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AVIAN INFECTIOUS BRONCHITIS VIRUS (IBV): EFFECT OF VACCINE DOSES 
ON MUCOSAL IMMUNE RESPONSES AND PROTECTION AFTER CHALLENGE 
IN CHICKENS 
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ABSTRACT

2G$'G/%!"Q(')$#!("%!5%$4$!3$B3/%("%#7/%/QQ/G#%(Q%!"$CC'(C'!$#/%.(5/%(Q%4$GG!"/5%$9$!"5#%R<M%("%#7/%):G(5$3%
!)):"/%'/5C("5/5%$".%7(S%!#%)$T%'/3$#/%#(%!"G()C3/#/%C'(#/G#!("J%U7!5%5#:.T%$!)5%#(%!"4/5#!9$#/%#7/%/QQ/G#%
(Q%4$GG!"/%.(5/5%("% #7/%G/33@)/.!$#/.% !)):"/%V -RW%$".%$"#!B(.T%'/5C("5/5%(Q%'/5C!'$#('T% #'$G#%$".% #7/!'%
G(''/3$#!("% #(% C'(#/G#!("% $9$!"5#% R<M% !"Q/G#!("J% 2!9"!XG$"#3T% '/.:G/.% #'$G7/$3% 3/5!("5% $".% 4!'$3% '/C3!G$#!("%
S/'/%Q(:".%("3T%Q('%Q:33@.(5/%4$GG!"$#/.%9'(:C,%$#%Y%.C!,%S7!3/%!"G()C3/#/%C'(#/G#!("%S$5%5//"%Q('%5:B@.(5/%
4$GG!"$#/.%9'(:C5J%-('/(4/',%#7/%Q:33@.(5/%4$GG!"$#/.%9'(:C%57(S/.%7!97/'%$".%5!9"!XG$"#%3/4/35%(Q%3$G7'T)$3%
R9Z%$".%R9E%$"#!@R<M%$"#!B(.!/5,%$".%/$'3T%5!9"!XG$"#%!"G'/$5/%!"%#7/%/[C'/55!("%(Q% -R%9/"/5,%5C/G!$33T% \]%
$".%Z'$"IT)/%EJ%U7:5,%$.)!"!5#'$#!("%(Q%5:B@.(5/5%(Q% #7/%R<M%4$GG!"/%G$"%'/.:G/% #7/% -R%$".%$"#!B(.T%
)/)('T%'/5C("5/5%$#%#7/%'/5C!'$#('T%):G(5$3%5!#/5,%3/$.!"9%#(%3(S/'%./9'//5%(Q%C'(#/G#!("%$9$!"5#%R<M%!"Q/G#!("J
KEYWORDS: Infectious 

