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Summary

1. Characterization of IBV isolates

Twelve Korean field infectious bronchitis viruses (IBVs) were isolated
from IB suspected chickens between 2001 and 2003 years. The Sl1
glycoprotein genes of these IBV isolates were amplified by reverse
transcriptase-polymerase chain reaction (RT-PCR) and analyzed by
restriction fragment length polymorphism (RFLP) analysis. These Korean
IBV isolates were classified into 3 groups by their RFLP patterns using
restriction enzyme Haelll. Half of twelve isolates were similar to KM91
RFLP pattern which was a representative pattern in Korea. Three isolates
corresponded to Arkansas pattern, but they had unique patterns. The others

showed variant RFLP patterns.
1) Sequence comparison

To be compared with published sequences for non-Korean IBV strains,
amplified PCR products were cloned and sequenced. Korea IBV field
isolateshad 71.2-99.7% with each other and 45.9-80.7% nucleotide sequence
similarities compared to non-Korean IBV strains. And these Korean IBV
isolates had 71.5-99.3% with each other and 44.9-80.3% amino acid
sequence similaritiescompared to non-Korean IBV strains. By phylogenetic
tree analysis, some ofIBV isolates were branched into different groups from
non-Korean IBV or previously isolated Korean IBV strains. Particularly,
recent Korean IBV isolates (K10217-03, K3-3 and K1255-03) formed a

separate group. The Korean IBVs seemed to be evolved continuously.
2) Phylogenetic analysis

Fourteen infectious bronchitis viruses (IBVs) were isolated in Korea
between 2001 and 2003 from chickens suspected to be infected with IBVs.
The nucleocapsid (N) protein genes of the various IBVs were amplified by

reverse transcriptase-polymerase chain reaction (RT-PCR) and were cloned



and sequenced, and the nucleotide and deduced amino acid sequences were
compared with published sequences for non-Korean IBV strains. The
Korean IBV isolates shared amino acid sequence similarity of between
89.2% (K203-02 and KI1255-03) and 98.3% (K434-01 and K281-01) with
each other and exhibited amino acid sequence similarity between 57.0%
(K774-01 and V18/91) and 96.6% (K507-01 and JP8147) with non-Korean
IBV strains. Phylogenetic analysis of the deduced N protein amino acid
sequences resulted in the segregation of Korean IBV isolates into three
different clusters, with cluster assignments differing for some of the
isolates from those obtained with analysis of the S1 glycoprotein. Korean
IBV isolates KO069-01, K281-01, K434-01, K504-01, K774-01, K748-01,
K044-02, K058-02, K161-02, K203-02, and K234-02 formed an independent
cluster comprised only of Korean IBV isolates. Another Korean IBV isolate,
K210-02, belonged to a cluster that included IBV strains isolated in USA,
the Netherlands and China. Recent Korean IBV isolates K514-03 and
K1255-03 grouped into a third distinct cluster related to a Chinese IBV
strain. As deduced from phylogenetic analysis, some IBV isolates appear to

have arisen from the recombination of IBV strains with different origins.

2. DNA vaccine preparation

Seven strains (K507-01, K161-02, K210-02, K774-01, K117-02, K1255-03,
K514-03) of infectious bronchitis virus (IBV) isolated in Korea were used
to construct DNA vaccines in this study. S1 glycoprotein (S1) and
nucleocapsid (N) genes of IBV were amplified by reverse transcriptase
polymerase chain reaction (RT-PCR). To construct plasmid DNA vaccines,
each PCR product of S1 and N genes was purified and cloned into
eukaryotic expression vector (pcDNA 3.1/V5-His TOPO vector) and
transformed into competent E coli. Cells carrying recombinant plasmid were
selected on LB plates containing ampicillin. The nucleotide sequence and
orientation of each constructed plasmid were verified by DNA sequencing.
Verified plasmids were prepared and used to confirm the expression of
cloned S1 and N gene. The expression of S1 and N proteins from

constructed DNA vaccines were confirmed by an in vitro transcription /
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translation system.
3. Protective effect of the vaccine

The protective immunity of constructed plasmids was tested in chickens.
To investigate the protective efficacy of these DNA vaccines, 1-week-old
chickens were injected intramuscularly with pcDNA-K507-S1 and/or
pcDNA-K507-N DNA vaccines twice at 2-week intervals. On week 3 after
the second immunization, chickens were challenged intraocularly with the
1x10%°EIDsy of IBV K507-01 strain. Antibodies specific to IBV were not
detected by hemagglutination inhibition test in DNA vaccination groups
before challenge but were induced after challenge. The immunized groups
exhibited a lower virus detection rate in trachea and kidney compared with
the non—-immunized groups after challenge. In the ConA induced lymphocyte
proliferation assay of peripheral blood lymphocytes, the immunized group
with pcDNA-K507-S1 showed significantly higher proliferation response
than non—-immunized groups. These results suggest that our plasmid DNA
vaccines induced partial protective immunity against IBV, in which
cell-mediated immune response rather than humoral immune response
seemed to contribute to the protection of chickens against IBV infection.
Genetic characteristics Korean IBV isolates obtained in this research can be
used to select the vaccine candidate for development of new IBV wvaccine
and techniques for making genetic vaccine can be transferred to company
after completing additional experiment to enhance immunogenicity of

genetic vaccines.
4. Risk factors for IBV infection in laying flocks

1) 2003-2004 study result

To analyze and identify selected risk factors for infectious bronchitis
virus (IBV) infection in the growing and laying period of laying—hen flocks,
a longitudinal field study was conducted with 27 commercial flocks reared

in three provinces of Korea during the period from May 2003 to April 2004.
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Using monitored data for IBV infection status among study flocks we
computed the multivariate odds ratios (ORs) and their corresponding
confidence intervals (ClIs), and population attributable risks (PARs).
Multivariate logistic regression showed significant risk increments for:
continuous entry of chick (OR=1.9, 95% CI, 0.7-69.1) and operation years of
the layer house greater than or equal to 5 years (OR=3.2, 95%CI,
1.6-389.9). No significant interaction was found between variables. The
PAR suggested that continuous entry of chick (PAR=32%) and more than 5
yvears of house operation (PAR=84%) had the highest impacts on IB
presence in laying-hen flocks under study. Of the two significant factors,
however, operation year of the layer house lacks an easy applicability in
preventing IB control strategies, and the possibility of confounder cannot be

ruled out.

2) 2004-2005 study result

To describe the epidemiology of IB in laying flocks a total of 86 flocks
were investigated during the 2004-2005 period. In each flock, a batch of
laying hens housed in the same room was followed until finished. Logistic
regression was used to assess the association between managerial and
hygiene practices and health status and the shedding risk at the end of the
laying period. No single risk factor was significant in the univariate
analysis. However, the risk for IB infection was increased when carcasses
were destroyed in a manner of burial within farm or use of feed stuffs.
Farms without implementation of biosecurity program for visitors, farms
neighbouring main road, farms with longer period in operation (year) was
positively associated with IB infection. All-in—all-out management system
was protective. Without considering interaction effect of 9 factors, the
overall attributable fraction of IB infection was estimated at approximately
99.9%. In other words, about 99.9% of all IB infection results from
exposure to 9 risk factors. A reduced model removed MTD_YN variable
from full model did fit the observed data well (Hosmer-Lemeshow
Chi-square=7.42, df=7, p=0.4922), with the area under the curve (AUC) of
0.734 (c-statistic). To estimate the risk of being infected with IB we

_12_



applied this model to study farms without missing record (n=69). The risk
was ranged minimum of 2.6% and maximum of 71.3%. Ten (14.4%) of
study farms were classified as less than 10% probability of being infection,
whereas 38 farms (55%) were as greater than 30% of being infection. This
result showed that the majority of study farms was being higher

probability of IB infection during the laying period.

5. Prevalence of HI titer against IB

1) 2003-2004 study

A total of 3,950 samples from 395 flocks (10 samples from each flock)
were collected to estimate prevalence of hemagglutination inhibition (HI)
antibody titer against IB. Based on the serological testing, we used two
arbitrary criteria for IB infection status: criteria 1 for HI titer of greater
than equal to 11 and criteria 2 for HI titer of greater than equal to 10.
Using these 2 cut-off values, the prevalence of IB was 14.2% (56 flocks)
and 40.8% (161 flocks), respectively. The prevalence varied depending on
the farms studied, HI cut-off values, vaccination program, and time point
of after laying (54-634 days). Of 31 flocks which were periodically
monitored, all but one flock were infected once during the observation

period.

2) 2004-2005 study

Further studies were conducted to determine prevalence of IB. A total of
132 laying flocks (31 and 101 flocks for the year-1 and year-2 study,
respectively) were tested for the presence of HI antibodies against IB. Of
these 109 flocks (82.6%) were used in prevalence estimation, using the
same criteria used in the year-1 study. The seroprevalence was 39.4% (52
of 109 flocks) and 42.4% (56 flocks) for the criteria 1 and 2, respectively.
The prevalence in year-2 study was much higher than year-1 study at the
criteria 1, while the prevalence at the criteria 2 was comparable to both

studies.
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6. Comparison of pooled versus individual sera in prevalence estimation

This study was to determine the relationship between individual sera and
pooled sera titers for detection of avian infectious bronchitis virus (IBV)
and to evaluate suitability of pooled sera by comparing prevalences
estimated from both samples. A total of 5,000 individual samples were
collected from 500 flocks in Chungcheong, Gyunggi, and Kangwon
provinces between January 2005 and February 2006. Ten samples were
randomly selected from each flock. Five-hundred pooled sera were prepared
by mixing equal amount of each 10 individual serum from the original
samples. IBV antibody titers were measured by HI test. The least squares
regression analysis was performed to construct equation between pooled
and mean individual titers. To determine whether the flock is infected 4
arbitrary criteria were used: detection of at least 1 chicken with HI titer >
9 (criterion 1), detection of at least 2 samples with HI titer > 9 (criterion
2), detection of at least 1 sample with HI titer > 10 (criterion 3), and
finally detection of at least 1 sample with HI titer > 11 (criterion 4). The
receiver operating characteristic (ROC) curve was used to examine the
cut-off points of pooled titers showing optimal diagnostic accuracy. The
area under the curve (AUC), sensitivities (Se), specificities (Sp), and
positive (PPV) and negative (NPV) predictive values were calculated. The
regression equation between pooled titers (pool) and mean individual titers
(mean) was: pool = 12498 + 0.8952 x mean, with coefficient of
determination of 87% (p<0.0001). The optimal cut-off points of pooled titers
were titer 8 for criterion 1 (AUC=0.975, Se=0.883, Sp=0.959, PPV=0.985,
NPV= 0.728), titer & for criterion 2 (AUC=0.969, Se=0.954, Sp=0.855,
PPV=0.926, NPV=0907), titer 9 for criterion 3 (AUC=0.970, Se=0.836,
Sp=0.967, PPV=0.978, NPV=0.772), and titer 9 for criterion 4 (AUC=0.946,
Se=0.928, Sp=0.843, PPV=0.857, NPV=0.921). The difference of prevalence
estimated by individual and pooled sample showed a minimum of 2% for
criteria 2 and a maximum of 9.2% for criteria 3. These results indicate that
the use of pooled sera in HI test for screening IBV infection in laying hen
flocks is considered as a cost-effective method of testing large numbers of

samples with high diagnostic accuracy.
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7. Development of artificial neural network

A three-layer, feed-forward artificial neural network (ANN) with sixteen
input neurons, three hidden neurons, and one output neuron was developed
to identify the presence of IB infection as early as possible in laying hen
flocks. Retrospective data from flocks that enrolled IB surveillance program
between May 2003 and November 2005 were used to build the ANN. Data
set of 86 flocks was divided randomly into two sets: 77 cases for training
set and 9 cases for testing set. Input factors were 16 epidemiological
findings including characteristics of the layer house, management practice,
flock size, and the output was either presence or absence of IB. ANN was
trained using training set with a back-propagation algorithm and test set
was used to determine the network’s capability to predict outcomes that it
has never seen. Diagnostic performance of the trained network was
evaluated by constructing receiver operating characteristic (ROC) curve
with the area under the curve (AUC), which were also used to determine
the best positivity criterion for the model. Several different ANNs with
different structures were created. The best-fitted trained network, IBV_DI,
was able to predict IB in 73 cases out of 77 (diagnostic accuracy 94.8%) in
the training set. Sensitivity and specificity of the trained neural network
was 95.5% (42/44, 95% CI, 845 - 99.4) and 93.9% (31/33, 95% CI, 79.8 -
99.3), respectively. For testing set, AUC of the ROC curve for the IBV_DI1
network was 0948 (SE=0.086, 95% CI 0.592-0.961) in recognizing IB
infection status accurately. At a criterion of 0.7149, the diagnostic accuracy
was the highest with a 88.9% with the highest sensitivity of 100%. With
this value of sensitivity and specificity together with assumed 44% of IB
prevalence, IBV_D1 network showed a PPV of 80% and an NPV of 100%.
Based on these findings, the authors conclude that neural network can be
successfully applied to the development of a screening model for identifying

IB infection in laying hen flocks.
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o EA4uto]ly] 29 subtypeoltt A A o] t}E npole]ze] &
s Ao ¥ 3sl= multiple vaccine= 715 3},

oje} 22 A witol DNA M AR FE& 93 $x waloz A
de AT gow, wge] WARES fte] Avd FAHES A=
Aoz AR k. AANA FEl AgE HEHoz Jd® DNA

vaccinee Bovine herpesvirus, Avian influenza virus, Lymphocytic

?1_‘
&
%0
< &
N
=

choriomeningitis virus, Rabies, Bovine  diarrhoea  virus, Feline
immunodeficiency virus, Newcastle disease virus, Mycoplasma pulmonis,
infectious bursal disease virus, feline calicivirus, 12| 1l Aujeszky’'s virus%s
of A=, FEe] A5l FHFAE APt TAHZT diste] wolE
YehAch. E=3 cytotoxic T lymphocyte ¢ @A o] bovine herpesvirus,
rabies, Influenza virus % lymphocytic choriomeningitis virus %olA &<lF
2 th. Lymphocytic choriomeningitis virus Al wlo]zj 2o x|& 71 ol A
DNA #Ale] 5845 &elstr] 93 mdz Apgd 4 k.

o] Zeo] DNA WA o=olA tdd FAdS thdem Axyo o
T840l FHo] o e AAAR I E old tFd A7F A9

_24_



-

of FoAX A AL 7] wiEol Sl A L o ekl HEk AFb Hlg Al
Aotk DNA #41E o] 83 IBAIE Alxste 71&0] Fyso] o] &3 +
A = Az 23ge BV vEdde s nte 944 95
gotel DNA #Al& Azske] o] & 4 gl =o] oAl IBe] ool 7t
s

