[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

Jro ! lis Mrbo{n(;umf/\aJL“:‘VfaJJ.nlr"]ou‘@,/_,‘_;/)g_?quz_);,ﬁj_’caL{:d/J,uS‘:_);,amb@ Il ”VI'

HA2 axlad ayly 2 (55 cpmuSTy 31 230! b 15191851 gl (sragmn dle S'glg i (ol (51

WO/ AN ST ATROAANA il WWAOAANA s ATV sl s 54&

Slma s G153 s a0 15T O 28 (51 e STy s Jod Ol gioas SIS 5 ol Sla ST ks 5 0
et Dy ISl B ol 5550 Ol 4 DSy (Sla s s reiees JUED 5 s s LSl 5 iy 5
ol adlllae b e 528 55 gl e J S 5 Josasr 5 Jske el s £ 58 93 n Wl dapnSTy
Sl s el 5 oSl St b g T IS len HAZ et e aalad 3l eslind s |
Aol gl sl s s e ol blize sl

G3lop e 5 STy Slidos dmsn 3 VTAE 5 B VYA 3151 (03 )08 —Glanw s andllan cpl ey Has
SFA L IS 5 s Bulble g slaes S a5 e 0Ly peDNA3L 5555 53 HA2 JIy5 s plosil (s,
Loowre Sl ol o ool sl sle s b bline oS liblows Jlygesn el A3 G5 Prime/Boost
&Lﬂj] L Jshe sl (HON2 4 HINIT) l)&l_,l.ﬁd 9y ilses 55w 93 L Virus neutralization (VN) %o,
&Lﬂj] eoed 5 et 5 a0 Sla ASTs Wl sl w3l L Sty (s, 2 o s Proliferation assay
W38 B s 3 65 P st

SV S 05 8 5l gulsbme ssba Cds i 53 a6l sles sbaes S 55 Jsle el s ool sl L laasil
6 5Somn ialosl ot la ase 3 (P</0Y) 5 ke o VL s LoTal ey 5L 5o b Jled 65 45 s ens
A edalin e 5 S e b s eges sla mSTy (Bl S5 SL ol 3 adge ST

ol K s 5 1T e b T Sle LI o HA2 aalsd wl 55 S S

Pade ol o2l sl O sk

gblize el HA2 (515 DNA J5sT guds” lals”

(@bl e iSmd 5 sla fulendly by old Ay olast

Syde Solar (SaS CDAFT Loy dlp ol 3pd 0 sl

\@ . L.:.\.d
' als g

sl

il Sibp 5 STy Ao s g0 =
LS s 7 el cclidn Ol
Ol 25

oS (5ol s o] 5 Ssaein pNom 005 =T
Ol O O o K25 o S ol

_ *
5 ol (oliies Ol (r S 1 fs s 5

3 Sty Dl an o ($305LS s S
3L $ilee
Y- TEOVE YA il

E-mail: s.soleimani@rvsri.ac.ir

PRV

w28 ey SWOIET bl 51 Gy Jsho el oy
Major histocompatibility complex (MHC) slad S5 L ol
(Antigen- o5 51 ediSas e gbadbe g 1T 5 T gla oS
slad s pl 5 sbssl (g3ludlad 4 oS presenting cells, APC)

dalg T s e zie CDA+ L CDSHT o5 5l olazt

Tehran Univ Med J (TUMJ) 2016 November;74(8):545-53

http://tumj.tums.ac.ir

ph i B b ke 5l S0 Dlpea AT (5l

Ul 5l ol 5 BB Oldl s $oles sl oa L
L Sol il s Katr bl 5 iliy Coenl glls
S gl Glagal s 53 n Ssp e AT s

Glassb T L Jlgesn el glagmul pd oo Jlogesa


https://tumj.tums.ac.ir/article-1-7745-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

OLlKas 5 Slade L 0¢

s 5T 28 00 sl s J S 0

wron ‘Jz")

5 BAYAY T30S 55 (63 )08 —Glanw s g 5l anlllae
A el = S (G5l (S5lp g STy DR A 5o 55 VTAE
5 el 4 Bulble sl alilesl sla e anlllas 5,50 ansl
S Slapaie s b Gilep e 5 Sl Dlid s
Virus neutralisation %4, 4 \)j\yuﬂ L;:L.J:ﬂ ole Ol axdllas
S g 58 L5 5 5 (VN)