INTRODUCTION

E4!$"% !"Q/G#!(:5% B'("G7!#!5% 4!':5% VR<W% !5% $% S('3.S!./% !"Q/G#!(:5% .!5/$5/% S7!G7% G$:5/5% 5!9"!XG$"#%
/G("()!G%3(55/5%Q('%C(:3#'T%!".:5#'TJ%U7!5%.!5/$5/%G(:3.%B/%/QXG!/"#3T%C'/4/"#/.%BT%$##/":$#/.%4$GG!"/5%
S7/"% $.)!"!5#/'/.% 3(G$33T,% B:#% "(#% BT% 5T5#/)!G$33T% !"$G#!4$#/.% 4$GG!"/5,% 5:99/5#!"9% #7$#% '/5C!'$#('T%
):G(5$3%!)):"!#T%!5%/55/"#!$3%Q('%C'(#/G#!("%$".%!#5%./4/3(C)/"#%)$T%'/3T%("%.!'/G#%!"#/'$G#!("%B/#S//"%
):G(5$3%5:'Q$G/%$".%R<M%V ÊOZ%et alJ,%K__`a%ZN*%et alJ,%K__]WJ%&(S/4/',%3!##3/%!"Q(')$#!("%!5%$4$!3$B3/%
("% #7/% ):G(5$3% !)):"/% '/5C("5/% /3!G!#/.% BT% .!QQ/'/"#% 4$GG!"/% .(5/5,% $".% #7/% !"$CC'(C'!$#/% .(5/% G$"%
'/5:3#%!"%!"G()C3/#/%C'(#/G#!("J%E%":)B/'%(Q%5#:.!/5%7$4/%'/C('#/.%#7/%./4/3(C)/"#%(Q%7:)('$3%!)):"/%
'/5C("5/5%$Q#/'%4$GG!"$#!("%$9$!"5#%R<M,%)(5#%(Q%#7/)%3!)!#/.%#(%)/$5:'!"9%5/':)%$"#!B(.!/5%BT%A;R2E,%
M!':5%O/:#'$3!I$#!("%VMOW%('% R"7!B!#!("%(Q%7/)$93:##!"$#!("%V&RWJ%&(S/4/',% #7/5/%.$#$%7$4/%57(S"% 3(S%
G(''/3$#!("%S!#7%C'(#/G#!("%$9$!"5#%#7/%R<M%!"Q/G#!("J U7/%Q/S%5#:.!/5%#7$#%$"$3TI/.%3/4/35%(Q%$"#!B(.!/5%
$"#!@R<M%("%#7/%'/5C!'$#('T%):G(5$3%5:'Q$G/,%!"G3:.!"9%3$G7'T)$3%$".%#'$G7/$@B'("G7!$3%5/G'/#!("5,%7$4/%
"(#%T/#%C'(4!./.%G(''/3$#!("%B/#S//"%3(G$3%$"#!B(.!/5%$".%C'(#/G#!("%$9$!"5#%R<M%V EMEOEZ&,%K__bWJ%
U7/%'$!5/%(Q%!)):"/%G/33%'/5C("5/%)/.!$#/.%BT%GT#(#([!G%U%G/335%V U;W%!"%G7!G+/"5%$9$!"5#%R<M%!"Q/G#!("%
S$5%$55(G!$#/.%S!#7%#7/%G/$5!"9%(Q%G3!"!G$3%5!9"5%$".%#7/%G3/$'$"G/%(Q%#7!5%4!':5J%R"%$..!#!(",%#7/%#'$"5Q/'/"G/%
(Q%GT#(#([!G%U@ \]c%G/335%Q'()%B!'.5%!"Q/G#/.%S!#7%R<M%#(%"$d4/%!"B'/.%G7!G+5,%C'(4!./.%#(%#7/%$.(C#!4/%
#'$"5Q/''/.%B!'.5%C'(#/G#!("%$9$!"5#%#7!5%4!'$3%!"Q/G#!("%V *;;R2*O%et alJ,%K___WJ%\:'!"9%#7/%G(:'5/%(Q%4!'$3%
!"Q/G#!("5,%5()/%/[C/'!)/"#5%'/C('#/.%#7$#%5/4/'$3%)/.!$#('5%(Q% U;5,%3!+/%Z'$"IT)/%E,%Z'$"IT)/%<%$".%
C/'Q('!"5%7$4/%57(S"%$%)$!"%'(3/%!"%#7/%./5#':G#!("%(Q%4!'$3%!"Q/G#/.%G/335%VZe<A;%et alJ,%K__?WJ%2E82*O%
et alJ%VK__`W%(B5/'4/.%:C@'/9:3$#!("%(Q%Z'$"IT)/%7()(3(9%E%#'$"5G'!C#5%("%#7/%B/9!""!"9%(Q%-$'/+%.!5/$5/,%
C'(B$B3T% '/3$#/.% #(% $G#!4!#T%(Q%O6%G/335% $".% U;5% #(% /3!)!"$#/%4!'$3% !"Q/G#/.%G/335J%E..!#!("$33T,% U;5%
$'/%#TC!G$3%5(:'G/5%(Q%Z$))$%R"#/'Q/'("%VR0O W,%GT#(+!"/%$55(G!$#/.%#(%#7/%./4/3(C)/"#%(Q%G/33@)/.!$#/.%
!)):"/%V -RW,%)$!"3T%#7'(:97%$G#!4$#!("%(Q%)$G'(C7$9/5,%'/5C("5!B3/%Q('%C'(4!.!"9%C'(#/G#!("%$9$!"5#%
!"#'$@G/33:3$'% $9/"#5% V &E-Rf*%et alJ,% K__?WJ%U7:5,% #7!5% 5#:.T%S$5% G$''!/.% (:#% $!)!"9% #(% /4$3:$#/% #7/%
/QQ/G#%(Q%.!QQ/'/"#%.(5/5%(Q%$##/":$#/.%R<M%4$GG!"/%("%#7/%#'$G7/$3% -R%$".%3$G7'T)$3%$"#!B(.T%'/5C("5/5%
$#%Kg%7(:'5%$".%Y%.$T5%C(5#@G7$33/"9/%S!#7%R<M,%G(''/3$#!"9%#7/5/%!)):"/%'/5C("5/5%S!#7%#7/%!"#/"5!#T%(Q%
G!3!(5#$5!5,%7!5#(3(9!G%3/5!("5%$".%4!'$3%'/C3!G$#!("%!"%#7/%#'$G7/$J
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MATERIAL AND METHODS