=
=

h

1 et flgdacl LA As =7 &
9l e ZRaHs A Al QAN SlelA saE A gloh wb
4 IB A gerA SA42 wa Aole Holy] weel =l Al Tl A
BAshs IBell tiE AtAbh wEEA A solof gty 53] A FaA ) F
e olFal sl IB wholefe Mool ofelg oAl fA weold vk
ofyer M2 ve dHFEtds 45 wawAdee] HA 7] Wil

A IBE oWst7] 918t kst FR/e wWiile] ALSx I X uk o] Ay
2 EYEE E;Pé}oﬂ FAAND S e BE YA AFHoZ TA7}
Hau Qdut v FEEA72HE 3 (US Animal Health Association)®] ZHFd 94

2

2H 98 (Commlttee on transmissible disease of poultry)ol A= & A9l
Marek's disease, MG/MS¢} Bl &0} IBE 714 T23% @ ow A3 Y}

IB7} #E]H A &= ol oke wElFet A AFEEHIL = WAlFETt 3
4A (%iéaﬂ)oi 27 wZoln FHEo AAIA] HAG A B
@ 0] et o AME v dH YLt = wxd
vhol e == HlaE A Wolw o] Wolg njo]
i %= 7F “H*"r =k olFA FdA R AE tEd WAS AL
S5t A3 Wolrt o] FofXx] gkedHl EAUF Utk IBVY 93
(prototype) ®lo]#] 2+ Massachusetts M41¢]t}h. Jungherr 5 (1956)9 2]3}¢]
g2 g3y vlolg]~ (Connecticut) 7} S Felw olgf =& 3374634
IBV7F -8uetE vl Este] A AAIA R AL feEoe] i ot v=
79 California Veterinary Diagnostic Laboratory”7} 199588 &%
59472 IBV T4 59%91 336FE ¥+ IBV EHJo= E/7ET +
California variant® 78 AFEl7F Aok o] dk ®Wo]F9 X|&H2< =

_25_



71 WAoo w e wolzt o] Fol A 7] wiEo] IBVel o3& 7t
AL S71E 5kl gl Aot

EFPolA wold dHIYol 3] TElH= AFE o=oltt gt
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Al G BiZo]l wlg kst dHYPo] kil Jom AR
AP o= wapH o] & wA] o g YRl violy A~ A HA W
ojx]o] o]y mpoly vt FdshE Wmrt w9 7] wlEolth FuleA =
6ol Hx=E WA IB WAo] Ao gRlEdom dAl HAA A
o= Akl = Massachusetts F 3 AR o= 74 v o
FTFaddEd T8 FHAFo] FAAIAA g A A7 AA"E6E ok
Oy olefd A dddSs AT o o] anE Suiststr] 9sl
Me Frdste AP sY3 vlold s o] &g WAl Algo] Q4H AL
Rout mid Faste FFe 548 AFs d5dol st EA gEol F
gukth {8 sb= wiolel s A Y] Aozt Wol wiAlS HEFA R HHE



p—

o
'
oo
<

ol

R

e

—_—
fi%e)

TR

dr

fuy
il

e
‘mo

—

X
!

"
)
rJ

o)
|

o

o

N

1

°
pul

A A=

Fan ol

)

ol wf =ujelA IB A qf
Al A}

=
-

A 7F QLT

hul

A 5o FU QoA B

Aol ohel oe] 74

o

o)

pul

3l A

fu
L

B

o

A 7F A2 = of oF

Rin

IBV7F e et v 2

pE4

el

o
e
o
w

oW
JJo

#3749 Be| ool 7}

€ A Hol &

ol o]

= =
=35

=

ato] of ¥

S

5,

Rl M) 7=H oy

L

R

FA1 7]

S

A

A4d 2 7239 ofn g

o)
=

o
B

b

Y

4r
—_

g3 b AS Ao 1B WAl Aol

o

A ol

Al

%
Qs

q

o
T

[e)
K

IB #po]# =9

pE
o
T

,mo

A B A=

-

—

g= AAAR

)
mO

n_mo

BH
=

X
i

ol kgH Ay

<

@

AL
00

o]

Ea

A2 o]

4

I

5}

B who]

o

Hd o

of=oll A el 5

[e]

5

o 4
_27_

Ea

3= 1B Hho] ]

o

o

3
gol g o

o

R

E
=

2}

A = ol A



BE el s wE

Hl A] &
o I BLA WY

_28_



o

M3 H MM J|EXH dHiolg{Ae] FAA
HF
=

a7 Wge Tl fdska 9 BV 54 EAMEIHoR
3 4

FHsta, selA TAZF = B vlolH~E Adsk v Tt 39
d (FHY)e Beolde ZAAste= IBVE #F#AE reverse transcription¥}t

polymerase chain reaction (RT-PCR)C.2 ZZA7l t& =Z3H FHAES
eukaryotic expression vector plasmidel]l FZ4Y3dte] FAAMAS A Z&}aL,
gt A recombinant plasmidg ©&F RIS in vitro$t in vivo A
29 e HdES gt ANkgS st Aotk FAF S A
THE} HE S 2

1. IBVY £ € a %

Ul A f8slE IBVE IB7F oA=& e ZA7(7#, ¥, 244

)2 5-H
25 Egete] Al AHESHA A71E AMASA FAE wEC] 94 e
st T2, AE5dS o3 & g 74]3}4 chorioallantocic cavity(CAC)o| =3}
of wtolel=E FAAIFT T4 H wtolel~E= IBV 5o PCR¥Y Aldjol S
o2 IBVY #%FE5 &3ttt IBV field strain Alejolo] Zu] HFdAS
u Alefolel AgE A ol TS UEIA &S F dornE HA4g g7t

A Adool A Al de AN BV g whold st CACH 1F
stol F4A7 Bhe A At

2. IBV RNAFZ3 AA
ol H 25 7+ A7l A olol A chorioallantoic fluid(CAF)E #3&lo] ufol

22 RNAFZES 9gh Al5=2 AFEsEath vlol#f 2~ RNAE ths W o
2} F&3F . Sodium dodecyl sulfate(HE5 %= 2%)¢ proteinase K(H£%
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= 250pg/ml)E CAFo| tstar 55T A 557 424121 & acid phenol(pH
4.0)¥ chloroform/isoamyl alcohol(49:1)2 RNAE F&3tt. F&% RNAT
RNaid kitE AF-&3Fe] A A A

3. Oligonucleotide Primers

IBVEXE AA g RNAQ reverse transcription®} PCRS 93t primer: 2
i1E BV d7IAES oz sto] desdtt. RT-PCRS ©]&3te] Sl genes
ZEZA717] Ysleo]  AFE3 primer=  forward primer®Z  S10LIGO5
(5TGAAAACTGAACAAAAGA3) B+= NEWSIOLIGOE (5TGAAAACTGAACAAAAGACI)
a3 3l reverse primer® SI10LIGO3 (CTAAACTAACATAAGGGC3) T+
degenerate3-2 (5SCCATAAGTAACATAAGGGCAA3) primer pairs AH&3ith.
NeeneS 523171 $138}F priners= forward primer IBVNF (5'-GGGAAAACTTGTGAGGAACA-3')
9} reverse primer IBVNR (5'-GCAGGTCCATTATGTTA-3)E AM-g3stsch

4. Reverse Transcriptase reaction® Polymerase Chain Reaction

RTHES- 12 10X PCR buffer(500mM KCl, 200mM Tris HCD 2, 10mM
Z} ANTP 20, 250ng antisense primer, 40 unit RNasin, 80mM MgCls 1.540<}
TH ¥ RNAE gfatar dA wg9 20u= Wit DEPCE AHe SH/HF
5 gte] ATt o] whEAS 65T A 107 A8 $ 200 unit®] Molony
murine leukemia virus RTE H3dla 45CelA 1A1ZF db-3A1H Y. PCRE 938}
o] 10X PCR buffer 8ul, 250ng?] sense primer, 80mM MgCly 3.5u0 18] 1 5
unit®] Taq DNA polymeraseE Hb-S- o] Cisla FHFHEgo 100 B d
SHFFE Yt Atk PCR WESH-2 94TCol A 1#2] denaturation, 45T 9l
A 289 annealing 183l 74ColA 589 polymerizations 3+ cycle® 35
cycle 233ttt PCR product: ethidium bromideE X3§3lE 1% agarose
geloll A 2418kl

—

Z

5. Restriction Fragment Length Polymorphism (RFLP) £4ld] 23 &
Ay 72

ZZ PCRAAES o wxd BVe 9749 23z s 4
=

1 9l
22 APl weF nSodel PCRAAESO] Agdmacl o
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profile®] £Xlo] FHoj7} 2 AL AdETALE £23HA7]7] Ao Geneclean
kitE AFg3ste] AA S v AstA AT As5tE PCRAAE9 RFLP patterns
29% agarose gelol| A A7]d% & AZste] AP 7HAstATH

6. cDNA9 cloning® 47144 £4

A% sizeE zZt+= PCR A &S agarose gelolAd Z#tdll 3 cDNAE
Astack. A cDNAZ TOPO TA cloning Vectoroﬂ ligation*] 71
competent Escherichia coli® transformation*]%] ¥ recombinant plasmid&
zr= WA 2RSS kanamycin® X-galo] £9]9= Luria-Bertani agarol A A
B3tk Alkaline lysis M 22 plasmid DNAS 283 & Adagr=
A2l ste]  inserte] sizeE A3 TE S insert7b &RIEW  cesium
chloride density gradient centrifugation o2 H7|HE EAE 93 vako
plasmidES 4|3 Y93E  insert’l &2 ®  plasmidE AA T S
denaturation*] 71 % dideoxy chain termination'3 .2 d7|ES A3}
Insert®] size7t & A fole F7HAH S =2 primers A3kl AHEsHATH 97
o} ofm itk A data®] A4S FSFE ZE 29 DNASISE o] &3ttt

o e WHow oA HElE IB Hiolel =] FHAA SAS qf
Bek vy AR A S 9% vl aFE et FHAMAS Alx
3tk IBVEHEE AAg RNAC reverse transcription®} PCRS 93
primer= 2% 3 IBV 97|/ E9S Fu2Z o] IBVY U244 F9= o4
FAAET-9E 23 F A dEeaith

ﬂJ -{01' ol

S

R4

=

4] % RNA°| 3pg random hexamer®t 1l 10mM dNTPs £ t©sta 65C
ol A 5&7F wkg A7l FHoll, 4u0 5X 1st strand buffer, 240 0.IM DTT, 1440
RNase inhibitorE ©T3&te] 25TolA 108, 42TolA 287 ¥k AI AT 140
Superscript II reverse transcriptase (200unit/pl)S Tlaled, 42°Col A 50, 7
0ColA 1587 v+ A 71 th& Ribonuclease HE #H7}slo] 37TolA 20&, 8
0C oA 1087 wSAHTE A" cDNAE FZ41717] 9l3dle] 34 cDNA
o] 2540 PCR premix (1.25unit/2540 TaKaRa Ex Taq polymerase, 0.4mM
dNTPs, Ex TagTM buffer including 4mM Mg?2', TaKaRa, Shiga, Japan), 1
w foward ¢ reverse primerE F7F3F Fo AA wrgdo] 507 HEZ H
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i

93t PCR W82 94Tl A 30%3F denaturation, 51°Cell A 30
I annealing, 72Col A 487t polymerizations 353 A A3}, wpx] 9k k3
polymerizations 74Col| A 1587 A A3}l t)

PCR productsE GENECLEAN® Turbo kitE o]&3dlo] A=lat¢l 1
NA+ pcDNA3.1/V5/His-TOPOSt Z-& cloning & expression vector
ligation¥r-8-< Al71 &, 2;129] ligation WSS competent cells
(Escherichia coli TOP10)o] &3dsle] A& 9ol 2087 AXA 7 & 42T
o 5] 30%7t heat-shockE & One Shotu chemical Transformationg ©]-&
&t Atk 25001 SOC mediume 3 7Fshe] 37C A&ujg7]olA 225 RPM o=
1A Feb wieFstar, A3A17F H7FE LB agaroll #lgdS HEs tha 244

[N
i
—x
ml

2 PeoEl
-
wa Ry
o

2
Y
o
A
rio

o

ZF weF & e @l "ES LB brotholl 44121 & DNA plasmidE #
gt F24Y3 {FHAAE §—}?l% T 91% Agtg s olgsto] et
Pasmid 4sHAIA F 22U 4948 HAL F phemics EHaHe] 9
7198 ZAASAT. o] A4S DNASIS version 2.1 software® eukaryotic
expression vectordl] 24 ol Fold IBVY H7]e9} vlusle] A4 HE

9 fAAt gnte wgom 2w PHe MUY, EndoFree™
Plasmid Giga Kit& °]-&3to] tf=#e] plasmidE &H 3} T},

8. In vitro transcription and translation

Az Aol vwee TnT®T7Quick Coupled Transcription/ Translation

Systems (Promega)® Transcend'™ Colorimetric Translation Detection

Systems ¥ Z& THAAHS o] &35t HS 3T

In vitro A FAAe] dHS Flsk FAA WMAS chickenol A /A A}
WAl Y] MRS AT B Ao HEHoR FHA wE o] el

L

d FAAMA F S1 gened N gene ¥4 2 3¢} phylogenetic tree #2143}
£ JV|lFEow Awd pcDNA-K507-S1 ¥ pecDNA-K507-N  (expression
vector-IBV strain—cloned gene) & A% fFAAMIoz HAdtsle] g A}
&3}ttt <Table 3-1>.
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Table 3-1. Experimental procedure for DNA vaccination and challenge with
homologous IBV507-01

Group 1st vaccine® ond vaccine® ChallengeBC
1. Normal control (NC) No No No
2. Challenge control (CC)  No No Yes
3. Vector control (VC) pcDNA pcDNA Yes
4. pcDNA507-S1 (S1) pcDNAS07-S1  pcDNA507-S1 Yes
5. pcDNA507-N (N) pcDNASO7-N  pcDNAS07-N Yes
pcDNABO7-S1
6. pcDNAS07-S1 + pcDNA5S07-S1 ) v
es
pcDNA5S07-N (S1+N) +pcDNA5KQ7-N
pcDNAS07-N

AChickens (12 / group) in groups 3, 4, 5, and 6 were vaccinated with 200
ug of the pcDNA empty vector or pcDNAS07-S1 or pcDNASO7-N or 200 u
g of pcDNASQ7-S1 plus 200 pg of pcDNA5SO7-N at 1 week and at 3
weeks old.

BChallenge by intraocular inoculation with the K507-01 (10™ EIDsy/bird) 2
weeks after the second vaccination.

“Protection was evaluated by the absence of challenge virus in kidneys and
trachea. Trachea and kidney samples were collected and homogenized. The
supernatants were inoculated in 9-to—-11-day-old embryos. After two blind
passages, Re-identification of the challenge virus were performed using

dot-blot immunoblotting assay (Song et al., 1998).
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-
Z3}7] Aol Adsle] Hgl g peripheral blood lymphocyteE ]
lymphocyte proliferation assay (Kim%, 2004)S o] &3} HAAFsISTH T4 F
= Fo 7B Ao Ae] nmlolelx~ HElE Songs(1998)0] ¢kl sRutE

dot-blot immunoblotting assayZ ©]&3sto] elst% ).

