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E & & bHIcHEH SRHSNI D A LR IC & O KEREENS
Lexi, FRICHED b bA~DKRBEAAE U D T[N
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A NADOBRHERE BRI & 0 £ U 5EE T E
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(1) KBBHRA ) FOWRE

AFFFETiL, HSN1 7 A /L RIZB8T B HiRR OB ICES
x, BEIHNOHNL 7 A VAIZSES: UT=— 0B 4 hE
RFIKRIZ T A VR ELEH LIBE0, FHTOR)I
KRADRERITHED & h~OBYY 27 ZFRE L. 372
bbb, 2 TiEFAEL TN U< BEEROHNI U A
NARE h~ORBEES|I BT L 2ELTHY,
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BpERATI U7 R8RSV & LTI, kR UVKIH
RO E L.
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B-1 RIFLEIA~D HNI U A VADSRBRT — 4

H5NIviusstrain' =~ Model? /Dy K Refarence
Isolates from hanans

HK/483/97 Mouse 109 22x100 19)
HK/A397 Mouse 102 44x10°  15)
HK/485/97 Mouse 10" 55x100 15
HK/156 Mouse 102 4.4x10* 15)
HK/486 Mouse 102 44x10°  15)
HK/483/97 Femret 10° 69x10° 16)
HK/486 Ferret 10° 69x10° 16)
HK21303 Mouse 10% 11x102 1)
Thai/1604 Mouse 102 35x10°  18)
VNI120304 Mouse 10" 11x10°  18)
VNI120404 Mouse 102 35x10° 18)
Thai/SP83/04 Mouse 10" 11x107 1)
HK21303 Mouse 10%  1.1x10° 19)
HK/483/97 Maose 10°% 12x107  20)
HK/486/97 Mouse 1% 39x10°  20)
HK/A83/97 Mouse 10 22x<10°0 21
HK/486/97 Mouse 104 22x100 21
Isolates from birds

Gs/VN/11301 Mouse 10® 35x10° 14)
CK/Korea/ESO3 Mouse 10 1L1x10° 2
CK/Kores/ESA3 Mouse 102 35x10°  18)
C/Indon/7/03 Mouse 107 35x10°  18)
CK/VNNCVDR03  Mouse 10°® 11x10%  18)
CKVNNCVD3104  Mouse 10 22x10* 18)
Diant01 Mouse 10 22x10° 15)
"All strains were wikiHpe, Multi-basic amino acid sequences,
indicating high pathogenicity, were observed for all strains.

1Admnns&atedmnamsaﬂytothenndelammbforallexpmnnns
IDgSO’/onfmsmvmmaxee:@mdasi)%egg
infectious dose (EIDg).

*Parameter of exponential dose-response model calculated by eq (2).
DIBRFEENI0°THD Z & 2Rk T 5.
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MPOIBEE Lic. +h2bb, HSNI YA VAR5 1A
KRMIACTRTH S (AL, AAEICHIT IEEHEOE
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& LT, R FAZB AR FHECKERENLEB LN
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]2 BROYEHFRO HNI 91 LR

H5N1 virus strain LogEDw/gfeces  Reference
HK15697 17 29
CWHK 22097 45 29
CKHK/YUS6201 17 29
CWHKFY15001 35 29
PHK/FY15501 45 29
CKHK/B73301 32 29
TealHK2978.102 33 29
RB poch/HK/821002 33 29
HK213/03 17 29
PHK/NT 12303 17 30
CKHK/SSP4/03 17 30
CWHK/WF2703 17 30)
CRVN/I3304 20 30)
CK/VNASCO4 20 30)
Dk/VNAODI4 17 30
PigeonHK/WF3203 17 30)
CWHK/YU4603 17 30
CWHK/SSP17103 27 30)
S.CKHK/SSPTI03 37 %)
CK/VNICS8/04 ' 17 30
VN/1203/04 17 30)
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BT R FAHEH I i 2ANEORN &L, 7)1
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o) ANIKBIZEHF BHINTD A LA DTFE{LEEE

TN PODANADTTE LR p i, 28 C GEPKIEL 1=
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d) EEKIZEES BERAOANIKBRER
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AL7=EE3).
¢) BRREREOHH

DT — SR BEITHEKIZHED SEEP~DHNIT AL R
BB R EFHL AR-FUSKEL TSET A GX3)
ERURSRESRP,. 2 LT

P... (d.rwim) =1- exp(-kbird xdmim) O]

() FKEKDEXAIHES B R OFBA X
a) JEANRAKE KRR

FENMPUKE KOS AWRY 27 HIC A LR
B{UER4 177 SEIVKGEKERRSHELTIE, 35
Y TOT U — MBI L > TGN ¢ =-188, 2
HEZE 0 = L2 BT/ T A—F T BAERS %
RV ), ZOF—Z13KEARPD /oy ANAUSIV T
ZRYZY LOBERIZLVECHBY R I OFEMICLERE
Qg
b) EEPEEONH

FKEFUKEL TR EABEL, BRFEREHO:=
DAGEFK (FT)17) POHNID ANV ABEEIZIE, HEbkick
DRRIEOBH I L) | | K P OHNID AN ABEE S
AL

FEABVKIER DK RIZL DBRRESRIY, BkBiziis
DANADBRERITKREBEND. K ERERERUS.
EPAL, EkALE (S B LUNEEBNIC Lo TRk LT
HITFKPDTAIVR%4 logy (9997 EHDY MITE LT
BILERBL T EIN, AFRTIZORER VLR
23 UF ((REHR04 log) DEAOBSBERL ML
BIRROT—5% BT, kBT BERER 04 bogy) 1255
UK E K DFENMPURBUZEIHNI O AV ZD— BéHicY
OO, 4 A SEHL, FAR-SUSEHE &) 20
TSR H AL

