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Abstract

The objective of this study was to develop intramuscular, inactivated influenza H1N1 2009 vaccine for
clinical use by virus production from embryonated eggs and with adjuvant in order to reduce the amount of
antigen used, to activate and prolonged both immune responses.  Prior to virus experiment, the laboratory had to
be renovated to meet the standard of Biosafety Level 2 enhance. It was found that all facility systems in the
renovated laboratory substantially passed the requirement. Moreover, Conferment of Biosafety Certificate has

been issued at university level.

Virus production from embryonated egg and antigen vaccine production were prepared from influenza
H1N1 2009 virus, vaccine strain A/California/07/09NYMC X-179A (H1N1) from US-CDC. The obtained virus was
injected into embryonated egg to prepare Pre-master Seed and Master Seed for initial virus preparation. The virus
concentrations determined from hemagglutination test were 256-512 11 a ¢ 128 HAU/50 50 ul for the Pre-master
Seed and Master seed and from Plaque assay was 3.8 x 10" PFU/ml for Master seed, respectively. It was also
found that the concentration of Master Seed 0.5 HAU/ 200 ul/egg would increase the number of virus in
embryonated egg to obtain the highest amount of antigen, thus the most saving of Master Seed.. This
concentration was to use in further virus production. The egg media could be collected from 90-96 good eggs out
of 100 injected eggs. Elimination of contamination did not reduce the amount of virus but concentrating
procedure lost 26.5% of virus. The inactivation was performed and confirmed by CDC method using beta-
propiolactone. It was noted that there was much loss in affinity chromatography stage in virus purification while
15.4% loss was found in the tangential flow filtration stage. The standard antigen and antibody for determination of
the amount of antigen H1N1 2009 was gifted from UK-CDC, Division of Virology, National Institute for Biological

Standards and Control, United Kingdom

The formulation preparation of adjuvanted vaccine contained the imported adjuvant, o/w emulsion from
Infectious Disease Research Institute, USA. The self-prepared, particulate adjuvants were obtained by using
polylactide-co-glycolide (PLGA), chitosan (CS) and aluminium hydroxide (Al(OH), ). Microparticles as adjuvants
were prepared by double emulsion solvent evaporation technique. It was revealed that the PLGA particles had
different sizes depended on the formulation parameters and equipment used. The size distribution expressed as
uniformity was quite narrow. Particle appearance from optical microscope and SEM showed spherical shape.
Surface morphology from AFM revealed smooth PLGA surface when not coated, but appeared as gel layer when
coated with CS and rough surface when coated with Al(OH),. Surface charge of PLGA particles were — values

and changed to + when coated. The inorganic solvent residue was within the standard requirement.



Vaccine formulations were prepared following GMP procedure. Efficay of the prepared antigen and
commercial adjuvants were tested on 16 male Balb/c mice. It was found that the prepared antigen could
significantly stimulate immune response detected from HAI titer when compared to distilled water (OL = 0.05).
When Complete Freund’s adjuvant was added, the titer was higher especially after second dose. When TLR3
agonist was used as adjuvant, higher titer was also obtained but the titer was lower than when usung Complete
Freund’s adjuvant. Reproducibility of antigen was tested by comparing the first and second lot on 12 female
Balb/c mice. The second lot of antigen also significantly produced higher titer than distilled water (0L = 0.05).
Addition of Complete Freund’s adjuvant confirmed the efficiency of adjuvant when compared to non-adjuvant
formulation. The first lot of antigen without adjuvant also could significantly induce immune response but with
lower titer than when tested on male animals although there was no statistical difference (O = 0.05). Normally,
immune response from female animals is higher than male animals. Due to low HAI titer obtained in mice, study

on monkey was not pursued.
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APCs = antigen presenting cells

M = macrophages

DCs = dendritic cells

BSL2+ = Biosafety Level 2 enhance
IM = intramuscular

CDC = Center of Disease Control
HAU = Hemagglutinin unit

PFU = plaque forming unit

ml = milliliter

PLGA = polylactide-co-glycolide

CS = chitosan

Al(OH), = aluminium hydroxide

PVA = polyvinyl alcohol

SEM = scanning electron microscope
AFM = atomic force electron microscope
ug = microgram

o/w = oil in water

NA = neuraminidase

TFF = tangential flow filtration

FPLC = fast performance liquid chromatography
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People infected = 0.34-1 billion, deaths ~ 250,000-500,000
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'
o

@ A o o ] Yo N o o A P ay A o ] o o a &
Lﬂumm"mﬂu‘miﬂm ﬂ']?élﬂ']ﬂgﬂuﬂqulﬂixﬂ\ﬂﬁLW’ﬂﬂqﬁ‘zﬁluQNﬂN uV]LWENW@LLﬂzﬂq']u’]um@ﬂf]ﬁ‘ﬂ@\?ﬂiﬂ?ﬂﬂﬁLT@

1 1 1
a o o o a A

o o & . . v ay P ° o oo &
TuaniendaTuNIANITaaa LN (Live-attenuated vaccine) @qﬂqiﬂﬂ?iﬁ[ﬁ]‘quﬂﬂ ‘Lﬂﬁﬁ TATUNNNAINNIAN T ame

(Inactivated vaccine) @agnunsautieiaenily 2 atin asala5a (whole virus) wasuuudugawlafa (splitted virion) wasdiAT

a

#8n subunit ¥nFesn1snIsAnwanquINiieinlsedvinin  datuduiunseiulisaniaaianifuiulsn Tellldnuae)

Taewialiiiu Guuwnsnandatuwuaiis vialda atadedlu wigninlideuusas ulidndpdusiameilutazaiunsn

o

nazfunneuauesneniANiuessenelfisila humoral uazatin cell-mediated finu usisiadpTuwes  a1aasu

nauldeglugtiigvsusau duenaneliiianisfindeidaes wnuninszfunisainaniAuiuessenels Tuaneidpdu

e v & a LRy o o < @ % ¥ a

Fesne uardATuTie subunit deudiazipaindaendaniniu uwifiainsonszdunsneusueslAiesanzatia humoral
a6

wintiu Tnelainszsiuliifianismeuauesaiin cell-mediated Gedniflusianisindnqaunatnalaninaudenagnie s (Ada

and Blanden, 1994; Ada, 2004) &vlUndntiu dATugta subunit @9lsvneufasdiudiuaesqauvisdnelsn wnizdaund

1
o A g &

AENTRLOUARWYINTL ilanatnsalunisnszfugiAniunAeudnewng@nson (Stomi et al, 2005) A4589NITUBAT
WILLAZ/AMTR T UL ATIATULAWAIAY T9a1NNTOIETNNNIRBLANBINNNRANTTBNT N e saueuRiauil o) 1ieg luszdn
A v v s o~ o & | a A o o o aa - Yo P Y gy a

ndmelals Foamsiasiipoinaniuseetianazfiasimungnssiiiu 35019 wiveuwinieunslidadu inenszguliiianig

o - U

AOLALBINRANTUs e URIAY visaqAwEtnalsafisands Uasnsiy uaziidse@ninn

v
o

UUAWAN T AUNLMBLETNNTN I AUITILINNAN

o

W (adjuvant activity) Tunstlesiulsafnsederesanslsenay
a a dl =l v 1 1 a % 'Q(dal:; . . e

azqilflaniiia 80 U uda @196i19 < nd1 100 AR lANNAARLLVERIYIW pre-clinic uaT clinic (Glenny et al., 1926, Vogel
and Powel, 1995) wudndievezgiitlanlansenlafuazevgiioneans AifluneaniunuialilE A luiadumyee
nevfugnsiaaestldelifunnmmagetesadndinluszacnds  Weasannnudn enaendesdiunnafia  macrophagic
myofascititis (Gherardi et al., 2001) uazuusliinaasinazgililounazanlusaniafeanaadiesiu amyotropic lateral
scherosis, lsagalaief uax dialysis-associated dementia (Petrovsky and Aguilar, 2004) gauszuuddaduaiiatindisl
1118z monophosphoryl lipid A liaENIEFUNsaaniulunguiszmaaun g lal il ludafudwiunned e Tl umnd

(O’'Hagan and De gregorio, 2009)
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\Wasannisanansugailuwn innaglidpduinauidlugduuunisilesiuuarnisinulsasing ) Asiunisdumans

A 1 4dld LSl =R [ 1 v Y r‘:lld = e o o
wsanquanstsznauninuantmdunenquowinaiullediadndy uenquewin posiinnantifawiags aamnsnaanssa

1
o

b% 1 o d‘ [ Y a b4 a Yy o 1 1 a ; ¥ a v a Yy
1&”!1%?’1\‘1ﬂ'1?.| 77AYN Imil[?]'lL@\‘I@XL@@ﬁiﬁJﬂﬂiﬁLﬂ@ﬂ’]ﬁ‘ﬂﬁ‘:ﬁ[ﬂuﬂmﬂﬁﬂﬂu LLG]'QZS‘]]"JEIL@iNq%ﬁIMLﬂmﬂ’]ﬁ‘ﬂﬁ‘XﬁluﬂNﬂN UNLUNITAN

q al

Tdrazifluga cellular 38 antibody immunity TufuAufasnslunsilesiulsn (Ebelman, 1980) lnguanquaniazin

o o

wih AN snsefuniAniuresieumauiriiniBqvbisetiin  recombinant antBuNLeURAIRWTaA MILATI NN

Q q

o v

o agwy o ~ a a o < a . . T ay @
Jarunldleaiulsn  Wndsz@vinnaesdpduludnusniia Hg9ene Waz immuno-compromised persons 29uvia LT

FTULUNAILDLFLAL

a o

= = = o P - o 4 o o a ~ o v P
UNTANHININNNE ﬂ\?ﬂq?uqﬂl‘éﬂqﬂ N"]‘IsﬂLﬂuLL’ﬂﬁ":]jLL']uV]LL@xﬁ'zUUuq@\?’]ﬁaﬁuLL@uﬂLqu LW@ﬂﬁ‘zﬁluﬂqﬁ‘ﬁﬁ‘q\?QNﬂN U

2949379N8 ( Singh and O’Hagan, 2003; Aguilar and Rodriguiz, 2007) \Nauauflauiiaszuuidadnguleuiauluglans

o

aynAdudingienie  weuRlRwsesruuthaueuiiauiy - Andufissiiunszuounisnlasunlas  waznszuaunng

o

UNLAUBUAUAIAY (antigen processing and presentation) IAEBNAUNIINNTUIBINGNITAR Iz UUNNANAUNENIad

WduaLauALaY (antigen presenting cells, APCs) 1y 1nlasnna (macrophages, M ) uazinulasinigad (dendritic cells,

o

DCs) \fubin Asazarunsonsziuliiiianisnauaneamna)ifuiuld (Zinkemnagel, 2002) dunsBenszuingszuLTingindy
uwauAlauMTeeyNIA nuasiaseueuiiauiingn  aududusaudrAyduneuusnlunimssiulifanismauauemig
ay o \ o o o = = L= . a o == o 1 @ on PSPNPN

QRANAuEesne  JadediAtylssnanile  Sewudniinafen siindunsizefnans iae AuaNtanIANHAnd1eq
srULNATIATULAURLAY YiTaauN ANl < Tneanizet9EAnIANLRTILEMEIRYNNA (Ahsan et al.,, 2002; Tabata and

lkada, 1988)

wanquaLinanIsANEiuBenaINngNezgiitiunuia (Sokolovska, Hem and HogenEsch, 2007; Hansen et al 2007)

o

arslunguannalisuaanaulanin Ld’m@’]ﬂiﬁﬂ’]ﬁ‘ﬂ‘ﬂﬂqv}';ﬁfu’]ul,m‘]_l depot effect uazliinensziunfifuiiauuy
cellular WATWLL humoral FAethaity  Adatwisrietinlutisiuastinmidug, Al polymeric microspheres,
15COMs®, virus-like particles ﬂ@lmﬁlu"]%uﬁ waausAA 138, nucleic acids, dalnlau (Aguilar and Rodriguer, 2007) Tngl
ﬁﬁumﬁmmwmﬂﬁwmmLL@mem”iquLrﬂﬁ%LﬂuLﬁda;@aﬁmEuﬁaﬂ@:ﬁm’%mwi‘umiﬁqmazfojuqﬁ’ﬁjuﬁu (Jansen et al.,
2005) Tngdautlszneunianiaziilusndousnduielssinnaasnisnsefunidniu Musiinaes antibody 71 B cells WAm uaz
sinvasielnleudl T cells ndt ﬁﬁlﬁixuuﬁﬂumﬁmmmgLLfmﬁ ﬁiﬁ%ﬂﬂ’]?ﬁmﬂﬁﬁ/ﬂuﬂﬂ‘ﬁqm Inenanizniaiilunenquoui

dvsudaTusiiannuassias (subunit) LaLEtia DNA (Storni et al., 2005)

ce o o oa o & o a & o & o o a A a A ]
ﬁ\zU‘U@N@mqumumuqiuuqNuLL@:sﬁuﬂquusluuqqﬂLﬂuLLﬂm@‘LLQuVW]Nﬂ@VLﬂﬂ’]?Lﬂﬂ depot NUTLITUNRA ﬂ@mﬂ@@ﬂ

o ]

wauflauaEnedn  uaznszfuadnEARuauALeR  AnnuNRneINsinsAsnannsldssuLdaduiiunanquondt
uaNuas iasumued sy (Aguilar and Rodriguez 2007) usitfaqiiu dn1simunszuniilnadinsaosiluienquowing
dse@nsnn wsidanuasdannluiazitiadienas  vnliidwesanisanuazannisui Tnawmunlugiaesssuu@daduadin

il WlawaseAuunuung (Ott, Barchfeld and Van Nest, 1995) i1 n1sWawnlaaquanimaniuazinan Ay
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Qm?lﬁﬁﬂ'fﬂ%uﬁﬂﬁ?ﬁﬂmﬁu HIV, snanBeuasuzisafinug ( O'Hagan et al,2002; Alonso et al, 2004; Hariharan and
Hanna, 1998) Ieadgmssnfunlafunissaniulunguilszmaanninglsluazuanaanauiialugldndulivialugnu

994 (Fluad®) uazlugddpduliudnlun HEN1 (Focetria®) NFiunisueniulunisszuialsn datuisaesazld MF 59 3

WusznuadadurdainduluimZodanassauun luwasilne nquowt

(www.novartis.ch/downloads/.../2007_09_Novartis_for_BS.pdf, accessed Aug 4, 2009) uazlugildnduldudnlugH5N1

(Prepandrix®, Pandemrix®) NlAsun1seansulunisszunalsaild dsiaduinadulunn (AS03) maniLamiiu 8 (O'Hagan

and DeGregorio, 2009)

Monophosphoryl lipid A (MPL) {lulasiudnnuiiniidly Toll-like Receptors (TLR 4) agonist Iag TLR 1fluldsiiu
transmembrane signaling Muanseeninaadluszuunia . uiusesdndiaesgadcaun TLR Aavndidnylugmsaans
2999ATULBIAN NN AN ALNNA UL monocyte / macrophage and dendritic cells Inel TLR azapan pathogen-specific

molecular patterns (PAMPs) LLCZifJm‘i_lﬂuLL@:Lﬁmzﬁ‘lemfﬂumu@\Wﬂ\‘i B cell @z T cell (Baldridge and Crane, 1999) 08l

