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2, IL-4, IL-6, IL-10, I1.-12p40, and Tumor Necrosis Factor-Alpha

Koichiro IHA"*, Tsutomu OMATSU?, Shumpei WATANABE?®, Naoya UEDAY, Satoshi TANIGUCHIY, Hikaru FUJII®,
Yoshiyuki ISHII", Shigeru KYUWA?, Hiroomi AKASHI¥ and Yasuhiro YOSHIKAWAD

YDepartments of Biomedical Science and ¥Veterinary Microbiology, Graduate School of Agriculture and Life Sciences, The University of
Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo, 113-8657 and ¥Laboratory of Vector-Borne Viruses, National Institute of Infectious Diseases, 1—
23-1 Tovama, Shinjuku-ku, Tokyo 162-8650, Japan

(Received 8 February 2009/Accepted 26 August 2009)

AsTRACT. This is the first report on the cDNA sequences of bat interfeukin (IL)-2, IL-4, IL-6, IL-10, IL-12 p40, and tumor necrosis factor
(TNF)-o.. The ¢cDNAs of bat IL-2, IL-4, IL-6, IL-10, IL-12 p40, and TNF-o comprise 459, 405, 624, 537, 990, and 699 base pairs
respectively. Moreover, each of the cDNAs of bat IL-2, [L-4, IL-6, IL-10, IL-12 p40, and TNF-« contain a single open reading frames
encoding 152, 134, 207, 178, 329, and 232 amino acids, respectively. The comparison of bat cytokines with Perrissodactyla (horse), Car-
nivora (dog and cat), and Cetartiodactyla (cattle and pig) orthologs revealed a high degree of homology. Although the N-terminal amino
acids and cysteine residues are highly conserved in each mature cytokine, the deduced N-linked glycosylation sites vary across species.
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Recently, there has been an increase in the incidence of
infectious diseases originating from bats, such as rabies,
Ebola virus, Nipah virus, and most likely severe acute respi-
ratory syndrome (SARS) coronavirus [1, 14, 21]. In addi-
tion, several studies involving viral inoculations in bats
suggest that some bat-associated pathogens cause less clini-
copathological damage in this species, or have no effect,
compared to other species [4, 10, 16, 19]. These findings
imply that the cell-mediated immune responses of bats to
viruses agents are different from those of other species.
Although studies on fruit bats have revealed well-developed
immune systems [15], lower levels of agglutinating, hemag-
glutinating, and complement-fixing antibodies are produced
in response to various antigens in fruit bats than in conven-
tional laboratory animals [5]. Furtherand, the peak of pri-
mary antibody response after antigenic challenge is delayed
in fruit bats [2]. Additionally, the activation of T lympho-
cytes is significantly delayed in bats as compared to in mice
[2, 3]. In the present study, we analyzed the cDNA
sequences of bat Thl (IL-2, and 1L-12 p40) cytokines, Th2
(IL-4, IL-6, and IL-10) cytokines, and tumor necrosis factor
(TNF)-o. that was selected as the representative inflamma-
tory cytokines. These cytokines have major roles in inflam-
mation, and both cellular and humoral immunity. Thl cells
have a key role in the cellular immune response to viruses
and other intracellular pathogens as well as in the elimina-
tion of cancer cells and stimulation of delayed-type hyper-
sensitivity (DTH). On the other hand, Th2 cells drive
humoral immunity and upregulate antibody production in
order to neutralize extracellular organisms [8].
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Leschenault’s Rousette bats (Rousettus leschenaulti)
were maintained under controlled conditions using an air
conditioner and moisture chamber. The animals were kept
in steel cages, and fed fruit and water at the same time
everyday. All experiments were performed in accordance
with the Animal Experimentation Guidelines of the Univer-
sity of Tokyo, and were approved by the Institutional Ani-
mal Care and Use Committee of the Graduate School of
Agricultural and Life Sciences, The University of Tokyo.

Fresh spleen samples were collected from Leschenault’s
Rousette bats (Rousettus leschenaulti) under anesthesia with
diethylether. The spleen was preserved in RNAlater
(Ambion, Austin, TX, U.S.A.) and frozen at —-80°C. Total
RNA was isolated from bat spleen with TRIzol Reagent
(Invitrogen, Carlsbad, CA, U.S.A.), according to the manu-
facturer’s protocol. Primary ¢cDNAs were synthesized by
reverse transcription with Superscript®lI reverse tran-
scriptase (Invitrogen) using an Oligo (dT),,.5 primer (Invit-
rogen), followed by PCR with Thermo-Start® Taqg DNA
Polymerase (ABgene, Epson, UK). To obtain cDNA clones
of the middle region of the mRNAs of bat cytokines, reverse
transcriptase-polymerase chain reaction (RT-PCR) was per-
formed using primer sets that are designed from the ortholog
sequence data of horse, pig, and cat available on the Gen-
Bank database. The primers used for amplifying DNA frag-
ments are described in Table 1. The amplified products
were cloned into plasmids using a TOPO TA Cloning® Kit
(Invitrogen), and to validate the sequences, 5 clones
obtained for each sample were confirmed by DNA sequenc-
ing analysis using the ABI 3130/3130x] Genetic Analyzer
(Applied Biosystems, Foster City, CA, U.S.A.). To deter-
mine the remaining 5°- and 3’-terminal gene sequences,
both 5’-rapid amplification of cDNA ends (RACE) and 3°-
RACE were performed using a 5°-full RACE core set
(TaKaRa, Tokyo, Japan). To confirm the decoded bat inter-
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Table 1. Primers used for amplifying the DNA fragments of each
cytokines

Primer name  Sequence(5'-3")

TNF-a F1 AAGCATGATCCGAGATGTGGAGCTGGC
TNF-o R1 CTTCTCCAGCTGGAAGACTCCTCCCAGGTA
IL-2 F1 CTTGCACTTGTCGCAAACAGTGCACCTA
IL-2R1 GCTTTGAGGTAAACCTAGCACTTCCTC
IL-4 F1 ACTAGCATGTACCAGCAACT

