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First report was received during
Dec.2003-Feb.2004

First report was received during
Dec.2003-Feb.2004 and
recurred after June 2004

I First report was received in Aug.2004

Data source:

Office International des Epizooties (OIE) Disease information

Food and agriculture organization Avian Influenza Disease Emergency (FAO AIDE) news

E1-1 The countries / regions with official outbreak reports of
HPAI( H5N1)
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B 1-2 The location of the outbreaks and movement control areas
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1-6 Timelines between clinical onset and official confirmation
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* 1-1

Description of affected premises and the measures taken

Movement control applied
Location Number of birds Dateof  Date of report Date of Compeletion of Movement control completion of
@ tible bird . T .
r (Prefecture) Susce| Production type of e culled chinical onset o LHSCs ® confirmation containment Movement control  (Skm) and surveillance  surveillance
(30km) zone
(5-30km)
1 Yamaguch Chi Layers caged in a shed 34,640 Dec. 28 Dec.29 Jan. 12 Jan. 21 Jan.12-Feb. 19 Not applied Feb. 14
. Chickens & a caged on the

2 Oita duck Hobby flock backyard 14 Feb. 14 Feb. 14 Feb.17 Feb. 18 Feb.17-28 Feb.28-Mar. 11 Mar3
3 Kyoto Chickens Layers caged in a shed 225,000 Feb. 17 Feb. 26 Feb.29 Mar. 22

Feb29-Apr.1 Apr.1-13 Apr.10
4 Kyoto Chickens Broilers free ":;f;" ina 15,000 Mar. 3 Mar.3 Mar.§ Mar. 11

(a) Infected premise

(b) Livestock Hygiene Service Centre
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# 1-2 Description of poultry farms(® located within 30-km radius around infected premises

No. of premises

No. of poultry raised

Areas existed
around
Chickens Others Chickens Others
IP1 20 0 1,294,000 0
IP2 65 3 1,294,000 53,200
IP3 & 4 79 2 1,390,330 21,000

(a) Farms holding more than 1000 poultry

IP: Infected premise
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# 1-3 Sampling regime for surveillances of poultry within 30-km radius around

infected premises

No. of sheds to be sampled per premise

. ) Premises to be No. of poultry to
Premise categories d be samled per
sample Number of sheds No. of sheds to be shed
present sampled
1 1 10
Commercial poultry farms
with more than 1,000 all 2-9 more than half 5
poultry

10 and over more than two thirds 5
Small holdings or hobby more than 100 i i 5

flocks
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#% 1-4 Number of poultry tested and results of surveillances conducted within 30-km radius

around infected premises

No. of premises tested No. of poultry tested
Surveillance No. of
Results
areas around rounds Farms holding Small .
more than 1,000 b lma Total Serological test mes
poultry oldings isolation test
1P1 1st only 20 52 72 1,416 1,450 negative
1st 68 187 255 1,915 1,464 negative
P2
2nd 68 104 172 1,515 1,235 negative
1st 81 254 335 2,056 2,055 negative
IP3
2nd 81 260 341 2,077 2,062 negative

IP: Infected premise
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=z 2-1 The results of univariate analyses of categorical variables for
the introduction of AIV into commercial layer finishing chicken farms

during the H5N2 outbreaks in Japan in 2005

Number of farms

Variables Response option case control

Farm management & biosecurity practices

Introduction of end-of-lay chickens ** Yes 8 1

No 28 36
Sharing of manure plant ° Yes 14 2

No 22 35
Reuse of egg crates in an unhygiene

ab Yes 14 26

manner

No 22 11
Egg collection service circulating other farms Yes 20 1
ab

No 16 26
Eggs sold on farm property ° Yes 10 23

No 26 14
Farm visitors enter the farm property” Yes 36 27

No 0 10
Contractors for spent hen pick-up *° Yes 35 26

No 1 12
Hygiene manners of farm workers (shoes, Complete 8 3
clothes, hands) ®

Incomplete 28 34
Hygiene manners of farm visitors (shoes, Complete 6 20
clothes, hands) *°