Oloy 3V HIN2 151l oy s HA2 (glacal dl sls JI 5
GenBank  osls oL 31 YoVE B VAAY Jl s O plubs
R C‘J"‘:"" (https://www.ncbi.nlm.nih.gov/genbank/)
ClustalW software (European Bioinformatics L lao)l CEBTES
2= BioEdit | eslazul L .S fk?u.] Institute, Cambridge, UK)
A e HA2 ods Cladlns

GeneRunner v 3.01 (Hastings Software, ;l)-_%lrjj 3l eslatal b
el (sla ol » Hudson, NY; http://www.generunner.com)
b oVbp sk HON2 51T oy 5 HA2 0F 355 (ol
HA2F: 5-GGATCCCATGGCTGCAGATAGGGATA-3") A
L .(HA2R: 5-CCATGGTTATATACAAATGTTGCACCT-3'
505 JIF s Sosdee gl i sl )
Invitrogen, ) pcDNA3.1 L 5855 MCS 5 35> 50 laelSl-
szl s Neol o 31 3 o= (USA, Catalog no: V790-20
S S5l 5s pa slesl oo BamHI 5l 5 <) la ST
Ribospin™ (GeneAll, .S ;| RNA le‘;:..,,l Sl esls 513
. eslawsl Korean)

Next generation of premix .S 3l eslatal b aslas 5540 O
Reverse transcription polymerase =S5 b (Intron, Korea)
Forward ol V pl b gld> s & chain reaction (RT-PCR)
Seie STVl 5 eas 25 RNA 1 pl Reverse jal, ¥ ul
055 Sl L ooles PCR Jsass s i DNase 36
A 3508 S 5,81 U5 s, DNA J S g

4 5w Booli (6580 511 uds slad sho ags sl i ol 0o

B sz.»" ulf.l.»ﬁ )JA \J,J}Lu" UUIRI LSLA“,"‘J o rl.o:» Y’\..L.i:
Jogs dnl Gadenl 53 (6o Slam OLjee 5 asulir Llesls
02,6 )\ bJu'j:g “ oS58 JLAJ‘ QJ}; L;.DLAJ(>\ V..:la..» 9 L;L»L.J:
Aowly g L L 55 sl (HA) J:..:J}lfw Jse 03023 4
3 ars OB e NS sy A olKlrys Sl
GLellr 55 b5 353 Oljme (S fw msns b Slazal
;}l) UIRS oK s 'C) J"é;- PB2 R Vo) 5 VY
2 emse S AS o S kS w Jlal Gl sk
Tagde OF o3 (So gl JLasl 5 s Olge b GolsS s ns
S IFET s s L3l 5 s Gl g m e LS cpl ol
W OBL, b S 5l b g 5l & JEE 5 e (Sl &S
Lo Oglane 15181 51 6, Ki 5 U385 gba iy, oleang
ol Sl s S5l Glaansls oas sy Sl 4 ar s
Lo by dWbe oSty S8 dawsns
Sl ok byl laylSel, 5 S fecl 03 S oo placis s
Aol SlacpuSTy 3 eslinal gmge (255 5 slaasw J S
Auwww\ﬁw‘uwﬁbrﬁ}dub&b&.ﬂsﬁ
S sl abolize

22 o 4 05 e ek Aol B ayuSTy ol IS Ll
50N 3 Oigsml edsn WS ln ey Slasrse glad
il e 5 Sk el ot 55 a Wl

oslizal s o 0L 51T (olew J 28 (gl Slallas =B
ale oS ot sl sl HA il cbli= o ol Sl
oy LS e Wl (ol ade ol gl 5038 bl s
oizmen s HAL A1y 3 55 03,208 (glabais (gla jige sld
Sl eslial VHA2 Uy 5 55 (S5 ST Oleis ol s ps
ol L= sdaze S5 50 el glls S HA2 a>l5 5
Sl blie sl b G5 oS S b Gl Bl
ool Al s s GIAET 538 0 ge (sla e
PLAET s s HAZ ashs 5l eslizal asllae cpl ploil 51 Gt
5 bl Sl s ambe 55 oSty S oexle Gl