Table 3-2. History of Korean IBV field isolates, RFLP patterns, and

GenBank accession numbers

Organs'used . Age of IB PCR-RFLP GenBank
1BV . Chicken .
) for virus outbreak patterns accession
isolates ) ) type?
isolation (days) numbers

1 K434-01 CT B 28 Arkansas  AY790368
2 K748-01 K B 37 KMO913 AY790359
3 KO058-02 T B 70 KM91 AY790360
4 K044-02 K B 60 KM91 AYT790358
5 K117-02 T B 70 KM91 AY790362
6 K234-02 T B 16 KM91 AY790361
7 Kb545-02 K BB 14 Variant AY790366
8 Kb514-03 CT BB 14 KM91 AY790365
9 K10217-03 K BB 35 Variant AY790363
10 K1255-03 CT BB 14 Variant AY790364
11 K3-3 K B Variant AY'790367
12 K2-6 CT BB Variant AY790369

'K = Kidney, T = Trachea, CT = Cecal tonsil

B = Broiler.

SKMO91 was the representative isolate of Korean IBV isolates determined as
genotype III which showed a distinct RFLP pattern in PCR-RFLP analysis
(Song-s, 1998).
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A24d IBV &4

B2 Ay += Hdoziy BT 1259 IB violel~E #E33th <Table
3-2>. IB wvlolEl e 7|TollA] 3, Aol A 5 18] WA (cecal tonsil)ol A
457 B, SAY S&FAAAM T2 759 5577F el EH A

A34 IBVY S1 glycoprotein &3¢ RT-PCR ¥
RFLP &4

223 IB #lo]# 29 S1 FdAE RT-PCRS ©|&3te] 5%3}9 3l RFLP
& At IB whelel s BEFES BT 9F 1,720 bpol odE A7E 4
Bl = PCR product® AA 3G <Fig 3-1>.

RT-PCRZ =3 Sl glycoprotein genes AT A<l Haelll2 A3 &
RFLP patterns ZAFSFATEH 10579 285 5 65 (K748-01, KO058-02,
K117-02, K234-02, K514-03. K044-02) & KMIl typelZ YEIWI, 15
(K434-01)= Arkansas typel @ Y x| 55F (K545-02, K10217-03, K1255-03,
K3-3, K2-6) & 7]&9] RFLP type¥= Th& Wold o= YEWT ¥old F
K2-6%= tf2 3 #lo]#{ 9} thE RFLP typeg YEIAT oo Ayz &
ol Sulell e e fHAA 5A4E Zbe BV &S AEHAHQD F A

A WHolE Yoy|E= Aow FAHHAT <Fig 3-2>.
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12 3 4 5 6 7 8 9 10 11 12 13 1415

Fig 3-1. Agarose gel electrophoresis of PCR-amplified S1 glycoprotein
genes from Koean IBV isolates. Lanes 1 and 14 = molecular weight
markers, molecular weight markers, lambda DNA digested with HindIll and
EcoRI ; 2 and 14= GeneRuler'™ 1 kb DNA ladder ; 3 = K748-01; 4 =
K058-02 ; 5 = K117-02 ; 6 = K234-02 ; 7 = K514-03 ; 8 = K10217-03 ; 9
= K434-01 ; 10 = K044-02 ; 11 = K1255-03 ; 12 = K3-3 ; 13 = K2-6.

Numbers at left are molecular weight markers in kilobase pairs.

1500bp-

1000bp-

500bp-

300bp-

Fig 3-2. RFLP patterns of the PCR-amplified S1 glycoprotein genes from
Korean IBV isolates digested with restriction enzyme Hae III. 1= 100bp
Plus DNA Ladder ; 2 = K044-02 ; 3 = K281-01 ; 4 = K 3-3; 5 = K2-6; 6=
K545-02.
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A44d IBVE S1 gene® sequencing® phylogenetic
tree 2H4

IBV =diZelse] A7IME #4243 sl s 45 71.2% (K545-02
and K3-3) - 99.7% (K748-01 and K117-02)¢] 97|14 <E FA S YEA
R T4 45.9% (DE072 and K2-6) - 80.7% (H120 and K044-02)°]
S JERNSITE <Table 3-3; Fig 3-3>. o]t A E vlwdy Juy&e
Fo A5 71.5% (K545-02 and K3-3) - 99.3% (K748-01 and K117-02)¢]
AME QT 44.9% (DE072 and K2-6) - 80.3% (BEAU and
K044-02)°] fAHd S ekl

ARE oAt d S BRE TS 28 o= Fol vl askiS
W] 53-96, 115-163, and 268-398 (numbering is in reference to Mass4l
strain) 9ol 7Hg @& Welrt dFHAT. A8 E opnweal LS V%
2 ZA % phylogenetic tree 423 <Fig 3-4> oA &g 1259 3
branchZ FH/ AT FH 2 FTE (K10207-03, K3-3, and K1255-03)°]
HA <l branchE A3+, 6 IBVs (K514-03, K044-02, K058-02, K234-02,
K117-02, and K748-01)7} % WA brancho.Z EFHAed o582 o) &
Ao KMI1 typel 2 ¥ wlol#] 2 (K069-01, K774-01, K507-01) ¢} &
U3t aFoR EFHY. 28l K2-6, K434-019F K545-02%52 IBV Ark99
3} Gray strain A9 2 E5F% 3.
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Table 3-3. Comparison of the nucleotide and deduced amino acid sequences

of the S1 glycoprotein gene of 12 Korean IBV isolates and non-Korean
Dederet amina ar] sty in pper ek

DAL RN R0 EH 0 D060 I NG e Deasker (o9 DG DECT Gy 2 RN LB 500 OBV TRAM Tl WM
ma ™ W B OB R ORLOEY W RF DD ORIOED OB WM OBLOR O OW DLW
R MOoM R KD OED W W N W ORI RS ML OWIWIRE R OR W oW U@

R R OKD W Wl S WY MG WD MR RN D D M E) mY OME WL OMDOWE W oM
M OBE O, M S S B R TN MMM R OM WK WM
R %1 1 ¥ S o™ Wi B W W RO M M OHYOSIOB OB OW W ORM W E
O T T T T T T LT T O T T
(r O T T I TR G T T T T UV T T T R L R T
Pifke ME MY R4 BSOS OBS OBE O, W B K OB M OB RS W B OB W Om W W
" I SO T U T T I T O (I T T T T
T T G T T T T I P T T O I O VI T
v BT T T T L T T I T T T A T T TR
DU B8 S S ED N WD NP ED G ML WM W R R DD ORI W WD WS W N Om
D H1 M) 1 Bl W O W OEF W Ml D M od MWl W oW M oW W
G I TF A7 N} OEE WY WY OBI Wi R0 R Wp oW owompoW WY oW OB W oMW
Bl WE S RE NS NP W BN R R M OEY N ool o G M WS B oW
Bl 0 W4 W1 OBE M Om oW OENOTDOHY OWDORT R WD MR WO fs oW M OB oW
I 8 o W o R ORI W M SO MEAI OB DN MMM W W § R
U T I T T LT T T
Wom e K W OB OB OB W K I D§ M B OH B R OK MY OO oW
M-l M o M W RS OB BEOEL MY OME MK M DTN OM M Moo= w4
S BB MM OBOBD P OBEOES M DS W M MR BT OB OHD S B OBE W
1L/ L A (I T O T T I
Hﬁﬂhihﬂn#
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Fig 3-3. The deduced amino acid sequence comparisons of the Sl1
glycoprotein gene of 13 Korean IBV isolates and 6 published non-Korean
IBV strains. The dashes(-) indicate regions where the sequences are
identical to those of K748-01. Deletions within the sequences are shown

with asterisks().
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Fig 3-4. Phylogenetic relationship based on the deduced amino acid
sequences of the S1 glycoprotein of the 12 Korean IBV field isolates (
K434-01, K748-01, KO058-02, KO044-02, KI117-02, K234-02, K545-02,
K514-03, K10217-03, K1255-03, K3-3, and K3-3) and non-Korean IBV
strains generated by maximum parsimony method with heuristic search and
100 bootstrap replicates. The length of each branch represents the number

of amino acid changes between sequences
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A52 IBV N gene®l sequencing® phylogenetic tree
Z+A

E A= IBV S1 gened 37| wWhojo] #ojst= Aoz N genes #
Atk IBV w2859 N genes RT-PCRZE FFAIZl thg 34 &
AZE F24939a 9714E9S 2ASAT. 248 N gened 97IAE2 o

23 & accession numberZ GenBank databaseo] %% Atk [AY790344
(K069-01), AY790345 (K281-01), AY790346 (K434-01), AY790355 (K507-01),
AY790356 (K774-01), AY790347 (K748-01), AY790348 (K044-02), AY790357
(K058-02), AY790349 (K161-02), AY790351 (K203-02) AY790350, (K210-02),
AY790352 (K234-02), AY790354 (K514-03), and AY790353 (K1255-03)].

%LHE‘E]ZO] IBV K507-01¢} K774-012 th2 IBVSF Hlw3lsS o ofv

=AF 163 -168 F-flelA trE ZElFe Aols UEddEd ols 7 2
T+ SLNRG o9 =%t (numbering is in reference to Korean IBV isolate
K281-01)°] AFle Ao vetsith

It o2 AVIAES HuEdS oW FulEEF= 855% (K203-02 and
K1255-03) - 98.8% (K281-01 and K434-01) Z28]x =&+ v uslsl &
g0l &= 57.4% (K203-02 and V18/91) - 95.4% (K210-02 and Cal99)°] Ak
A YEtHATE <Table 3-4>. otv| =4t MAS Hue S A5 T+
= 89.2% (K203-02 and K1255-03) - 98.3% (K434-01 and K281-01), 28]
eyt vl Al 57.0% (K774-01 and V18/91) - 96.6% (K507-013
JP8147) 9] A& WER A H <Fig 3-5>.

AARE oln At DS 722 249 phylogenetic tree 4 A3 IBV =+
Y855 3 cluster2 EFHAG. FuliEEls BV K069-01, K281-01,
K434-01, K507-01, K774-01, K748-01, K044-02, K058-02, K161-02, K203-02
and K234-02v= = @A clusterg FAsAth o& &85 IBV K210-02

= Fao A FEE e IBV vlolelAs IFo R EREAL, HE IBV
2]521 IBV K514-03¢9 K1255-032 = IBV strain®} #H3 = cluster®
TE AT <Fig 3-6>.
del Aas Tkl E v 54 IBV strain® 4

IBV strain®| recombination®] 2]3te] ¥ Ao
A

WAL e A9 Sl glycoprotein gene¥ 3$H7| nucleocapsid gene:=

g e ol

E

T+ Az be rds
= FAET 13 A

5
i
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A arEstolof & Aom B

Table 3-4. Comparison of the nucleotide and deduced amino acid sequences
of the nucleocapsid protein genes of Korean IBV isolates (K281-01,

K434-01, K507-01, K774-01, K161-02, K203-02, K210-02, and K1255-03)

and non-Korean IBV strains

LI EHEE] ENTH BT EE LS AR IES CIHLE A e Dl Bibd BET] Gem ] M GEHD R GEEY
£ = mI g W W Wy WA WMF  OWF M ORI S NE M ME WE W1 Wi
CiHA  mE m— WA W) W HE MW W3 M) HE W W R M) R R TR o e
Wl WY mS = W4 W4 HF Wi W1 Hd WF I B RE T #E EE W4 §i1 %
ETHE WA W WA = Wi sd Al A g GRS R Rl W W2 R Wl sl W
ERHE W1 EE  mE W& W HF WY OWd Hd WF OB K mi T Wi e HE 8 did
Nl W1 mE W A Hhi o Ml m4 W Wl HE Mk WA M1 OMF T w1
EEN W3 ORIl ME O WE HT OH1 T md W11 T WS E e ma Hi W wd o ome ad
g S BF e Emd Wi mi ma = WA Wi N T I WS W HD Wd WE 1)
SaE mE BN OBl W1 fd T Sid BE S gl WE W e me wid w0 w0 ma Al
[ L] Wb W ma =i = m e s ™ OEE O HA OB D7 Wl Hd T e AT
] mE ORI BN ME W4 W4 Wl mE I W e W) b Wl i ol sl oma
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TEEL4 FE D M1 B B3 Bl ERE O MBI 7 P mME W1 OWE N P M O B
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Fig 3-5. Comparison of the nucleotide(A) and deduced amino acid (B)
sequences of the nucleocapsid protein genes of Korean infectious bronchitis
virus isolates (K281-01, K434-01, K507-01, K774-01, K161-02, K203-02,
K210-02, and K1255-03) and non-Korean infectious bronchitis virus strains.
The dashes (-) indicate regions where the sequences are identical to those

of K281-01. Asterisks (*) indicate unavailable sequences.
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Fig 3-6. Phylogenetic tree based on the deduced amino acid sequences of
the nucleocapsid protein genes of Korean IBV isolates and non-Korean IBV
strains. Phylogenetic tree was generated by the maximum parsimony
method in a heuristic search with 100 bootstrap replicates. The trees were
unrooted. The length of each branch represents the numbers of nucleotide

or amino acid differences between sequences.
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1. IBV9] S1 glycoprotein® N protein gened &

IBV Zof| A RT—PCR—RFL AT A7]e} ofr At E ZA & phylogenetic
tree BA1S Bl GAA WMAZRFE AL ATt <Table 3-5>. WA EZ R
F A Al B Ao 7] B4 E BV straine ¥4 1y EH A IBV 9
ANERFE= S13 N genes 37 E43 Zniﬁri At WAsR 2
A el g wol EEEe e g9 KMIl type (K507-01%)
Z=A o7 do] Aualgdal, Arkansas type (K210-02)3 & 2o a5 )
KMO91 type?| variant typel 2 FAHEHE K1255-03S FAAMAS A 23517
g WA TR vlojyAFE Mty WMASRFE AAdd BV Sl
N genes RT-PCRZ T3 A3 BEF odd a719 FHA7F SEHAT
<Fig 3-7, 3-8>.

fr e rBL'

Table 3-5. Characteristics of IBV strains selected for genetic vaccines

IBV strains PCR-RFLP patterns GenBank accession numbers

K774-01 KM91 AY257065
K507-01 KM91 AY257064
K161-02 KM91 AY?257066
K117-02 KM91 AYT790362
K514-03 KM91 AYT790365
K210-02 Arkansas AY257067
K1255-03 Variant AYT790364
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Fig 3-7. Agarose gel electrophoresis of PCR-amplified S1 glycoprotein
K507-01 ; 3
K514-03.

genes from Korean IBV strains. Lanes 1 = 1 kbp ladder ; 2
= K774-01 ; 4 = K117-02 ; 5 = K210-02 ; 6 = K1255-03 ; 7

1 2 3 4 5 6 7
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Fig 3-8. Agarose gel electrophoresis of PCR-amplified N protein genes
from Korean IBV strains. Lanes 1 = 1 kbp ladder ; 2 = KB507-01 ; 3 =
K774-01 ; 4 = K161-02 ; 5 = K210-02 ; 6 = K1255-03 ; 7 = K514-03.

