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Development of an attenuated vaccine strain from a korean respiratory
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Abstract : An attenuated vaccine strain AVR1/08 of Korean respiratory type of infectious bronchitis virus
(IBV) was developed by 89th passages of IBV D85/06 strain in chicken eggs. The AVR1/08 strain had
higher virus titer at least 20 times (10"%) than the parent virus D85/06 by egg inoculation method. The
AVRI1/08 strain had a single point mutation (S to Y) at position 56 of spike protein of IBV compared
to parent virus IBV D85/06 strain. The mutation was observed consistently at viruses after 47th passage
in chicken eggs. The AVR1/08 strain showed no virulence even after 6 passages in chickens and all chickens
inoculated induced anti-IBV antibody 14 days after vaccination. The AVR1/08 strain had broad protective
efficacy against QX type Korean nephropathogenic virus (Q43/06 strain), KM91 type Korean
nephropathogenic virus (KM91 strain) and Korean respiratory virus (D85/06 strain). In contrast,
Massachusetts (Mass) type attenuated vaccine strain H120 showed protection of 37.5 to 50% against these
three viruses. Our results indicate that the AVR1/08 strain has potential as an attenuated vaccine effective
in controlling IBVs circulating in Korea.
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F4 55714 Ao R ARG C) e tiF-Re AAHE g3l eRAL Q7] wiiel] L A oA
7Yl Ak k. o] AW SAl(broiler)e] A4 F3SHE vlolel 2o} U velelx PO A%
oA ARl AN A 5571 S, AFAS B gk WA ARE-Btedof 71 o] ARl ol &IHE 7
A wE FAE ASE, ATA(ayenSt FA g = Sl 2.
(breeder)®] 79~ 418k Abehg Aol v} 71 U] 79 1986\ =] AbeHA] FolA] A ek 5
A Z7F 55 st Al Aade FA oAzl 7] 343 N1ge 2 2 AR A5 58 fdsls
o} [4]. IB7} 2222 glEglor [29], 1990t % o] &
IBE f&sle WYAl= Family Coronaviridae®) A AFAE EHF R Holy T AL} A
coronavirus group 3°l &dt= W AHA7IAAGA Hlol Aelxe] A8 FE & fridshe Held IB7F &9
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ST [15, 16]. A2 IBVY SIF7AFe] H714E8 7]
22 A Fsks IBVE] F138 AN 23,
=t F71Y(KIE) B9 3= A KIF)o] 2
S8 JE AR BHIHT [5, 14, 17-20, 26, 32].
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F7F M= [18]. 22y KIE 1B ¢ 418 =
F71 5743 A=A s Sog g At Hs)rt
FAEFAA FIHsHA YeRtaL o [17]. B3 olE
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wgo] gt} [5, 15]. WA KIE IBE <'¥slr] 9
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IBV Kr-D85/06F & AellA] KIE IBASH2IS 7
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(MassEF)[22]9F KM91F-(KMI1EFY] KIIE)[16]1E =
oA GA| WAFE AREE I Qe vho]Zo|th FA
gt IBVE 9~104 % 57 8 A 5-A (specific pathogen
free, SPF) Z&toll HE3te] 37°C v F7]olA] 3~54 7
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D85/06 FE 9~1193 2] SPF ol FZ3}aL, 48~72
A7 v o] E&9] allantoic fluidE A 5314 0.01M
phosphate buffered saline(PBS), pH 7.4% 1:1008] &4
sto] FYg WPHO R oAl A2 SPF Fdel FE3t
= YO R IBVE W At Aldl wijgst BV
= o 100 A wuich HE ST allantoic fluidE
RI-PCRHSO.Z ALt IBVE] EA] oF-5 ARG
t}. IBV D85/06FE SPF ZF&hollA] 89t A4 Aok
e AE3 IBVE AVR1/08 F& Bt

