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Abstract

In an attempt to produce anti-rabies immunoglobulin affordable for people living in developing countries, we have immunized layer chickens
with a part of the G protein of rabies virus expressed in Escherichia coli. Immunoglobulin (IgY) was purified from the yolks of eggs layed by
immunized hens. It was revealed in vitro that the antibody specifically bound to virions as well as cells infected with rabies virus. Moreover, the
antibody apparently neutralized rabies virus infectivity. Inoculation of the antibody into mice infected with rabies virus reduced the mortality
caused by the virus, suggesting that IgY directed to the part of the G protein expressed in E. coli could serve as a possible alternative to

currently available anti-rabies human or equine immunoglobulins.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Rabies is still a serious public health problem in the devel-
oping countries, especially in Asia. It is believed that at least
60,000 human deaths occur each year, and more than 10 mil-
lion people are reported to receive post-exposure prophylaxis
(PEP) every year throughout the world [1]. The PEP consists
of three essential parts, immediate cleansing of the wound,
immunization with rabies vaccine, and administration of anti-
rabies immunoglobulins (RIG) around the wound.

According to the World Health Organization (WHO), ad-
ministration of RIG is recommended if the patients experi-
enced the category-III exposure [2]. Although human rabies
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immunoglobulins (HRIG) are exclusively used in the devel-
oped countries, in the developing countries, immunoglobu-
lines of equine origine (ERIG) are still produced and used
because HRIG is not only unaffordable but also unavail-
able due to global shortage. Recently short supply of the
ERIG raised another concerns, since the last remaining in-
ternational manufacturer discontinued the production of the
ERIG in 2001 [3]. In several developing countries ERIG is
produced; however, producing large amount of RIG purified
from equine sera is not easily achieved because it takes lots
of time and effort. Furthermore for immunization of horses
with inactivated rabies virus it is required to handle a large
amount of live virus, posing a potential risk of infection on
people who are involved in the manufacturing. We have thus
tested a possibility that immunoglobulin (IgY) obtained from
eggs of a layer chicken immunized with a part of the rabies G
protein could neutralize the infectivity of rabies virus and that
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passive administration of anti-rabies IgY could confer resis-
tance against virus infection in experimentally infected mice.

2. Materials and methods
2.1. Virus and cells

A stock virus suspension of the challenge-virus-standard
(CVS-11) strain of rabies virus was propagated on mouse
neuroblastoma (MNA) cells as described previously [4]. The
virus and cells were kindly provided by Dr. C.E. Rupprecht,
Rabies Section, Center for Disease Control and Prevention
(CDQ), Atlanta, GA, USA.

2.2. DNA cloning of a part of the G protein

Extraction of genomic RNA of CVS-11 and reverse tran-
scription was performed as reported by Inoue et al. [4].
The cDNA for the G gene was synthesized by polymerase
chain reaction (PCR) using the Expand High Fidelity PCR
System (Roch, Germany). A part of the G gene encod-
ing a truncated protein (G-F2) consisting of amino acids
from positions 201 to 300 was amplified with the primers,
G20/75(CVS)F2-BamHI (containing a BamHI site [GGG
AAG AGA GGA TCC AAA GGG]) and G20/75(CVS)B2-
Sall (containing a Sall site [AGA CGT CGA CAACTTACT
GAC]). The amplified fragment was purified and digested
with 12U of BamH] and Sall, respectively, and then inserted
into the BamHI and Sall site of the pQE-30 vector plasmid
of the QlAexpress system (QIAGEN). The resulted plasmid
was designated pQEG-F2 and introduced into E. coli DH5«.

Expression and purification of the recombinant G-F2 pro-
tein (rG-F2) was performed as reported previously by Inoue
et al. [4].

2.3. Immunization of a chicken

A MOMIII laying hen was immunized by intramuscular
(im) inoculation of 0.36 mg rG-F2 emulsified with 1 ml of
Freund’s complete adjuvant. The hen was boosted intramus-
cularly at 2-week interval with the half dose of the protein
emulsified in Freund’s incomplete adjuvant. Eggs were col-
lected every day and egg yolks were separated and stored at
—40°C. A part of egg yolks (1 ml) was mixed with the same
volume of sterile PBS containing 0.05% NaN3. Purification
of IgY was carried out according to the protocol reported by
Hatta et al. [5].

In brief, the stored egg yolks (200 g) was mixed and ho-
mogenized with 600 ml of 0.5% NaCl. The homogenate was
mixed with 400 ml of 0.4% \-carrageenan solution. The mix-
ture was left for 1 h at room temperature followed by centrifu-
gation at 7000 x g for 30 min. The supernatant was filtered,
and precipitated by 15% (w/v) sodium sulfate three times
and dialyzed with 10 mM disodium hydrogenphosphate. Pu-
rified IgY fractions were stored at —80 °C until use. Anti-

rabies virus IgY was obtained from a hen immunized with
cell culture-derived rabies vaccine (The Chemo-Sero Thera-
peutic Research Institute, Kumamoto, Japan). After the initial
im injection of 1 ml vaccine solution, the bird received booster
shots of 1 ml vaccine 2 and 4 weeks later. Non-immunized
chicken egg yolks were also collected and purified as de-
scribed above.

2.4. Neutralization test

The rabies virus-neutralizing titer of anti-rG-F2 IgY was
determined with the rapid fluorescent focus inhibition test
(RFFIT) [6].

2.5. Immunofluorescent antibody assay

MNA cells were infected with 2 x 10% FFU of rabies virus
for 48 h. Then the cells were fixed in 4% formaldehyde and
permealized for 30 min at room temperature in PBS contain-
ing 1% Triton X-100 (SIGMA). The primary antibody (anti-
rG-F2 IgY) was added and incubated for 30 min at room
temperature. After washing with PBS(—), the cells were incu-
bated at room temperature for 30 min with FITC-conjugated
anti-chicken IgG (whole molecule) (SIGMA). Cells were
then washed, and the fluorescent focus was observed under
an UV microscope.

2.6. Immunohistochemistry

BALB/c mice were intracranially infected with
1 x 10° FFU of the CVS-11. The organs obtained after
7days post infection were fixed in 10% neutral-buffered
formalin in PBS then processed as reported by Inoue
et al. [4] except that anti-tG-F2 IgY and horseradish
peroxidase-conjugated anti-chicken IgG (ICN Biomedicals,
Inc., Aurora, OH) were used as the primary and secondary
antibodies, respectively.

2.7. Western blotting

The purified rG-F2 was subjected to SDS-PAGE using
16% gel. After electrophoresis, western blot analysis was
performed as reported previously by Inoue et al. {4] except
that 1:10,000 diluted anti-rG-F2 IgY and 1:1,000 diluted al-
kaline phosphatase-conjugated anti-chicken IgG (SIGMA)
were used for detection of proteins.

2.8. ELISA

ELISA was performed using cell culture-derived rabies
vaccine (The Chemo-Sero Therapeutic Research Institute,
Japan) as antigen. Anti-tG-F2 IgY, anti-rabies virus IgY
and non-immunized IgY diluted in PBS(—) containing 0.5%
bovine serum albumin, 0.05% Tween20 (0.5% PBST) were
added and incubated for 1h at room temperature. After
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Fig. 1. Schematic representation the G protein of rabies virus. The positions of G-F2 and three octapeptides were indicated.

washing the plate, horseradish peroxidase-conjugated rab-
bit anti-chicken IgG (ICN Biomedicals, Inc.) diluted in 0.5%
PBST was added and incubated for 30 min. Absorbance at
450 nm was measured after incubation with the substrate
(100 pg/ml tetramethylbenzidine, 0.003% H»>O, in HRP
color buffer containing 0.05M Na;HPO4 and 0.025M cit-
rate, pH 5.0) for 15 min.

2.9. Synthetic peptides

Three octamer peptides corresponding to the regions con-
sisting of amino acids 252-259 (1), 260-267 (II) and 268-275
(I11) of the G protein were custom synthesized by NeoMPS,
Inc. (San Diego, CA) (Fig. 1). Peptide I and II were dissolved
in a small amount of 0.1% ammonium solution, and then di-
luted with PBS at a concentration of 1 mg/ml. Peptide Il was
dissolved in PBS to give a final concentration of 1 mg/ml.
They were stored at —30 °C until use.