Incomplete 30 17
Sharing of farm equipment *° Yes 19 2

No 17 35
Frequency of disinfection of farm area per >4 times 3 7
month

1-3 times 11 7

<1 22 23
Disinfection of vehicles ° Always 16 9

No/not always 20 28
Stock point for drugs/feed or delivery route Yes 4 4
shared by other farms

No 32 33
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(continued)

Wild birds and animals

Bird-proof Yes 26 27
Incomplete/none 10 10
Wild birds enter into sheds Often/sometimes 27 27
Seldom/never 9 10
Dogs enter into sheds Often/sometimes 10 12
Seldom/never 26 25
Cats enter into sheds Often/sometimes 19 17
Seldom/never 17 20
Weasels enter into sheds Often/sometimes 9 4
Seldom/never 27 33
Local spread
Direct distance to nearest case farm (m) *° 0-500 H 3
500-1000 5 7
1000-1500 1 3
> 1500 9 24
Qicht di.stance. between shed and vehicle < 50 31 33
disinfection point (m)
50 < 5 4
Farm security
Farm gate locked Yes 7 3
No 29 34
Wall/fence around property All 6 4
>=50% 2 9
<50% 9 10
None 19 14
Farm owner/workers live in farm Yes 23 24
No 13 13
Companion animals kept in farm Yes 14 19
No 22 18

a P-value<0.1

b Variables included in initial multivariate logistic regression model

¢ Introducing of laying hens from other farm and mixing them into the existing flock
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& 2-2 The results of univariate analyses of continuous/ordinal variables for the introduction of AIV into

commercial layer finishing chicken farms during the H5N2 outbreaks in Japan in 2006

Continuous variables Definition n pl0 p50 p90 Mean SE P-value
Number of chickens on the farm * case 36 17,1223 64,633.5 4748912 159,998.0 43,1420 <0.0001
control 37 258.0 9,000.0 80,200.0 32,289.0 10,069.4
Number of farm workers case 36 30 55 185.0 8.4 1.14 <0.0001
control 37 10 3.0 9.2 39 061
Degree of automation in farm case 36 17 40 100 49 049 0.0005
management ° control 37 00 30 9.2 29 047
Number of vehicles for egg shipment per  gaqe 30 42 70 210 10.9 145 0.0011
ek control 32 00 7.0 16.7 6.3 0.98
: case 36 35.0 285.0 7300 3194 42.55 0.17
Direct distance to the main road °
control 37 80 200.0 640.0 266.8 4531

a Variables included in initial multivariate logistic regression model
b Sum of the points (0-10) of four categories below

Shed type: open=0, semi windowless=2, windowless=3

Feeding type: bucket=0, wheeler=1, automatic=2

Water supply: bucket or gutter=0, nipple=2

Egg collection: manual=0, belt=2, in-line=3

¢ Direct distance to the nearest national or prefectural road
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£ 2-3 Final multivariate logistic regression model for the introduction of AIV into commercial layer

finishing chicken farms during the H5N2 outbreaks in Japan in 2005

Variables Response option B SE(B) OR® (95% CI ®)
Introduction of end-of-lay chickens Yes 36 1.4 36.6 (2.4-558.6)
No 1.0
Sharing of farm equipment Yes 34 1.0 29.4 (4.2-207.5)
No 1.0
Hygiene manners of farm visitors (shoes, Incomplete 20 0.9 70 (1.2-42.6)
clothes, hands)
Complete 1.0
Direct distance to nearest case farm (m) (1) 0-500 22 1.0 8.6 (1.2-61.8)
(2) 500-1000 -0.2 1.2 0.8 (0.08-9.3)
(3) 1000-1500 30 1.0 20.1 (3.0-142.9)
(4) >1500 1.0

a: Odds ratio, b: Confidence interval

Hosmer-Lemeshow goodness-of-fit test Chi square =3.0 (degrees of freedom =7), P-value=0.88.
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% 3-1 Identified cluster of AI-case farms in H5N2 outbreaks in Japan in 2005

