

Hepatitis E occurs sporadically following transmission by
the fecal-oral route through sewage-conlaminated waler
supplies in developing countries [1]. In additon, zoonotic
foad-borne transmission by rare meat from pig and boar has
been reported in industrialized countries [3.11.28]. In Japan,
direct evidence of HEV wransmission from rare meat from
wild deer (Cervis nippon centralis) 1o humans was provided in
2003, On this oceasion. nucleotide sequencing of the virus
amplilied from the remaining mem matched 1o that from the

Abbreviations: BSA, bovine serum albumin: ELISA. enzyme-linked
immunosorbent assay: HEV. hepatitts E virns: HRP. horseradish
peroxidise: PBS. phosphate-bulfered saline: $D. standard deviation:
VLPs, virus-like particles.

Correspondence: Katsunort Okazaki. Department of Immunology
and Microblology, Faculty of Pharmaceutical Sciences. Health
Scienees |iniversity of Hokkaldo. Ishikari-Tobetsu., 061-0293
Hokkaldo, Japan. E-mall: kokaznkia hoku-irvo-u.ne.jp
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patien! and a mini-cluster of infection was altributed 1o
genotype 3 [22]. These facts suggest thal wild deer can be
one ol Lthe sources ol HEV infection for humans in Japan.

Wild deer known as “Yezo-deer” (C. nippon yesoensis) have
inhabited Hokkaido. where hepalitis E is most prevalent in
Japan. People have the opportunily 10 eat deer meal and
liver raw (sashimil, more so in Hokkaido than other parts of
Japan. In this study. serological surveillance for HEV infec-
lion among Yezo-deer was carried oul in order lo investigale
whether the animals harbour HEV. which can potentially be
transmiiled 1o human beings.

MATERIALS AND METHODS

Serum samples

A total of 320 serum samples were collected [rom Yezo-deer
hunied in the Hidaka district of Hokkaido from February
2006 10 June 2007 and stored at =20 °C until use, Qut of
the 320 animals. 185 (35.7'%) were male and 334 (64.4%)
were [emale, Their age and sex ratio (male/female) were as
follows: less than 1 year, 335 animals (21/14) | year, 40
(23171 2 years, 123 (70/33): 3 years ]34 (20/114F over
4 years. 188 (531/137). The age was estimated by the
hunters, Animals older than 4 years old were dealt with
collectively. as the age-estimation is diflicult for this group.

Enzyme-linked immunosorbent assay

Indirect enzyme-linked immunosorbent assav (ELISA) was
carried oul as described previously with slight modilication
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112]. Brielly. baculovirus-espressed recombinant virus-like
particles (VLPs) derived from genotype 3 [10] (50 ng/well)
in 30 mAl carbonate bufer (pH 9.5) was distributed 1o a Y6+
well formatted  microplate (FALCON: Becton  DicKinson.
Franklin Lukes. NJ. ISA) and incubated at 4 "C overnight,
Aller blocking with 100 pb of 1% tw/v) bovine serum
albumin (BSA. fraction V. Sigma. St Louis. MO, USA) dis-
solved in phosphate-buffered saline (PBS) pH 7.2, x50 ul of
serum sample. diluted 1:200 with PBS containing 0.05%
Tween-200 (PBS-T1 and 0.5'% tw/v) BSA, was added 1o each
well. Afier incubation at 37 “Clor 1 h. the plate was washed
four times with PBS-T. Horseradish peroxidise (HRP)-con-
jugated rabbit anti-deer 126 (H+L) (KPL. Guildlord, TK) in
0.3'% BSA/PBS-T (1:500 dilution) was added 10 the wells
and incubated al room temperature for 1 0 Aler further
washing, 100 ul/well of substrate (FAST™ OPD; Sigman,
was added and incubated for 20 min in the dark. The
reaction was stopped by addition of 50 ul, of 2.5 & H.80,
and  the  opiical  density 490 nm
1OD AR ) The optical density (0D, Ag | was simulia-
neously measured using an antigen-free coated plate. Spe-
cific binding of antibodies to the antigen was expressed by
Ay = (0D 4Ag71 = (0D AR )

was  measured  a

Western blot analysis

Filieen micrograms of VLPs was boiled in 125 pl. of Laemmli
sumple bulfer [4] for 5 min and loaded onto @ 1 mm
thick # 70 mm width 10% (w/v) polyacrylamide gel. Afler
electrophoresis. VLPs were electroblotied onlo a polyviny-
lidene ditluoride membrane (Immobilon ™ : Millipore. Bedford,
MA, 1'SA) |24]. Alter blocking with 3% BSA overnight at
4 °C, the membrane was washed once with Tris-buffered
saline (10 mam Tris=HCL pH 7.4, 140 mu NaCl) containing
0.03% Tween-20 (TBS-T), separated into strips parallel with
the mobility of bands. and incubated with the serum samples
diluted 1:100 in Can Get Signal®™ (Tovobo, Osaka, Japan) at
room temperalure for 1 h. Aller washing lour times with
TBS-T for 15 min cach wash, the membranes were incu-
bated with the HRP=conjugated rabbit anti-deer 1gG (H+L)
diluted with Can Get Signal ™ buffer at room temperature for
I h. The enzymitic activity on the membrane was detecied
using western lightning  chemiluminescence reagent plus
(Perkin Elmer Lile Sciences. Boston, MA. U'SA) as subsiraie.
The luminescence ol bands was detected by a LAS- 1000 1V
mini® instrument (Pujililm. Tokyvo, [apani.

