[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

S1lglasT cyausTy (sl ps MF59 cilga Sl Jolss

e R
WA Ol [V o led | s Jlo [ Ld (a5 o sle oS8l e LQZ

Libagh) s

oligias Sliiew 1 eolawl b gl plakdsT STy gl MF59 ilgasl JolsS

VWA YA callio pdy gl

" rbre GUT 5503 5995 " Glodd Lo pule

Ol cang )l olBisls ¢ (S als 0aSLiSls (659 99,500 05,5 =)

VPRANY/ & allie cl o s

BT 55l 5 (s sloog,T plad (sl slome raSly (o2 ois )2 sl S5don i 4 a8 lao jas S se Jule SIlslaT o g 1B g dine
Jue alcwgas MF59 cilgzal 5xi56 ol 50 Cawl ol Bl cogas Coodls (5lps odae JSio O lgieds (sl3lalisT Lug g joi o] 0dibcull diedgus

S oloy MF59 cilgol b duaslie 10 (5 ydon HAL jle 0l Crgo 155¥4a5] g g 5 Calgzol

el Wilg e sxdse o )lse Sl pae 5 (598 lyge (sia! Fewly Wl yaizren ol oSS 58 Collae olgS olon | b 4l JolSS il ol 1 g pS Az

algzol oy59mS JoSlS e MF59 « gl53lghisT puSTy 1 gouds clals

oS>

23l )1 S JoSlS

598 MF59 cilgzol

oslitl sl (glys a8 Jlad e l3ilslasl (eSTy golass (F)
g sladkal EraesS 0 ah) (b oS Wlosew) Cud 4 098 o
Slllas] lacpusSTy Jus sl ] o Cews 4 (5lu all>
Sl 055 Yt b alle B LS Wogr s 5 sl
o5 b olaws 5STen gy o Jlsb b puSTy ooliciul
(0) sid ol Jadrd 5 JS ugng Sle p STy
2 SIHIT Gugng pols wd)y b Jlbyed waz oSy

asles (Continuous cell lines) siee cuiS (slo Joluw
4 diwgy (MCDK) Madin-Darby Canine Kidny Cells
YU (gl oabansbis oy o gy dacslesol () anl oo Cows
oSy el g wloadplo lagruSly 4 (ool (2S5 o 2
dacilgzol ae badlgzol Jold ez jwlpw ol
Lo (ST 4 (Soonl (2STy 592 YU (sl oadaislids ol i

journal.fums.ac.ir

doddlo
5 Lol fodls agle bl 0005 S5 (S133lolisT g
3Ly sl Sldd o @ () 2980 peme Slls
03y slo o Jole aJlus 2 (Antigenic drift) o5 sl
S P e il g ogdle 395 oo Ll agels Chgie 4
ol iz glaassaza ) g sl3lalal Sglite slaaisS
V) Sl o555 (ool Slml sl (YL demsly 51 s s
laog)S plos sl e STy (1392 (s 40 e (T
o Olsrear sllslist jaim (o] aresges BT 0é) e 5 g
5 had gond 10 bapluil egee Codl gl odes JSUin
el o0ibo 3 cazbley 3lisl glo g5 S & il e 45 (5 yet

Aag )l oKy o S 3aals 0uSLiils (655 sua S 05,5 ¢ Slodl) L pule 1 oo 00dmny gtk
Email:Alireza_trtr@yahoo.com ol
https://orcid.org/0000-0001-8994-2691

YY#)



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

v :
PN Ol [ Y ojlat | ns L | L (S p ke oKl alors

Ol 9 Filed L pule

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

LSy 50 plaSie el &l glie 9 (olbond (58

D gy Ghse 4 ol S5l Ll 5ilelas]

g 9 Sl
Serum decay enzyme [Methylglycol-chitosan « JlsS!
30,5 a5 (Sigma Aldrich- San Luis) 5l TPCK- s 5 4
{Merk Milipor-Deutschland) ;I Span85, Tween 80
DMEM (Dulbecco’s 4 Serum (FBS)
03,5 a3 (Gibco-UK) ;| Modified Eagle Medium)
Jobe S 5 ! 519kt o9 513 4t

l.g HIN1 J.>|3 o ‘U”"ﬁA Le o0l )lfjlm @‘f‘?ib] U¥929
(598 g0 0uilg> PR8 I,Lazs) A/Puerto Rico/8/34 aasic

Fetal Bovin

a8 Ol ssely sl dsse VAT Sl 5 5 S
&y 00,8 iS5 (g0l T a8 o35, A o iz €005 )0 5
Tl Epop o ST o i ay g g IV M jslats o
FA Gae 4 YV'C loo )0 g yonss (5,l0855 5l a5 o
o] ST mlo g 00,5 2,1 ,5ilisSil oS 5 weeles
slodls )0 uans e Olsear Jol> Jpame ol azils
V-9C (glos ;o MDCK sk ;5 oS (gl 5 s 258
20,5 0,03

ciS Lo § il o Ve olyen 4 MDCK (cla Jskos
S pyare Sk 4 (FBS) 5B (i o 551> DMEM
J3YVOC slas ;5 15CO2 ,gilisSil o 5 Jiiza T-25 sl
253 Jobw Moo e ol (Joho Ggmibingar ol 00l
S lases SaS L oseliiwady o ol ol a4y o) Lo
a5 ool yd La YO oS e 4 FBS 71+ s DMEM
Al IS e 4 2l bele (nl ) eV jlade s
15 el FA S a4y Euly ol i adlsl b YE coly oo
28 B YVOC sles L s CO; ,gilsSil

o ibwlaz g MDCK Joluw ol 45 (g 329 gkl

Obiaabl 9 098y o 25 50 (2U VY Culy ovmlina 5l
Gy S e S0S, 4 MDCK gla Joks JLail
5 00l g PBS ilinsd 5L L 45 ag0 5 b Loy Jols
0,5 LAl lalinl e ng 5l g See Voo Saly s 4
Selo S0 e ok ook 4 g ng i jslaiedy
3haads abools 1B YYOC slas ,o 4 ,l0 COz 445LsST o

