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Development of a New Gut-targeted Oral Typhoid Vaccine
Ty21a Encasulated within Alginate Enteric Beads
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Abstract — To increase the viability of oral typhoid vaccine during the passage through the gastro-intes-
tinal tract, numerous attempts have been made including the vaccine coating. However, problems such as
high death rate during the coating process and its instability in the gastric juice still remain to be solved.
In this study, the oral vaccine was made as the micro-enteric beads by adding Salmonella typhi Ty21a cells
to sodium alginate solution and spraying onto calcium chloride solution (ionotropic gelation method). The
vaccine showed more than 90% of its original viability after treating it for 1 hour in the artificial gastric juice
(37°C, 300 rpm). The clearance rate of the Ty21a in the liver and spleen of the mice orally administrated
with coated Ty21a was similar to that of the mice intraperitoneally administrated with uncoated Ty21a. The
peripheral blood lymphocytes (PBL) isolated from the mice orally administered with this vaccine produced
15.5 fold higher specific IgA antibody titer than that from the control mice administerd with saline solution.
Furthermore, the mice treated with the coated Ty21a had higher survival rates (50~87%) than the control
mice treated with saline solution (0~10%) in the intraperitoneal challenge test with wild type S. typhi
Ty21a cells. These results suggest that the alginate-based coating technique is effective to protect live
Ty21a from acidic environments, and produces better intestinal immune responses thereby providing a
potentially excellent oral typhoid vaccine.
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W 27) SAE ARt © it Aopely), Ee)
g}, FEFA, 8|3 7P H2elE rotavirusel] gt
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AT-E FEFA BFBAOR AMNEHE Salmonella
pphi®] Gal-E mutant®) Ty2la: Vi-antigenS 4343
3lx] ¢k° ™ uridine-diphosphatase(UDP)-galactose-
4-epimeraseBR= &4} AFE Zlo] Ao}, o] &
27t APE O E QlE] O-antigen side chain®] Y=
EHA%H LPS7 349=A%t JF-25E galactose”}
THFHEEIRL in vivoolA dold F Uth
galactose-1-phosphateE 3-8l UDP-galactose?} &3
%o] Q) smooth type] LPS7t BAEZRE 9
3 199 835 vedoh Ty2lars 9E $9
UDP-galactose ¢} galactose-1-phosphate 7} &2 = o]
£7e ooz oEsEn® A Qo)
Ty2lat saline®|}; gastric mucinel]l AT P
BASFARIZS o LD,7F 10%8 91 10008 H2
L3S T3NS 1T livert) spleenollA] virulent
parent strain(Ty2)2r} R #e] AP 7A9)
AE B3 1 F540] FFHAJR ARl Qo]
M o] WAI9] ebaAde ZAZHSICH®
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FAUZRE A3 AFE w8 19 optical density
(ODY} 25014 3.0r101YE W 718 w8 $20xES
S F IS B3or, Ty2las Wi & Ade
glgle] 92 #AIE 14 FIEAIEA 8% sucrose
fdofl FEAF)L mannitol == latoseS FHAZ
ARgEl] AR B Ty2lad) FgAde] 7F 555
3l v Qltk B AFoME Ad Aelx gEd
WAoo FAAZE S tphi Ty21aE A 7HA o2
H3A 7D 4 sodium alginate &0l 7}
3 % 0|2 CaCl, g0 A¥si= oz ujA
£ HEE Az, ATAAEH 1.2) I A3
(H 6.8)°1 =3t ¥4 g 35 (Colony Forming
Unit: CFUYE &73l] 2 7ol & Ax37d
Fo] BEES ZFSIh £3 ot v B
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23 in vitroolM 2] Bo|&A AL HARIA
a3 o8 S pyphi Ty2ell o8k FAA Ao A
FHol AESS Ao ZA HFHoR Wil oz
2HE HSstaAt s

HEE ¥ Yy

ABTE U AMESE

TFEE S typhi Ty21a(ATCC33459) 2 S. fyphi
Ty2(ATCC700931)2 Brain Heart Infusion(BHI) ®}
] (Difco, USA)ll BlF3HATE.