Bulb/c L;ugfif@;&wdhdjﬁlﬁ#ll{&);hdﬂdjﬁw

OOF b OFD A o)las VF 6,50 1190 LT il (3 pale olCily 4 Sy oy alono


https://tumj.tums.ac.ir/article-1-7745-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

o5V STy 3 oalisal U [5]515T gl cslag suw ule Sols sia iad (ol

s 23S L3 s s sled sl adds Y de 4 (Ve pl/ml
4 DMEM Ls olpan & 6Bl oo« 55 gboaS s
LS 5ol e 5 VO plml sl Jshe S e
> Cytopathic effect (CPE) Jylo ool LT flds 51
SIS s esns GBS b el e S gl
Lol yan B3 5550 ladshe 3 s 5l s Slaly e J e
5 oLl CPE o

b o Sheslaad 5 s py 5l edd arsls le il
Sledla 5l VN 2lesT CCID50 per 0.025 ml 100 5
YxV00 &3, L MDCK Jshes ags 5 andlas 550 Sl e 5oL~
“ s GBIES e RS A bl e s 55 J sk
5 (100 CCID30 per 0.025 mI) Vor 5 Vo &) sy s
el e SaS mr le il 8 L s e J S
2550 53 IEAET s s SIS b S B 5L
Reed & aculos Jgop 5l oslinad b5 Lle (55l ok
AV s 4eulowe PDS0 & 50 4 Munch

sl bl sl HA2 STy DNA Gos5 5l e 5y W
A eslimal MTT Ose3l 5l ba s 53 ead W Jske
o) 5 RPMI 1640 Losw 3 Jole O sl e
Sl e Vel cells/ml slaws 4 andllas 5540 sla Jige Jlbo
JS Olge o (PHA) A o lSlas 25 O3 Vo0 pl os S oo
Cohs S oS i 4 plg chle s o pg/ml Chle L
G-SIsDNA Ve pl s S a a b e 03,8 033153 3 s 3L
Olgea 03,8 Jid dacausid ey S o gl A3 ww, HA2
Ao S ks e J S

o 038 o5 mle Dl Sl S MTT 058 Gl 51 ey
Jeegs V00 pul 05 8 6lsl b ods |25 Ol3ley 88 sladliny S 5
A2 Olge g S J 0355 58 4 (DMSO) LS il 5
sren 4 pS0le 5 edd s WM ze b s e S
(SD) K oi o i ki slns [iala3l L e gl Slresl sl
S sladshe sl sbes S 0D Sle s s
Lo b Jole 5l slaes S 0D Lo gt & 35 STy Lo
N asle (e J 2S)

oSl GoF 3 iU Il b ol SUT s 5 ol

Tehran Univ Med J (TUMJ) 2016 November;74(8):545-53

http://tumj.tums.ac.ir

Jldds 4 HA2 05 PCR Y gams . eslezwl (Topl0) DH50
PCR product .5 3l eslazsl U DNA 5 ol ags Vov opl
chle ail=e gl s 2l extraction (GeneAll, Korean)
5 5 38T J5 Gao oS Jias 53 Sl skl s 4 DNA
55y 53 05 A el gy il Loode 0l
b Loy Al LAs 08 55l S 58 A, 4 peDNA3LT
EndoFree®Plasmid Mega Kit (Qiagen, <5 I eslal
Neol 33 g L;Laﬁ;,ﬂ S eslizal b s A2 plnil Germany)
o d e S|y 4 jo el U5 askd ) » s BamHI
55 05 e DlS oS A sl 3 3 ek 0518 03
L Jg st ol 4 lag sl

Razi Vaccine and Serum ) Balb/c osle g e b Sl
3T u.f..l..a s aua 55 o b (Research Institute, Karaj, Iran
05,5 Su Jold (Uisn V0 ol oS 52) 05,8 ez 0 Yo g
b se cdams b (5l gl 8 S 515 sl 58 av 5 J 28
e 5,8 515 Al e 13 Celu VY Do 4y s s 5l e
Y 5 o3 IPET s s ade o3l BT 5 gz s pde 5l Oluedsl (51
Lo Sl (Bolas jsbay (G5 s £o0 51 Gh 5o &)
lasilesl b oo glawises 53 3L ST Sle 5 odd 580
Ao 535 03 238 53 il 30 (HD) 0 gl ST Coilas
DNA/Prime-DNA/Boost 3 ,al, b Sy Gy 5 (Goy 5 i)
Jsl sl s plnil o) ml Olpe a0y s Jler e oo
5a13b 3 oy 3 VE ps3 5slsl s adsl slaGs s Sl e s VE
0593 53 b ise IS (30 505e (V) A3 Geyy
a5 bl e i 5 OF e 5 S Sl Jela les]
A ol oS sb w0 0 gl 5 (5,50 (R

Gy 3 Jeol sblie dlysesn sasl G Oliee o Sl
IS 5 ke slaisn o 3 3L 3T sle HA2 S15 DNA
¥ slaiss 53 k3 4 « Virus neutralization (VN) _ilesl L