RT-PCR

IBVEA] o= AT AT AN -3 H (reverse
transcriptase polymerase chain reaction: RT-PCR)Z 21
stk vholels AR FEE Qlste] F2HtolE
27} ShfrE @27t allantoic fluid)S AFHE-3HATE Bf
o]# 2 RNA FZ -2 Viral Gene-spin Viral DNA/RNA
Extraction Kit(iNtRON Biotech, Koreays A8-3Fo] #| =
Atell A Agste el o ABte] AAET) FA%
A7IME #AE $18tel BV Sl hyper-variable
region(HVR) 3 NP F-425 S355-912 4¢kth 1BV
S1 HVRZZ-2 $I3} primer set= Mase 5 [23]0] A&
8} forward primer IBV-S1(5"AGGAATGGTAAGTTRCTR
GTWAGAG-3") ¥ reverse primer IBV-S2(5"-GCCCAGT
ACCRTTRAYAAAATAAGC-3' )2 AMg3lith 2 the,
RT-PCRE 7371¢] & 322} primer setd ARE-3te]
AccuPower RT/PCR premix kitZ 2 A] 3l t}l. IBV Sl1
S} IBV NP 345 $%3817] 9138 PCRE Mase &
[23]°] AR wkgzAde] w2} A8kl RT-PCR &
INZL %(wiv) oPFRZ A M7 F9ES AAF
o2, Gel extraction kit(Qiagen)E ©]-8-3}le] RI-PCR %
EAES FE5M vt 2 A AN Macrogen, Korea)oll &
71ME 48 =8t 84t 4714 E 2 (editing),
ofu At A ell& 2 alignmentse MEGA version 4.0
2 °]&3l Clustal W MehtodZ2 #2134t}
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el HEsle] 7ok e o g 37°C F@ve
937 547 v STk wl - 7F HE F29] allantoic
fluids AF 8l A olE 2HE3ITh vlo]g 2 F2)o
e Z&3 23 Agole 542 A (stunting,
curling, dwarfing) &A|AF-& #A&3lar, Y FTdA
AF 3 allantoic fluid2F-E] RIEPCRECE IBVE©] f
Az AEARE HF IAsINT) vlolgze] 52 o
7hHe T3] 50%E A= vtol# Y 8|4 wjg
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A ot AFEAT F 59H FS =R F )
#E AFHEAT ©)E 23 AlEE RT-PCR WHo 2
ulo|g 2 £ AR5 RIEIA Y. 1 F 71 Re Fo- 3
o7 §AF e £ 0.1 mLY HA 35 Het BE
Stk ol2d o g HolA 53] vk Aluig
SPF SellAe] WHAAde AT

=
B 23] BVl e ¥dgde 593 SPF Hell &
Zate] ARSI Hholl 2~ WA 542 D85/067
HEI2F{m=10), AVRI/08F HEIZEn=14), AN
AVRI1/05F HFE2F(n=10) 2 hZZ(n=10) T V|
IJFOR URoen IHT 1057 SPFE©] AMH-H S
o} vlel#i = HE 259 A IBVE ol 1579
10*° EIDs¥ ulo]2i2~8 At ZHZ(eye drop)2 %3}
Aom, thzxte] 739 PBS 38NE AT Y

[
2 AT AF 49 F 14Y U FE &

N

]I.[v
> N o

24 5 9IS A o g BAIY. BE
He 2ol fAHE TaAtgAMel A s
al
[<}

o AH8-E BRE Holl st JE F 59A AF

1 g 3 7]¥&(trachea)s} A1
Z(kidney)ys AF ko] vRol# 2 B HAALE AAISIA
T} AVR1/087¢] W99 ZAE Q8] 7k 5=
e A HF 149 Tl 2z A3 PN =
E FANAE AAE7) Aol 56°C 308 <t v w3}