IL-4 R1 TTGGCTTCATTCACAGTACAGC

IL-6 F1 GGATGCTTCCAATCTGGGTTCAATCAGG
IL-6 RI TGCCCAGTGGACAGGTTTCTGACCAGA
IL-10 F1 CCACATGCTCCATGAGCTCCGAG

IL-10 R1 GATGAAGATGTCAAACTCACTCATGGC
IL-12p40 FI  GGCTCTGGTAAAACTCTGACCATCCAAGTC
1L-12p40 R1  GAACCTAACTGCAGGACACAGATGCCCA

leukin nucleotide sequences, additional specific primers
were designed on the basis of the first decoded sequences,
and direct sequencing was carried out. The gene-specific
primers are described in Table 2. KOD FX DNA poly-
merase {Toyobo, Osaka, Japan) was used for high-fidelity
PCR amplification. The complete nucleotide sequences
encoding bat IL-2, IL-4, IL-6, IL-10, IL-12 p40, and TNF-a
comprised 459, 405, 624, 537, 990, and 699 base pairs,
respectively, and the deduced amino acid sequences com-

Table 2.
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prisedmade 152, 134, 207, 178, 329, and 232 amino acid
residues, respectively. The cDNA sequences of IL-2, 1L.-4,
IL-6, IL-10, IL-12 p40, and TNF-a were deposited in the
GenBank database (Accession numbers: AB472358,
AB472359, AB472360, AB472361, AB472362, and
AB472363). The nucleotide and amino acid sequences
were analyzed using the Genetyx-Win software (version
4.0; Software Development Co., Tokyo, Japan). The Sig-
nalP program (http://www.expasy.org) was used to predict
the position of the N-terminal amino acids of mature pro-
teins. The accession numbers of nucleotide data that were
used for homology analysis are described in Table 3.

The sequence homology of the nucleotide and amino acid
sequences of bat cytokines with other mammalian cytokine
orthologs is described in Table 4. The alignment of the
deduced amino acid sequences of bat, horse, dog, cat, cattle,
pig, and human cytokines is described in Figs. 1A-1F. We
found 4 conserved cysteine residues (positions 29, 31, 144,
and 176) in bat TNF-c.. Inthe TNF-o amino acid sequence,
we found 6 amino acid residues (indicated by a rhomboid)
involved in interactions at the TNF-a receptor binding site
[7,9]. Of these 6 amino acids in the bat, the Asp'® residue
differed from that in other species. More research is
required to determine whether this difference affects spe-
cies-specific affinity of TNF-a for its receptor. In the bat,
IL-2 contains 4 conserved cysteine residues (positions 9, 77,
124, and 144) and 1 potential N-linked glycosylation site
(positions 109-111). Although the overall amino acid

Primers used for confirming the decoded sequences

Primer name  Length of PCR product(bp)

Sequence(5'-3")

TNF-a F 898 CAGACAACACAGACCCGGAGAAGCA
TNF-a R CTAATTCCCTTTCTGAAGAGGATGAG
IL-2F 569 AGTATAAATTGCTCCTCTTGTTTG
IL-2R TAGCCTGATACATTTTAAGTGGGAG
IL-4F 419 GATCTATTAATGGGTCTCACCTC
IL-4R CAGCTTCAACTCTTTGAGTATTTCTC
IL-6F 762 TGCCCTCGAGCCCACCAGGAACGAA
IL-6 R CATAAGTTATGTGCCCAGTGGACAG
IL-10F 659 ACATCAGGGGCTTGCTCTTGCTCGACC
IL-10R TGTCCCAGGGTCTAGTAGAGTCGCCA
IL-12p40 F 1118 GTTTCACACCCAGAAAACTGC
IL-12p40 R ATATCTTTTCCGGGTCGATTAG

Table 3. »

GenBank Accession numbers used in the sequence comparison
Species GenBank Accession Numbers

TNF-a IL-2 IL-4 IL-6 IL-10 1L-12p40
Horse ~ NM_001081819 NM_001085433 NM_001082519 NM_001082496 NM_001082490 NM_001082516
Dog EU_249361 AM_238655 AF_239917 NM_001003301 NM_001003077 NM_001003292
Cat NM_001009835 NM_001043337 NM_001043339 NM_001009211 AF060520 NM_001077413
Cattle  EU_276079 NM_180997 NM_173921 NM_173923 NM_174088 NM_174356
Pig NM_214022 NM_213861 NM_214123 NM_214399 NM_214041 NM_214013
Human NM_0005%4 NM_000586 NM_172348 NM_000600 NM_000572 NM_002187
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Table 4. Sequence identities between the horse, dog, cat, cattle, pig, and human cytokines
%Nucleotide(%Amino acid) identity

Cytokine Horse Dog Cattle Pig Human
TNF-o 88.7(85.9) 88.1(88.8) 88.3(88.4) 83.2(78.1) 85.2(85.8) 88.6(86.7)
IL-2 79.3(65.8)  78.6(67.5) 82.1(71.2)  752(57.8) 80.9(68.0) 80.7(65.8)
[L-12p40 91.2(90.2) 89.4(87.2) 88.6(86.6)  89.1(88.1) 88.3(86.3) 89.1(86.9)
L4 76.0(60.6) 74.6(61.8)  76.0(63.9)  76.6(68.1) 80.2(67.7) 68.0(45.9)
1L-6 79.4(67.1)  77.1(62.6)  77.5(55.7)  73.7(55.5) 79.8(66.5)  76.2(60.8)
IL-10 92.1(89.3) 87.7(86.1)  83.6(84.1)  86.1(80.9) 84.1{79.2) 89.1(83.7)