YY#Y

Sllslis] Lab sl STy oS ol b s wlendly
ol oaizs oolatnl oyl oS 5 50 acdlgol 5l as s ls 9924
ooz 5o Zdlgzal STy (n s )lS pariesll Sai (V)
g had oliledail o e a4y lacilgzol ol 51 colazul .ol
Sl 03,55 Sl el (g e (£ 50 2I3il5liST (sl STy
ooans HA (aw Qo wisls (las 13 la w2 ()
goly Ll i) W o ige o Jlocland poctogll yo (ol3ilslis]
Slanlive S o Ty Gial33l Gladl s STy 4 gl
Sy Seigan poll glacdlyzrol a5l (e 6,018
S9l8 (B 51 (A) axien o s (o X p 3 VL, sl 5lekis]
oy sboilszal wd;y gle (x50 5 (Sl 2)lee VL
ethisioal b alaly s 00,05 Slallas aSnll b Soes
21y 970 edsl sy LS4 MFSO (335 Jlas o 5 ol
25 shad Jlab ot ST g5 S5 (sl VARV JLo
Cilyzol S MFB9 .55 cly,s |y 5L 5 80 i ol
Ol (€9, Comd a5 ol (Oil in Water) ST jo (85, 29,
soba canb 5 ool (pl e <ol (Squalene) sl
ColiS g 90 NS 4 S Cuwl dwsS AW g, odes
bug MFS9 o154l 08 o Jlauly Spans gTweens
N ) 0gd g0 penS (VF M 51 156S) gamglgel IS o5l
QR

aw g MF59 cilgmol yisw Sl JSese Fluad STy
SB 0)90 Vo0 Suolyd VA o)l )3 002a%iS (g g g
6L henS a5 sascul (V) col 48,515 FDA
CD8+ 5 CD4+ T (sl Jskws 5 B Cells g5, CDBI i3l
ot ol 5 bl G slenUtle w5 carge
o35S a5 LB aladi 595 o TLR4 4 (5l 5 L) CD44
S5l s (S e fs 53,5 al3 b 4 el
O3S az SO OY) 05800 G2, e 5l sl ans]
Lol ol 428,55 agan b (slpslalasl (euSTy (sl o558 olszol
5 Geiman 5 35S ol sllae ol 5 55000 s
Gy ilyzal s Sy lsreas | T el JISlS slo
OF V) a8 o 5 yme 15Y 5T ST

clizie ggl> MF59 5 MF59 Cilgmsl asllae oyl o
TWeen «ljs5S JsSel e (ollsSiol 51 o 5o ooljsS
welem Ll o ol adg pH 6 3L &l i ;o Span85 480

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

6 351gkisT cpauSly (sl MF59 clga 1 Jolss

Y4 Oleesls |V o b | 23 Juo| Ls (S psle @\;MH E

sk 9 ke Ol coS 5 a5 o nlay o el Silgzol
Slpw 8 Jgo be Vo a4 (Tween 80) Ar &lygw
(WIV) S 5,0 Tween 80 clale ol ol asls! (pH £/0)
Syl 65 b yse 4 10 (WIV) el L 93 /10
oS § e A a8lsl /+/0 (Span 85)(WIV) AL
10 Sae a4 pliged g wS,9 olKiws Lawgi sawlcwwsa
olfiws aliwgdy cubRer oS 5 Nad HRen ddds
Gy JSew z=u o (IKA T18 basic, UK) ,dyaslss See
To5 U 5 G g 285 B WYk P ladees
Sl gl b 0l 00ls jgue sy Koo < IYY 12ld 5l g (y5laex
ooy b Jols Cilezsl isd G o] slap,> 5 S
A DY) 08 5,105 -FOC sles 5 onliiul

Methylglycol-chitosan ;I S y MF59 Célgs ol uaded
(MF59+)

oo Ve a4 (Tween 80) A obygm b g yhie Ol oS 5
0 mgiml - gsl> PH 0) opul Sl 3L Jse
4o Tween 80 cdale -l ol aslsl Methylglycol-chitosan
Jsloe a5 (WIV) 70 JsSal s 353 72210 (WIV) S 5
gy aal Cass 4 oS 5 .ol aslsl Span 85 (W/V) 7.+ /0
Al Ko 4dds VO ol 4 plieed 5 WSS ,g oKiw
b g Su3slig Ko MFSY cilgrol ailie ouldKon oS 5
65— FOC sles o oolitl (ylej b Jols gzl o

9 4jgSmg hd (SuSy e g Sojlul
Cilgzr ol &l ldgil (558058 590

Gy 4 kgl a5sSy 5 TSy ol Sike
Zetasizer olKiws lawgs (Dynamic Light Scattering) DLS
Ol b ladiges a5 g0 ol 4 8,5 plosl Nano-ZS90
play 23,5 ploul YOOC (sl ;5 5 &b, MO+ ++ opsgs
AV N) al pll JSS Y j0 Ojgo ) 4 s S oslal

Calgz ol Uy Jomiliy (g S0 310!