P.,. “’(dlap.day) =1- exp(_kwp x d’aP'd"}‘) ®

—A— BT DOBRBER P 1, LI, SERAICD
TenTAGHKEAS HN1 VAN RICEREh -8 %A8E

3 BKIC L DB Y 22 SRR L7

Description Value Unit Reference
Amount of HSN1 virus in feces of infected duck n Distibution'  logovinsigfeces  29),30)
Amount of feces excreted by a duck w 69 gfecesday 31)
River flowrate 0 86x10° Liday 32)
Inactivation rate of HSN1 virus inriver water (at 28°C) 4 Unifm(-023~-020) log/day 33) -
Length of time to susupend in river water (from excretion (o exposre) T 1 day -
Volume of water ingested by nose during a swimming episode Vien 10 ml/swim 34)
Parameter of expanential dose-respanse model Fows Distribution' infectionvirus  14), 15), 18), 22)

Walues were collected from literatures and distributions were determined in the present study.
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B4 AGEKDBIRIC L SR Y 2 7 THICH L7 FlHr

Description Value (parameters) Unit Reference
Amount of unboiled tap water consumption Vip Log-normal distribution (4=-188,6=1.12) Log;, virus/g-feces 35)
Parameter of exponential dose-responsemodel &, 10°  infectionvirus 24)

L, 55 BOBRREIIMOLD A OBPFERLLBL
DEUTEMS I DBYBER Py oy BHAGPEFTH
HiLA

Pmp,ymr =1- (] - Pl’ap,dayy“ )

6 ERI=BITI-RBHXIRAITBETIL

[-112, HSN1 VAV ADFEEMN TS _RBHET )V
DFBEERLUIZ 2T, K UIFEMRKEA DB
97K T (— R BEY) EDER UL A 7V YE
RERL, —RBRBENZELOLITHRH LIV AD b
TS MELTmbDERATE LI LD FERE I Z R
TBEL
a) BREEOBICHLNITAVILUELT 391 LAR

ZRBRIAIOFIE AU B R-S 1IOR T
PeBEDOEDIEBE fog 1L, BERBE CRESN T SH 02
[coughmimn} % E AL, —BEDKIZIIRIK(L T DR DI
Vona LT 0.044 [mLicough] "2 52 7o

H5NI BEE OED O T A )L A GG F RO IR
L9, BRPDOYA NAR Coa & LT 107 [virusimL-sliva)
EH Al Tiebb, I I CREERO LRHMENL AL
AREGEFIIETRYAE D A VAR FHETHS L{REL
7o MEKE L =B85 D 5 b, KESHI— 7 o/ MHEddic
HRMIUET BN, =7 o/ M LERDE2E S BE
R 2RI T 0001 & L7-2(52-5)

BEEOBIZH O 1 pMlbI iz T o /ety
A NVALL E [vinsimm)it, ZHODAEETHILICLD
L L 2 (X-1).

b) T7OVIUELE=OAILADERE
BEOEIZfE-> Tz 7 a /M LEBBROEE P

Thbb, —FExT o/ L LR T3 uikd 58
A A4i% 000544 [min] %, BEKPITHIT B 7V
A NADOTRELR 412 00073 [min] O GHAHBE 15-
%A DIERT — %), BBOBRKUC{fHV v ESMERY

ENBHHE AL 00083 [/min] P& £RA L=
T oY LI ERZES RO HNL &4 L ADER
AL LLFOK G TRENS.
A= +A4+4, ©

o) ERERDDIMILABE

FENEXTOTA N V%, BEEIERE E LIk
THHOFM  DBIFN() L3 5L, N(1) TRy
FEXOFTEBENS.

dn() _ .
a A0 )
N(0)=0

I IT, BEEIERE 2 LD THh oD 0 DL
XDBNEHKPFOTANARIZ 0 THBEZ Enb,
N@O)=0%k L7

Fi2bb, N(f) RERETRENS.

N@) = %(1 —e™) ®

8, —RBRE L, BOERE R L T ZOMRBICH
FELBUTD L L. 2 20 BRBKITESHCRA L,
FRNERPOTA NVABEII—-THE LEETHE,
—RBEENRZOBBOPTHEEBLE L THHOEH ¢
ICRTET B BRERPIAAZBEC,, (1) 1L, BB

DUANRIR, —EOREGATERTH L L BR Vo B AIVWTRA Q) THATE 3.
V.
roocm le
» Exhausted
4;
| Inactivation l(---- Room air —l
Vit
;"d E~fcougn % Vectra X Coaea X Recr
Y
l Famg' member l I Deposition IH Patient II

B ZRAEN LIeZRBRY 27 REEFAOBRBEER 1 5MHIY L7 0/ 115 04 VAR, &FEHTIIRE S S5
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Desaiption Value Unit Reference
Frequency of cough Soxg 02 coughimin 39)
Volume of saliva emmitted with a cough Ve 004 ml/ough 40)
HS5N]1 virustiter in saliva of infected patient Cota 100 vinsinl-saliva 4]
Ratio of aerosolized saliva volume R, 0001 — 42)
Depostionrate Ay 000544 /min 42)
Inactivation rate A 00073 /min 43)
Exhaust rate A 00083 /min 42)
Vohme of room Viem 64 m 42)
Volume of inhalation Vet 002 m¥min 42)
Parameter of exponential dose-response model |- Distribution'  infection/virus —

'Values were collected from literatures and distributions were determined in the present study.