RESULTS

Detection of anti-HEY by ELISA

In vrder 1o investiganie the HEV infection status of Yero-deer.
320 serum samples were collecied  from these animals
between February 2006 and June 2007 in the Hidaka dis-
triet of Hokkaida, Jopan and examined by ELISA using VLPs
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Fig. 1 Distribution of AODyu, values obtained lollowing
lesting of serum samples by ELISA,

as antigen, Pigure 1 shows the distribution of AOD; 4 vitlues
oblained by ELISA. The AOD,y, vilues obtained for the 520
serum samples ranged from =0.141 10 (1.6 39, The frequency
of the ADD, .y, values showed a bimodal disiribution with
peaks at 0.079 and 0.207.

Confirmation of anti-HEV antibodies by Western hlot
analisis

In order to conlirm the specilicity of the reaction, b of the
serum samples showing AQD 4, value higher than 0.168 by
ELISA. which was the lowest value between the two peaks,
were examined by Western blot analysis. As shown in Fig. 2.
hyperimmune serum against HEV [12] gave a clear band at
the position of 33 kDa. Tt was found thal serum samples
#30303, #3067T8, #307 18, #30742 and #30744 gave a

(4] 2

sop k.3

Fig. 2 Detection of anti-HEV antibadies by Western blot
analysis, Specilicity of the serum samples. of which A0D 4,
values were higher than 0,168 in ELISA, was examined by
Western blot analysis. Specilic bands by anti-VLPs hyper-
immune serum (lane 1) and by the serum sample 50365
(lane 20, #50678 (lune 3. #3507 38 (lane 4) and #50744
{lane 31 are shown. Serum sample #50362. of which the
AOD, g value was (L049, was used as negative control
(lane 61, The positions of the molecular weight markers
2100 " are shown in the lefi-hand margin,

@ 2009 The Authors
Tournal compilation © 2009 Blackwell Publishing Lid
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pronounced band al the same position. No band was found
with sample #350362, the AD;y; value of which was
0,049, Serum sample #30546 showed no band. although ils
Ay value was the highest among the samples (data nol
showni, These lindings indicate that al least live serum
samples contained antibodies specilic for HEV

Prevalence of anti-HEV antibodies amony Yezo-deer
fn Hidaka district

The AOD;y, values by ELISA of #50163, #35067K.
#307 I8, #50742 and #50744 were (0,307, (.290. (1385,
0.206 and 0.458, respectively. In order 1o deline (he
previdence of antl-HEV antibodies. the cut-ofl value for the

HEV infection of wild deer in Hokkaido, Japun 3

ILISA was colculated based on the lowest ADD,,, value
giving a specilic band by Wesiern blot. The mean value for
those less than 00.206 was calculated 1o be 0.051 with a
standard  deviation (SD) of 0.066, Therefore, the cut-olf
vitlue, being the mean value plus 2 » SD. was sel up al
0.183, Using this criterion. 181 of the 320 serum samples
{34.8'%) were found 10 be positive for anti-HEV antibodies
by ELISA. Out of the 185 serum samples from male ani-
mals. 58 (31.4%) and 123 (36.7%) of the 335 samples
from female ones were positive for anu-HEV antibodies.
showing no signilicant difference in the posilive rates
between males and females. The seroprevalence s each
shooting point marked on the cenire of a grid on the map
for wild life preservation and game is shown in Fig. 3.

n
4 (100)
A
A
N 2/6
(100} (33.3)
0/2 2/6
(0) (33.3)
2715 mn on 16/32
(133) (1000 (0) (s00) A A
272 Qs2 172
(100) (W] (50.0)
A
o/2 2/6 1/6
(0) (33.3) (16.7)
o2 2 73 am A
@ (500 (33.3) (36.4)
\sz 01 174 11/31 0/6 10/42
(0) (0) (25.5) (35.5) (0) (23.8)
Fig. 3 Prevalence ol anti-HEV \D‘M on :_:9 3/21 2/8
antibadies among deer huniad in the o () (4 (14.3) (@250
:;.ur\'nl_lfnnu‘..'lr‘:a_ _\n.. n[. pu.‘illl:‘t‘ s/35  8N8 10;40.15;“0
sample/no, of samples tested (%) is 71.4) (44.4) (255) (34.1)
indicated on the map for wild life
preservation and game. Triangles 5/86 ?!Z’ 9/36 1/1
indicate the summit of a mountain of (40.7 35.0) (25.0) (100)
mare than 1000 m above sea level.
The circle indicates a pig farm. AL least 3/6 0/1
; 50.0) (0)
two of the four farms raised pigs on
grizeng and are indicated by solid 01
vircles, (0)
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Although no difference in positive rates was observed
between upland and lowland areas. many deer were found
o be positive for anti-HEV in lowlands, where pig farms are
located.