APFEZE 55 T 9739 93 BALB
AFAE dghvpledaGa S9)EFE FYstd
EFIE 24 9 28 27 sholA FHojr dFy
b Holol & AMEA FE3] ARSSE 3 AR
st

S. pyphi Ty21a2| HiF X OJM| ZE 2Helo| M=

S. typhi Ty2la VA & AHE Az As)
A dAE wiele] S8ty #aAXR3IEY, 1
e o) 71&d P okt MAslo) AMgals)
ot oA sk Z1eshd, S tphi Ty21as] 2
Z2+e BHI #1A] 100 mioll HF3kn 37°Cold 184)
A v & B e 4] 2% AES oA
HEFSL 2 wieke AAIsle] 610 nmelM OD3rol
25~3.0Y o ke FX8I5Act. wiokdS 6,000 g2
1087 94 #=3le] #AE 291 8% suarose £
o] dgsle FAAZTS). FAARH wAY T
o] W CFUE &7gsigith. 5232828 TAIZ o8 7}
2 e H7HAIAILE : 6%(w/w) mannitol+3.4% (W)
trehaolse, A|23 :5%(w/w) Poloxamer 407, #|33 :
10%(wiv) glycerin)$} &, Q3AZA sucrose}
mannitol& 22t 17%(w/) R 91%wrvyt SIES 47t
3t 12%(wA) sodium alginate®] phosphate buffered
saline(PBS) &-<Kof] et & o] gy FUg
B39], sucrose®t mannitolS 2zt 17%(wiv) =
9N %(wiv) T8k 4.4%wiv) CaCl, £9@H 7.0)
o] A3} Ca-alginate microcapsules #A}slsich
(ionotropic gelation). ©]3S 205418 3271 3
Hjzke] HFAAFZE 23t £ Whatman 5B o3}
AE APl AFA] ol F wA A AP&
PBSe| Al24lsict.

oM 8 22 N= 3H & S oyphi Ty21a9)
HEE MY

H FE I8 3RS AR F Aopde T2l
FE AR A8, Az oA A8 oY 993
3l AF Aol Hesha, AF FR Fo Heid
o] Y2 Ty2la & LAHS BHI 24 wix|s] =%
3lo CFUE 43 F o2& AZE vlA 34 &
A9 g2 AFTFAGE FABIG. =35, Azxd &
At FRo] Wiy ATFFEEINE W AXA He
Aol dis] Ty21as REsl] A7k HE AUz
E2E £ A=AE AARY] 98 Az oA 3
£ 2] dAFE Fsl] AF Yol Asla ol
Al F Zde Mgt ¥, AT A Fo 2o
U2 Ty2la & AFFS BHI A Hixlo] Eoakd
CFUZ 543 F ojAL Al=d viAl & #4349 g
o AIFTAGHADE HEAIBIITE AF A EH 1.2,
20g NaCl, 7.0m/ HCl in 1L ZF) A2l& 37°C,
300 rpmel Al 1A13E, AF ZAEH 6.8, 0.05M
KH,PO,, 0.0236 M NaOH) A2l 37°C, 300 rpm
oA 3083t AJEsdch.

(AD°ll tHEHAG+ADS] %HIZH fldof digt A&
A (gastro-resistance, %)y& AXLEIFoH, =3 BAA
Z 239 Aol tiHAGHADSY] %HIEN AR
IS HEERrE E33I50

Az 33 £ S pphi Ty21a8] AEgo) 71 =
Al VFERd micro-bead®] H7HAIE AEsie] Heofl o]
oJA= Aol 9 micro-bead?] AFo AMg-315ATE,
3k 0]9) 7o) A|Z3t micro-bead Fol EAE= S
typhi Ty21a2] A= B gl 7143 Ax 9%
HPH-S- ALl AT CFUE £33 & 4%
o] 598 §aF) SASE niA A4 HHE A3}
£ = PBSE ARMSsIit)