-
o

nsdsednlfiluuenqueuinasiwenquauvi q%'uviﬁﬂmiﬂﬂqiﬂ@ﬂqw%ﬁmﬁwﬁﬂm’%mqm%rﬁu (Wyde et al 2001; Giannini
et al, 2006; Kazzaz et al, 2006, Wheeler 2006; Goto et al, 2009) i zgjmﬁﬁuiﬂ%uﬁmﬁlmmLdiﬂimﬂslgﬁ MPL HN&ANNL
Alum (Garcon, Van Mechele and Wettendorff, 2006) MPL panUATaT U tatin i (Alonso, 2004) 1514 MPL waw
fu Alum Tudrdudlesiulsadudniay B ﬁ1ﬁ§unﬂiﬂlémmﬁ1ﬁ'§ﬂmhﬂLL&’QG],‘LA%E Fendrix” (Aguilar and Rodriguez 2007) wag i

v a v

Taduilesiulsanzizatnungn N1F3uniseymliauitauwialudie Cervarix® (O'Hagan and De gregorio, 2009)

> [ 4
nniszasAuaslasanis
nsAnsBasaih lldanieimundadulivdalun HINT 2009 18aEenie TnunanlaFadaanssnismnzlulalnin
uwazmwngassnFudatuaanialsn liudnlung) HINT 2009 AuFuandinndusugluinng souvivaztiiienuanquowias
\HuansdsugnananlugrasifuiedoaaniBuinaesueuiiaunas i susisasinWinisiuniuneuauessiadptiuiags
a dl | A dJ Yo a o aa A o 1
ArauAgNuaziionguu wallunadenuilalifglunisuandatulaeglunsaiiinisszuineedisaszaanlusiisedsluinn az

'
a

a 901N sz uIBNNIHAR (production line) 1a33ATUlEaNeIENIAL 18 B NENMINARTNIBIANTINdTNTTNuTaq1iLls

YRULUAURINIFIRE

1. waublauazuananlfaldivdnlun HINT 2009 Wase Taaniawnzluldlidn wazuandiuuausiau

o

2. gresniudatudsznavfagbiadeselininlunl HINT 2000 wasanadsugvBniAntL  (waaquau)

v
a o o a o o

fladurtiarndulutBaumauiugnsi ldluenquond
3. uARuBAqUILVIEnaLYNIA polylactide-co-glycolide 1w tulAsLums
4. nsnsgbfuniAniuuazannlaaattaessnfudadunesanfasAnmlunymouse  uavds  Tnanisaaudin

%
NAN
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http://www.novartis.ch/downloads/.../2007_09_Novartis_for_BS.pdf

sAdUNITIAE
1. meUfuilganianlaanisassau BSL2+

Wesanmisuanueuiiausniufinsnszinlufiesdasasibssiu BSL2+ asdnilufeliulyaiesd fumnnss
AeagnAInenAans 1.uting Asuandlugiin 1 liduliestiotsdtsziu 2+ (Biosafety Level 2 enhance) a1
) a o o o d’l
ANTuNN LS ganane sl
1. AIIREALIRYTIVNATIVNA WATINNTTRN LN

2. wauu HEPA filter 13194 biosafety cabinet uaz Tuiinarisnna iasaniany 6 Dudauazlinslaliugn

v 1
a o A

3. AessAsesdiueinialuiied locker room uazlavilszaniies change room wag locker room tiiali
v | .
naineeniluauaznig uazanileyun condensing
4. 1hginsnl Airshower aan Wasanlifironandusiesld uasieiinium
5. 1Fuszuu automation NAvuANTiBdliiH mode Na1AL NiAee LNgUNH uazanErIeINAlIAREY
Waaniloym condensing lunanidiniia Wasan@ndnisile chiller anvisazdaailszusdnln

6. MINAABLNIINNIULE biosafety cabinet 113 3 Fin LazFuLlpamiumauimanzas

v
a o

7. FIAFN manual pressure gauge Tanaaiulfazman
8.  fharsesaunuinsdn-eantiestjiimnisunndsrniied locker room
9. NNIMAABLITLL A9IAAaL directional airflow
10. Mn1su3uilganeses autoclave 2 szg Seiinnsfnsatudn Wanunsaldanuliaulng weliinnsdinaes
s & > A R 3 | S BN o
1ezAnTan e luiesuazniseanaasiiiunissingeuda Inisdin-eensdsssiu inainanulasnsiy

dﬁ/
ENIAN2!

dl o o v a o a A o o ¥ v o a o 4 A = v

WennsUFudgetiesdfumnisdetisdussiu 2+ uda lia1diunimageunisminanueesfistaleuinig i
nuinfduna 1-2 hew antugiesagyaini@Zdminaueama 210 lHaliunsmmaaeuszuLves
tieslfjiRnnsdatisntszau 2+ Galsznaudian NsnasaLNI9TIaes HEPA Filters 209%iaefjiiAns HAPA
Filters 794 Biosafety cabinet uaz HEPA Filter Niinsensaqaneutlsasainianelutietfiimnseangainie
NNEUBNEIANT NIRIIRARLAIANALNTE e AR ANANTU irnanTT Al LeedeInI A

Adl dl o | 1 v v ' ¥ a s dl o M Yo 1 o

wazszuuaw Aendusine Wildnudninsgau uenanndieslJumRnisidiudseuilifunisiaunisiusesnis
dsziiuanuidsanigdaniniFasfasuda anauzaynssun1sANLanafan1eTanIn aa9AEAInemans 6

FaINN12A LN UBANSUIAINT T LR UANHLA NN N TseAuNNInanatAas
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2. mawshadaannlalannuazaantluindunaumiiau

o [V ' v do o
2.1 wdaladalduinlual HINT 2009 fneWugIATY

'
=

andunsaeidelafaliivinlun) HINT 2009 Mifluanawugia

]

=

14 A/California/07/09NYMC X-179A (H1N1)

|

Fafluaneiugiuuzinlag WHO uazaeléiann US-CDC

Ta3afilE dnliifindunulnanisanaaslulalifin (embryonated egg) ‘ﬁlmmmmq 9 414 udavinBunan 3
o ‘ﬁ@qmma 37 °C i miufudauinldie ¥ Huaidelasa (Pre-Master seed) faxn1#N1N19538N Master
seed IeABNsTINaNILNEned ey b fasduias ¥ lunamng laFaann i iiinuassanusaduueuiin lu
eadulEvnnnnmadaanuidiniuaadlafalnanissuiussndnellsfiuuufiaresiada (Hemagglutinin) fiu Receptor
Lyl ndenLAIesiny (GRBC) 13endnas Hemagglutination Test waziin1siamudinduaesladaann

ANNNANH130 NIRAE (Infectious unit) 1AEAT Plaque assay

2.2 nswnzlafaanlalannuasnantluiadunausiiau

2.2.1 memFumlasanimsnzaniivnlilaaiuaulasagean
1§ Master seed N1tfFun0upin97] (512 — 0.5 Hemagglutination units, HAU) it luiinanuaningnisanas
Tulalridn (embryonated egg) Nazannang 11 4 A1uau 4 lusle 1 Dose wdarnliilunan 3 Ju fgumni 37 °C

nasanduiudluin ldunmageuanudindvuaes HAU 1ela5a 1neids Hemagglutination Test

2.2.2 manwzlasaainlalann n1siandaulat/uiuay uaznisvin I dndudiy
= ar Azlld Y v v v a' 3 add‘ | v 2 A PR o
wiranhiandanudinduann uan1maaasde 2.2.1 uaiuarwauanaasinatadindiu Ina 14l lninanwau
100 lu nasanuuilunan 3 4 unlddunnsindaandauiiilu particle 1unaluaindnavinvaslafana dunauusn

1 laEN1NNT centrifuge AN 4,000 rpm 5 W1 1AIANNTUAIN supernatant azNNTRAAN52 10,000 rpm

]
=

15 117 Inevisdasdunauazinnauund 4 °C dauiiilu pellet aztinuniis 1.5 M NaCl udaa1euusinude 1 daTus e

q a

fnnnsnadelafaiinzAnegfursfeusadeanunadluasazats udsarniuiiui 1,500 rom 5 il Weusndau
pzneudialy (Hughes et al, 2007) @au supernatant 1§11 ldsaniudau supernatant firnunn st 10,000 rpm L&
vinlinsaadan sterile fiter membrane 1% TU1A 0.8 um WAL 0.22 um ANNEIEY udasiniTe lasaduduiulngds
Tangential Flow Filtration (TFF) (1,000 KDa MWCO, Millipore) 11y TupauldiAusating 200 - 1,000 ul ite %14

nsnsaadaaudiniureslialaeds Hemagglutination Test wazA Bl Fangide il luwsdazdunaw

2.2.3 N5yl Tamguasn1snada L Tanis
o 5 dy o Y v ¥ o o ° v dy 1 a dy (] .o o
RNz lhiadndnlfvinuniinisin e i annainnsalunsinidge widiuees Hemagglutinin €4

active ANN37N19193 CDC Tnaiansiaiinld Aa Beta-propiolactone #a3a1N1il inactivated virus ligninunasaga
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dnlaFalifauansalunisindeuds Aaensldlafadianie i MDCK cell culture 1{1uaa1 6 914 Asaag@aunens
annaeatasiazinanudinduradhfanenananeanunludiua1vnsreaaad Inads Hemagglutination Test LAz

Plaque assay

2.24 mfivi’ﬂﬁ‘lofmmuﬁwuu?‘zgwE(

Lﬁ@iﬁmmwLLﬁﬁ\iﬁwmnmLLﬂnIﬂiﬁuéuj@@ﬂmniﬁmimﬂfﬁ Affinity Chromatography 341% Cellufine
Sulfate (Wolff MW et a, 2010) Wushduiulhia Taeldietes Fast Liquid Chromatography (FPLC) (GE) nastfiulasa
ﬁaivu'aqelu column ¥laan1s&nedag Buffer ukagzaanian Buffer AflinAe NaCl fina uidndiugas 0.1 - 3 Molar
mﬂfuﬁ'}ma‘ﬁﬁmmﬁ@mmLgﬂuﬁuzﬁ;\m@nmniﬁmimﬁ% Tangential Flow Filtration (300 KDa MWCO, Millipore) 254
gnifivlu Phosphate Buffer Saline (pH 7.2) flac Lﬁm@mimm@mummﬁqwéumé’mﬁmm active HA LauR LA

o lUnaunazsinluvinliumn

3. LAaURARUNIATIIULAZ LA UALAARINTUATIAIRUTITNLAURALAY HINT 2009

o

Tun13mg9adniEunns ANy LarANAaTwIzess Tk uA IR UNETEN R aflufelduauRiauninsg

49

'
A o 1 ya o

wazuaufiuaanawzsaaaiufaeshaa liianudindundaliianugnsies wdudungalu neangdiasasls
AU keURIAULAZ LB AL ATIuWE N TAg WHO uazaalfiann UK-CDC, Division of Virology, National Institute
for Biological Standards and Control, Blanche Lane, South Mimms, Potters Bar, Hertfordshire, EN6 3QG, United

Kingdom. standards@nibsc.hpa.org.uk

1. Lmuﬁmummﬁmmmifﬁmwﬁuﬁ: A/California/07/09NYMC X-179A (HIN1) @asinunsiinatuawlaad,
Reference Lot number 09/174, aauidindiu 45-55 ug HA / ml wsaisiile 28 FauAN 2552
2. wauRveANAzselaFasaWUE A/California/07/09NYMC X-179A (H1N1) daflueumvanfisizesluuny

WAURALBA Lot number 09/152 LpizeiNii® 21 N.A. 2552

4. FFENANTUIATUNANLAAUWIUT

°

(q' 2
4.1 HBAILIUNNUIYT

Y
a e ca o o

Ansiadide uonjuault aaduaiintingilumi (il in water emulsion) a1n Infectious Disease Research
Institute, Seattle UszinAanigawiEng Nt naniy weuAauwazkamiudaTu unimsgIu GMP tnadiiaduinld
Hmeauinasnsis s9uviald Complete Freund’s Adjuvant azfias uay Hanmireiveldlunisdneddelu

o o

dnimnans uanquawianttinAeaiia Toll-ike Receptor 3 (TLR3) agonist Feiinnsamiaainsneilszime

[

4.2 LLamnguﬁ%ﬁmﬂymnﬁﬂmzﬁ@ NARILAY
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va o o

Azl Anlaannazld polylactide-co-glycolide (PLGA), TaTa1u (CS) wazaluminium hydroxide

a

=

(AI(OH), ) Hwsizeiily uanquaunt faaniluansiianudasaieuasisesudiansnsndsugnadnguliunssamy

wanquanitdaayniaralulasiuns

421 LL@@@LL?MW’?Q@@WIM%\? polylactide-co-glycolide (PLGA)

Lﬁl?‘mlmgﬂ’)ﬂ PLGA R2eR5maiia double emulsion solvent evaporation (Prieto et al., 1994) Inefifaudsua9

o

o o dl v v o aAaa 4 d’j
gaasniuiieliflinuauasAniantEn A RNANda N sieensfail

a

n. gmsndiuLBumsreaiuaztindiuli emulsion Yguni

a

4. AyaLdinduaas polyvinyl alcohol (PVA)

A. Bn31dULINIRT emulsion UgunE:ansazane PVA

a

3. 1HANDILATEN Sonicator BULIFFEIN emulsion ALNA

a

azans PLGA W8 5% wwitinaiminluansvinazans dichloromethane (DCM) antfusingsly 8 ua
10987198za8 PLGA 1#lfdnsdautiuime 1:2.5, 1:5 uaz 1:10 laan1sld probe sonicator mmgﬁu‘ﬁ'ﬁ
WEuenAuInane 3 N 7l 20 output Lilwaan 10 AunfiitelHifa wio emulsion Ugunll WAinansazane polyvinyl alcohol
(PVAYANNENTUN 1%, 2% Waz 4% vihwinselsuinsasly emulsion Ugunil Tudnsdaudsnnns emulsion Ugugi:
a1982818 PVA 7l 1:2 uaz 1:4 ialifli emulsions VFanAlneAs sonication WL bath sonicator 1178 probe sonicator
At liiAaansdag 1% tin/auansaes PVA Tutlunns 100 e udassmaansinavanalngnisnoudl 500 sau

sawnfiilunan 3 99l drvaynanlfifaatinnauuaziiusausnlnagnis centrifugation # 10,000 g tluan 5 wid
4.2.2 wenquansiatineun1azed PLGA Mmaeusat lalagiy (CS)
wisenlaaniaiin CS Anudindiu 2% tminseiiuinsadlueunia PLGA 7ild 4.2.1 7 centrifugation wéa
Wraszudnansuan ludunaunnsreasfaaansazane PVA Inaldinnmsaes CS Mmnaz liiiunadviunianaey

aniu vortex waan 15 wintuaztaeiiiluean 2 dalus feunisialidinumu Cs dauivazgnuansaniaanis

centrifugation 10,000 g lwoan 5 w1
423  wsnquIuvIilaeyunIATey PLGA Tilaaauaat Al(OH),