2.10. Competition of neutralization activity of
anti-rG-F2 1gY by the synthetic peptides

Neutralizing activity of anti-rG-F2 IgY was determined in
the presence of varying amounts of the synthetic peptides.

2.11. Effect of anti-rabies IgY on experimental rabies
virus infection of mice

Six-week-old BALB/c mice were intramuscularly inoc-
ulated with 50 ul of the CVS-11 strain of rabies virus
(2 x 107 FFU/100 pl). After 30 min post inoculation, anti-
rabies virus IgY, or different amount of purified anti-rG-F2
IgY (80 1) was intramuscularly injected into the site differ-
ent from but within a distance of 5 mm from the virus inoc-
ulation site. Infected mice were observed for 3 weeks, and
serum samples were obtained from survived mice. Determi-
nation of virus neutralization titer of serum samples from
survived mice was carried out as described above.

3. Results
3.1. Preparation of rG-F2 and anti-rG-F2 IgY

Although expression of viral proteins in E. coli is compar-
atively cheap and convenient, it is usually difficult to produce

1 2

kD) =

Fig. 2. SDS-PAGE analysis of rG-F2 protein expressed in £. coli DH5a. The
16% polyacryamid gel and tris-tricine buffer were used for electrophoresis.
Lane 1, molecular weight marker; lane 2, purified rG-F2.

viral glycoproteins in bacterial cells because of aggregation of
proteins. Since it was reported that certain monoclonal anti-
bodies directed to the linear epitopes of rabies virus neutralize
virus infectivity [7-11], we have attempted to express a part
of the G protein (rG-F2) containing these epitopes (Fig. 1).

The rG-F2 expressed as (His)e-tagged protein was sub-
jected to the SDS-PAGE analysis (Fig. 2). A single band
with a molecular mass of 16-17 kDa was detected. By West-
ern blotting, it was shown that anti-rG-F2 IgY obtained from
the hens immunized with this polypeptide specifically bound
to the rG-F2 protein (Fig. 3).

3.2. Detection of virus antigen with anti-rG-F2 IgY

To ‘ascertain that IgY raised against the rG-F2 recog-
nized the G protein of rabies virus, virus-infected cells were
incubated with anti-rG-F2 IgY followed by FITC-labeled
anti-chicken IgG. The fluorescent antigens were detected on

(kD)

36

17
G-F2—> s

Fig. 3. Western blot detection of rG-F2 protein with purified anti-rG-F2 IgY.
Lane 1, purified rG-F2; lane 2, molecular weight marker.
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(A)

Fig. 4. Detection of viral antigen by anti-rG-F2 IgY. MNA cells infected with CVS-11 (A) and non-infected cells (B) were stained with anti-rG-F2 IgY followed

by FITC-labeled anti-chicken IgG.

the surface of virus-infected cells (Fig. 4). Furthermore, the
trigeminal ganglion obtained from a mouse infected with
rabies virus seven days before was subjected to immuno-
histchemical staining using anti-rG-F2 IgY as the primary
antibody. As shown in Fig. 5, viral antigens were detected
in the perinuclear regions of neurons. These findings suggest
that anti-rG-F2 recognized the authentic G protein of rabies
virus.

3.3. Binding of the anti-rG-F2 IgY to rabies virus

To further confirm that anti-rG-F2 IgY bound to rabies
virus, ELISA was performed using the rabies virus-coated
plate. Anti-rG-F2 IgY was shown to bind to rabies virus as
well as anti-rabies virus IgY, whereas no binding of normal
IgY was observed (Fig. 6).

3.4. Neutralizing activity of anti-rG-F2 IgY

We next attempted to determine whether anti-rG-F2 IgY
showed virus neutralization activity against the CVS-11
strain of rabies virus. Fig. 7 clearly shows that egg yolks
obtained from the hen immunized with the rG-F2 contained
IgY capable of neutralizing rabies virus infectivity. The anti-

body titer increased after the booster immunizations, reached
its peak at 6 weeks after the first immunization, and then
gradually declined. Yolks of 14 eggs collected from 6 weeks
through 8 weeks after immunization were pooled and IgY

/"

450 nm

0 10 20 30 40
IgY concentration (jg/ml)

Fig. 6. Binding of egg yolk antibodies to rabies virus measured by ELISA.
Anti-rG-F2 IgY (). anti-rabies virus IgY (@), and non-immunized
IgY (x) were incubated with rabies virus prepared in an ELISA plate.
HRP-conjugated anti-chicken IgG was used as the second antibody. Ab-
sorbance at 450nm was measured after incubation with substrate for
15 min.

(A)

Fig. 5. Immunohistochemical detection of rabies virus in the mouse tissue by anti-rG-F2 IgY. The trigeminal ganglions of CVS-11 infected mice (A) and

non-infected mice (B) were stained using anti-rG-F2 IgY.
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Fig.7. Virus neutralizing activities of IgY obtained from hen at various days
after immunization with rG-F2 protein. Booster immunizations were given
at 2 and 4 weeks after the primary immunization.

was purified. By RFFIT assay the neutralization titer of the
purified IgY was shown to be 9.9 IU/ml.

3.5. Competition of neutralization activity of anti-rG-F2
1gY by synthetic peptides

Since the rG-F2 contains linear epitopes defined by neu-
tralizing monoclonal antibodies, it was of interest to deter-
mine whether anti-rG-F2 IgY recognized such linear epi-
topes. Viral neutralization assay was carried out in the pres-
ence of varying amounts of three different synthetic peptides.
Approximately 80% decrease of neutralizing activity was ob-
served by RFFIT when 10-20 p.g of the peptide IT was added
to the reaction. No reduction in neutralizing activity was ob-
served in the presence of two other peptides (Fig. 8).

3.6. Effect of anti-rG-F2 IgY on development of rabies
in mice infected with the virus

Now that anti-rG-F2 IgY was revealed to have neutral-
ization activity in vitro, it appeared rational to see whether
the antibody could prevent mice infected with the CVS-11
virus from developing symptoms and death. BALB/c mice

140 7
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80 71
60 T

40 1
20 T

Neutralizing activity (%)

o]

I It 1] none

Peptides

Fig. 8. Competition of neutralizing activities of anti-rG-F2 IgY by synthetic
peptides. Neutralizing activities were determined in the presence of 1 pg/ml
(white bar), 10 wg/ml (gray bar) and 20 pg/ml (black bar) of respective pep-
tides.
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Fig. 9. Effect of administration of anti-rG-F2 IgY on the progression of ra-
bies in virus-infected mice. Forty IU/Kg of anti-rG-F2 IgY () or 80 IU/Kg
of anti-rG-F2 IgY (4) or 40 IU/Kg of anti-rabies virus IgY (@) were ad-
ministered to mice infected with the CVS-11 strain of rabies virus. Mice
inoculated CVS-11 without treatment were also involved (H).

were, therefore, treated with anti-rG-F2 IgY after inocula-
tion with rabies virus. Ninety percent (9/10) of non-treated
group died of rabies between day 9 and 13 after infection,
and 75% of mice received 40IU/Kg of anti-rG-F2 IgY also
died of rabies. Administration of 80 TU/Kg of anti-rG-F2 IgY,
however, protected 75% of mice from death attributable to ra-
bies virus infection. This preventive effect was comparable
to that of anti-rabies virus IgY achieved at a concentration
of 401U/Kg (Fig. 9). All of mice treated with 1301U/Kg of
anti-rG-F2 IgY survived (data not shown).

4. Discussion

In developing countries, ERIG is frequently used for PEP
instead of HRIG because HRIG is so expensive that people
living in poor countries cannot afford [12]. It became also
difficult to obtain ERIG because the major international sup-
plier decided to discontinue the production of ERIG [3]. It is,
therefore, urgently required to develop a substitute for HRIG
and ERIG. In this study we tried to produce IgY capable of
neutralizing rabies virus by immunizing a laying hen with a
part of the G protein expressed in E. coli.

About 1.2 g of purified anti-rG-F2 IgY was obtained from
about 120 g of egg yolk, which corresponded to approxi-
mately 14 eggs. It has been reported that about 1.4 g of spe-
cific antibody could be obtained from an immunized rab-
bit [13]. It became thus possible to obtain nearly equivalent
amount of RIG, without euthanizing animals, by immuniza-
tion of a hen instead of a rabbit.