Cunnulative prevalence of anti-HEV antibodies with ageing

In order 10 study the relation between age and seropreva-
lence, positive rates for anti-HEV antibodies were compared
among age groups. As shown in Fig. 4. nine of the 35
samples from the less than 1-year-old animals (25.7"%), live
of the 40 one-vear-old ones (12.5%1. 43 of the 12} (wo-
year-old ones (33.0%). 58 of the 134 three-year-old ones
(42.3%) and 66 of the 188 animals more than 4 years old
(35.1'%) were antibody-positive, A statistically signilicant
difference was observed among 1- 1o 3-year-old animals and
an age-dependent increase in the posilive rate was found
among the deer.

DISCUSSION

In this study, serological surveillamee for HEV antibodies
among Yezo-deer in the Hidaka district of Hokkaido. Japan
was carried oul 1o investgate whether the animals were
infected by the virus. The distribution of ADD 4, values by
ELISA using VLPs as antigen showed a bimodal patlern.
which was also observed in the main reservoir of HEV such
as pigs and wild boars [2.13-15.20.29]. At least live serum
samples from the ones investigated reacted with a specilic
band of 33 kDa in Western bluis. Based on the lowest
AOD,y, value of a Western blot-positive sample. the cut-oll
value of the ELISA was determined and the prevalence of
anti-HEV  antibodies was examined. Comparison of the

X P=0.0058

% antibody-positive deer

Age (year)

Fig. 4 Age-dependent increase in prevalence of anti-HEV
antibodies, Positive rate of anu-HEV antibodies was com-
pared by age. Statistical analysis was performed using the
chi-square test. A Pvalue of <003 is considered statistically
signilicant.

anlibody-positive rate among each age of the deer demon-
strated an age-dependent increase of the seroprevalence
against HEV. These lindings suggest thal Yezo-deer in the
surveillance area were infected with HEV. 1t is, therefore,
strongly recommended that raw meal or entrails from Yezo-
deer should not be ingested Lo avoid a risk of infection with
HEV,

Oul of the 320 deer lested. 181 animals (34.8%1 were
found lo possess anti-HEV antibodies by ELISA. The sero-
prevalence for HEV among deer in this study is lower than
thal among pigs in Japan (58.0%) [23]. Surprisingly. the
positive rate was higher than that among wild boars in
Japan (9-25.5%) [14.20] and much higher than thai
among Yezo-deer reported in a recent study. where the
animals inhabiting mainly the Shirewoko district and Nik-
afima island in Lake Tova in Hokkaido were examined (Dr
Y. Matsuura, personal communicationi [12]. As shown in
Fig. 1. two pig farms raised their animals by grazing in the
surveillance area. 1t has been reported that nearly 90% of
the farms in Japan raised pigs infected with HEV [23] and
thar the infected pigs shed the virus in their feces in large
amounts for 3—4 weeks |6]. Interspecies  transmission
beiween wild boar and Honsyu-deer (C. nippon centralis)
was also suggested in Honsyu. Japan, where wild boars and
decr inhabit the same areas [200]. As neither wild boar nor
grazing pigs inhabit the Shireloko district and Nakajima
island, a lower prevalence of the antibody against HEV has
been demonstrated by Matsuura et ol [12]. It seems than
the deer in the Hidaka district were infecied with the virus
through eating grass conmaminated with feces from the
virus-infecled pigs.

Only live of the 60 serum samples tested. which were
positive for anti-HEV antibodies by ELISA. were found 1o
react with the antigen in Western blots. As the maximum
titre of the positive samples reactive in Western blots was
1:800 (as determined by ELISA), the antibody titres in
samples other than the live may be o weak o produce
specilic bands by Western blot. Alternatively, the deer may
recognize a conformational epitope rather than a linear one,
vielding no bands in Western blots

The seroprevalence of the deer against HEV was ine
in an age-dependent manner. In order to clarify the infection

N.'d

roule of these animals. virus detection in the feces of the deer
as well as of those of the pigs grazing in the pasture should
be undertaken. Animals less than l-vear-old showed a
higher prevalence of antibodies than 2-vear-old ones. This
may rellect maternal antibodies against HEV in the serum of
the fawns.

We report here for the lirst time that Yezo-deer may be
infecied with HEV. The antibody-positive rate among the
deer in the Hidaka district was more than 0%, As
females deer were hunted more and had a higher sero-
prevalence rate than males, much attention should be
paid to avoid the risk of acquiring HEV infection from
Yezo-deer meal,

© 2009 The Authors
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