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JIBTHODS POR PRODUCING ENHANCED ANTIGENIC BBLICOBAC'.l'BR SP. 
AH]) VACCINES COMPRISING Sl\ME 

This application is a continuation-in-part of co-pendinq 
5 application serial no. 08/318,409, filed October 5, 1994. 

1 FIELD OF 'l'llE 1NVEN'l'JON 

This invention relates generally to in vitro methods for 
10 inducing or enhancing expression of enteric bacterial antigens 

and/or virulence factors thereby producing antigenically 
enhanced enteric bacteria, to methods for usinq antiqenically 
enhanced enteric bacteria and to vaccines comprising 
antigenically enhanced enteric bacteria. 

15 

2 BACKGROUNJ) OF TJIE IN!EN'l'JON 
It is widely recognized that bacteria cultured in vitro 

using conventional me~ia and conditions express 
characteristics that are different from the characteristics 

20 expressed during qrowth in their natural ~abitats, which 
includes in vivo growth of normal microflora or pathogen-s in 
an animal host. Therefore, such in vitro grown pathogenic 
bacteria might not be good for use as vaccine components. 
However, if it were possible to define ~onditions that trigger 

25 or enhance expression of virulence factors, relevant 
physiology, or antigens including outer-surface antigens.then 
important products and therapeutics (e.g., new antigens for 
vaccines, new. targets f.or antibiotics, and novel bacterial 
characteristics for diagnostic applications) could be rapidly 

30 identified •.. 
several environmental factors have been identified which 

influence eXpression of virulence determinants in bacteria 
(Mekalanos, J.J., .7. Bacterial. 174:1-7, 1992). For instance, 
there is a long history of research on the relationship 

35 between iron ~nd virulence of bacteria, in particular Shigella 
(Payne, Mol. MicroBiol., 3:1301-1306, 1989), Neisseria (Payne 
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and Finkelstein, J, Clin. Microbioli., 6:293-297, 1977) and 
Pasteurella (Gilmour, et al., vaccine, 9:137-140, 1991). 

Other environmental signals that have been shown to 
control the expression of coordinately regulated virulence 

5 determinants of a wide variety of bacteria ;.n plants and 
animals include phenolic compounds, mono~accharide, amino 
acids, temperature, osmolarity, and other ions (Mekalanos, ~ 
Bacterial., 174:1~7, 1992). 

Bacterial pathogens that enter an animal host through the 
10 intestine (i.e.i '()ral route) encounter numerous host 

environment componentsiand conditions that may affect 
. I 

bacterial physioloqy artd expression of virulence factors. 
These components and.conditions include bile, bile acids or 
salts, stomach pH, microaerophillic conditions (the intestine 

15 has high C02, and low 02), osmolarity and many others yet 
undefined. Invasive entericpathogens require de nova protein 
synthesis to acc~mplish!internalization.(Headley and Payne, 
Proc. Natl. Acad. scL. USA, 87:4179-4183; 1990). Therefore, 
bacteria may.optimally produce·these invasive.factors only in 

20 response to certain environmental signals not ordinarily 
present in vitro. This hypothesis is supported by the recent 
report that antisera raised against conventionally qrown c. 
jejuni had only a marginal effect on blocking in vitro 
internalization (Konkel, et al., J. Infect. Dis., 168:948-954, 

25 1993). However, immunization of rabbits with extracts of 
Campylobactergrown in the presence of epithelial ·cell 
monolayers, a condition enhancing invasiveness, resulted in 
production of an antiserum that markedly inhibited the 
internalization of the bacteria. 

30 Researchers have been studying growth of bacteria in the 
intestinal environment to identify relevant virulence factors. 
For example, Campylobacter strain 81-176 grown in rabbit ileal 
loops expresses proteins not expressed under conventional 
laboratory 1nv1tro culture conditions (Panigrahi, et al., 

35 Infect. Immun., 60:4938-4944, 1992). New' or enhanced 
synthesis of proteins has been seen in campylobacter 
cultivated with INT 407 cell monolayers as compared to 
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. •'. , .._·• . . ··I;.;·.~ 

bacteria cultured in the absence of th&! ~pithelial cells 
(Konkel, et al., J. Infect. Dis., 168:948-954, 1993). 
FUrthermore, these changes were temporally associated with 
increased invasiveness of c. jejuni. Other changes such as 

5 cellular morphology, loss of flagella, expression of a new 
outer membrane protein and alteration in cell-surface 

' carbohydrates were induced or enhanced in an avirulent strain 
of c. jejuni when passed intravenously and chorio­
allantoically through chick embryos (Field, et al., J, Med. 

10 Microbiol., 38:293-300, 1993). 
Other intestinal components, such as bile acids or salts, 

are known to be inhibitory for some bacteria, but the bile 
acids may play another role by affecting virulence expression 
by the bacterium. 

15 Pope and Payne (93rd Am. Soc. Microbial., B-147, 1993) 
reported that Shigella flexneri cultured in broth containing 
sodium chenodeoxycholate demonstrated 3 to 5-f old enhanced 
infectivity of HeLa cell monolayers. They reported, however, 
that other bile salts and detergents including chelate, 

20 glycocholate, taurodeoxycholate, the CHAPS series, digitonin 
and Triton XlOO and sodium salts thereof, had no effect on the 
invasiveness of s. flexneri. Moreover, their broth containing 
chenodeoxycholate also had no effect on the invasiveness of E. 

coli or other avirulent strains of Shigella. 
25 synthesis of new proteins by s. flexneri is also induced 

by altering pH, temperature and ionic composition of the 
growth medium (Mekalanos, J, Bacterial., 174:1-7, 1992). 

PCT application publication number WO 93/22423, published 
November 11, 1993, discloses methods for growing bacteria on 

30 lipids·, such as phosphatidylserine, or mucus and for the 
isolation of proteins wh~se expression is enhanced by growth 
in the presence of phosphatidylserine. This reference neither 
discloses nor suggests methods of the present invention for 
producing enteric bacteria having enhanced virulence or 

35 antigenic properties. 
Vaccines against many enteric pathogens, such as· 

campylobacter and Shigella, are not yet available but the 

- 3 -



W096/11257 PCT/US9S/12986 

epidemioloqy of. these disease aqents makes such vaccines an 

important qoal. Shigellosis is endemic throughout the world 

and in developinq,countries it accounts for about 10 percent 
. . 

of the 5 million childhood deaths annually due to diarrhea. 

5 Campylobacter, althouqh only recently.identified as an enteric 

pathoqen is now 'recoqnized as one of 1;hEJ major causes of 

diarrheal disease in both the developed ·and underdeveloped 

countries. An estimated 400 to soo million Campylobacter 

diarrheas occur yearly, and over 2 million cases occur in the 

10 United States. 
Shiqellosis is a consequence of bacterial invasion of the 

colonic mucosa. The invasion is associated with the presence 

of a plasmid found in all invasive isolates (Sansonetti et 

al., Infect. Immun., 35:852-860, 1982). A fragment of this ( 

15 plasmid contains.the invasion plasmid antiqen (Ipa) qenes, Ipa 

A, -B, -c, and -D. . Ipa B, -c, and •o proteins are essential 

for the entry process (Baudry et al., J. Gen. Microbiol., 
133:3403-3413, 1~87). 

Ipa proteins are logical vaccine candidates althouqh 

20 their protective: efficacy has not been clearly established. 

Ipa Band Ipa care immunodominant proteins· (Hale, et al., 

Infect. Immun., SO: 620-629, 1985). Furthermore,· the 62 kDa 
. . 

Ipa B protein (the invasin that initiates cell entry and 

functions in the iysis of the membrane-bound phaqocytic 

25 vacuole) (Hiqh, et al., EffBO J., 11:1991-1999, 1992) is hiqhly 

conserved amonq Shigella species. The prolonged illness 

observed in malnourished children who have no siqnif icant 

mucosal antibody' to Shigella Ipa suqqests that the presence of 

muco•al antibody to Ipa may limit the. spread and severity of 

30 infection. 
Thouqh a number of vaccine candidates for Shigella have 

been tested in ani~ls and humans, a successful one has not 

been found. In spite of the potential siqnif icance of Ipa 

proteins in virul.ence, most vaccine candidates developed 

35 against shigellosis are based on the lipopolysaccharide 

antigen, which carries the serotype-speeific determinants. A 

parenterally administered polysaccharide-protein conjugate 
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vaccine has also.been developed, but is Yet to show 
siqnificant protection in animals (Robbins et al., Rey. Inf. 
J2iL., 13: S362~3,65 i. 19~1) • A similarlY'<administered ribosomal 
vaccine does indu~e mucosal immunity, but .·its protect! ve 

5 efficacy remains to be demonstrated (Levenson et al., Arch. 
Allergy Appl. Immunol., 87:25-31, 1988). 

The pathoqenesis of Campylobacter ihfections is not as 
well understood as that of Shigella infections. Cell invasion · 
studies in vitro (Konkel, et al., .J. Infect. Dis., 168:948-

10 954, 1993) and histopathologic examinations (Russell, et al., 
J, Infect. Dis., 168:210-215, 1993) sugqest that colonic 
invasion is also important. This conclusion is consistent 
with the observation that diarrhea caused by campylobacter may 
be severe and associateQ with blood .in the stool. These 

15 activities may be associated with the immunodominant 62 kDa 
flagellin protein. A recent report indicates that the 
presence of flagella is essential for campylobacter to cross 
polarized epithelial cell monolayers (Grant et al., Infect. 
Immun., 61:1764-1771, 1993). 

20 Ho specific campylobacter antigens·have been established 
as protective. However, the low molecular weight (28-31 kDa) 
proteins, or. PEB proteins, and the immunodominant flagellar 
protein are thouqht to hold promise in this regard (Pavlovskis 
et al., Infect. Immun., 59:2259-2264, 1992; Blaser and 

25 Gotschilch, J. Bio. Chem., 265:14529-14535, 1990). The 
importance of the flaqellar protein is indicated by its 
association with colonization of the intestine and with the 
cross-strain protection against infection within Lier 
subqroups (Pavlovskis et al., Infect. Imm.un., 59:2259-2264, 

30 1992). However, a flagella protein based Campylobacter 
vaccine may have to include the flagella protein antigen from 
the a-10 most clinically relevant Lier seroqroups. 

Therefore, objects of the present invention include 1) in 
vitro culture conditions for culturinq or treating enteric 

35 bacteria which optimally induce or enhance invasive activities 
and/or certain cellular characteristics including cell surface 

_characteristics; 2) correlated altered invasiveness or 
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cellular characteristics including·· surface characteristics 
with chanqes in ~ntigenic profiles; 3) .increased virulence of 
these orqanisms .in.small animal models;- and 4) antisera 
aqainst organisms with enhanced invasiveness or altered 

5 characteristics .includinq surface characteristics that are 
more effective in neutralizing live org~nisms used for in 
vitro or in vivo challenges than antisera prepared agains.t 
conventionally.«Jrown bacteria. This invention addresses these 
needs and others. 