_50_



WASHFZ Al BV S17 N gened RT-PCRE % F AAT ¢
S eukaryotic expression vector?l pcDNA3.1/V5/His-TOPO (Invitrogen)ell
2 3&dt}. Expression vectoro] FEY3F FHAE recombinant plasmidS
it transformation A7l * F21¥ ) S 25 H recombinant plasmid
Eelste]l gelstd
12402 F29 % S13 N genes 8213171 A3t #23 recombinant
plasmidE A 334 BstXIo® A8 s+t Expression vectori= S13 N
gene®| HYFHE FZo AE A BstXI9 unique recognition siteE 7FA 1L
9Tt Recombinant plasmidE AFE&AZ g3 e A7) 453 Ay
29 S13 N genes &0 + A}t <Fig 3-9, 3-10>. HAFHF]
Be= 29 ® S13 N gene Wel BstXI site® 7FA a2 dAY partial
digestionol] ¢]&to] AFEAZ A e @79 s519S uw RT-PCRY
oJste] FH ¥ S1 9 N genedt A7|o|A] Aol& YEFHT
2xtH o8 Agas A 9se] S13 N gene?l insertiono] 2% clone
© ZHE recombinant plasmidE EZ 3 v GUVIHES Z2AHSAG. d7]
s 2443 & AAdd 429 orientations Felsta, A2AA F7) ¢ of
vk dS 12 JdEo] ZAA3SEe] GenBankol H L3 original sequence$}
Hl W&tk v a g A3} orignal sequence®t U3 sequenceE ZE HORE

o] in vitro transcription / translation Ho 2 &}
<l

i P 1

ol

&..

il
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Fig 3-9. Cloning of PCR-amplified S1 glycoprotein genes from Korean IBV
strains in expression plasmids and agarose gel electrophoresis after
digestion of recombinant plasmids with restriction enzyme BstXI. Lanes 1 =
1 kbp ladder ; 2 = K507-01 ; 3 = K774-01 ; 4 = K117-02 ; 5=K161-02 ; 6
= K210-02 ; 7 = K1255-03 ; 8 = K514-03.
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Fig 3-10. Cloning of PCR-amplified protein genes from Korean IBV strains
in expression plasmids and agarose gel electrophoresis after digestion of
recombinant plasmids with restriction enzyme BstXI. Lanes 1 = 1 kbp
ladder ; 2 = KB507-01 ; 3 = K774-01 ; 4 = K161-02 ; 5 = K210-02 ; 6 =
K514-03.
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3. In vitro transcription / translation®] <3 S13} N9 §dx &d ] &<l

IBV WAl& w9 S13 N genes eukaryotic expression vectorol] & =43}
o A7IME AA orientationS EAgh Ay} SulEA AQlE ZeowE AH
H recombinant plasmidE FH|ste] FHA HHES 7FEA T IBV strainol
wel zpol7b S 4 AA N SO precursor FAAS] A7|A Ao & 1,162
amino acidE AAstE Aoz oAEtt  Precursor SO polypeptide:™ S13
S22 yroj# =4 IBV Beaudette?} M4l strain®] 7-9- S1-2 517 residue (57
kDa) =+ 514 residue (56.2 kDa)= T/ =31 S2% 625 residue (69.2 kDa)=
TAEE Aoz WA IBVY SO proteine glycoprotein® & &# A =
d, S09 oligosaccharide= mannose type®] N-glycosidic linkage®] 2|3}
AAE e Aoz wEFY. ol#EA HAHE IBVE precursor SO
glycoprotein (155 kDa)< post-translational cleavage®l] ¢]3}e] S1 (90 kDa)Z}
S2 (84 kDa) Yo At} In vitro transcription and translationell €]3fe] 23]
Y+ @A L glycosylation®] dojuA] &= ZHolr] wid S19 A <
57 kDa®] protein®] A E Aoz oAEQdul B Ao A3 f-H =N
A9l recombinant plasmidE Z&A 71 23 daE A3 ok 57 kDa] ©h
o] Wy = e 1T & AAL tiF AN B <Fig 3-11>3%
Zt} o] S1 gene©] 2H}FEA expression vectorol] A H AL on gt}

IBVE N proteine RNA genomed} ZEF o] 9oH glycosylation ¥ A &
I phosphorylation ¥ protein® = B 1% ¢ttt IBV Beaudette® M4l strain
9] N gene? 471449 AA A} 1,226 base® TAH 312 open reading
frame2. ZHE ¢F 45 kDa9l polypeptide’} 2dE Aoz FAHFS+=H), in
vitro translation ZA¥ 51 kDa 123 IBV virionSZ%¥H F=d N
polypeptide®] 7% 50-54 kDad] BRI S zt= Ao 2 HuE Ak o]# 3 x
o]7} YElb+= o]FE N polypeptide® phosphorylation &4 o3¢} &=

o
azi

o} 2 Ao A IBVY N genel® WE FAxwM Al recombinant plasmld
S WA A o oF 51 kDag] @i do] BdE = s EAdT 7 3
°] N gene°] &H"FEA expression vectorel AA¥ S &N F AT

i Aol e 2 <F1g 3-12>¢9 2t}

HAFZHoz FHAdo]l #9¥ recombinant plasmidE FAAMYAl o7 A
kslo]  pecDNA-K5H07-S1 T pcDNA*K507*N (expression vector-IBV
strain—cloned gene) 22 & WA HAEEL HE HACE in vivo A
A AA AT
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S 1

Fig 3-11. Colorimetic translation detection of SDS-PAGE analysis of a
coupled in vitro transcription/translation reaction (Progmea). Lanes 1 =
molecular weight standard (Invitrogen) ; 2 = pcDNA-K507-S1 ; 3 =
pcDNA-K161-S1 ; 4 = pcDNA-K1255-S1.

T
L HBm Ll

I
-

Fig 3-12. Expression of IBV N genes by In Vitro Transcription and
Translation. Lanes 1, 3 and 5 = molecular weight standard (Invitrogen); 2 =
pcDNA-K507-N ; 3 = pcDNA-K1255-N ; 6 = pcDNA-K161-N.
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A7E FAAWA ] BHAAL EA

dglo] stolwl §-4x WAl F Sl gene?} N gene| #4439} phylogenetic
tree BXA3E EgiE Adg BV K507-01 strainl® A %3 pcDNASO7-S13}
pcDNASQO7-N< SPF Yol HF3stx IBV K507-01 strain® @ F3HES 2
Al s}t

AAgHde o A W8-S o]g3le] IBV 5ol &gAE =3t
<Table 3-6>. FAH{E ol 7 172 Fost FAG7E 2pol& YERNA] eFodTh
A7t AAPlA FEHET (COFF peDNA-K507-S1
st A7katol & WERHAAI R v A g Abo] o A
T o AolE yERA &dTE FAHFT 9d T SAe FA GUF HAll
A] normal controli-S A|LgF YA 15 Fhell foJsk A7) ztel = UERLEA] 29
th e FAEE T peDNA-K507-S1 + peDNA-K507-Nitol A #] w4
A7F7F ER1E AT ol ARE & w FAHFT 5474 9
A T Ak A vt FAHETS vholg e o3 FA R FA AT

Az HWARkgE  FAFET Aol A¥FFE TxIHS o] ggt
lymphocyte proliferation assay s ©]-83ste] AALSFA T <Table 3-7>. FHAF A ¥}
pcDNA-K507-S1¢]  7F =& stimulation activity®  WERHA S
pcDNA-K507-N+* 2 pcDNA-K507-S1 + pcDNA-K507-N 3} 2] g z}o] &
YR A= skt 18y NC, CC, 183 VCat b= frolgh xkol& HeER ST

FAAHNE JF vhy Wale] AHARl WolgdE 7|# AGdA T4
HES volgl 25 HAEE o WHoRE RISt <Table 3-8>. ¥ AHF
59 & 7oA pcDNA-K507-Nv 3 pcDNA-K507-S1 + pcDNA-K507-N<*
(50% Woj&)S thE ol Mgt FoA Ue Wol&] AolE: YERAUL
Aol M= peDNA-KS07-S1 (50% ol&)e] thewd Hlusids w fo4d
A= o] &) AolE YEHIT TAHETE 9Y F 7] A BE AFaol
freld 2= Apols melx] egkar Al A= pcDNA-K507-Nwto] 7Hd &2
ol &S (66.7%) YERNAL pcDNA-K507-S1-2 50%2] o] &S Vel

oj’del A3tz = w Sl gene’}t N genee cloningdto] Al=d 70 AHH 4l o]

FANE 59 ¥ 238 A

+ pcDNA-K507-N+o] 9]

fd
gl
L
Hi
flo
ook
M

¢

Wolgats JdAE = ot A Hoades A& 5 Y do= FHA
WAlS n ovoR 13 WA K3l Wola]d] attenuated vaccinel = 23}
WAl S}= prime-boosting method®} WA Z=He]| #F3t= cytokine genes

genetic adjuvant® o]&3ste= WH T ot MAHFE WS MEste Ao
sttt e
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Table 3-6. Humoral immune response after DNA vaccination determined by

hemagglutination inhibition (HI) test

Geometric mean HI titer (logs) of serum”

Group™
Prechallenge 5 days PC 9 days PC
1. Normal control 1.7a 2.6a 3.5a
2. Challenge control 3.3b 3.5a 6.3b
3. Vector control 1.9b 2.7a 6.3b
4. pcDNA-K507-51 2.4b 4.8a 6.3b
5. pcDNA-K507-N 4.2b 4.3a 5.8b

6. pcDNA-K507-51

+peDNA-K507-N 3.3b 5.2b 7.1b

ANormal control: without vaccine and challenge; challenge control: without
vaccine but with challenge; vector control: vaccinated vector without insert
and challenge; pcDNA-K507-S1: vaccinated with pcDNA-K507-S1 vaccine
and challenge; pcDNA-K507-N: vaccinated with pcDNA-K507-N vaccine
and challenge; pcDNA-K507-S1  + pcDNA-K507-N: vaccinated with
pcDNA-K507-S1 and pcDNA-K507-N vaccine and challenge. At week 3
after second vaccination, all groups except normal control group were
challenged via eyedrop with 1x10™EIDs, of IBV K507-01 strain.

BValues within the same column not followed by the same superscript are
significantly different (P < 0.05).
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Table 3-7. The mitogenic responses of peripheral blood lymphocytes
prepared from randomly selected chickens with or without DNA vaccines
before challenge with IBV K507-01 strain

Group® Stimulation activity®
1. Normal control 1.01 £ 0.04c
2. Challenge control 1.00 £ 0.08bc
3. Vector control 1.04 = 0.07bc
4. pcDNA-K507-S1 1.30 + 0.18a
5. pcDNA-K507-N 1.13 + 0.09abc
6. pcDNA-K507-S1 pcDNA-K507-N 1.11 + 0.06abc

ANormal control: without vaccine and challenge; challenge control: without
vaccine but with challenge; vector control: vaccinated vector without insert
and challenge; pcDNA-K507-S1: vaccinated with pcDNA-K507-S1 vaccine
and challenge; pcDNA-K507-N: vaccinated with pcDNA-K507-N vaccine
and challenge; pcDNA-K507-S1  + pcDNA-K507-N:  vaccinated with
pcDNA-K507-S1 and pcDNA-K507-N vaccine and challenge. At week 3
after second vaccination, all groups except normal control group were
challenged via eyedrop with 1x10*°EIDsy of IBV K507-01 strain.

PThe stimulation activity (AOD <optical density>) was calculated by the
following formula: AOD = (mean OD of ConA stimulated cells) / (mean
OD of unstimulated cells). Values within the same column not followed by

the same superscript are significantly different (P < 0.05).
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Table 3-8. Protection efficacy of DNA vaccine determined by virus

detection
Virus detection”
GroupA 5 days PC 9 days PC

Trachea Kidney Trachea Kidney
1. Normal control 0/6 0/6 0/6 0/6
2. Challenge control 6/6a 6/6a 3/6b 6/6a
3. Vector control 6/6a 5/5b 1/6b 5/6b
4. pcDNA-K507-5S1 6/6a 3/6¢c 2/6b 3/6hc
5. pcDNA-K507-N 5/6b 5/6h 1/6b 2/6¢c

6. pcDNA-K507-S1
+pcDNA-K507-N

3/6¢c 4/6bc 1/6b 5/6b

“Normal control: without vaccine and challenge; challenge control: without
vaccine but with challenge; vector control: vaccinated vector without insert
and challenge; pcDNA-K507-S1: vaccinated with pcDNA-K507-S1 vaccine
and challenge; pcDNA-K507-N: vaccinated with pcDNA-K507-N vaccine
and challenge; pcDNA-K507-S1  + pcDNA-K507-N:  vaccinated with
pcDNA-K507-S1 and pcDNA-K507-N vaccine and challenge. At week 3
after second vaccination, all groups except normal control group were
challenged via eyedrop with 1x10*°EIDsy of IBV K507-01 strain.

BNumber of positive chicken / number of total chickens. Trachea and
kidney samples were collected and homogenized. The supernatants were
inoculated in 9-to-1ll-day-old embryos. After two blind passages,
Re-identification of the challenge virus were performed using dot-blot
immunoblotting assay (Song et al., 1998). Values within the same column

not followed by the same superscript are significantly different (P < 0.05).
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M4 Ads2HdUYS olEst IB fI&lXxt 2z
7| TH e

A1d AFAANTAE HFGTg=xAL

1L d7As 2 2
Ul Al A e AAAd 718 A Y (chicken infectious bronchitis,

IB)e] 434 EAS f1ddg FHolA EAlsta M g aclo] IB EAYd

o AL G WAEA BT T B AT de Rz} 4

Aol ZAs IB HAAE S A5 F v AFANAY ZdS FF8a o]

Rdlo] g §& TS g o] HA ot

Table 4-1. Number of households by province in Korea

. < 10,000- 30,000 >= 0
Province 45000 30000 50000 50000 Lol 70

Seoul 1 0 0 0 1 0.04
Pusan 5 0 0 0 5 0.19
Daegu 2 7 2 0 11 0.41
Incheon 14 7 3 0 24 0.90
Kwangju 1 4 0 0 5 0.19
Daejeon 1 1 0 0 2 0.08
Ulsan 5 6 3 1 15 0.57
Kyunggi 211 210 81 63 565 21.30
Kangwon 25 43 19 9 96 3.62
Chungpook 50 29 15 9 103 3.88
Chungnam 55 128 29 20 232 8.74
Cheonpook 418 103 4 5 530 19.98
Cheonnam 72 44 37 15 168 6.33
Kyungpook 355 182 42 33 612 23.07
Kyungnam 153 57 24 13 2477 9.31
Jeju 6 24 4 3 37 1.39
Total 1,374 845 263 171 2,653 100.0
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7b & AbeA 7R e et 20039 3€ 7]
izt dA ] ASA AbSET7hE 2653 7R
FAHa vt <Table 4-1>. AFSE57lF2 &2
| A F7he 21%9F 36%E HAsta AASTFE B
7} 30%9F 5%E A olE F A 9E Fpetd vt HA A
T7ke] 25% (¢F 6607F), HA AbSFa9 35% (oF 1,720%7)e &
t} <Table 4-2>.