LIRS 1Bof| CHEt ol &5 HIL

IBV AVRI/08 F& HAAZ &S oz Ha =
Y 33k BVel g o] §5& AT vlol
g2 HYA =48 AVRIN0SF HEIH, HI20F HE
I8 2P &2 5 2F0E URdeH 2§
27572] 3578 SPFEo] ARE-EISIT). WAl HE el A5
AVR1/08 29} HI205E= 22 4= 10*° EIDs® <t
o2 HEEHY 24 RS 3573 SPF & 24479
PBS €44 543 o FF3 AL AREAT
Wl & 3571 AR A - 2+ aFL TA] 878
A 258 Ut 24 259 AF-25EE BV
Q43/06 &, KM915, D85/065F2 =% 10*° EIDs® &
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Ao' 7 HES AAEIITE 74 25 HollE 3
o] g MAg R AR2FoR Frh 2 & 597
A d B AR BFE, FE 5IA =S
R QPRI § FAste] Huls S, el
Y& B E 9ot 713 2 A 2AANEE T3 e
2 AAsIAch N 2RE wlolelz ¥l HAke F
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Indirect ELISA

IBV A 97} 232 indirect ELISAS Al-8-3lo] =
A3tk & PBS buffer® 1 pg/mLEA 3413 IBVE
o] @FEIA 3F5 [31]2 Maxisorp ELISA(Nunc,
Roskilde, Denmark) plate®] Z} wellell 50 uL¥ 713l
37°CA A 1A1ZF WH-3-A1A coatingdFA T L & PBST
buffer(0.002 M PBS, 0.05% Tween20)Z 33] A2l t}
2, blocking buffer(0.01 M PBS, 0.05% tween 20, 3%
skimmed milk)E 107 EIDso% 7] 3418} IBV D85/0675
7k well B 50 uL¥ F7Fsted 37°ColA] 1A WEGATZ
T} Y3 WPo R 548 SPF F2e] allantoic fluid
2 4 dxIddoz ¥gsIgtt. 2 3 PBST buffer
2 33] AFste] whgskA] e FAkES AlAS AT
2 %, blocking buffer® 1:1608) 3]24]8 AAIEH S
welld 50 uLA BF3k3, 37°ColA 117 B¢t wkg-3st
Al BT 7] ko] B ¥, PBSTE 33] Al3]3laL
blocking buffer® 2,000¥] &]4]g} anti-chicken immunog-
lobulins peroxidase conjugate(Kirkegaard-Perry Labora-
tories, USA) €45 7} wellell 50 uL¥ 3713k t-2- 37°C
oA A7 Bt WSl EFGATh A7) whEo] Byt
F, AEHE S8 oR 33] whE AlF e & TMBEY
(Sigma, USAYS welld 50 uL® #7}ste] 1027 2
oAl LAAIZ] T, WHS-SXEH (1M HCHE welld
50 uL¥ F7pete] wAlS FAAFAY. FF == ELISA
reader(Tecan, Austria)S ©]-8-3F] A450 nmellA =793}
Atk FY Aol M e ALY Ht FE=
¥ZFHz} 3uiE B8 Zhmean OD +3SD)RT} & 7%
ELISA HF-g-0] --2]3 A (3] YA w3 e 2 Attt

2,

2 I

IBV AVR1/08 F2| &M

IBV D85/06F+5 ol A 89t 914 Atte] AVRI/
08 55 #Adsioirt. volei = A7t S7185 &
2 AN 7o) AzPF o R BEEE AYS HYgon,
o] Aol W2 Wt HEstA yebsiT gk uf
o|gj2=9] F2144-2 A5t 400 o)stellAE vRo]# 2
Z249] Aole oY 47 o] FH-E = Hlolg X
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g
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5 554 P53 -HGGAYAVVNVSTEYNNAGSNSECT--
5 P74 -HGGAYAVVNVSTEYNNAGSNSECT--

P7 P89 P89 -HGGAYAVVNVSTEYNNAGSNSECT.--

Passage in chicken embryos P8O ~HGGAYAVYNVSTEYNNAGSNSECT.-
Fig. 1. Virus growth (A) and single point mutation at residue 56 of the S1 protein (B) of infectious bronchitis virus (IBV)
D85/06 strain after serial passages in specific pathogen free (SPF) chicken eggs. Each virus was titrated for allantoic fluid
harvested 48 h after inoculation with approximately 10° EIDs,. PX represents number X of passage in SPF chicken eggs.
P89b represents the virus back passaged 6 times in chickens after 89th passages in SPF chicken embryos.