23 9 VO slos 3 5 w55 38, VIV: liee 4 ladiged
oS5 Loy (RUN) (55,54 Vo v 5 4o Yo oo Jobo
Yoy b pSojlail sles ol &l,3 Zetasizer Nano-ZS90
(Yo V) ol bl 1SS

Calgz ol pH (g g0 310

Sde 40 5 sloyg0 O jgods Cilgzol (6l Hlejae yo

journal.fums.ac.ir

b 5l gl dee Sy Sy 245 2B LS
clale |y TPCK- s 5 55l> 5 FBS 50, DMEM s,
ao,8 aslal Yug/ml ol

H5LeSl 53 el g ng 8y Lase g3 ABLSL 1
5 Bad (5,0 as K e 4 YVC ko L Ll CO
PoSwgSee pj 55 (CPE) ol il osalin cuz 35,50
OIS i g g ilulaz S35 1B (o) 23550 (gSae
10— lale Lo S aods ebay (10) cé 5 bl LS
2 Jobe clS a5, @mbe b oolen 5 agd 55,800 5l s o
JTVTRVEH R o O PRSI WG VRN VIV R [ uivgow
coly FOC gloo jo cels S Gasag g Veeves g ey
S 005 Sazme (ygaibiwgas PBS 1o e iy 59 (o929
TClIDso (Tissue Culture zriw cowS 5l oolatwl b oy
5 (Reed and Muench) yige-as, og,Infectious Dose50)
Sl alie HA) gpmliiglilon Giomw il
Osmibisses Syslanz 5l G OF) 0 aralne (i
9 HA oo raL?u‘ 9 \5‘9l'“4 RAY )l cd.a—lwécu 919
5 98 OIS 4t Sz eslin 523 b sladisei TCIDso
65 ool (o3 B =V "C Las o 5 bl gl g
VAW

oS poltens (swg g 5l o5 s s O3l g
28,5 plnil Sllslal STy s g oadiangs ilgzol b
555 Ol «msny Sibe Sl 5l S w255 MCDK
099529 el 5l ey 0l anloes TCID 50 gy 2 s 25
Sl sles o celus o oo 4 101V pganlpigenldle 3 L
9 MCDK' (Jgls 2sS 30 g pg (092 Jled et 0l Jlad ot
Lug 59, dw Soe 4 oy sl .ob sl CPE ol poe
¥°C sles ;o PBS j8L g (V- - -+ KD cut off) ;. Lo aws
(V0) s 3dbs

Lidlgzol adgd

SlordsSosd Sleogas Sl 5 oy ol
oaSisls w&uwu)b oliw.:l.n)—‘ 9 M) )S).A e w|5_>o|
28,8 bl s gilwgls

MF59 algol adgi

Lg‘)_.: OMUL!)JU O)LML«_W‘ JynJB da.‘a » MF59 w‘9_>é|

Yysy



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

@ /
QD YA8 0kl | Y ojlod | s Jlo | L (S sl ol82305 s

Ol 9 Filed L pule

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

5l caslen isle! (HAI) Hemagglutination inhibition
ooong 9 ezl 5 86 Jhgen (sl (2l jshaieas
5ol ol e s eoliwl HAL ygesl 51 slylglast
O ) ags,8 soliul S5 Vgl 48 slacalis See
3 o 3 8 iy 05 VY a0 Galle Jlog 415 See
Serum decay ) pyw 0disS o 55wl b g 38,5 Sl
00,8 ALl Lige oy g S B0 00> gl 4 (BNZYME
g o8 plxil plp 90 (b 3le@d; (055 St Sl o s
Sy & e 5 5 435 il S0 B 3T 0k 51 Bl
Gae 4y g adlol (axly FY HA 5 51 g, Sea B oo o |
A ool 18 5l gles yo aaBs Y.
110 €0 308 JolS 2ids See B0 De (23S 51 gy
oBislesl slos o aids FO Gow 4 g adlol o i don 4
5l cailos 7Yoo ol g8 aS Glojas op 3 an esls I8
Al (T jle plaiear cils ss2y (pmlidslSlen

20,8 calE STy
Graph Pad Prismasi, L G opl @l

Software(version 5.03. Graph Pad software Inc. San
One-Way ANOVA s,l! s, ¢ Diego, California)

2 plosl Tuky Test (g0l Lawgs bog,S s dulie g puunds
ab 4 F L s lolies P<e/+0 e
g b oo il glaslo 29, male SIHA (051 b
<d, wSe (HA) pemlisgflSlen (le) gooe li
@S on o5 pemlislilen b ol o 3T 50 egy

S PH olKiws Liwgs cilgzol pH oleje Jlo G oyl
8 s pPH Sllogs ol 9 205 (o0 (o) 2

axJllaod 90 dxol>

ol oole slaan £ hge O Slaws Lialejl 09,5 o (slp
et (Si i pele oRiils glawslas Sy 35 e 5l Balblc
sl Tl Oliee (o Sln Shge iy 09,5 50 50 oS 4
5 oply cou Gulejl Jolie (aled 0,5 Dbl e
By glawslie Sy 35 0 pisle;] Sllgs ala>d
Dot Gialejl 550 slaeg S b S plonil 5l Sy psle
I8 addlles jge diinly pué O)gods g Woh (GApamdS )
VTR