WFe| Zint HIFOM S typhi Ty21a] HES
Al#

A A8 HH HeE Az Ty2la Bale] A7t
2] Bt § F4Hol AET = R AlHIY]
A AHel Ty2la WAlS ATFEAS T AHY 3¢+
T} v Fol AESR= Ty21a8) A58 dARII
57% 97 BALB/c BFE 5vkely AT by
I 2x10° CFUS A S. typhi Ty21as 2z} Twjck
EAFAHERE 05m) SIS W)t A5
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&85k 0.2 mi) 8138 wi(To), 22 2x107 CFU
o FHE S yphi Ty2laS ATFAGFIEF 02
ml) 3FE wW(Vo), A2 5o F 2403 AR 7}
2ol 3wl 2k v AEsl Ty21ad
FEFE AT A% 219 viaE PBSOl Al
A3z ZA o] 5mie] PBSol| WS oh2, glass
bead’} & BHE flasko] A4 37°C, 140 rpmellA
3087 Agsle] #AsEIgich

olgA wHe wAES 27} 100w F3ll BHI
DAMA Edle] =28le] 37°Cold 18A13F ikt
3 At ZA B2 1 5= eI

gtx @l iz (Circulating peripheral blood
lymphocyte, PBL)0|| 2[8} IgA HESAIH

ATFEAT Ty21a vjAl 4 FH B gt &
A AYEE S A8, Balg T AHY
gl o] EA3H= HZF(Circulating peripheral
blood lymphocyte, PBLYZ 221811 in wvitroolA 2
S. typhi LPS 5o] 3:d|(IgA) A/d&8 ELISA v
o o8] AALSFITHForrests] WH9S okl s}
o AMR). 9573 ¢ BALBLc AFE 1x107 CFU
o] T8Y S. pphi Ty21a® 33| 4877 7HF02 7
T Fojste] AN YFRTeE 2 £%9
PBSE Foi3l5itt. viHet A+ £ £ 1094 He
gof] A7 o)l ketamine hydrochloride(Ketalar(r) &A%
A 50 mgml, F3FW) 0.1mis BAFARIL
etherS FYAA v & AFHY W o RE
0.7 mie} A& AFEINCt AFAEHEAD A @
o AME-S Ficoll-Paque(r)(Amersham Pharmacia
Biotech, Korea) 9ol ZAAHA 718l 48]t
o] dL lymphocyteZ 10%2 FBSE i3t
RPMI1640 X2 AHE3ISAC

VA, Salmonella typhimurium ZHE AL LPS
(Sigma, USA)E pH 9.62] carbonate-bicarbonate
coating bufferl]l 343ty 5ugml F=7t HA 3,
o] 92 96well microtiter plates(Corning Costar,
USA)l 7Fet $-(100 pi/well) 4°CollA] 25t Hi
oka}19itt. coating solution #|A3}3L 0.05% Bovine
serum albumin(BSA)2] PBS £ 100 wZE 2 well
o 7laled A2elM 4587t blockingdt the 0.1%2]
Tween20-2 73+ PBS(PBS-T) 100 WX o 2 33
AlXFRct.
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okol4] RPMI 1640(10% FBS) ®ix|2 33| 3|
218 PBL 100 W= 2} wellell 718}k (blankelli= RPMI
1640(10% FBS) Hix|%+& 7}3tith 37°C2) 5%
CO, Wi%7IolA 16A17KE<E iledgt T PBS-TZ Al
# 3} th. peroxidase conjugated goat anti mouse
IgAKPL, Kirkegaard and Perry Laboratories, Inc.)2
2.5% FBSE #-431= PBSTE 1:25,000 ¥lZ 3]4
3 A 100 WE 7 wellrle} 718k 37°Colld 117k
30% wiEt & thA| PBS-TZ 33 AlFsISic 71”
2 X 005M phosphatecitrate buffer, pH 5.0(Sigma,
UsA)el 04mgml EEF =<U o-phenylenediamine
(Sigma, USAYS 2+ wellPlth 100 p# 7h8tar 2o
A 1327 ¥h2A)7]2 3 N-HCI 25 pi 7)s1e wk$
£ ZRAA|71 ¥ ELISA reader(Bio. Tek Instruments,
Inc, USAYS AM3l] 405 nmolld] ODE E733H
t}. 23] AFsIqc