L0}
V

room

Calr(’) = (9)
Nicas 5%, £ VTN O AL N ADERBY:Y R
7 X BICHE D, 150 x 158 10t DBEAAEELT
HROBFIM[M)EZEXTVA I L0, AHRTLE

BOBR V& LTZOHZRALE.
d ZRBREFOHNIYDAIILABRER

t FDEZBRARE V4 [mmin), ZRIGHREH— R
EDNHET DRI S0 CREBRRNGRT) % =T,
BBHEMZ T, LT3 L, VANV RREd, I3k (10) T
gEh5.

T+,
datr = J;.l [th x Cair(t)]dt

E e
=V X 7[@ r (e -1)] 10)
BHCER D AT NI-HSNL U A VA0 RR-FOS R IR
BEROBALELTHHELT, LTFOR () I2LY
Jisgeoisd g g AUl

P"(dmr) =1- exp(-khwmn X darr) an

ZHREBHETIIE MO ERY SHERRECE M
Wi B0, ARSI e b0k AT
HICBE+ 3 EDRBETNDINTG A= S b R
L.

@ BRYRIE

ERDOT—F BEIZ, TREADOBRR T FiTBiT
BERERE REEHE L TN ORI L VL
7=. 10000ElD#: 0 & LHELIC & 0, Rk OMBHE
BORHEBT-.

3. BRYAVFERRE L USSR

() VRYSBIZALV/A5 2A—4
a) BRHERFEDPADOHNIIA IILRHHBORHR

O AT 4 vy I DWNBLEVEEERRLE #E
ENIDHTE/3T A—F 13 =229, REEF=059Th
ofz.

b) AR-REMERD/SA—LHORTHH

E FRBDONEHROD /35 A —F kP SITN T b B
BEEET LEOIHERSHTHY, #EEShIS
AT/ 3T A—F 1%, FEiiu=006, HMEES=028Tho iz
BERNED/AT A— Fh AW TH L EV B EE
R LT=ORMEERIMTCH Y, I HFiw
T A—Z 13 =00021, AR E0=00041 Tdho /.

A TNZ AT NVADBYGT, VAN RREFREDHA
For Y EHEEMIRLE AT AL ThHtASNAD, HA
PR TAL TS I— TV AN R R KT D15 M
o TRID. T7abb, BAMICBBEEIAMN TR
LS E— (U TNENHTII—RZa 238 & LTI-H)
%, EMAEIANRTENRIL AT 2 — (VT NEDIHF I
—RiZa 26K A UIbD) E I B, L Lizdis, sEE
HSNIZANVAD BB M~ DE B BEOHF AR
THRESWTEY, HSNIVAN RIS RO X TR
A BB TISCERL > OHIRBUHD. AR
TRELIZSTUAL, HSNIVAVADTE BRIz B
TARZDOIBREERUI-LOTHD. TOEFFEL
T, HSNIVA NV ZDHE MDA CRITAS 5812 THAY
IRUBOT/ERFIN NI S — BT A I
ERTBILIBRESNTRYY, —FFeMuBRlasisrs
BIHSNITA VAR, Eb~OF VRS EBT 5T,
BHBEEZLN TS, 22T, Bt —RSBMRRD /<5
A—SORERREF BINR) i3, B RERLDbEM R
DIFIEP~DBH DR ZLETRL TS, ZORER
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Virus titerin river water [virus/L]
B2 €7 AL D BONIFE)IKBO HNL A L ARBEDER.

{fiY, A CIREL TV B B-EhhaV e e bR
Rt — SR AR A TA—2HLL THELTV D
LHIBTTEA.

©) HSN1D1 LRBSIC & Y E L DR
HSN1 7 A VARSI & AR IRRE(13)D@ v =
AH&Ehi-.

DALY =64.67x0.590+0.279 x 2=
365 (3

=38.155+0.017 =38.172[/ case]

DALYDMERIZ, YLLA%38.155 [kase], YLDH30.017 [fcase] T
&Y, HSNI A NV ARBEZ 5\ TITYLDIC e ~RYLLAYE
L KEWI EBO0D. 2, BYREESIVINEL,
BREEBHRKEWEHTHS. 1, Flxid/ o/ V2@
RAEIC L D5 SR SN AEHEE L LTHHEN R
BEBEE DHS.5%10™ [DAL YiaseP & bl U CHAFIC K X
AN 057 )

) EEKIZHESBRYRY

ETAN X Y —PORRA EH— RICTHED
ITHEHS 2 VA AR BRI L & 2 5, dgfi13x10°
OSYABEXM9.3~1.9%10%) [vinwslduckiday] T > 7. €5
Ao LY SRS AIC B Bk PD A L
ABEOEESHEE2ATTY. FAFOTAL ALRE
B, o J{H 9.5%10° (95% 18 4 X il 6.6x10°~14x107)
[viwsL] & HEE ST

HEPKIZHE R AEERE T IR ROV A NV RIZRET S
& L, Eik—Ed e b OYpEsR R CIREEgE O s

RERBITR Ui, Bz chguffio ax10™ (95%BHK
fifi3.4x10"°~2.4x10°) [infection/person/swim] Cdp 0, SREEHE
PR 35¢10° 95% 18 48 X R 14x107-84x107)
[DAL Y/person/swim] Cdh- 7=.