Experimental designh% 0!4/% 9'(:C5% (Q% ?g%2P0% V2C/G!XG%P$#7(9/"%0'//W% G7!G+5% V;/97('"%;!"/$9/W%
S/'/%:5/.J%U7/%B!'.5%S/'/%7(:5/.%!"%C(5!#!4/%C'/55:'/%!5(3$#('5J%Z'(:C5%R,%RR%$".%RRR%'/G/!4/.,%'/5C/G#!4/3T,%
full dose (10g,iDIE

Y_
,%$5%'/G())/"./.%BT%#7/%)$":Q$G#:'/'W,%7$3Q%.(5/%V?_i,jjDIE

Y_
W%$".%$%k:$'#/'%(Q%.(5/%

(103,68DIE
Y_
W%(Q%$##/":$#/.%&?K_%4$GG!"/%5#'$!"%(Q%R<M%$#%#7/%X'5#%.$T%(Q%$9/,%BT%(G:3$'@"$5$3%'(:#/J%Z'(:C5%

RM%/%M%'/G/!4/.%("3T%#7/%4$GG!"/%.!3:/"#J%E#%K]%.$T5%(Q%$9/,%9'(:C5%R,%RR,%RRR%$".%RM%S/'/%/[C/'!)/"#$33T%
!"Q/G#/.%BT%!"#'$@(G:3$'%$".%!"#'$"$5$3%'(:#/5%S!#7%?_gJ_ EID

Y_
lB!'.%R<M%V-g?%5#'$!"WJ%E%"/9$#!4/%G("#'(3%

9'(:C%S$5%)(G+%!"Q/G#/.%S!#7%2P0%$33$"#(!G%m:!.%$".%)$!"#$!"/.%:"./'%#7/%5$)/%G(".!#!("5J%2$)C3/5%(Q%
#/$'5%$".%5/':)%S/'/%G(33/G#/.%$Q#/'%?,%K,%i%$".%g%S//+5%C(5#@4$GG!"$#!("%VC4W,%$".%$35(%$#%Kg%7(:'5%V7W%$".%
Y%.$T5%V.W%C(5#@!"Q/G#!("%VC!W,%$".%5#('/.%$#%@K_%n J%2/4/"%G7!G+/"5%Q'()%/$G7%9'(:C%S/'/%5$G'!XG/.%$#%Kg%
7(:'5%V7W%$".%Y%.$T5%V.W%C!J%U'$G7/$3%5$)C3/5%S/'/%G(33/G#/.%Q'()%/$G7%9'(:C,%$%C('#!("%!))/.!$#/3T%Q'(I/"%
$".%+/C#%$#%@b_n %:"#!3%C'(G/55!"9,%$".%#7/%'/)$!"!"9%S$5%5:Bo/G#/.%#(%7!5#(C$#7(3(9!G$3%$".%G!3!(5#$5!5%
analysis.