OFHE S pyphi Ty20| 2l8t SHAH

ulH A4 FEHE Ty2la BAS AF | A7FA}
RS W ok S. pphi Ty22] T2 s BE
=& YeEEAE AEsIsich 57% €3 BALBL
A s 1x10° CFUY F9E S. pphi Ty2la
= 4877t HH 03 33 ATFRINGHEEH 0.2
mi). BlEe txFollE= PRSE §Y 45 T3t
npxeto 8 AP 2| 45730 0.5mie] PBSe]l
Feksk 2x10° CFUQ] o83 S. typhi Ty28 B35
Akl & AFY] AE ARE FEEGH HY
T 9 HEGE 25 Ty2ol % 3AAEE A &
£ a2TE £, o1 deldes T2 9l PBST
& EFFASIA. 28] Al@sisic

dEdn

HEXZHEZE Ty2lael Y=8 ¥ H=E Micro-
beads®| 2|H0)| CHEt xj&kd

EAAZF Ty21aS Ca-alginateo]] 23 w4 =8
s Az TR HAFCA WArkehe A7k F5el
w2t AF YA A 9 AF FH Aol thst A
el Zel7t ARTH(Table D). WA, 94 2 Al
S st o] WEFAG+AD] tigt $ A&
Fo BAF@ADSY vl(|A ARA, BE HEH,
6%(w/w) mannitol+3.4%(w/v) trehaolse(A13)E
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Table I- Viability in the manufacturing process and gastro-resistance of Ty2la micro-beads

Formulation® Al 5 AG+AIC) Gastro-reﬁgstance Viability(%) in the o
(CFU/g) (CFU/g) (%) manufacturing process
I 35 x 10% 25 X 10% 714 14.6
I 4.2 % 10% 4.0 % 10 95.2 17.5
I 7.1 X 10 6.4 x 10 90.1 29.6

Formulation I ; 6% (w/v) mannitol+3.4% (w/v) trehalose, Formulation II : 5% (w/v) Poloxamer 407, Formulation III : 10%
(w/v) Glycerin

AT is the number of live S. typhi Ty2la after artificial intestinal juice treatment only.

HAG+AD) is the number of live S. #yphi Ty21a after artificial gastric juice treatment followed by artificial intestinal juice
treatment.