AzMN9EN AI(OH), ANLindiv 0.75% viza 1.5% Wminsiaiiuimns aauuaun1af centrifugation udalng
5uNMUT84 aluminium = 0.85 1IN AmFuusAs dose 184TATLA HTUNYERIN US code of federal regulations

(610.15(a)) Naveys lxifiu 0.85 unsia dose

4.3 melszifiuauantinrasayna
4.3.1 BUIAUATAITNTERE YA
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ﬂlu’mLL@;’ﬂ’)j‘ﬂﬁ‘;’@’)ﬁ/?lu’)ml@\iméﬂ’m%’ﬁ’m’)?ﬂﬁ‘;’t,ﬁuﬁ?ﬁ/t,ﬂ?‘m laser diffractometer (Mastersizer 2000,
Malvern, UK) Tnsinnsnszanasinasingluansazane tween 80 Amsidindy 1% 1Buins/aiunms wianinig bath
sonicate e sataynIAnaunisauAiuaung percentile size #1 10, 50 and 90% Taase iy D(v,0.1),

D(v,0.5) uaz D(v,0.9) nisnszanaauinazdnliliuan absolute deviation an median Taaisnesnuiiluan uniformity
4.3.2 g1l37978904NA

313197898 1N1ARLAANN optical microscopes (E200, Nikon Eclipse, Japan) LLﬁfJ%mm scanning electron
microscopy (SEM, JEOL, JSM-5410LV, Jeol, Japan) @4saeeeazinfiu  specimen holder laaldindn1aaesnti

P A 1 ] ° ] d
LL@fJLﬂ@@um’)ﬂﬂ@\m@uuqiﬂmﬂdLL@&D’W;IJ’]’WW

4.3.3 ANHUENURL18981411A

AnwnuruRinaesayNIAAZAAIN atomic force microscopy (SPA 400-DFM, Seiko Instruments Inc., Japan)

IneifaatinaariafuNaNUsuuinlanazZaunaunsliauaaamma s tunniludneaisNuioanu N
4.3.4 szquuin

'ﬁlmﬂ?x@g‘l_luﬁuaﬁw photon correlation spectrophotometer (Zetasizer nanoseries, Nano-ZS, Malvern, UK)

Tnaireanesinegnaily 2 ua udadntlszquuiuiioayniai 25 4

4.3.5 13N04A1TAS A BUYITENYANNAD

FalBunianIINarasdurTEuauuae luaynA PLGA Nidnaanudafiaeis chromatography (Schimudzu

vy A

GC-7AG, Japan) Ussqsaaeing 3 1a T vial udatlaatinnauinlvin1iseun 50 miNeszime dichloromethane @gazgn

a

MKW 5% SE-30 column (3.3mm.x 2mm.) nelfianinzasil | grunn column 504, qouunAnam 180, dRsNIs

q a

a v

Tazadlulngian 20 namnil EunsruInsguespNdindusine fandufaedsinaaii

4.4 MIATENAITUIATUANNINTZIU GMP

o W U d

93N U INTUHTNIRAYUIUN
e’n: o 2
UBAUIUNTUNT

\Hasan wanquauvinda il deldlfinnsdngalit aqlil4 Complete Freund's Adjuvant Gl
adjuvant fsznaudag mannide monooleate, paraffin oil kag Mycobacterinum butyricumﬁ inactivate Wazn1 1AL
v . a v S 1 d‘ 2 = a o v & o=l a A
WA9 Complete Freund’s Adjuvant azilginlfuay HarvheiiialdlunsAneidaludninaaes uanquonianttinme
13im Toll-like Receptor 3 (TLR3) agonist Iagiinunuanlfidnfunuuan GMP AnFudaTuasimzanannuausiaunnili

rgnsuaznauiBunuanudindu Wisanudniiuaes haesmagglutinin (HA) 1 ug HA/0.1 ml
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dslv = o o o a 0’1 ‘ﬂl =2 =2 a 0’1 v = a dﬂl ]
wananndasranAnFudatutnieAneianuainnsalunisuandi neldsreuweuiauiulvuni
nasuAANYNUszNg wazli Complete Freund's Adjuvant tneiisnuanliidiniuniumdn GMP AnFudadiuasisaen

anueuARuIin sgnsuazna Ui mdindy 1ildaaudisdiuaes haemagglutinin (HA) 1 ug HA/0.1 ml

5 msnasaulufainaaas (Wy mice)
TunsAnstlszAnEninaesuauiiauuazuanquIu 1wy Balb/c mice 812 4 §ilayf A1uau 16 Firandnin
Arrimaaesuiand Aaen azgnduanlilunisdnmninsuiaily 4 ﬂziuﬁqﬁy
1. ﬁ/ﬁﬂguLﬂu control (n=4)
2. 9A%1 H1N1 2009 split Avaidindiv 1 ug HA/0.1 ml ﬁ”LaJﬁLLfam@Jmuﬁ(n:M

3. ATu HIN1T 2009 split Av1audindiv 1 ug HA/0.1 mi Aduanquaust Complete Freund's (n=4)
4. 3Au HIN1 2009 split Aaudindiu 1 ug HA/0.1 mI AFuanquawyl TLR3 agonist (n=4)

a o a v

' o b4 :// = v % dil 09/1 o dl -ﬂl
MHLmem%qmmmu@mmwwﬂmﬁmmmmx 0.1 ml Tag@adinn&uLiie 2 AFS 04 3UN 0 uaz 11 19

TunisAneianannsalunssizandn i wiy Balb/c mice wetdel a1g 10 dilanif Aauau 12 siaaindnnin

Apimpaaauisnnd manen azgnduanlilunisAnmlaauiailu - nguasi

'
o

1. 3R HIN1 2009 split A udindiu 1 ug HA/0.1 mi PusizenTuduay liiuenquou (n=4)

o

2. AT HIN1 2009 split Anudindin 1 ug HA/0.1 miI AwBasmnuas lNduanquauy (n=4)
3. 4ATW HINT 2009 split Avuudindiu 1 ug HA0.1 mi Msisanluduaziuenquawi Complete
Freund's (n=4)

] o a o o Y g o N vy g o o A A
MQLLM@‘ZMQ@‘:QﬂQmﬂTuQm%NmuluLE‘Nﬁmmmt 0.1 ml Iﬁﬂ'ﬂmlﬁnﬂ@qﬂl,u@ 2 AT U AUN 0 LAz N 19

nsInAnNlaaanaiiadny
a A a aca \ ~ a £ , oA Vo A o
UIIUNAAALNAIRABLNANALTNTENFAN] NB1RAAT 11U NUWAT 1IN N BvuesiseansizAng

AntnAaw

n19IANAAUNIY
o =3 U a o a o ‘#I o al o ‘dl o = o a 1 :/j 09/ A
RENINTINL serum NAURAIATU LN 0 LATUANRATUN 11 LAY 33 BAINITRAIATULLEIRE AT iﬂﬁluqlfw@ﬂ\ﬂ""lz
i ldmsavueufuedse HA Ineds hemagglutination inhibition assay

¥ v

98 protocol NMsAnE HFUNsaRFRaInAznssunisassssu lunslddninaaasansiununmerans

N AINIDINIINENAE

nsAnE AR AN NUNWN AR TAasd28e USAMC-AFRIMS Bailuunundninaaesiiluniianluede uaz

1#5un195u989a1N Association for the Assessment and Accreditation of Laboratory Animal Care (AAALAC) Laz
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1F5unns8aN5UaN Animal Welfare Assurance on file with the Office of Laboratory Animal Welfare (OLAW), U.S.

National Institutes of Health (NIH)
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Nan1sIaanazanilsa/Nansns

1. msdsuilgeviasilaannassau BSL2+

nsdiudpetiesdjnag TEATUNIT 10 Hade TaHNT0UARILLIL (Layout) mﬂqﬁ@\iﬂﬁu“ﬁﬂwﬁﬂ%mﬂ?iw
LﬂuLLuu”Lugﬂﬁ' 2 uardIUls manual pressure gauge %meﬂugﬂﬁ 3 mﬁ\imnﬁﬁmiﬁuﬂg\iﬁmﬁﬂu’é@ﬂLLﬁq
ﬁmﬂﬁﬁﬁm?”Lﬁﬁm?mfmmﬂmzuﬂﬁiﬁmummmimslulﬁymﬁml,z’iq My Argoavnl ANAdEL Anienis
TuaauaesaIna ApaNAu N luliessing) sanns Nl biosafety cabinet e 3 i lenmageumsineuaes
fesfiinnduear 23 wen  lHFusecnunaniImmesey  szuveiniAesiestfifinig  BIOSAFETY
LABORATORY-2 ENHANCED anniiisminaueawma anrin Faiéaauin (CERTIFICATION NO. CR 153) sdlanslu
ey 1 Iaaszuusinge “e1i (PASSED)” innwsinnmsgudiniutiesliifinas BSL2+ uananii VENTEIRREGN
FLNN33UT09N" 9 s uAN RN ST wluss A Anends  daugasluienans Conferment of Biosafety

Certificate Mahidol University, Thailand (Approval No. MU 2010-001) TuniAnuan 2

uananAlEAnIvANe Standard Operating Procedure (SOP) ‘lunnsufjiifienuluiiesdofisdussdu 2+

al

1
o

(Biosafety Level 2 enhance) ﬁﬂiuﬂgﬂm\iﬁfm

2. wadalafalduinlual HIN1 2009 aneWugIATY

' '
o

Tun19Ws38N Pre-master seed way Master seed wWuqn1a5aNaas1a1n CDC €98 1113091 WA wawlulal

v '
4

Inanld fRserasanlafanedwinmediuenliilu 2 vniaesssiuae Pre-Master seed waz Master seed T9A21N

Wndunazi Bunnsimead wana limnisen 2

A19197 2 Windunaz3u1nsNsseNeed Pre-Master seed waz Master seed

vz ALt udulsa* ANt Nt Ta Fumslada | awau | Usumel tube
Wdananu &
(HA units/ 50ul) (PFU/ml) NInum (ml) tube (ml)
1. Pre-master seed 256 — 512 TadlAdn 3 3 1
2. Master seed 128 3.8x 10 10 40 0.25

*Hemagglutination Test

**Plaque assay (PFU = Plague forming Units)

o d’j :/I d’l =3 | @ i 4
vmeaaesiiivugudalslug

Windiuaaslafaaagial

?

ATV Y

v v
IS o (1

% v a o
TFasasL ey andn

al

-80°C wina 1 Tluein

v v
S o

'
o

o
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AnuulFalulaliinuialilfunnueniiaugegs Tnaniaiinanuulfasanugiaiutiarnsaniiiunis il

]
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1

A
N
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FEV.MG. EWATE: 13 rgannsfiud

3 BUULAAIATWULNARARY manual pressure gauge (MP)
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3. mavBanalasammanzanminlilasuuliagege
NANNINAZDLLAASIUANT 3 NudnBuNwlnga Master seed sasunanadlulalnin 32
HAU/ 200 ul 04 512 HAU/ 200 ul agl@panuidinduans HA 32 04 128 HAU/ 50 ul wialdi5unaslasa

Master seed 6136iu 0.5 — 8 HAU/ 200 ul A stiisdiuaaslafanlfiazesilutag 128 — 256 HAU/ 50 ul

A15197 3 uansANidinduradlaianlfideBusianla¥a Master seed snnnupne

BunadlaFandu AN dueslaga (HAU/ 50 ul)
(HAU/ 200 ul/ 1 1) (waannlel 4 lu)
512 32-128
128 32-64
32 32-128
8 128-256
2 128
0.5 128-256

va o

anfiayadnesiu fadeauaenld audinduaedloFasesia@esssivy 0.5 HAU/ 200 ul/ 1 1u Lile

al

UinanwaulaFalulalifnuda 1HlA B nneuRiaugegn uazilszudn Master seed 11nign

4. mawwnzlasgannlalnwn n1sinandaRaduauay wasn1svin Ll NduAY
AnnawzaniaawL 2 Afe Afaar 100 U wudiudsannldsulaflseunas 2-5 luly

asnrnlianladals wesanliiseen viaeldunniin Wusdu udsannuudelulylndnidlwan 3 510

1o

. ~Na | oA Ay P = o | o
'&QHIWOJEQN IPaEl LLIE]@%N‘LINTLIMHWHLu’ﬂ\iuﬂmﬂmﬁmmnlumﬁm%?'&mlu% ﬂm?;llm\l’mfwﬂﬂ

72

'
o = o

gnadtnsidndty dwiliauaulananaiuisofivinladlfvaeszunn 90-96 Tu luyn- dunewsesnis

< v 1
a

M afaldivsgnsmnlaviselafagnudafiuilszanns 200 - 1,000 ul WedaFanaaudinduaesleian
anaazgaydelliing Bunnsuaraudinduaadafandnlsuansfamsei 4
wudn Bl faniuniamidndaRedudusiuuda il iagodell  usidameuiunn
TnFasendenounazaimainidisduiy  Banulhfagudeld  265%  ddlilAiiaannisiaues
o o P o« v axd a = P | |
Membrane wsiiiasarnnisdnaandinduaeliafieeisianimnnisdranaeuld 2 wih ldannm
wtEnunuiuenls etwlsin duindlafassdndicedonnsgau Aeds single-radial-immunodiffusion

tests (SRID) (Wood JM et al, 1983) inanazin 13151 TN aulaumianiiniue
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9197 4 Banadlafafiaesly wazilafidusaasiiunnloiang

o v a A o Y o v v v ‘ﬁ
m@mmm@ﬂumumu uazn19vn Idinduan

@ ld luusasdunauaasnig

3o
. o 58 ms | HA titer o a
15 lunAazrunay Total HAU 1a5an
(ml) | (HAU/ 50ul) -
geurae(%)
nFalurinlsadiu 1,375 128 3.52x 10°
fnsaluinlieunnsin i 1,400 128 3.58x 10° 0
InFaluinlingaannnn TFF (1,000 KDa MWCO) 51.4 2,560 2.63x10° 26.5*
5 ludauna18170H1% membrane (1,000 KDa MWCO) | 1,350 0 0 0

HAU = HA units

5. NSV IALERANELALNITNARALLTAAE

InFaviannadindnlFinldRn Beta-propiolactone (BPL) tannnnsin liinsamanuanungali

NIRATIRLANITATIATALENINL HA waumiaw (HAU) waziiunaslafafaunsofindeld (PFU) uasan
o o a @ o a o A a & | o o q v
M iTemeuanslunnmen 5 azdiuinhianewinansdslinnuainnsnlunisiade wivasannmnli
deng e lifianannsalunishindeustianunsniin Hemagglutination 18 wanedn HA wauRiau

a o o X | aa o g & = a a
UuNQ“lI’ﬂQi%‘@EN active WAANINR NN ITImeA N UTe&NsNIN

A13799 5 130704 HA wauiiaw (HAU) waziinnauladanaunsamandals (PFU) udsanninlsiidamne