ﬁ)‘m“&li))\d}\&)f)lwﬂ)})v. jo-\‘iv JANE
B 3 e $ S0 s

oslal | o 4CJL> 03 oslizal 3550 glaw g L85 (gl 2

S s K 000 MDCK 5 Vero Jghe ciS slacsludls g5l

oo ) /10 s 5 0 il 5 ma 53 HINT 5 HON2 (slaey yor


https://tumj.tums.ac.ir/article-1-7745-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

OllSes 5 ilasles G oA

S del mls s ) Jlased s HIN2 Csm gl il
sdalin oS §S0kes ol s lal ¥ lasai s HIND iy
G 35 2 sl ke glaey S s sdel s 4y e 555 e
e sl slaes S 55 55 SV RS o5 5 Sl globas sba
b Vb lols stk Gooy sk 55 LC oS Gsm 53 A
SIS aps 53 A S ey SRLST ol
5 23S bl g Sl ew bt 4 MDCK Jshe
& gt S ol S Jshe i3S ol 655 2 s
Ssbo 2¥5 5 5l adshe 04d 0dS 5 sl 0Ad 55 )5
Lzl

Fsbe sl 3 S MTT el Sl eal sy b
Oiswe A6 51 AL S Ko oSl D
ko 0 Slaiewsid n (HA2) 0551 5 (e sSlea 529)
Gl il b ciliien slaos S 3 anlllas 3,50 gla g0 3l ol o
sk gl 4 515 LI s al 0ol Yl pad 3 b e lne
2y NG J S 0s S 51 golalas b las glaos S s 5

Sl 6 (bl Cow sla i wliss ol Lo
Lo Gy Jme 03 Sl 5 Sl i b oo Kb s
O35 oSSle i odalin e 5 Soo bog eses oSy
o3k o3 5 Sl Sl Sl 5 JaS slaes S sled s e b s
olsl 3 Ay YA g Sl 4 Yo g oSSl 51 tlesT Sl
STy & Somn dla ige b 5 4y sbad el 3 5o bl

Sl e e IS8 R by St wal b ol

SlaiSly sy Sl i Wl seosk e DNA
(il 855 ol 5 oges AT (B p Joee 5o o e
IS 5 sles e laos S gla g 5l ) 5 Jlmb (glad sas
cblie 5 ots a8 LT OLL L3 5 Guop Sl m paw 2o U3
37 LA 15) RO P N A
A (65l S

bl L sl S Ol 5 Sl Gall il
SPSS statistical software, version 22 (IBM, Armonk, NY, !
o3 8 s 35 One way ANOVA bl Qfﬂj USA)
P</00 80 Olabl i (385 5 53 s a8 S 15 )bl
Al a S L s lslae

Ladl

-

Reverse transcription polymerase chain reaction J s.a>w
selasl ol cds LHA2 0 2S5 5l el (RT-PCR)
Jol= oVVbp Jsb a il 5 L 5,585,507 58T 5 s
) JSCe) s

S5y PEDNA3L ;355 ;5 HAZ b sleosls L
03,5 Ly K5y i sla S (33 shas 0w by e ol
HA2 aals glyls a5 55 sladandly (g5l Ll 5 o oS 55
() JS8) sy (51 hsT s 8

LN ol gblize cblis U3l sl 4Kl 4 ar 5 b

15 edaline o @l A plol 81 o 4 HON2 SHINT sla s s
HA2 5uS13 DNA Gi)5 3,05 5 b hge ghuey S gl
G $F ol g 5 f )
p3 5913k Goy3 Jsl sslsk a5 sl Gy
- - M Slesd Ao S \
- + * sled By S Y
+ + + Sles C ebf \d
- - RSP NS Jzs Do ¢

OOF b OFD A o)las VF 6,50 1190 LT il (3 pale olCily 4 Sy oy alono


https://tumj.tums.ac.ir/article-1-7745-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

054 STy 3 oalisal U [5]515T gl cslag suw ule Sols sia iad (ol

AN BEm o DE
¥
WA 4
WE i
ey i = =
o | . | :

';4: T . . | B . = -
= «/, - L~ - ¥ i - B
P o E E 1 =
Tl — - - - - -
g il

r ¥ " TA *r .34 Ve
Laga;

VN ol b cilises slaoy 3 55 151541 ade (3b 8T 25 amalio 1Y s gas
Jsbas P<e/t0 ANOVA (bl Oge31 olel  HINT g 31 eslasal b