Production of RIG in principle requires immunization
of either humans or animals with inactivated rabies virus.
Preparation of inactivated virus must be conducted in a spe-
cially designed facility where highly pathogenic viruses can
be handled safely. It seems, therefore, ideal to use antigens
prepared without propagating infectious virus. Recombinant
DNA technology can offer several options to prepare rabies
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virus G proteins such as expression of the protein in mam-
malian cells, insect cells, and bacterial cells. Although the
expression of viral proteins in bacterial cells can be achieved
most cheaply, it is well known that glycosylated proteins can
rarely be expressed in bacterial cells like E. coli, since E. coli
lacks some machineries for posttranslational modifications
including glycosylation. It was reported, however, that linear
epitopes resided at the central region (from amino acid at po-
sitions 222 to 332) of the G protein and that dogs received
rabies vaccination developed antibody response directed to
these linear epitopes [14]. Dietzschold et al. mapped a lin-
ear epitope recognized by the 6-15C4 monoclonal antibody
(MAD) to a portion of the G protein flanked by the amino
acids from positions 253 to 275 [7]. The epitope was subse-
quently fine tuned to amino acids at positions between 248
and 268 independently by Heijiden et al. [8], Ni et al. [9], and
Luo et al. [10].

We, therefore, decided to express a part of the G protein
designated G-F2 (amino acid between 201 and 300) contain-
ing the linear epitope (260-267) (Fig. 1). This region of the
G protein contains no or one potential glycosylation site de-
pending on the virus strain. A potential glycosylation site at
amino acid position 204 was found in CVS-11 strain. Since
IgY antibody raised against the G-F2 produced in this study
bound to the virus, a glycan at this position did not affect
the antigenic structure. Similarly PV and ERA strains have a
potential glycosylation site at 247. It was reported, however,
that the monoclonal antibody recognizing a linear epitope,
6-15C4, could neutralize both CVS-11 and ERA strains of
rabies virus [11]. On the other hand, a potential glycosyla-
tion site at position 237 in silver-haired bat-associated rabies
virus strain, SHBRV-18 (accession no. AY705373), has re-
cently been reported. It is not clear at this point whether the
presence of the glycan at position 237 would pose any effect
on the conformation of the linear epitope.

As expected the G-F2 was successfully expressed in bac-
terial cells and the purified protein induced neutralizing anti-
bodies upon immunization of the layer chickens. Combining
the expression of unglycosylated part of the G protein in E.
coli and immunization of a layer chicken will be appropri-
ate to produce a large quantity of virus-neutralizing antibody
safely, easily and economically.

As it seemed interesting to see whether anti-rG-F2 rec-
ognized the octapeptide reported by Heijiden et al. [8], we
have performed neutralization test in the presence of synthetic
peptides. The result showed an octapeptide (LHDFRSDE)
composed of deduced amino acids at positions between 260
and 267 was recognized by anti-rG-F2 IgY, supporting the
observation of Heijden et al. [8].

Efficient virus neutralization by the IgY antibody in vitro
led us to investigate whether post exposure administration of
the antibody could prevent the diseases caused by the virus
in mice. The progression of the symptoms in rabies virus-
infected mice was significantly delayed by the inoculation of
anti-rG-F2 IgY as PEP at the proximal site of rabies virus in-
jection. Although the anti-rG-F2 IgY was less effective com-

pared with IgY raised against whole virion when 401U/kg
of IgY was administered, a higher dose (80 IU/Kg) of anti-
rG-F2 IgY provided protection similar to that achieved by
401U/kg of anti-rabies virus IgY.

The reason why protection by anti-rG-F2 IgY in vivo was
less efficient than that by anti-rabies virus IgY was not clear,
but it seemed likely that more efficient protection of mice
was achieved by purified IgY containing antibodies directed
to multiple epitopes. Nonetheless IgY antibody raised against
a part of the rabies G protein provided sufficient protection
against rabies virus infection when administered immediately
after infection.

Anti-rG-F2 IgY antibody would shed light on people liv-
ing in countries where it is difficult to obtain not only HRIG
but also ERIG after exposure to life threatening rabies virus
infection, although further studies for improving the efficacy
of the antibody would be necessary.
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Detection of Rabies-Specific Antigens by Egg Yolk Antibody (IgY) to
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SUMMARY: We obtained rabies-specific egg yolk antibodies (IgY) by immunizing hens with recombinant His-
tagged nucleoprotein and phosphoprotein (rN, tP) of the rabies virus (CVS-11 strain) expressed in Escherichia
coli. The anti-rN and rP IgY were shown to bind specifically to the respective proteins of the CVS-11 strain of
rabies virus by Western blotting, immune fluorescent assay and immunohistochemistry, indicating that 1gY to
rabies recombinant proteins could serve as a reagent for diagnosis of rabies virus infection.

Rabies is a serious public health problem in developing
countries, especially in Asia. Approximately 35,000 to 50,000
human deaths occur due to rabies each year (1). Administra-
tion of rabies vaccine along with anti-rabies immunoglobulin
is known to prevent development of rabies; however, prompt
and precise diagnosis is essential. For rabies diagnosis,
direct immunofluorescence detection of the antigens of the
rabies virus has been used worldwide as the most rapid and
reliable method.

Most rabies-specific antibodies used for diagnosis are made
from sera of immunized mammals such as mice, rabbits and
goats. However, producing a large amount of specific anti-
bodies from these animals is time-consuming and labor-
intensive. Additionally, the preparation of rabies antigen is
required for immunization of animals. There is a concern that
handling live and large amounts of rabies virus to produce
antigen may pose a potential risk of infection to laboratory
personnel.

Recent advances in molecular biology together with a
newly invented method of producing antigen-specific anti-
bodies in egg yolk (IgY) have created new opportunities to
develop a safe, convenient and inexpensive way of manufac-
turing various immunodiagnostics (2, 3). These methods have
already led to the development of orally administered agents
for the prevention of enteric colibacillosis (4), dental caries
(5) and human rotavirus infection (6). The method of produc-
ing 1gY antibody has some advantages over the production
of antibodies from mammals in that (i) there is no need to
bleed the animals, (ii} it is easy to purify a large amount of
antibody; and (iii) it is feasible to produce a specific antibody
to a small amount of antigen that is poorly immunogenic in
mammalian hosts (2,7,8).

In this report, we have developed a method to produce a
large amount of rabies virus-specific antibodies by immuniz-
ing layer hens with recombinant rabies virus internal

*Corresponding author: Mailing address: Laboratory of Trans-
mission Control of Zoonosis. Department of Veterinary Science,
National Institute of Infectious Diseases, Toyama 1-23-1, Shinjuku-
ku, Tokyo 162-8640, Japan. Tel: +81-3-3285-1111 ext. 2620,
Fax: +81-3-5285-1179, E-mail: sinoue@nih.go.jp
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proteins expressed in Escherichia coli.

Preparation of the recombinant nucleoprotein (rN) of
rabies virus was carried out according to the protocol reported
by Inoue et al. (3). The recombinant P protein (rP) was
prepared similarly. The primers used for amplification of the
P gene were RabiesPV-P5-Sall (designed to include a Sa/l
site [CCG_TCG ACA TGA GCA AGA TCT TTG]) and
RabiesPV-P3-Pstl (designed to incorporate Pstl site [TGG
ACT GCA GCG GTT AGC AAG ATG TAT]). The PCR
amplicon was inserted into the pQE-9 vector plasmid
(QIAGEN, Valencia, Calif,, USA) so that six consecutive
histidine residues (His-Tag) could be attached. The rN and rP
were expressed in E. coli DHS@ after transformation by
plasmid DNAs. The recombinant proteins were purified
using a nickel-nitrilotriacetic acid column (QIAGEN), and
the expected sizes of purified rN and rP were confirmed by
SDS-PAGE.