HA titer
. Lz 15umg PFU titer
Tasalunsazdunau (HAU/ Total HAU Total PFU
(ml) (PFU/ ml)
50ul)
Tngalurinldsadu 1,375 128 3.52x 10° 1.12x10" | 1.53x10"
Tnsalurinludannsinlindadu 51.4 2,560 263 x10° 5.4x10" 2.78x10°
Ta5alwinldudaannyin lwmamie 56 1,024 2.86 x 10° 0 0

6. M lilaSauauRauLEgNE
6.1 Affinity chromatography

UAIAINNN Affinity chromatography #an139a HA titer a89la5ailuacinu column aanunluus

AriuMaLLARIIAN197 6 TasiBuain BPL-HINT 1x10° HAU nn9nsa<fael filter W@ 0.45 um e

WU Affinity chromatography agvinlfitinnmuanas anaaziflunslaldsuiuldsauluinlinds

wianag nliliamnsonseiuasunld dauman Adsorption AavnliflaFainedy cellufine sulfate nag

u column dauldsiiudu azvgaeanun ezl lifllafalvatiuesnanusinzeglu column
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v
o

dupen Washing il iangaesnuuduin  Weszlaiaeanunain column  udadnifsunnlaials

604,800 HAU atin913nd avfiaaninisdniBuinuauiiauanaialngia SRID Wanu % 1aunaladan

o A
@]Q_Il LRAEIN LA L

A3 6 e uazilefifuduacBuinslaiangoide i luwsazdunauaainisin Affinity

chromatography

. 5unms aunnla¥an

Ifaluusazdunay Total HAU .
(ml) nyLael (%)

TnFainimnadiag BPL 50 1,024,000
TaFafvin1fimefag BPL udaiaaand 1:1 g Adsorption Buffer 100 1,024,000 0
TaFafvin1fimefag BPL uiaiaaand 1:1 g Adsorption Buffer

Y ‘ 100 512,000 50
LAINTRINNU filter TUNA 0.45 um
TaFanlainzaglu column Tudumeu Adsorption 110 - 0
2Fanldinizeslu column ludunei Washin -
TnFanl 114 column Washing 80 0
TaFangnazaanain column 104 604,800 40.94

6.2 Tangential Flow Filtration (300 KDa MWCO, Millipore)

Ta5anldannnisvin Affinity chromatography 1§insnndanae Nacl ludsunamnnaeningds

TFF (300K Da MWCO) aannisdna HA titer ludunausine] uanslunised 7 luduneuiliadounii

azgoudeliainnisifivmetnseanandn  HA titer  uazazfiewinnisdniBunnueumiaudnaislaeis

SRID 1an3u % Bunlaiangnyidaiuiuen

=

T luupazdunauaaeniIsni TFF

13197 7 snnlada uazilefidusaanfunalaFangoyde
L. sums %ifsunnlaan
To¥aluusazdunay Total HAU .
(ml) AnyLael
Tafanldannnimin Affinity chromatography 104 5.32x10°
I¥adinduntunnsindninaeeaniyudn 39 4.50 x 10° 15.41
gaun an1 membrane 80 0 0

6. LaUAIAUNIATTIULATLAURALARAIUTUATIAIALFTUILAUALAY HINT 2009
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AdlunnreuaslEfuzaufesudaain UK-CDC, Division of Virology, National Institute for
Biological Standards and Control, Blanche Lane, South Mimms, Potters Bar, Hertfordshire, EN6 3QG,

United Kingdom

7. MSASENLANIUIUNTRARYAIA PLGA

nsirduenquawiriaeynaldifeeluwmnululluen winuedisaiuanseimuueny
rd' a v al :/l @ o v a :/, a = A
wwinnanlfiesnialulszma aniailullmusaueuuzaesinssgmugm suisanazinisliveny

- < @ A4 o <y
BAUNHAN GIN“LH@:L‘]J“LW]NL@@ﬂ@ﬂ‘m%‘muﬂm

7.1 11adE909gA715UUA TR UL ATINN D N ANAFBADTUIAUAZNIINISANLIUIATENEYNIA PLGA

ayn1A PLGA annsawsizenlflneazlaunnszudng 0.68-7.88 um waz uniformity 5319149 0.27-

5.46 \Wausisenlng probe sonicator 3¥UINNITLAUNNINARTY emulsion UgunRuasnfani uarizuim

o

Innjaunnnadhaiivlidaidalfinatia bath sonication s¥MdNTzLAUNNINARNY emulsion VFLNTA

Lo

waneluA Ny 4

e lfusawinfiiann probe sonicator 2IWIABUNNALAZNNINIZANEIWIAALANAIBLITALALLED

o , . X o o Ao
AARRTIAIULANY primary w/o ratio A1 1:2.5 el 1:10. LLuQTuuu%wﬂuvmqmwu % of PVA ay
AMT149UUDY secondary w/o ratio BN Parikh et al. [2003] wa Jeffery, Davis and O’Hagan [1993]
Isunarenaiutinnseesinnianeluzes emulsion Uguniasiiuauin1esIuInaunIALe

PLGA

PWIATBIBUNIAATANALANTIREINBANER AR (W/o)/w emulsion VAN a1 1:2 1l 1:4
TngiAn uniformity 209NNEATAE <2 UAZIUIATBIDUNIPAZADE] AAALIBLAN % 283 PVA 41N 1% D9

o

4% TungnINNenIdIuIne w/o LAY (w/o)w ratios Finarii

AMFUNATBILATEY sonicator WLGN probe sonicator faun1ANANNY bath sonicator
sz 10 Wi Tunn % 2a9PVA wananBAl uniformity 1849UNIATIBEFENAIN probe sonicator Az

{i981N91 bath sonicator
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(bath)

B (%] (wio)/w ratio of 2° emulsion Fr
(1:4)

[0 B wlo)wratio of 2° emulsion
(1:2)

Size (um) and Uniformity

S

-
-
=
| P
]
/@. N -
g . -
-
=
=

w/o ratio of primary emulsion

o ' a o ' a a

5UN 4 1a1998R149U wio 189 emulsion UFHYH SMINEIU (w/o)/w 189 emulsion NAEYH % PVA 284

al q

of emulsion NALNN UAZLATEY sonicator ARTWIALAZNNINIZATIUIALNIA (NI WU LAz Eans

LDIUFIATARINAAL) 28981N1A PLGA TILGITNANN probe sonicator WA bath sonicator

7.2 AuanavedaynIn PLGANAAYLINA

o

ALANURANARAANAI89a1N1A PLGA ANgasiAnIwg A 1, 5 uaz 15 pm azuanslu

b4

A 2 = o o S o Ay P = )
A1 NN 8 IﬁﬂLﬂ@ﬂ@qﬂﬂqﬂmiﬂﬂ@jm?miumuqmlﬂ@Lﬂﬂ\iﬂﬂsﬂuqmwm’ﬂ\iﬂqi LUANATNNTIENTUIT BUNA

e lAsumsaznszfunisnatauasea)lANAUANI I IWANTINRT  uazAziAengnsNdAnANTTR

N1INTLANRTUNATIREIATE)

Tnelnfdsyqaesansazane PLGA aviAnsznnny -45 mv (Sahoo et. al., 2002; Stolnik et al.,
1995) Hawizeiiuayn1And PVA 1l stabilizer azfisvaiuiaiisduatinedniatiu -5.38 Dy -7.42
InaflAnInfiAeaiuntmauunnauniind Ae Usean -6.5 19 -15mv 71 pH 7 waz -5 09 -10mv 7 pH 6

(Sahoo et. al., 2002)
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a oAl A

duiuansaransaurirEnuasmaeat luaynia wudnaynaawalunaziifFunmanngn
AUNATUIALAN LHBIANAUNRaTiaNdn Mnliinnsszmedinngn adnalsfinnu naweasliansandiadias

nafiszy lndaanFuaesawdsnis (USP 23) innvua b1 75 ppm

gUinsuazAnuzinTeseyNIA PLGA 713 3 auiadsingnield optical microscope (U 5,
A1-A3) uazan SEM (319 6, A1-A3) uaz. AFM (3191 7, A1). wudrlauasnafesiuae Jgilsems

- | =
NANRTNILTEL 13JW1IQ’13J§‘W§“L<L
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a

S o °o v o | I~ a ol el = o o
A9 8 Iﬂ']LLﬂﬁ‘@jlﬂ?lﬂﬁ?U ANWUSTVNAUNTALATNATDN CS uay Al(OH)3 ARAUIA NITNTSANLTUNA ﬂa:f«g‘wm LL@:‘LE‘mm@wm:mmummwmLu@@’nngmma‘w

APLAAN
Size selected Sonicator  w/o ratio * (w/o)wratio > %PVA®  Chitosan Al(OH), Median size Zeta potential Solvent residue
formulations (um)  input force' (w/v) (%w/v) (%w/v) (um), uniformity (mv+SD) (ppm=SD)
n=3 n=3 n=3

1 Probe 1:10 1:2 4% - 0.92,0.27 -5.38+0.13 10.98+0.24

0.2 - 1.22,7.72 +22.17+2.67

0.75 1.62,1.569 +15.36+1.27

1.5 3.44,2.22 +16.90£0.12
5 Probe 1:2.5 1:4 4% - - 5.26, 1.57 -7.42+0.31 11.52+0.19

0.2 - 7.59,2.52 +23.23£2.93

0.75 6.87,2.34 +16.401£0.38

1.5 6.89, 2.96 +19.71+£1.40
15 Bath 1:10 1:2 2% - - 16.76, 2.03 -6.90+0.86 21.32+0.68

0.2 - 17.18,2.77 +25.62+4.85

0.75 16.85, 1.98 +22.45+2.66

1.5 16.95, 1.83 +19.52+3.95

1 . 2 . . . 3 . . 4 .
Input force of secondary emulsion, “ Volume ratio of primary w/o emulsion, ~ Volume ratio of secondary (w/o)/w emulsion, * %PVA of secondary emulsion
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gﬂﬁ' 5 gUdanwnlresayN1A PLGA 21U 1um (A), 5um (B), 15um (C) uazauia 1um iadauson CS, 1C (D) wag

AUIA Tum ApAaUAas Al(OH),, 1A, (E) nelfindas optical microscope (x 20).
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15kV X3,500 Spm 200624

[}

1S5kV - X3.508 Spm 131882

15kV XS5,0080 Spm ZO86Z0

—
15kV XK3.508 Spm 15906803

51 6 NIWSEM 109 PLGA, PLGA ilad@udiae CS, 0.75% AI(OH), Az 1.5% Al(OH), conjugated PLGA

particles (A to D, ANNAAL) ARTWIABUNIA 1, 5 WAz 15 pm (1,2,3 ATNAAL).
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7

C2

o

niuRinaes PLGA (A1), PVA (A2), PLGA Miadaufag CS(B1), CS (B2), PLGA Madausiae 0.75% AI(OH), (C1) uaz AI(OH), (C2) annsldmaiin AFM
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8. MSLATENLANIUIUNTLARYNIA PLGA 7itARAUAIE CS

ﬂ']ﬂﬂa'aﬂéhﬂ CS @zLﬁﬁJ‘ﬂuﬁmﬂjmméﬂﬁﬁ PLGA Lﬁﬂﬂlﬁﬂﬁ@ﬂﬁﬂLL@mQIumqiqﬂﬁ 8 LﬁuLaﬂ'ﬁﬁUﬂlqﬂq?
Aoy a & & Wy o o ) a o & P e ,
ﬂimmﬂ]uﬁmwmmquﬂutmﬂﬂzmﬂmw‘mfﬂuﬂﬂmnmm 1 um '&quﬂﬁ\gf‘ﬂuumqfﬂwﬂqﬂquWNmu@ﬂWQmeu@qﬂﬂ’] -

luan +22 D9 +25mv

R1NNN optical microscope gt 5, D wudnaunIAaINgasaniL 1 1 pm HuwalugnannlilAeaey
wazadne i lAuanannmuiugase aan SEM lugii 6, 18-3B wudn ayniasuim 1 pm aznnziuetnaaan Ing
dur93 CS 1nndeunIATIA gy daunaan AFM uwandlugii 7 wudd dnenusiiazeseynia PLGA (3U7 7,

A1) axFay luanefiaeuian CS azwiudiaalas 189 CS indauatifinuwen (3U7 7, B1)

9. NMSLATENWANIUIUNTUADYNIA PLGA NiARALIAIE Al(OH),

\Wapdausog AI(OH), aynIA PLGA awia 1 um aylnnjiulnsnaasdaauiiainaausosaanuidind

'
A

1.5% AI(OH), Auanslumnsed 8 iuhgaiuAInsnszatsauanAiniulngazivulédanayninawn 1 um

o

doutlsrquuinaynipaziisduatinadaauann -ifluen + usAnlidadiaandndAnlianauniaiiindsudian CS

anwnuziaresaynia PLGA Tiadaufog AI(OH), lugilit 5, D wusn ayniaaziniziuiuun dau SEM

Tugil#l 6, 1C-3C, 1D-4D Wudn aun1ARnsnaNnEdudsuAfaUagn auan wananil AI(OH), iaaudindiv
0.75% \iNenefazpdauayn1ATwIn 1 pm uslinedrdueyniaaua 5 uay 15 pm atlsfinuiaaadindu
1.5% \NENWONATAAILARNIATUIA 5 UaT 15um 41N AFM Tugilil 7, C1 waz C2 Rezesayniainasufos

AI(OH), azaigusy TGEau

LIFENANSLIATUNANLAAUIUN

yaa ]

Lﬁmmml{amfﬁl@uﬁmﬁm o/w emulsion T 1#dAEAsaM Dr. Steven Reed (President of Infectious Disease

va o =2

Research Institute, Seattle) \AgfU oil/water emulsion adjuvant waga il lA5Ua13AINAN ANLERSERIANEN

UszANBNINTBIUBURIAULAY ULBAUIWYTIL 111y BALB/c mouse tne/ld wenquawi 2 1l Complete Freund's
. dl [ . dla v a o 1 d‘ & = aQ o v o :: c_a
Adjuvant @il adjuvant nHeNlduaziamiaiva ldluntsdneideludndnaaes suvisianquanviaila Toll-

like Receptor 3 agonist (TLR3 agonist) 1X31e41131 8 s2@nann

nsAnEnludnInaaas (uy mice)
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a a

nadneluny  mice  anzRdlanuinAnandasualassnunseylidnmlugds  Wesan

v
a KX v a

waufaunEEENAuilueuRRuINARIWA s mAllauiaNsINIAnr At udiazinuniamagaLnisiaan

¥ i a a A a a Ve = o o & ' 2 o oo
naaasudI BN uueuRaundlssBEn W widildireinamaaeuiudpdvasesnten  AFuunulin
naAn ludndidnneunisdnenlugds wud AedawazAtANLLslsuees HA titer a1n serum lunnsmaang
Tunmgazuanslugl? 1 lnelunguusndailunguasuauilisuiinae azdiBunn titer Aandn 20 lugaananfiga