sequence homology was not high, the cysteine residues in
IL-2 were highly conserved in the bat and other mammalian
species. On the other hand, the N-linked glycosyilation site,
which modulates the function of the mature IL-2 protein,
was found to be conserved in the bat when compared to that
in the horse, dog, cat, and pig; however, N-linked glycosyla-
tion sites in the putative IL-2 in cattle and humans are not
found at the same sites as in the bat. After post-translational
processing, Ala?! was deduced to be the first amino acid res-
idue in the mature IL-2 protein at the N-terminal region. In
the bat, IL-12 p40 contained 9 conserved cysteine residues
(at positions 50, 90, 131, 142, 170, 194, 200, 301, and 328)
and 3 predicted N-linked glycosylation sites (at positions
125-127, 135-137, and 223-225). Consistent with the
results of a previous study, we found that the cysteine resi-
dues were entirely conserved among species [13]. Ile** is at
the putative N-terminus of the mature protein. Bat IL-4 has
5 conserved cysteine residues (at positions 13, 17, 48, 70,
and 106) and 2 potential N-linked glycosylation sites (at
positions 20-22 and 97-99). Although cysteine residues in
IL-4 are highly conserved across species, another study [12]
has reported that other mammals have an additional con-
served cysteine residue at position 134 (indicated by a dou-
ble circle in Fig. 1D). For IL-4, Arg® is at the putative N-
terminus of the mature protein. Bat IL-6 has 4 conserved
cysteine residues (at positions 70, 76, 99, and 109) and 2
potential N-linked glycosylation sites (at positions 49-51
and 167-169). Although the cysteine residues were entirely
conserved, the N-linked glycosylation sites in IL-6 may or
may not be present depending on species. For IL-6, Pro® is
at the putative N-terminus of the mature protein. Bat IL-10
has 6 conserved cysteine residues (at positions 8, 9, 30, 80,
126, and 132) and 3 predicted N-linked glycosylation sites
(positions 67-69, 100-102, and 134-136). A very high
degree of sequence homology was observed in the amino
acid sequence of bat IL-10 and IL-10 of other species, and
the positions of cysteine residues were highly conserved in
IL-10. However, the presence of additional N-linked glyco-
sylation sites (Asn'%-Ser'%?), which are absent in other
mammalian species, may affect the function of bat IL-10.
For IL-10, Ser' is at the putative N-terminus of the mature
protein,

In this study, the cDNA sequences of bat cytokines were
analyzed. Overall, the comparison of bat cytokines with
Perrissodactyla (horse), Carnivora (dog and cat), and Cetar-
tiodactyla (cattle and pig) orthologs revealed a higher

degree of homology in terms of the nucleotide and deduced
amino acid sequences (Table 4). This is consistent with pre-
vious reports that conducted retroposon insertion analysis
for examining phylogenetic relationships between organ-
isms of almost all mammalian orders [11]. In addition, cys-
teine residues and N-terminus amino acids of mature
cytokines are highly conserved among species [6, 17, 18,
20, 22]. However, N-linked glycosylation sites vary to
some extent inposition and number. These results suggest
that although the 3-D conformation of each cytokine is con-
served among species, the glycosylation-related functions of
each cytokine differ among species. Further research on dif-
ferent species-specific functions of each cytokine is needed
to understand the characterization of immune systems in
each animal.

The nucleotide sequence data obtained in this study will
be very useful for future studies on the bat immune system.
In particular, these data coupled with real-time RT-PCR for
the quantification of the mRNA of bat cytokines will facili-
tate kinetic analysis of the cytokines. This is likely to be an
excellent method for analysis of the immune system in wild
animals, because a specific enzyme-linked immunosorbent
assay (ELISA) systems for cytokine analysis across species
is unavailable, and such a system would most likely take a
long time to develop.

Further research on the bat immune system and infectious
diseases originating from bats may provide key insights as
to how bats act as natural reservoirs of infectious diseases.
Further studies are needed to characterize the bat immune
system and to understand the interactions of viruses and
other pathogenic microbes with the bat immune system.
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Abstract A new bat herpesvirus was detected in the
spleen of an insectivorous bat (Hipposideros diadema,
family Hipposideridae) collected on Panay Island, the
Philippines. PCR analyses were performed using COnsen-
sus-DEgenerate Hybrid Oligonucleotide Primers (CODE-
HOPs) targeting the herpesvirus DNA polymerase (DPOL)
gene. Although we obtained PCR products with CODE-
HOPs, direct sequencing using the primers was not possible
because of high degree of degeneracy. Direct sequencing
technology developed in our rapid determination system of
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viral RNA sequences (RDV) was applied in this study, and a
partial DPOL nucleotide sequence was determined. In
addition, a partial gB gene nucleotide sequence was also
determined using the same strategy. We connected the
partial gB and DPOL sequences with long-distance PCR,
and a 3741-bp nucleotide fragment, including the 3’ part of
the gB gene and the 5’ part of the DPOL gene, was finally
determined. Phylogenetic analysis showed ' that the
sequence was novel and most similar to those of the sub-
family Gammaherpesvirinae.

Keywords Bat virus - Direct sequencing - Herpesvirus -
Virus discovery - RDV

With the emergence of zoonotic viruses, including Nipah,
Hendra, and Ebola viruses as well as severe acute respi-
ratory syndrome (SARS) coronaviruses, there has been
increasing interest in the role of bats as hosts for pathogens.
Over 80 viruses have been isolated or detected in bats by
nucleic acid analysis [1]. Herpesviruses are widely dis-
seminated in vertebrates, and most mammalian orders have
yielded at least one herpesvirus. However, no herpesviruses
from bats are listed in the universal virus database [2]. A
few herpesviruses were recently molecular characterized in
bats [3, 4]. In this study, we examined bats in the Philip-
pines in an attempt to find a new herpesvirus.

Forty-five insectivorous bats, Miniopterus australis, fam-
ily Vespertilionidae (n = 23), Miniopterus schreibersii,
family Vespertilionidae (17), Miniopterus tristis, family Ve-
spertilionidae (2), Rhinolophus arcuatus, family Rhinolo-
phidae (1), Hipposideros diadema, family Hipposideridae
(1), Myotis macrotarsus, family Vespertilionidae (1), and one
frugivorous bat, Ptenochirus jagori, family Pteropodidae
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Fig. 1 Overall scheme for direct sequencing with RDV primer sets

(1), were collected at two sites on Panay Island, the Philip-
pines, in 2008. The bats were euthanized under sedation as
described previously [5]. Samples of approximately 100 mg
of each spleen were used for DNA extraction using a QlAamp
DNA mini kit (QIAGEN), according to the manufacturer’s
instructions. To detect herpesviruses in field samples, we used
COnsensus-DEgenerate  Hybrid Oligonucleotide Primers
(CODEHOPs; nested PCR) for amplification of a partial
herpesvirus DNA polymerase (DPOL) gene sequence [6].
These consensus primers are known to be effective for
detecting herpesviruses from any vertebrate host. An ampli-
con of approximately 200 bp of the DPOL gene was obtained
in the DNA sample from an insectivorous bat, H. diadema
(data not shown). Although direct sequencing was performed
using CODEHOPs to avoid contamination of DNA in our
laboratory, this was difficult due to the high degree of
degeneracy of the primers.

