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Immunogenicity and Protective Efficacy of an Oral Vaccine
against Vibrio vulnificus Infection
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Abstract — Vibrio vulnificus is an estnarine gram-negative human pathogen that affects people with chronic
hepatitis, alcoholic cirthosis, diabetes mellitus or other underlying diseases. V. vulnificus infection is mediated
primarily by consumption of raw fish or by exposure of pre-existing wounds to seawater, causing permanent
tissue damages or fatal septic shock. We have been developing a vaccine against V. vulnificus composed of
whole cell lysate of a V. vuinificus O-antigen serotype 4 strain. Oral administration of the V. vulnificus
vaccine elicited a high serum antibody response in rabbits. The induced antibodies were reactive not only to
the homologous strain but also to heterologous O-antigen serotype strains, indicating cross-reactivities among
serotypes. Western blot analysis revealed that the antibodies are mainly specific for outer membrane proteins
(OMPs) and reacted equally well with OMPs purified from 9 O-antigen serotypes. The rabbit antisera showed
opsonophagocytic killing activity against heterologous strains as well as the homologous strain. Passively
transferred rabbit antisera into mice were protective against a lethal V. wvulnificus infection. These data
demonstrate that oral administration of the V. vulnificus vaccine induced a systemic antibody response which
had a protective efficacy against V. vulnificus infections, suggesting that this vaccine preparation could be

used to develop an oral vaccine against V. vulnificus.
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Vibrio vulnificus= 394 15384 s|¢f v AEEA]

BEle e falFoz A glrh(Kelly, 1982). V.
vulnificusel] 28 7498 F2 7ol 295 o7} F&
22 AHE o °é°]‘4“4 71 ARSI o2 24
H uigtEe) w&E9S vl % dojydti(Hlady<l Klontz,
1996; Rotz %, 1996). V. vulnificus 7}3-8- ¢etd, 9|3, &
o, 247, AT 5 Lo, FAARE Z]EE}E]
E]-E oﬂ:—?-z-]o] ;a;d 01—3]. zre /1»:71-6-]. Fo Lo
(RHE, 1996). B3] 475 FFo|q 7k %—4 ks 4 7]7‘1
Bt Punls 2 s1A Agko] Y Aol 9 5
BE5E doye, o] W] HAREL 60% olatel 2t}
(Tacket %, 1984; Wlltrnanil— Griffin, 1993).

V. vulnificus 7-2] W94 AHF <lx2= cytolysin,
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elastase, siderophores, &+41-#4 TrAEl8d<] capsular poly-
saccharide(CPS) 2 lipopolysaccharide(LPS) Z-o] <=4 ¢l
v (Bahranti®} Oliver, 1990; Gray<} Kreger, 1985; Kothary
£} Kreger, 1985; Park 5, 1996; Wright &, 1990; 1991;
Yoshida 5, 1985), |5 & CPS=2} LPSE V. vulnificus©l
o135t Zheg-L oulslr) ¢l WAl 3o 2 Al8-% gl
t}. Kreger 5 (1984 Z2eloz B&3sE V. vulni-
ficus & w90l HEEG-S o] v AE V. vulnificus
Foll o3t HPzomRE welshs weo] gglen ol
)] f-53F-2 o o3k # §H4<2] polysaccharidez}
o ®oshedch 814, Vo vudnificus 2] CPSE £ - AA
3led tetanus toxoid, cytolysin == elastase
2 A Fsle] plLol FEoldlelL o, tetanus toxoid con-
jugatesto] =& WM} ZolH-S B oATHDevi Z,
1995; 1996). &1} CPSE= LPS9} ml3trlx| 2 wpe{#e)

Z3} conjugate
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2L BAY g AP Do V.
vulnificus T 3k o] e] gl= _qd__i 7iakaled s
ofe] AL Expslolok sl 2H ] Sloh. %‘-%(1987;
1989y V. vulnificus 72 £45-5 %3} VICIE
Fobats o B QG A ol Nee s
Il o] $E Fo Ogde] frastdelzta Axdsidint.