Cluster radius Number of Al case farms

(km) Observed Expected

Relative risk

P value

5.12 24 4.14

14.64

0.001
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# 3-2 Densities of chicken farms and chicken populations raised inside / outside of the Al-case

cluster of H5N2 in Japan in 2005

Density
Number
Categories of Chicken farms Chicken population
farms (farms/km?) (heads/km?)
Inside the cluster 29 0.35 40,798
Outside the cluster 230 0.04 1,287
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# 3-3 Comparison of farm characteristics between farms located inside

cluster of H5N2 in Japan in 2005 (categorical variables)

and outside

the Al-case

Number of farms

Variables Categories Inside Outside Chi square * P value
Layers 29 149
Broilers 0 72
Chicken use NT Y NT
Breeding 0 4
Research 0 5
Exis'tence of Yes 24 123 9.00 0.0027
laying hens No 5 107
Exi'stencfe of Yes 8 %0 0.51 0.48
laying chicks No 21 180

a) Pearson's chi square.

b) Not tested.
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#% 3-4 Comparison of number of laying hens per farm between farms located inside and

outside the Al-case cluster of H5N2 in Japan in 2005 (continuous variable)

Variables Definition n pl10 p50 p90 Mean SE

P value

Inside 29 0 35,000 300,000 99,495 171,719
Number of laying

hens per farm
Outside 230 0 90 44,990 24624 97,945

< 0.0001
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FURXEE (fuxX)

K 4 ma BAF

8 H BREREERBA 7V U TFORECHTIEFHHR

BALINLZUFTAL VLA (AIV) ALV I IV TANAR ARA Y
TN TANAIZBL, HABEH 168, NAEH IEOMERITLD
ZLOMBFEREECHEIL TS, BEREEERORETIX, BIIHNT
ZREMRBNTANRAEZERREREAA 7 U F U A4 LR (HPAIV)
CEYD, EAOEER L L TCHRCHTEEIIONATWDS, LIL,
HITUHNEBECTCHo THBREAOHMTRELEEBRVERT > BIZEy ARK
RECERTIHEANDBEBAMLA TR L, DRETRRESE
GRBFFHECESE, BIATIRRBERIEILTIXTO Hb £72ix HT
BROARMA LV INZ UV FIANAOBRIECIDIREALVOEFREZ®ERRKE
BAVYINT UL LTEEERE (BEBRRRK) LED, MERKTD
L TWB,

1996 EFELEEOHAFa vhboBahi HSNL ERH Y A LV A 2R
BLTB0A4ANLRE, 199TEBFTHECBVT, REAETTRIALCLREE
LETCHZLEL L, Z0RRBERDOY AV RIZ X 5 HPAI %, 2003-04
EizEE, BA, NbF A, FA, 2006 2T 7Y H, RMNTHHERS
N, 2009 FEHALKBORLIAZTWVWARY, bPAELZXUCHOERITRD
LEERDD—F, BERAZBIVERLTVWI2ERFEALTWVWIEGLD
B lhb, BRLELTUANVZABADBRIIHBK TV D,

20044 1 A H5N1 BRI L2 HPAIO R A XERNTIXT9E SV OH
KETHY, YRMOBFAEBETECBVWIARORER DO LS THE -
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ERTE212FRTEZLREETCH- L, TORLBIHFH VAL RAICX
53bD0bEHTHOMNETHPAI AEAL, BEFHAEOHEREBRIHELLL
T&hk, ThODRARCEGE - MARAREZEFZHCHEITL, BHRBERE
REALNLIKTHILE, AHROBEARCEBREBREBNOBMEICHFAT
HhBrLEZOND, FZTAHRIIX, DREIBITLIABRORE - EXKD
BEZEZHECHONL, G KOV RJ7ERZHALNICT S L ZH
Be Lk,

B—ETIiX, 20044 1-3 BICRA L HPAI OB ARRZRBREFED
FHEEAOTOHMLE, WAR, KGR, REFOIHR 4 EBREK TH
BEN7EREHOHNIBEH IS VAL ELBRAELOVT, BEANB LV
BEMEBOKE, BEBOER, BRERSHMOBZ - A -DWOBBHEOR
ZHEBEHINLE, TORR, FVANVATBCHTI2REARERBIERTCH
X, BRABIEANMBM CTRCLEEDRBEBRBERVWIASICEENHERS
iz s, FREHMBCHENOBERERIEEL, BEWOBHELESLT
holZ tBBHELTETONE, T, ME»L 37 ARBTRRET
BZERRHLEZ LR, REAOLSRRAHME D OB H RPRHIC