10 None of the references discussed above teach or suggest 
the in vitro methods of the present invention nor the vaccines 
of the present inv~ntion comprising antigenically enhanced 
enteric bacteria. Citation or identification of any reference 
in this section or any other section of this application shall 

15 not be construed as indicative that such reference.is 
available as prior art to the invention. 

3 SUMKABY OP THI IllVEMTIOH 
This invention provides defined culture conditions and 

20 components incorporated into growth media of enteric bacteria 
to induce or enhance the presence of virulence factors and 
other antigens. Preferably, such antigens are immunogenic. 
More preferably, such immunogenic antigens correlate with 
indices of virulence. 

25 Enteric bacteria are grown in the presence of· conditions 
and components simulatinq certain in vivo conditions to which 
the orqanisms are exposed in nature. Methods of the present 
invention produce antigenically enhanced enteric bacteria with 
phenotypic chanqes such as increased total protein per cell, 

30 new or increased individual proteins, altered or increased 
surface carbohydrates, altered surface lipopolysaccharides, 
increased adhesive ability, increased invasive ability and/or 
increased intracellular swarming. Moreover, methods of the 
present invention·are adaptable to practical ·scale-up 

35 fermentations for commercial uses. 
Sa~d antiqenically enhanced enteric bacteria can be used 

to produce protective vaccines, such as inactivated whole cell 
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or subunit v•c'Cf~es, or for diagnosti·c·~·f>urposes·: such as for 
the production of antibodies and detection of pathogenic 
enteric bacteria or to produce antibiotics. Further, the 
antibodies induced by the enhanced enteric bacteria of the 

5 present invention may be used as passive vaccines. 
Therefore~ an object of the presen~ invention is a method 

for producing enteric bacteria selected from the group 
consisting of Campylobacter sp., Yersinia sp., Helicobacter 
sp., Gastrospirillum sp., Bacteroides sp., Klebsiella sp., 

10 Enterobacter sp., ·Salmonella sp., Shl.gella sp., Aeromonas sp., 
Vibrio sp., Clostridium sp., Enterococcus sp. and Escherichia 
coli, having enhanced antigenic properties comprising: growing 
enteric bacteria :in v:i.tro with a combination of conditions 
including: a) 0.05% to 3% bile or 0.025% to 0.6% of one or 

15 more bile acids or saits thereof, at a temperature between 
30°C and 42°C, until a growth phase at about early log phase, 
between early log and stationary phases, or at about 
stationary phase, in air or microaerophillic conditions, such 
as. 5% to 2ot C02 with 8~% to 95% air, 5'- to 20% co2 with sot to 

20 95t N2i or 5% to 10% 0 21 10% to 20% C02 , with 70% to 85% N2 ; and 
optionally in·the presence of a divalent cation chelator, such 
as~ but not limited to o to ·100 µM, preferably 25 µM, of 
BAPTA/AM, 0 to 10 mM of EGTA, and 0 to 100 µM Of EGTA/AM; or 
b) as in a) except in the presence of a divalent cation 

25 chelator, such as 1.0 to 100 µM, preferably 25 µM, of 
BAPTA/AM, 0.5 to 10 mM Of EGTA, or l to 100 µM of EGTA/AM, and 

·without any bile, bile acids or bile salts. 
According to the present invention, ·concentrations of any 

individual bile acid or salt thereof include 0.025% to o·.6%, 
30 preferably o.05% to o.st, more preferably o.05% to 0.2%, most 

preferred is o.05% or 0.1%. Preferred are methods wherein 
said bile acid or salt thereof comprises deoxycholate or 
qlycocholate. 

A further object of the invention· is enteric bacteria 
35 selected from the qroup consisting of: campylobacter sp., 

Yersinia sp., · Helicobacter· sp., GastrospJ.rillum sp., 
Bacteroides sp., Klebsiella sp., ·Enterobacter sp., Salmonella 
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sp., Shigella sp., Aeromonas sp., Vibrio sp., Clostridium sp., 

Enterococcus sp. and Esch•richia coli, wherei~. said enteric 

bacteria are grown in vitro under a ,combination of conditions 

to promote enhanc;::ed antigenic propertif!ls, said conditions 

5 comprising: a) 0.05% to 3% bile or 0.025% to 0.6% of one or 

more bile acids or salts thereof, at a t~mperature between 

30°C and 42°C, until a growth phase at about early log phase, 

·between early 109 and stationary phases, or at about 

stationary phase; in air or under microaerophillic conditions, 
. . 

10 such as 5% to 20% C02 with 80% to .95% a_ir, 5% to 20% C02 with 

80% to 95% N21 or 5~ to 10% 0 2 with 10%. to 20% co21 with 70% to 

85% N2; and optionally a divalent cation chelator, such as, 

but not limited to o to 100 µM, preferably 25 µM, of BAPTA/AM, 

o to 10 mM of EGTA, and o to 100. µM of EGTA/AM, or b) as in a) 

15 except in the pres.ence c:>f a di v"lent cation chelator, such as 

1.0 to 100 µM, prefe~ably 25 µM, of _BAPTA/AM, 0.5 to 10 mM of 
EGTA, 1.0 to 100 µM of EGTA/AM, and Without any bile, bile 

acids or bi.le salts. 
Another object of the invention is a vaccine comprising a 

20 whole enteric bacteria or components thereof, selected from 

the group consisting of: Campylobacter sp., Yersinia sp., 
Helicobacter sp., Gastrospirillum sp., Bacteroides sp., 

Klebsiella sp., Enterobacter sp., Salmonella sp., Shigella 

sp.; Aeromonas sp., Vibrio sp., Clostridium sp., Enterococcus· 

25 sp. and Escherichia coli, or an immunogenic fragment or 

derivative thereof, having enhanced antigtanic properties; and 

optionally a pharmaceutically acceptable carrier or diluent. 

Preferred is the vaccine comprising whole, inactivated 
·--~~. . . . . 

antiqenically enhanced enteric bacteria. A further object of 
. . . 

30 the invention is a vaccine further comprising an adjuvant. 

A further object of the present invention is directed to 

antibodies (including but not limited to ant~sera, purified 

IgG or IgA antibodies, Fab fragment, etc.) which are capable 

of specif J.cally binding to at least one antigenic determinant 

35 of an enteric bac::teria of the present invention. such 

polyclonal and monoclonal antibodies are useful as immunoassay 

.reagents for detecting enteric bacteria in an animal or 
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biological sam~ie .therefrom. The' po.lyclonal and~ monoclonal 
antibodies of the present invention are also use,fu.l as passive 
vaccines for use in protecting agains~ enteric bacteria 
infections and diseases. 

5 A further object of the invention is an in vitro method 
for assaying potential antimicr~bial agents comprising the 

• f 

steps of contacting enteric bacteria havinq enhanced antigenic 
properties selected from the group consisting of: 
campylobacter sp., Yersinia sp., fleiicobacter sp., 

10 Gastrospirillum sp., Bacteroides sp., Klebsiella. sp., 
Enterobacter sp., salmonella sp., Shigella sp., Aeromonas sp., 
Vibrio sp., Clostridium sp., Enterococcus sp. and Escherichia 
coli, with said potential aqents and assaying the 
bacteriocidal or bacteriostatic effects. 

. . . 

15 Still a further object of th~ invention is an in vitro 
method for detecting a host•s production of antibodies or for 
the detection of enteric bacteria in an_ animal or biological 
sample therefrom, comprising the ,steps of contacting a 
biological sample from a host wi~h enteric bacteria of the 

20 present invention having enhanced antigenic properties 
selected from the group consisting of: campylobacter sp., 
Yersinia sp., Helicobacter sp., Gastro~pirillum sp., 
Bacteroides sp., Klebsiella sp., Enterobacter sp·., Salmonella 

. . : . . 

sp., Shigella sp., Aeromonas sp. ,_ Vibrio sp., Clostridium sp., 
25 Enterococcus sp. and Escherichia coli, antigens thereof or 

antibodies thereto and screening for antibody:antigen 
interactions. 

Another object of the present invention relates to a 
diagnostic kit for detecting a host's.production of antibodies 

.· . 

30 to enteric bacteria or for detecting enteric bacteria, 
comprising enteric bacteria having enhanced antigenic 
properties selected from the qroup consisting of: 
campylobacter sp., Yersinia sp~_, Helicobacter :sp., 
Gastrospirillum sp., Bacteroides sp., Klebsiella sp., 

35 Enterobacter sp., Salmonella sp., ,Shigella sp., Aeromonas sp., 
~ibrio _sp., Clostridium sp., Enterococcus sp. and Escherichia . 
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coll, or antibodies thereto and all other essential kit 
components. 

Preferred ent•r1c bact'eria that the various aspects of 
.... , ... ".·•· ·.:._. '.. . . .. , ...... '! 

the present invlKEi!ft' !!telate toi'are ~llP.laaobactc~ jejuni, 
.. . ..... :. :" 

5 Campylobacter coli, ,Yersinia enterocolitica, Yersinia pestis, 
Yersinia pseudotuberciulosis, EscherichJ.a!coli, Shigella 
f lexneri, Shigella sonnei, Shigella dysenteriae, Shigella 
boydii, Helicoba~ter pylori, Helicobacter felis, 
Gastrospirillum ~ominus, Vibrio cholerae, Vibrio 

10 parahaemolyticus~ Vibrio vulnificus, Bacteroides fragilis, 
.. ·. . 

Clostridium difficile, Salmo~ella typhimurium, Salmonella 
typhi, Salmonella gallinarum, Salmonell~·pu11orum, Salmonella 
choleraesuis, Salmonella enteritidis, K,lebs~ella pneumoniae, --
Enterobacter cloacae, and·Enterococcus faecalis. Preferred 

15 Escher:i.chia coli., include but are not limited to entero-toxic, 
entero-hemorrhagic, entero-invasive, entero-pathogenic or 
other strains. · 

The present'inve~tion is based, in part, on the 
surprising discovery that antigenically enhanced enteric 

20 bacteria of the invention induce immune responses that are 
cross-protective against a broader range of ·strains or 
serotypes Of the same bacterial species than that induced by 
the same enteric bacteria but grown using conventional 
culturing <conditions. In at least one instance, the i~une 

25 response induced:by the antigenically enhanced enteric 
bacteria of the.invention is cross-protective against a 
different species of enteric bacteria. 