—11_']— ) ol A= AT V. vulnificus WAL Adslr] ¢8
o] 72 &0 2 V. vulnificus AL A| 73] 7] A 7
TRosty o] Wixle] WA AAAE A V. vulni-
ficus 7¥ed o] thE}t vk F 52 &3]

_&.
0_,

V. vulnificus 3= A MEES

A AlFE g AF e A1L23 V. vubnificus TFE BAF
S P49 20 AP BUE wh2 e popd
o} AP Al3oZ FA 31t o8k €43 19 3 7=
A @Ase wel CIVV001-CIVVO09ZE =imsly A& o]
ALgstdet, Voo ovulnificus T 37°CAA 3XYPS(0.9%
yeast extract, 3% pepton, 1% NaCl) 3+& gl =]} < Aw)
Aol AsA heFssict. GA DoHE 2R ekr] A5
ELISA<)| A3} V. vubnificus T5= 164 7F E9F 3xYPS
T wiAellA] wiekel TS 30 mle] 3XYPS A wlA]ef
AE3ha 3774 5-6X7F B9k wieFEtsirh. 600 nmel|A
EFHE =57 0.9% A G, 0D=0.10] T =¥ 345}
H secellA 227 ok 7Hdste] BERRl - ARgsRoth
Opsonophagocytic killing assay2} =G A o= e} 2
< dpgo 2 wiokslk V. vulnificus 78 09% Alg5=2 A4
Sz 600 nmold] EREE AT 3, Adee HAsel
AHaaiaiet A2 gl AHeE To SE A H4D
T WEHY2 3XYPS T HxhilA] o] =bstw 134 F4
STCAA Bl ¥ A2k U] 48 Ao] 2B

V. vulnificus W412] W3l A5 2223 kg2 24
Japanese White rabbitg 45-d3E 54, T5HIAH
ol A& 6523¢) A ICR vh-2 (20-25 g3 U Charles
River Laboratories 258 -9 6lo] Al-43)gt). A8 55
Ae A¥7ZE Tt B3 ALRE AHRR) T8kt
V. vulnificus B4l

E7|2] g glo]] AREEE V. vulnificus W12 Fig. 190 o}
eh} gl ule 8 whgoz Alzshdrkle 3, 1997)
V. vulnificus ¥WA12) A2 V. vulnificus QO3] €3
Foll A HEF BRef|AA LHANNET} 71 T2 043
F41 CIVV004E ARg3ksitt. 241 5 LRl A 7]
73] voket Zulokelg 100 L] 3x YPS hAulA ] 4
s 370914 £718 FUkAA oF 6742 Eab wjaret
Sk TF) Aol Al ERReLS dl wWebe RET
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Fig. 1. Schematic diagram of the process used to prepare the
V. vulnificus vaccine.
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0.2 ym BH| Aol 5 ¥ 100 Le] 0.9% A=A A=
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V. vulnificus ME FAME0| 22| « R

V. vlnificus 7€) A Z9)Hebula 286wl 2(1997)
o el Sj3jo] el - AABsch. 7 FEE 500 mie]
33 YPS oA A4 27 HAAA] vorea 44

skl TAHE Hpdldoh. €A AHEL oMELE 33

o
B

M e
(2 i

2 A2 gE &, qlakeb8-H(PBS, pH7.2) Abell A ZIEFS)
A Azelseug 23] ol Fstc. #20 2
EE-2 Centriprep 3(Amicon, USAYS Alg3}o] =245);
Biorad protein assay kit(Biorad, USAYS A}-8-8led gl
e 2455,