FnaEing serum vianaunazaINgIidATudnna s luusas dose Tungud 2 NlFfuneumiauuas liduenguawsi

a

a7 wudn An HAI titer HAgeauilaliiueudiau Adildian neunisli dpduazaindmasnisii dose 11 1 uazh 2

v o

o o P A o 5 = ! ! = o A & g Yy ay
ANANAL TaaAntiter lAnaanisli dose N1 2 AN 75 ARSI WAUFLAUNNARTLLANUATNITONTEHUNNANNL

al

o

Tolifia HAI titer aeinafltiadnAty
\HalN uanquowi Complete Freund's adjuvant Wid1 naansHdATUATIN 1 il titer ganan
nauliilaniion sl titer azauganan 1l > 1280 1ialit dose 1 2 uAA991 Freund’s complete adjuvant azaeivy

o 1 '

dse@nsnnlunianazgulit HAI titer gandnilleliil uwenquowiatiasdudn Wald TLR3 agonist ifluuanquani

wudnamnsniia titer Auiy witsrAnanimnisnssiuniAuniy azliisuwindunisld Complete Freund's

adjuvant IagiAn HAI titer Azl 1szanns 630 1a'lH dose 71 2
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Results from mouse study

Gr. 1: Control (Normal saline) Gr. 2: HIN1 (1ug HA/dose)
120 120
100 100 4
80 - 0 |
o g
Z 604 = 50
= g
I T
40 - 40 ;
20 4 T - 20 - I
U T T T U '+| T T
Baseline Postdose 1 Post dose 2 Baseline Postdose 1 Posidose 2
Gr. 3: HIN1 (1ug HA/dose)+CFA Gr. 4: HIN1 (1ug HA/dose)+TLR3 agonist
800
1200 - >1280
1000 - 600 |
. 800 - .
2 2
Z 600 7 400
I I
400 A
200 A
200 1
U T T T 0 y T T
Baseline Postdose 1 Postdose 2 Baseline Postdose 1 Postdose 2

U7 8 HAI titer 90 serum 193 BALB/c mice naan1slidaTiuiilsenasfoauausiaunnaniuies (group
2), LAURAUNNARTWRILAZ complete Freund’s adjuvant (group 2), WAWARUNNARTWAILAS toll-like
receptor 3 agonist (group 4) \Wrauauiuiinay (group 1) Walfianudndursaueumiag 1 ug

HA/0.1 ml a1uau 2 Afdiandna Wadui 0, 19 uazdusiaating serum 3ui 0, 11 uaz 33 (n=4)
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AUFLNNINARDUNDAN TN INLILANBNINIBINITFTUNLAUARUTT WU ARALLATANAIIN

uwtlstlaauaed HAI titer an serum Tunameseslunyazuanslugii 9 Tnalunquusndaiunquilfiiuueumaun
~ , P ! \ ) a & A g a Y \ v o o

wisanlot Ind uazlaifuenquaniila wudn A HAI titer Hegeiuieliiuewiiau Afldain neuntsli datuay

ANNIIUAINTII dose M 1 wazh 2 muas Tnsiptiter NENAINT714 dose 1 2 ATHAN 17.5 WAAGTT LOBFAUTN

o o

HARTWENHANNIONIEHUNRANTY Tifia HAI titer aeneilitidAny

]

1 v
9 S o

Tungui 2 NlAFuweuRAUTEEaN ot Winuazlifuanquauilac wuda Fn HA titer HANgeluTuin

D

' P

A a9 ~ Ay Y o ° e & . = °o o L .
Walfuaumiaw Adliann neuntslii datiuazandnuaanisi dose 71 1 WAy 2 AANANAL lasiAtiter nlAnaa

M3l dose 7 2 Azfipn 225 udANI1 UaUARLTNARTWEIHANNTINILAUNRANTY TiAin HAI titer BEin9l

al

o o 1 g

TadnAty aeglsfinn An HAI titer TlfazanndnHA titer AldTUmpwAgRlFseuluntmaaasnsanudadedieo

75.00

=b.

ANNATAILAURLALTIADY [0t LHANARAUNNADH MWLAN HAI titer ANNLAURLAUANARYIADY lot |

'
o o =2

AMWANFvaEeiitdAty Belaatnfude naneuauastesnaAiesiniiA1gand unAg (0L = 0.05)

o

\Halia wanquawi Complete Freund's adjuvant wud1 naan s liidaTiua3en 2 azilen titer geiuun
{100 Fatiugun1amaaeaiindn Freund's complete adjuvant azaneniuilsz@naninlunisnsysuliien HAI titer

gendnilelill uanquaniatinasiudn
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Gr. 1: New H1N1 anflgen (1 ugidoss)

o ==

Easslins Pt dose 1 Pirst dose 2

Gr. 2- Old H1K1 antigan (1ug HAMdoeS)
&0

a0

an

PR ey
-

[l T T T
Sazelnz Poat doess Post dose 2

Gr. 3: Mew H1M1 antigen [1ug HAMdoes)+CFA

00
150
o 100 1
=L
L
&0
o r = T
SazE e Poss doss | Post oose 2

317 9 HAI titer a1n serum 289 BALB/c mice wasn13lidpTuntlsznaufnaueumiauiuaniueslot lud
LA lot 111 (group 1, 2 AMNANAL), uauRAUNNARTWLadlot T Waz complete Freund’s adjuvant (group
3) Walfimnudiniuresuaufiian 1 ug HA/0.1 mi auau 2 AFadiind s Wadui 0, 19 uazdusineting

serum JuN 0, 11 way 33 (n=4)
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nsAnsluae (non-human primate)

Anuzdnlfinsfasaiuiviiuaundndmaaeaas  USAMC-AFRIMS fafluunundninaaesd
sluﬂ&iﬁqmslum%ﬁ wazlAFun135usasaIn Association for the Assessment and Accreditation of Laboratory Animal
Care (AAALAC) wazlA5uNNseaN5UANN Animal Welfare Assurance on file with the Office of Laboratory Animal
Welfare (OLAW), U.S. National Institutes of Health (NIH) AtnAUsuuaTalElunmegan HIN1 vaccine
suvannsAnAn¥anelunnmmaaedlids Tag e sautihusundnsmaaedsas USAMC-AFRIMS (asdnuau
5\117';m‘ﬁqLLi\mmy‘?zﬁw’é@mmuﬁLﬁymﬁ@ﬂ&”n‘luma‘wmmu HIN1T vaccine M8 WIMNENHATLAMNADINITLD
Tasenns TaannsdnenldsneRemartlsvanas 250,000 tmiudusnmuanasufunslutaananiiasliae

1aNA19 CRADA lunianuan 6

@21 animal use protocol ANNANLIN 7 MERNNIUFLuLUlnsandauIugRIAinFunlduenquaun

LY v o

Tae/lfindtynyrindeiuuaundndmanasaas USAMC-AFRIMS lviinnsdne lusBeaufesuio

e nszAuaes HAI titer lunyilAnliganenazindulaniluae uazAnldanelunimaseuludng
o a

Tnnjazganniszanns 70% sawudssinailiiu audiuldaunasinnimaseuludndlug Tneamziidadunnu

Rudauiwasun 29 e ldilselamiintnsausald
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3.1. Hemagglutination and Hemagglutination inhibition
3.2. Plaque assay

3.3. Tissue culture infection dose assay (TCID)

3.4. ELISA for Hemagglutinin (Quantitative)

3.5. Western blot assay for Hemagglutinin / Neuraminidase
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BIOLOGICAL SAFETY CABINET AIR HEPA FILTER LEAK TEST RESULT
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CHULALONGKORN UNIVERSITY

ANIMAL CARE AND USE COMMITTEE (CU-ACUC)

Protocol Review No. D D D D D D D

Protocol review numbers are composed of the last two digits of Christian Era, followed by two digits of faculty

code number, and the last three digits run by faculty IACUC on queue.

~insanvnnaias 2 sausniiudl p.a.audaasiarasas 2 64 uay 3 dafineflusAunisaeeygynlddns

Animal Use Protocol Title: Testing immunogenicity of influenza HIN1 2009 vaccine in a mouse model.

Taseams lEdndiFas nagauauamnsn un s linandsumiuseslsasesipaulivinlug)

H1N1 2009 Tun1snaaaalumy
Principal Investigator: Associate Professor Rangsini Mahanonda

Address: Department of Periodontology, Faculty of Dentistry, Chulalongkorn University

Telephone no: 02 2188861 Mobile phone: 089 8978288
E-mail address rangsini.m@chula.ac.th
Classification: \/ Research OTesting OBiomaterial production OTeaching
QBreeding QOthers, Please SPECILY.....utiii e e e e
Anticipated Project Period: Dec2010-April 2011
Funding Source(s): National Research Council of Thailand
Grant has been: \/ Submitted
OApproved, If approved, duration of approval..............coiiiiii e
Your signature, as P.l. on this application, verifies that the information herein is true and correct and
that you will comply with standard of animal care and use established under ethical principles and guidelines

for the use of animals for scientific purposes and policies of Chulalongkorn University.

Signature of P.l. /Instructor................cooiiiiiiiiiiiennn,

GOV ST AR )

Signature of Attending veterinarian or Authorized person............................... (Cor [oviiinn. [, )
Signature of Associate Dean / Deputy Director (Research)..................cccoceee(nn /o)
For official CU-ACUC
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1. Protocol reviewed ON............cccceeiiiiiinnnn.. VA YA

By CU-ACUC Faculty/Institute............c.cccviiiiiinininn,

2. Result DApproved DApproved with minor correction DNot approved
Signature of Chairman....................ccoiiiiiiiiiii
Signature of Secretary.... ..o
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RESEARCH PROTOCOL FORMAT
FOR A PERMISSION OF ANIMAL CARE AND USE

Faculty or Institute: Faculty of Dentistry, Chulalongkorn University
Animal Use Protocol Title: Testing immunogenicity of influenza HIN1 2009 vaccine in a mouse model.

a

Yo d d' Y A o Y a9
Tasamisl¥dadses@iinw Inellsaszy) nageuanuaunsalumsi ldinagidumuvesisn
v A 9 [ 1
vouiadu ldnialvg HINT 2009 Tumsnaasaluwiy
Tnsamsiiveaygnaiensidaluriivesesae 1 (amznsdinveiseslinsanunseannndi 1
Iﬂiﬂﬂﬁ%%ﬂ) (This animal use protocol title will include these following research titles)

Principal Investigator: Associate Professor Rangsini Mahanonda
Address: Department of Periodontology, Faculty of Dentistry, Chulalongkorn University
Telephone no: 02 2188861 Mobile phone: 089 8978288

E-mail address rangsini.m@chula.ac.th

Co-Investigator(s) involving animal use:

Name / Surname Address Position Phone Fax / E- mail
Pornchai Department of Oral | Associate . ] ;
02- [pornchai@hotmail.com
Jansisyanont Maxillofacial Professor
2188593
Surgery, Faculty of
Dentistry, 02-
Chulalongkorn 2188581
University
Garnpimol Faculty of Professor Garnpimol.R@chula.ac.th
Ritthidej Pharmarcy,
Chulalongkorn
University
Arunee Faculty of Science, Associate 02-2015528 | 662-6445411
Thitithanyanont, | Mahidol University | Professor scaty(@mahidol.ac.th
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1. Non-technical summary: (I¥nsendeyaifunudingunse lneanuennluiiu 250 /1 dmsuls
yanai luemugudrlelsz Tomfvesadseiisuiludecddafuazmanszihaesadas)

Safe and effective influenza vaccines are the best way to fight against an influenza pandemic. At
present, Thailand does not have capability to produce its own influenza vaccine and has to depend on
vaccine production from western countries. In an influenza pandemic, the availability of a pandemic
vaccine will be delayed by several months due to the viral production and vaccine formulation. In addition,
the limitation of world production capacity will restrict global access to the vaccine. In 2009, Thailand was
chosen by World Health Organization (WHO) for a program to expand global pandemic influenza
production using live attenuated influenza virus. Furthermore, the Thai government funding agency : The
National Research Council of Thailand (NRCT) also has funded a group of scientists from Chulalongkorn

and Mahidol University to develop an influenza vaccine which requires small amount of antigen and

induces broad immunity.

2. Objective: As part of our research development process, we will test immunogenicity of our influenza H1N1
2009 vaccine in a mouse model first before going to non-human primates. Therefore, the main objective of this

study is to test if our vaccine preparation (split vaccine) is immunogenic in BALB/c mice.

3. Experimental design: Influenza HIN1 2009 split vaccine will be provided By Dr. Arunee. BALB/c
mice (4-8 weeks) to be used in this study will be purchased from National Animal Center, Mahidol
University and housed at Floor7, Pre-clinic Building, Faculty of Dentristy, Chulalongkorn University.

Healthy naive mice will be selected and randomized into 3 groups as follows:

Group Route N
1) Saline control M 5
2) HINI 2009 vaccine (7.0 ug HA) M 5
3) HIN1 2009 vaccine (7.0 ug HA) in oil in water emulsion M 5
Total animals: 15
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Note: IM = intramuscular

BALB/c mice (4-8 weeks) will be maintained under SPF conditions. Mice will be immunized at hind leg on
days 0 and 14 with 7 ug of HIN1 2009 hemaglutinin (HA) in 0.5 ml with or without oil in water emulsion.
Blood will be collected at days 10 and 24 and assayed for HA-specific antibody production by
hemagglutination assay. We do not expect any toxicity from vaccination. In the event of an adverse

reaction, observations will be made daily and documented in the laboratory note book.

Hemagglutinatio Inhibition (HI) Assay:

To detect antibodies that inhibit binding of influenza virus to cells, serum samples will be treated with
receptor-destroying enzyme and subsequently heat-inactivated. Serial dilutions will be preincubated with
pre-determined concentration of inactivated influenza HIN1 2009 in microtiter plates at room temperature
for at least 15 min after which red blood cells (RBCs) from goose will be added. RBCs will be allowed to
settle at room temperature until cells in the RBC control form a compact negative pattern. If an
antigen/antibody reaction occurs, hemagglutination of the RBCs will be inhibited. Inhibition will be
graded as “+” for inhibition of HA, “+” for partial inhibition, and “-”for no inhibition. The HI titer is the

reciprocal of the last dilution of antiserum that completely inhibits hemagglutination.

4. Data analysis / Statistical method: Antibody responses between groups will be compared by using the
Student’s t test and the Mann-Whitney U test (non-normally distributed data). P-value of less than 0.05 will

be considered statistically significant.

5. Animal model and species justification:

5.1 Description of animals

Common name Strain / Stock Age Weight Sex Number
mouse BALB/c 4-8 weeks 20-40g Male or 15
female

Special consideration (e.g. SPF-- please specify): maintained under SPF condition

Source / Vendor: National Animal Center, Mahidol University
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5.2 Scientific justification for animal species and number requested

5.2.1 Explain why the proposed species is / are the most appropriate.

BALB/c mice are commonly used for pre-clinical testing vaccine immunogenicity.