Recently, we developed a new method, rapid determina-
tion system of viral RNA sequences (RDV), for sequence-
independent determination of viral fragment sequences
without cloning [7-9]. As described in our previous reports
and shown in Fig. {, the RDV method includes direct

"_Z_ Springer

sequencing technology, Each RDV primer contains the
adaptor sequence, 4 nucleotides including CC (the end of the
sequence after Haelll digestion) and 2 variable nucleotides.
After purification of the 200-bp PCR product from the gel,
DNA was digested with Haelll, and subjected to adaptor
ligation as described previously [9]. PCR was performed
using the RDV N1 to N16 primers and the degenerate TGV or
IYG primer. We expected selective amplification of the
templates having the RDV primer sequence and TGV (or
IYG) primer at each end. PCR products were electrophore-
sed on agarose gels, and a DNA band of approximately 80 bp
was obtained when the TGV and RDV N8 primers were used
for amplification (data not shown). The DNA fragment was
extracted from the gel, and direct sequencing was performed
using the RDV N8 primer. Based on the fragment sequence
obtained by direct sequencing, several specific primers were
then newly designed. PCR was performed using these spe-
cific primers and the KG1 primer. The resultant PCR prod-
ucts were subjected to direct sequencing again. A 442-bp
DPOL nucleotide fragment, corresponding to the region of
amplification product with TGV and KG1, was determined
(DDBJ accession no. AB459535),
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Fig. 2 A phylogenetic tree was constructed using a multiple align-
ment of 914 aa, consisting of concatenated gB and DPOL amino acid
sequences. The bootstrap consensus tree inferred from 1000 replicates
is taken to represent the evolutionary history of the taxa analyzed. The
percentages of replicate trees in which the associated taxa clustered
together in the bootstrap test are shown next to the branches.
Phylogenetic analyses were conducted in MEGA4 [1{]. The tree was
rooted to herpes simplex virus type 1 (HSV1) (X14112). The
evolutionary distances were computed using the Poisson correction
method and are given in units of the number of amino acid
substitutions per site. All positions containing alignment gaps and
missing data were eliminated from the dataset. The herpesviruses
used for comparison and their accession numbers are as follows:
alcelaphine herpesvirus | (AHV1), NC_002531; badger herpesvirus
(BadgerHV), AF376034; bat gammaherpesvirus 1 (BatGHV1),
DQ788623; BatGHV4, DQ788627, BatGHVS, DQ788629; caprine
herpesvirus 2 (CPHV2), AF283477; Epstein-Barr virus 1 (EBV)(hu-
man herpesvirus 4), NC_007605; equine herpesvirus 2 (EHV2),
NC_001650; human cytomegalovirus (HCMV), NC_006273; human
herpesvirus 6 (HHV6), AF157706; HHV7, NC_001716; HHVS8
(Kaposi’s sarcoma virus), NC_003409; retroperitoneal fibromatosis-
associated herpesvirus (RFHV), AF005479; rhesus monkey rhadino-
virus (RRV), AF083501; saimiriine herpesvirus 2 (HVS), NC_001350

BLAST search suggested that the DPOL sequence was
novel and most similar to those of gammaherpesviruses.
Therefore, PCR was performed with another nested primer
set targeting the gB genes of gammaherpesviruses [4]. First
PCR was performed using RH-gB 1s and RH-gB las
primers. After second PCR with RH-gB 2s and RH-gB 2as
primers, an amplicon of approximately 450 bp of gB gene
was obtained. To determine the nucleotide sequence of
partial gB genes using direct sequencing, the same strategy
used for determination of the partial DPOL sequence was
applied. As a result, a 631-bp gB nucleotide fragment,
corresponding to the region of amplification product with
RH-gB 1s and RH-gB 2as primers, was determined. Then,
we connected the partial gB and DPOL sequences with
long-distance PCR, using specific primers, which were
designed based on the obtained sequences in gB and DPOL
regions. A 3741-bp nucleotide fragment including the 3'
part of the gB gene and the 5 part of the DPOL gene was
finally determined and deposited in Genbank (DDBIJ

accession no. AB490083). In tblastn search, it was dem-
onstrated that concatenated gB and DPOL deduced amino
acid sequence (1146 aa) was novel and most similar to
those of retroperitoneal fibromatosis-associated herpesvirus
(58% amino acid sequence identity). We have tentatively
named this virus “Hipposideros diadema herpesvirus 1
(HDHV1).” A phylogenetic tree was constructed using the
neighbor-joining method with concatenated gB and DPOL
deduced amino acid sequence (gB; 304 aa, DPOL; 610 aa)
and the available sequences of known herpesviruses
(PFig. 2). The tree confirmed that HDHV1 belongs to the
Gammaherpesvirinae and suggested that HDHV1 is not
assigned to the known genus. The tree also showed that
HDHV1 is not placed in the same group with the known
bat gammaherpesviruses. However, further characteriza-
tion of HDHV1 is needed to reveal its taxonomic
assignment.

Recently, bats have been described as hosts for herpe-
sviruses in several countries in Europe, South America, and
Asia [3, +]. This report shows the detection of a new gam-
maherpesvirus in the Philippines, and confirms the wide
geographical distribution of herpesviruses in bats. As bats
display a high degree of diversity and account for 20% of the
approximately 4,800 mammalian species [10], these animals
are potential hosts for many unknown herpesviruses.
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Chapter 17

Current Status and
Issues of
Zoonotic Viral Diseases

Yasuhiro Yoshikawa

Opening comments

Human beings are heterotrophic organisms that depend on animals and plants as sources of
nourishment. Most of our needs for protein and fat are now met by consumption of the milk,
meat, internal organs and other parts of domestic animals. We have had a long relationship
with domestic animals, some of which were already living among us when we started farming
the land 10,000 years ago. A look at that history shows that almost all current infectious
diseases suffered by humans have animal origins. In other words, diseases such as smallpox,
measles, and influenza that were once thought to be unique to humans, all pathogens originate
in other animals or share common ancestors with viruses infecting other animals. There are
also many infectious diseases even today that can be passed between people and domestic
animals. We humans do not inhabit a special world separate from that of other animals.

From animals to humans

Zoonotic diseases are diseases caused by a pathogen that infects both animals and humans
(but natural hosts infected by the pathogen often do not suffer any adverse effects). They
consist mostly of diseases passed on to humans from animals, and diseases originally passed
on to animals from humans and then back to humans from the infected animals (so - called
recurrent infections, e.g. dysentery, tuberculosis, viral hepatitis, and other diseases found in
monkeys).