Moo 8 8
N

Table 4-2. Number of laying hens by province (Unit: 1,000)

. < 10,000- 30,000 >=
Province 16000 30000 50000 50000 Lot %0
Seoul 20 0 0 0 20 0.00
Pusan 40 0 0 0 40 0.08
Daegu 19 106 79 0 204 0.42
Incheon 79 83 108 0 270 0.55
Kwangju 8 71 0 0 79 0.16
Daejeon 5 23 0 0 28 0.06
Ulsan 26 115 117 132 391 0.80
Kyunggi 93 3,850 3,041 6,342 14,673 30.11
Kangwon 77 839 722 874 2,512 5.16
Chungpook 30 506 524 958 2,295 471
Chungnam 27 2,377 1,081 2,455 6,191 12.70
Cheonpook 42 1,670 139 659 2,893 594
Cheonnam 51 689 1,369 1,447 4.020 8.25
Kyungpook 2,3 3,072 1,504 3,697 10.587 21.72
Kyungnam 59 1,013 913 1,200 3,723 7.64
Jeju 26 402 124 275 828 1.70
Total 5,691 14,822 9,725 18,501 48,740 100.0
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W1 =g IB 2 S Ee Ui ARE dolor AT W FUFE
A4 = ded gl FA FrkdlA BV fHEC g Aagdoel e A
27F A9 A vt o] & Thed AU AA s ol A
AT A (F VAR dHE AEsE Aot 1y o] Ade Y
doz gzg 7MgEe F3d Asol7] wie] A FHES Wgs=
o o w Atdrt THFHRE A9 de] 20039 FAAR ot A

Aoz 13719 7haEo] IBV SO = FAWE YA uE o] oA A Fskn}

Table 4-3. Number of outbreaks of IB by year in Korea

Month

Year 1-3 4-6 7-9 10-12 Total
1996 8 27 26 5 66
1997 2 9 13 1 54
1998 1 12 6 5 33
1999 2 25 9 1 71
2000 1 11 11 2 40
2001 8 25 13 1 56
2002 2 16 5 1 56
2003 5 1 6 1 22
2004 5 14 12 1 32
Total 122 140 101 67 430

_61_



W 2 ohE PP TR Rokel AR URY, ATL, G AL
Fohol fuBel U FAAT Qi Yootk £AANL o 10-30%9] W9
S CEROLD @%7}% %

o 714 1: FHE] 10%, AFFF 95%, FHFkel F10% HY el A
& daux AT 4 AF EH*J FAFE oF B B ARk
FE= AA 660719 5%E sz SR AT HAASFE AL

_/rt

e

A8 HEAT] (n, B AN S HEE 10%2 HET A9 A
A el aTHAW AT g AR B 2ANAE U BRE A
Sga ol ATAd] E FFL A4 e

L%_MI_QLM

=34.6
0.1°
n 35

a n 35

1+ N 1+ 660
o 7F4 20 FHE (p) 30%, AZFHFs 95% (1.96), &2k (e) T10%E 714
o FoRHdG RAASFE HE&sH o 727 sdo] Zasit & fHE
S 30%=2 7HAstd A5 U s oF 81 7HF Ha, AAE s
= HA 6607H¢] 5%E 2HetERRE FIEATE EAATE & (FAF

kel A" BEAY (n, )E AltEor ok weEbd FHE 10%S

7P A9 3N, FHE 30%E HEE A9 727 sl %ﬁfﬂ‘:‘r.

0 12 =80.7
n 81
n,= = =172
1+ 4 1+j5L
N 660

o 7k 3 FHE 50%, AT 95%, kel F10% W WA FAHAAE
Qg AR A AT U BFEE O 96 At HM, FRndd

HAAFE Agste] FAE £227] ( n, )= 84 7H7F Ak

_62_



" e’ B 0.1%
n 96
n,= = =384
1+ 1428
N 660
gifs el st FAFEE, duASdE @ M FFo nas FHE
L FAEY AQd TEAVE 9okE A <Table 4-4>¢ 2th o4 A
Aol whel 34-7270 S ZAFSEY AT Ao FEE HE3 A8 13y

Table 4-4. Sample size for prevalence estimation

Confidence level (%)

90 95 99

Accuracy (%) Accuracy (%) Accuracy (%)

Pre‘(’;j)ence 10 5 10 5 10 5
1 3 11 4 15 7 26
5 13 51 18 73 32 126
10 24 97 35 139 60 239
15 35 138 49 196 85 339
20 43 173 61 246 106 425
25 51 203 72 288 125 499
30 o7 227 81 323 139 957
35 62 246 87 350 151 606
40 65 260 92 369 159 637
45 67 268 95 380 165 659
50 68 271 96 385 166 663
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Table 4-5. Sample size for detection of at least one positive

Confidence level (%)

Prevalence (%) 90 95 100
1 229 298 458
5 45 58 90

10 22 28 44
15 14 18 28
20 10 13 21
25 8 10 16
30 6 8 13
35 5 7 11
40 5 6 9
45 4 5 8
50 3 4 7

stolAsh o] IBVS & 442 10-30%% 7148 4% <Table 4-5>

£ &85 FHE 10%NA 284, 20%°lA 135, 30%°1A 84, 50%A 8

SR ANHELE g 82859 AAE Awstd A gy B AT
Kl

10¢] AAE FA9 2 Austel 47tg Zgsgh

4

1
n=(1-(1-P "x(N- 251)

7F4 1t N=15,0005, P=90%, n=105+% 2%

1
n=(1—(1-0.9) “x(15000 — l%L)zzzo%
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Fig 4-1. Hemagglutination inhibition (HI) geometric mean titers (GMT).
The numbers at data point represent the ranges of HI GMT.
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Fig 4-2. Hemagglutination inhibition (HI) geometric mean titers (GMT).
The numbers at data point represent the ranges of HI GMT.
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Fig 4-3. IB negative flocks with no clinical signs or egg production rate.
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Fig 4-5. IB positive flocks with high HI

or change in egg production.

titer but with mild clinical signs
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Fig 4-6. IB positive flocks with high HI titer but no changes in egg
production.
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Table 4-6. Risk factors and categories relevant to the infectious bronchitis

(IB) cases among layer chickens, 2003-2004

Risk factor group Risk factor Categories

Strain Chicken strains Hyline, Roman

Flock size Flock sizes 1-15,000, > 15,000

Age Phase of laying cycle <= 17 w (before laying)

18-34 w (EPP)
35-56 w (MPEP)
> 56 w (LPEP)
Entry of chicks Method of Continuous or
All-in—all-out

Peak Season showing highest EP  Summer, winter
Ventilation Ventilation system Yes, no
Infection Infection other than IB Yes, no
Operation Operation years of houses < b >=5 year
Stress Cold stress in the houses Yes, no

EP, egg production; EPP, early phase of EP; MPEP: middle phase of EP;
LPEP: late phase of EP.
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Table 4-7. Univariate analysis of relations between risk factors and
infectious bronchitis (IB) cases among 27 flocks, 2003-2004

IB positive IB negative
(n=12) (n=15)

Risk factor No. % No. %
Age

<= 17 weeks 4 33.3 7 46.7

18-34 weeks 4 33.3 2 13.3

35-56 weeks 3 25.0 5 33.3

> b6 weeks 1 84 1 6.7
Strain )

Hyline 7 58.3 7 46.7

Roman 5 41.7 8 53.3
Flock size

1-15,000 3 25.0 3 20.0

> 15,000 9 75.0 12 30.0
Entry of chick )

All-in-all-out 6 50.0 4 26.7

Continuous 6 50.0 11 73.3
Peak

Summer 8 66.7 9 60.0

Winter 4 33.3 6 40.0
Ventilation

Yes 8 66.7 6 40.0

No 4 33.3 9 60.0
Infection

No 3 25.0 0 0

Yes 9 75.0 15 100.0
Operation

<5 1 8.3 8 53.3

>= 5 year 1 91.7 7 46.7
Stress

No 3 25.0 4 26.7

Yes 9 75.0 11 73.3
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Table 4-8. Independent evaluation of the potential association of risk

factors with a diagnosis of infectious bronchitis (IB) cases, 2003-2004

Risk factor PE OR (95% CI) p-value
Age

<= 17 weeks Reference

18-34 weeks 1.257 3.50 (0.431 - 28.45) 0.2416

35-56 weeks 0.0488 1.05 (0.159 - 6.924) 0.9596

> 56 weeks 0.5596 1.75 (0.084 - 36.29) 0.7175
Strain

Hyline Reference

Roman -0.470 0.63 (0.135 - 2.89) 0.5476
Flock size

1-15,000 Reference

> 15,000 -0.288 1.33 (0.12 - 4.62) 0.7565

Entry of chick
All-in-all-out = Reference

Continuous 1.012 2.75 (055 - 13.75) 0.2180
Peak

Summer Reference

Winter -0.288 0.75 (0.15 - 3.65) 0.7218
Ventilation

Yes Reference

No -1.098 0.33 (0.07 - 1.62) 0.1740
Infection

No Reference

Yes -12.736 - NC -
Operation

<5 Reference

>= 5 year 2.531 1257 (1.28 - 123.55) 0.0299
Stress

No Reference

Yes -0.087 0.92 (0.161 - 5.21) 0.9220

PE, parameter estimate; OR, odds ratio; NC, not convergence.
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Table 4-10. Probability of IB infection estimated by logistic function
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Table 4-11. Risk factors and categories relevant to the infectious bronchitis

(IB) cases among layer chickens, 2002-2005

Risk factor

Description

Categories

Year_op
Flock_No
FLK_SIZE
GRW_YNR
MTD_YN
MOLT_YN
INTRO
TEMP
GRW_TYPE
ADT_TYPE
VENTX
EGG_CT
FEC_TR
FEC_TNX
CARCASSX
VISITORX
COLD
ND_TOT

Operation years of houses
Flock numbers

Flock sizes

Type of farm

Presence of multi-age flock
Molting practice

Method of entry of chicks
Checking temp/humidity
Type of growing house
Type of laying house
Ventilation system

Method of egg collection
Method of feces disposal
Frequency of feces disposal
Carcasses disposal

Sanitary measure for visitors
Cold stress in the houses

ND during 2002-2005

< 5, >= 5 year

<2, >=2

3categories

Yes, No

Yes, No

Yes, No

AlAA=*, continuous
Yes, No

Open, closed

Open, closed, both
Power, others

Hand, belt, both
In-house, out-of-house
Weekly, monthly
Incineration/burial, other
Yes, No

Yes, No

Yes, No

* AlAA, All-in-all-out system.
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Table 4-12. Frequency distribution of risk factors by with or without
infectious bronchitis (IB) cases, 2004-2005

IB positive

IB negative

(n=12) (n=15)

No. % No. %

Year_op <5 4 8.33 16 41.3
>= 5 year 44 91.67 23 58.97

Flock_No < 2 22 45.83 28 71.79
>= 2 26 54.17 11 28.21

FLK_SIZE <=30,000 16 33.33 17 43.59
30,001-100,000 21 43.75 20 51.28

> 100,000 11 22.92 2 5.13

GRW_YNR Yes 14 38.89 10 41.67
No 22 61.11 14 58.33

MTD_YN Yes 34 70.83 12 13.79
No 14 29.17 27 69.23

MOLT_YN Yes 25 86.21 15 78.95
No 4 13.79 4 21.05

INTRO All-in—all-out 17 35.42 25 64.10
Continuous 31 64.58 14 35.90

TEMP Yes 13 30.95 18 46.15
No 29 69.05 21 53.85

GRW_TYPE Open 12 57.14 10 76.92
Closed 9 42.86 3 23.08

ADT_TYPE Open 14 51.85 10 66.67
Closed 10 37.04 3 7.14

Mixed 3 11.11 2 4.76

FEEDX Link-type 32 88.89 22 91.67
Traditional 4 11.11 2 8.33

VENTX Power 18 37.50 9 23.08
Others 30 62.50 30 76.92

EGG_CT Hand only 3 11.54 1 6.67
Belt only 18 69.23 13 86.67

Both 5 19.23 1 6.67

FEC_TR In-site 13 36.11 10 41.67
Vehicle 23 63.89 14 58.33

FEC_TNX Weekly 23 4792 28 71.79
> Monthly 25 52.08 11 28.21

CARCASSX Incineration 25 53.19 26 66.67
Feed stuffs 22 46.81 13 33.33

VISITORX Sanitation 14 29.17 16 41.03
No-sanitation 34 70.83 23 58.97

COLD Yes 23 48.94 25 64.10
No 24 51.06 14 35.90

ND_TOT Yes 39 81.25 21 53.85
No 9 18.75 18 46.15
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Table 4-13. Independent evaluation of the potential association of risk

factors with a diagnosis of infectious bronchitis (IB) cases, 2004-2005

Risk factor PE OR (95% CI) p-value
Year_op

<5 Reference

>= 5 year 2.035 765 (2.29 - 25.56) 0.0009"
Flock_No

< 2 Reference

>= 2 1.101 3.01 (1.22 - 7.39) 0.0164"
FLK_SIZE

<=30,000 Reference

30,001-100,000  0.109 1.12 (045 - 2.79) 0.8151

> 100,000 1.765 584 (1.12 - 30.54) 0.0365"
MTD_YNR

Yes Reference

No -1.698 0.18 (0.07 - 0.46) 0.0003"
INTRO_R

All-in-all-out  Reference

Continuous 1.180 3.26 (1.35 - 7.87) 0.0087"
FEC_TNX

Weekly Reference

> Monthly 1.017 277 (1.13 - 6.79) 0.0264"
ND_TOT

Yes Reference

No -1.312 0.27 (0.10 - 0.70) 0.0074"