Measurement of local antibodies against IBVh%;(G$3%V#/$'5W%$".%5T5#/)!G%V5/':)W%R9Z,%R9E%$".%R9-%
S/'/%)/$5:'/.%Q'()%5$)C3/5%G(33/G#/.%Q'()%#7/%B!'.5%(Q%#7/%/[C/'!)/"#$3%9'(:C5%BT%2$".S!G7@A;R2E@
 ("G$"$4$3!"$%E%V2@A;R2E@ ("EW%$5%'/G())/"./.%BT%<8*Of*OR%et alJ%VK__YWJ

Histopathology and Ciliostasis analysish% 2$)C3/5% (Q% #'$G7/$5% S/'/% C'(G/55/.% $".% /4$3:$#/.% Q('%
7!5#(C$#7(3(9!G$3%$".%G!3!$'T%)(4/)/"#%$"$3T5!5%$5%./5G'!B/.%BT%EO\8E\A%et alJ%V?jjKWJ

RNA extraction and reverse transcriptationh%U7/%/[#'$G#/.%8OE%Q'()%#'$G7/$3%5$)C3/5%S$5%#'/$#/.%
S!#7%\OE5/%R%$".%'/4/'5/%#'$"5G'!B/.%BT%5#$".$'.%C'(G/.:'/5J

Viral replicationh%E%C$!'%(Q%C'!)/'5%m$"+!"9%&8MK%'/9!("%$#%2?%9/"/%(Q%R<M%S$5%:5/.%#(%)/$5:'/%#7/%
3/4/3%(Q%4!'$3%'/C3!G$#!("%("%#'$G7/$3%5$)C3/5%(Q%G7!G+/"5%!"Q/G#/.%S!#7%R<M,%BT%8/$3@#!)/%:5!"9%S!#7%2p<8%
Z'//"%R%)$'+/'%V*6RO*%et alJ,%K__`W

 !"#$%&!'()#*$%+,#$%-*' -.' !/01!22%-*' -.' 3!*!2' 1!"#$!4' $-' ,!""56!4%#$!4' %66)*%$7h%U7/% '/3$#!4/%
k:$"#!XG$#!("%(Q%9/"/%/[C'/55!("%(Q% \]c%)$'+/'%(Q%GT#(#([!G%G/335,%Z'$"IT)/%7()(3(9%E%$".%Z$))$%
Interferon (IFN W% ("% #'$G7/$3% 5$)C3/5% S$5% C/'Q(')/.% BT% 8/$3@#!)/% P 8% :5!"9% 2p<8% Z'//"% RJ% Z/"/%
/[C'/55!("%S$5%"(')$3!I/.%'/3$#/.%#(%?]2%9/"/,%:5!"9%#7/%B!'.5%(Q%9'(:C%M%V"("%4$GG!"$#/.%$".%"("%!"Q/G#/.W%
3!+/%B$5$3%9/"/%/[C'/55!("%V ÊOZ%et alJ,%K__`WJ

2#$#!5#!G$3%$"$3T5!5h%\!QQ/'/"G/5%B/#S//"%#7/%9'(:C5%(Q%/[C/'!)/"#$3%./5!9"%S/'/%$"$3TI/.%BT%6':5+$3@
$̂33!5%#/5#%Q(33(S/.%BT%\:""q5,%S!#7%p%r%_,_YJ% (''/3$#!("%$"$3T5!5%B/#S//"%#7/%#/5#5%S/'/%./#/')!"/.%BT%