P<t /0N T P00 ) eas w3k s

A2 IS el 2,

Ry L L) (P<+/+ 0

HA2 PHA W

Lt S
-

s W15 bl b il ooy 5 S o0y b gl Tl gl

035 b5 B3 AT A6 o

OBL, sl ade JolS cbli= ol Ken 5 Park TS
O5s ps, oS Olu Sl DNA I eslizal b HSN2 w5
Ol O, Kas 5 Swayne asllae 55 "5, 50 Cowsay M2e 5 HA
DNA Lg odd sbul Vole 5 Jlsese el 5 A2 ol
Clsier Sap TS Splr ks glapasls L bpests
cars HA (mlan 055 5 SUS HAL dly 5 50 5 S (gladads
Olsee 45 W 55 51 laanls 0l Sl Jlaz=l 5 151

Sty b G 4 3,005 e 3l el WOT e

Tehran Univ Med J (TUMJ) 2016 November;74(8):545-53

http://tumj.tums.ac.ir

Sobe ol jenay OVADD Jsbas HON2 1350 gl s 59 HA2 05 i85 1) S
33 PCR LHA2 odd 0408 Skl Aol 5 (C) (DNA100bD) 550 O35

(sl ;) (DNA100bP) J 5350 359 ;S b of pondy andllan 5,90 O S ki

AW BEm Cm Dm

! 1

JF 4 L

JE 4

o . :I Sl
r ¥

u}JJlfﬁbjigaﬁdue,; Y lfl_,lmiaﬁlﬁdabdu],:._\:wlb RESIEY

VN Titers (Log 2}

Jlsbas P<t/00 (AANOVA (g bl Osa31 olul 5 HIN2  jwg g 51 eslizul b VN

e 5

D<o /o) TP/ ) s a8k s

A5 5SSl il £, K

T e N L) [(SXVARR}

€y deand Sl eslizal b Sty DNA cotle (5055

05 cner 3pms ekl ekis 4 5 BT s s 05 s
M2 s ML NP Lals O slacs cod ol il s
Sy cilsie Sladlae js sy g cpl ade Sl sl (Gl
dde ol gl S was e Ol Slllas es S I s
3wl Cblix w55 5 A oS 2 M1 5 NP (lacyss

;l;Hlu;H):L;;}mc,bu}ﬂMZ@la.ﬂwg}ﬁmw


https://tumj.tums.ac.ir/article-1-7745-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

SlolSan 5 laddes e oo

3p AL JaS o585l obles sba sl glaes S o
Ll pbiige 4 Lol 280 mul (P<)Y)
sk ) G GRSl o a6 sl e g2
o3 ol O30T L 5 0557 @ B BT RO PR TN
biisie K3 Ol i olatt] 05500 4 a5l sy
S bl 5o S o S o |y a5t 51 ey Comer
L S5 i pid B 5 03 ol Sl 35 5T
s b olanl sl cpl by TS e plabis |y 05 5T of &
oSl O G S Sl S DS 5l AU S 8
S das o DL el sl b 2S5 2 Il e 3leniy
Sl ol il o T gl i) K oo a0 3B ods > b oSl
el e sl W1 3 S5 @lwireal b5 g

S L) Coos S wnllas ow glaos S Glalis s p 02
5 &b ST ke i slls Osbl Gy 53 5 sl Gy
el 53 Jho ol QU1 o ity e 5 S35 e Rl
Gy S das e LIS 5 psks cpl (P</0)) 5y Loy S ple b
BB Al Ol e el glazaly SRIE o 55Tl
G5 S LB s S o € oos S 5l g oS Sl 0T LSS
ol 28wl 5,8 o )3 55l G OsM A 65 S 5 sl
33 et ol S C oy S L anlie 53055 3 opl sl
0l el laes S 55 Leal Olsee 55 50 canlllas 050 b
Wl s

s 33 3 Olojen eslimal asdlas ol sbaazl s )
&l slags s 54 HIND 5 HON2 oy 1510ET s
oo bline cbli= 0l 0L gl e 0L oBL
G4 Sl ol laosls aslis sl 235 53 sla s 0
sl &S el ol 5l S VN alesl s G cos s gl
AP>4/40) 3,16 3455 odal o> 4 el O olsbas

w0 Z-score awsle b gy g3 cpl 51 ol Cl’“ auslis
o301 das e Ol 1) oob 5T Jle il Olaes SlS & 50
S 0l 55 ad anls AT Ll 5T 55 ol e LIS
sl s 93 e YU Gl skasOliS A I S el
Sl 03 s 0 ) Jols il &S 25 S ant Ol