PE, parameter estimate; OR, odds ratio.
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1+ e—(1.92+0.85x Year,, X Flock X— 2.07 X— 3.25 X MIti,,, < 0.4 X Fec,,x—1.07 X ND)
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Table 4-14. Multivariate logistic regression of the potential association of

risk factors with a diagnosis of infectious bronchitis (IB) cases, 2004-2005

Risk factor PE OR (95% CI) p-value
Year_op 0.8496 2.339 (0.677 - 8.083) 0.1794
Flock_No -2.0715 0.126 (0.012 - 1.272) 0.0790
Multi-age -3.2487 0.039 (0.004 - 0.366) 0.0045
Fec_TN 0.4029 1.496 (0.596 - 3.756) 0.3910
ND -1.0705 0.343 (0.119 - 0.987) 0.0473
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Table 4-15. Predictive probability of IB outbreak by farms using the

logistic regression model

ID_.NO OP_YEAR2 RFLK_NO MTD_YNR FEC_TNX ND_TOT PROB

1 1 1 0 0 0 0.66794
2 0 0 0 0 1 0.70063
3 1 1 0 1 1 0.50781
4 1 1 0 1 1 0.50781
5 1 1 0 1 0 0.75059
6 1 1 0 1 1 0.50781
7 0 0 1 1 1 0.11968
8 0 0 1 1 1 0.11968
9 1 0 1 1 0 0.48116
10 1 0 1 0 0 0.38265
11 1 1 0 0 0 0.66794
12 1 0 1 1 0 0.48116
13 1 0 1 1 1 0.24123
14 1 1 0 0 0 0.66794
15 1 1 0 0 0 0.66794
16 1 1 0 0 0 0.66794
17 1 1 0 0 0 0.66794
18 1 1 0 0 0 0.66794
19 1 1 0 0 0 0.66794
20 1 1 0 0 0 0.66794
21 1 1 0 0 0 0.66794
22 1 1 0 0 0 0.66794
23 1 1 0 0 0 0.66794
49 1 1 0 0 0 0.66794
50 1 1 0 0 0 0.66794
51 1 1 0 0 0 0.66794
52 1 1 0 0 0 0.66794
53 1 1 0 0 0 0.66794
54 1 1 0 0 0 0.66794
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Table 4-15 (cont’d)

ID_NO OP_YEAR2 RFLK_NO MTD_YNR FEC_TNX ND_TOT PROB
55 1 1 0 0 0 0.66794
56 1 1 0 0 0 0.66794
57 1 1 0 0 0 0.66794
58 1 1 0 0 0 0.66794
24 1 0 1 1 0 0.48116
25 1 0 1 1 0 0.48116
26 1 0 1 1 0 0.48116
27 1 0 1 1 0 0.48116
28 1 0 1 1 0 0.48116
29 1 1 0 0 0 0.66794
30 1 1 0 1 0 0.75059
31 0 1 0 1 0 0.56272
32 0 1 0 1 0 0.56272
33 1 1 0 0 0 0.66794
34 1 1 0 1 0 0.75059
35 0 1 0 1 1 0.30612
36 1 1 0 1 0 0.75059
37 1 0 1 1 1 0.24123
38 1 0 1 1 0 0.48116
39 1 0 1 1 1 0.24123
40 1 0 1 1 0 0.48116
41 0 0 1 1 0 0.28394
42 1 0 1 1 0 0.48116
43 1 0 1 1 0 0.48116
44 0 1 0 1 0 0.56272
45 0 0 1 1 0 0.2839%4
46 1 0 1 1 0 0.48116
47 1 0 1 1 0 0.48116
48 1 0 1 1 0 0.48116
59 1 0 1 0 1 0.17526
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Table 4-15 (cont’d)

ID_NO OP_YEAR2 RFLK_NO MTD_YNR FEC_TNX ND_TOT PROB
60 1 1 0 0 0 0.66794
61 1 0 1 0 0 0.38265
62 1 0 1 1 0 0.48116
63 1 0 1 0 0 0.38265
64 1 0 1 0 0 0.38265
65 1 0 1 0 0 0.38265
66 0 0 1 0 0 0.20951
67 1 1 0 0 0 0.66794
68 1 0 1 1 0 0.48116
69 1 1 0 1 1 0.50781
70 1 0 1 1 0 0.48116
71 1 1 0 1 0 0.75059
72 1 1 1 1 0 0.10462
73 0 0 1 1 1 0.11968
74 1 0 1 1 1 0.24123
75 1 0 1 1 1 0.24123
76 1 0 1 1 1 0.24123
77 1 0 1 1 1 0.24123
78 1 0 1 1 1 0.24123
79 1 0 1 1 1 0.24123
80 1 0 1 1 0 0.48116
81 1 0 1 1 1 0.24123
82 1 1 0 1 0 0.75059
83 0 0 1 0 1 0.08330
34 0 0 1 0 1 0.08330
85 0 0 1 0 1 0.08330
86 0 0 1 0 1 0.08330
87 1 0 0 1 0 0.95982
88 1 0 0 1 1 0.89117
89 1 0 0 1 1 0.89117
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Table 4-15 (cont’d)

ID_NO OP_YEAR2 RFLK_NO MTD_YNR FEC_TNX ND_TOT PROB
90 1 0 0 1 1 0.89117
91 1 0 0 1 1 0.89117
92 1 0 0 1 0 0.95982
93 0 0 1 0 0 0.20951
94 1 0 1 0 0 0.38265
95 1 0 0 1 0 0.95982
96 1 0 1 0 1 0.17526
97 1 0 1 1 0 0.48116
98 1 0 1 0 0 0.38265
9 1 0 1 0 1 0.17526

100 0 0 1 0 1 0.08330
101 1 0 0 1 0 0.95982
102 0 0 1 0 0 0.20951
103 0 0 1 0 1 0.08330
104 1 0 1 0 1 0.17526
105 0 0 1 0 1 0.08330
106 0 0 1 0 1 0.08330
107 0 0 1 0 1 0.08330
108 1 0 1 1 0 0.48116
109 1 0 1 0 1 0.17526
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5. @383 AHAl
7}, HI #HAF

IBVel gk Al 7b= 719 w3l Bad e F35ko
AstAtt (King &, 1984). @38 56Tl A 3023t Bl &3kA 7l £

AAs7] fAste] 3 50ulE 125% kaolin @& 150l Hol (HHs
1:3) A2olA & AIZF EF WA VE Zelo]Edd A pH 65=
HEPES buffer salineg 25u0 Fata 3|4 s 3 S 3000rpmel A 10
A8k kaoling HAAZ FF AL 50ped H-& F 254 271 3|14
o} ZE welldl 4 HAUZ 348 IBEY (WA AEATA2)S 5002 &
o] 4TColA 40E7F ¥HSA7]32 PBS §Ho= 3Mg 1% H4E+E 25
skl 4Tel A 4083F wHEAIZ &
T Al FS AR d=egl. ¢
5

7
k& 50070 FH Aol distel LT WHeR HI AALE AAISHA
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Absh 8 AR E2Ae 2AR Aol 7]

T 1 ol AEHEE A (U=

3
¥ 49 Ul 4 5l 7 V1S A8skat

g2 212 2 A4S & 7
ARFA AN 9 o4 Gk HoE 1A o4 FEHE A (1F 1),
9 o4l 477k Holm ) o] PEHE AT (1F 2), 10 o1 G}
ol o

A%

Aol thsto] 44 o] /HAzREH AL
=3 L

T 84 of A3l Add &3t gtk
A9 G7HE AE8e] #AA4sr] s WAl T/ 9 HE AV, S,
AT AA HAEAE S B3 AR}

o

53] paired @Al thate] 7he]
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x
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oo}
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A7} 10 o]/do] 27 o] dolar Aok
#1381 KAPPA FA1%S AlAFsEth. <Table 4-16>A] 1

7
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=
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[c]

oz

A

712 2: ELISA <7}7F 10,000 o] Are]lar CV7F 40% o]
oE]

71% 1: ELISA <7}7F 10,000 ©] 4l A%
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| A8k ELISA ALl

- 3
gdwldolmn g o] F ALY dAEE v $
oF

Table 4-16. Agreement between HI titer and ELISA, using KAPPA

statistic

HI 7be] A% &4 874 7]

AN

HI1 HI2 HI3 HI4 HI5 HI6 HI7

ELISA1 0.1667 0.2347 0.0934 0.248 0.0943 0.2689 0.0701
ELISAZ 0.0089 0.0193 -0.1012 0.0203 -0.1272 0.0279 -0.1189

A4 8ss Q9E ELISA gAbge uAFA= 398 olgstel T 5
M FAE AEHE Ao AEd; B Fo FHS PASE FAl
glovt AAbel MgEst Solwo] @ ARsF ¥Hstel ANE A=
4P Fo8 BaR @k HI AAb8el 4% BVE 29 2o 4878 S
Aok weel gy WEel BY @4l datd 54E AUP @ F $UA
AE AW HE BAZ AAEe BEse] BE A4ake] FAF vk 1
G HI A4bdls 2490 b2 39 A8 5 onw @49 ol
AT 5 e FHel Atk F A GAEE QMo WA Al

t}. Pooling @& o] &3 4HE =4
D A&
IBE st WHoeEZs IBVE A4 FEstAY W9 FA3
H A
H

THELAHANE  (RT-PCR), SHAZZ
(ELISA) &°l AH&-5m (Wit 2000; & 31 1989) AR AHAll A€ 54
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o] AFEA o wep thdstA AFE T 1 FolA IBe A AUtE A
st HI A AW 27] w8S HA=stked &8k 9l jkgs A714
o7 RUHHAY oFe] ZHHl olgh A Jrte] wstE gl HAH L
2 &3] AR v &o] Attt FHom Tt dEsh= Wl
(Wit 2000, OIE 2004). =7Feell A diqti Rydds tidew d% 713
& (seroprevalence)s ZFAletE ATFolA /MEAEH S AFEE 45 AAM] &3
o] @Wol Aave AR witel tEe] AREE Aok st Astel A

H & & &4 WS 18d 287F ok (Cahoon-Young & 1989; Kline
1989; Christensen¥} Gardner 2000; Wells 5 2003; Jordan 2005). #HAFA S
Zol= 3 A fct Htﬂ‘a%é T &9 FHEA (pooled sera)S
Abst= Aol JHEE A Ea A5 w49 79

KeN
A 1:1 oT
Nk om»} o4 e %zgfg -

=

o

:i
@
nu
j&
oi

o M o¢
r:i
2
N
N
i
il

= 5 oY A ZHAA A

S wrh HI 84 ol8eel AWEH elrtsh uaysl st o

0o 1o gt O HJr oY it ol rlr
m1m

= 1 T s =
B setaln ool o WH AuMEe wagezd FEAL
4H B HsAe B Ao WS Fas

2005”‘ 1979 20069 2€7bA] gt o)t B &
% 500079 HES A AFEEATE o] AEE Ad, AV, 5, T

50070 Ab&AEel A Ald G FRYE AdE d¥

A7tel G BABIIES el A T=daket 2o pEEH
2 9r7te] A= HAAF IAANS AFA
etermination) & %‘%3}‘21 ot AR AT
dH o] A7FE MNEER Y HdqrtE A ] S
= 100%°] AMEs zZtetes A4S gujdth FHEH 97t HA 7
4 (optimal cut-off point)e x%2] 7[YAHE (1-5ol%)d Hgstes UaEE
yZo] ZE3I ROC (receiver operating characteristic) =X o2 713ttt
(B3 gk 1999; Greiner & 2000). =4 ofg] WA (area under the curve,
AUC)# =443 vde 7EddA "R, 5ok, o3k, Sk
(likelihood ratio)E& AlAtstAtt (¥ 5 2000). 7/HEEH F¥E (individual
prevalence) ¥ tH A FHE (pooled prevalence)e] =Foli= FholAly AR S

= Hrhadeh
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Table 4-17. Diagnostic performance of pooled test by four criteria

Criteria Pg‘t’é‘;d Se Sp PPV NPV LR+  LR-

Criterion 1 7 0987 0756 0925  0.949 4.05 0.02
8 0883 0939 098 0728  21.72 0.12
9 0719 0992 099% 0535 8342 0.28
10 0.438 1.000 1.000  0.367 NA 0.56
Criterion 2 7 0997 0564 0813  0.990 2.29 0.01
8 0954 08 0926  0.907 6.57 0.05
9 0814 0971 0982 0732 28.00 0.19
10 0.438 1.000 1.000  0.367 NA 0.50
Criterion 3 7 0997 0533  0.789  0.990 2.13 0.01
8 0965 0830 0908  0.932 5.67 0.04
9 0836 0967 0978  0.772 2537 0.17
10 0.519 1.000 1.000 0543 NA 0.48
Criterion 4 7 1.000 0394 0624 1.000 1.65 0.00
8 0988 0639 0.734 0981 2.73 0.02
9 0928 0843 0857 0921 5.93 0.09
10 0633 0976 0964 0725  26.29 0.38

Se, Sensitivity; Sp, Specificity; PPV, positive predictive value; NPV,
negative predictive value; LR+, positive likelihood ratio; LR-, negative
likelihood ratio; NA, not available.

pool=1.2498+0.8952xmean) <Fig 4-7>. & Aol 7143 v 71x] ¥A #A
7ol & ROC JAoA 7l& 19 4§ AUCE 0975 (9% (I,
0.958-0.987, SE=0.006)%2 7} =3 7]F 4+ 0.946 (95% CI, 0.923-0.964;
SE=0.009)2.2 7} ot} st 7|& 29 715 3o A= 22 0969 (95% CI,
0.950-0.983; SE=0.007)¢} 0.946 (95% CI; 0.951-0.983, SE; 0.006)°.2 &4 %A}
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(=)

836-0.954, Eo]%== 0.843-0967 WIS wlon 7|+

o], 71 3% 4= FHIA A7t 9 o] 7] F
qo t} <Table 4-17>. /WEIH 7 A 7]EHA FH

2o FHES ud w 7]FE 1 (754%} 67.6%)3 3 (63.6%$F 54.4%) 0l A
o=

Folg Aole HIAAW NF 29 dNHE F FEE T Ao

2 o0

Table 4-18. Comparison of prevalences between individual and pooled

sample by four criteria

Pooled prevalence (%) at
pooled titer of:

Individual

Criteria prevalence (%) 7 8 9 10

1 75.4 80.4 67.6% 54.4x 33.0%

2 65.6 80.4 67.6 54.4x 33.0%

3 63.6 80.4% 67.6 54.4x 33.0%

4 50.2 80.4x 67.6% 54.4 33.0%
* P < 0.001.
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el = 1 MTEE - 1S Ganin

" T

il [SYSFHPESY P

Fig 4-7. Relationship between pooled titers (pool) and mean individual titers
(mean). Coefficient of determination = 0.872, SE = 0.0154, p<0.0001.