V. vulnificus 73] LPS+= i C’c}":'“-% glAl Ba]Ele] 3]
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WAl Foigk 78] ¥X 3AHrl= Enzyme-linked
immunosorbent assay(ELISA)S o] g-sle] E4s5lac), 96
well-polystyrene microtiter plate(Costar Corp., USA)e] =z+
well % V. vulnificus 5 ¥-Fro8 100 @& 715l 4704 3}
4 Tol A¥slgeh Zel® wellg 0.05% Tween 208
ek PBS(PBST)Z 33 AlXslz 1% $84 43
F-R-gk PBS 300 (2 AF-£ell4] 2A17F St o pntsla
PBSTZ 33 A|Zsleict. plateo] 2002 A g3 3t &7
HA 100 fE Artstar 37N 247 B4k w27t
PBSTE. 53 A& % ¥ horseradish peroxidase<} ZAskA|7]
& 27 dEF2 89 943 (Accurate, USAYE- 1:1000
oz BAsled 5008 Ak JA W7 B A
2 o-phenylenediamine dihydrochloride(Sigma, USAYS wt
YEAE o gsted BAAZe. 5048 02N BAEA
7Vale] HEAYl2-S 2| A)F] Wellscan ELISA Reader
(Denley, USA)S ©]-&3}e] 490 nmoll 4] &35 5 =435}
o 22 A ZEE 28] nhEste] 2Asigich
Western blot 2AIH]

V. vulnificus 759 24lo] gt 7] B Bolge
western blot8- o]-23}o] BAglei). A ze]behild, LPS
2 CPSE 8-16% 5=+l Tris-glycine sodium dodecylsul-
fate(SDS)-polyacrylamide gel(Novex, USA)llA HAgE F,
192 mM glycine, 25 mM Tris-HCl, pH 7.2, 20% methanol-&-
transfer buffer= 3}e] gel blot 7|73l XCell II(Novex,
USAYE Al23}o] nitrocellulose ZFe]] blotting3}gi ). o] =+
& AellA] 2217t FE 5% EAfE -3t PBSE o
HAbdEt 1:25002 48 7@ 247 g4k vt
SAZh ] =g PBSTE 53 A3 sty 23 #ARE
horseradish peroxidases} ZAAlz]l 8 €7 Hodg=2EH
A 423k Al (Accurate, USA)2} wh-2-A)%] 3 4-chloro-T-naph-
thol(Sigma, USA)T} H,0:2 A}&-3}e] =alAzic). oln)
SeeBlue™ Prestained Standards(Novex, USAYS AR2-3}e]
o] BAlae AR,

Opsonophagocytic killing activity

Y =ARA7E METe ATEE T
2. opsonization £-A¥H-8 Alg3}e] 24 3}9ivH(Bjomson
9} Michael, 1974). A& o] AL-8-3F W 7= A7ka Tl
A Dozl AT gxygq ez ye Falsldct A4
& 2Ae 600xgeld] 1087 YUREY F A4 WY
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T AEZERE #Hsle] AeAdeR 28] AFHFT 1.5x
10%mle] H = E YA Q4] FetAAt} B7] FH 100
M, V. vulnificus F5F&] 2-f- 200 4, =7]1 4 (Serotec,
England) 50 u1, 9883 258 200 g2 Eppendorf tubee]
Wil 37T el A b el A HAHE] wkspHA] 3027 vk
Al F Tk RS 50 1Y Fste] Ae]Alds2 2] 3
A7l vhg, 549 50 (E Hste] 3XYPS gHH i A]
of =rdha, 37Tl A 12-16A17F ekt = =t 3 2ke]
% A%
+EHOIA

V. vudnificus WAL she] AIE AL Bl ol E
S 23] Gae] BhAE o] 8T SEUAAEE
sledrt. 34 ICR k¢ grfe] & 8 To7 sle] E7]9]
HYF ZA4 03 mlg B FoAsioicth. 2Tl 03
mle] A2l ede wi mrle] el WAL 27} Foial
gxt. 2217k & V. vulnificus o H-H(2.7% 10" cfu/mly2-
Shgan 03mi 87} Wz FAbshe] A7l
= 62 B¢l ATEE BRAATT

Al
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AT V. vulnificus Y{A19] H{RM