o=Sls DNA oS by la hse 53 Jlysesa oo C_db

Sl L Ol 0l Gus LHA2 sy 5 5l eslinad U 55
ade uSIsDNA ol gl Jmass cpl po " el ol =
S5 psn So shls &S ad eslizal peDNA3 4S5 Sl 51l
250 05 L3 Ol Gl e 2 CPG oI5 5 S5 s
ol o Sl e s Lol Olge Gaa sk 0503 s
o OgeolanSs amd g s Sl 86 SO DNA (S
Thl ¢ 5 51 el Gl o e 5 SShae J1s Gy 5 il
ods b Sy DNA (3l sl sl s onl 51 Mo s
o s S G el el el aal el oLl s
@b ole Sl 5 ol e e Gl Wl ST
Sim Slaes S 3 BT sy ade Sl el pimes
Shas b polantl il Gl S 5 S S BT S
L e o bt glad b Os Jled 5 05 .51 L OAs axlse Slads
Lo bl lad s e sl (g3l i3 5 A5 sl
ol B35 3505 0y 0 ciliiee Jlas Juol b 53 5 3550 05 5
s cpl 53 opl by 35d ules O 4 Cand SIS Ol s 0 e
SF A bods b STy b g3l el STl sla s
A rl?;:] Prime/Boost

SIS DNA G5 o plaes S 53 o8 dias e 0L mls
o) G 5 oS hablone (53L ST 5le ol ol sds b
foars L) 38 3 bl e VN bt 55 &S Jlysesm
Ll e (0515 5) edeS il (g3b 51 25 15101 55 oSl
VN lesl 51" 650 Jesa casles HA NESVINS |
il a (A eslital oS Clablows (3L 5T Sl Jiawin Cogr
P /1) 5 VG a IS 055 S

laal 1 S a8 11 eT s ke el Wl sl s @
S 811 e3b ST ke i Silse 4 o g aallae pl age
53 ilasl pl 53 a8 o i eslinad MTT Jiolesl 5l Jske ol
e 05T L 5 05T L pRsLT Ol &S Spe
Sl S e Ol 4 05T L 5 0581 O 5l Ol il o
el pl 5l Jeol s s gl eslind e sitd iS5 o
A5 Sl el eds il (oS1s DNA & s e 0L 5
W edd Goyp slatse 03 Jske el Rl (2l 5T

u,‘:.:l.ajl RS odal S 4 (ST) S o, Olgan 4S5 sk

OOF b OFD A o)las VF 6,50 1190 LT il (3 pale olCily 4 Sy oy alono


https://tumj.tums.ac.ir/article-1-7745-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

00y Soleimani S. et al.

Jisess Cso 4 abline ol Glagaly (Rl ol SAS 5
S ol s pean 353 15l skl gla ws s ade 1) Iyl
sdi >l b uSIsDNA 5l eslinad b a5 s o OLES andllas

& Soen anlles 350 JAKJ%UJ'I Sl 5o s oul 2
DS de STy 6 pb s edkias OLS oS AL sdalia b Ol
R

pll sl 0T 5l Jrol s 5 o plowil andllas ol
Sl 2bal bl piames 5 awes gl 0o i Sl
ASIBT s s 6 oSt 5 U8 Lo Slagiom S il
Bl (A8 03 s sl Gl Sl b
LM2 L s NP asle s pds s O 5 HA2 I s edd
AL Gy anlllas Cda Ll 5 e S sy D) 5e

PhD. oy asbobl 51 oo Job alie ol 15/l
2h oS DNA L5l s 1" Olse o il g s
4 MX 05 Bome 5 s n olen @ 15081 ol ade HA2
VA Sl @ " el Slagal Cusi sln e sk Olse
5 STy Sl Age Cglam L a5 A3L_ Olg oK1 s

el 0 (ﬁbu‘ 6)\) LS)L"JfJ“"

References

1. TestaJS, Shetty V, Hafner J, Nickens Z, Kamal S, Sinnathamby G.
MHC class I-presented T cell epitopes identified by
immunoproteomics analysis are targets for a cross reactive
influenza-specific T cell response. PloS one 2012;7(11):¢48484.

2. Soleimani S, Shahsavandi SH, Madadgar O, Mahravani H, Lotfi
M. Mx bio adjuvant for enhancing immune responses against
influenza virus. Tehran Univ Med J 2015;73(3):192-201.