Zolgzol (F MF59 ilszol (Y (PBS) suudly JymS ()
Silgol gy 5! (F MF59+

e S3lan 5 el ieigan

Silg>ol ey o5 81 b Balble glaas il oole sl yhge
MF59+ s MF59 clacilyzol 51 Ky m b oS 5 5 o5 b
Sly OgeVaed ds lp b el (Slie Djg0
S 4y gy iS5l eadiisyslenz (sl 5l
Vo¥ TCIDso (ljue g 2 Egamme,d Ao oS 5 (Soluns
5,5 28y STy g S Ve ey 0l S8 e g )l
593 3,5 E8b,0 Lo PBS laige «gie J5uS 095 5o
Ot A Gy B bge 4 Ll pgo aiim o STy pslaly
Vo By b lghse Gamlidsel I alie [z cldS )
o= 9 Nad ldse ded (O-mg/ml) yelS s See
Ve0C (sles o oads (g3lulaz s 5 (il (55 S pslaex
(YY) 0l 6,10 o o gy sl

HA ..'J}".;T - .," o - -—
b W \ .
- V7B o P g
HA o503 "’ S (o NN
P '
Ao R\ S, g8 R
HA S50 A ARG S AR
- -
iie JAS o e . ® ° L
.
1:1 122 14 18 116

. W . e - "f; r O o ."’ O{
AAAAAAE
A AN TN
- e o o e '..\“ /’o
1:32 164 1128 1:256 1:512 1:1024 1:204§

ebals 5 ewliTelSlen pac lsicds ool iiad jo8 JgdS a5 Llodils . g sl iomiw gl HA feejl mls =Y Y
2d 5 plml Al & jgon HA (g3l sl 30,8 lo oS oumlisolST o Jds ams oo ylid Joul8 (cicisad § 4SS oloul pac oS

YYFY

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9 ]

6133lgkasT (yauaSTy sl ps MF59 cailga Sl Jolss

W44 Ol [Y ol [ s o [ L (Sa5 p ke oKl aloes

bedlgarol (ol 9 (5 Sluoguas

9 aujgSamy ol (SuSn ple Sl
cilgerol ol bgili s55l3 90

Py 4 Shldgl dnjeSiany 5 (SuiSTy ol (Sl
bl .cd)5 plxl Zetasizer Nano-ZS90 olKiws Lawss DLS
SIT o RUVEE SV SRCIW PRV B R PRES S A N I W
bug Syl Sll3gl s5els8i0e 5 s bl 58 sla
28,5 )18 aslllans 50 SEM (59, a2 5 (59 2SIl ogSung S

Ogwlad oS gon 51 Carilow g bo3l (HAI) gl

Sy gy 005yl Jlysap siosl gl (o) soliaton
5l cailes Giolejl o oolawl HAL yg03l 51 cslyslalis]

S5y ol plas il 2585 wg g s1p VYA Jle HA (fges]
KQ
TCIDso ¢y903] geobis

4,06 s 0o ol ) mans ke HA (3031 428
Sl o (Jad Gogng) sugny (Soie Dlyd i
S2972 S0l oSy Hge¥ 508 45 (Sl g ns Sl s
G 5 5 ke e S0 55kaied TCIDso (yge51 5
) o Sl e jlas Sl s Gugng Seke O3
0, St wls YF ool & wlf gz & jemi (V207 b Y -
oglie glaclale 15 (Y US5) sy CPE odslice jl o 5
25 8,91 V+A TCIDso (50

SH0 355 (Sohe & B o Gugng 5l <) (e camoplis oS TCIDso (b9, & (owgns prz Olie -V S

A Particle Size Distribution

[«]

so Peaks Summary
a0 |Dia(nm)Vol%Width
70 | 1456 100 993

%Passing
n
o

0.1 1 10

Size{nanometers)

B Particle Size Distribution

OFNWEOONDO KM
“Channel

100 1,000 10,000

so Peaks Summary
so Dia(nm)Vol2%Widith
7o | 1564 100 1042

YPassing
"
o

Q

OFNQRQEROLONOO M
%Channel

O.1 1 10

Size{(nanometers)

100 1,000 10,000

5 (A ygad) MF59 suliadss amwglgel ol ladgl SauSTy, o a8 . Kls a5 DLS olSiws 28l 5 aigas -V &

journal.fums.ac.ir

YY#0



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

AR Ol [ ¥ ojlac | s Jlo | L (St sle oKl alns O1Sad 5 ilesd b pale

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9 ]

Qﬁ"\" ws‘j 05; d.m.)l.a.n B )L.f.c u.u.:b&‘ U"‘ 09 )‘QGZM 05; als ul.m) (\ )‘\)94.; 9 A\ Jiw) uj.a.u:l...a.sslf}o.ﬁ
09,5 ;0 g o gme P<efee) 285 b o L calgol 5 a5 WS e ol | HAL jLe o iy MFS9+ ST
gy lolis B 4> 51 5oml HAL JLe PBS JyuS  P<e/od 5,5 Ll 50 b MF59 (uSls 05,8 L duyli

el 00 03551 ol Jgaz 50 Sl & ygods g A (6 S 03Il sadangyd slacilyzol oliasd- 450 58 Slogas —Y Jaus

‘ 9l b il Juwiliy U STy &9
Calgz o " . A 595w g ;
09'.5“‘"’515" U‘)‘b'e L’) - uga_wg-‘}n‘ Obo
MF59 ~\0- Y4 <IYY ZIN YIN £4/-¥ <Y xe/eY
MF59+ ~\0f YOIb <IV¥ #If FIVE/-0 \VAR=SVEN Y