(I
oo
nvy
=
E 06
‘= 0.6
=4
R 04
0 e Crilerion 1 ALC=00875 {0, 9550, 557
0.2 = Critarion & ALK TGS 40, G500, 5830
a Critericn 3 ALC=00370040, 951 -0, 28535k
01 — Criterion 4 ALCS[LUUAG {0,597 3-0, 9640
u i i i i i i 1
0o oty 0¥ 03 04 08 06 OLF O 09 0
1-Specificity

Fig 4-8. Receiver operating characteristic curves for 4 criteria. Arrows
represent optimal cut-off points at each criterion.
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w ArelA FHEA Grtel Wi NEEA Htriel AHEe 8% =
= dEbstth 538 AAEG7F 25w ¢ He] #dAo]l =24 ol =
W IBe] FHEC] =t Hol HFo & o &8 JhsAol We =53 A4
ek o= #HAE Fme Azl wed ofzhe] Zolrb dARE IBO] AE7)7F
18-36A1 o= v . Hdurt 346 war] wio] (Calnek & 1991) &
8] IB7F dAE = AdolAs A AMAEC] Ao #AEE de Tt
S0l =7 wWEelth oY d 542 ROC #4S o] &3 z1de] HgmoA
= AR A3kE 2ok AUC eiA 3k ddste] AlAlE 7] (Swets, 1988)
(05 olst= xFE R gle, 05-07 ¥, 0.7-09 F5%=, 09 o2 v¢ =
ol olatd & ATelA AAEG 7kl i i rie] AUCE <Fig 4-8>°l

A H5Te] 0.946-0975 MR ¢ xS ASEE Hols Zow #4HU
FdAY Arte] FERA Vs AASE A2 FHE FAHAA W T
stoh. A AR FEske e VEde Ui = AAsd dA=
Aol dFolle Aol fle woR ERH /e Ee] FUstER 54
SEe vopxlt, Wiz Ao VEHS WA AAskd Az Aol =
WA= B 23E ] Wites S7kskes W hFAd Eol SUkskel YA A=
Ee Sobxith

(Smith 1991; ®F¥} gk 1999). o]elgt =z 2 A4 4

Asl el gt HA 7EA 2,

dges AN HA 7Sl

0.843-0.967 W& Hol HlwA =& 4
= o
g

M AEEd FHES Gl

il
>~
>,

1F 3914 92%, /1% 490 A 42%8] AolE mol WY 71Fel ueh

g9l Aot ge AR oel @ Aelo] WAL R 4N Aol Fhsd)

oowA B AAARE $0E S Ax DAY 4 ety el 4

S5 fHEY Aot FAT & gl
=

S Absk A AR ARG Baol @Rl ~

¢

g 7FAEH FAdESEE 321%0 A 174% 2 ol AALAI Y
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o] 7] ol A

- e HA A V1EAd 2 gEol Wi =1 wAH] (log odds)

- p = AGA 7BAE (Ao] TAYY FF

- By = 24

- BBy ...B, = GTEA ARAA A& W X, Xg, .. Xy, )0l
g 3 AAF

ol F X7 (artificial neural network, ANN)<2 t} 29l E4] (multifactorial
analysis)& Fddte AL WHECR oA odF E7F 2 sEl el &
S5 grh. B Aol st A 2 ANNS multilayer perceptron (MLP)
© 2 input¥® output node Abele] hidden 1ayer7} AZAHH 7} F oA BE
node’} A2 AZ% three-layered MLP 28 o2 feedforward type°]th.
OLEﬂﬂ input gkol &7-% = output o= tﬂaﬂfﬂ]k— Weko] H(FoA =
olEdte FHE ATt E AT HA A5 B HA o F-= output node,
Z} THoRFEEH A2 AAbEE, %‘r%‘ﬁ*@%ﬂrﬂ, ‘@E’l‘lﬁf ol Fg AggtxAt
At input node’t =™ 7} node¥™ inputo ®4-E
(weighted signa)& @3to] HIA&E o] FEl= outputS LA dth
ANFAAT Y-S 22X IARYH vl FAsY FEAE (training

o JlN

set)Z o]&3}le input, hidden, outputzte] T<FHRAES AL T HAEAER
(validation set)& ©o]&3fo] A ?ﬂr%%%‘ (pattern  recognition or
classification task) 5 ] | 0} A "Joh 2g4A gdAldA FgeiA 2 FAH

UP%’\W]% 3];519] 2y i B4, dEs

O
g JA, 53] hidden layer 7H

=]
=

© S =

TE Hastste 29 oA, @ fdA 8T e BE eItk

AN-TA ™ B8 (artificial neural network, ANN)2 =X|~¥ 37 2¥

w-$- FAFSIY EHEAFE (training set)E ©]&3}o] input, hidden, output?te]
St AE AAT & A=xF (validation set)E o] &35l AA HdFd
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qe AE AXAAT] Wiel (5 F IS S¥eA FEsTE duHel &
el WM gltke oudd) ofd JpEAQl sty Mg s HAH o A
2 7 gloh web AW B o]yg dSHEE Al skl mlAl
shAINE oW ZolE FEEF= T HYHE dAEE ST AAol Z
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node?} A2 AAZAH three-layered MLP 2 & ° 2 feedforward o8 T3
o B AFHAe] A IB HA oJHF= output node, 7+ iﬂoi"%ﬂ o
APFAR R, AAE, SA AR, NAHE Sol #e T A ARE |
node’} ¥t} hidden layert FH I = AMWHE 535to] HL3HEE Z2A
gk},

. Training fact®} hidden neuron 7l ZA 7

a3 279 4 (fact)9} Hidden neuron®] <ol #3k AA
Lawrence, 1994)7 A3 A o2 sty on Udntd oz 2139
(3 hidden neuron® 7} BS45%) T2 Zo® 4#A 3l
fact7} Y5 Ao 274 %o]l 7] (memorize)sh= < A17F A3
BHs}oll oj 2o lth ¥, hidden layere] 714=¢} ##3te] hidden
neuron®] 7} UF A& A% networke FH7|7F T =52 7|37} 3]dls)
A= FAZ Ja, v e ¥ 2o petworke] e #eA v Ankslal
=d EAZE dAsoh A4 o] Zadk 79 4 (number of training
facts, TF)¢} hidden neuron® 4 (HN)E ZA T u FHF= UHS o334
Fag=3

>
NI
ol
ol

4 o

N
e =g R
T g o M

o
—~
=2

fu Ay 2 o
i

1

3 10 TFY e AlHE %o £ 5= neuron 752 2-98) M= A3ttt
TF = 2 x (inputs + hiddens + outputs) ~ 10 x (inputs + hiddens + outputs)

= =0 6709 input, 3709 hidden, 170¢] outputo 2 T E A AW 79
20710070 9] fact7} H L3k o nm gt}

710l gl7] wtol] AFAbe wmeE 3] total facte] 10%

e HN ﬁxé
-3 NG AS Al (testing case)oll tisle] dutsE & g 4 =
REo|x|ut BE training facte] W3dte] ¥t 53 AL 18 F23%
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oyt &l S =o]7] 93te hidden neuron® FE S7FshA =

KN
Aol webd e EBee] gasts F4E Atk

W L HNS dAs= ddiAQl

HN = (inputs + outputs) / 2

dZ 9] 6709 input, 1719 outpute® FAH A AL A 37470 (o: 3
M2 A7) hidden neuron ©] A EeS o|n| st}
] v

20 F WA WYL training factoll error tolerances ¥ 3te] AlAlst+=
Holth, dE Eo] 100719 fact?t 91l error toleranceE 0.1% AAdE= 44
100x0.1=10712] hidden neuron¢] ZAZA ¥t} A, Wy ()3 WA

2 B AE AMEE = 9t S (3+10)/2 = 677709 hidden neurone] A
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dZ Eo] 67019 input, 1709 output, 100709 fact= FAE AATo H$
3~4370¢] hidden neurone] % AdgS on| sk},

W 40 Input neuron¥t output neuron®| 7|3t S ARE3)

Aol A 23709 input neuron® 1709 output neuronl = FA %o 3
oF 57) W9l HNeol] A4t Aoz Aest 4 gt}

71€F HN 243 #dste] 53] 7 WA Wie A3 hidden neuron®] 5
skl Melsk = 9l 7 FE FolE WA WYe
testing toleranceZ 7} 23 49 factE: IE5T F

T
Ry
2= A $ol= hidden neuron® +& Zo|x= AHo] Er}.

rr
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t}. Backpropagation network

o

e
M BN

rir

SHWTE A%k input layer, input HHOZRE A 5

=

+ hidden layer (middle layer), {1 &+d & &2 3= output layer

ol
-

KeX
=

ol ox

3709 layerE ztE= multilayer perceptron =& o]t} Z}F layerE neuron©] 2t
3t A YA E (processing element) 22 A & 1 input layer®] Z} neuron
hidden layer®] =& neuron® 1A ™ L3+ hidden layere] X neuron
output layer®] X £ neuron® AZAHE= FZXE ZE=th input layer$t
output layere= HHgAom AAE ol A Fvh FH= AFAL FejolA
AHE T input layerel Al output layer=Z HAFH o=z AdErt (feed forward
network; 9&A LEHOR) AAW TH9 HAL dFA ¢ HAAIA
atol & Hastele Aot &5 FHE AAWoRE oSFE Ao AA ARE
Hlagh o Yelys 3= A4 %9 inpute 2 oA AEsta 7t E 24
gogy ANRAHORE HF THo] AUYsHEE AATE Z

ol 4 “backpropagation (¥+= back-error propagation)”’©] %

fo o K

k)

AR F9 (training network) ¥ 38 2.2}

729k biasE A8t Al
gradient descent method)®]t}. 7}5%]7

!
2ol =23 A9 networke THEAHY T 3l

Min E, = 05 Zi(T-0y)*

E = 2K,
o7l A E,& 543 £ fact pot #FHHA 1, Ty 54 £ fact p
of th&te] &2 neuron jol W3 Hx E=HF, O A F4A fact poll <9
) A/ E neuron joll tigh HA| E=€gk Ex &9 seto]l tid F Ak (total

error) & 2| 7| ko,

AAHQ elnlol A Fdolet F& AAY FER stolF AR (AA)F F3
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o F5T F U=F wSAIE vEAQ RGolh FH AAIHAA AF
o] A4 7}5A (connection weight)= 292 gddHc) 39 & FdxR
o] A WA fact (dlo]EIw]o] =2 recordE 2|v])e] HHWMGo| EASIY A
(£9)E FAHES st} o] FAAE AA M Ao vuwgteh, v Fd
FA X (training est1mate)7} AA AdAFe] Q=358 (training or error
tolerance) W91 Wel A& A5 o FHA= SHE AR T vF
factE AAlsfEot. A FZA 7 oAk &8 WS ol &HakA| Fevd A
gol Ad PHEE HSAA LAE FoEF St olYgt FAAAHL ANAY
o] B factel tiste] &SnbE AAS W wj7hbA] RbEA "rh v BE
factell di3dte] 100% Suke A4S 2A4dskA] Esvhd A7z 443 T8
Aol =add wj7bx] wkEgith g A AT o SX7F A Al o
AR AR A E Y AREA AT 9 EHE o] SukE A4
ojgtal FE= e WHE vt o & =9 output patterno] A

1459 4 FH o] +1942bd H9+= 3397F 9 019 toleranceE % -83H 339
7} Hl=1 o] &Y zko] training pattern®] F33.9 Mol 9 wf Luf

AAoletal kFgh= AS ou| gl tolerance”t 0°leh= A2 A4

1 o] =943l diste] output
neuronal activityZ7b 0.9 ©o]/dd A4 52 "AA W] st HAH ol 011411
@47 t3to] output neuronal activityZb 0.1 v ¥+ A9« A AT
AAF7E eurE Aow FITE AL 9n Aoz @ xte
018 &3] A&y, Qqofstd FH 23 (training erron)eE AFE
(connection matrix)E& HABFo =N Hisgth 7teAE FAAT= &
o 9Hdy9 =¥ (backpropagation of error), gradient descent method,
Levenberg-Marguardt algorithm % ThF3d Wo] e=d 2 AGoA= 7}
&8 AMEEE A A HE o] &t

fo n® ro

&
B
‘%‘é

vl A1 A 2 xAF (cross—validation) ¥ 28 A

3] = dA= FHd
o H AR (trained network)e] dwkslslE 5
Axtgol A AdE YA 279 factol] et F4 TS Hrp3th &3
% hs]

10-20%5 #<8& A5z AT 5 Fdd Gl

Fdo] $uH o F 3
S &
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BEstA %2 MEE factel st F éfi At AA AdE SvtE #A
& (% correct classification)& A4Hge

TR ool Al digte] g = 2
BrainMaker?] shuffling 7|52 ©]&3}o] factd] &AS dglste] (&5 28 +
2o o] &5+ training fact®} testing factE 28ld) RS =3} =
o] dAete= AF AH Aor Fdaignt. ¢ 7 AA T AR e
45 WiAE AR 5 Stk Training FAlA 2
error?} root mean squared (RMS) error]E& F24 sl @7}
< ek & tA training 8-S AAE BHES Ad9sidoh
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AN 78 hackpropagation of errord &2 F#E3H O™ training FA 9 F
Q2 HMSIEA training toleranceE 0.1, testing tolerance® 0.4% A4 3t}
training fact®] <+ total fact®] 90%, testing fact®] 4+ total fact®] 10%=
3t A A Fdo] A-8% parameterE 2.9kEW <Fig 4-9>¢ #th

v e ()
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" TeditfwEves' TN Fich I™ Ty F mota e o 1] [
=] w1 & o Toewwg X T e i | |
Debag im0 of G Testing Facis [0 . — —
— ™ Tail) B i 0 AL =, |
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Fig 4-9. Setting of parameter for the training of neural network.

du]Eg AL 23719 input, 6712 hidden neuron, 17§2] outputl =
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Fig 4-10. Architecture of 23-6-1 backpropagation network.
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Table 4-19. Input neuron

Risk factor group Categories
Output
IB_TOT 0,1
Input
OP1, OP2 < 5, >= 5 year
Flock_No Yes, No
Flockl, Flock?2 <2, >=2
Grwl, Grw?2 Yes, No
MTD1, MTD2 Yes, No
Introl, Intro2 All-in-all-out, Continuous
Templ, Temp?2 Yes, No
Ventl, Vent2 Power, Others
FEC1, FEC2 Weekly, monthly
Carl, Car2 Incineration or burial, Use of feed
Visl, Vis2 Yes, No
Coldl, Cold2 Yes, No
ND_TOT Yes, No
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Table 4-20. Description of input neurons

Risk factor

Description

op_year Operation years of house

flock No. of flocks in a farm

size Flock size

grw Type of farm

m_age Presence of multi-age flocks
molt Molting practice

introduction All-in-all-out introduction of flock
temp Checking temperature/humidity
grw_type Type of house

vent Power ventilation system
feces_tr In-site disposal of feces
feces_tn Frequency of feces disposal
carcass 1 Incineration of carcass

carcass 2 Animal feeds of carcass
visitor Sanitary measure for visitors
cold =* Presence of cold stress

* This factor was based on the subjective assessment of a veterinarian
who is responsible for routine check-up the farm. Yes represents a farm

with improper management of in-house temperature control.
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Table 4-21. Input neurons, its definition and coding system used to train
the artificial neural network for predicting chicken infectious bronchitis

virus infection

Coding system

Neuron Input Category Values
1 op_year > 5 1.0
<5 0.0
2 flock Continuous Normalized, 0-1
3 size < 40,000 0.0
40,000 - 100,000 05
> 100,000 1.0
4 oW Growth only 0.0
Adult only 1.0
5 m_age Presence 1.0
Absence 0.0
6 molt Yes 1.0
No 0.0
7 introduction Yes 1.0
No 0.0
8 temp Yes 1.0
No 0.0
9 grw_type Open 1.0
Closed 0.0
10 vent Yes 1.0
No 0.0
11 feces_tr Yes 1.0
No 0.0
12 feces_tn Longer than weekly 1.0
At least weekly 0.0
13 carcass 1 Yes 1.0
No 0.0
14 carcass 2 Yes 1.0
No 0.0
15 visitor Yes 1.0
No 0.0
16 cold Yes 1.0
No 0.0
17 IB (output) Continuous
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out=IB

f(sum) 4»@

Transfer
function;
sigmoid

Input layer Hidden layer Output layer

Fig 4-11. A three-layered fully interconnected neural network architecture.
Lines between nodes represent synaptic connections, which are initially
determined by random values and then altered by learning rule of the
back-propagation algorithm. Sixteen neurons representing presumed risk
factors associated with IB form the input layer (left). Each input neuron is
synapsed to 3 neurons, forming a single hidden layer (center box). Each
hidden layer neuron, in turn, stimulates a single neuron in the output layer
(right), producing a normalized value interpreted as the probability of

chicken infectious bronchitis virus infection.
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AHS Folal HAE FYeHA #2 MRS

©)
P ol SnbE 2485 WE & A%=F input? output 7He] #Alel 7}
<

H =2
SAE AAsk= Aol HAolt. Fdol Had A8 AV]= inputé] 7R,
2R3 g, IB wAe S met #H9-He=d 1B dredM s AA AR

of et e xE Al (mean square error)S  HAIsE W
backpropagations 283t} o] QA A FSA 2B W& AA, AAF Y
FH F3 5 IB 9824 A59 20%E ZEH} J,]_ﬂoﬂ g E4, B}

A HkE AA 8 U 8]S (training algorithm) @] thest vlx), 42 7}
(connection weight)e] # A3} Solt} HF EFo| T WHFE9 o=
2 ROC A& #Aste] nvnskgd).