' BRIEF DEiCJlJPTIQ!f or THE DBAJIBQS 
30 Figures lA, lB and lC graphically depict the results of 

bigh~perforiaance liquid chromatography of monosaccharides from 
surface extract liydrolysates of c. jejuni 81~176. Figure lA: 
standards: Fucose "Fuc", N-acetyl-qalactosamine 11GalNac 11 , N­
acetyl-qlucosamine "GlcNac", galactose ·"Gal", glucose "Glc", 

35 Mannose "Man". Figure lB: surface extract of conventionally 
qrown bacteria "BHI". Fiqure lC: surface extracts of bacteria 
grown accordinq to methods of the present invention "DOC". 
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FiCJUre 2 pictorially depicts the results of sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SOS-PAGE) 
showing a comparison of proteins of whole cell (columns 1, 2 
and 3) or surface extracts (col s and 6) of c. jejuni 81-176 

5 conventionally grown "BHI" or grown according to methods of 
the present invention (O~St oxgall bile acids· "OX" or O.lt 

f deoxycholate "DOC")· 
FiCJUre .3 pictorially depicts the results of western blot 

analysis showing a comparison of proteins bound by ferret IgA-
10 containing mucus produced by infection with whole.cell c. 

jejuni 81-176. Whole cell c. jejuni 81-176 conventionally 
grown, 11 111 ; or whole cell c. jejuni 81-176 grown according to 
methods of the present invention: 0.8t Oxgall bile acids, "2", 
or O.lt deoxycholate, 11 3"; or surface extracts of·c. jejuni 

15 81-176 conventionally grown, "4"; or surface extracts of c. 
jejuni 81-176 grown according to methods of the present 
invention, o.1t deoxycholate, 11 511 • 

Figure 4 pictorially depicts the results of western blot 
analysis showing a comparison of proteins bound by f lagellin-

20 specific monoclonal antibody 72c from whole cell c. jejuni 81-
176 which were grown according to methods of the present 
invention, "3"; conventionally grown, "2"; or grown in a 
fermenter according to methods of the present invention, "l". 

Figure 5 pictorially depicts the results of SOS-PAGE 
25 showinq a comparison of lipopolysaccharides (LPS) of whole 

cells. ~lexneri 2457T conventionally grown, column 11 111 , or 
grown according to methods of the present invention, o.1t · 
deoxycholate, column 11 211 • 

PiCJUre 6 qraphically depicts the enhancement of immuno-
30 croaa reactivity of c. jejuni grown according to methods of 

the present invention •. c. jejuni 81-176 cells grown 
conventionally or according to methods of the invention as 
examplif ied in Example s (DOC) were used to induce antibodies. 
The agglutination activi.ty of the two types of antibodies 

35 (i.e., anti-c. jejuni 81-176 cultured in BHI and anti-c. 
jejuni 81-176 cultured in DOC) against various c. jejuni 
serotypes are shown. See Example 32 in Section 9 for details. 
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Figures 7A, 78 and 7C graphical~y dt!pict the efficacy of 
a va_ccine comprising inactivated .c. jejuni 81-176 whole cells 
in protecting mi~eagainst a nasally delivered challenge of 
live c. jejuni 81-176.c~lls. Mice were vaccinated with 

5 phosphate buffered saline (PBS; solid line), PBS plus LT 
adjuvant (Adjuvant; dash line), formali~inactivated c. jejuni 
81-176 whole ceJ.ls that were g~own and }larvested according to 
Example 5 without adjuvant (CWC; open circle/solid line, or 
with LT adjuvant, (ewe+ Adjuvant; s()lid circle/solid line). 

10 The vaccine efficacies. was examined using the i.ntestinal 
colonization assay. Figure 7A (top panel) shows the results 
of the protectio~ afforded by the vacciriations using three 
oral doses of 105 ina~tivated bac~erial particles p~r dose. 

Figure 78 (middl~ panel) shOWE;the results of the protection 
15 afforded by the yaccinations u~ing three oral doses of 107 

inactivated bacterial particles per dose. Figure 7C (bottom 
panel) shows the.results of the protection afforded by the 
vaccinations using three oral d.oses of 109 inactivated 
bacterial particles per dose. See.Example 34 in Section 11 

20 for details. 
Figures IA, 18 and IC graphically depict the efficacy of 

vaccine comprising inactivated c. jejuni 81-176 whole cells in 
protecting mice against an· orally delivered challenge of live 
c. jejuni 81-176 .. cells. Mice were vaccinated as described in 

25 the brief descriJ?tion of Figures 7A, 78 and 7C. The vaccine 
efficacy was examined using the intestinal colonization assay. 
Figure aa·ctop panel) shows the results of the protection 
afforded by the vaccinations usinq three oral doses of 10S 

inactivated bacterial particles per dose. Figure 18 (middle 
30 ' . ' . 

panel) shows the results of the protection afforded by the 

35 

vaccinations using three oral doses of 107 inactivated 

bacterial particles per dose. Figure IC (bottom panel) shows 
the results of the protection afforded by the vaccinations 
using three·oral doses· of 109 in~ctivated bacterial particles 

per dose. see Example 34 in Section 9 for experimental 
details. 
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Fiqure t qraphically depicts the effect of the qrowth 
phase of the Shigella flexneri culture on the invasiveness of 
the Shigella flexneri 2457T cells. Shigella flexneri 2457T 
cells were grown conventionally (BHI), or according to the 

5 methods of .the present invention as exemplified by Example 9 
(DOC-EL) - that is harvesting the cells when the culture is in 
early log phase- or according to Example 9 but allowinq the 
culture to reach late loq phase before harvestinq the cells 
(DOC-LL). The invasiveness of these different preparations of 

10 cells are shown. see Example 35 in section.12 for details. 
Figure 10 graphically depicts the enhancement of 

invasiveness of Shigella cells when they are cultured usinq 
the methods of the present invention. s. sonnei and s. 
dysenteriae 3818 were cultured conventionally (BHI) or 

15 according to the methods of the present invention as 
exemplified in Example 9. The invasiveness of these different 
preparations of Shiqella cells aqainst INT-407 cells are 
shown. See Example 35 in Section 12 for details. 

Figure 11 qraphically depicts the enhancement of immuno-
20 cross reactivity of Shigella qrown accordinq to methods of the 

present invention. s. £lexneri 2457T grown according to 
methods of the present invention as exemplified in Example 9 
was used to induce antibodies. The aqqlutination activity of 
the induced antibodies against s. flexneri, s. sonnei, s. 

25 dysenteriae and s. boydii grown conventionally (BHI) or 
according to the methods of the present invention as 
exemplified in Example.9 serotypes are shown. See Example 36 
in section 12 for details. 

Figure 12 graphically depicts the effect of bile 
30 concentration and the growth phase of the Helicobacter pylori 

culture on the adhesiveness of Helicc:,bacter pylori NB3-2 
cells. H. pylori NB3-2 cells were grown in culture medium 
containing ot, o.02st, o.ost or o.1t bile and harvested at 8, 
10, 12 and 18 h after inoculation. The invasiveness of these 

35 different preparations of H. pylori.NB3-2 cells against INT-
407 cells are shown~ See Example 38 in Section 14 for 
details. 

- 13 -
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Figure 13 graphically depicts the effect of bile 
concentration and the qrowth phase of t}le Helicobacter pylori 
culture on the adhesiveness of Helicobacter pylori Gl-4 cells. 
H. pylori Gl-4 cells were qrown in culture medium containing 

5 ot, O.lt or 0.2% bile and harvested at 6, 8, 10, 12, 14 and 16 

h after inoculation. The invasiveness of these different 
preparations of H. pylori Gl-4 cells.against INT-407 cells are 
shown. see Example 38 in Section 15 for details. 

10 

5 DETAILED DESQRIPTIOH or THE IHYERTIOR 

The methods of the present invention relate to growing 
enteric bacteria in vitro in the presence of a combination of 
certain conditions with certain components selected to induce 

15 or enhance the expression of antigens and/or virulence 
factors. 

As used herein and in the claims the term "enteric11 

refers to bacteria normally found in or associated with any 
part of an animal's gastrointestinal tract and any bacteria 

20 that causes an infection in any part of an animal's 
gastrointestinal tract. such enteric bacteria include both 
gram positive and gram negative bacteria. 

The terms "components" and "conditions" as used herein 
and in the claims relate to many factors associated with an 

25 enteric bacterium's natural in vivo environment and other 
factors. Such components and conditions include, but are not 
limited to, bile, bile acids or salts thereof or their 
bio1aqical precursors such as cholesterol, pH, 
microaerophillic condition, osmolarity, and harvesting or 

30 collecting the bacteria at a desired bacterial growth phase. 
The term "antigens" and its related term "antigenic" as 

used herein and in the claims includes antigens or antigenic 
-

characteristics including, but not limited to, macromolecules 
contributing to cellular morphology or cell motility; 

35 proteins; more particularly surface proteins, 
lipopolysaccharides and carbohydrates. Preferably said 
antigens are immunogenic. 

. - 14 -
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The term '' immunogenic" as used herein and iri the claims 
refers to the a~i~ity to induce antibo?y_production in an 
animal after said an~mal is exposed to a composition 
comprising whole bacteria produced by the present invention or 

5 a fragment of said whole bacterium. 
The term "antiqenically enhanced" or "enhanced antiqenic 

properties" or "enhanced" as used herein and in the claims 
refers to the antigenic state of enteric bacteria grown 
~ccordinq to the methods of the present invention. such 

10 bacteria have higher levels of certain immunogenic antigens 
and/or new immunogenic antigens as compared to the same 
bacteria qrown usinq conventional methods. 

The term "conventional" as used herein and in the claims 
relates to what is known in the prior art. 

15 The term "microaerophillic conditions" as used herein and 
in the claims refers to anaerobic conditions or elevated CC>i 

levels, such as 5% to 20% co2 with 80% to 95% air1 5% to 20% 

CC>i with 80% to 95% N2; or 5% to 10% 02 with 10% ~o 20% co2 with 
70% to 85% N2 • 

20 The term "virulence" as used herein and in the claims 
refers to those factors of an enteric bacteria associated with 
the ability to adhere to and/or to invade and/or to survive in 
a host and/or cause a pathological condition. 

The term "immuno-cross protective" as used herein and in 
25 the claims refers to the ability of the immune response 

induced by one bacterial strain or serotype, whole cell or 
otherwise, to prevent or attenuate infection of the same host 
by a different bacterial strain, serotype, or species of the 
same genus. 

30 The term "immuno•cross reactive" as used herein and in 
the claims refers to the ability of the humeral immune 
response (i.e., antibodies) induced by one bacterial strain or 
serotype, whole cell or otherwise, to cross react with (i.e., 
the antibody binding) a different bacterial strain, serotype, 

·35 or species of the same genus. Immune-cross reactivity is 
indicative of the bacterial immunogen's potential for immuno­
cross protection and vice versa. 

- 15 -
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The term "host" as used herein and in the claims refers 
to either in vivo in an animal or in vitro in animal cell 
cultures. The term 11 animai11 as used herein and in the claims 
·includes but is not limited to all warm-blooded creatures such 

5 as mammals and birds (e.g., chicken, tU.rJtey, duck, etc.) 
According to the invention, in a vaccine comprising 

antigenically enhanced enteric bacteria or an immunogenic 
fragment or derivative thereof, the enteric bacteria ~ay be 
either live bacteria or may be inactivated and may further 

10 comprise an adjuvant, such as, but not limited to, alum, oil­
water emulsion, heat labile toxin from enterotoxigenic E. coli 
(LT) nontoxigenic forms thereof (eg. mLT) and/or individual 
subunits thereof~ Bacille Calmette-Guerin (BCG), or Fruend's ( 
adjuvant and may:a1so further comprise a suitable 

15 pharmaceutical carrier, including but not limited to saline, 
dextrose or other aqueous solution. Other suitable 
pharmaceutical carriers are described in Reminaton•s 
Pbarmaceutical Sciences, Mack Publishing Company, a standard 
reference text in this field. As used herein and in the 

20 claims, the term "vaccine" also encompasses "passive 
vaccines," which comprise antibodies that specifically bind 
pathogens against whose infections or diseases protection is 
sought. 