5.2.2 Provide and explanation of how the numbers of animals to be used in each group or total were

appropriate based on scientific and statistical requirement to achieve objectives
Five mice per group will be used (total 15 for 3 groups). Mice are inbred animal and their
immunresponses to vaccine are similar in each animal. In general, for this kind of study, 4-5 mice per group is

enough to test statistical significance.

6. Animal care:

6.1 Husbandry consideration:

6.1.1 Experimental place Nursing place
\/ Building : Pre-clinic, floor7 \/ Building: Pre-clinic, floor7
\/ Room: animal center \/ Room: animal center

6.1.2 Housing System:
O Strictly hygienic conventional O IvC
\/ Environmental chamber Olsolator

O Others, please specify

6.1.3 Caging:
J Solid bottom, open top O Static filtered top cages
OMetabolic cages Olndividual ventilated cage (IVC)

O Others, please specify
6.1.4 Cage size (W x L x H): 25x40x17cm.
6.1.5 Caging materials:
\/ Plastic O Stainless steel O Others, please specify
6.1.6 Number of animals / cage: 5 animal per cage
6.1.7 Environmental requirements:
Temperature: 25+2 °’c

Humidity: 45-55%
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Light: J Standard fluorescent
OOthers, please specify
Light cycle: \/ Standard 12 : 12

OOthers, please specify
6.1.8 Food:

Type of food: J Standard diet
O Others, please specify

Feeding schedule:
VAd libitum
O Others, please specify

6.1.9 Water:

Type of water: OHyperchlorinated ......... ppm OAcidiﬁed, pH

Oro-uv

\/ Others, please specify: Autoclaved water

Provision of water:
VAd libitum
QOthers, please specify
6.1.10 Bedding: JWood shaving O Sawdust
OPaper OOther, please specify
6.2 Attending veterinary care: (Describe the routine veterinary care.)
\/ Standard: Change bedding, water, and food daily

OOthers, please specify

7. Animal welfare:
7.1 Does the purposed research duplicate any previous work?
\/ Yes (explain why it is scientifically necessary to duplicate the experiment)
We reviewed published articles during 2009-2010 (the out break of pandemic HIN1 2009
was first reported in March, 2009, Mexico) and found one article that similar to this proposed study. As we

mentioned earlier that our research project has been funded by NRCT to develop a pandemic influenza
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vaccine for clinical use. Split vaccine HIN1 2009 is locally produced by one of our team; Dr. Arunee and it
is critical to test if our vaccine is immunogenic in a mouse model. If the results from mouse study look
promising, we will then evaluate in non-human primates that are phylogenetic closer to humans.
ONOZ Keyword Search.........c.ooviiiiiii e
Literature SEarch..........ououiuiiii i

Database SEArCh.........oiiue

7.2 Briefly describe how you have considered each of the following regarding 3Rs or why they
are not applicable:
7.2.1 Replacement of animals (e.g., with in vitro models, computer models or less sentient
animals)... Alternatives were considered, including computer modeling and cell cultures (such as in vitro
models of humoral and cellular immunity). No model or in vitro system is currently available that

adequately predicts immune responses to influenza vaccines.

7.2.2 Reduction in the number of animals (e.g., using appropriate statistical methods in the
design analysis of the study; reduction in experimental variability by using animals of defined genetic or
microbiological status; sharing tissue among investigators): This protocol uses previous murine model data
to assure the least number of animals will be used to achieve statistical significance and meaningful data.

7.2.3 Refinement of experimental procedures to minimize pain or distress (e.g., early
endpoint; use of analgesics, anesthetics or sedatives; techniques that reduce stress in the animal):

This protocol uses environment enrich strategies such as food treats, group housing, All animal

manipulations and procedures are conducted by well-trained staffs.

7.3 Potential animal pain and distress assessment:
7.3.1 Pain or Distress Classification (USDA Classifications)
O Classification B
\/ Classification C
Q Classification D

Q Classification E

74



7.3.2 During the study:
1. How often will the clinical condition of animals be monitored?
After vaccination, animal will be observed daily for adverse reactions.
2. Who will monitor the clinical condition of the animals?

Dr. Pornchai and Dr. Rangsini

7.3.3 Are the animals expected to experience any specific study-induced related problem or
any health problems as a result of the phenotype of the animal?
\/ No
OYes, please answer the following question:
7.3.3.1. Describe the expected problems.

7.3.3.2 What criteria will be use to assess pain, distress, or discomfort?
\/ Inactivity

OLoss of appetite

\/Loss of weight: ko Chove Chso \/20% weight loss
\/ Restlessness

QAbnormal resting postures, somnolence or hunched posture
QLicking, biting, scratching, or shaking a particular area
QFailure to show normal patterns of inquisitiveness

QFailure to groom, causing and unkempt appearance

QGuarding (protecting the painful area)

QLoss of mobility

QRed stain around the eyes of rats

OUnresponsiveness

QLabored breathing

QOthers, please specify

7.4 Analgesics :

Common name Drug concentration Dose Route of administration
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7.5 Anesthesia (Pre-anesthetic and anesthetic):

\/No OYes

If yes, please answer the following questions:

Common name Drug concentration Dose Route of administration

7.5.1 Who is responsible for maintaining anesthesia................ocoiiiiiiiiiiiereeeeeeeees
7.5.2 Methods used to monitor anesthesia, frequency of monitoring...............ccceeeeerveereeneennenne
7.5.3 What criteria will be used to assess level of anesthesia?

O Respiration rate

Q Heart rate

Okca

Q Toe pinch

O Tail pinch

Q Corneal reflex

O Color of mucous membrane

Q Muscular relaxation

OOthers (pulse oximeter, respiometer) please, SPecify..........ooooiiiiiiiiiiiainnn...
7.5.4 How animals are kept warm

7.5. Describe post-anesthetic treatment or INTETVENTION ........ccccceveierierierienieenieesieereeee e seeseeneees

8. Surgery:
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\/No OYes

If yes, please answer the following questions:

8.1 Surgical procedure is: ONon—surVival O Survival
O One time Q Multiple

8.2 Location / Room number for surgical procedure will be conducted.

9. Blood or Body Fluid Withdrawal / Tissue Collection / Injections, Tail Clip, Gavaging:
\/ Blood Withdrawal:
Anatomic Location: tail vein (first blood collection) and heart (second blood collection)
Needle size/Catheter and length: Tail incision will be used for first blood collection. Heart
puncture will be employed for second blood collection using needle size 25-27 gauge
Volume Collected: 0.1-0.2 ml (first blood collection) and 1 ml (second blood collection)
Frequency: 2 times

OBody Fluid Withdrawal:
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Anatomic Location..........oooiuiiiiii i
Needle size/Catheter and length. ...
Volume Collected. ... ..o.inuiniieiiii e
FreqUenCy ...
OTissue Collection:
Anatomic Location..........coeiiiiiiiii e
Needle size/Catheter and length..............oooiiiiii i
BiOPSY S1Z€. ...t eieeti i
FreqUenCy ...
\/ Injection/Infusion:
Anatomic Location: Hind leg (intramuscular injection)
Needle size/Catheter and length: size 23 gauge
Volume Administered: 0.05 ml
Frequency (per day): one dose at day 0 and one dose at day 10
Chemical/Drug: influenza vaccine (protein)
OGavaging
Needle size/Catheter and length..............oooiiiiiiiiiiii
Volume Administered. ..........couvuiiiitiiiiii i
FreqUenCY. ...
ChemiCal/DIUg ... vt e

OOthers (P1EASE SPECITY). ..t vttt ettt ettt e s s

10. Restraint with Mechanical Devices (in conscious animals):
\/ No O Yes
If yes, please answer the following questions:
Describe device, duration of restraint, frequency of observation, condition procedures, and

steps to assure comfort and well-being.
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11. Projects Involving Food and Water Deprivation, or Dietary Manipulation:

\/No OYes

If, yes describe methodology:
Olndividual animal’s weight is monitored every........... days.

O Individual animal’s weight is not monitored.

Item Amount Duration Compound Compound Frequency

Restricted/Added Supplemented Deleted

Food

Restriction

Fluid

Restriction

Nutrient

Alterations

12. Tumor/ disease models/ toxicity testing:
\/ No O Yes
If yes, describe methodology used for tumor/disease and /or toxicity testing.

13. Behavioral studies/Pain models/:
\/ No O Yes
If yes, describe methodology used behavioral studies.

14. Euthanasia / Disposition of animals:
14.1 Disposal of animals after completion of activity:

\/ Euthanatized

OReturn to production / breeding unit / facility inventory
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O Transfer to another research project:

(please list Protocol No. and Investigator).............ccoeveviiiininininiiiiin,

OOthers, please describe. ...

14.2 Chemicals/Drugs used for euthanasia

Common name Dose Route of administration | Other (please describe)

Co, Over dose inhalation

15. Experimental endpoint: (State the projected study endpoint for the animals. Indicate whether recovery,
euthanasia, or death is expected; and the specific plan for determining when the animal experimentation
phase will be stopped). The study endpoint is the last collection of blood at day 24 (day 0 = first dose).

Early Endpoint is used (the animals are humanely euthanized prior to the expected terminate study

day): ONO OYes

If yes, early endpoint Criteria are............o.evuieititirtinii it eeeeaens

16. Biohazard / Safety:
OInfectious agent is (are) used: SPeCify...... ..ottt
DAnimal bio-safety level (ABSL)...............
QBiohazardous chemical or carcinogen or radioactive material is (are) used:
] 0116 Ui TP P T SRURTUSRURRP

\/ None

Explain any safety precautions or programs designed to protect personnel from biohazards and any
surveillance procedures in place to monitor potential exposures.

Only assigned personnel can enter the animal rooms unaccompanied. Appropriate personal
protective equipment including lab coats, mask, gloves, are routinely worn before entering the animal rooms

and at all times when providing care and handling of animals.
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Explain how the waste is decontaminated and disposed of.
Biohazard waste containers for sharps shall be kept in all study rooms and treatment areas, for
disposal of needles, syringes, etc. Sharps and non-sharp material waste will put in separate biohazard

containers. Seventy percent alcohol or Dettol will be used for cleaning surface area before and after using.

List primary safety equipment and personnel protective equipment requirements.

Lab coats, mask, gloves

List procedures if accident, injury or illness occurs.
Cleaning the wound by flushing with sterile water and apply antibiotic medication. If the wound

does not improve in 10 days, go to see doctor. Report an accident to the principal investigator.

List specific treatment provision for accidental exposure.
Cleaning the wound by flushing with sterile water and apply antibiotic medication. If the wound

does not improve in 10 days, go to see doctor. Report an accident to the principal investigator.

List relevant occupational medical health provision.

NONE

Signature..............oo
(Rangsini Mahanonda)

(Principal Investigator)
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Request for a Full CRADA to Collaborate with Party Outside the Federal Government

INSTRUCTIONS

Instructions for filling out the request form for initiating a Cooperative Research and Development Agreement (CRADA):

1.

All information requested must be filled in the form. If something does
not apply, respond with “N/A”.

If project is funded by the outside party, you must send this request,
using the table provided in section 5. FUNDING, to the Resource
Management, to assure that all appropriate direct/indirect costs are
captured. The person in RM assigned this review function is:

Avonda.Robinson@us.army.mil
301 319 9672

Once the budget is approved, your division director must send an
approval to the ORTA BEFORE the request is reviewed by the
Agreements Review Committee (ARC).

CRADAs partners can include: Businesses, Universities, Nonprofit
organizations, and Local and State Governments, Foreign Governments
(provided the collaboration is related to public health issue and the
Statement of work is very specific)

1. WRAIR Pl INFORMATION

Your Name as Pl: Sathit Pichyangkul, Ph.D. B. Pl Title: Director of Immunology and

Vaccinology Research Program

Division: Department of Immunology and Medicine, USAMC-AFRIMS

Phone: 662 696 2794

Email: sathitp@afrims.org

RAD: F
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If the Pl is a contractor at WRAIR, then provide the information of the Contracting agency:

g. Name of Contracting agency:

h. COR on the Contract:

i. Phone of Contract agency:

J. Email of point of contact of Contract agency:

2. COOPERATOR’S INFORMATION

A. Name of Party: Chulalongkorn University

B. Address of Party: Faculty of Pharmarcy, Chulalongkorn University, Bangkok, Thailand

C. Category of Party: Local University (Bangkok, Thailand)

D. Name of Party’s PI: Garnpimol C Ritthidej

E. PITitle: Professor

F. PI's Phone Number:02 218 8273, 086 017 2820

G. PI's Fax Number: 02 218 8279

H. Email address for PI: Garnpimol.R@chula.ac.th

[.  Name of Party’s Administrative Point-of-Contact (POC): Professor Dr. Kua Wongboonsin

(Ask the Pl who administers this type of agreement)
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J. Admin POC’s Phone Number: 02 218 3395, 081 666 2756 (Vice President of Research)

K. Email of Admin POC: kua.w@chula.ac.th

If there is more than one partner, then copy A — L and add all information for each partner.

m 9o 0o w »

I o T

3. STATEMENT OF WORK (SOW) FOR THE COLLABORATION

A. Does the SOW involve a clinical study? NO

If answer to A is YES, then Skip forward to #4.

The SOW for preclinical studies needs to be provided in accordance with the format and description

provided below to include: title, background and agrees to statements.

B. Title of Project: Evaluation of the immunogenicity of influenza H1N1 2009 vaccine formulated with

stable oil in water emulsion in non-human primates

C. Background:
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Provide in the box below a brief description of the project and of what value it is to WRAIR. Include a
statement of how this project will benefit the military mission of WRAIR and the RAD you are working
under. Describe the partner you have chosen to work with and why (i.e., what type of expertise the

partner have and how this will benefit WRAIR).

Background: Safe and effective influenza vaccines are the best way to fight against an influenza pandemic. At
present, Thailand does not have capability to produce its own influenza vaccine and has to depend on vaccine
production from western countries. In an influenza pandemic, the availability of a pandemic vaccine will be
delayed by several months due to the viral production and vaccine formulation. In addition, the limitation of
world production capacity will restrict global access to the vaccine. In 2009, Thailand was chosen by WHO for
a program to expand global pandemic influenza production using live attenuated influenza virus. Furthermore,
the National Research Council of Thailand (NRCT) has funded a group of scientists from Chulalongkorn and
Mahidol University to develop an adjuvanted influenza vaccine which requires small amount of antigen and

induces broad immunity.

Military relevance: More than 40,000 U. S. military members died from “Spanish flu” (H1N1) during
World War | (1918-19). Presently, we are in the post pandemic period of the H1N1 2009 influenza which rapidly
spread around the world last year. Fortunately, the pandemic H1N1 has not been as severe as first feared. The
magnitude of disease severity similar to seasonal influenza with case fatality rate (CFR) of about =0.003. If the
next pandemic will cause CFR similar to “Spanish flu” (2%), such a pandemic could threaten U.S. national
security at both the military and civilian levels. The Department of Defense’s mission is to preserve combat
capabilities and readiness, and save lives of military personnel and families. The present study will serve this
mission by advancing understanding of how adjuvant could enhance vaccine immunogenicity, thereby

increasing the potential for development of effective pandemic influenza vaccines.