9l gl len 5l Canlon p JuJo eSS oloul .ilgzol fyas wy g 9 MFE9 IMF59+ o9 5 (sl HAL (5031 0 bogs o s gleas —F Sl
3575 pae W35+ (o9 s (sl w0 (5ol T 297y il e i (ol i g (il e )8 Sla5lS (ol a4 o8 slaJslS
3y 305 SBU5IS ol 19 & oy 031 8y 5o o JpelS s axSIST mge selisislSlan S Cunlos (sbacsob T

b, S 18 slesl 0500 1SS aw b iulejl 0590 (slaog,S ol ad § ki s HAIL jLe loreay aiils

Specific 1gG
1200 ok =
1000 <+ = —

A

* %

<
<

800 T
600
400
200

.

MF59+Chit MF59 Un-adjuvanted

rSly 3 MFB9 (MF5+ (gl S (sl (yselipionl | ai oz CuddS 51 ey G0 oy 5o (SIlslaT (g9 HAL Jle =) loged
B odumsylas s P<o /o)l sae OS] oaims L s P<o /20 lo jixe BT odimsjlas # .050,5 w5 Silszol o0y
A ools las b BliaslE Le Kl O jg0d; Wosls P<efe ) s e

journal fums.ac.ir

124



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

6 351gkisT cpauSly (sl MF59 clga 1 Jolss

Y4 Oleesls |V o b | 23 Juo| Ls (S psle @\;MH E

-l & udgs g MFSY Cilgzol daswgs 5 JolSO asllas
S Olsiear ol it 5l g,cnlil0s alysls (gesslsal
-5l 50 s W laeSS Cansylo g (Co-Deliver) Jlas! o
l3sos] g o 0olall MFS9 Cilgol Ol )0 9, ¢y g 5l

o ezl God e ng s MFSY cilgol 4 cons ]

%
9 VPO 2lyd gl ple (Sl b oadangd o ilgzol
Sdlgzol sl Jb s &, b (Polydispersity) Sosl,,
3 bl i olld bbb e85 e e |, MF59
JEl glp Coogasr nl rizres Wl gaSsad (S
5 msbie Geoly Wl czgo a5 (55T 450 5 5 )5l8 il
5 S S3gil Ll a8 wis,S ol Yoo Jlo e o, San
%}I;J)equm}@)bjw);&yUYH
Seoy gaderd Bl 4 e o Gy s 4 cels
dop a5 85 Jlai o Wb |, SO pl Bkl e, e
Jgal plsear 5 5l (g &gt Silgzol SLS 5
ogde a5 )0 Gl agili Voo 5l jieS ad lu culidngys
 2Ulss ol 99 oyl ud jild &g0a Wi oo 450!
S by Sl oy oolad slol8 ) b Lasiitns a5 5l
39l o8 Lgme (Somdgal o ilgzol 1y GolS Jalse
5 78 sladels b camlior Skl L pliee o512
asls 6,85k 58l sanS sy sl she Guizen
Crge andly (59,5 ol Lo 4 by sy il ail,
Gy 3l syt S5 5 b SsKeal 5 Faisly Sl
G aSlz o)l Jlos 4 g e ol b)) il malS Ko
w2z 9o g ol S0y e O3l asdls (595 falS s
&Il s o 9 ol s o (Coalescence)  Kisewl oo 4
$55 Jomilty 355n b5 plojne 5 Gseslyel s
i 1y gl sl (s ly Wz 45 Jys3 15
s MF59 Cilgzal (Y4 YA) 8,65 oo L3 Y oY (g, &S
Golb 5l Hlas YO 4 ¥ b Juaily b o5 5 & MF59+
OligaS a5 35 oo Jie 4SS ) i lo Silgzol el
sy s 2 iz 555 (INert) 5, 0 parte S olyieay
9 4 j9%my PH Sl () 2 (V) 0,105 (ygmdgal 5L G

journal.fums.ac.ir

& 35 A g Sony
9 JolSS plaize g 558 slocS 1o ppe Sloal 5l (SO
Ailgss a5 0gdll Cilgzal SO alewgds (sllolail STy angs

929 Sagw Oglite slacys bl ade ablite Coigas

Cogean 5 ol gemsly Gialil sl el 035 sloml (slllas]
ilzsl il (slagiune 556 (SIHIAT Gugng ddde
oot~ )15 LS 5 Las Sk el lalS aloo |
s ATy 25 (Lo ShaS daggedgel b ol
B3 Jae o Bpgisd 5 oS (ISCOMS) ool
33 Ofe, Ssedgel Colgzal o MF59 (YY) wload o)
35 Sl g bt Sl5leliT slaciuSTy sl a5 el O]
(H3N2 g HIND) A gugs Jolis (cwgpg digm dw b oS 5
aJgs Novartis oS % Jawgs Fluad jlgie cod B 4y g
ool (V) 8,5 cdl,s FDA jeome YoVO ,ualys jo 5 o
ablie gl olwl a4y ;08 a5 cols lis psta Calgzol
30 w9y sagw Ko ade (Cross-reactive immunity)
aisly Hlis alle o iow slaas s .l il 5 Ghge Jow
ool e 0AS ol SO L oS5 0 MRS oS
A Comd (S5 (Fooul by Wilg3 oo (IMmunopotentiators)
b olyon adlye yiin o ailivbio Lol sl asls MF59 Ly
085G Jlosa cul 0dgy olpen (il e Syl
o0 glolid 5 5le 5 conlie ol 005 Cu gl izl
oils Ll b Cilsgz] atusgs cuS 5 (YO (YF) cul
ol lgi a5 b pLislas Sl 5 Lo S wloogas
S obul St slagisl 4 6FGE e (el
(Delivery system) Jll giwow S5 MFB9 a5 oLl
Sy S o Jliml Sl olse il s e bl
Sl 5 0215 G pare o plyreas AE o ol s
Cowl edw, FDA 0L a4 ool ody Glp
4 (www.accessdata.fda.gov/scripts/cder/iig/index.cfm)
5 Ikiul G jae S92g pae alllas ol o .0l 3.l MF59
55T et 05l Lo 4 AIPR/BIBA I 5lolisT g g sl
03 ool Sasei ) oSy ol 3z plsiear HA