Table 1. Attenuation effects of infectious bronchitis virus (IBV) AVR1/08 strain in 5-day-old specific pathogen free chickens

Virus isolation®

Group Inoculum” No. of birds Clinical sign’ Death
5 dpi 14 dpi
AVR1/08 AVR1/08 10 0/108 0/10 10/10 3/10
AVR1/08b AVR1/08b" 10 0/10 0/10 10/10 3/10
D85/06 D85/06 10 3/10 0/10 10/10 6/10
Control PBS 10 0/10 0/10 0/10 0/10

*Each virus of 10*3 EIDs, per bird was inoculated into specific pathogen free (SPF) birds via eye drop route.

*Clinical sign including respiratory signs (coughing, sneezing, ocular or nasal discharge) and diarrhea observed during 14 day
of observation period.

1Virus isolation was performed using SPF chicken egg inoculation method. Samples used for virus isolation were oropharyngeal
swabs for 5 days postinoculation (dpi) and trachea and kidney for 14 dpi.

*No. of birds positive/No. of birds examined.

TAVR1/08b represents AVRI/08 strain collected after 6th back passages in chickens.

Z280] S7vel7] AlAEkeh F&el 7dl Atk uf S d3A AA YR th(Fig. 1B). 28U, IBV S1 HVR
o] 2(IBV D85067)°] FT&elAe] F2 orte KA thE 9o ou st ofv|xAk A Fe] W
100493 EIDsoo] 101t 89th7kA] A Althste] 2dsk  shrt ] ookl

AVR1/08 F2] 524] 97 10"%%% EIDs©] 1 thFig.

1A). ©|&& A= Fe ANE B3] 453 = 3 IBV AVR1/08 32| S0l CHEh HalM

oA Feol| A 9] ulol] X Z2]4d0] oF 208 (10'%) &F I o B Aolx 23S IBV AVRI/08F7T AA)
AE 9SS veRT 23 1B S AIFEAVRI8F Z attenuation F| = A& AR $18te SPFHel &
o] 447 E9Avo] W AR-2 A8l flEle], IBV  Fdle] HAAE FAEII T Bl EAS 98le] AVRI/

S1 HVRFAAF 5-91(%F 640 bp)E RI-PCRE Z %3} 087 HEI2E(n=10), D85/065 HEIF(n=10), 37
IBV D85/067F2] ofn]i=al 471X D3} vl £4319) o AVR1/08F HEIE(n=10), 22 hEZE ZEn
Tk 7 23} BV AVRI08 5=2] S1 whie] seiis) of  =10y& o] A4S, vholg s Al 58 vl =
vl ieabo] serine(S)91A] tyrosine(Y)2-2 thAlEo] 99l AlSFTH(Table 1). D85/06 F AE &2 A% A% 3
t} o] oA 9] oluit Eddmiol = 470 AT o] ARRE QTAo] AEE7] Aleton, HE 56
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Fig. 2. The detection of anti-IBV antibodies in chicken at 0 and 14 days after eye drop inoculation with IBV AVR1/
08 strain, as determined by indirect ELISA.

A 5571 F0%e] 7P Al Uelstth s T HANEE U’dO Zindirect ELISAZ IBV ] F/d o5
&L 30%°]UTE AVRI/08F HF2F9] 2% =+ 2 =3 6}9&4 o A3 HE @ BFA ELISA &4
IE vREVEE 1497ke] F277E Bt o wHol 7} AEEATHFIE. 2). ©l#g 3= AVRI/08FE F
AE 3571 &S YEA &kt g gAY T T HFE ¥ 254 BV tig "ol {2
AVR1/08F HEF2] AoE 2717k Het ojuf gt RS g Eoh