Zoonotic diseases include such well- known examples from ancient times as plague, which
is transferred from wild rodents (rats, etc.) to humans through fleas (and is by no means a
disease of the past, still being prevalent in the continents of Africa, Asia, and America), and
rabies, which is passed on to humans from infected dogs, bats, and other animals. There are
of course many other parasitical, rickettsial and chlamydial, bacterial, and viral diseases
affecting humans. In 1959, a WHO and FAO joint expert committee listed over 150 such
diseases, and now there are thought to be 500-700 noteworthy diseases. Infectious diseases
that have sent shockwaves throughout the world in recent times include diseases of wild
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animal origin such as Ebola hemorrhagic fever (HF), Nipah virus infection, SARS, and West
Nile fever; disecases of domestic animal origin such as O- 157, BSE, and HPAIV; and
diseases of arthropod origin such as dengue fever, dengue hemorrhagic fever, and malaria.
About two~ thirds of all viral discases to have emerged in the latter half of the 20th century
are zoonotic. Infectious diseases of domestic animal origin such as salmonella, hepatitis E, O
- 157, and BSE warrant serious consideration also from the food safety perspective since they
invariably spread through foodstuffs.

Retrospectively, it was in 1980 that the WHO declared that smallpox had been eradicated.
Though it is only one pathogen, this was the first time in history that mankind had defeated a
virus (though recently people have voiced concern that it has not been completely eradicated
ironically insofar as it continues to exist in the form of samples that might some day be used
as pathogens in acts of bioterrorism). With the development of antibiotics, we also became
able to suppress bacterial infections, giving rise to optimism about our ability to protect
ourselves from infectious diseases. In Japan too, the infectious diseases that were long the top
causes of death declined rapidly after the 2nd World war, making way for cancer to become
the No.1 causc of death by 1950. As circulatory disorders became the 2nd most prominent
cause of death, Japan’s healthcarc authorities began to focus more on welfare and countering
cancer and lifestyle diseases rather than infectious diseases.

However, new infectious diseases such as AIDS and various viral hemorrhagic fevers have
emerged worldwide, and diseases such as dengue fever and tuberculosis have reemerged to
become serious threats to human health once again. Excessive use of antibiotics has given rise
to the spread within hospitals of antibiotic— resistant bacteria such as MRSA, VRE, and
VRSA. Given such developments, the WHO has revised its optimistic forecasts regarding the
fight against infectious diseases, and countries throughout the world have declared states of
crisis with regard to infectious diseases.

Factors behind the occurrence and spread of zoonotic diseases

Most zoonotic diseases can be traced to developing countries. The reasons for this include
increased contact with pathogens carried by wild animals in tropical rainforest and other
natural habitats during development of human production activities (Ebola HF, Marburg
discase, monkeypox), disturbance of ecosystems by rodents and other animals whose num-
bers have becen elevated by increased human productivity (Bolivian HF, Lassa fever,
Argentinc HF, ctc.), establishment of infectious disease in cities of developing countries,
which is normally circulated between monkeys and mosquitoes in forests owing to rapid
urbanization and population concentration combined with poor urban infrastructure (yellow
fever, dengue fever, dengue HF, etc.), and rapid spread of infection from developing to
developed countries as a result of the rapid air transport of both people and animals (Lassa
fever, Marburg disease, SARS).

There are also contributing factors in developed countries, such as the keeping of wild
animals as so-called cxotic pets (tularemia, plague, monkeypox, etc. transmitted by pet
prairie dogs), and contact with wild animals during outdoor recreation such as camping or
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forest walking (Japanese spotted fever, scrub typhus, Hantavirus pulmonary syndrome and
Lyme discase transmitted by such animals as wild rodents and ticks, echinococcosis trans-
mitted by foxes, etc.). New infectious diseases have also emerged in developed countries as a
result of the pursuit of economic efficiencies in the form of intensive factory farming and
rendering of animal parts as sources of protein (salmonella, BSE, O-157, etc.). In recent
years, motreover, we are seeing transmission patterns of a more complicated kind, such as the
Hendra and Nipah viruses transmitted from tropical fruit bats — up to now not known to be
carriers of pathogens — to humans through domestic animals.

The chances of coming into contact with infectious diseases in humans transmitted by
domestic animals such as pigs (Nipah virus), horses (Hendra virus), cattle (BSE), or chickens
(HPAIV) are much higher than for those of wild animal origin. Domestic animals arc
increasingly raised for human consumption in large-scale factory farms, and oncc a path-
ogen invades such an intensive rearing environment, it can spread like wildfire, with the
likelihood that its frequent transmission among hosts in such an environment will also
facilitate genetic mutation, making for a much more dangerous situation than in the past.

Even among wild animals, we might be facing new risks. For example, incrcasing
environmental pollution might reduce host immune functions, as a result of which a virus that
has up to now coexisted with a host suddenly begins to spread explosively (North Sea seal
virus, etc.), or environmental pollutants might elevate the frequency of virus mutation,
because they were frequently mutagenic chemical substances. This kind of possibility sug-
gests a need for conception change and actions different from earlier measures for suppress-
ing zoonoses and avoiding risks. Conservation medicine (hitp://en............ ) is a new approach

to the control of zoonoses that incorporates the concept of environmental conservation in the
consideration human and animal health.

Warning to humanity

The way in which zoonoses emerge and spread is changing in connection with the
expansion of human production activities, pursuit of economic efficiency, changing lifestylcs,
and so forth. In this respect, zoonoses have much in common with environmental pollutants
such as PCB, DDT, and dioxins. There is nothing evil about pursuing comfort and conve-
nience, but if in our anthropocentric pursuit of ever more advanced technology we continue to
ignore the need for balance and continue to destroy the environment and ecosystem, we are
doomed to suffer the consequences. Attempts to resolve issues by pushing the contradictions
of developed countries onto developing countries or by a country just looking out for itself
are already proving to be bankrupt. What is needed is global cooperation between govern-
ments on countermeasures to zoonoses led by the WHO and OIE. National governments
should also be remind that to avoid covering up or failing to report outbreaks, or all clear
declarations under issuing premature. Other acts aimed simply at protecting onc’s own
country’s economy or calming the populace will in the end only raise the risks of a global
infection (SARS in China, HPAIV in Southeast Asia, BSE in the UK, etc.).