Ol pepele S Gy s i TCIDso 5581 )0 (ST
Ot Ghy) 45 w3 o (L Loz gicdly s (ysgacs
2 Glpledail STy son] Gldllae o sadch a5 5 8]
ool 5 Gae i s slezel LS MF59+ cilgzol b oS 5

YYsy



http://journal.fums.ac.ir/
http://www.accessdata.fda.gov/scripts/cder/iig/index.cfm
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

v :
PN Ol [ Y ojlat | ns L | L (S p ke oKl alors

Ol 9 Filed L pule

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

Bogs ools las o] wlitine g o9 b MF59 cilgol yog
AFO-Ya 7))

1) sl d MF59s _mlymol Cosls s pi sl
Sgds gy MFBO+ Cilgzol o Ysb sl (V 098 oo
-1 Gl ez (ST (Hlao S5 55 4z S (F
Jocnll s SIllasl ugpg plp 5o eaiss s (ool
(¥ o paseden (hr J318 B35 00 0 2l Sopals
Swl 5 Jobo gl owyp pelai (LeSS slagges] el
Ol Sl Gy Sy oSty bwy (gnle Ll
ol aolys las MES9+ S5 e

2 OlisS olitie Sl by oy sl aslllas )l
o998 O gebinaSTy (ol (MF59+) MF59 cilgmol b oS 5
eler Cadilys 380 jsbas MF59+ cilgol ogr o 5ilglasl]
a0l Gl mls wes Glas golwl 5 bt -(So5d
Sy Olsieds Wlgie Jlygan gl sonlats Liyl3él L MF5+
5 1515kaT o905 gemilionnSTy Sl roul 5 sl o gl
w85 5k )3 (gl e S92 50 Gand sbagiBl s

Dgd

‘fo‘o)ﬁ 5 s & e
W el lis ol s Al i G ol
] o.\mw >-AA-14Y O)Lo.:.v o9 Mj)‘ oKisls hws.’

FE S W Gl SiS g pass LSl dlie Bacs s
.\.\3)‘0 ‘) PR8 OM99 Mg C;L.\b‘ L;‘)'.’

&b Syl
Wloo S5 el 1) (28l o )l5 aigSd Baiuny

References

1. Shaw M, Palese P, Knipe DM, Howley PM.
Orthomyxoviruses. 3™ ed. Philadelphia. Lippincott
Williams & Wilkins; 2013. P 65-56

2. Medina RA, Garcia-Sastre A. Influenza A
viruses: new research developments. Nature
Reviews Microbiology. 2011;9(8):590-603

3. Garcia-Sastre A. Induction and evasion of type |
interferon responses by influenza viruses. Virus
research. 2011;162(1):12-8.

YYZA

ilgzol g0y (63 (gilwlas 51 Lab 5 eSws S wlanliv
)l 0aiiS 0l (3 BTl oS 5 5l am g Jd 50 ondiays
Lol lrdlgol
b OgemlionSTly & s ugng HAL s al¥l corge
oS ¢ Heip o cilgzal 9 STy b MF59 cilgzol
OligeS s aAmg/ml ol a5 wols flas Yoo A Jls o
odds Jad e ywgypg olen 4 (DAD 85 and 3kDa Mw)
-5l e 5 0392 5580 g s1p elS HENL 13315k
Cools Vo) Jls jo oLee g Dzung (YY) cwl wig)d
DAD a4z g ¥ee g Ve Ve GlaMwW o 5908 gl
ol 5230, el HINT l5lelaiT gl 1 o558 eglia
Gl o yiion ZAD DAD o Yoo JoSIge ()55 a5 o ools
Q')’L,;‘;.;To”f6%\4.3Lm9)fw)o5o)\oolfwgl)Jl)W
9 WU (YY) 090 7V e o goal oly 3o, Vo cdS 51 ey
D135545 3 SIIT mliaSTy (s YT o3 o) S
LgoLGJ u‘J“"" as J.Jo; cualive 9 oo; oolawl cd...'f.ot)l..ol
sl HENL 5.1 5 05908 Jjg0ed 09,8 j0 (b
3¢5 MF59 Cilgzol of o 4y u)«s’*‘] 09,5 3 yiew 5 o Fxo
I Ko wals las Yo A L o o, Kea 9 Malik (YY)
L S 5,0 (TMC) Trimethyl-chitosan l;4:.S calzol
bl 5 Wlgios (s Gk 3l e 5 PR lilslal]
(YF) awo olidl |y

s MFSY &ilgzol b (Age Ggamligranl 5l Bdos cnl o
SOl b g0 STy 1 e slailis aigS e MF59+
ool g b o 8 Sldlas a5 loes ais oaalive oo

4. Mertz D, Kim TH, Johnstone J, Lam P-P, Kuster
SP, Fadel SA, et al. Populations at risk for severe or
complicated influenza illness: systematic review
and meta-analysis. Bmj. 2013;347:f5061.