Immunization of hens was performed by intramuscularly
injecting Goto’s MOMUII laying hens with 0.36 mg each of
antigen, rN or rP, emulsified in 1 ml of Freund’s complete
adjuvant. Booster shots were also given intramuscularly at
2-week intervals after the first injection with the half dose
of the antigen emulsified in 0.5 ml Freund’s incomplete
adjuvant. Eggs were collected every day and egg yolks were
isolated. Purification of IgY from egg yolk was carried out
according to the protocol of the A-carrageenan method
described by Hatta et al. (9). In brief, the stored egg yolks
(200 g) were mixed with 600 ml of 0.5% NaCl and homog-
enized. The homogenate was mixed with 400 ml of 0.4% A-
carrageenan solution. The mixture was left for I h at room
temperature followed by centrifugation at 7,000 X g for 30
min. The supernatant was filtered, precipitated by 15%
(w/v) sodium sulfate three times and dialyzed against 10 mM
disodium hydrogenphosphate. Purified IgY fractions were
stored at ~30°C until use.

For the immunofluorescent assay (IFA), the confluent MNA
cells in a 96-well plate were infected with 2 X 10? FFU of
rabies virus, then incubated for 48 h at 35°C. After fixation
with 70% cold acetone, the anti-rN IgY or anti-rP IgY was
added. After incubation for 30 min at room temperature, the
cells were washed and further incubated with FITC-conju-
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gated anti-chicken 1gG (whole molecule) (SIGMA, St. Louis,
Mo., USA) for 30 min. The presence of rabies-specific antigen
was observed using a fluorescence microscope.

For the Western blotting analysis, the CVS-11 strain of
rabies virus (107 FFU/ml) in 20 121 of SDS gel-loading buffer
(50 mM Tris-HCI pH 6.8, 2% SDS, 0.1% bromophenol blue,
3.75% 2-Mercaptoethanol) was subjected to SDS-PAGE
using 12% gel after boiling for 10 min. After electrophoresis,
the proteins were transferred onto nitrocellulose membranes.
The membranes were immersed in 5% skim milk solution in
PBS(-) for 30 min to block nonspecific reaction and then
incubated for 45 min with 3 ££1 of 1 mg/ml of purified anti-
tN IgY or 0.2 z£g/ml of anti-rP IgY. The membranes were
washed four times in PBS(-) containing 0.05% Tween20 and
incubated for 30 min with 3 ml of 1:1,000 diluted alkaline
phosphatase-conjugated anti-chicken IgG (SIGMA). After
washing, the immune complex was detected by staining with
Western Blue (Promega, Madison, Wis., USA).

To ascertain that both IgY could detect rabies virus antigen
in the neurons of infected mice, immunohistochemical analy-
sis of formalin-fixed mouse tissue infected with CVS-11 was
performed according to the procedure described by Inoue
et al. (3), with the exception that anti-rN or rP IgY and
horseradish peroxidase-conjugated anti-chicken IgG (ICN/
CAPPEL, Aurora, Ohio, USA) were used as the primary and
secondary anti-bodies, respectively.

The rN and 1P purified from E. coli lysates using the affin-
ity columns was subjected to SDS-PAGE analysis (Fig. 1).
The rN was detected as a single band of 52 kDa molecular
mass. The rP migrated slightly slower than the P protein
derived from virus particles, probably due to the presence of
His-tag (Figs. 1, 4). This result indicated that both proteins
were successfully purified.

We immunized layer chickens with the respective recom-
binant proteins, then collected the egg yolks and determined
the antibody titers by IFA. As shown in Fig. 2, the anti-rN
IFA titer increased and reached a peak (1:4,000) at 4 weeks
after immunization, then declined and remained at a titer of
1:500 for 4 weeks. On the other hand, the anti-rP IgY titer
increased to 1:4,000 at the end of the second week and reached
its peak (1:32,000) at the end of the third week. The titer
remained high (1:32,000) for 3 weeks thereafter, then gradu-
ally declined. Representative results of the five IFAs performed

1 2 3
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Fig. 1. SDS-PAGE analysis of rN and rP protein expressed in E. coli.
The 12.5% polyacryamid gel and tris-Tricine buffer were used for
clectrophoresis. Lane |, molecular weight marker: lane 2. purified
rN; lane 3, purified rP.

using purified IgY obtained from egg yolks of the immunized
chickens are shown in Fig. 3. The fluorescent antigens were
detected in the cytoplasm of infected cells.

To be sure that these antibodies were directed to rabies
virus proteins, Western blotting analysis was carried out. As

AntirN 1gY AntitP IgY
108 105
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104 4 3rd j0¢ 4 2nd
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—
=
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10? 449 102 ————
0 2 4 6 8 10 12 14 0 2 4 & 8 10 12 14

1t Weeks afterimmunization st Weeks after immunization

Fig. 2. Antibody titer of IgY obtained from a hen at various days after
immunization with rN or rP protein. Antibody titers were measured
by immunofluorescence assay. Booster inoculations were given at 2
and 4 weeks after the primary inoculation.

Fig. 3. Detection of viral antigen by immunotluorescence assay. MNA
cells infected with CVS-11 were stained with anti-rN lgY. 10 g/
ml (A), anti-rP IgVY, 2.5 reg/ml (B), non-immunized IgY, 10 stg/ml
(C) followed by FITC-labeled anti chicken [gG.
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Fig. 4. Western blot detection of the CVS-11 virus protein and recom-
binant protein with anti-rN IgY (A) or anti-rP lgY (B). (A) Lane 1,
CVS-11 virus protein; lane 2, rN protein; lane 3, molecular weight
marker. (B) Lane 1, CVS-11 virus protein; lane 2, rP protein; lane 3,
molecular weight marker,

shown in Fig. 4, anti-rN IgY and anti-rP 1gY specifically
bound to the proteins with molecular weights corresponding
to the N or P proteins of rabies virus, respectively.

We next investigated whether these antibodies could be
applied to immunohistochemical detection of rabies-specific
antigens. For this purpose, the trigeminal ganglion obtained
from a rabid mouse was subjected to immunohistochemical
staining using anti-rN IgY (10 £ g/ml) and anti-tP IgY (5
(tg/ml). Paraffin sections of formalin-fixed tissues were
deparaffinized and incubated with IgY antibodies. As shown
in Fig. 5, viral antigens were detected in the cytoplasm of
neurons by either antibody, indicating that anti-rN IgY and
anti-rP 1gY recognized the authentic N and P proteins of
rabies virus, respectively.

Production of rabies virus-specific antibodies requires
immunization of animals with inactivated rabies virus. Prepa-
ration of inactivated virus must be conducted in a specially
designed facility where highly pathogenic viruses can be
handled safely. It would thus be ideal if antigens could be
prepared without propagating infectious virus. The expres-
sion of viral proteins in bacterial cells not only can provide
a large amount of antigens for immunization but also can
be achieved very cheaply. We observed that the N protein
expressed in E. coli migrated as the 52 kDa protein in the
SDS-polyacrylamide gel slightly more quickly than the N
protein from virus particles of the CVS-11 (Figs. 1, 4). The
rP also migrated slightly more slowly than the authentic P
protein. The difference in mobility in the gel between the
recombinant and authentic proteins was probably due to
the presence of the His-tag in the recombinant proteins.
Antibodies prepared against the rN and rP reacted with the
respective viral proteins synthesized in infected cells by
either IFA or immunohistochemistry.

Using the A-carrageenan purification method, we obtained
about 1.2 g of purified IgY with a purity of 95% from about
180 g of egg yolk, which corresponded to approximately 14
eggs. It has been reported that about 1.4 g of specific anti-
body could be obtained from an immunized rabbit (6). In
the present study, therefore, we showed that it is possible
to obtain a nearly equivalent amount of specific antibody,
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Fig. 5. Immunohistochemical detection of rabies virus in mouse tissue
by anti-rN IgY or anti-rP IgY. The trigeminal ganglion of CVS-11
infected mouse was stained using anti-rN [gY (A) or anti-rP 1gY (B),
non-immunized IgY (C). Representative results of two independent
experiments are shown.

without euthanizing animals, by immunization of a hen
instead of a rabbit, In this way, by combining the expression
of rabies N or P protein and the immunization of hens, it will
be possible to supply a plentiful amount of antibodies for
easy and inexpensive diagnosis of rabies.

The method reported here will provide rabies-endemic
nations or developing countries with an opportunity to pro-
duce rabies-specific antibodies for the diagnosis of rabies.

ACKNOWLEDGMENTS

We thank Mrs. Yuko Sato of Department of Pathology,
for her excellent help in performing immunohistochemical
staining and Dr. Chun-Ho Park of Department of Veterinary
Science, National Institute of Infectious Diseases, for his
valuable discussion on pathological observation.