AR T, BEROHNIV A VADE b~y
FVFE L T—HOAEIZL Y ENITHNIY A VAR
FHRAENI-IORREB/E L TV 578, —FOmk
RAENOHHENAHNITA VAL BBEY 22
ZRME L 7= {8 URBRTIL, BFED EFICHNI YA L
RBHHHER U, BIEXDOBHR S T MFBFHZ T A VA 2 HE
HTDLWSoF VA HMETES. T, HNIDV AL
ABERCEOMEDLHA XN 5 BH R, 7)1 D
B OGRMY) (TR 503, R CIusSpeseis gy
#< 2B Y AL UTMMEDTNIEERE [mdsec) %

................................

Log,;(probability of infection)
or
Log,o(disease burden)

b

]

Probalility of infection  Disease burden

B33 Epkicf S e Y R 7 B UHREEHH GEPIOBIL P AU
% S0vBEIX %, i 9S%BHEIRMA R

-491 -



MELE. IR LIBR Y R 7 HEFREL, B%h €
VA NZEEHEE LIRS & b~ Y R 7 Fl
IZOWTOEBNRETNVTH Y, HSNID A VA ZHEH
T 534 OB | FERSIZBT A ANHE L E
B L CRROHPEZERT 5L T Beps U A
I3 SR ) R 7 2 ERMOICIHES 5 2 L TR TH
5.

) FEMPRAEKDBIIH: S B YRY
FKIEFUK (1) 117K) o> HSN1 DAV ABEELL T, ik
ICL S REFAGEOBMAHLAF)IIA RO HNL AR
BEESA (H-2) ZEEAL, AGHADIENMARRIZL DS
FERE U BkBITRiT DR R RE 04 logp kLTo kX
DIEINBAEAK DU — NEHSDT-DDBYRE R
U R OH AR YR ISRUE A3z 3iT 558
FBE 0 logy LRELISEETY, MR b 10°
[infection/personfyear) 2 FlEl -7 MiES% 4 logy SRELE
BE, NUHEOCHBERMOREKME)IX 107
[infectionperson/year] £2 BE T db » 7= A3, {1z 10°
[infectionperson/year] % TFEl-> 7= (X4A). RBEEHEEIZ VT
13, BRESBE 0 logio L{RELISEE Th PRI WHO D1
"BSRFAE 10° [DAL Yipersonyear] & TlEloT. BRE$EE
4 logy HRELIZES, 97 5%HOKHBHERMORKM)IT
10° [DALY/hersonkear] # TE b , R 1X 10"
[DAL Ypersonfyear] & FIEl-> 7= (X 4B).
SEAEDBEID, AR I NI ATV AIZBLTIZE
HOBRKDEIZ LK 4 logy L EDRRE, RIE(LA
P CEBIEN D> TETND ™0 AGHETIIEKEER
BICHIT AR B LU A ERO TRELL TENE
1 0.1 mgL BLU 04 mg/l REDLN TSN, ThbDH
Rt LU e R A URI N TE R/ S AT
HIZET, BEhERST HINT DA VADIKIEKPIC

A) Probebility of infection
-5

Log, o(probability of infection)
o

A

i U
—
w N

0 1 2 3 4
Log)o reduction at water treatment plant

FHET DU I STE W EX NS Thbnmpk
AFRIZLABMBRROH TSR D, kR iET+
HLERHEI S ERRKES AT LI LEKESN
ZAKEKRDERUZLDAELD HN1 DANADRBRRERR
BN EZ OGNS,

@) BRENICHITERERY RO THEETILORER
B ISFENBAGE AR DI BRI E97K B (— KB
1) EDNSRFER A TN AFERE L, — IR

BHEELITHERHLIE VAN ZDI BT o/ AL D%
BAT DL ISR B RAYIKR (CRBHY) 54 L1
HEDBERIATFHEET N (&) AFAR LI

ZERPDHNI VA VAREC,, (1) ORI E(%E-
SAITTRT. BAZEE PO HNI 7 4 LV ZBEEIX Y A VA
HEtHBRSED S 6 R I ERCRIEE5 3 [viushe DIZiE L 7=

T IRBE (GRERS) ORERMSHT,
£0[minj & L, RS T T, [min) 2 B{L S BB ED
BEERA AT T I OEIC L O EH L, 3R
#ELABIR LT, 2D & % =T, [min]A>5 =T, [min]F
TORHH, ZRBHE T —RBHE L F—OMmEBIHeE
MITHIEL, DA NVAIRBELBET B & L fixid, —
KOS EDBIAER % 2 LB (=0 [minDi= B — D5
BAO —RBSBIZBREN LT A NV RRENEE D
(=T, =0), 60 31 B¥Hl)DFFET, =60 [mnD B IREE AL
T Ui S R TO = RIBRE ~DORBEPEsR O PR
13,34.7% T H(T4B). [FHRIC, BB DIBRIC 2 RillfF
ETDZ LIz D ol 7% L 4 B, L #ET 5
& Rl 0%l DR T I RBEASER ST B LR E
it

HNIVA LVADE b~DBRSEFITONWTINET
EHLATHWAMARBON TV B8, BT
BLEEFLOBREEIC OV TORMIZRECHS. =

0 1 2 3 4
Log,o reduction at water treatment plant

B4 HARKEADBIRIC A 5 SERMARIRIR R UHRBEHE GEPIORS R 41 SO%BHTKA %, 1612 95%faIM% R

-492 -



A) Virus titer mroomatr
70
'"g 60 -
g 50 +
‘8
g 40
€301
=
L
210
>
0 T T T T T T T T
0 1 2 3 4 5 6 71 8