V. vulnificus 04 A3 F55 ik oksted A =3 A4
T V. vulnificus A12] WaddAd-e AQE)] $5te] 43
e 3rle]e] B7ldA WA 10 mge 44 ZHZ e E 53]
ATE Fols}elc). o % B2l WA Foltish Foi
oA AR A4S AT, olvry AL el
led V. vulnificus CIVV0O04 fF=¢ gk FA 1gG 2 IgM
9718 ELISAYS 2 34 algeh(Fg. 2). MALS o]
 3ute]e] B7) Fellx 2ete]e] €A [gGe} IgM BAS
PR 2 Aesg et de e AL
A ro} WAL Folgish $el kel Hol7} Askek. B
AREE 24 7] 290e]9] WA 1eG PAS e 16
o Ag3lr] Alzbsled 28de] 2 w7kl e 5 2dE
FrA = AL ghabs] Zhashe A 3ks ot [5G A9}
£ IDUAE AR 5 539 91E FAE B4
o] 71 97}9] 2ol Tolsiek(Fig. 24). WAl 1M ]
A7 [gG FA 7R} whEA Ahgste] 16 HdAd
A AG71e] 2-3uol] "o, 17 = 2896 Hx glel =
egl o), 1 olF B rpated WAl Bol ol S
2.2 Z4atedohFig. 2B). o]k 22 B7]e] dA| gz V.
vulnificus 2% 6 Felgh A EotgdwalS ELISA &
dep A8 A4S ARl e ehichdan
not shown).

V. vulnificus WAle]] Tl 7] sfdAo] B A V.
vulnificus @5-2k2] AAEEA] 0] gle=rte Lot r] $18}
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Fig. 2. Serum antibody response of rabbits immunized orally
with the V. vulnificus vaccine. Rabbils were given orally 10
mg of the V. vulnificus vaccine five times at four-day inter-
vals (on days 0, 4, 8, 12 and 16). Blood samples were
obtained from the rabbits, and antibody titers of the antisera
were assayed against whole cells of V. vulnificus strain CIVV
004 by ELISA. A, IgG antibody titer at a 1:800 dilution; B,
IgM antibody titer at a 1:100 dilution. Symbols (H, ®) in-
dicate the antibody titers of two rabbits which responded to
the vaccine.

o] V. vulnificus O34 EAY HFF(CIVVO01-CIVV009)
off digk A R71-2 ELISAE ZA3teic). Fig. 38 24l
dfsle] Meibg-g wel E7] 2vtele] Aedvle] gk
& 780} hehigich. Bl s AT £719) V. vuni
ficus O EAY Fof HF ﬁ:}ﬂ]‘l“.ﬂ% BE 3Y

Absorbance at 490nm

Q—antigen serotype

Fig. 3. Cross-reactivity of the antibodies induced against the
V. vulnificus vaccine to various V. vulnificus O-antigen sero-
types strains. Rabbits were immunized orally with 10 mg of
the V. vulnificus vaccine on days 0, 4, 8, 12 and 16, and
blood samples were collected on days 0 and 28. Serum IgG
antibody levels were measurcd against whole cells of various
V. vulnificus O-antigen serotypes by ELISA at a 1:6400
dilution. Shown is (he mean titer of two rabbits which
responded to the vaccine. Symbols: [, pre-immune sera; [J,
post-immune sera.
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Fig. 4. Serum IgG antibody levels of rabbits immunized
orally with the V. vulnificus vaccine. Blood samples were coll-
ected before and 7-days after the fifth immunization, and
antibody titers in the antisera were determined against whole
cells of V. vulnificus strains CYVV004 by ELISA at a 1:800
dilution. W, pre-immune sera; 7, post-immune sera.
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Fig. 5. Western blot analysis of various V. vulnificus cell
components using rabbit antisera raised against the V. vulni-
ficus vaccine. Lanes: M, protein molecular weight markers; 1
and 5, OMPs; 2 and 6, LPS; 3 and 7, CPS; 4 and 8§, OMPs
treated with protease; 1, 2, 3 and 4, rabbit pre-immune sera; 5,
6, 7 and 8, rabbit post-immune sera. Molecular sizes of the
protein markers are shown on the left.
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Fig. 6. Reactivity of the rabbit antisera with outer membrane
proteins of various V. vulnificus O-antigen serotype strains.
OMPs purified from various V. vulnificus strains were sep-
arated on a 8-12% gradient SDS-polyacrylamide gel, trans-
ferred to a nitrocellulose mermbrane and probed at a 1:250
dilutions with rabbit pre-immune sera (A) or post-immune
sera (B). M, pre-stained protein molecular weight markers;
lanes 1 to 9 are the OMPs purified from V. vulnificus O1 to
09 serotype strains, respectively. Molecular sizes of the
protein markers are shown on the left.
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Table 1. Opsonophagocytic killing activity of rabbit antisera raised against an oral V. vulnificus vaccine’