This work was supported in part by the Grant from the
Ministry of Health, Labour and Welfare.



REFERENCES

. World Health Organization (1996): World survey of
rabies N°© 29 for the year 1993. WHO/EMC/Z00/96.2.

. Hatta, H., Akachi, S. and Kim, M. (1994): Production of
egg yolk antibody (IgY) and its use. Nippon Nogeikagaku
Kaishi, 68, 10, 1457-1462 (in Japanese).

. Inoue, S., Sato, Y., Hasegawa, H., Noguchi, A., Yamada,
A., Kurata, T. and Iwasaki, T. (2003): Cross-reactive
antigenicity of nucleoproteins of lyssaviruses recognized
by a monospecific antirabies virus nucleoprotein anti-
serum on paraffin sections of formalin-fixed tissues.
Pathol. Int., 53, 525-533.

. Yokoyama, H., Peralta, R. C., Diaz, R., Sendo, S.,
TIkemori, Y. and Kodama, Y. (1992): Passive protective
effect of chicken egg yolk immunoglobulins against
experimental enterotoxigenic Escherichia coli infection
in neonatal piglets. Infect. Immun., 3, 998-1007.

. Hamada, S., Horikoshi, T., Minami, T., Kawabata, S.,

118

Hiraoka, J., Fujiwara, T. and Ooshima, T. (1991): Oral
passive immunization against dental caries in rats by use
of hen egg yolk antibodies specific for cell-associated
glucosyltransferase of Streptococcus mutans. Infect.
Immun., 11, 4161-4167.

. Hatta, H., Tsuda, K., Akachi, S., Kim, M. and Yamamoto,

T. (1993): Productivity and some properties of egg yolk
antibody (IgY) against human rotavirus compared with
rabbit IgG. Biosci. Biotech. Biochem., 57, 450-454.

. Carroll, S. B. and Stollar, B. D. (1983): Antibodies to

calf thymus RNA polymerase 1l from egg yolks of
Immunized hens. J. Biol. Chem., 258, 24-26.

. Lee, K., Ametani, A., Shimizu, M., Hatta, H., Yamamoto,

T. and Kaminogawa, S. (1991): Production and charac-
terization of anti-human insulin antibodies in the hen’s
egg. Agric. Biol. Chem., 55, 8,2141-2143.

. Hatta, H., Kim, M. and Yamamoto, T. (1990): A novel

isolation method for hen egg yolk antibody, “IgY™. Agric.
Biol. Chem., 54, 10, 2531-2535.



(T4 VMR #§54% 1%, pp. 17-22, 2004)

3. ABRIBRREAAE

WoE R
I BRSSO MRS 22

BEL VOB T 2 2L FASN TV A RIERSE LOBTC1415I LS. 20 ) 58687 (61%)
PABGBRISETH AL INTV S, Thbbe MR BREEOEEY Lz e P DA o8
KARBHT S, F7:, HRBEEOT%IIARERIETH 5. ABSLERLEEDOHRESED ) bO
3BUAL PO PRELY D, ARGELOMBEL ZWESI—BEHIOL MEBLE
B, CMHTELIERTELZOBUORERTHL L VLS.,

BEEVF - CHRLUTL AR L LTHRADOHY, £RBAR~O Tk, MEBERoREIPE
Je b, B, WoRRMBEORIEL, SEOEMELEHITONE, BAEGWIFNMET 5 RYE
BAERRLEOBDYIRL, LI THoTHIREOE Nz aaIh Ny FI2E 2 2 HBIT
WHRL2K, =y F2RBTHWOLBRFELINE L ICon s, EBRIMEET S LA
AXHEREWHERI L, B2 RWRBEZRAELTVATELROD 2BMEL KR ERML, RN
CHEHICHRT A RAENRET L Z 21k 5.

1. HLbL WHO D@ BB IR T 2089 ¢, ARLERS
EOHEIELIGEND 5. MNBHIFHEIX Zoonosis
NBRIEE R fE 1 Zoonoses (B LI Zoonosis) @ H A& z [B8hoe P~BRICEBT LRI B VIR 5%
BRTH A, BFAEBE (WHO) 1 Zoonoses # [H BhHorviBEE] L LTEY, WHODEZ L VidE
AORBC, e eFHBBORMTERTIERD BV HHEORBEFLLEZLON D,
B LEHLTVAY, ZOEHMNBAR D —RBIC A . X
SUARBRTOAHY, & OEHTMEDITHAT 5 I SECAREIREE OF
R X 5EE1, e M PAORREWIEDLL 2iTh B L o TR SN BHAVHELET B = LIkl
X Zoonoses Tix w2 & ik b, HAIZe FMICRYT 5 LREMINTBYY, 20RERICOVWTOESE D 5T
IV TREO I b#FH<TFY 7 (Plasmodium falcipa- FoZ:Z TRV, I PP ST ZHUEABILER
rum), ZH#=5 1 7 (P.vivax), BB 5 7 (P. ovale) SEICH T ABDAB T o TVBDRARTHA S 2. H
e A OBEERMONTE LT, H—HAH< NI BHORB VARSI EL, BwEoo
J 7 (P. malariae) B3F RNy IV—CRIT B LI NTWw BHVHPESTE e —o0MBELLRE, &
Y. EoT, BbORIVTORE, MAKIYTE  ABEHEBEBVT, FEO—HE LTARINIBEEY
NIANBRIGBRIHETIR 2V, £, CMRBEASEYA  LOBMOEAVER, 2OoThrohBREBELLOICLY
VA (HIV-1) BF v R I—ChRT2%9LE100C DOH5B. T, HEOBRILCEERROBZOKRRE
VALY, BROFHT TREFEHWICIBE L2V SH BRGHEOMSHML, #HRE LU THA RBIYEICH LT
TEY, —BRICABRIGEREEZ ZvbRWn, 20X DEREURE 2V —Ya VERINLTETWE, 2heo
BERIZABGERIGECRART 2 M2 NS¢, By
BOBMCRELb0LELONS. —F, HRICB2H

ﬁﬁfﬁz—gmo SRR 125 1 57X RMFANVHBPLBEERRPRBERRE
TEL : 03-5285-1111 ext 2601 (SARS) D& Rvb® B HREHEOHRIN % DY
FAX : 03-5285-1179 LEEDTVEY, ThLHRRIYEDS {BWIcHR
E-mail : yamada@nih.go.jp THLEZLONTEY, HRELT, ABRMGEREEINE



18

BENBE3 W hoTabnBbhs, MIr{R5
L, b MR 5 HEARIZ472814158 (SARS o1 -
P A NREERL) L ENBIE, TD61%ICH7z 5313/E863
A ARJBREEOREATH S, £ 614158
DI LHFRBRPEL LTRIFLTE D ORIBETH
9, EO%FARLBRIIETH 5 L IhTw5H?,

M. AERFGRBLAEDS R

Schwabe” i3 FHE DO BRARICBIT 2 FHEOBAS 5 A
BIFRANEZ LT o 4 BUCEEELCw S, CoF8ED
HF R ABRIGERIESRBEERN b ARR L oMb b &t
BV L RHETA-DICRERELELLNS.

Direct zoonoses (H¥iR))
—EHOFHRYGWTCRESOERIMRINS. BREE

Yodr &8, EAYEA, BRREAZE CTRET S5 (B

X, TwkeF)

Cyclozoonoses (fEHR)
WEAOTFRICEBROTHEYW 2 LEL T2, THHE

BREgEhy (BHE)

Metazoonoses (RIBR)
HHBWAFET 5 DI BT Wi CHET 5
(PRI L VR, RRB)

Saprozoonoses (I ZER])
RRAOESRICHEREY L 1B L oREYELEL T
5. BEUERCHAL, v MCED, B, BROERET S
(K RRABFE, TNy ZTE)

V. FiREHRE & ARFGBBRE

WP LIBRYE, HAniRPoTaLRTW RS
BEZOBEEIMML TV 2 BRE, 2RI TE
L do - RIS U7 BOED & & &5 5 R i
#£ (Emerging diseases) 2IE5Y. REOESZFAEN (In-
stitute of Medicine) 123E 1 {227 B A BLRHE D
HEERTELTwEY,

HRERANBRIGERIGEDNS BB ROBAT, REOUD
LEBROFRREAFBLEREBRL W oREI~L
PRALZ0, BEMORE - RESHLE:2RIMEL
LCHEHAaLzbo2Ebhs, MIbREL T RERIC
MEPOTHIMTbNEZ LICLY, ZORTHIAIEL
LicdorELbhs, #oT, £ARBROELEFIZES
TO@, ORBICARLBBIEOREIIKRE L HXEES R
rtEbhas.