Even the USA, which has the most advanced infectious disease defense system in the
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world and is home to the Centers for Disease Control and Prevention (CDC) that plays a
leading rolc in controlling infectious diseases worldwide, has not had an easy time controlling
zoonoses like West Nile fever that are transmitted through wild animals (birds and mosqui-
toes). West Nile fever first appeared in eastern New York in 1999, infecting 7 people, but by
2003, it had spread throughout the country and still shows no signs of abating, with infections
now standing at over 8,000 and deaths at over 200. The USA is also finding it extremely
difficult to suppress plague endemic to arid Midwest regions (being transmitted between
prairie dogs and fleas) and rabies transmitted by bats.

Meanwhile, the fact that SARS, which is thought to be of wild animal origin, spread
throughout the world in a matter of months demonstrates that national borders and other
artificial barriers are no obstacle to modern infectious diseases. HPAIV H5N1, the subject of
this symposium, has also spread from Asia to the Middle East, Europe, and Africa. The
number of countries affected, the scale of infection, and virulence that has enabled it to
directly infect not only pigs but also humans, has prompted the WHO to issue dire warnings
about the dangers it poses. In addition to conventional downstream, end - result- oriented
infection countermeasures targeting people and animals (Ministry of Agriculture, Forestry
and Fisheries [MAFF], Ministry of Health, Labour and Welfare [MHLW]), in the 21st
century, zoonoses originating in wild animals need to be investigated from a more upstream
perspective that also considers the environment and the ecology of pathogens parasitizing
wild animals and natural hosts in order to develop more global countermeasures.

The path to controlling zoonoses

Including pathogenic microorganisms, there are currently about 1.4 million known species
on Earth (approximately 750,000 insects, 280,000 other animals, 250,000 higher plants,
70,000 fungi, 30,000 protozoans, 5,000 bacteria, and 1,000 viruses). When one considers the
complexity of the ecosystem that these organisms have built up as the present-day descen-
dants of 3.7 billion years of life on Earth, it is impossible for we humans to completely
control zoonoses for the sake of our own convenience. Basically we need to recognize the
importance of biodiversity and seek to achieve a balanced coexistence with other life forms.

Even so, we need to do what we can to control infectious diseases that endanger humanity.
The organizations charged with the responsibility of controlling infectious diseases on an
international level are the Geneva-based WHO for human infectious diseases, and the OIE,
headquartered in France, for animal infectious diseases and infectious diseases whose origins
can be traced to foodstuffs. Because OIE decisions frequently directly affect domestic
animals in various countries and trade in foodstuffs of domestic animal origin, the OIE also
serves as an affiliate of the WTO.

The expert committees of these international organizations frequently use risk analysis as
an analytical method. This methodology was originally used to decide international safety
criteria with respect to humans for drugs, food additives, and so forth, but has come to be
used also in the control of food poisoning and infection by microorganisms. Risk analysis is a
ficld that merges natural science with social science, and is made up of three key aspects —
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risk assessment, risk management, and risk communication. Based on a scientific, quanti-
tative risk assessment, the parties concerned (risk managers) consider cost - effectiveness and
draft a realistic plan that they explain to others in easily understandable terms, and attempt to
establish a more efficient defense system. In Japan after the BSE panic, the Food Safety
Commission was established within the Cabinet Office as a risk assessment organ indepen-
dent from risk management organs. International organizations are already bringing together
infectious disease experts and government officials from different countries or regions in field
- specific forums to consider measures for the sustained control of infectious diseases.

However, the control of such diseases is basically a political and economic issue. As long
as poverty, famine, and war continue, there is little hope for improving public hygicne
globally. The path to controlling infectious discases is one of international cooperation in the
building of standards and systems for global defense against such discases that also respect
diversity in the form of national and regional differences in culture, national character, and
everyday life and customs.

Japan’s new zoonosis countermeasures

After the postwar period of rapid economic growth, dramatic changes in the social system
and values fueled the trend towards nuclear families and declining birthrate, and pets as
companion animals came to serve as substitutes for people. Then during the economic.bubble
of the 1980s, in place of the traditional species of pet animals, the import and keeping of
exotic animals became very popular. Japan’s birthrate declined and population aged at a pace
that was exceptional even among the developed countries, and Japan also stood out from the
rest in the quantity of its wild animal imports. These changes in society and diversification in
lifestyles prompted increasing concern over the possibility that novel zoonoses would
emerge, and so when the Infectious Diseases Control Law was enacted (effective from 1999),
in addition to diseases transmitted between people, zoonoses too were considered for the first
time, and with an expansion of the Rabies Prevention Law, cats, skunks, raccoons, and foxes
in addition to dogs became subject to legal quarantine, as did monkeys. However, other
infectious diseases and animal species were not subject to regulation, and so when the
Infectious Diseases Control Law came up for revision 5 years later, stronger measures were
considered.