3. LiQ, Zhou L, Zhou M, Chen Z, Li F, Wu H, et al. Epidemiology
of human infections with avian influenza A(H7N9) virus in China.
N Engl J Med 2014;370(6):520-32.

4. Cox RJ, Brokstad KA, Ogra P. Influenza virus: immunity and
vaccination strategies. Comparison of the immune response to
inactivated and live, attenuated influenza vaccines. Scand J
Immunol 2004;59(1):1-15.

5. van de Sandt CE, Kreijtz JH, Rimmelzwaan GF. Evasion of
influenza A viruses from innate and adaptive immune responses.
Viruses 2012;4(9):1438-76

6. Khanna M, Sharma S, Kumar B, Rajput R. Protective immunity
based on the conserved hemagglutinin stalk domain and its
prospects for universal influenza vaccine development. Bio Med
Res Int 2014; Article ID 546274.

7. Levy DE, Marié 1J, Durbin JE. Induction and function of type I
and III interferon in response to viral infection. Curr Opin Virol
2011;1(6):476-86.

Tehran Univ Med J (TUMJ) 2016 November;74(8):545-53

http://tumj.tums.ac.ir

S S8 4D Ol e ool Rl b sy VU Sl es HA2
o 53 ol ads Blis Wlg e oolgia ol 5l esliad
Lol hliz cnl ol ol bl sl abline Cblis ol
ade oSIy DNA ~1 b ;5 HA2 ot cblis axas 5l osliza
alad (Sas cblis 4 ars Loy dibe BT slacs e
ol sbes e ple s dpLel slees e > HA2
O3k GisF Db 93 3l e men A Aaly sl 55 s
VA b AT sle ke 51C 05 8 el e glabse VAL
e S ise b (P /o)) (68t Slis S Loy 5
Rl Sortis o > AR psd sl GuE Sl e eSS
S3P5 smr bS] s 5 Wliss Sl il > ST
oS3 DNA G5 5l Jeol atal 2B 5 Ll (2S5
=l rl &S A edalie (hLT o gla e 53 anllls 5,5
SIS HA2 (oSTsDNA LS 5 5 S5 gt o dizen ol Sl

Az o shaels

ozl Gl ol anllas cpl 5l odel s & i ol ol
askad 4l eSIyDNA bw s Jsbo 5 Jsesn pbline ool
doe I pl oS Aiteen S5 opl Sl 15T s 5 ade HA2

8. Hossain MJ, Perez S, Guo Z, Chen LM, Donis RO. Establishment
and characterization of a Madin-Darby canine kidney reporter cell
line for influenza A virus assays. J Clin Microbiol
2010;48(7):2515-23.

9. Gauger PC, Vincent AL. Serum virus neutralization assay for
detection and quantitation of serum-neutralizing antibodies to
influenza A virus in swine. Methods Mol Biol 2014;1161:313-24.

10. Kitikoon P, Vincent AL. Microneutralization assay for swine
influenza virus in swine serum. Methods Mol Biol 2014;1161:325-
35.

11. Riss TL, Moravec RA, Niles AL, Duellman S, Benink HA,
Worzella TJ, et al. Cell Viability Assays. In: Sittampalam GS,
Coussens NP, Nelson H, Arkin M, Auld D, Austin C, editors.
Assay Guidance Manual. Bethesda (MD): Eli Lilly and Company
and the National Center for Advancing Translational Sciences;
2004-2013.

12. Hessel A, Savidis-Dacho H, Coulibaly S, Portsmouth D, Kreil TR,
Crowe BA, et al. MVA vectors expressing conserved influenza
proteins protect mice against lethal challenge with HSN1, HIN2
and H7N1 viruses. PLoS One 2014;9(2):e88340.

13. Bragstad K, Vinner L, Hansen MS, Nielsen J, Fomsgaard A. A
polyvalent influenza A DNA vaccine induces heterologous
immunity and protects pigs against pandemic A(HINI1)pdmO09
virus infection. Vaccine 2013;31(18):2281-8.


https://tumj.tums.ac.ir/article-1-7745-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

14.

15.

16.

17.

Induction of heterologous immunity against current influenza serotypes by HA2 sub unit DNA vaccine ooy

Park KS, Seo YB, Lee JY, Im SJ, Seo SH, Song MS, et al.
Complete protection against a HSN2 avian influenza virus by a
DNA vaccine expressing a fusion protein of HIN1 HA and M2e.
Vaccine 2011;29(33):5481-7.