V. vulnificus No. of colonies (cfu)

Reduction in No. of colonies (%)

strain in-put® pre-immune serum post-immune serum vs. in-put Vs, pre-ummune serum
CIVV002° 7.5%10° 1.1X 10° 1.4%10° 99.98% 87.27%
CIvvoo4 5.0x10° 2.3x10* 3.8x10° 99.92% 98.34%
CIVV005 1.3%x10° 1.8x10* 6.2x10° 95.23% 65.56%

“Opsonophagocytic killing activity of rabbit antisera was measured as described in Materials and Methods. Human peripheral lew
kocytes (7.5 10° cells) were incubated with bacteria and rabbit sera in the presence of rabbit complement for 30 min at 377, and the
number of bacteria surviving in the reaction mixture was determined by counting colonies grown ovemight on 3 X YPS agar plates.
*the number of bacteria used in the experiment. “Rabbit complement was heat-inactivated before use for this strain.

V. vulnificus 7479 AlL Al Z o ehilge] F9 Fle]H,
BE O gAY FF tiFte] 3A ih-gAde] e
Felstdct.
2| 2y Wols

V. vulnificus M2-& Folgl E7)4] AAE 3A] V.
vulnificus ol g 7GR FHE F 714 Wloe &
Astgct. WA V. vulnificus A1) g DA W A7)
9970 A9 V. wnificuss] A2 4-& F7HA7E 52
£ opsonophagocytic killing activity A]3]-2- 3}
stk A7e FEAe walold Eela WRTe 2 2
A= V. vulnificus T3 A 91247 & vl2 8l
£ 5579 +F 2450 o] Wgel] 79 R,
#o) YAL Shskm WA V. vulnificus WAL Bo)4
o Aol T LT AT IR T
(Table T). V. vulnificus gl )8k 7] X9 Ads =7}
Aol BAY dFER Aol7F ek d-Salel] Mo
H4¢ 7lelede o HRedE CTVV004s) CIVV00s 74
S7b 0ol RaRRLw, A BAHe) o]
o} ol F 2o} u]wsted A= 2k 98.34%9) 65.56%7)
Zr4steich ol& V. vulnificus WAl 2 H3lE] E7)9
A7} A &2 shollA V. vulnificus Tl Wsfe] w4
2] A& F7HITIE Aol slag viehdot 0%l
848 28 g7 CIVV002 TFE HA & slel] He
% $AF Asts e Bedeld] Fol A9 HE=A
sgker, 93 glo] BALL WL 715%-S e
& Aol ol AARe] B AEE 21AE &
AE 4 Yok weka, CIVV002 F52] 7 $-ofl &= ul-g-of
o EAF 2 HAE 7Bk E T A2
22)81qit}. o] o) vhgedel] 7FElE CTVV002 2] 99.98%
7 Agrgol el Zaslslon, B YRl dols)
= 7ol 87279} A 28] askick webA A
Zopshepuldo] ot E7194F CIVV002FT ol dlsled s
BAZ} gl Aol = AT F7HEe] dES e
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=
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Table IL. Passivcly transferred protection by rabbit antisera of
mice against V. vulnificus infection

No. of mice survived” Protection
Day 0 Day 1 Day 3 Day 6 rate

Rabbit sera

saline 8 0 0 0 0%
pre-immune 8 0 0 0 0%
post-immune 8 8 8 8 100%

“Groups of 8 mice were given ip. 0.3 ml of saline or rabbit
sera. Two hours later mice were challenged ip. with 8.3x10°
cfu of V. vulnificus and observed for 6 days postinfection.
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