V. 3R E ANRIGBBRIE

FOARBOHEMAROL ) 2 RB 70TV 27 MR ARG
BRIEORECKELBEESZIBLELLNTVA.
iR AEE RO 6 BADWRTHIRICEL L TBY, 2

(DA VA #5405 #B1E8,

$21 PFRABLEOBRBICHSYTARETF

ORBEEOER - R
QORFERR L LA
@ALDBHRL v  OTEIRR
@EEM e L WROBEH
®Fr /v LRk
OB EROT SR

@v M ORISR
@XM
QOLEBROEI
ORE L HEHRELE
RS kL8

@B HRHELTOXKM
OuHMRE

BAFBELTWALEDLNTHASERERTH LY.
B RZRAEOEEREPHBE, LM, 41X, U¥
HEOEMEREELLTEY, L MIPHBEFORE
HUZZEVh ) PeHRURICHEMT 22 2IC X 85
BICERT B L ENTWS, T7VhDERNTVIRRT
O MBSGED AN 2 T 7 MBI 2 BAMIM
FLARBICX o TER LA LB ORIBICL > TR
LEEMEOHEVDF ¥V AWML 2 & PRIEE L
FRHBECHLEBIROKMEMBELLZLICBET AL
EXbNTWE, ZOX) RREEL, BbARROBEL
B ABRZCR EBERCETORRELEICL 5T
bbb bnsI EAiHsY.

RAXL G HMBET VI IALVABOZTFY b o4
WAL A2, S 4 VAR YR (Cane
mouse ; Zygodontomys brevicauda) &MTHh BRI
BRBRRELTBY, 74 VARRDH 5 v iE Y
ENs. XAX xS HMEBITI989ET TR EA TP TW
Lo TR BIEN, FHRORRLUEBORBIZLY, T
ey ADMEBABM L, FLEBRICE) ADOOHAD
R, A2BZTFI P4 VAR INABEINWT
LIl olz, EDMBRI9BVED K250 0 BERENRE
ENBLI oMb ELDRTHED,

~F, Volt ARBREINTHRIBTERMET S (B
W) 2k dARBERYEORAICKE L BEERITT
BAEPALNTWS, 7AY HIBEBICBWTIRERKME
WKLo THyayhoBEBEMme £ RROWLKIEEA
2, ZoOVIRBOBRRYY ZORIMRELZoTn5S,
Fo @ ERRICEET>WEP ORI T LA, Shbo
FolEPEII ABORRTHERLYTERAEL TN
5. o THBMLICL 2V hoBsBOEMmE L BIC
NODHIBTCHIM LIz ¥ =294 AREVY) 7285 T
Arlicky, @7 FYEGE-FHL T



pp. 17-22, 2004)

CBIE74 MRORENKBYDE I Il ol EILN
y3 12)'

VI. SR - RIROZEL & ABFHER SeE

I —ZaBRAN—RFL Y 7 FAhoiEs LS
THILILEoTRE S MM LRBEDOEG R, ol
HHIEPYRIEN0.5C AT AL EDPN TS, /24
B o TREXKBROBIMIED 55, JoMiRcix
BEIFBIYVRT Lo/ d T2, h=o—=a LFHR
DFREOBEERFMIEEH T 20122 2 rEMEE S h
TVAEY, W DrDERK, ALEIITHinIzaL
FSCRZOREBOMMBL NV = —= g LEET 2 2 25t
EHINRTYEY, 19937 A Y AREFEBICY v 7
ThILNWRERERDBNY F 94 VAL B EERRRR
BERBOT I FIV—2Wdbotz. ZOTL VARV
A X3 (Peromyscus maniculatus) {JHSREELTHY B
FUICHRRES NG, —a—AFYaMTBIBYHRLI
DEFBIX190EROWIED SHIMLIED, 19934FICHK
Ko/l e PAbNTwAE, ZRIZ19874ED 519924542
PUHTORRTALI OWABWHBR Lz L2, 5%
REBEL Vo — o3 OB TRHRARSEML, 44
DFRBEALME STV A ALIOMIC R 2ROENEK
TholzZ ik BEEZBNTWEY,

SBESHICHT ABUFM/ SRV (IPCC) KL hid—®
ERF OV X 5 RFE O RBRLIZ 21004 11X IR
BE1.5-5.8CHL LT3 L#HFI R T2, HIBROR
BAb s BRISEDRAEIZIODVWTIRIZo 2 Y & LSRRI W
P, WREEY, BICBUCK o TS hos REE QKT
Be3hTwas,

V. E0&5 2 ARILBBPEFARGELMEE 25 »

SEBEDOMBEHFIC L o TR AR SN 5200582 5 A%
BRI O ETHAREL LBER I AT b vk
EVHELTLLZ) TR, BoBEBLITE MO
Ry BZLITEIILTHE L (66%) D ABRIGEREIED
WREEIRO e MCREZERTLE D2 ERLTL
FI0RoTIN L DS J 1T ERERELBVIBE R,
HEGBREEZRTBELRIIEARGAEICERLL L V8
Z PRI ERELLVEVE B, CRAKRE S FBEIC
FTREABRBEREEREDL IR DOTHAS I h.

t b=k MERCE D AR AR
EFOMKICBALALBYE FORCREESTE AT 5 AR
FEBRIEIC DOV TIRERMSLETH B, <R FHMEERRY
THoY, BRET-HED ) I 2N UTRE LB~
PEBETHLE ML ML BRRERT A, B
HFREZRBEF/-SARS D b h b P~ORERF L
L7, 2R MM OBEBREOBHICBEZESh a2 L

19

P VBELZEMEZINRIZE FALE PO REDE)R
BEWEEZOLNDY, BRRE=v M4y 7 vy
VANVRCHALTRINETOL ZARERNTO/NIEL
borlRiEe b—b FREREBITWZWY, LiL,
LDV 7y —%FBETCEAHML IV YL
WADPBETERED HVIZIEO RS YRR Y LV
ADEFCEROFRICIVELEYES, FlY L VR
Feb—v bR RS LERPICEKRL, KE2HER
Do TUHBUEIEXONS,

BRRENOBBELIS L £ FOBRT EESHNBVARKE
g

FRBHBAD 5 BB S NSUMEE {12k 528, WHRIIC
AR RI35000 A 2> 5 50000 A ERIRTRLET 5 & ShTw
B0, TYVTRPLL LRERDS { TirkBIC] 24t
BERXRIANADEBICEELREAZHEL TS, 4120
BHEEIE L, BERFBOFEVOH 4 X~OBREOBED
Bz, BRWBEHLEZ BNE LEBESRY 2508
BREMITHFARCEALERTWE, LIALEERS
WHO IZHE SN2 BERROBRERIXERE LY bsgd s
ZLRBBLNTVAE L WS, ¥y FoT7 HHBECHDbR
ERETCREROERRBERIAR L REB D100/
BREZBEZEINTWSED,

19994 iC = 2 —F - BB LY X PRI VT4 N
A (WNV) 213880 BEFEV 200 L L, o=, A¥FY
7, AV YA, TERVRFN, LoF—nRry, aF
bay, NEM—Y, T9EY, YRURX, N 41X,
VRAB YT, IYF, 23, 41X, vYY, Yufyy
X, FAHI (PR, T, TANH, FUF—3h ¥
DRFDB/EIN TS, BT 55T L Cidasmloc
BIATERINT WA, TAYHIKBEIZBITS WNV O
Ty "I VBNTHEEBELT, 7AY A
KEOEELRATCHEAIHIBEDAN, EZe MIHLT
OBV A L FUICHT 2EFEOB VA L O T
VY FCHLIPLTHBILERT(BERELP L2
120 BB Zong 7y FOdomERNS V0, b
Vb PANOBREOWAI T —ay N L BRIk
ZHLEZONBEDTHAS.