D. Scope:
WRAIR agrees to: (list a series of statements in the box that follows indicating what WRAIR will be doing as
part of the Statement of Work)
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1) Prepare and obtain approved animal use protocol by AFRIMS IACUC and USAMRMC.

2) Provide healthy rhesus monkeys that have not been exposed to influenza.

3) Receive influenza vaccines from Chulalongkorn University and vaccination will be conducted with
agreed schedule set by the AFRIMS project manager and the Chulalongkorn project manager.

4) Collecting blood from rhesus monkeys with agreed schedule set by both parties.

Partner agrees to: (list a series of statements in the box indicating what the partner will be doing as part of

1) Appoint Chulalongkorn project manager to work with AFRIMS project manager.
2) Provide AFRIMS with influenza vaccines.
3) Work with AFRIMS project manager to define and agree on the report requirement and format.

4) Deliver funds to WRAIR that will cover of all work performed.

the Statement of Work.

E. Has the CRADA partner reviewed and approved the SOW? YES

4. GENERAL QUESTIONS RELATED TO STATEMENT OF WORK

A. Does the SOW involve a WRAIR Animal Use Protocol? YES
If yes, please provide Protocol#: NA
B. Does the SOW involve Human Use (including serum, or any human tissue)? NO
If yes, have you contacted the Division of Human Subjects Protection (DHSP)?
OR

If yes, if you have a WRAIR Human Use Protocol# please provide here: and go to C.

C. If you have provided a WRAIR Human Use Protocol number, than provide the pages
from the consent form in that protocol that demonstrates that the samples being used under
this requested collaboration can be used for the purpose stated in the Statement of Work.
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Note: For collaborations that are specifically Clinical Trials, then you need to include a Clinical Trials
Agreement (CTA) that takes the place of the statement of work. You will still do a CRADA to address the terms
of the agreement and the CTA will be added on to the CRADA as an appendix. The point of contact for clinical
trials agreements is:

LTC Melanie Guerrero

Email: Melanie.Guerrero@us.army.mil Phone:

CTA ONLY:
A. Have you contacted LTC Guerrero? N/A

5. EUNDING

A. s this project funded by the outside Party? YES

If answer to A is NO, then please name the WRAIR fund site being used for this project:

If the answer is YES, then before you submit this form to your Div Director, you need to provide the

budget to Resource Management (Avonda Robinson) as directed page 1 of this request form.)

If the answer is YES, then please provide your budget, using the table below. You can add rows if

necessary. Note: you need to determine yearly costs in addition to total cost.
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Project Year

Year 1

Year 2

Year 3

Year 4

Total

Personnel

Contracts

Supplies

Equipment

Other
1) Rhesus
monmkeys
(N=12),
duration of the
study = 57
days

2) Preparation of
animal use
protocol and
Immunization

$60,773

$7,500

Direct cost
Indirect cost

$68,273
$27,992

Grand Total $96,265

Do not release your budget to your partner until it has been reviewed and approved by the Resource

Management

6. PATENTS

A. Does the work outlined in the SOW use any WRAIR patented or technologies? NO

If so, please provide patent applications numbers or issued patent numbers here:
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PROTOCOL TITLE: Evaluation of the immunogenicity of influenza HIN1
2009 vaccine formulated with stable oil in water emulsion in non-human
primates

PRINCIPAL INVESTIGATORS: Sathit Pichyangkul, Ph.D.

CO-INVESTIGATORS:
USAMC- AFRIMS: Rawiwan Im-erbsin, DVM
Mahidol University: Arunee Thitithanyanont, MD
Chulalongkorn University: Garnpimol C Ritthidej, Ph.D.

Rangsini Mahanonda, DDS, Ph.D.

NON-TECHNICAL SYNOPSIS

Safe and effective influenza vaccines are the best way to fight against an
influenza pandemic. At present, Thailand does not have capability to
produce its own influenza vaccine and has to depend on vaccine
production from western countries. In an influenza pandemic, the
availability of a pandemic vaccine will be delayed by several months due
to the viral production and vaccine formulation. In addition, the limitation
of world production capacity will restrict global access to the vaccine. In
2009, Thailand was chosen by WHO for a program to expand global
pandemic influenza production using live attenuated influenza virus.
Furthermore, the National Research Council of Thailand (NRCT) has
funded a group of scientists from Chulalongkorn and Mahidol University
to develop an adjuvanted influenza vaccine which requires small amount
of antigen and induces broad immunity.
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II. BACKGROUND
II.1. Background

Historical data suggest that we have lived together with influenza
epidermics as early as 1173 (1). However, the causative agent was not
identified until 1930s (2). Influenza is caused by RNA viruses belonging
to the family orthomyxoviridae, and is classified into 3 types (A, B and C),
based on its core protein. Current evidence indicates that influenza A
viruses infect both humans and animals (including birds), B viruses infect
humans only, and C viruses infect humans and pigs only. Influenza A
viruses are further divided into subtypes on the basis of the surface
glycoproteins, hemagglutinin and neuraminidase, of which 16 H subtypes
(H1-H16) and 9 N subtypes (N1-N9) have been identified. There are no
known subtypes of influenza B and C viruses.

Seasonal epidemic causes by antigenic drift, whereas pandemics are
due to antigenic shift resulting from virus reassortment. The 1918
Spanish flu pandemic(H1N1) recognized as the worst ever influenza
pandemic that killed 40-50 million people worldwide. Asian Flu (H2N2)
and Hong Kong Flu (H3N2) pandemic were reported in 1957 and 1968,
causing 2-3millions and 1 million deaths, respectively.

The outbreak of avian influenza H5N1 in Hong Kong in 1997 (3) caused
great concern worldwide due to the high case-fatality rate (CFR) of about
60%. Most human cases to date have arisen from close contact with
poultry or poultry waste products; human-to human transmission
evidently remains limited (4). Since each pandemic since 1918 caused by
3 different subtypes of influenza A viruses (H1, H2, and H3), most
influenza experts at the time believed that the next pandemic would be
likely caused by the new subtype and derived from avian influenza virus.
However this speculation proved to be wrong. In early 2009, the outbreak
of novel influenza H1N1 was first reported in Mexico, rapidly spread
around the world and developed as pandemic in June 2009.

A new strain of influenza virus, designated influenza H1N1 2009, which is
a reassortant of swine, avian and human influenza viruses was identified
as the etiologic agent (5). This new virus exhibits significant epitope
differences in both hemagglutinin and neuraminidase (antigenic shift)
compared with previously circulating H1N1 viruses.
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Early animal data in mice, monkeys and ferret suggested that the
pandemic H1IN1 2009 induced more severe disease than seasonal H1IN1
(6). However epidemiological data suggests that the pandemic H1N1 has
not been as severe as first feared. The magnitude of disease severity
similar to seasonal influenza with case fatality rate (CFR) of about
=0.003.

To date, only viruses for the H1, H2 and H3 subtypes are known to have
caused pandemic. It is impossible for scientists to predict what
subtype/strain of influenza viruses will cause the next pandemic. In the
event of a pandemic, vaccination is universally regarded as the most cost
effective public intervention for preventing influenza infection and
reducing disease burden. Although there is an advance in research
regarding influenza pandemic vaccines, there still will be a production lag
of approximately 5-6 months from time the pandemic virus is isolated
until the time formulated and available from manufacturers for
distribution. In addition, the limitation of world production capacity will
restrict global access to the vaccine. In response to these challenges,
WHO has recommended to design more potent and effective vaccines
that are: a) capable of inducing protective responses after one dose,
especially with low dose of antigen, and /or b) induce broad spectrum
and long-lasting immunity against both seasonal and pandemic influenza
strains.

Adjuvants have been used to enhance both quality and quantity of
iImmune responses. The antigen sparing potential of adjuvants could also
substantially increase the number of doses of vaccine (7). In this study
we propose to evaluate the immunogenicity of influenza HIN1 2009
formulated with adjuvant containing stable oil in water emulsion. This line
of investigation will provide critical information that can be used to better
design new generation of influenza pandemic vaccines.

[1.2. Literature Search for Duplication

[1.2.1. Sources Searched: BIOSIS, BRD, DTIC, EMBASE, FEDRIP, MEDLINE,
and SciSearch.

[1.2.2. Date of Search: 12-01-2010
[1.2.3. Period of Search: 15 years
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11.2.4. Key Words of Search: Search #1: influenza HLN1 2009 vaccine, And
adjuvant , And stable oil in water emulsion, And (rhesus OR monkey).

11.2.5. Results of Search: The literature search showed 106 hits. Overall, the
study described in this protocol is not duplicating any previous work in the area of
adjuvanted influenza HIN1 2009 vaccine.

lll. OBJECTIVE/HYPOTHESIS

1) To measure the immunogenicity of influenza HIN1 2009 vaccine
formulated with stable oil in water emulsion.

2) To test whether this adjuvanted influenza vaccine induces optimal
immunity with low dose of antigen.

3) To test if this adjuvanted influenza vaccine induces broad immunity
against different subtypes of influenza A viruses.

V. MILITARY RELEVANCE

More than 40,000 U. S. military members died from “Spanish flu” (H1IN1)
during World War | (1918-19). Presently, we are in the post pandemic
period of the HIN1 2009 influenza which rapidly spread around the world
in 2009. Fortunately, the pandemic H1IN1 has not been as severe as first
feared. The magnitude of disease severity similar to seasonal influenza
with CFR of about =0.003. If the next pandemic will cause CFR similar to
“Spanish flu” (2%), such a pandemic could threaten U.S. national security
at both the military and civilian levels. The Department of Defense’s
mission is to preserve combat capabilities and readiness, and save lives
of military personnel and families. The present study will serve this
mission by advancing understanding of how adjuvant could enhance
vaccine immunogenicity, thereby increasing the potential for development
of effective pandemic influenza vaccines.

V. MATERIALS AND METHODS

V.1. Experimental Design and General Procedures

V.1.1. Experiment 1: Vaccine and adjuvant will be provided by Mahidol
and Chulalongkorn University. Rhesus monkeys to be used in this study
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will be selected from the AFRIMS availability pool and housed individually
at AFRIMS, Building 5. Healthy rhesus monkeys which have never been
vaccinated with influenza vaccine will be selected and randomized into 3
groups as follows:

Group Route
N
1) H1N1 2009 vaccine (7.5 ug HA) IM
) 2) Adjuvanted H1N1 2009 vaccine (7.5 ug HA) IM
) 3) Adjuvanted HIN1 2009 vaccine (3.75 ug HA) IM
4

Total monkeys:

12

Note: adjuvant = stable oil in water emulsion
HA = hemagglutinin
IM = intramuscular

Baseline blood samples will be taken and a physical exam for general
health will be performed at Day -14. Two immunizations will be made with
the designated vaccines (0.5 ml) by IM into alternate legs on days 0 (left
leg) and day 28 (right leg). The amount of vaccine used is 7.5 ug of HA
which is equivalent to the dose used in children 6-35 months. In the event
of an adverse reaction, observations will be made daily and documented
on the VET-GP-008-F5 until resolution of the adverse reaction and
treatment will be instituted when indicated at the discretion of the
attending veterinarian.

Peripheral blood mononuclear cells will be collected at days -14, 14 and
42 after vaccination to analyze cell-mediated immune responses against
influenza vaccine. Additional 2 ml of blood will be collected at days -14,
14 and 42 for measurement of antibody production. Antibody responses
to viral hemagglutinin will be measured by hemagglutination inhibition
assay (HI). Antigen-specific T cell responses will be evaluated by
intracellular cytokine staining (ICS) for IL-2 and IFN-g after in vitro re-
stimulation of peripheral blood mononuclear cells. All monkeys are
expected to survive. After day 42, animals will be released from the
study and may be returned to the colony for use on other studies.
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V.2.1 Data Analysis: Unlike mice, monkeys are outbred populations
and the numbers of animals in each group are too small for testing
statistic significance.

V.2.2 Justification for Animal Group Size: We will have four
animals per group. A study like this designed primarily to detect trends as
opposed to statistical significance.

V.3. Laboratory Animals Required and Justification

V.3.1. Non-animal Alternatives Considered: Alternatives were
considered, including computer modeling and cell cultures (such as in
vitro models of humoral and cellular immunity). No model or in vitro
system is currently available that adequately predicts in humans or
monkeys physiologic and immune responses to malaria vaccines.

V.3.2. Animal Model and Species Justification: Animal vaccine
models are justified predictors of human responses to vaccines.
Phylogenetically, rhesus monkeys are closely related to humans and are
commonly used to evaluate vaccine safety and immunogenicity.
Selection of the rhesus monkey model over other animal models is
further justified because 1) the availability of specialized reagents for
rhesus monkeys enables detailed analyses of immune responses not
obtainable on other primate models and 2) our immunology and
vaccinology research program at AFRIMS has extensive experience with
rhesus monkey studies in the last 15 years.

V.3.3. Laboratory Animals
V.3.3.1. Genus and Species: Macaca mulatta
V.3.3.2. Strain/Stock: Indian origin

V.3.3.3. Source/Vendor: AFRIMS Department of Veterinary
Medicine

V.3.3.4. Age: 5-10 years at entry
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V.3.3.5. Weight: at least 5.0 kg
V.3.3.6. Sex: male and female

V.3.3.7. Special Considerations: All monkeys have never
received influenza vaccine and have low back ground reactivity to
influenza hemagglutinin, and meet the following requirements; 1) good
general health, 2) intact spleen, 3) negative serology for SIV, SRV,
STLV-1, and B-virus (Cercopithecine herpesvirus 1), and 4) negative
tuberculin responder.

V.3.4. Number of Animals Required (By Species): 12
V.3.5. Refinement, Reduction, Replacement:

V.3.5.1. Refinement: This protocol participates in the
Department of Veterinary Medicine’s environment enrichment program
that includes food treats, toys, group housing, and positive interaction
with humans. This protocol uses non-lethal endpoints.

V.3.5.2. Reduction: This protocol uses previous mouse model
data to assure the least number of animals will be used to achieve
meaningful data in monkeys.

V.3.5.3. Replacement: NA

V.4. Technical Methods:
V.4.1. Pain/Distress Assessment:

V.4.1.1. APHIS Form 7023 Information

V.4.1.1.1. Number of animals
V.4.1.1.1.1. Column C: 12
V.4.1.1.1.2. Column D: O
V.4.1.1.1.3. Column E: O

Adverse vaccine reactions are not anticipated. If any vaccine reactions
result in a change of the pain category, the category will be revised. Final
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numbers in all pain categories will be reported to the IACUC at the
conclusion of the study.

V.4.1.2. Pain Relief/Prevention

V.4.1.2.1. Anesthesia/Analgesia Tranquilization: Animals
will be handled as little as possible. All animals will be given 5-20 mg/kg
ketamine hydrochloride intramuscularly (IM) for anesthesia IAW VM SOP
L-VC-12-00, Non-human Primate Injectable Anesthesia when
phlebotomized,or vaccinated.