The term "inactivated bacteria," as used herein and in 
25 the cl•im, refers to enteric bacteria that are incapable of 

infection and/or colonization and encompasses attenuated as 
well as killed bacteria. Attenuated bacteria may replicate 
but cannot cause infection or disease. Inactivation of said 
bacteria may be accomplished by any methods known by those 

30 skilled in the art. For example, the bacteria may be 
chemically inactivated, such as by formalin fixation, or 
physically inactivated such as by heat,' sonication or 
irradiation, so that they are rendered incapable of 
replication and/or infection and/or causing disease. 

35 An effectiv• amount of the vaccine should be 
administered, in which "effective amount" is defined as an 
amount of enteric bacteria or an immunoqenic fragment or 

- 16 -
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derivative ther.~f that is capable of producing an immune 
response in .a subject. The amount .. needed .. will vary depending 

. • . . ····.·; _. ..... ~ '\• 'Ji . .: ~- ... : ; ·.. : . ·. • . 

. upon the anti9~nicity of the bacteria/~,-fJ:'.agment, or derivative 
used, and the:,species and weight of the subject to be 

s vaccinated, but may be ascertained using standard techniques. 
In preferred, non-limiting embodiments.of the invention, an . . . . ~ 

effective amount of vaccine produces. an elevation of anti­
bacterial antibody titer to at least two. times the antibody 
titer prior to vaccination. In a preferred, specific, 

10 non-limiting embodiment of the invention, approximately io7 to 
1011 bacteria and preferably 108 to iolO bacteria are 
administered to a host. Preferred :are vaccines comprising 
inactivated whole bacteria. 

'l'he term "effective amount" as applied to passive 
15 vaccines is an amount of antibody that is capable of 

preventing or attenuating a bacterial disease or infection. 
'l'he amount needed will vary depending upon the type of 
antibody and the antibody titer, and the species and weight of 
the subject to be vaccinated, but may be ascertained using 

20 standard techniques. 
Vaccines of the present invention may be administered 

locally and/or systemically by any method known in the art, 
including, but not limited to, intravenous, subcutaneous, 
intramuscular, intravaginal, intraperitoneal, intranasal, oral 

25 or other mucosal. routes. 
Vaccines may be administered in a suitable, nontoxic 

pharmaceutical carrier, may be comprised in microcapsules, 
and/or may be comprised in a sustained release implant. 

Vaccines may desirably be administered at several 
30 intervals in order to sustain antibody levels. 

Vaccines of the invention may be used in conjunction with 
other bacteriocidal or bacteriostatic methods. 

Antibodies of the invention may be obtained by any 
conventional methods known to those skilled in the art, such 

35 as but not limited to the methods described in Antibodies A 
Laboratory Manual (E. Harlow, o. Lane, Cold Spring Harbor 
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Laboratory Press, 19·89). In general, an animal (a wide range 
of vertebrate spec,i_es can be . used, 1;he niost common being mice, 
rats, guinea p!qJ:_···tiamsters and rabc.!~$)' .~:s immunized with a 
whole cell or i•unogenic fraqment·~~'derivative of an 

5 antigenically enhanced enteric bacteria pf the present 
invention in the absence or presence Of an adjuvant or any 
agent that would enhance the immunogen•s effectiveness and 
boosted at regular· -intervals. The animal serum is assayed for 
the presence of. desired antibody by any convenient method. 

10 The serum or blood of said animal can be used as the source of 
polyclonal antibodi~s •. 

For monoclonal antibodies; animals are treated as 
described_ above •.. When an acceptable antibody titre is 
detected, the animal.iseuthanized and the spleen is 

15 aseptically remoyed for fusion. ·The spleen cells are mixed 
with a specifically selected immortal myeloma cell line, and 
the mixture is then exposed to an·agent, typically 
polyethylene glycol or the like, which promotes the fusion of 
cells. Under these circumstances fusion takes place in a 

20 random selection!. and a fused cell mixture together with 
unfused cells of. each type is the resulting product. The 
myeloma cell lines that are used for fusion are specifically 
chosen such that, by the use of selection media, such as HAT: 
hypoxanthine, aminopterin, and thymidine, the only cells to 

25 persist in culture_ from the fusion mixture are those that are 
hybrids between cells derived from the immunized donor and the 
myeloma cells. After fusion, the cells are diluted and 
cuitured in the selective media. The culture media is 
screened for .the presence of antibody having desired 

30 specificity.towards the chosen antigen. Those-cultures 
containing the antibody of choice are cloned by limiting 
dilution until it can be adduced that the cell culture is 
single cell in- origin. The antibodies of the present 
invention have use as passive vaccines against enteric 

35 bacteria infections.and diseases. 
Methods for the detection of antibodies or said bacteria 

in a host include immunoassays. such immunoassays are known 
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in the art and include, but are not limited to 
radioimmunoassays (RIA) , enzyme-:" 1 inked illlJDuno·sorbent assays 
(ELISA), fluorescent immunoassays, and fluorescence 
polarization imm~noassays (FPIA). . .. 

5 Another'embodiment includes diagnostic kits comprising 
all of the essential reagents required ~o perform a desired 
immunoassay according to the present invention. The 
diagnostic kit may be presented in a commercially packaged 
form as a combination of one or more containers holding the 

10 necessary reagents. such a kit comprises an_enteric bacteria 
of the present invention, and/or a monoclonal or polyclonal 
antibody of the present invention in combination with several 
conventional kit components. conventional kit components will 
be readily apparent to those skilled in· the art and are 

15 disclosed in numerous publications, .including Antibodies A 
Laboratory Manual (E. Harlow, ·o. Lane, Cold Spring Harbor 
Laboratory Press, 1989). conventional kit components may 
include such items as, for example, microtiter plates, buffers 
to maintain the pH of the assay mixture (such as, but not 

20 limited to Tris, HEPES, etc.), conjugated· second antibodies, 
such as peroxidase conjugated anti-mouse ·IgG (or any anti-IqG 
to the animal from which the first antibody was derived) and 
the like, and other standard reagents. 

Methods of the present invention include growing enteric 
25 bacteria in a suitable basal essential culture medium, such as 

but not limited to commercially available brain heart fnfusion 
broth "BHI", Luria broth "LB", sheep blood agar "SBA", 
Brucella broth1 Meuller-Hinton broth, protease peptone beef 
extract broth, etc.,. with various conditions and components 

30 includinq but :not limited to o.o5% to 3% bile or 0.025% to 
o.6% of one or more bile acids or salts thereof or biological 
precursors thereof such as cholesterol,·· at a temperature 
between 30°C and 42°C, until a growth phase at about early log 
phase, between early loq and stationary phases, or at about 

31 stationary phase, in air or under--microaerophillic conditions, 
such as 5% to· ·2·ot c~ with sots to -95% air; 5% to 2ot co2 with 
aot to 9St N2; or st to lOt Oi with 10% to 2ot co2 with 70% to 
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85t N2; and optionally in the presence of a divalent cation 
chelator, such.as, }?~t not limited too to 100 µM, preferably 

2!5 ,a(, of. BAPT~t+• r4i' (fthylen~i4ie?Czjfi~~iline n, n, n', n 1 -

tetraacetic acid/acetoxymethyl ester; Molecular ~robes, 
5 Eugene, OR), Oto 10 mM of EGTA r 

(ethylenebis(oxyethylenenitrilo)-tetraacetic acid; Sigma 
Chemical Co., St; Louis, MO), 0 to 100 µM of EGTA/AM 
(ethylenebis(oxy•thylenenitrilo)-tetraacetic 
acid/acetoxymethyl ester; Molecular Probes, Eugene,_ OR); the 

10 resulting co~in•tion of conditions and components producing 
antigenically enl\anced enteric bacteria. 

Accordinq to ~nother embodiment, the methods of the 
present invention also ~nclude growing enteric bacteria as 
described immediately aboye except in the presence of a 

15 divalent cation chelator, such as, but not limited to 1.0 to 
100 µM, preferrably 25 µM, of BAPTA/AM, 0.5 to 10 mM of EGTA, 
or 1.0 to 100 µM·of EGTA/AM; but without any bile, bile acids 
or bile salts. 

Bile or bile acids or salts thereof useful for the 
20 present inventio~ include any natural bile compound secreted 

by the liver and normally concentrated in the gall bladder as 
well as synthetic bile acids known by those skilled in the 
art, such as but not limited to "OXGALL" (Difeo Laboratories, 
Detroit, Michiqan), bovine bile (Sigma Chemicals, St. Louis, 

25 Missouri) or other commercially available·preparations, 
cholic, deoxycholic, taurocholic and glycocbolic acids. 
Preferred is deoxycholate (DOC), a commercially available bile 
aci4 present in vivo in the distal small intestine and large 
inteatine sites colonized by some enteric bacteria. Also 

30 preferred is glycocholate (GC). 
According to the present invention,· enteric bacterial 

cultures selected from the group of campylobacter sp., 
Yersinia sp., Helicobacter sp., Gastrospirillum sp., 
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella 

35 sp., Aeromonas sp~, Vibrio sp., ShJ.gella · sp., Clostridium sp., 
Bnterococcus.sp., and Escherichia coli can l>e prepared as 
frozen stocks by methods generally known to those skilled in 
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the art and maintained at -ao 0 c for future use. For instance, 
stocks of Campylobacter jejuni can be prepared by growing the 
organism on trypticase soy agar containing 5% defribinated 
sheep erythrocytes (SBA), at 37°C in 5% 02 , 10% C02, 85% N2 

5 (microaerophilic condition, "MC") for 20 h. Stocks of 
Escherichia coli, Salmonella typhimuriu~, Helicobacter pylori 
and Shigella f lexneri can be prepared by growing the organism 
in brain heart infusion broth ("BHI 11 ). Bacteria can be 
harvested for freezing by any known method, for instance by· 

10 swabbing the culture and resuspending in BHI containing 30% 
glycerol. Cultures for analytical experiments or for 
production fermentations can be prepared_by any generally 
known methods, such as by growing the organism on BHI with 
1.5% agar at 37°C under MC or atmospheric conditions and then 

15 transferring a single colony to br.oth and culturing according 
to methods of the· present invention _described here.in. 
Bacteria can be harvested for use by any method generally 
known to those skilled in the art, such as by centrifugation. 