9% ratio of (AG+AI) »s. Al

9% ratio of (AG+AD vs. the number of Ty2la at immediately lyophilized state

A7MAE A wWE 7P 2 98 AZA 952%% 7K 22 b ulEl Az 38 A% AE
(714%)& BPovk, Al 28(%(w/w) Poloxamer &2 17.5%Z B|w3 w9}t
407) 2 Al 3BA0%wWHN) glycerin)ll X 2zt
95.2% R 90.1%ZA Al thst Aol v|wF S. pphi Ty21a9] Mg ¥ S0 =20 W 2tz
=& Aoz et %35k micro-bead AF oA HIZOMe] M=
9] g3 FFHAGHADE vlwsdl] AEES AES 558 o1 BALB/c AFo) 2x107 CFUY Ty2la
a3}, A 189 A 7P W2 AEEE wyon § Fold ¥ 24A7 AR 7 vl A&
(14.6%) A3FL AE&ol 7 =4 debth 19 v o EAshs T21a8] Ad5E A
(29.6%). BH A28 7A¢, St g A3de]l  AFr} Fig 1o ARFH ok WA 24x el =
Ty21a®] BH-E BAFAKT) 8IS 9ol 2.35%
10* CFURA 7P B Ty2laro] AEHYL, FH
BAE A0S BT (Vo)st Bos A-5ols)
qe A (To) 47 1.95x10* CFU % 1.35x10*
CFURA To? ZA-SolE= Tid) 739l sl <k 57%0]
AGshs ol 7H} vl IESR= whd, Vool A4
o= 83%7} REsl] FHE WAS ATHFARCE
A oAe] F BEE0] FIEASo] FRISUY. o
215 A 4817Hle] e TRt R =), TiolA
£ 135%10° CFU7t #AZHIAT Tolde 04x10°
CFU7t Z&Es]o] To 79 Tl vlal oF 30%%k]
AEsH=Y v VoollME 1.05X10° CFURA Ti¢)
778%1 s Fol AESI 24072 AES
o e " i ot 3} Blszdt S AXSRe Ao® et 3 72
Time(hours) Aol Tl 35% 107 CFU7E &3 Tool
Fig. 1 - Clearance of Salmonella typhi Ty2la in liver and A ol AEHA &2 = vlE VoolMe 1.0x
spleen of mice after oral adminis.m?tio.n of alginate- 102 CFUS} o] =3l oJA38) 39 Al29 7%
e e eies Ve & 3HT 9l&& RIS 96Xl T % Vo

of uncoated Ty2la measured at the indicated =7 Ol HEEA WSint.
time point. Open circle (Vo) and Cross (To) indicate

Log No. of bacteria in liver and spleen

viable cell numbers after oral administration of ° . trdllAIL . =
coated and uncoated Ty2la measured at the ?BU)“ ol in vi I S. typhi LPS 50|
indicated time points, respectively. 2 IgA s
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Table II - Specific in wvitro anti-typhoid IgA antibody
responses by peripheral blood lymphocytes

0Dy
Samples -
1st experiment 2nd experiment
1 0.095 0.108
Control 2 0.033 0.109
3 ND* 0.037
mean T+ SD 0.064 = 0.044 0.085 = 0.041
1 0.410 0.922
2 1.198 0.934
3 0.077 0.911
4 0.711 0.947
5 0.465 0.944
6 1.112 1.929
Sample 7 0.946 0.956
8 0.773 0.948
9 1.353 2.023
10 1.558 1.969
11 0.870 1.959
12 2.188 2.006
13 0.324 0.942
14 ND* 0.938
mean = SD 0922 £ 0571 1310 £ 0.517
*ND : Not done

ol TEE S pphi Ty2laS 48037 7HFo R
33] B8 973 U3 BALB/c A7 A, PBLA &
& IgA A AASS ELISA 2ol o8 =3%
A7} Table el BAIES ok 15 A 9 23]
Ay 1% PBSTHE % dix HEo HHE o
1554 =2 IgA A &S B3 #18) Aol

e nAagFEE T2las F9% 1371 704 5
3t JiAE ALOD 0.007)3tr BT oJ@3le IgA
&L Jehjglon, A28 AfolMe 147] A
FE57F 098 ¥+ &2 ODIE HERIH

OFYY S pyphi Ty20l 2lft BHAIE0IMe] YEE

A AL A5 FelZ AZS S fyphi Ty2la W
A& 553 U5 BALB/c AF ol 48717 7HE0 =7 3
3] WAslet x] 45 Fof 2x10° CFUS okE S
tphi Ty2S BFARIL AE5e AE 58
3t A3/t Table IOl AAIE et A15] AlgollA
1Y 3 3FA8e 107k F 571E7H50%), A2
A& e 1571 £ 13917186.7%) AFobds
b 799 Ty2la tiAl PBSTHS A58 1)
o giETelMs, Ty2el 93t 340 2% A4
(28] A13) 4 vk F @ vlelE At BT A
Z31A) EIATHANS] A1F). deTol HHET B
F Ty2ell 9%t 348E ¥4 ¢ Aole 100%2
AEES Yehigith