5. van der Velden MV, Geisberger A, Dvorak T,
Portsmouth D, Fritz R, Crowe BA, et al. Safety and
immunogenicity of a Vero cell culture-derived
whole-virus H5N1 influenza vaccine in chronically
ill and immunocompromised patients. Clinical and
Vaccine Immunology. 2014:CVI. 00065-14.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

S1lglasT cyausTy (5l ps MF59 cslga Sl Jolss

e e e LB
WA Ol [V o let | s Jlo [ Ld (a5 o she oS8l alone LQZ

6. Hannoun C. The evolving history of influenza
viruses and influenza vaccines. Expert review of
vaccines. 2013;12(9):1085-94.

7. Barclay T, Petrovsky N. Vaccine adjuvant
nanotechnologies. Micro and Nanotechnology in
Vaccine Development: Elsevier; 2017. p. 127-47.
8. Jafari M, Moghaddam Pour M, Taghizadeh M,
Masoudi S, Bayat Z. Comparative assessment of
humoral immune responses of aluminum hydroxide
and oil-emulsion adjuvants in Influenza (H9N2) and
Newcastle inactive vaccines to chickens. Artificial
cells, nanomedicine, and biotechnology.
2017;45(1):84-9.

9. Davenport FM, Hennessy AV, Bell JA.
Immunologic advantages of emulsified influenza
virus vaccines. Military medicine. 1962;127(2):95-
100.

10. Heegaard PM, Dedieu L, Johnson N, Le Potier
M-F, Mockey M, Mutinelli F, et al. Adjuvants and
delivery systems in veterinary vaccinology: current
state and future developments. Archives of virology.
2011;156(2):183-202.

11. Singh M. Vaccine adjuvants and delivery
systems: 3" ed. San Diego: John Wiley & Sons;
2007. P 569-31.

12. Borges O, Borchard G, de Sousa A, Junginger
HE, Cordeiro-da-Silva A. Induction of lymphocytes
activated marker CD69 following exposure to
chitosan and alginate biopolymers. International
journal of pharmaceutics. 2007;337(1):254-64.

13. Chen C-L, Wang Y-M, Liu C-F, Wang J-Y. The
effect of water-soluble chitosan on macrophage
activation and the attenuation of mite allergen-

induced airway inflammation. Biomaterials. 2008;

29(14):82-2173

14. Vasiliev YM. Chitosan-based vaccine adjuvants:
incomplete characterization complicates preclinical
and clinical evaluation. Expert review of vaccines.
2015;14(1):37-53.

15. Merten O-W, Hannoun C, Manuguerra J-C,
Ventre F, Petres S. Production of influenza virus in
cell cultures for vaccine preparation. Novel
Strategies in the Design and Production of Vaccines:
Springer; 1996. p. 141-51.

16. Reed LJ, Muench H. A simple method of
estimating fifty per cent endpoints. American
journal of epidemiology. 1938;27(3):493-7.

17. O’Hagan DT, Ott GS, Nest GV, Rappuoli R,
Giudice GD. The history of MF59® adjuvant: a
phoenix that arose from the ashes. Expert review of
vaccines. 2013;12(1):13-30.

journal.fums.ac.ir

18. O’Hagan DT. Vaccine adjuvants: preparation
methods and research protocols: 3™ ed. New York;
Humana Press; 2017. P 486-295

19. Deng J, Cai W, Jin F. A novel oil-in-water
emulsion as a potential adjuvant for influenza
vaccine: Development, characterization, stability
and invivo evaluation. International journal of
pharmaceutics. 2014;468(1):187-95.

20. Yu S, Tang C, Shi X, Yang P, Xing L, Wang X.
Novel Thl-biased adjuvant, SPO1, enhances
mucosal and systemic immunogenicity of vaccines
administered intranasally in mice. Vaccine.
2012;30(36):5425-36.

21. Harris K, Ream R, Gao J, Eichelberger MC.
Intramuscular immunization of mice with live
influenza virus is more immunogenic and offers
greater protection than immunization with
inactivated virus. Virology journal. 2011;8(1):251.
22. Vemula SV, Sayedahmed EE, Sambhara S,
Mittal SK. Vaccine approaches conferring cross-
protection against influenza viruses. Expert Rev
Vaccines. 2017;16(11):1141-54.

23. Patel S, Faraj Y, Duso DK, Reiley WW,
Karlsson EA, Schultz-Cherry S, et al. Comparative
Safety and Efficacy Profile of a Novel Qil in Water
Vaccine Adjuvant Comprising Vitamins A and E
and a Catechin in Protective Anti-Influenza
Immunity. Nutrients. 2017;9(5): 2875-258

24. Baudner BC, Ronconi V, Casini D, Tortoli M,
Kazzaz J, Singh M, et al. MF59 emulsion is an
effective delivery system for a synthetic TLR4
agonist  (E6020).  Pharmaceutical  research.
2009;26(6):1477-85.