For this revision, data on infectious diseases, the realities of imported animals, and disease
risk assessment was obtained and analyzed. An MHLW zoonotic disease study team carried
out a first—ever zoonosis risk analysis. As a result, a total import ban was imposed on all
Chiroptera (bats) and rodents of the Mastomys genus (the natural hosts of Lassa fever) from
November 2003, and requirements such as import notification, health certificates, and teth-
ering according to risk level were applied to all other animals apart from prairie dogs and
civet cats whose import was already prohibited, and monkeys and carnivores already subject
to legal quarantine. In other words, unlike previous revisions which tended to simply increase
animal quarantine, the new revision applied import bans to certain species, tethering orders,
stronger measures against introduced animals and indigenous wildlife (migratory birds,
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crows, etc.) including surveillance systems, investigation of animals in the event of outbreak
of a zoonosis, and stronger measures to combat zoonoses. Particularly the animal import
notification system and requirements for health certificates and furnishing of proof of non-
infection with certain pathogens effectively put a stop to the import of wild animals that had
gone unchecked up to then, and this has proved to be an effective alternative to quarantine as
a means of avoiding risks. '
With respect to wild and domestic animals within Japan, everyday surveillance is vital,
which means that it is also vital to establish an organization for diagnosing infections in
animals. With regard to high-risk infectious diseases, there is a need to identify high- risk
localities, localities in which animal intrusion is likely, and habitats of wild animals carrying
the infectious discases concerned, and take comprehensive measures to combat the spread of
the disease, curb the number and habitats of natural hosts and animal vectors, exterminate
intruders, and so forth. This is a field that calls for cooperation between central and local
government, between MAFF and the MHLW, and between doctors and veterinarians.
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OFEWMNEI 3234, BH 1144 (FHERH42.1
W 1205) 22004 (CP¥HER 300K+ 9.2 5%)
THole, QKNI BIEH 135 %, RESHEM
1514, PUR— 124, EH 144, FHREBEETAT
Holz. ORBEHHED 79.8% 3 SEDRERICEHET
Ny hABFTHY, BE - BELLICHETRY MAB
OEBRMENEIID T 32% TH - Teo @FKEIE DR
BIIFE 1ITRT, HFRS, LCM, L7+ A Y FEDHIEKE
HEIERTH - e, A, B CldiiEmEE
LEERoN G 2 T WTND—EHEIBEETH - E
I 654 (20.1%), BETEE W BETH > BT 4 2 (1.2%)
THole, OHBEEHICOEMTT 2 &, BREEMT
1L EOEHE TR TUABERITER (p=0.028)
KERTH i, @FYIDr —VERWO RS, 85
HEREWEFDEIDICEEL TV AEELE L LT,
[FiE] TG0 ) [HEHEBEDOHEE] DERICEBINT
Bh (FHHME 6%, 66%, 74%), WFEMNED 3% F
WBOFEH 26%, <AVER 13%, HHEBYOMER 34%,
FEZ DB 48%, 5PV DEN 5%, ¥+ 7 —iBld 2%
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#E (n=163) #E (n=90) AN (0=70) | #EF (n=323) | MBHEE (%)
B | i | AR | B | k| &EF | B | A
B. Henselae fifk 6 10 16 4 8 12 1 7 8 36 11.15
Toxoplasma Hif& 8 0 8 1 1 2 0 4 4 14 433
F LR 1 5 6 3 2 5 1 1 2 13 402
RINEZ 0 1 1 1 1 2 0 1 1 1.24
QB 0 0 0 1 0 1 1 0 1 0.66 .

*QBODORH 19% (W

64, dLful B2 %, 1R OF—ZARE

WD | DL EOFADERE | 65 % (20.12%), 3 HLEROTHENEGNE 1 48 (24D 1.24%)

CERETH -T2, ChLHEENBOEMOERE SEHA
RS & ORICIEREHENEBRER RV EE b o /2
W, TREEOBA) (30800 0RM MEFER] £ TEk
LW 2RSS E OFRG R ERICEETH -
7ro (p=0.46) QBEEIMIC L2818, / IHHEDKER
FIFEREATT 126 % (93.3%), BRIE EEH 126 % (91.4%),
FUS—11% (9L7%) LEFEALOHEBEEIRE - H
BOKEBRETH >, TORBRBITRREZZLIEER,
BRIEMD 27.7%, BREEBEM 37.7%, b U< —545% &
EFE o Tz, BWFEREFEAS TACEINEERIT
B2 EDRHBEBET24% KEATV . TNE, BiYR
1ER5 & FUARS M L ORI IS EH I E B R
Hondholc, @ECOBRBEIRICHEL T, (REZH -
ARy FOZBRIE 31.0%ICEEE > T,

TR

JehMTE, #EET, HERESO 3 HficBnT, 323
S OEYIRRENTEE OBBEREMTA o, HREHELT
SRR bnmd LD, AR, X, BEE
XK TOHREDREL SOREFTEh L Bbn s, il
BEOERENTERDE, R, BUAOIFVFv o7 =
NPT HOHE TELABT SN TENSD, EHERET

PELERIIISEIER, WM, JLhNHOIBICERICE
WEDTH o 10ERCHEINODIToIFVF v
T ZRIVOBEERETIE, MMEets ICEENRSN
BWEOERTH oM, RIKTIE 3 TOBELE
AR TERICEETH N TCRERTH -7, L
LAEMNS, ZENSEYE UTotEzE, Sl &4
NUE, EwdE -/ IRERER, BCOREEE, Bl
OEMEERE, BETOy MEEICE 3 Hiic BY 5 Hs
ZERONT, BBURA—ZHT TORBREDOHER
FNTERRLDLEEDNS,

486

COWRNT, REMRE LBRESHEIEEED
B 2 0BT N — T e BE L T HETIRmEEOS
e MBI DEREI BT 120, F&RE U-BRlag
BEIBETORy MIFENT798% LIEEEETHY,
YRR TORBR ) X7 Eh D TRV I NV —TOHEE
HEIIC - E Lz, TOX D R ABIGRBYED
INAYRG T )T BT 5 8 HEI R SMmiE i
Bz tNEFNOEMBREICBOYTTY, 7y r—FoEE
L EHDOEHREI RN ETT o Too TOMRE, FoohE
W, NEVTISATE, YLK, RIVETE QRO
5EHET 65 % (20.1%) BV THHhOEE TR TH - .

O 15 %/, ThbOEEDERICHET 2 EREGIER
HEdHo T, KREDL S WEERHERE 2L, 46
DFEFRERO L 2 GHABEROS T 2 LORICEHET 5
NEHELNEDRHE, LHMLEND, KRBFRICBITSMm
EFAEOREE R B T X 2 EEE TORELRE
FBICETWIEERTH D, TNFNEROFUARGERIIE
HIERTEIICHMIBTERETH D, TOTERBEZIN
W, BWRBTEISE OTUARSEERD 20% dMBTE5E
DOEICEDbND, £z, FEBEROMEEICERE
BHRLNT, RSB BV TRBZEENHRLNELD
CHERIE N B, SHBOBERE BEEEONERFOS
BIERAINB T ERENTEL,

T BT, BVIRRRETSERVE L 313 EHRBIERY
mlEHEAMD YD, FCEF 11 ELLEOBEEERD
HAEGEREERICER Cho/zT e, U TEHYRRS
BEOZDEYMRESOERERDICEMPDET, B

BE BB TEERFER TVWATC EdRA LEC L
ERbNG, REBEX, EREETORENEEND
D, FUEREI LD, FHEREENV—F UBRELLT
I3 EHEENS,

2006 F, FHETEX 3 PLWHMA Y FEIOE
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FEZICBVTE, BHEEECEEOBRLUAIC AT
BRI CEREBERCETHBD, AR rEE L E
KRETHONTCF, BEOHIZEEIFRINZLOL
Ebhb,