IS AE AFEA L3t ol2g A= AVRI/08

T T8 Ad FBolA D85/067-2] o] k53t LI RE 1Bo CHst Woi &5 HIt

HorH, gellx A o= Hedo] I5HA & B Ao ZAE AVRI08 F7F =UW-F3 IBVA
U BoEh 2 2w 1T 9oz ol S50 gk o] G%50] e ANE A Sl8led,
i Eatd o X]é*é AR5 B3] f8t A § 5¢ SPF 5-2AVR1/08 2 HIAZ] th 35 & IBVE &

I HE F 149 F Aol AA Hlolg 2 Bl ¥
Atk Aol A8 ZE gol el 4 59

Z
A9- Q3% Z=(oropharyngeal swab)=, AFFE A
A

4 A AT ol 258 FYSAT. Hol el Woln
] 2 Lee 5 [19]O] Bk YR 24 AE 59 &
% 1“&»} AAZF 0 ZHE nlo|alA i s %3
st
_?:

=

2l AE 14UA 7] (trachea)9} 217 (kidney)S Al o] 75t thTable 2). IBV AVR1/08 2 41 HE
of wlo]H 2 & A=sth 2 A3, FE 59 3 goll A= IBV Q43/055F2 IBV KM91F=9]] tfj &<
ZA} A7, AVRI/08F BELE, IAI) AVR1/08F & 87.5%(7/8)] ol &S UERNOH, IBV D85/065-0l
Z3F, D856 HEIF BF FF EW]LEH tiste] 100% Wolthsted 87.5%(7/8)S YFERAITE. vt
B vfo]z{ 27} XHTFJEME} I, HE4Y T 2AL W, IBV HI120 2 WA H=3 golXE IBV Q43/06
A3}, D85/06F HFE1F 7S ulo]y = AR &0l ol thsled 37.5%(3/8), IBV KM915=ll thaled 50.0%
80%(8/10)<1Hl] HPo}o:] AVR1/08F HZE2FY 729 vt 4/8)2] Wol &S LRSI H, IBV D85/065-0ll thated
olF & AETEL 40%4/10)0)ATh R 252 7 37.5%((3/8yS WERNISTE HAHES AABHA] ¥ H
2 HE 599 1497 WS vlo|E Ak EEEX o le Q43/065, IBV KM915= ¥ IBV D85/0652 &
et ol st AFE & o], AVR1/08F FE159] 4 A JE3 '#Y 45 BF BV AEHNT F48%
- D85/065 HF 5ol vl Ko} we] blo]z vt 7 £ A 22tz 259 49 ofH HeAE IBV
4 oM AAES & 5 ALk IBV AVRINO6F F 7t HEHA LUt

F35 4% 4% 24 0 HF 4L F 424 A ¥
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Table 2. Results of efficacy tests of AVR1/08 strain in 3-week-old specific pathogen free chickens

Virus challenge’

Véif)‘;‘; IBV Q43/06 IBV KM91 IBV D85/06 Control
Total Tra Kid Total Tra Kid Total Tra Kid Total Tra Kid
AVR108 18 08  1/8 18 08 18 08 08 08 03 03 03
H120 58 38 38 48 08 48 58 38 38 03 03 03
Control 88 88 68 88 88  6/8 88 88 /3 04 04 04

*Vaccinated chickens were challenged with virulent IBV (10*° EIDs, per dose) via eye drop route in 3 weeks after vaccination.
No. of birds with virus isolation/No. of birds examined. All birds were examined for virus isolation in trachea and kidney 5 dpi

using chicken egg inoculation.
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IBV =] E2FAD85/065+5 Adste] F& A 3}
S AA B S HAFE AU B Aol

o=

A4 KIP B 4% BAFE thed 2 39L 7}
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21314 mpo|g] 0] 7] W&o [17], AVRI0SFE A=
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100th o)’ AN A5 238]8 Woj &5l A3tE ¢
o] o17] W&ol [8, 21], IB AE=uAle] QhEAd T} v
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