Time (hour)

7o, SRR I LR B 0 — 1 iziY, S HOE
FHMROERDHFI LS bOLH 5. FIXE BERED
P D A VARIZHOWTE, BiEFROERF—F
DEEIZ, ZOTA VARG FRETERYLE T A VAR
FHKETHD LFE LR Q ©)HBH) ZEUTIIR &
NI TOIA VARG T ABRME 7 A VAR FERT
H B LIIRLRWEY, S EIOBIHFERHEICEOTIX

FERL D LBRREREBRIZAMb o TVH I L ERS.

BETME, —REBREFE2BERFL L2k b-& PO
HSN1 U A N ADOEEBRRERE R T 5720 Zi8H
EFNTHY, SBEOMROEFUALOCASDEL B E
HHILTLVEFCAL@BRY R 7 FHEEF V24
LLT K YENHS.

4. $50

AR TIL, FUKAMERUKIEARE LTERENS
FINKAHINT Y A NV A LR SR LRE L, Z O )
KREBBIRE Uik h~DARBR Y R & ERANTE
i L= BEREsR A HH$ 57D RR-FUS AR & 3258
THLLBIL, ZhETITEESA TOAEENARIC
ESEHNI YA N ARBYfE S R E 2 E L.
HSN1D A VAT EHe LK BB HEE & & HIS)IIAkP
ICUANREHH U LHE LRSI, THlickiT s
BEPK KB DFERI T £ D BEmE s & UM E 2 1
MUK &I, —RBRERTLLLICHEHL oAV 2D
T/ MELT-L DR AT DT Lz K0S R EAL
PR (CWRBHY) 3BLUIBE DB AT N 25
L

ARRICE D BONLERMRBELUTICELHS. =
NOOMENL, e 2838 T ) A TIZEiT 5HNI O A
NADBEY R 7 FHEICISHTRETH 5.

Probability of infection (%)

o 1 2 3 4 S5 6 7 8
Time (hour)
BI6 2R DD A L AR R NSRS OB 2L GRS I R 5813 SO%IBHIXKR &, B3 95%(BIRERIZ X9

(1) HNITAARABRUC L VE U D b b~DIREREE
1%, 38.172 [DAL Yikease] & RATS iz,

@ LROBH HVAEBELISEE, F)IITOHEX—
B %70 0% pE R0 PR E X xI0™
[infectionfpersoniswim) T, BBIZEITAT AL Rk
REHY bogold ETHIUEZDOR) A& KBELTK
HARDOEKA I — NS - D EMBSRpERIXI0Y
[infectionfperson/year| i Tans.

(3) KR ETHHRERERNESN/ZER/2K
WL RT MZEVERASNDKEKRER LA 7N
AFDANADBHIN A (3A-GHTNENEE X BNS.

@) —RBIREOHEIZHEHESRICHHEN=Y AL
AT EBZRBYEY R B ERMIZFHET B2
DEWYTF LR L= KEFMUI, ANE%
Fe&E3Z L Tl R T ) FITSATTRE
THD.

5% . FHEO—WL, B FPHIRIS FRR1EE 55—
Bl BHFEFHASIHRGTES L UHEHE
RS HIHRRRHER (REHS206610)
DOBRESITEBLE. ZIICRELTHELR
7.

BHER

1) Subbarao K, Klimov A, Katz ], Regnery H, Lim W, Hall H, Perdue
M, Swayne D,, Bender C., Huang J, Hemphill M, Rowe T, Shaw M.,
Xu X, Fukuda K, Cax N.: Characterization of an avian influenzn A
(H5N1) virus isolated from a child with a fital respiratory illness, Science,
Val. 279, No. 5349, pp. 393-396, 1998.

2) The Warld Health Organization: Curmulative number of oonfirmed
human cases of avien influenza A{HSNI) reported to WHO, The
World Health Organization HP.

- 493 -



k)]

L)

10)

(tip/Awww.who intiesdiseasefavian_influenza/countrylcases tsble 20
10 05_06/en/ndexhtml)

Wright PF, Neumann G, Kawacka Y. Orthomyxoviruses, pp. 1691-
1740, Jn Knipe DM. and Howley RM. (eds.), Fields virlogy, Sth ed,,
Lippincott, Willizms and Wiikins, Philadelphia, Pennsylvania , 2007.
Garten RJ,, Davis CT, Russell CA,, Stm B, Lindstrom S, Balish A,
Sessons WM, Xu X, Skepner E,, Deyde V., Okomo-Adhiambo M,
Gubareva L., Bames J, Smith CB, Emery S.L., Hillman MJ, Rivailler
P, Smagzla J, de Greaf M, Burke DF., Fouchier RA., Pappas C.,
Alpuche-Arnda CM, Lopez-Gatell H, Oivera H, Lépez 1, Myers
CA,FaxD,BlarPJ, YuC,Keme KM, Dotson PD. ., Baxrud D,
Sambal AR, Abid SH, St George K, Banneman T, Moore AL,
Stringer D.J, Blevins P, Demmler-Harrison G.J, Ginsberg M., Keiner P,
Waterman S, Smole S, Guevara HF,, Belongia EA, Clak PA,
Beatrice S.T,, Donis R, Katz J, Findli L., Bridges CB., Shaw M,
Jemigan DB., Uyeki TM, Smith DJ,, Klimov AL, Cax NJ.: Antigenic
and gnetic characteristics of swine-oigin 2009 A(HINI) influenza
vinses circulating in humans, Science, V. 325, Na. 5937, pp. 197-201,
2009.