In preferred embodiments, antigenically enhanced cells of 
20 Campylobacter sp., preferably of the species jejuni or coli 

and most preferably of the jejuni strain 81-176, are grown in 
a basal essential culture medium, preferably BHI broth, 
additionally comprising about o •. 1% ooc or about o. at bile at 
37°C in a mixture of about 10 to 20% co2 with about so to 90% . . 

25 air and harvested after the growth of the culture has reached 
about late log phase to about stationary phase, typically 
about 20 h after inoculation. 

In other preferred embodiments, antigenically enhanced 
cell• of Sbigella sp., preferably of the species flexneri or 

30 dysentarjae and most preferably of the flexneri strain 2457T, 
are grown in a basal essential culture medium, preferably BHI 
broth, additionally comprising about O.lt DOC or about o.at 
bile at 37°C in air and harvested after the growth of the 
culture has reached about early log phase, typically about 30 

35 min after inoculation with a culture that is at early to mid 
log phase. 
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In further.preferred embodiments, antigenically enhanced 
cells of Helicobacter pylori, preferably of the strain ATCC . . . ,. . 

49503, NB3-2 or Gl-4, are grown in a basal essential· culture 
medium, preferably BHI broth, additionally comprisinq about 

5 o.05% to about 0~2% bile or about 0.05% glycochoiate (GC) at 
37•c in a mixture of about st to 20% co2' with about sot to 95% 

air, or. about lOt ~02 with about 5% 02 with about· 85% N2 and 
harvested after the growth of the culture has reached about 
loq or about stationary phase. In a more preferred 

10 embodiment, the cells are harvested after the culture has 
reached about loq phase. 

Enteric badteria cultured according to the methods of the 
present inventi~n have·. altered morpholoqies, and/or cell 
motilities.and/dr produce certain new proteins, . 

15 lipopolysaccharides and/or carbohydrates and/or such 
. . . 

macromolecuies at altered levels compared to cells cultured in 
basal medium aldne. Optimum cultural conditions that enhance 
cell yield and the indices of pathogenicity can be identified. 
Utilizing these cultural conditions, virulence-associated 

20 antigens that are enhanced or induced can be identified. 
Motility and gross mor~hological changes can be seen by 

microscopic examination of either untreated or stained 
bacteria. It is possible that other morphological chanqes 
might result.from methods of the present invention as could be 

.. . . . 

25 seen through electron microscopy or fluorescence microscopy. 
The morphology and mucus-like characteristics of the 

enteric bacteria cultured accordinq to methods of the present 
invention suggest that capsule and/or surface layer expression 
migtlt be induced. ·To test for capsule production, phenol 

30 extracts of surface components, suCh as proteins, 
carbohydrates and lipopolysaccharides, can be prepared. The· 
enhanced carbohydrates can be seen by high pressure liquid 
chromatography (HPLC). 

Protein profiles of outer membranes prepared from enteric 
' . . . . . 

31 bacteria grown under virulence enhancing growth condictions of 
the present invention can be characterized by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SOS-PAGE) and 
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compared to those from organisms grown in conventional media. 
sos-PAGE is conducted to evaluate changes induced in bacterial 
cellular and extracted proteins in response to antigen 
enhancing or altering conditions. These data offer 

5 qualitative and quantitative information concerning. surface 
changes associated with increased invasiveness or altered 
antigenicity. 

The immunogenic potential of induced or altered protein 
antigens can be identified by Western Blotting. 

10 Immunogenicity of induced or altered bacterial proteins 
identified by SOS-PAGE can be evaluated by the generally 
accepted techniques of Western Blotting as described below. 
Any source of antibody can be used, such as convalescent 
immune rabbit or ferret sera (source of antibody from animals 

15 infected orally with live organisms grown conventionally or 
according to methods of the present invention), intestinal 
mucus (source of IgA antibody), polyclonal antisera, or a 
monoclonal antibody, for instance one that is cross-reactive 
with c. jejuni flagellin, for assaying bacterial antigens. 

20 The increased production of several of these bacterial 
an~igens is accompanied with enhancement of properties 
associated with virulence. These properties include adhesion 
to and invasion of cultured human intestinal epithelial cells, 
and Congo red dye binding. The Congo red dye binding assay is 

25 a qenerally accepted method predictive of virulence and is 
described below and in Andrews et al., (Infect. Immun., 
60:3287-3295, 1992); and Yoder (Avian Dis., 3.3:502-505, 1989). 
Bacterial binding of Congo red indicates ability to bind 
h-in, this ability to bind hemin is correlated with 

30 virulence. Congo red binding also correlates with enhanced 
bacterial invasion of epithelial cells. 

Previously it bas been shown that most conventionally 
qrown c. jejuni Liar serotypes are not immuno-cross reactive. 
Based on this information, it would be necessary to prepare 

31 and administer a number of vaccines of several Lior serotype 
strains or a combination vaccine to obtain generalized 
protection aqainst campylobacter. Antigenically enhanced 
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Campylobacter produced according to methods of the present 
invention are immuno-cross reactive against a broader range of 
Lior serotypes than that obtained using conventionally grown 
Campylobacter. Similarly, antigenically enhanced Shigella 

5 produced according to the metho~s of the present invention are 
immuno-cross reactive and immune-cross protective against a 
broader range of Shigella species than· that obtained using 
conventionally qrown Shigella. These immune-cross reactive 
and immune-cross protective properties are indicated by the 

10 results of agglutination assays and vaccine studies described 
below. 

Methods of the present invention for production of 
antigenically enhanced enteric bacteria correlate to enhanced { 
virulence in small animal models. several ~omestic animals 

15 can be used as models of Campylobacter disease in humans. The 
most studied from the standpoint of immunization efficacy is 
the reversible intestinal tie, adult rabbit diarrhea (RITARD 
Model) of Caldwell, et al., (Infect. Immun., 42:1176-1182, 
1983). This model has also demonstrated the association of 

zo Lior serotypes with cross-strain protection. However, this 
model measures resistance to colonization rather than 
resistance to disease. The ferret model of Bell et al. 
(Infec;t. Immµn., 58:1848-1852, 1990) may be a more useful 

· model because this animal does develop disease symptoms like 
25 those of campylobacter disease in humans. A more recent model 

is the mouse colonization model of Bagar (Infection and 
xgunlty, 63:3731-3735, 1995). This model involves 
imaunization followed by nasal or oral challenges with live 
C11111pylobacter to the immunized mouse and then examination of 

30 intestinal colonization by monitoring for the presence of 
Campylobacter in fecal matter. With Shigella, the mouse nasal 
challenge assay as described by Mallett et al. (see in~ra 
section 13) is used to assess virulence and vaccine efficacy. 
With Belicobacter pylori, the Helicobacter ~elis gastric 

35 colonization model described by Chen et al. (Lancet, 339:1120-
. 1121, ·1992) is used to evaluate the vaccine potential of H. 

pylori produced by the methods of the present invention. 
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There are other animal models relevant to enteric 
·bacterial invasion and infection and they can be used to test 
for vaccine efficacy of the enhanced elit~ric bacter.ia produced 
accordinq to the methods of the present invention. 

5 The antigenically enhanced enteric bacteria produced by 
the methods of the present invention ar~ used to prepare 
prototype killed whole-cell or subunit vaccines. These 
vaccines when administered to animals can be shown to induce 
antibodies and thus establish the vaccines' protective 

10 potential. Elevation or induction of these antigens in a 
bacterial cell produces cells that make more efficacious 
vaccines. 

Vaccine candidate preparations produced by the methods of 
the present invention can be used with various mucosal 

15 immunization strategies to induce an intestinal immune 
response. successful immunization protocols can then be used 
to protect animals challenged with the pathogens with or 
without enhanced antiqenicities. Also vaccines can be 
formulated and tested as combined vaccines, for example 

20 Shigella and campylobacter cells or co•ponents thereof can be 
combined as a sinqle vaccine. 

The experimental approaches described below enable the 
detection of chanqes in surf ace antigens and other 
characteristics which are associated with enhanced 

25 invasiveness. These changes are both qualitative and 
quantitative. Most importantly, these experiments establish 
that the methods of the' present invention enhance invasiveness 
and. induce immunoqenically relevant antigens. Such 
antiqenically enhanced bacteria induce an immunoqenic response 

30 which is protective aqainst infections by a broader ranqe of 
bacterial strains, serotypes and/or species and are therefore 
useful as efficacious vaccines as compared to conventionally 
qrown bacteria. 

Several well-established models qenerally known to those 
35 skilled in the art exist and are useful to evaluate enhanced 

antigenic properties, virulence of bacteria and vaccine 
efficacy as described below. 
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Non-limiting examples of the present invention are 
described below.· 

I IXNIPLBS: KITBODS FOR PRODJJCING ERJD.NCED Alft'IGENIC BACTEBIA 
5 Example 1. campylobacter jejuni st;rain 81-176 was 

streaked on blood agar plates (containing trypticase soy agar, 
plus 5% defibrin.ated sheep erythrocytes) and incubated in a 
microaerophilic GaisPak jar (BBL, cockeysville, MD) for 20 h at 
37°C.· Lawns of bacteria were removed by swabbing and 

10 inoculated into flasks containing 1 liter of BHI medium pre­
equilibrated to 10% co2, 90% air, with 0.8% OXGALL (Difeo, 
Detroit, MI). Cultures were incubated for 20 h with shaking 
at 37°C in a closed flask at 10% C02, 90% air and then { 
harvested as described above. 

15 Example 2. · campylobacter jejuni strain 81-176 was 
streaked on blood aqar plates (containing trypticase soy aqar, 
plus 5% def ibrinated sheep erythrocytes) and incubated in a 
microaerophilic GasPak jar (BBL, cockeysville, MD) for 20 h at 
37°C. Lawns of bacteria were removed by swabbing and 

20 inoculated into flasks containing 1 liter of BHI medium pre­
equillbrated to 10% CO:z with o. 01% to o .1% sodium deoxycholate 
(DOC).. (It is critical to p'repare and autoclave the DOC as a 
stock solution separate from the BHI medium, and to 
aseptically add it to the BHI medium to a final concentration 

25 of o.01t to 0.1% immediately before inoculation of the 
bacteria). cultures were incubated for various times up to 20 
h with shaking at 37°C in st 02 , 10% co2 , 85% N21 then 
harvested as described above. 

Example 3. Campylobacter jejuni strain 81-176 was 
30 streaked on blood agar ·plates (containing trypticase soy agar, 

plus 5% defibrinated she·ep erythrocytes) and incubated in a 
microaerophilic· GasPak jar (BBL, Cockeysville, MD) for 20 h at 
37•c. Lawns of bacteria were removed bY swabbing and 
inoculated into flasks containing 1 liter of Brucella broth 

35 pre-equilibrated to 10% C02 with 0.01% to 0.1% sodium 
deoxycholate. cultures were incubated for 20 h with shaking 

- 26 -



W096/11257 ) :· PCT/US95/11986 

at J7°C in 5% 02 , 10% C02, 85% N2 and then harvested as 
described above. 