Swayne DE, Kapczynski D. Strategies and challenges for eliciting

immunity against avian influenza virus in birds. Immunol Rev
2008;225:314-31.

Cong YL, Pu J, Liu QF, Wang S, Zhang GZ, Zhang XL, et al.
Antigenic and genetic characterization of HIN2 swine influenza
viruses in China. J Gen Virol 2007;88(Pt 7):2035-41.

Fan X, Hashem AM, Chen Z, Li C, Doyle T, Zhang Y, et al.
Targeting the HA2 subunit of influenza A virus hemagglutinin via

20.

CDA40L provides universal protection against diverse subtypes.
Mucosal Immunol 2015;8(1):211-20.

. Mastelic B, Gargon N, Del Giudice G, Golding H, Gruber M,

Neels P, et al. Predictive markers of safety and immunogenicity of
adjuvanted vaccines. Biologicals 2013;41(6):458-68.

. Stephenson I, Das RG, Wood JM, Katz JM. Comparison of

neutralising antibody assays for detection of antibody to influenza
A/H3N2 viruses: an international collaborative study. Vaccine
2007;25(20):4056-63.

Gadalla MR, El-Deeb AH, Emara MM, Hussein HA. Insect cell
surface expression of hemagglutinin (HA) of Egyptian H5NI
avian influenza virus under transcriptional control of whispovirus
immediate  early-1  promoter. J  Microbiol  Biotechnol
2014;24(12):1719-27.

OOF 5 OFD A o,les VF 6,50 110 LT o5l K3 pale olCiils o ity o Ciils aleo


https://tumj.tums.ac.ir/article-1-7745-fa.html

[ Downloaded from tumj.tums.ac.ir on 2026-06-15 ]

I [ ] ] v I l Tehran University Medical Journal, November 2016; Vol. 74, No. 8: 545-553

Original Article

Induction of heterologous immunity against current influenza

serotypes by HA2 sub unit DNA vaccine

Sina Soleimani Ph.D.1*
Shahla Shahsavandi Ph.D.!
Omid Madadgar Ph.D.?

1- Razi Vaccine & Serum Research
Institute, Agricultural Research,
Education and Extension
Organization (AREEQ), Karaj,
Iran.

2- Department of Microbiology and
Immunology, Faculty of Veterinary
Medicine, Tehran University,
Tehran, Iran.

*Con'esponding author: Razi Vaccine &
Serum Research Institute, Agricultural
Research, Education and Extension
Organization (AREEO), Karaj, Iran.
Tel: +98- 26- 34570038

E-mail: s.soleimani@rvsri.ac.ir

Abstract Received: 06 Jun. 2016 Revised: 08 Nov. 2016 Accepted: 19 Nov. 2016  Available online: 20 Nov. 2016
Background: Problems of live and inactivated influenza vaccines such as, increasing
emerge and re-emerge viruses with high human mortality, current epidemics of
influenza and direct transmission of avian viruses to human, affect the vaccination
program. DNA vaccines as third generation of vaccines is specially considered for
control of influenza in human and poultry. The main advantage of these vaccines is
humoral and cellular immune responses and broad spectrum of using these vaccines for
control of circulating strains of influenza. In this study the conserved fragment of HA2
to form of DNA vaccine was designed to induce immunity against influenza viruses
and its heterologous protective immunity against these viruses was evaluated.

Methods: The experimental study was performed in Razi Vaccine and Serum Research
Institute from December 2014 to July 2015 in Iran. The HA2 was cloned into
pcDNA3.1 to assess the HA2 DNA vaccine and mice were immunized with the
generated constructs in a DNA prime-DNA boost regimen in 4 groups. The humoral
immune responses were analyzed at defined intervals by VN tests. The safety of the
vaccine was evaluated by daily inspection and histopathological examination. For
evaluation of cellular immunity, proliferation assay was used.

Results: The antibody titre and cellular immunity of immunized mice was significantly
higher than control group for two serotypes and the highest responses was in the group
with two-time boosting (P<0.01). There were no any local, general and histopathology
reactions in immunized mice.

Conclusion: The HA2 DNA vaccine significantly enhanced circulatory antibody
responses and cellular immunity against influenza current serotypes. This study showed
the highest immune responses were in the group that immunized with HA2 in prime
and two boosts. Besides that, this construct did not have any local and general reaction
and any side effects in treated mice. So, this construct was introduced as candidate for

control of influenza virus serotypes.
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