2C/$')$",%S!#7%p%r%_,_YJ

RESULTS AND DISCUSSION

Histopathology and Ciliostasis analysish%E#%Y.C!,%("3T%9'(:C%R%VQ:33%.(5/%(Q%4$GG!"/W%7$.%5!9"!XG$"#%
.!QQ/'/"G/%!"%7!5#(C$#7(3(9T%$".%./9'//%(Q%G!3!(5#$5!5%Q'()%#7/%!"Q/G#!("%G("#'(3%9'(:C%V"("%4$GG!"$#/.%$".%
!"Q/G#/.W,%S7!3/%#7/%9'(:C5%#7$#%'/G/!4/.%3(S/'%.(5/5%(Q%#7/%4$GG!"/%VRR%$".%RRRW%C'/5/"#/.%"(%5!9"!XG$"#%
differences from !"Q/G#/.%G("#'(3%9'(:C%VRMWJ

Viral replicationh%O(%5!9"!XG$"#%.!QQ/'/"G/5%Q('%4!'$3%'/C3!G$#!("%S/'/%(B5/'4/.%B/#S//"%#7/%9'(:C5%
!"Q/G#/.%S!#7%R<M%$#%Kg7C!J%*"%#7/%(#7/'%7$".,%$#%Y.C!,%$33%#'$G7/$3%5$)C3/5%Q('%$33%9'(:C5%!"Q/G#/.%S!#7%
R<M% V4$GG!"$#/.% ('% "("% 4$GG!"$#/.W%S/'/% C(5!#!4/% Q('% R<M,% $3#7(:97,% #7/% ./9'//% (Q% 4!'$3% '/C3!G$#!("% (Q%
9'(:C%RM%V"("%4$GG!"$#/.%$".%!"Q/G#/.W,%)/$5:'/.%BT%'/$3@#!)/%8U@P 8%$B5(3:#/%k:$"#!#$#!("%(Q%R<M,%S$5%
5!9"!XG$"#3T%7!97/'%#7$"%#7/%'/)$!"!"9%9'(:C5%C'/4!(:53T%4$GG!"$#/.J%O(%5!9"!XG$"#%.!QQ/'/"G/5%Q('%4!'$3%
'/C3!G$#!("%S/'/%(B5/'4/.%B/#S//"%#7/%4$GG!"$#/.%9'(:C5J

2!9"!XG$"#%C(5!#!4/%G(''/3$#!("5%S/'/%Q(:".%B/#S//"%4!'$3%'/C3!G$#!(",%7!5#(C$#7(3(9T%$".%G!3!(5#$5!5%
$"$3T5!5J%2!)!3$'%'/5:3#5%(Q%C(5!#!4/%G(''/3$#!("%7$.%B//"%'/C('#/.%Q('%4!'$3% !5(3$#!(",%7!5#(C$#7(3(9T%$".%
ciliostasis (ANDRADE et alJ,%?j]Ka%^ROUA80RA;\%s%0E\;p,%?jbKWJ