Xu X, Subbarao K., Cox NJ, Guo Y.: Genetic characterization of the
pathogenic  influenzn A/GoosoGuangdong/196  (HSN1)  vims
similaity of its hemagghitinin gene to those of HSNI vimuses ffom the
1997 cutbrezks in Hng Kang Virology. Vdl. 261, No. 1, pp. 15-19,
1999.

The Warld Health Organization: Questions & Answers on potmtial
transmission of avim influenza (H5N1) through water, Sanitation and
Hygiene and was to reduce the risks to haman health, The World Health
(utp/vwwwhointwater_smitntion_beltivemaging/Al WASH wo
rhing group s apel 2007 )

Vang S. Ly S, Van Kerkhove MD, Achenbach J, Holl D, Buchy P.,
Som S, Seng H, Uyeki TM,, Sok T., Katz JM.: Risk factors associated
with subclinical luman infection with avien influenza A (H5N1) virus—
Cambodia, 2006, Journal of Infectious Diseases, Vol. 199, No. 12, pp.
1744-1752,2009.

de JongMD, Bach V.C., Phen T.Q, VoM H, Tran T.T., Nguyen BH,
Beld M, Le TP, Truong HK,, Ngryen V.V, Tran TH, Do QH,
Farrar J.: Fatel avien influenza A (H5N1) i a child presenting with
danhea followed by coma, New England Journal of Medicine, Vdl. 17,
No. 7, pp. 686-691, 2005.

MaseM, Taukamoto K, Imada T, Imai K., Tanimura N, Nekemuma K.,
Yamamoto Y., Hitomi T, Kira T, Nakai T, Kiso M, Horimoto T,
Kawacka Y, Yamaguchi S.: Cheracterization of HSN1 influenza A
viruses isolated during the 2003-2004 influenza cutbreaks in Japan,
Virology, Vol. 332, No. 1, 167-176,2005.

Udhda Y., Mase M, Yoneda K, Kinum A, Obara T, Kumagai S,
Saito T., Yamamoto Y., Nakamura K, Tsukamoto K, Yamaguchi S.:
Highly pathogenic avian influenza virus (HSN1) isolated from whooper

1

12)

13)

14)

16)

17)

18)

19)

2)

-494 -

swans, Japan,, Emerging Ifectious Diseases, Vol. 14, No. 9, pp. 1427-
1429,2008.

Shivakoti S, Ito H, Otsuki K., Ito T.: Characterization of HSN1 Highly
Pathogenic Avian Influenza Virus Isolated from a Mountzin Hawk
Eagle in Japan, Jowrnal of Veterinary Medical Science, Val. 72, No. 4,
2010.

Teninwra N, Tsukamoto K., Okematsu M, Mase M, Imada T,
Nakamura K., Kubo M, Yamaggichi 8., Irishio W., Hayashi M, Nakni
T, Yamauchi A, Nishimura M., Imai K.: Pathology of fata] highly
pathogenic HSN1 avian influenza virus infection in lage-billed crows
(Corus macrortynchas) during the 2004 outbreak in Japen, Veterinary
Pathology, Vol. 43, No. 4, pp. 500-509, 2006.

Yang Y., Hallormn ME, Sugimoto JD,, Longini IM. Jr.: Detecting
uman-to-luman transmission of avian influenza A (HSN1), Emerging
Infectious Diseases, Val. 13, No. 9, pp. 1348-1353,2007.

Nguyen DC, Uyeki TM, Jadhao S, Maines T, Shaw M., Matioka
Y, Smith C, Rowe T, Lu X, Hell H, Xu X, Balish A, Klimov A,
Tumpey TM, Swayne DE, Huynh LP, Nghiem HK, Nguyen HH,,
Hoang LT, Cax N.J, Katz JM:: Isolation and characterization of avian
influenza viruses, including highly pathogenic H5NI, from poultry in
live bird markets in Hanai, Vietham, in 2001, Jownal of Virology, Val.
7, No. 7, pp.4201-4212,2005.

Lu X, Tumpey TM, Modken T, Zaki SR, Cox NJ, Katz JM: A
mouse modd for the evaluation of pathogenesis and immamity to
nfluenza A (HSN1) viruses isolated from humans, Journal of Virology,
Val. 73,No. 7, pp. 5903-5911, 1999.

Zitzow LA, Rowe T., Morken T, Shich W, Zaki S, Katz JM:
Pathogeness of avian influcnen A (H5N1) viruses in femrets, Jownal of
Virology, Vdl. 76, No. 9, pp.4420-4429, 2002,

DeshevaJA, Lu XH, Rekstin AR, Rudenko LG, Swayne DE,, Cox
NJ, Katz JM, Klimov A1: Characterization of an influenza A HSN2
reassortant as a candidate for live-attenuated and mactivated vaccines
Vacxine, Vol 24, No. 4748, pp. 6359-6866, 2006.