BRIENTEARBRE

HEROWEREOBK, MITAKTEOHK, F7-Efk
DEFPLBARHIOBIMLICIE S RERBEALEE2ET 2
e OBME Vo 7S EDORREERIC, RREM R
EDOFAERELIHEMLTWA, 7=, 0EMCIZ@bh
TP oleRRmEMEBSESFRBRIIEE LTS
TETVBEY, RRYZOEIIARBRBRRETH 5.
WHO (& MZ20014E I THHE TR U L B it fReke
BLE20HALHEFENRTVED, 203 BLOBERE



20

BHEVRAREFALTORRICLLZDOLEEZLRTY
B, TRAY B ERETIIEETE00)5 1O R B SRR IYE B8
BELTBEY, 3250008 FAREZEL, 5 H5000 AP
LTwaiwnbhTwa?, HAECBWT H20025E 21k
2I629NDBRHRBEREOREZRTWED, YV ERX T,
Av¥unyy—iE, a3V, BEBLERBEE, VR
FUTHE, ZNVYTELREFELZDOTHS, BREZH
L2z ABRGE RIE O B& R EHEN 2 BRERE OMICERE
BEDRE R A,

VB, ABRFGEBRRIAENS 5

R IR, RGN, REUBEO 3EI-C
BT 5. BbE o3 HIH UTHD 2 RRT ISR
PSEQBIER I TAH I LMTCE L. —F, BRPEREA
P8R (Basic reproduction ratio, Ro) #%1 X D K E VI
RHAT 5. Rdf1RBCHNIEIREOELRITE . AR
RERIEOHESICIRIVELBHEHWHTOR, B
WhHE PADEBICBITSR, L F2HE FAORSE
BB RAEEZBLENDH S, B Rt R=pCD T&
ENb, 22T, pREER CR—ERMIIBT5ER%
BR 2V —Tag Y ERBRRY 2 V- g v OBMEE,
DRRBLEHMTH A, ko T, EHOMSE T, B
BEZROL, BEYHMZEMTCINERENSSTS
ZEHTRTHS. ABRIBRIGEDS < BB &
I - FPCORBEIIBEIILVEEZLNRAEDT,
EFTORK 1 DBREETIREWIIBITSRE, B
LEMOREZILTIMDE LS IIZThiZL v, B,
BREEBDOBERERS L, RERBHWEERSTZ L
&y, rLOBMOBKEROTILNTEILLER
Lbirs,

EZEWICB T 2 RPEREDEEIIEEOARMA L
DREERZT TR, BENTROKRZIIERL, REPH
BEZBLENRKE ShBGE6XH5. <L - TILBI
B 4 OV A RREAE DRARITE 0T HO 7 & PR
HENTD, 19834ED H19SHEICH T TRY PN =TH
TRELEERRE=TVIAL IV FIL VRO
B2 OHEDZDITITO0H AT, 19994 4 & 20014F i<
MITOA &) TIBTBRAETIHIZ00HF PO ) PR
HHEVEBELFENRTWE?, HEIZBVTIXSARS DT
W ERINTEYYERBICBAGF SN L), BE
BMoOBEReoBEELHRERIL, BRATLVIE
REZRALBFVEDLHEISFET 205, BEHEDY
PHEBWTHLHEIFROPRIFIRTE L L3R
v, FLBWABOED LD RFEITIBLT L)
BREHRDIBLVEEODH 5.

IR Ay I RAERAETRFIFYRAPL R EREBE
T AHALERICLIBIYETH B, BETRY
4 X % (Clethrionomys rufocanus bedfordiae) H¥H g

(DANVR #8545 #H1%5

FETHL. L ERBELSIREIN 2 RIPEZOMICH
BBl TRETS, X /007 A0 D
Bk kT 272013 8WP 50 RE 1BTICT 5,
b BOREDOMEZHELT ZLFEETH S, HRL:
Bf, KEBITHZLRIBAATHEY, bI—2A
LRRIIBEEDWOBBEERSTILTHS. o
THEME BT 50Tk {EREL <1 MIE#ET,
BB Z BT H DI TH B, TN o TEHIWITBY
HRABEBWPLLE PO RBINILFTHIEHTE,
73y 7 AEOREMREHILTEZ 2b13THHY.

Bicl<7 k5 icitfR o { oRR & LETIRERRO
BREEZCBEZODIOTH S, BETHITREICRCT
BOVHERBORS LETHBY, —HTOIOMEREIC
BED TENRY 79 Y PRABINTWS, fto TREMR
Bk TR0 L XOU 2 F Y EROAL O PEAE
WAOT 7 F B VERRNREL 2B LEXLRD, E
BICHRNEETRF Y AORERR A MERAZRED
D2 F OB TEREEEZEITHILTWE?,

BEBDEXBE XY VICERELTEY, FARZEER
LTk MBS L, RICIRER 2B RBERER, B
i, Mgk MERAERERE ST A Z LMo N T
wh., RRNOZELHE, RA»LO 2 REEOBIE, 5
Pk R OBREB IS B BRI A 0D, VN
—THEIVERLGTILDBETH L. TO/DIRY
29 OBRRFEENLY, MBHWY YR TCIVER
BTAZLIlkoTO7T HIDRBERZZLIETSE
HHZENTELILFREREINTVEY,

AL —FPYCIBEL-IVEATSORBICL Y, &R
L, OV VERSHERPABLEBEL L. 20RDICR
AR ECOOERoMMEREDLY, e b Thh, BWTH
n, fEPOERCELFT, FUEAIIFRBENS
BIREELRE~RET 22 LIl TWS, IR TY
THVERFHERSEL DI o256, B E 5
FCEHWOBEZL, BYERREWORES L& UHRN
FEbhsd, =7 MNIOBREIBAGFEINE, 20X %
BLWABICXY, YVERXASIKLoRENELRLEY
LLTWAHEDTHBH™,

ABGEBRIGEICARD 2R E B 57013l 4 DR
BIETAEER+5CEBLTBLLEND S, HILE
EBROFRE 2 2MEAOARE FNICHEBT L LIE
BChb. TORBIREALALE=Y )7, BEIKEo
TRY—RALF VR EEBL, WHRIRICLERERON
8T RAT ) DEFD S, v

FAERENLTESRT 2 ABRERIUEICHL TR
TBE»OREITC| —BLHESHLT, RERE
25/ARICT A HEH bR A LENRH 5, Hazard Analy-
sis and Critical Control Point (HACCP) X ERITTRA
FTAREICLARBEHREDI R 2R/MCTH LY, 4B



pp. 17-22, 2004)

%2
WARY BB (L)
nRLEN Y 854, 202
BRE 5,171
13 4,948
7xly b 27,418
FAZDES Y4 11,473
NBARY — 678,793
DI 57,540
2DV - B 51,373
5 = 168, 313
R & 879, 157
[ 11,587
O M 487,723, 860
& &t 489,637, 119

IROMALBFTEOY R 2FML, EELSEHEL
HoPICL, E=y—MlBAlET, FARHEINES
BIrThHA.

ABBRIEN R L L THABDDNRDIBHTEET
BB, B2HFRUEEDLVEICHA SN -EIWOY R b
Ths BBHEEABKELD).

ZhoOBPO) BLALPOBABRHOD LD DORRE
ERRTERUCBERRFE, RIGERTHRD LNE)
Wk (BEFE v, =7, TN, 99X, VF
A¥Fay, FFaw, v9F, IVNF, 4, a3,
XFVR, TIAT, RAVT, FN, NFZEYY, TL
—J—=FvZ, YUXRZXI (RAMIR), 41%FT7F
72, vy, ¥XX) THY, oW TY) —s5A
ThbH. 2003FEHFAR OB SARS IZHNT b Tw
P27 ANRNC, YVEOREFRELNSD, ZhikT 7
VhA=AXIPLBPELEZTL—Y)—Fy b bt
BELDIIEN, CO77)HF =2 XILFEELTY
770 AY A BFERCERH I TV, Fnil s
KHRTYHMEORER L P /205, 77 1 ORHI
BB EOBRBICRREDORy L LT, BECAEE
I53BLTVEEVWIREEHVBL0OTH 5,

BEhHUIC

ABSLERIYERENEARLTAH LI DTS, B
LWwboTdiwv, Lal, RERELLZIEHWIE D%
EREHYTHY, ERREFFCHELTWI L WIHH
BAhs. £, RELZLEOPERERLLEHELTVLL,
ERBWORBERE P LOBFEY, ) voBHER,
L, WREHBLLICDo TIML DEBIZDVTOESE
WIRH, RREOLBEZ TSN LERDLERY
P, EBROMIRICBW T 2RREONE2HET S
LEOHLFHES DL, FRHLEWHRBRIEN K2 LR
ZHiTs (VRAZLRA—V AV M) 720 BERMIC

21

BTV VRZTERAA Y PERPRLZWIEAITCLRL, B
BBICBIIMABERIRZ33 27— a v EETH
5. BICURZ TERA Y MIRRER, EMZTCR,
AR, B, BREWE BEE 8%k riloH
MRLOBHPLBILEHE0H2. WKOEHICDS
 DITBRMORE2BHRMRISED CEETHS.