Measurement of local and systemic antibodies against IBVh%U7/%C'(.:G#!("%(Q%$"#!B(.!/5%#(%R<M%
S$5%./C/"./"#%(Q%#7/%4$GG!"/%.(5/%$.)!"!5#/'/.%$#%#7/%X'5#%.$T%(Q%$9/J%*"3T%#7/%Q:33%.(5/@4$GG!"$#/.%9'(:C%
57(S/.%5!9"!XG$"#%!"G'/$5/%(Q%#/$'%$"#!@R<M%$"#!B(.!/5%G()C$'/.%#(%#7/%"/9$#!4/%G("#'(3%9'(:C%VMW,%Q'()%
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R9Z%$".%R9E%!5(#TC/5J%U7/%)/$5:'/)/"#%(Q%R9Z%!5(#TC/%("%#/$'5%57(S/.%#7/%7!97/5#%"/9$#!4/%G(''/3$#!("%
S!#7% #7/% #7'//% C$'$)/#/'5% (Q% #'$G7/$3% C$#7(3(9!G$3% $3#/'$#!("5% !".:G/.% BT% #7/% R<M% $#% Y% .C!% VG!3!(5#$5!5,%
7!5#(C$#7(3(9T%$".%4!'$3%'/C3!G$#!("W,%#7(:97,%5!)!3$'%"/9$#!4/%G(''/3$#!("5%S/'/%$35(%Q(:".%Q('%R9E,%B:#%S!#7%
3(S/'%G(''/3$#!("%G(/QXG!/"#J%U7:5,%#7/%)/$5:'/)/"#%(Q%R9Z%("%#/$'5%C'(4/.%#(%B/%#7/%)('/%'/3!$B3/%)$'+/'%
#(%/4$3:$#/% #7/%C'(#/G#!("%$9$!"5#% R<M,%G("5!./'!"9%):G(5$3%$"#!@R<M%$"#!B(.T% '/5C("5/5J% R"%$9'//)/"#%
S!#7%#7/5/%'/5:3#5,%ZN*%et alJ%VK__]W%#/5#/.%#'$G7/$3%5$)C3/5%Q'()%G7!G+/"5%!)):"!I/.%#S!G/%$9$!"5#%R<M%
BT%)!G'($''$T%$"$3T5!5,%$".%Q(:".%#7$#%#7/%9/"/%/[C'/55!("%(Q%R9Z%7/$4T%G7$!"%9/"/%!5%("/%(Q%#7/%)(5#%:C@
'/9:3$#/.%9/"/5,%#7/",%#7/T%G("G3:./.%#7$#%R9Z%5/G(".$'T%!)):"/%'/5C("5/%$#%#'$G7/$3%5!#/%!5%("/%!)C('#$"#%
)$'+/'%(Q%!)):"(3(9!G$3%)/)('T%$".%#7!5%!5(#TC/%):5#%7$4/%G':G!$3%'(3/%("%):G(5$3%5:'Q$G/%(Q%#'$G7/$%
$9$!"5#%'/@/[C(5!#!("%$9$!"5#%#7!5%4!':5J%

Relative quantitation of expression of genes related to immune cell responseh%E#%Kg%7C!,%("3T%#7/%
Q:33%.(5/@4$GG!"$#/.%9'(:C%7$.%5!9"!XG$"#%!"G'/$5!"9%(Q% \]c%)$'+/'%$".%R0O %#'$"5G'!C#5%G()C$'/.%#(%#7/%
:"4$GG!"$#/.%!"Q/G#/.%9'(:C%VRMW,%S7!3/%Q('%Z'$"IT)/%7()(3(9%E,%$33%4$GG!"$#/.%9'(:C5%7$.%5!9"!XG$"#3T%
:C@'/9:3$#/.%/[C'/55!("%G()C$'/.%#(%"("@4$GG!"$#/.%G7!G+/"5%Q'()%9'(:C%RMJ%U7/%:C@'/9:3$#!("%(Q%#7/5/%
!)):"/@'/5C("5/%9/"/5%V \]c%)$'+/',%Z'$"IT)/%7()(3(9%E%$".%R0O W%$#%Kg%7C!,%./#/G#/.%!"%#7/%4$GG!"$#/.%
9'(:C5,%)$!"3T%!"%#7/%Q:33@.(5/%4$GG!"$#/.%B!'.5,%C'(B$B3T%S$5%.:/%#(%)/)('T%!)):"/%'/5C("5/5%G("Q/''/.%
BT%4$GG!"$#!("%(Q%("/@.$T%(3.%G7!G+5J%E#%Y.C!,% \]c%9/"/%/[C'/55!("%Q('%#7/%4$GG!"$#/.%9'(:C5%57(S/.%
$% B$G+% .(S"% '/9:3$#!(",% 3/$.!"9% #7/% /[C'/55!("% 3/4/35% G3(5/% #(% B$5$3% C'(X3/,%S7!3/% #7/% "("@4$GG!"$#/.%
9'(:C%S$5%:C@'/9:3$#/.,%$".%7$.%5!9"!XG$"#%!"G'/$5!"9%G()C$'/.%#(%Q:33%$".%7$3Q@.(5/%4$GG!"$#/.%9'(:C5J%
R"%#7!5%#!)/%C(!"#,%#7/%"("@4$GG!"$#/.%!"Q/G#/.%B!'.5%57(S/.%5!9"!XG$"#%!"G'/$5/%(Q%R0O  transcripts just 