Maines TR, Lu XH, Etb SM,, Edwards L., Guamer J, Greer PW,
Ngiyen DC., Saretter KJ, Chen LM, Thawatsupha P., Chitaganpitch
M, Waicharon S, Nguyen DT, Nguyen T, Nguyen HH, Kim JH,
Hoang LT, Keng C,, Phuong LS., Lim W, Zaki S., Donis RO, Cox
NJ, Katz JM, Tumpey T.M.: Avian influenza (HSN1) viruses isolated
from humans in Asia in 2004 exhibit increased virulence in mammals,
Journal of Virology, V., No. 18, pp. 11788-11800,2005.
Hodscher MA , Garg S., Bangan DS, Belser JA., Lu X, Stephensn I,
Brght RA, Katz JM, Mittel SK,, Sambhara S: Development of
adenovirabvectorbased  pandemic  influenza  vaccine  against
antigenically distinct human H5N1 strains in mice, Larcet, Vol. 367, No.
9509, pp.475-481, 2006.

Saretter KJ, Gangappa S., Lu X, Smith C., Shich W.J, Zaki SR,
Sambhara S., Tumpey T.M, Katz JM.: Role of host cytokine responses



21)

2)

B)

2)

25)

28)

2)

30)

31

)

in the pathogenesis of avian HSN| influerza viruses in mice, Joona! of
Virology, V. 81, No. 6, pp. 2736-2744, 2007.

Saretter KJ, Gangappa S., Belser JA, Zeng H, Chen H, Matsuoka Y.,
Sambhara S, Swayne DE, Tumpey TM, Katz JM.: Eady control of
H5NI influenza virus replication by the type 1 mterferon response in
mice, Journal of Virology, V. 83, No. 11, pp. 5825-5834,2009.

Lee C.W, Suarez DL, Tumpey TM, Sung HW, Kwmn YK, Lee
Y.J, Chai JG, Joh §J, Kim MC, Lee EK, Park JM, Lu X, Katz
JM,, Spackman E,, Swayne DE., Kim JH.: Chamcterization of highly
pathogenic HSN1 avian influenza A viruses isolated from South Korea,
Journal of Virobogy, V. 79, No. 6, pp. 3692-3702, 2005.

Hatta M, Gao P, Halfinann P, Kawaoka Y.: Molecular basis for high
vindence of Hong Kong H5NI influenza A viruses, Science, Vol 293,
No. 5536, pp. 1840-1842,2001.

Schijven JF., Tamis PFM.,, de Roda Husman AM.: Quantitative nisk
asscssment of avian influenza virus infection via water, RIVM report
70319012, 2005.

FEA: 5" St 20 SEM B AEMBOBRBUT VT HES
fli&s HP.
(ttps/Awvww.mhiw. go jpAoukei/saikinhwiife/life08/ndex html)

Liem NT, Tung C.V, Hien ND, Hien T.T,, Chau NQ, Long HT,,
HienNT, Mzile Q, Taylar W R, Watheim H,, Famar J, Khang DD,
Horby P: Clinical features of human influenza A (HSN1) infecton m
Vietnam: 2004-2006, Clirical bfectious Diseases, Val. 48, No. 12, pp.
1639-1646,2009.

Bay A, Edik O, Oner AF, Unal O, Arsten H, Bora A, Dovin R, Yuca
SA, Dogan M.: Radiological and diinical course of preumonia in
patients with avian influenza HSN, Exropean Jowrnal of Radology,
Val.61,No.2, pp. 245-250,2007.

Niessn LW, ten Hove A, Hilderink H, Weber M., Mulhalland K,
Ezzati M: Compamtive impact asscssment of child poeumonia
nterventions,  Bedletin of the World Health Orgarization, Vol. 87, No.
6,pp.472-480,2009.

Surm-Ramirez KM, Hlis T, Bousfield B, Bissett L., Dyrting K., Rehig
JE, Poon L, Guan Y., Peins M, Webster RG.: Reemergmg H5N1
influenza viruses in Hong Kong in 2002 are highly pathogenic to ducks,
Journal of Virology, Val. 78, No. 9, pp. 4892-4901, 2004,
Surm-Ramirez KM, Hulso-Post DJ, Govorkova EA., Humberd J,
Saler P, Puthavathana P., Bumnatha: C., Nguyen TD, Chaisingh A,
Long HT, Naipospos T.S, Chen H,, Eltis TM, Guan Y., Peiris IS,
Webster RG: Are ducks contributing to the endemiaity of highly
pathogenic H5N1 influenza virus in Asia? Joweral of Virology, Vol. 19,
No. 17, pp. 1126911279, 2005.

Webster RG,, Yekino M, Hinshaw V.S, Bean W.J, Murti KG:
Intestinal influenza: replication and chamcterization of influenza viruses
in ducks, Virology, Vol. 84, No. 2, pp. 268-278, 1978.

Schijven J, Rjs GB, de Roda Husman AM: Quantitative risk
assessment of FMD virus transmission via water, Risk Anafsis, Vol 25,

)

)

35

36)

38)

39)

40)

41)

42)

43)

44)

- 495 -

No. 1, pp. 13-21, 2005.

Brown JD, Swayne DE., Cooper RJ, Bums RE, Stallknecht DE:
Persistence of H5 and H7 avian influenza viruses in water, Avian
Diseases,Vol. 51, Suppl. 1, pp. 285-289,2007.

Cabanes PA, Wallet F, Pringiez E., Pemin P.: Assessing the nisk of
pimary amocbic meningpencephalitis fom swimming in the presence
of envirnmentz! Naegleria fowleri, Applied and Ervirormental
Microbiology, Vol.67,No. 7, pp. 2971-2931,2001.