$E 1w

1) World Health Organization (1959) . Zoonoses : Second
report of the Joint WHO/FAO Expert Committee.

2) Krauss H Weber A, Appel M, Enders B, Isenberg HD,
Schiefer HG, Slenczka W, von Graevenitz A, and Zah-
ner H.(Eds.) (2003). Zoonoses : Infectious diseases
transmissible from animals to humans. 3* ed ASM
Press Washington DC.

3) Habn BH, Shaw GM, De Cock KM, Sharp PM (2000).
AIDS as a zoonosis : scientific and public health impli-
cations. Science, 287 : 607-614.

4) European Union (1992). Zoonoses Directive. Council
Directive 92/117/EEC.

5) Hart CA, Trees AJ, Duerden BI (1997). Zoonoses. J.
Med. Microbiol, 46 : 4 -33.

6) Taylor LH, Latham SM, Woolhouse ME] (2001). Risk
factors for human disease emergence. Phil. Trans. R.
Soc. Lond. B 356 : 983-989

7) Schwabe CN (1964). Veterinary medicine and human
health. William and Wilkins, Baltimore.

8) Morse SS.(1995)--Factors in the Emergence of Infec-
tious Diseases. Emerg. Infect. Dis. 1,715

9) Institute of Medicine (2003). Microbial threats to
health. Emergence, detection, and response. National
Academies Press, Washington DC.

10) World Health Organization (2002). Schistosomiasis.
TDR Strategic Direction. Available at http://www.
who.int/tdr/diseases/schisto/direction.htm

11) Tesh RB (2003). Ecological sources of zoonotic dis-
eases. In : Burroughs T, Knobler S, and Lederberg ]

(Eds.) The emergence of zoonotic diseases. Under-
standing the impact on animal and human health. Na-
tional Academy Press Washington DC

12) Parola P and Raoult D (2001). Ticks and tickborne
bacterial diseases in humans : An emerging infec-
tious threat. Clin. Infect. Dis, 32 : 897-928.

13) Kovats RS, Bouma M]J, Hajat S, Worrall E, and Haines
A.(2003). El Nifio and health. Lancet, 362 : 1481-1489

14) Epstein PR (2001). Climate change and emerging in-
fectious diseases, Microb. Infect,, 3 : 747-754

15) Intergovernmental Panel on Climate Change (2001).
Climate change 2001 : The scientific basis. Third as-
sessment report. Cambridge University Press, Cam-
bridge, UK .

16) World Health Organization (1999) Plague manual
Epidemiology, distribution, surveillance and control.
WHO/CDS/CSR/EDC/99. 2

17) Stadler K, Masignani V, Eickmann M, Becker S,
Abrignani S, Klenk H-D, and Rappuoli R.(2003).
SARS—Beginning to understand a new virus. Nat.
Rev. Microbiol, 1 : 209-218.



22

18)

19)

20)

21)

22)

23)
24)

25)

26)

27

Peters CJ and LeDuc JW (1999). An introduction to
Ebola : The virus and the disease. ]. Infect. Dis,, 179
(Suppl 1) ¢ ix—xvi
Koopmans M, Wilbrink B, Conyn M, Natrop G, van
der Nat H, Vennema H, Meijer A, van Steenbergen ],
Fouchier R, Osterhaus A, and Bosman A.(2004).
Transmission of H7 N 7 avian influenza A virus to hu-
man beings during a large outbreak in commercial
poultry farms in the Netherland. Lancet, 363 : 587-
593.
Gamblin SJ, Haire LF, Russell R], Stevens DJ, Xiao B,
Ha Y, Vasisht N, Steinhauer DA, Daniels RS, Elliot A,
Wiley DC, Skehel JJ (2004). The structure and recep-
tor binding properties of the 1918 influenza hemagglu-
tinin. Science, 303 : 1838-1842.
Childs JE.(2002). Epidemiology. In : Jackson AC and
Wunner WH (Eds.) Rabies. Academic Press
Cleaveland S, Fevre EM, Kaare M, Coleman PG
(2002). Estimating human rabies mortality in the
United Republic of Tanzania from dog bite injuries.
Bull. WHO, 80 : 304-310.
CDC http.//www.cdc.gov/ncidod/dvbid/westnile/
birds&mammals.htm
CDC http://www.cdc.gov/ncidod/dvbid/westnile/
mosquitoSpecies.htm
Fonseca DM, Keyghobadi N, Malcolm CA, Mehmet C,
Schaffner F, Mogi M, Fleischer RC, Wilkerson RC
(2004). Emerging vectors in the Culex pipiens com-
plex. Science, 303 : 1535-1538.
World Health Organization (2002) World health report
2002, WHO, Geneva
Mead PS et al.(1999). Food-related illness and death
in the United States. Emerg. Infect. Dis. 5 : 607-625

28)

29)

30)

31)

32)

33)
34)

35)

36)

37)

(74 VA #54% 1%, pp. 17-22, 2004)

EARGEEERRGREBEHARER (2003) T
MEREERBRARR, KREAEMR, 53 66-148
Wilson ML (2001). Ecology of infectious disease. In :
Aron JL and Patz JA (Eds) Ecosystem change and
public health. Johns Hopkins University Press, Balti-
more.

Mackenzie JS, Field HE, and Guyatt KJ. (2003) Manag-
ing emerging diseases borne by fruit bats (flying
foxes), with particular reference to henipaviruses and
Australian bat lyssavirus. J. Appl. Microbiol, 94, 595-
69S.

Alexander DJ and Brown IH (2000). Recent zoonoses
caused by influenza A viruses. Rev. sci. tech. Off int.
Epiz, 19 : 197-225.

Capua I and Marangon S (2003) Vaccination policy ap-
plied for the control of avian influenza in Italy. Dev.
Biol. Basel, 114 : 213-219.

MAIES (2002) %) 2y 7 AiE R LHEIES -
362-366

Rupprecht CE, Hanlon CA and Hemachudha T (2002).
Rabies re-examined. Lancet Infect. Dis. 2 © 327-343.
Potter AA, Klashinsky S, Li Y, Frey E, Townsend H,
Rogan D, Erickson G, Hinkley S, Klopfenstein T, Mox-
ley RA, Smith DR, Finlay BB (2004) Decreased shed-
ding of Escherichia coli 0157 : H 7 by cattle following
vaccination with typellsecreted proteins. Vaccine,
22 : 362369

National Veterinary Institute (2003) Zoonoses in Swe-
den 2002.

Di Giulio DB and Eckburg PB (2004) Human monkey-
pPox . an emerging zoonosis. Lancet Infect. Dis. 4 :© 15—
25

Z,oonoses

Akio Yamada

Department of Veterinary Science, National Institute of Infectious Diseases
1-23-1 Toyama, Shinjuku—ku, Tokyo 162-8640, Japan
E-mail : yamada@nih.go.jp

The numbers of microbial species that can infect human beings are shown to be 1415, of which 868

species (61%) are zoonotic. Since most of the emerging pathogens (75%) are originated from other

animals, public health sectors should be vigilant against the emergence of new zoonotic diseases. Only

33%of zoonoses can spread from human to human after introduction into human population. Various

factors such as human demography, ecological change, global transportation and climate change are

responsible for the emergence of zoonoses. Even a slight change in the ecological niche where patho-

genic organisms thrive would result in the increase of the incidence of the disease.