(o

n #

2 A7l uAdERBAl F7HAE AMEE
glycerin® T® 34 © At st 7o 84938
g AR glycering T7lZHEA AlA] Eob
N 7teAR AREEHE EZolH, & dAFelMe
Al g T2 P2 AR 2ol G e o]
2719 WAEY WA AFEE FAToEA Y

Table III - Survival response in BALB/c mice orally immunized with coated Ty2la

No. of survivors

Experiment vaccine Vaccinate dose Challenge dose /No. of total

Immune 1x 10; CFU 2 x 10° CFU 5/10

. 1 % 107 CFU ND* 4/4
Non-immune ND* 2 X 10° CFU 110

ND* ND* 5/5

— 1% 103 CFU 2 % 108 CFU 13/15

) 1 % 10° CFU ND 5/5
Nonimmune ND* 2 x 10° CFU 0/5

ND* ND* 5/5

Mice were orally immunized 3 times every 48 hours with 1 X 10’ CFU coated Ty21a or with PBS as non-immune. 4 weeks
after the immunization, the mice were intra-peritoneally challenged with 2 X 10® CFU Ty2. The survival was scored for

10 days.
*ND : Not done
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HYE FFE LGS AoE HQlh

E oo Azt EIFA Wald faAde AT
37 Y8 AHE AFTER AHEIAET, S pphi
= AR AlRGAR Hage] s AlelA, A
Aol 3lolA Algellre] el ddat o] 2
29 F4E JeRiE g, Al Aol dist Y A3
off W7 2oix] P20 g Algon} A 2%
S. typhicll ZEEE 2k w39 macrophage Wiel
7o) FA3R= BAdo) gtk 3, Ty2lad] kAN
o #3 Germanier$} Furere] A3oA P Ty21a=
AF vIATE 1,000 2 £ Fodiss W
% EAo) SlE parent strain(Ty2)Rr} 3154 B]73e]
A R ] 2Aldoky B g vl Qo o9l ol
Ty21a®] 2k}t vlAelre] & AL 717k parent
strain(Ty2)el] B3 QRN S 2nlEl|= SRRt Ty2la
o 2% I AF 715E & F A= 7IRVIE 3
o} B A7 AxE vA A8 79 g Al
F 715& YN Y3, Ty2lads HATARE &
(T) BRG] 2} vAelxe] BE F58 dEToR
3t Ty2lad-& ATFBIE HW(To)eh vlwsl 2
B WALS ATRAEISIE Ao AE a5 4
ARG Fe . 2 A3 Voollde 72A77R E
Tigk vl&d FEoE AFgrt ASHIAT, Tos
48MZHAIRE d7t 343 7Asl] AR el
eHE3] 2]} o2t A Ty2ladel nA %
£ FEE 7o g Q8 Ty2lave] A7 E2ete
22t 4ol o3 sl HE S BEEHTRE A
< 9uisin], &% Au9] Peyer's patchZ2%E &
ol AL AT F e T FEI] oRlE T
J2g Yu|F}. ¥ Ty2la oS 2UE BTF
3 Aol AR BESC) W ¥yt ofe} 4
ol Aol Tk} el AE 71710] Aot ¥
AT 715E TR WY F A= € T Ak

HAA AEFEATO| AlgelA AT HE do
71e 713-E Aued 7o gt 7 a3E]1 Wl
PG 28 & Qluk S, pphie AR B8 AU
2 f4=Ed], AdFE 78 difRe] Akl s &
A1 g7)A AdopdE o] & A9
Peyer's patch® 18t} Peyers patch= B @ T
Y79} macrophages THdhs BZXA G FEA
ojd, 0]z RS FHRT & 53 YuAE
E(follicle associated epithelial cell, == microfold

M) celle] S. pphi T2 B8l Well = HZ=2
2oz AgaiFeh o714 S. typhi= macrophagel
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