Example 4. campylobacter jejuni strain 81-176 was 
streaked on blood agar plates (containing trypticase soy agar, 

5 plus 5% defibrinated sheep erythrocytes) and incubated ·in a 
microaerophilic GasPak jar (BBL, Cockey~ville, MD) for 20 h at 
37°C. Lawns of bacteria were removed by swabbing and 
inoculated into flasks containing 1 liter of Mueller-Hinton 
broth pre-equilibrated to 10% co2, with 0.01% to 0.1% sodium 

10 deoxycholate. cultures were incubated for 20 h with shaking 
at 37°C in.5% 02, 10% C02, 85% N2 and then harvested as 
described above. 

Example 5. campylobacter jejuni strain 81~176 was 
streaked on blood agar plates (containing trypticase soy agar, 

15 plus 5% def ibrinated sheep erythrocytes) and incubated in a 
microaerophilic GasPak jar (BBL, cockeysville, MD) for 20 h at 
37°C. Lawns of bacteria were removed by swabbing and 
inoculated into flasks containing 1 liter of BHI medium pre­
equilibrated to 10% C02, with 0.1% sodium deoxycholate. 

20 Cultl.lres were incubated for 20 h with slow stirring at 37°C in 
10% cei, 90% air and then harvested as described above. 

Example 6. Vibrio choleras is streaked on BHI agar 
plates (containing trypticase soy agar, plus 5% defibrinated 
sheep erythrocytes) and incubated in air for 20 h at 37°C. 

25 Lawns of bacteria are removed by swabbing and inoculated into 
flasks containing 1 liter of BHI medium with O.lt sodium 
deoxycholate. Cultures are incubated fo~ 20 h with shaking at 
37°C in air, then harvested as described above. 

Example 7. Salmonella cholerasius is streaked on BHI 
30 aqar plates and incubated in air for 20 h at 37°c. Lawns of 

bacteria are removed by swabbing and inoculated into flasks 
containing 1 liter of BHI medium with 0.1% sodium 
deoxycholate. cultures are incubated for 20 h with sbaking at 
37°C in air, then harvested as described above. 

SS Example 8. Salmonella typbimurium is streaked on Luria 
broth aqar plates and incubated for 20 h at 37°C in air. 
Lawns of bacteria are ·inoculated into flasks containinq 1 
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liter of BHI medium with 0.1% sodium deoxycholate. Cultures 
are incubated .for 20 h with shaking a.t 37°C in 10% C02 , 90% 

air. One colony is transferred into 1 liter of LB containing 
0.1% DOC and incµbated in a .cloa;ed top flask at 37°C with slow 

5 shaking. After 12 h, 60 ml of.the cultu;re is diluted into 1 
liter of 1;he sam~ fresh prewarmed medium •nd incubated a 
further 30min, and then is harvested as described above. 

Example 9. Shigella ~lexneri 2457T was streaked on Congo 
red aqar plates. and incu):)ated for 20 h at 37°C in air. One 

10 red colony was i~e>culated into flasks containing 1 liter of 
BHI media and incubated with shaking for 12 h. ·so ml of this 
culture was then use4 .to _inoculate 250 ml of prewarmed BHI 
containinq 0.1% ~odium deoxycholate. The culture was { 
incubated with shakinq for 4 h at 37°C in air. This culture 

15 was then diluted,to an 00600 of about 0.17 with prewarmed BHI 

containing 0.1% DOC and incubated for 30 min with shakinq at 
37°C in air, and then harvested as de~cribed above. 

Example 10. Campylobacter jejuni 81-176, 81-11~, or HC 
(in BHI with 30% qlyperol) was rapidly thawed and plated on 

20 sheep blood aqar .. (SBA, 0.1 ml per plate). The inoculated 
plates were incubated in a GasPak jar with a CampyPak Plus 
microaerophilic environment qenerator (BBL, Cockeysville, MD) 
for 20 h at 37°C. The bacterial lawn was removed from the 
plates by swabbinq, and the bacteria were resuspended in 10 ml 

25 of BHI. The bacterial suspension was inoculated into 1 liter 
of BHI broth alone or BHI broth containinq 0.1% DOC, pre­
equilibrated to 1ot cei, 90% air, in a 2 liter flask. The 

inoculwa was added to preequilibrated medium until the OD625 is 
equal to o.os. The inoculated flask was returned to the lOt 

30 cei with 90t air and stirred sle>wly ~or 20 h at 37°C. At this 
point the bacteria were harvested as.described above. 

Example 11. Helicobacter pylori was added to BHI broth 

plus 4t bovine calf serum. After inoculation the flasks were 
flushed with st 021 1ot C021 85% N2 and incubated for 22 h at 

31 37°C with shakinq. After this incubation, 2.s ml of the 
culture was transferred to a flask containing BHI broth with 
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4% bovine calf serum or the same medium additionally 
containing 0.05% sodilim glycocholate. These cultures were 
again flushed with the microaerophilic gas mixture (5% 02, 10% 
co2 85% N2), and incubated 20-24 hat 37°C. The cells were 

5 harvested as described above. 
Example 12. Salmonella typhimuriullf (in LB with 30% 

glycerol) was streaked on a LB agar plate and cultured for 18-
20 h at 37°C in air~ ·One colony was picked and transferred 
into 1 liter of LB or LB containing 0.1% DOC in flasks that 

10 are flushed with 10% co2 , 5% co2 , 85% N21 sealed and incubated 
for 12 h at 37°C with shaking. The bacteria were then diluted 
in the same media to OD600 of 0.17 and incubated under 
identical conditions until the culture reaches early log 
phase, typically 30 min after the dilution. Cells were 

15 harvested as described above. 
Example 13. salmonella typhimurium is streaked on a LB 

agar plate and cultured for 18-20 h at 37°C .in air. One 
colony is picked and transferred into 1 liter of LB or LB 
containing 0.1% DOC and incubated for 12 h at 37°C in air. 

20 The culture is then diluted (1/5) in the same fresh media and 
incubated a further 4 hours under identical conditions. The 
cultures are then diluted in the same fresh media to OD600 of 
0.17 and incubated under identical conditions until the 
culture reaches log phase, typically 30 minutes after the 

25 dilution. Cells are harvested as described above. 
Example 14. Klebsiella pneumoniae is streaked on a BHI 

agar plate and incubated 18-20 h at 37°C in air. One colony 
is picked and inoculated into 1 liter of BHI or BHI containing 
o.1..J DOC and shaken for 12 h at 37°C in air •. The bacteria are 

30 then diluted in the same media to 00600 of 0.17 and grown for 
30 min further and then harvested as described above. 

Ex•mple 15. Enterobacter cloacae is streaked on a BHI 
agar plate and incubated at 37°C in air for 18-20 h. One 
colony is inoculated into 1 liter of BHI or BHI containing 

35 0.1% DOC and shaken for 12 h at 37°c. The bacteria are then 
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diluted in the same media to 00600 of 0.17 and qrown for 30 min 
further ·and then harvested as described above. 

Example 16. Escherichia coli strain 0157:H7 was streaked 
on sheep blood aqar plate and incubated at 37°C in air for 18-

5 20 h. One colony was .inoculated into 1 ~iter BHI or BHI 
containinq O.lt to o.2t DOC flask and shaken· for 12 h at 37°C. 
The bacteria were then diluted to OD600 of 0.17 and qrown for 
30 min further and then harvested as described above. 

Example 17. Enterococcus :faecalis is streaked on· sheep 
10 blood aqar plate and incubated at J7°C in air for 18-20 h. 

One colony is inoculated into 1 liter BHI or BHI containinq 
O.lt DOC flask and shaken for 12 h at 37°C. The bacteria are 
then diluted to OD600 of 0.17 and qrown for 30 min further and ( 
then harvested as described above.·· 

·. 15 Example 18. Clostridium di:f:ficile (modified chopped meat 
medium with 30t qlycerol) is streaked on a plate of Beef liver 
medium for anaerobes containing 1.st aqar and cultured at 37°C 
under microaerophillic conditions (St co2 and 95t N2). ·One 
colony is transferred to 1 liter of modified chopped meat 

20 medium or same medium containinq O.lt DOC. The bacteria are 
cultured under microaeropbillic conditions at 37°C for 12 h, 
and harvested as described above. 

Example 19. Bacteroides :fragilis (modified chopped meat 
medium with 30t qlycerol) is streaked on a modified chopped 

25 meat mediumaqar plate and cultured at J7°C under 
microaerophillic conditions (St co2 and 95t N2). one colony is 
transferred to·l liter of modified chopped meat medium or same 
mec:liua containinq o.1t DOC. The bacteria are cultured under 
micraaerophillic conditions at 37°C for 12 h, and harvested as 

30 described above. 
Example 20. Yersinia pseudotuberculosis (Luria broth 

containing 30t qlycerol) is streaked on a Luria broth agar 
plate and incubated at 30°C. One colony is transferred to 1 
liter of LB and incubated for i2 h at 30°C. This culture is 

31 diluted (1/5) in LB or LB containing o.lt DOC and incubated 4 
b at 37•c. Subsequently, the cultures are diluted in the same 
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media to 00600 of 0.17 and incubated a further 30 min and then 
harvested as described above. 

Example 21. Helicobacter pylori was added to BHI broth 
plus 4t bovine calf serum. After inoculati~n the flasks were 

5 flushed with St 02 , lOt C02 , 85% N2 and incubated for 22 h at 
37°C with shaking. After this incubation, 2.5 ml of the 
culture was transferred to a flask containing BHI broth with 
4% bovine calf serum or the same medium additionally 
containing about 0.1% to about 0.2% bovine bile. These 

10 cultures were again flushed with the microaerophilic gas 
mixture (St 02, iot co2 85% N2), and incubated 20-24 hat 37°C. 
The cells were harvested as described above. 

7 EXAMPLES: ENHANCED ANTIGENIC :BACTERIA 
15 Example 22. Microscopic examination of wet mounted 

bacteria was utilized to observe motility and gross 
morphology. Surface layers were observed by capsule staining 
in india ink (nigrosine). After air drying, the cells were 
counter-stained with crystal violet. All observations were at 

20 1000 x maqnif ication. 
Morpholoqy of bacteria cultured according to methods of 

the present invention ·(hereinafter referred to as "ENHANCED" 
bacteria) was altered compared to those cultured in basal 
media alone (conventionally grown). For instance, "ENHANCED" 

25 c. jejuni aqqregated, and formed large clumps of cells, while 
conventionally grown cells were predominantly solitary. It 
was apparent from capsule staining (data not shown) that a 
chanqe in the bacterial surface was effected by culturinq 
usinq methods of the present invention. This surface 

30 alteration actually resulted in the increased bindinq by 
"ENHANCED" cells of the nigrosine particles from the stain. 
The "ENHANCED" bacteria remained hiqhly motile. 

Example 23. c. jejuni surface components were analyzed 
by phenol extraction. Extracts were made from c. jejuni 81-

35 176 grown conventionally or cultured accordinq to Example 2 
above. · c. jejuni cells were harvested from culture medium by 
centrifuqation as described above. The cell pellet was 
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extracted for 2 h at room temperature with 1% phenol. Intact 
cells were separated from extracted materials by 
centrifuqation for 45 min. The supernatant containinq 
extracted bacterial surface components was dialyzed aqainst 

5 distilled water overniqht. The retentate was centrifuqed 
. . ·1 .. 