& (IBnet)ol A *}%ﬂ X}'E— @%5& Ay 129
stE= mEo] gRlEoen o B Al
Gt <Fig 4-12>+ IBnet9 training 225 YEld Aot} <Fig 4-12a>¢l
A xFHE LabEEolal yEH2 A48 W
dilgol aHe wep sE&o e $4HAds FHIES ¢+ Avh <Fig
4-12b> A FTEJAANA PH = FPHE (run number)©] L yH- 7} A
oA F x4+ (overall error leve) 0.2 F#o] W] we} e x7F A
Ao g A4S & 7 Uvh dARFAA 299 B§& By F A7 F
28tEE BES FAHeR Felstuz ¥ AHRE NetMakerol A S48 &
o1&ttt Netl2 &8 dHWFo 28E Fste] ErkA F7HA
AN Y S AAdste]l eated AAS Hrstdl o <Fig 4-13> 1 dRE
°F3l™  <Table 4-22>¢ 2t} ofgfe] AW 2&LE error tolerance 0.1,
testing tolerance 0.4, hidden layer 670 & A slo] £33k Aot}

[*]
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Table 4-22. Average error (AE) and root squared errors

networks evaluated

(RMS) by

Variables removed AE RMS  Network
Full model 0.0713 0.0715 IBNet
Coldl, Cold2 0.0424 0.0455  IB1Net
Coldl, Cold2, Visl, Vis2 0.0330 0.0350  IB3Net
Coldl, Cold2, Visl, Vis2, Carl, Car2

0.0301 0.0329  IB4Net
Coldl, Cold2, Visl, Vis2, Carl, Car2, Introl, Intro2 NC
Coldl, Cold2, Visl, Vis2, Carl, Car2, Ventl, Vent2

0.0998 0.1000  IB6Net

NC, not converged.
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Fig 4-12. Training error of Netl2 network.
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Fig 4-13. Example of RMS error of IB6Net network.

- 129 -



A=mz2 FAE testing factol

10%2] o H]

=
K3

I} 0.1 error tolerance°l A 82%<] A

T

(full model)®] 73 23719]

[S]

SR

WA=

Hl <

S

J°] hidden layer®] <7} & 7}3

o
AR

ol

ugel

X
il

&

oj
oS

B

normalizing (0°1)& ¢

)

1A

715

7t &
olHA QA7 HAasEIT A

Q%

N

— B
2

o o)
o N

< ©
o

= o

N By

—

T;]_O

om o=

Itk <Fig 4-14, Table 4-23>.

S

7}
o] 69.5% (95% CI, 0.60 - 0.78)= 7} =

AT 4 (Flock_No)¢t &% A& A (Fec_TN) W9k

9t} <Table 4-24>.
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Table 4-23. Summary statistics (ROC curve) by risk factor

Area under the

95% CI

ROC curve (SE)

Risk factor

0.427 - 0.62

0.520 - 0.710

0.600 - 0.780

0.524 - 0.710

0.503 - 0.694

~ o~ o~ o~ o~

~ = = = =

0.524
0.618

Fec_TN
Flock_No

0.695
0.622

Multi_age
ND

0.601

Year_op
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Fig 4-14. Receiver-operating Characteristic (ROC) curve for each variable

entered into the final multivariate logistic regression model.

Table 4-24. Comparison of ROC curve (Difference, +SE)

FN MA ND YO

FE 0.094+0.066 0.171+0.069  0.098+0.073  0.077+0.065
0.153 0.013 0.181 0.239

FN 0.077%0.034  0.004F0.064  0.017+0.070
0.022 0.952 0.805

MA 0.073+0.068  0.094+0.070
0.282 0.180

ND 0.021F0.069
0.759

FET, Fec_TN; FN, Flock_No, MA, Multi_age; YO, Year_op.
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ool AuE Foshd, IB AT v Ul " Aol gls W, A
W 4d A 2] gl W wosA AastH, ALY Ut BeET S
WYY 2 AR fFoletA = Furh FREe; BlFA 482 IB A
o] gldnh ol g g ecdls IB TS Adde] a4x A48T
ek A ool hefjM = F7HA S nFEe] dad Aow A4dn. v
g Aol EAE AF sl BV AESY] @ = AxE A
AEHR] kES TN o AR AAWgHo] A= A #H-o]
A= Aor Atrdd. B3 AdASE ddste wASH e B Au=
AL s Axdgrt Ao s & HEH e $4de AAeT
2. 299 2A% 2N A=

G FRAG A Fold b= glZ o2 QoFstH <Table 4-25>9 2t}
97 W S A= Ay fojst HaeE el ekok

i B AT F 2 9ktl (Hosmer-Lemeshow Chi-square=14.82, df=7,
p=0.0383). WetA o]E WG T MTD_YNE A3 ZAEPHE 23
A= PAAT B9 Aed & 2 gt Ao g e T
(Hosmer-Lemeshow Chi-square=7.42, df=7, p=0.4922). o] 2 &2 AUC=0.734
(c-statistic) 2 2% At} <Table 4-26> ZA|2~E ARG 23 A

IB 29 e g5 FFEE7 e AT (n=69)°] et 83 Zow B
DA HA 26%, AW 71.3%9 HASFES 2t= Ao 7 yeyirh 24A
s go] 10% o8kl Aol dA F 1070 (14.4%), 50% ©]4¢l AT+% 1370

(188%)% Aot wAREo] 30% o4 Azol AA AT F 387
(55%)% AAste] AAHOR B HASIPel B Aoz powr.
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Table 4-25. Frequency distribution of risk factors by with or without

infectious bronchitis (IB) cases, 2004-2006

Risk factor Category No. positive No. negative OR
Year_op (year) < 5 2 17 1.04
5-10 4 13 0.80
10-15 4 17 491
15-20 13 9 2.38
20-25 7 10 3.40
>25 5 5 1.00
Flock_No 1 10 29 1.00
2 4 11 0.76
3 5 6 1.74
>4 7 8 1.83
GRW_YN Jungchu 8 8 1.79
Jungchu+Adult 11 29 0.68
Adult 7 19 1.00
MTD_YN Yes 24 25 3.15
No 14 46 1.00
INTRO All-in-all-out 17 44 1.00
Continuous 21 27 2.01
FEC_TN Everyday 4 3 1.00
Weekly 7 30 0.58
Monthly 15 8 4.69
After pass 12 23 1.30
CARCASS Incineration 1 14 1.00
Burial 24 43 8.37
Feed stuffs 13 13 149
VISITOR Full sanitation 7 29 1.00
Partial 6 6 2.50
No sanitation 14 20 1.75
ROAD < 10 m 9 7 2.74
10-100 m 8 16 1.07
100-500 m 3 11 0.58
500-1 km 3 5 1.28
> 1 km 3 16 1.00
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Table 4-26. Probability of IB infection estimated by final logistic function
(n=69)

Obs IDNO IB OPYR FLKNO GRW.YN INTRO FECTN CARCASS VISITOR ROAD  PROB

1 1 1 5 2 2 1 2 3 1 1 0.55522

3 3 0 6 3 1 2 9 4 1 4 0.71251

4 4 1 2 2 2 2 6 4 2 2 0.35920

5) 5 1 2 2 1 2 8 2 4 2 037077

6 6 1 4 2 1 2 8 2 2 2 0.58464

7 7 1 1 1 3 1 6 2 2 5 0.02622

8 8 0 1 1 2 1 9 4 2 5 0.07280

9 9 1 4 1 2 1 8 4 4 2 019969
1 11 0 5 2 2 2 2 4 2 4 049119
12 12 1 4 1 1 1 8 4 4 1 0.46416
13 13 0 4 1 2 1 9 4 4 1 0.22781
14 14 0 6 8 3 2 1 1 1 3 053192
5 15 0 4 3 2 2 1 2 1 5 0.39256
16 16 1 3 5 3 2 3 3 1 2 0.35685
17 17 0 3 3 3 2 1 2 1 2 064792
18 18 0 6 5 2 2 3 3 2 2 0.70985
19 19 1 2 2 2 2 3 3 1 3 0.36806
21 21 O 6 5 3 2 1 3 1 3 0.50805
22 22 1 3 2 3 2 3 3 1 3 021504
23 23 1 3 5 3 2 3 5 1 3 0.37900
24 49 0 6 5 3 2 2 2 1 5 0.32107
25 50 1 6 7 3 2 1 2 1 3 0.53361
26 51 1 6 6 3 2 4 4 4 3 037310
27 52 1 6 7 3 2 1 2 1 5 041094
29 5 1 6 6 3 2 4 3 1 4 041449
30 55 1 5 3 2 2 4 3 3 3 045340
32 57 1 5 2 3 2 3 2 4 2 0.20504
33 588 1 2 2 3 2 3 2 4 3 0.09018
34 24 1 2 1 2 1 9 6 4 1 0.20851
3B 25 1 4 1 2 1 6 6 4 2 029822
36 26 0 2 1 2 1 9 6 3 1 0.24388
38 28 1 3 1 2 1 9 6 3 2 0.23940
39 29 0 3 2 2 2 2 2 3 1 0.42946
40 30 O 5 3 3 2 7 7 4 3 0.28073
43 33 1 5 3 3 2 2 2 4 1 0.29769
4 34 0 4 2 2 2 5 6 3 1 059499
45 3B 1 1 3 2 2 6 6 3 2 037470
46 36 0 5 3 3 2 5 6 3 2 038282
47 37 1 3 1 1 1 9 6 4 1 047159
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Table 4-26 (cont’d)

PROB

DNO B OPYR FLKNO GRW.YN INTRO FECIN CARCASS VISITOR ROAD

Obs

0.40090
0.45750

2
1
1
2
1
2
1
2
2
2
4
3
3
5
5)
5
5
5)
5
2
5)
5
2
5)
5
5
5)
4
3
2

38
40

48
50

4

0.40678

41

51

0.57375

3

42

52

0.57972

43

53

0.42996
0.46399

45
46

55

56

0.45791

3
3

47

57

0.51605
0.22622
0.19188
0.35954
0.27157

48
60

58

60
62

62

4

63

63
64

64

0.21375
0.12230
0.24712

3

65

65

66

66
638
69
70

68
69

0.09659

1
1

0.08279

70

71

0.26344

71

0.15870
0.11492
0.04870
0.37433
0.10228
0.08279

72

72

73

73

3
3

74
75
76

74

5

76

77
78
79
80

77

0.05140

3
3
3

78

0.05679

79

0.06550
0.16160

80

81

81

0.61897

3

32

82
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HERYS 13537] A3t input neuron®] 9 HFWFe] 5o W3l
2 Fo] 47}A R3S 1889 <Table 4-27>.

Table 4-27. Four different artificial neural networks and corresponding

input neurons

Network No. input neurons Characteristics
IBV_D1 16 All categorical

IBV_D2 16 Categorical except YO, FS
IBV_D3 13 All categorical

IBV_D4 13 Categorical except YO, FS

YO, op_year; FS, flock, size.

dE o] 5AY FHRSFE BASWEA s AATS T e F
Aol 2o g% IBV.Dl AW A FHAR deto 771 F
7371& EutEA #Hete] 948%<° AT EE HAAT <Fig 4-15>. Y=}
Eolm 77 955% (42/44, 95% CI, 845 - 99.4)¢F 93.9% (31/33, 95% CI,
798 - 99.3)2 yElgth FHE AAES ARz AEste] ROC F4&
22335 Ax AUCE AA2 94.8% (SE=0.086, 95% CI 0.592-0.961)5 =} &}
t 953 mdow yehytt <Fig 4-16>. ROC A0l A 7152 0.7149 o4
o2 FAuhst w Fvke] AL} 889% = /M E=okow 100%9 YIAEE &
Akt ol WizEel EololA 44%¢] IB FHES 7HA4 e o IBV_D1
2L 80%2 FAdZFE=ot 100%9] SAHdSEE Bt <Table 4-28>. 9]
ek Aol AT w E AT FES A BRES AEA oA B
EAE FRlsy] 9s HEA-o dEHoR $8E F g R A
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Table 4-28. ANN performance at different criterions for the output value

Criterion SE SP PPV NPV Diagnostic
(%) (%) (%) (%) (%) accuracy (%)
> 0.1094 100 60 66.7 100 77.8
> 0.7149 100 80 80.0 100 88.9
> 0.9656 75 80 75.0 80.0 77.8
> 0.9737 75 100 100 83.3 88.9
> 0.9981 50 100 100 71.4 77.8

SE, sensitivity; SP, specificity; PPV, positive predictive value; NPV,

negative predictive value.
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Fig 4-15. Diagnostic accuracy of the 4 different artificial neural networks
(top left, IBV_DI1; top right, IBV_D2; bottom left, IBV_D3; bottom right,
IBV_D4) for predicting the diagnosis of infectious bronchitis in laying hen
flocks. Tolerance parameter was set to 0.1 and 0.2 for training and testing

set, respectively.
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Fig 4-16. Receiver operating characteristic (ROC) curve for the artificial
neural network. The area under the ROC curve was 0.948 (SE=0.086, 95%
CI 0.592-0.961).
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Fig 4-17. Sensitivity analysis of IBV
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