B OB COEOCHBYERSHEOCREFREICBVLT,
b &L THHVIEREWCANTERERS, WP HER
EHi, HERBEESATMOERIOGMERSNZL
N

AR ELE @R ZHE (B hsRERED Yk
O — VRO MITICEET B3] LR | HHIBBARKEED)
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Wildlife-Disease Notification
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International Wildlife-Disease Notification System
Yasuhiro YOSHIKAWA (member of wildlife disease WG in OIE)

Graduate School of Agricultural and Life Sciences, the University of Tokyo
Yayoi 1-1-1, Bunkyo-ku, Tokyo 113-8657, Japan

ABSTRACT. New mission of the OIE on the international wildlife disease notification system was introduced. Main
purpose of this WAHIS/Wild system is collecting and presenting the worldwide data of wildlife diseases by OIE to each
member country using the WAHIS/Wild database. It is useful for control zoonoses, domestic animal infections derived
from wildlife as well as maintain ecosystem and conservation of biodiversity. The basic tactics of the system which was
discussed in the ad hoc group of the Working Group of Wildlife Diseases in OIE are summarized. Present situation and
problems of wildlife disease notification in Japan were also described here. (This is a record of a keynote lecture of the
14th Japan Anual Congress of the Wildlife Medicine in Kobe, 2008)

Key words : wildlife, zoonosis, OIE-listed diseases, HPAI Chytridiomycosis

Jpn. J. Zoo. Wildl. Med. 14(1) : 7-18, 2009

1. Introduction

Recent world public health threats are thought to be
resulted from “an emerging and re-emerging diseases”. These
infectious diseases were mainly derived from pathogens of
animals (zoonosis). Zoonosis outbreak around the world
might be related to human activities both in developing and
developed countries. For example, they are BSE (bovine
spongiform encephalopathy) outbreak by the use of meat
and bone meal (MBM) in UK and viral hemorrhagic fever
outbreaks by rain-forest development in tropical countries in
Africa. Conventional downstream, end-result-oriented infection
countermeasures, taken by the Ministry of Agriculture or
Ministry of Public Health, targetirig people and domesticated

animals, have been old fashioned. It is now needed to change
a paradigm that investigations start from more upstream
perspectives, i.e., to consider the environment, ecosystem and
the ecology of pathogens parasitizing wild animals and natural
hosts.

In addition, disease in wildlife may adversely affect not
only human public health but also livestock health, as well
as conservation of wildlife in native habitats, and hamper
international translocation initiatives. However, data of
international wildlife disease are comprehensively covered
by neither World Health Organization (WHO) nor Food and
Agriculture Organization (FAQ), thus far. The OIE (Office de
International Epizootics: now World Organization for Animal
Heailth) is asked to conduct this work by negotiations with

Wildlife Disease Control Center (wpco)

New strategy of QIE on wildlife discases was opened teollaborstion ysith FAU aud WIE)

‘Disease control of wildlife becomes a new target of OIE

‘New notification system of wildlife diseases will be started
Statentent of the Director (eneral, Dr. Bernard Yallatswas declared on OIE top page (2008 07.15)

| Purpos¢: Establishment of notification system of wildlife diseases because of

2,di control of d

1, zoonosis control for human public health (WHO, OIE)
imals for food security and food safety (FAO,OIE)
3, wildlife disease control for maintain ecosystem and conservation of biodiversity (OIE)
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other two international organizations (WHO and FAO).
Therefore, OIE makes efforts more actively not only from the
stand points of food borne disease and zoonosis-control but
from the stand points of wildlife conservation and ecosystem.
At the same time, the OIE is sensitive to a potential for
misinterpretation of information concerning wildlife disease
occurrences and possible consequences to trade in animals
and animal products associated with such misinterpretations.
It is important how best to gather and report on occurrences
of wild animal diseases without provoking unjustified trade
restrictions.

2. Biodiversity and disease control in the world

Including pathogenic microorganisms, there are currently
about 1.4 million known species which are living on the Earth
(approximately 750,000 insects, 280,000 other animals,
250,000 higher plants, 70,000 fungi, 30,000 protozoa,
5,000 bacteria, and 1,000 viruses). When one considers the
complexity of the ecosystems that these organisms have built
up as the present-day descendants of 3.7 billion years of life on
the Earth, it is impossible for us humans to completely control
wildlife diseases for the sake of our own convenience. Basically
we need to recognize the importance of biodiversity and
seek to achieve a balanced coexistence with other life forms
(segregation of our life mitieu from territories of wildlife), such
as compartmentalization or zoning between our lives and those
of wildlife.

Even so, we need to do what we can to control infectious
diseases that endanger humanity, domestic animals and
wildlife. The organizations charged with responsibility for
controlling infectious diseases on an international level are
the Geneva-based WHO for human infectious diseases, and
the OIE, headquartered Paris in France, for infectious diseases
among domestic animals and infectious diseases whose origins
can be traced to foodstuffs. OIE decisions directly affect the
husbandry of domestic animals in all member countries (now
176 countries) and trade in foodstuffs of domestic animal
origin, because the OIE serves as an affiliate of the WTO (World
Trade Organization).

The expert committees of these international organizations
frequently use “risk analysis” as an analytical method. This
methodology was recently established and originally used to
decide international safety criteria with respect to humans
for drugs, food additives, and so forth, but has come to be
used also in the control of food poisoning and infection by
microorganisms. Risk analysis is a field that merges natural
science with social science, and comprises three key aspects
i.e, risk assessment, risk management, and risk communication.
Based on scientific, quantitative or qualitative risk assessment,
the risk managers or policy makers concerned consider
cost-effectiveness, cost-benefit or trade-offs of the risk, etc.,
and draft a realistic plan that they explain to stakeholders in
easily understandable terms (to perform accountability and
to get informed consent), and attempt to establish a more

By M. Iwasaki

/ 1%, acceptance of the diversity of culture, nationalities, life styles, and habits
in individual countries or areas is very important

/ 2, it is important to make a global standard and network system for
zoonosis-control based on this acceptance, and international harmonization
and collaboration are keys for developing a disease prevention road-map
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