··105,000 x q for 3 hat 4°C. The extract pellet was 
redissolved in 10% NaCl and precipitated with two volumes of 
cold 95t ethanol. The. pre.cipitati~n wa~ repeated, and the 
sample was lyophilized. Subsequently, the sample was 

10 dissolved in wate; at 1 mq/ml for further analysis. 
carbohydrate content of the extract was assayed with the 

qenerally accepted phenol-sulfuric acid method utilizinq 
qlucose as a standard. Uronic acid content of the extract was 
measured with th~ method of Dische usinq the carbazole 

15 reaqent. Total protein content of the phenol extract was 
evaluated with the biccichinoic acid assay kit (Pierce Chem. 
co., Rockford, IL). 

It was notable that uronic acid was absent from the 
extracts. Many typical bacterial capsules are composed of 

20 uronic acid polymers. surprisinqiy, surface extracts of c. 
jejuni 81-176 were in fact predominantly protein. However, 
total carbohydrate content of the "EN~CED" cell extracts was 
increased over cells qrown conventionally. 

The carbohydrate to protein ratio of the extracts is 
25 shown in Table 1 below. 

30 

35· 
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5 

10 

TABLE 1. car~ohydrate:Protein Ratio of Cell surface 
Extracts of c. jejuni Grown conventionally 
(BBI) or According to Method of Example 2 
(ENHAHCED) 

Time after • addition Chl BHI' ENHANCED 

1 0.02 0.02 
2 0.02 0.10 
4 0.02 0.15 
6 0.03 0.29 

There was a direct relationship between inclusion of DOC 
in the culture medium and enhanced levels of surface 
extractable carbohydrate from the bacterium (Table 1). 

15 surf ace extractable carbohydrates were increased more than 8-
f old in bacteria cultured according to the methods of the 
present invention; no increase was seen in bacteria grown 
conventionally. The aq9re9ation of the bacterial cells 
cultured in DOC medium appeared to be attributable to the 

zo components of the surface extract. 
Upon rehydration, the extract had a high gelin9 capacity 

in water rendering the solution highly viscous and mucus-like, 
which was similar in character to the aggregated bacteria. 
The functionality of the extract resembled mucin-like 

25 qlycoproteins. 
For analysis of individual monosaccharides, extracts were 

hydrolyzed in 1 N trifluoroacetic acid in sealed vials. The 
samples were dried under nitrogen 2 h, and resuspended in 
distilled water. Sugars were separated by HPLC using a Dionex 

3° Corp chromatographic matrix and a solvent system consisting of 
3' of o.s N NaOH/97t H20 as solvent. Amperometric detection 
was utilized for measurement of separated monosaccharides. An 

authentic monosaccharide standard composed of fucose, 
qalactosamine, glucosamine, qalactose, glucose, and mannose 

35 was also subjected to HPLC analysis for comparison. 

- 33 -



W096/11257 PCT/US95/12986 

HPLC analysis of the hydrolyzed surf ace extract revealed 

the presence of' several monosaccharides (Figure 1). There 

appeared to be no qualitative· difference in the carbohydrate 

composition of the extracts from conventionally grown or 

5 bacteria grown according to the method of Example 2 above. 
. I 

However, minor quantitative differences'were apparent. 

Example 24. Bacterial proteins were analyzed by SOS-PAGE 

and Western Blotting. The gel system of Lugtenberg, et al. 

(EEai Letters 58:254-258, 1975) was used. The gel system is a 

10 discontinuous gel consisting of a _low acrylamide (typically 

4t) stacking gel pH 6.8, and a higher percentage acrylamide 

separation gel pH S.S. sos (0.1%) was included in both gels 

and all buffers used. Protein separation was according to 

molecular size,_and 8 or 12% acrylamide separatio~ gels were 

15 used. Visualization of separated proteins was by silver 

staining of fixed gels, and molecular size determinations were 

made based on the Hr values of known proteins used as 

·standards. 
c. jejuni cell proteins were separated by sos-PAGE and 

20 visualized by silver staining. Four prote~ns including a 62 

kDa protein were induced or enhanced in cells cultured with 

DOC (Fiqure 2) •. 

Example 25. s. Llexneri LPS was analyzed by phenol 

extraction. s. Llexneri cells grown conventionally or 

25 according to the present invention as· exemplified in Example 9 

above were harvested from culture medium by centrifugation as 

described above. Lipopolysaccharides (LPS) were extracted by 

tba method of Westphal and Jann (In: R. Whistler, ed., Metho4s 

in carbobydrate Chemistry, vol 5; p. 83, 1965). Briefly, 

30 cells cultured in BHI or as exemplified in Example 9 above 

were harvested by centrifugation and washed once in PBS. The 

cells were then extracted for 15_ min at 68°C with 45t phenol 

in water. The extract was cooled to 10°C and centrifuged. The 

LPS-containing upper aqueous phase was aspirated off and 

35 dialyzed against distilled water. The retentate was 

.centrifuged 7 h at 80,000 x g, 4°C once, and three times for 3 

h each at 105,000 x g. The final pellet was lyophilized. 
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Prior to analysis the LPS was resuspended in water (l mg/ml). 
The purified LPS was characterized as to carbohydrate content 
as described above, and by sodium dodecyl sulfate­
polyacrylamide gel electrophoresis (SOS-PAGE) as described 

5 below and shown in Figure 5. 
s. rlexneri protein profiles reveal'd no major 

differences between conventionally cultured and "ENHANCED" 
cells when analyzed using this particular SOS-PAGE system. 
Carbohydrate to dry weight ratios of LPS from "ENHANCED" cells 

10 was decreased as compared to extracts from BHI cells. 
However, SOS-PAGE followed by oxidation and silver staining of 
s. rlexneri LPS demonstrated a major change in LPS structure 
(Figure 5). As seen in lane 11 211 . of the gel, the o-antigen 
fraction of LPS from "ENHANCED" s. rlexneri was reduced in 

15 length. This result complemented the findings of reduced 
carbohydrate/dry weight ratio of LPS from "ENHANCED" cells. 

These results suggest shorter o-antigen side chain 
presentation on "ENHANCED" cells, and potentially might render 
the bacteria more hydrophobic. A more hydrophobic bacterium 

20 miqht have greater ~nteraction with hydrophobic surfaces in 
the gut. 

Example 26. Immunogenicity of proteins was determined by 
Western Blots. Proteins from bacteria grown conventionally or 
according to the methods of the present invention as 

25 exemplified in Example 1 or 5 above were separated by sos­
PAGE, then were electrophoretically transferred to 
nitrocellulose or PVDF membranes and were blocked with a 
standard blocking agent (3% BSA, so mM Tris (pH 8.5), 50 mM 
NaCl, 0.2, TWEEN 20]. Primary antibody was applied in 

30 blocking buffer, the blot was then washed and a secondary 
antibody reporter cognate was applied. Following washing, the 
blot was visualized with light or chromophore producing 
substrates. The reporter moiety used was horse radish 
peroxidase or alkaline phosphatase. 

35 Figure 3 depicts proteins from Western Blotting with 
immune rabbit mucus containing IgA. As can be seen, the 62 
kDa protein was the immunodominant antigen. The antigenicity 
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of the 62 kDa protein was greatly enhanced in cells cultured 
with DOC or bile. This protein was also the predominant 
antigen in the surface extract of cells cultured with DOC. 

Utilizing a mouse monoclonal antibody cross-reactive with 
5 Campylobacter flagellin, it was demonstrated that the enhanced 

protein was c. jejuni flagellin (Figure 4). This was a 
siqnif icant finding because several researchers have 
demonstrated that the c. jejuni flageilin is involved in 
pathogenesis and associated with the invasive characteristics 

10 of the bacterium. 
Example 27. Congo red dye binding was used to measure 

virulence. Enteric bacteria qrown conventionally (BHI) or 
according to the methods of the present invention ("ENHANCED") ( 
on BHI agar plates and containing 0.025' Congo red were 

15 resuspended in distilled water and extracted with acetone for 
10 min. Cellular debris was pelleted by centrifugation, and 
the 00418 of the dye was measured with a blank solution of 40t 

acetone, 604 water. The dye absorbance was compared to the 
cell absorbance at 660 nm and expressed as the ratio of 

20 OD481/00_,. The data are shown in Table 2 below. 

25 

30 

TABLE 2. conqo Red Dye Binding of Enteric: 
Pathogenic: Bacteria Grown conventionally 
(B•I> or According to Methods of the 
Present Invention (ENHANCED) 

Strain 

c. jejuni 81-176 
c. jejuni 81-116 
s. typbimurium SRll 
s. Llexneri 2457T 
v. cholera 569b 

.. Dye Absorbance 

BHI 

0.07 
0.06 
o.os 
0.02 
0.10 

EHHAHCED 

0.49 
0.49 
0.30 
0.13 
2.00 

35 Table 2 shows that for several species of enteric 
bacteria cultured according to methods of the present 
invention, Congo red dye binding was enhanced. These results 
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show that in vitro methods of the present invention are useful 
to induce virulen.ce and other charact1er,istics known to 
correlate with.in vivo pathogenesis for other bacterial 
species. 

5 Example 28. Bacterial adhesion to cultured epithelial 
cells was analyzed. Bacterial adhesion<was assayed as 
described by Galan and curtiss (Proc. Natl. Acad. Sci. USA, 
86:6383-6387, 1989). Tissue culture cells (INT-407 or Henle 
cells (ATCC I CCL6), and caco-2 (ATCC # HTB37) human 

10 intestinal cell lines) were cultured in 24-well tissue culture 
plates (37°C, 5% C02) to a confluency of 60-80%. The medium 
is dependent on the cell line used, but Dulbecco•s modified 
Eagle's medium with.10% fetal bovine serum and 50 mg/ml each 
of penicillin G and streptomycin was used for Henle cells, and 

15 RPMI 1640 medium with 10% fetal bovine serum and 50 mg/µl each 
of penicillin G and streptomycin was used for the culture of 
caco-2 cells. At least 3 h before assay, the culture medium 
was removed and the cells were washed twice with Hank's 
balanced salt solution (HBSS) with maqnesi\im and calcium. The 

20 monolayers were then overlayed with antibiotic-free growth 
medium. 