fibhlz &, BRBOBHEXBH LEIAEBLEEEIEDICL O
LZOHLADEBIZLY , FRrERBPRACRI LD EERE SR,

BowETIX, HPAIORAMBICBE W TRELED Y A ERORE - ST
fiot., RMAETIE, HPAI OB AD Y A7 ER 2 EEBNICHMT D Z
L% BHE L, 2005 4 H5N2 BRIOFHR T A L RIC L5 HPAI 0% 4
B THoORRBRRCBWTEFANBHAELER L., BBIHRBRERICH
ST RTCOFMARBEBEBS IS L THERYAELZITWY, BAERSE 37
FLERBEBHEICFOT —FRXOVWTHH UM EIT L. ZORER,
BREOCHEAN BBH TCOBROET  BENAGE~DORAZTEREERRK,
REBBEPOERBMIDDI I LPEFRRBEEDY A ZERTH - EBR
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Shi,

M=ZE T2 HPAI PELK BA L HBROBEEETALNII TSI ¢ %2H
MELT, BAMBOMBHBTEEBELZ.ZAAF Y UV RHEZHNT,
2005 £ HEN2 BEROBHER VA L AL L 5 HPAI O AEMNE P L #iK
FEZL, TORAAMBLOMCTHERRICBET2RE 2RI FHICLER
TH5ZLickY HPAl BAEFTHBOBEEIN L, TORKR, BAESE
PHRIT KRB OIEIEFRIICER 5.12km OA L LTHRHEEh, ZOH
BN TRARELRENRBENBELTRY, RBBOFEEELPEE
ERLBIZHEL, B 1FHEVORABNENREVI L, ERPTORIK
(RB) 2B TIRBOENEPBVEORBBIAL N E 2o T,

5

EHECEY, bRETRHRAELEL HPAIORAEREZHA LM TH L
NTE, FLOAEORBEEICR TS HPAIORAE YV A7 BEREZHET
BZENTERL, FHETCHPAIOGE - LRV A7 ERL LTHERBIL
A=A A =T U OER, BEHTOBRADOFEOEILE, BENRN
ABE~OFTHRBEARNEOERSIIBBEANCBTI2LAOHEERNKTDH
D, £, BAERGEH L LT, AEREEHMRCEIZBEVWELE=F]
VI BEIOBELVEETHL EEAONE, £, BAMALDORE A,
AN, MEOHAV ZHBRTHZLiT, THLOLDLONEEBHTL%E~D
GCHEEHSETTRL, BHCBELEAZ~O VANV RILKREZHIET D0
WHEDRBEEBETCHDI EE LN,

AMAETCHOLNEREIT HPAI RA KN T H5 B OB EERSER
BrRETHLTEERAMR*BBHR T ZIVbOTHD LB XD,
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Avian influenza viruses (AIVs) are classified into the family Orthomyxoviridae,
genus Influenzavirus A. They are further subtyped based on serologic reactions of
haemagglutinin (HA) and neuraminidase (NA) surface glycoproteins. Sixteen subtypes
of HA and nine subtypes of NA are recognized. The office International des Epizooties
(OIE) defines highly pathogenic avian influenza viruses (HPAIVSs) as virus strains
which are virulent to chickens. Although all virulent strains isolated to date have been
either the HS or H7 subtype, most H5 or H7 isolates are of low virulence. On the other
hand, there have been examples of low virulence H5 and H7 strains becoming highly
virulent via mutations in their hosts in several months. Considering the risk of
mutation, cases of avian influenza caused by H5 and H7 strains are classified as HPAI,
one of the notifiable diseases in Japan, regardless of their virulence in chickens at the
time of isolation.

A H5N1 subtype of ATV, known to originate from a goose in Guangdong, China
in 1996, caused deadly infections in both poultry and humans in Hong Kong in 1997.
The presences of the same subtype of viruses were later confirmed in the Republic of
Korea, Japan, Vietnam and Thailand. Further spread of HSN1 subtype of AIVs was

recognized in Africa and Europe, and HPAI cases are still confirmed in some parts of
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the world at the time of writing (2009). Some countries, including Japan, succeeded in
eradicating HPALI, but it has recurred or become endemic in some countries; therefore,
the threat of HPAIV re-introduction in Japan remains.