25. O'Hagan DT, Ott GS, Nest GV, Rappuoli R,
Giudice GD. The history of MF59((R)) adjuvant: a
phoenix that arose from the ashes. Expert Rev
Vaccines. 2013;12(1):1-30

26. Hubbell JA, Thomas SN, Swartz MA. Materials
engineering for immunomodulation.  Nature.
2009;462(7272):449.

27. Mottram PL, Leong D, Crimeen-lrwin B,
Gloster S, Xiang SD, Meanger J, et al. Type 1 and 2
immunity following vaccination is influenced by
nanoparticle size: formulation of a model vaccine
for respiratory syncytial virus. Molecular
pharmaceutics. 2007;4(1):73-84.

28. Herman C, Groves M. Hydrolysis kinetics of
phospholipids in thermally stressed intravenous
lipid emulsion formulations. Journal of pharmacy
and pharmacology. 1992;44(7):539-42.

Yvy#a



http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

@ :
PR Ol [ ¥ sl | oas Jlo | Ls (S35 0 5ke ol S2005 alone

Ol 9 Filed L pule

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

29. Deng J, Cai W, Jin F. A novel oil-in-water
emulsion as a potential adjuvant for influenza
vaccine: development, characterization, stability
and in vivo evaluation. Int J Pharm. 2014;468(1-
2):187-95.

30. Meraz KAS, Vargas SMP, Maldonado JTL,
Bravo JMC, Guzman MTO, Maldonado EAL. Eco-
friendly innovation for nejayote coagulation—
flocculation process using chitosan: Evaluation
through zeta potential measurements. Chemical
Engineering Journal. 2016;284:42-536

31. Hiep L, Thanh M, Van D, Khanh V, Dzung N.
Chitosan as a hopeful adjuvant for H5N1 influenza
vaccine.  Journal  Chitin  and  Chitosan.
2008;13(10):6-8.

32. Dzung NA, Ha NTN, Van DTH, Phuong NTL,
Quynh NTN, Hiep DM, et al. Chitosan nanoparticle
as a novel delivery system for A/H1nl influenza
vaccine: safe property and immunogenicity in mice.
World Academy of Science, Engineering and
Technology. 2011;60:1839-46.

33. Wu Y, Wei W, Zhou M, Wang Y, Wu J, Ma G,
et al. Thermal-sensitive hydrogel as adjuvant-free
vaccine delivery system for HS5N1 intranasal
immunization. Biomaterials. 2012;33(7):2351-60.
34. Malik A, Gupta M, Gupta V, Gogoi H,
Bhatnagar R. Novel application of trimethyl
chitosan as an adjuvant in vaccine delivery.
International journal of nanomedicine.
2018;13:7959.

YYV.

35. Kobasa D, Jones SM, Shinya K, Kash JC, Copps
J, Ebihara H, et al. Aberrant innate immune response
in lethal infection of macaques with the 1918
influenza virus. Nature. 2007;445(7125):319-23.
36. Sawaengsak C, Mori Y, Yamanishi K, Mitrevej
A, Sinchaipanid N. Chitosan nanoparticle
encapsulated hemagglutinin-split influenza virus
mucosal vaccine. AAPS PharmSciTech.
2014;15(2):317-25.

37. Vesikari T, Groth N, Karvonen A, Borkowski A,
Pellegrini M. MF59®-adjuvanted influenza vaccine
(FLUAD®) in children: Safety and immunogenicity
following a second year seasonal vaccination.
Vaccine. 2009;27(45):6291-5.

38. Pellegrini M, Nicolay U, Lindert K, Groth N,
Della Cioppa G. MF59-adjuvanted versus non-
adjuvanted influenza vaccines: integrated analysis
from a large safety database. Vaccine.
2009;27(49):6959-65.

39. Dzung NA. Chitosan and chitosan derivatives as
potential adjuvants for influenza vaccine. Chitin and
Chitosan Derivatives: Advances in Drug and
Discovery and Developments, Publisher: CRC
Taylors & Francis, Editors: Se Kwon Kim. 2014.

journal.fums.ac.ir


http://journal.fums.ac.ir/
https://dor.isc.ac/dor/20.1001.1.22285105.2020.10.2.17.9
https://jabs.fums.ac.ir/article-1-2163-en.html

| Journal of Fasa University of Medical Sciences | Summer 2020 | Vol. 10 | No. 2 Loghmani A, et al

[ Downloaded from jabs.fums.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22285105.2020.10.2.17.9]

.Original Article ]

Development of MF-59 Adjuvant Using Chitosan Derivatives to Influenza
Vaccine

Loghmani A", Daldrezh N, Moattari A?

1. Department of Microbiology, Faculty of Veterinary, Urmia University, Urmia, Iran
2. Department of Virology, Faculty of Medicine, Shiraz University of Medical Sciences,Shiraz, Iran

Received: 25 Feb 2020 Accepted: 07 May 2020

Abstract

Background & Obijective: The influenza virus causes hundreds of deaths in the world. Despite the
availability of some authorized vaccines for all age groups and its approved beneficial effects, the
influenza is still a major problem for public health.

Materials & Methods: In this study, the adjuvant of MF59 was developed by methylglycol-chitosan.
The physico-chemical characteristics and immune response stimulation of novel adjuvant were
measured in combination with the influenza virus.

Results: The new adjuvant was produced with a nano-droplet diameter of 156 and Zeta potential of
29. The pH of adjuvant was not significantly changed for two years. Immunization of mice with
developed adjuvant makes more HAI titer than MF59 adjuvant.

Conclusion: The favorable characteristics of physico-chemical properties and lack of local side effects
of developed adjuvant as well as its strong humoral immunity can introduce it as a novel MF59
adjuvants.
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