V.4.1.2.2. Pre- and Post-procedural Provisions:
Monkeys will be fasted for 12 hours prior to regularly scheduled
anesthestic events and monitored for any complications following
phlebotomy during recovery from anesthesia IAW SOP L-VC-0012
Injectable NHP Anesthesis.

V.4.1.2.3. Paralytics: NA

V.4.1.3. Literature Search for Alternatives to Painful or
Distressful Procedures: NA

V.4.1.4. Unalleviated Painful/Distressful Procedure Justification: NA
V.4.2. Prolonged Restraint: NA

V.4.3. Surgery: NA

V.4.4. Animal Manipulations

V.4.4.1. Injections: All laboratory personnel will follow USAMC-
AFRIMS Safety and Occupational Health SOPs. Injections, anesthetics,
control buffers, and vaccines will be administered by IM injection VM
SOP L-VC-104-00, using a 22G-27G needle (1/2” to 1" in length).

V.4.4.2. Biosamples: Phlebotomy will be conducted in
accordance with VM SOP L-VC-22-00, Nonhuman Primate Phlebotomy.
Up to 10% of the circulating blood volume can be taken every 3 to 4
weeks. The circulating blood volume for a rhesus monkey is estimated to
be 54 ml/kg. Thus, using the lowest weight in kg of a rhesus monkey that
is eligible for enrollment (5kg = 270 ml total blood volume), up to 27 ml
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can be safely drawn every 3 to 4 weeks from each monkey. The total
blood volume to be obtained in this protocol will be in accordance with
these “volume per time” guidelines.

V.4.4.3. Adjuvants: Stable oil in water emulsion was previously
used with malaria vaccine and showed no toxicity.

V.4.4.4, Monoclonal Antibody (MADbs) Production: NA

V.4.4.5. Animal Identification: Permanent chest tattoo numbers
and cage tags identify all monkeys.

V.4.4.6. Behavioral Studies: NA

V.4.4.7. Other Procedures : NA
V.4.4.8. Tissue Sharing : NA

V.4.5. Study Endpoint: The study endpoint is the last collection of
blood at day 42. At the conclusion of this study, the primates will be
released from the protocol and will be available for reassignment to other
studies. No death or disability is anticipated as a result of participation in
this study. If any animal dies while on study, the carcass will be double
wrapped in plastic bags, placed in the refrigerator in the necropsy room,
and the veterinary pathologist will conduct a complete gross and
histopathological examination to identify any study related pathology in
accordance with VM SOP P-NE-01-00, Nonhuman Primate Necropsy
Procedures.

V.4.6. Euthanasia: There is no requirement or expectation of
euthanasia. However, if an animal becomes critically ill or comatose, it
may, at the discretion of the attending veterinarian, be euthanized.
Euthanasia will be in according with SOP L-GP-02-00, Small Mammal
Euthanasia.

V.5. Veterinary Care

V.5.1. Husbandry Considerations: Animals will be cared for IAW
Department of Veterinary Medicine SOPs. Monkeys are housed
individually in standard squeeze-type stainless steel cages at a minimum
floor space of 4.4 square foot IAW DVM SOP L-NP-03-00, Maximum
Cage Capacity for Nonhuman Primates. The care and maintenance of
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macaques as described in approved Department of Veterinary Medicine
SOPs will be strictly adhered to. Cages are cleaned daily and sanitized
biweekly. Monkeys are fed complete, commercially prepared monkey
chow twice daily and mixed fresh vegetables and fruit at least four times
per week. Chlorinated water is provided ad libitum via automatic
watering valves. Animal activity, feed consumption, and other clinical
signs will be observed and recorded IAW DVM SOP L-GP-05-00,
Monitoring of Animal Health

V.5.1.1. Study Room: Non-human primates on study will be
housed in individual cages in one room located in Wing C at Building 5,
USAMC-AFRIMS.

V.5.1.2. Special Husbandry Provisions: Monkeys will be
individually housed to avoid possible injury due to fighting, which may
alter the immune response.

V.5.1.3. Exceptions: None
V.5.2. Veterinary Medical Care

V.5.2.1. Routine Veterinary Medical Care: Veterinary care is
provided IAW Department of Veterinary Medicine SOPs. AALAS certified
animal technicians or veterinary technicians will observe animals a
minimum of three times daily and will notify a veterinarian if problems are
noted. Critical conditions from vaccine reactions are not expected to
develop. Any illness or injury will be documented on the daily clinical
score sheet VET-GP-008-F5 and will be reported to the attending
veterinarian and the PI for consultation prior to treatment unless it is an
emergency. lliness or injury will be treated by the veterinarian-on-duty or
by veterinary technicians under guidance and supervision of a
veterinarian. Quantities of feed consumed, activity, and other clinical
signs are recorded on VM Form A79.

V.5.2.2. Emergency Veterinary Medical Care: All emergency
and after hours clinical care will be provided by veterinary and technical
staff in the Department of Veterinary Medicine, USAMC-AFRIMS.

V.5.3. Environmental Enrichment :
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V.5.3.1. Enrichment Strategy: Enrichment Program will be
conducted IAW Department of Veterinary Medicine VM SOP L-NP-05
(Enrichment Program of Non-human Primates).

V.5.3.2. Enrichment Restriction : NA
VI. STUDY PERSONNEL QUALIFICATIONS AND TRAINING

VI.1. Principal Investigators

NAME QUALIFICATION ANIMAL CARE PROCEDURES
AND USE
TRAINING
Sathit Dr. Pichyangkul, IACUC training Ph.D. >20 years
Pichyangkul Director of Immunology | 2005, NHP training | experience in the
and Vaccinology 2001. field, > 45
Program will be publications related
supervising overall to immunology and
research activity at vaccinology
AFRIMS. He will not
handle or perform any
animal handling and
procedure
Arunee
Thitithanyanont
Garnpimol C Will not perform any
Ritthidej hand-on animal
procedures
Rangsini
Mahanonda
Dr. Rawiwan will be The Humane Care | DVM,, certified LAT
Rawiwan supervising all and Use of with 5 years of
Im-erbsin veterinary care and Laboratory Animal | experience working
manipulation of in March 09. with non-human
monkeys and sample primates (vaccines
collection. and drugs). She will
be a primary
veterinarian who
monitors clinical
signs and provides
veterinary treatment
as needed to the
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studied animal in
consultation with the
Pl and attending
veterinarian.

VI1.2. Technicians: Qualified personnel (veterinarians and technicians)
provide husbandry and veterinary care or monitoring for the non-human
primates in this study. All basic procedures are performed by
experienced veterinary technicians under the supervision of Dr. Hinds
(Attending Veterinarian), Dr. Rawiwan. Several technicians are certified
at the technologist, technician, and assistant laboratory animal technician
levels of the American Association for Laboratory Animal Science
(AALAS). The DVM personnel received training on humane care and
use of laboratory animals in March 2009. The DVM also proceeds 1-4
hours of training/week including SOPs, occupation health and safety,
personnel hygiene, zoonotic diseases and laboratory animal sciences.
Personnel training records are available in the DVM archive.

NAME QUALIFICATION ANIMAL CARE PROCEDURES
AND USE
TRAINING
Srawuth He will supervise all The Humane Care | BSc, MS, 7 years of
Komchareon animal technicians and Use of experience, Certified
providing husbandry for | Laboratory Animal | AALAS Laboratory
all monkeys, maintain in March 09. Animal Technologist

monkey database,
assists Dr. Rawiwan to
schedule the study
plan, and assist in
entering and verifying

data.

Arvuth Kaewsupo | Perform animal The Humane Care | Certified AALAS
observations and and Use of Laboratory Animal
common animal Laboratory Animal | Technician, 37 years
procedure such as in March 09. of experience

ketamine anesthesia
and blood collection.

Phongsak Perform animal The Humane Care | Certified AALAS

Maneerat observations and and Use of Assistant Laboratory
common animal Laboratory Animal | Animal Technician,
procedure such as in March 09. 32 years of
ketamine anesthesia experience

and blood collection.
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Mana Saithasao

Perform animal
observations and
common animal
procedure such as
ketamine anesthesia
and blood collection.

The Humane Care
and Use of
Laboratory Animal
in March 09.

BSc, Certified AALAS
Laboratory Animal
Technologist, 6 years
of experience

Alongkorn
Hanrujirakomjoen

Perform animal
observations and
common animal
procedure such as
ketamine anesthesia
and blood collection.

The Humane Care
and Use of
Laboratory Animal
in March 09.

BSc, Certified AALAS
Laboratory Animal
Technician, 4 years
of experience

Thonglor Perform animal care, The Humane Care | Certified AALAS

Detkokao handling, observations | and Use of Assistant Laboratory
and common animal Laboratory Animal | Animal Technician,
procedure such as in March 09. 14 years of
ketamine anesthesia experience
and blood collection.

Suvit Boonkali Perform animal care, The Humane Care | Certified AALAS

handling, observations
and common animal
procedure such as
ketamine anesthesia
and blood collection.

and Use of
Laboratory Animal
in March 09.

Assistant Laboratory
Animal Technician,
20 years of
experience

Samruay
Jecksaeng

Perform animal care,
handling, observations
and common animal
procedure such as
ketamine anesthesia
and blood collection.

The Humane Care
and Use of
Laboratory Animal
in March 09.

Certified AALAS
Laboratory Animal
Technician, 10 years
of experience

Vittavat Sankalee

Perform animal care,
handling, observations
and common animal
procedure such as
ketamine anesthesia
and blood collection.

The Humane Care
and Use of
Laboratory Animal
in March 09.

Certified AALAS
Laboratory Animal
Technologist, 6 years
of experience

Yongyut Perform animal care, The Humane Care | BSc, Certified AALAS

Kongkaew handling, observations | and Use of Assistant Laboratory
and common animal Laboratory Animal Animal Technician, 6
procedure such as in March 09. years of experience
ketamine anesthesia.

Surayuth Perform animal care, The Humane Care | Certified AALAS

Seegaewin handling, observations | and Use of Assistant Laboratory
and common animal Laboratory Animal | Animal Technician, 7
procedure such as in March 09. years of experience
ketamine anesthesia.

Sakda Sanon Perform animal care, The Humane Care BSc, Certified AALAS
handling, observations | and Use of Assistant Laboratory
and common animal Laboratory Animal | Animal Technician, 3
procedure such as in March 09. years of experience

ketamine anesthesia.
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ketamine anesthesia.

Sonchai Perform animal care, The Humane Care | BSc, Certified AALAS

Jansuwan handling, observations | and Use of Assistant Laboratory
and common animal Laboratory Animal Animal Technician, 3
procedure such as in March 09. years of experience

Amnart Andaeng

Perform animal
handling

The Humane Care
and Use of
Laboratory Animal
in March 09.

BSc, 4 years of
experience

Chaisit
Pornkhunviwat

Perform animal
handling

The Humane Care
and Use of

BSc, 2 years of
experience

Laboratory Animal
in March 09

VII. BIOHAZARD/SAFETY: Only assigned DVM personnel can enter the
animal rooms unaccompanied. Appropriate personal protective
equipment including disposable lab coats, head-covers, N-95 dust-mist
respirators, safety eyewear, gloves, and boots are routinely worn before
entering the animal rooms and at all times when providing care and
handling of animals (DVM SOP L-GP-16-00, L-NP-15-00, Personal
Protective Equipment and Safe Nonhuman Primate) Handling). All
laboratory personnel will always wear PPE and must practice all safety
measures in laboratories following SOP numbers CMD-LS-000-00
(Biosafety in Laboratory), CMD-LS-003-00 (Bloodborn Pathogen
Exposure Control Plan), and AFRIMS Safety and Occupational Health
policy 07-04. After completion the study, all vaccines will be destroyed
by autoclave or incineration. Animal Biosafety Level-2 Procedures will be
followed when bleeding or handling monkey specimens. All non-human
primates should be considered to be potentially herpes B virus-positive
and appropriate caution exercised while inoculating, bleeding, and
handling non-human primate blood and sera. All personnel who handle
rhesus monkeys and their blood samples were trained and advised of the
potential hazards associated with rhesus monkeys in March 2009. They
follow safety handling techniques and precautions required to prevent
herpes B virus exposure. Animal bites and injuries are handled in
accordance with DVM SOP AOH-02-00, Animal Bites and Other Injuries.
Biohazard waste containers for sharps shall be kept in all study rooms
and treatment areas, for disposal of needles, syringes, etc. Sharp
containers from monkey procedures are appropriately incinerated
according to DVM SOP AWM-01-00, Biohazard Waste and Sharps
Management.
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VIIl. ENCLOSURES:
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IX.ASSURANCES: The law specifically requires several written
assurances from the Principal Investigator. Please read and sign the
assurances as indicated.

As the Principal Investigator on this protocol, | acknowledge my
responsibilities and provide assurances for the following:

A. Animal Use: The animals authorized for use in this protocol will be
used only in the activities and in the manner described herein, unless a
modification is specifically approved by the IACUC prior to its
implementation.

B. Duplication of Effort: | have made every effort to ensure that this
protocol is not an unnecessary duplication of previous experiments.

C. Statistical Assurance: | assure that | have consulted with a qualified
individual who evaluated the experimental design with respect to the
statistical analysis, and that the minimum number of animals needed for
scientific validity will be used.

D. Biohazard/Safety: | have taken into consideration and made the
proper coordinations regarding all applicable rules and regulations
concerning radiation protection, biosafety, recombinant issues, and so
forth, in the preparation of this protocol.

E. Training: | verify that the personnel performing the animal
procedures/manipulations/observations described in this protocol are
technically competent and have been properly trained to ensure that no
unnecessary pain or distress will be caused to the animals as a result of
the procedures/manipulations.

F. Responsibility: | acknowledge the inherent moral, ethical and
administrative obligations associated with the performance of this animal
use protocol, and | assure that all individuals associated with this project
will demonstrate a concern for the health, comfort, welfare, and well-
being of the research animals. Additionally, | pledge to conduct this study
in the spirit of the fourth "R," namely "Responsibility,” which the DOD has
embraced for implementing animal use alternatives where feasible and
conducting humane and lawful research.
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G. Scientific Review: This proposed animal use protocol has received
appropriate peer scientific review and is consistent with good scientific
research practice.

H. Painful Procedures: (A signature for this assurance is required by
the Principal Investigator if the research being conducted has the
potential to cause more than momentary or slight pain or distress even if
an anesthetic or analgesic is used to relieve the pain and/or distress.)

| am conducting biomedical experiments, which may potentially cause
more than momentary or slight pain or distress to animals. This potential
pain and/or distress WILL or WILL NOT (circle one or both, if applicable)
be relieved with the use of anesthetics, analgesics, and/or tranquilizers. |
have considered alternatives to such procedures; however, | have
determined that alternative procedures are not available to accomplish
the objectives of this proposed experiment.

Sathit Pichyangkul

(PRINT) First Name, MI, Last Name of Principal Investigator

Signature Date (YYYYMMMDD)
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