In Japan, HPAI outbreaks were confirmed for the first time in 79 years and they
were caused by a HSN1 subtype of ATV in 2004. At the time of occurrence in 2004, it
was difficult to estimate the spread of the disease because chicken farming practices
had changed significantly since the last outbreak 79 years ago. Following the
eradicating of the outbreaks in 2004, several HPAI infections, including low-virulence
cases, have been reported in farmed poultry and wild birds in Japan, and national
control measures to eradicate HPAI have been implemented. Analysis of the outbreaks
and their spread from an epidemiological point of view along with clarification of the
risk factors associated with the introduction of AIV is considered useful not only for
planning preventive measures but also in the management of the disease outbreak
response. This study was designed to analyze the conditions of outbreaks and their
epidemiological spread and clarify the risk factors associated introduction and spread
of the disease.

In chapter 1, we analyzed HPAI outbreaks caused by a highly virulent HSN1
subtype of AIV that had occurred from January—March 2004 in Japan in a descriptive
epidemiological manner. We analyzed the spread of the disease within and between
flocks, tracing information on movements of possible infectious materials such as live
chickens, personnel or fomites. HPAI was easily recognized by farm owners who

observed a sudden high mortality in affected chicken flocks, due to the highly virulent
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nature of the causative virus and was spread easily within and between flocks in a short
period. The keys to successful eradication of the disease in less than three months
included prompt destruction of all poultry in affected premises and movement controls
applied around the affected premises. Quick identification of the movement of
chickens from affected farms also contributed to the prevention of the possible spread
of disease.

In chapter 2, we analyzed the risk factors associated with the introduction of AIV.
We conducted a case-control study carrying out quantitative analyses on the risk of the
introduction of AIV into poultry farms. We targeted all commercial layer chicken farms
within a movement control area which was applied during the HPAI outbreaks caused
by a low virulent HSN2 subtype in Ibaraki in 2005. We statistically analyzed the
collected data from 37 affected and 36 control farms. Four variables were identified to
be risk factors associated with the introduction of ATV namely, “introduction of
end-of-lay chickens®, “sharing of equipment among farms“, “incomplete hygiene
measures of farm visitors on shoes, clothes and hands“, and “direct distance to the
nearest case farm“.

In chapter 3, geographical analyses were conducted to clarify the characteristics
of the area where geographical clustering of HPAI outbreaks were identified. We
investigated the geographical cluster of Al case farms (Al-cluster) during the HPAI
outbreaks caused by the low virulent HSN2 subtype in Ibaraki prefecture in 2005 using

spatial scan statistics. We then analyzed the characteristics of the area and the housing

styles of the chicken farms in an identified Al-cluster, comparing them to farms outside
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the Al-cluster. One statistically significant AI-cluster was detected with a radius of
5.12 km in the central part of Ibaraki prefecture. Inside this Al-cluster, the density was
high for both chicken farms and chicken population, the proportion of layer finisher
type farms was high and the farm sizes were large. We considered it important to take
precautions for Al outbreaks in areas with dense chicken populations, and in the case
of Al outbreaks, to implement appropriate movement control around the affected farms

thereby preventing transmission between farms located within small distances.

Conclusion

The present study clarified the conditions of the HPAI outbreaks that occurred in
Japan and identified several risk factors associated with HPAI outbreaks in the poultry
industry in Japan. Once HPAIV infects the poultry population, huge economic losses
will become apparent. The hygienic measures identified to be important via this study,
such as all-in all-out practices, prohibition of sharing equipment amongst farms, and
stricter biosecurity measures for farm visitors, are highly recommended to be
implemented on farm sites. Also, a monitoring system focused on areas with dense
chicken populations is highly recommended to detect AIV introduction in its early
stages. Furthermore, it is considered that movement control around affected farms,
consisting of movement prohibition of live poultry, personnel and fomites, is an
effective procedure to prevent the spread of AIV. We believe that the findings
presented here provide a sound outline in planning protective measures as well as

managing any future disease outbreaks.
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