Taumnis PF M, Medema G J,, Kruidenier L., Havelaar A H.: Assessment
of the risk of infection by Cryptasparidizm or Giardia in drinking water
from a surface water source. Water Research, Vol 31, No. 6, pp. 1333-
1346, 1997.

Masago Y., Katayama H, Watanabe T., Haramoto E,, Hashimoto A,
Onum T, Himta T, Ohgaki S Quanttative ik asscssment of
noroviruses i drinking water based on qualitative data i Japan,
BEnvronmental Science & Technology, Val. 40, No. 23, pp. 7428-7433,
2006.

Masago Y., Katayama H, Hashimoto A, Hirata T, Ohgeki S
Assessment of risk of infection due o Cnplasporidiaan parvian in
drinking water, Water Scierce and Technology, Val. 46, No. 11-12, pp.
319-324,2002.

US. Environmentsl Protection Agency: National primary drinking water
standards, EPA 816-F-03-016, Office of Water, US. Enviranmental
Protection Agency, Washington, DC., 2003.

(http:/www.cpa govisafewatericonsumerpdffme pdf)
Loudan RG., Brown LC.: Cough frequency i patients with respiratory
disease, American Review of Respiratory Disease, Vol. 96, No. 6, pp.
1137-1143, 1967.

Nicas M, Nazaroff W.W., Hubbard A.: Toward understanding the risk
of secondary airbome mfection: emission of respimble pathogens,
Journal of Occupational and Ervirormental Hygiene, Vol. 2,No. 3, pp.
143-154,2005.

de Jong M D, SimmonsC P, Thanh T.T,, Hien VM, Smith GJ, Chas
TN, Hoang DM, Chau N.V,, Khanh TH., Dong V.C, Qui PT, Cam
BV, HadoQ, Gumn Y, Peins JS, Chinh N.T, Hien T.T, Famrar J.:
Fatal outcome of luman influenza A (H5N1) is associated with high
vira! load and hypercytokinemia, Nange Medicine, Vdl. 12, No. 10, pp.
1203-1207, 2006.

Nicas M., Jones RM.: Relative contributions of four exposire pathways
to influenza infoction risk, Risk Analysis, Vol 29, No. 9, pp. 1292-1303,
2009.

Hemmes JH., Winkler KC., Kool SM.: Vimus survival as a scasanal
factor in nfluenza and polimyelitis. Nasizre, Vol. 188, No. 4748, pp. 430~
431, 1960.

Yamada S, Suziki Y., Suatki T., Le MQ, Nidom C A, Sake-Tagawa
Y., Muramoto Y., o M., Kiso M, Horimoto T, Shinya K., Sawada T,
Kiso M, Usi T., Murata T, Lin Y., Hay A, Haire LF, Stevens DJ,
Russell RJ, Gamblin SJ, Skehel JJ, Kawaoka Y.: Haemagglutinin



45)

46)

mutations responsbie for the binding of HSNI influenza A vinuses ©
human-type receptors, Nanae, Vol. 444, No, 7117, pp. 378-382, 2006.
Mase M, Tanimum N, Imada T, Okamatsu M, Tsukamoto K,
Yamaguchi 8. Recent HSN1 avimn influenza A vius increases mpidly
in virulence to mioe afler a single passage in mice, Jourmal of General
Virology, Vol. 87, No. 12, pp. 3655-3659,2006.

Li J, Ishaq M, Prudence M, Xi X, Hu T, Lin Q, Guo D: Single
mtation at the amino acid pasition 627 of PB2 that leads to inareased
viruence of an HSN1 avian influenza virus during adaptation in mice
can be compensated by multiple mutations at other sites of PB2, Virus
Research, Vol 144,Na 1-2, pp. 123-129,2009.

FLER, Lz, SEILA, SHELH: 4 o Ty
ANVAHINI BE U HNB BERDER, £/ /7053IvE

49)

L UTRIBUC & S TIEUAHE. 38 4 B A AKRBISLES.
p171,2010.

JEBIER, Fild, SEHLA, LG AR Ty
PO NRIZHTDER, €/ 70T I oBLUSKIRE
BOHYRE B 0B 2EAGHPFIER R THIUE, pp. 532-533,
2010,

Lénds D, Deboosere N, Ménard-Secarbera F, Jossent J., Alexandre V.,
Mechina) C, Vialetie M.: Assessment of the removal and inactivation of
influenza viruses HSN1 and HIN1 by drinking water treatment. Water
Research, Vol 44, Na. 8, pp. 2473-2486,2010.

(2010.5.21 32f4)

Quantitative Risk Assessment of HSN1 Highly Pathogenic Avian Influenza Virus
Infections through Water
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Recently, highly pathogenic avian influenza A viruses of the HSN1 subtype have infected humans and
caused severe diseases in many countries. We have quantitatively evaluated waterbomne infection risks of
the H5N1 virus assuming that a single H5N1-infected duck shed the virus in the river water used for
drinking water production and recreational purposes. The results of the Monte Carlo simulation
demonstrated that the median probability of infection associated with swimming in the contaminated river
was 9.4x10™"! [infection/person/swim]. The median probability of infection associated with consumption
of tap water was less than 10" [infection/person/year] when the virus reduction efficiency at the drinking
water treatment plant was 4 log,o. Furthermore, we have developed a basic model to evaluate a household,
airborne, secondary transmission risk. The models developed in the present study will be useful to
evaluate the risks of HSN1 virus infection under various exposure scenarios.
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