("3T%G()C$'/.%#(%9'(:C%R,%$".%Z'$"IT)/%7()(3(9%E%9/"/%/[C'/55!("%(Q%9'(:C%RM%7$.%5!9"!XG$"#%!"G'/$5/%
compared to groups I and II. 

U7/%3/4/35%(Q%9/"/%/[C'/55!("%Q('%Z'$"IT)/%7()(3(9%E%$#%Kg7C!%7$4/%5#'("9%"/9$#!4/%G(''/3$#!("%S!#7%
#7/%#7'//%C$'$)/#/'5%(Q%#'$G7/$3%C$#7(3(9!G%G7$"9/5%V4!'$3%'/C3!G$#!(",%7!5#(C$#7(3(9T%$".%G!3!(5#$5!5W%$#%Y.C!,%
S7!3/%Q('%#7/ IFN %$".% \]c%9/"/%/[C'/55!("%7$.%5#'("9%"/9$#!4/%G(''/3$#!("%("3T%S!#7%7!5#(C$#7(3(9TJ%
U7!5%"/9$#!4/%G(''/3$#!("%!".!G$#/5%#7$#%#7/%7!97/'%#7/%4$3:/5%(Q%/[C'/55!("%(Q%#7/5/%9/"/5%$#%Kg%7C!,%#7/%
3(S/'%$'/%#7/%5G('/5%(Q%#'$G7/$3%3/5!("5%$#%Y.C!J%U7/5/%'/5:3#5%5:99/5#/.%#7$#%#7/% -R%'/5C("5/5%$'/%G'!#!G$3,%
$#%#'$G7/$3%5!#/5,%Q('%#7/%R<M%G3/$'$"G/%$".%C'(#/G#!(",%/!#7/'%!"%4$GG!"$#/.%('%"("@4$GG!"$#/.%B!'.5,%B:#,%.:/%
#7/%)/)('T%!)):"/%'/5C("5/5,%#7/T%$'/%/$'3T%!"%#7/%X'5#%9'(:C5%$".%./3$T/.%!"%#7/%3$##/'%("/J

CONCLUSION

U7!5%5#:.T%57(S/.%#7$#%B(#7%5!9"!XG$"#%!"G'/$5/%(Q%R9Z%$".%R9E%!5(#TC/5%!"%#/$'5%(Q%C'/4!(:53T%4$GG!"$#/.%
G7!G+/"5%$".%#7/%/[C'/55!("%3/4/35%(Q%9/"/5%'/3$#/.%#(% -R%V \]c%)$'+/',%Z'$"IT)/%E%$".%R0O W%S/'/%
"/9$#!4/3T% G(''/3$#/.%S!#7%("/%('%)('/%C$'$)/#/'5%(Q% #'$G7/$3% 3/5!("5J%-('/(4/',% #7/% !)):"/%)/)('T%
G("Q/''/.%$#%'/5C!'$#('T%):G(5$3%5!#/%BT%4$GG!"$#!("%$9$!"5#%R<%("%#7/%X'5#%.$T%(Q%$9/,%$".%G("5/k:/"#3T,%#7/%
./4/3(C)/"#%(Q%G()C3/#/%C'(#/G#!(",%!5%./C/"./"#%("%#7/%4$GG!"/%.(5/%$.)!"!5#/'/.J
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