For adhesion assays, the bacteria were prepared as 
follows. For slow growing enteric bacteria such as 
Campylobacter and Helicobacter the bacterial culture density 

25 was diluted to an OD6~ of 0.1 with fresh, preequilibrated 
medium. and then used in the assay. For Shigella and other 
fast growinq enteric bacteria, the bacterial culture was 
diluted to 0.17 at OD625 with fresh, preequilibrated medium and 
then used in the·assay. The bacteria were added to the 

30 epithelial cells at a multiplicity of infection of 10 bacteria 
per cell to avoid.saturation. The number of bacteria 
inoculated into the tissue culture well was calculated by 
plate counting. Following 2 h infection under 5% co2 for 
Campylobacter, and 30 min for Shigella, unbound bacteria were 

35 removed by washing with HBSS before lysis of the monolayer 
liith 0;1t deoxycholate and plating for the determination of 
adhesion. 
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The effect of temperature on adhesion to INT-407 cells by 
c. jejuni 81-176 9rown conventionally or accordin9 to the 
methods of the present invention as exemplified in Example 5 

above is shown in Table 3 below. 
5 Differences in adhesion of several strains of c. jejuni 

. . . f 

qrown conventionally or accordin9 to methods of the present 

invention are shown in Table 4 below. 
Percent adhesion is expressed as the number of colony 

forming units (CFU) recover~d from the monolayer divided by 
10 the number of CFU inoculated onto the monolayer multiplied by 

100. 

15 

20 

25 

30 

35 

'l'al)le 3: Effect of Temperature ·on ADHESION to IH'l'-407 
Cells by c. jejuni Grown conventionally (BHI) 
or·Accordinq·to Methods of the Present 
~nvent-ion (ENHANCED) 

BHI . 
Temperature Ct adhesion> 

ENHANCED 
Ct adhesion> 

Tabla 4. 

Strain 

81-176 
81-116 
BC 

5.5 
5.5 

62.3 
11.2 

Adhesion (l'OLD INCREASE) to· IN'l'-407 
by i>ifferen1: strains Qf c. jejuni Grown 
conventionally CBHI) or According to 
Methods of the Present Invention 
(ENHANCED) 

BHI ENRANCED 

1.0 8.4 
1.0 12.5 
1.0 28.2 

In invasion assays, epithelial cells were grown and 

prepared according to the methods described above for the 
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adhesion assay. Bacteria grown conventionally or according to 
methods of the present invention were added to the epithelial 
cells at a niultfpiicity of infection otio bacteria per cell 
to avoid saturation. The number of bacteria inoculated into 

5 the tissue culture well was calculated by plate counting. 
Following 2 h infection under 5% C02 fo~ Campylobacter, and 30 
min for Shigella, the infecting bacteria were aspirated off, 
and the monolayer was overlaid with qrowth medium containing 
qentamicin to kill any extracellular bacteria. Any culturable 

10 bacteria remaining at this point have invaded the epithelial 
cell monolayer. The incubation continued under C02 for 3 h in 
the case of c. jejuni infected cells, and 1.5 h for Shigella 
infected cells. Monolayers were washed with HBSS to remove 
gentamicin, and lysed by the addition of 0.1% deoxycholate. 

15 Bacteria in the lysates were enumerated by plate counting and 
percent invasion was expressed as the number of gentamicin 
resistant bacteria compared to the number of inoculum 
bacteria. 

Invasion is expressed as the percent of cell entering the 
20 monolayer, as determined by the number of colony forming units 

(CFU) recovered from the monolayer after qentamycin treatment 
divided by the number of CFU inoculated onto the monolayer 
multiplied by 100. 

The effect of temperature on invasion of INT-407 cells by 
25 c. jejuni 81-176 grown conventionally or according to the 

methods of Example 5 above is shown in Table 5 below. 
Differences in invasion of IN'l'-407 cells by several 

strains of c.jejuni grown conventionally or according to 
methods of the present invention are shown in Table 6 below. 

30 The effect of DOC on adhesion to and invasion into INT-
407 cells by c. jejuni 81-176 grown conventionally or 
according to the methods of Example 5 above is shown in Table 
7 below • 

. The effect of DOC on adhesion to and invasion into INT-
31 407 cells by Shigella grown conventionally or according to the 

methods of Example 5 above is shown in Table a below. 
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5 

15 

20 

T&i:.le 5: .· zifect of Temperature on INVASION of Ift-4.07 
Ce;L;Ls by C. jejuni 81-176 Grown Co-nvent1onally 
(BB?) 'or According to Methods of the Present 
Izavention (ENHANCED) 

Temperature 
BHI 

C% invaded) 

2.5 
4.0 

ENHANCED 
Ciinvadedl 

49.5 
7.1 

. T&i:.le 6. INVASION (J'OLD INCR-EASE) into IHT-407 Cells 
by Different Strai~s o.f- C. jejuni 
Grown Conventionally (BBI)-- or According 
to Methods of the Present InveD-tion (ENHANCED) 

Strain BHI . ENBANCED 

81-176 1.0 9.2 
81-116 1.0 10.0 
HC 1.0 26.7 

25 Tule 7. sifect of DOC concentration on Adhesion and 

30 

35 

Invasion of INT-407 by c. jejuni 81.-176 Grown 
conventionally (BBI) or According to Jlethods of 
the Present Invention (BlOIAHCBD) 

Treatment Adhesion Cll 

BBI 
ENHANCED; o.025t DOC 
ENHANCED; O.lt DOC 

- 40 -

9.3 
18.3 
52.6 

Inyasion Cll 

6.3 
17.4 
37.0 
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5 

10 

Table a: Effect of DOC on s. Lie~eri Invasion (Percent) 
or A4hesion (Percent) to IN'l'-407 Cells Grown 
conventionally (BBI) or Accor~inq to Methods of 
the Present Invention (ENHANCED) 

a 

Characteristic 

Adhesion 
Invasion 

BHI 

1.0 
1.0 

ENHANCED 

140. o• 
94.4 

More than the initially added bacteria were 
recovered due to growth of the bacteria during the 
assay 

Adhesion to and invasion of cultured INT-407 cells by 

15 several human isolates of c. jejuni (i.e., 81-116, 81-176 and 
HC) was greatly enhanced by addition of bile or deoxycholate 
to the culture medium (See Tables 4 and 6). The most 
effective dose of DOC was 0.1% (Table 7). The greatest 
response was obtained at 37°C, but not at 42°C (the 

20 temperature at which Campylobacter is conventionally grown) 
(Tables 3 and 5). 

Similar findings were made with Shigella Llexneri (Table 
8). Shigella grown_ according to the methods of the present 
invention had greatly enhanced abilities of both adhesion and 

25 invasion. 
These data show methods of the present invention enhance 

invasion and adhesion of enteric pathogens. 
Example 29. A rapid slide agglutination assay was used 

to ahow immuno-cross reactivity. c. jejuni strains qrown 

30 conventionally or according to the methods of the present 
invention as exemplified in Example 5 were exposed to serum 
IgG from animals immunized with c. jejuni 81-176 (Lior 5) 
grown either conventionally, or according to the present 
invention (e.g., Example 5). The IgG antibodies were 

35 immobilized on Protein A coated latex beads. If there are 
cross reactive epitopes between the test serotype and the 
antibodies generated against the Lior 5 serotype, then nearly 
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immediate clumping ( i .·e. agglutination) of the cells is 
visible. This clumping is rated based on a scale of o to 3 
after allowing the reaction to proceed for a short period of 
time, where o means no observable clumping and 3 means a high 

5 degree of agglutination. The results of four strains are 
presented in Table 9 below. 

10 

15 

20 

25 

30 

a 
35 b 

Tal:»le t. cross Reactivity of Lior serotypes Grown 
conventionally (BBI) o~ Accordinq to Methods of 
the.Present Invention (BIDll.HCBD) 

CULTURE GROWTH BEADS REACTIVITY 
CONDITIONS 

81-176 (LS) BHI Anti-BHI1 1 
II Ii Anti.;.ENHb 2 

II ENHANCED Anti~BHI 2 

II " Anti-ENH 2.5 

L2 BHI Anti-BHI 1 

" II Anti-ENH 1.5 
II ENHANCED Anti-BHI 0 

It II Anti-ENH 1.5 

LS BHI Anti-BHI 2 

n " Anti-ENH 1 

" ENHANCED Anti-BHI 1 
.. II Anti.-ENH 2.5 

L21 BHI Anti-BHI 0 
" 

n II Anti-ENH 2 

n DOC Anti-BHI 0 

n " Anti-ENH 2 

Media BHI Anti-BHI 0 

n Anti-ENH 0 

Antibodies induced by 81-176 grown conventionally 

Antibodies induced by 81-176 grown according to methods 
of the present invention as exemplified in Example 5 
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Table 9 shows all four of the tested Lior serotypes (LS, 
L2, LS, L21) cross-reacted with antibody qenerated from 
animals immunized with enhanced C. jejuni 81-176 Lier serotype 
LS. Mucus lavaqe from the intestines of rabbits infected with 

5 c. jejuni 81-176, comprisinq IqA, reacted with eiqht out of 
the 10 major clinical serotypes (i.e., human pathoqens) of c. 
jejuni qrown accordinq to methods of the present invention 
cross reacted with antibodies to Liar 5 serotype strain (see 
Table 16 below). The results show that methods of the present 

10 invention significantly extend the number of Liar serotypes 
which cross react with anti-serum from animals immunized with 
Lior 5 serotype strain of c. jejuni. 

Also, several species of Shigella qrown accordinq to 
methods of the present invention, but not those grown 

15 conventionally, cross react with IqG antibodies from animals 
immunized with Shigella flexneri 2457T qrown with DOC. 

8 EIAMPLES: VACCrNE EPPrCACY 

Example 30. The ferret model for studying campylobacter 
20 pathoqenesis can be used as a model to evaluate vaccine 

efficacy in protecting against colonization· and/or disease 
because infection of ferrets reproducib.ly qenerates two of the 
three disease manifestations seen in humans. 

Twenty-four 7- to 9-week-old male ferrets were immunized 
25 orally with either PBS (as control), or formalin-fixed C. 

jejuni strain 81-176 grown conventionally (BHI) or according 
to methods of Example 5 (ENHANCED). serum was isolated to 
determine baseline IgG titres. All vaccines and PBS were 
administ.ered in the presence of the adjuvant LT, two times, 

30 one week apart (Day o and day 7, "vaccination"). Serum was 
collected one week later (day 14) ("post-vaccination") to · 
determine IgG antibody titres. Four weeks post-vaccination 
(challenge), the ferrets were anesthetized with ACE promazine­
Xatamine and challenged orally with a 10 ml PBS solution 

35 containing live c. jej~ni 81-176 (lx1010 CFU). Thereafter the 

animals were monitored daily for mucoid diarrhea, bacteremia, 
fecal shedding of campylobacter·~ weight changes, occult blood, 
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and fecal leukocytes. Bacteremia was detected by drawing 1 to 
2 ml of blood fr~m the jugular vein of anesthetized ferrets 
and incubatinq the specimen in a vented trypticase soy broth 
culture. subcultures to blood agar plates were taken at 2, 5 

5 and 7 days post ~hallenqe. Serum sample' were collected prior 
to immunization (~aseline), one week after the second· 
immunization, and at the time of challenge, and one week post 
challenge to determine IgG titres. 

Occult bloo~ was detected by testinq fecal material on a 
10 Hemacult card. Fecal material was smeared on a slide and 

stained with methylene blue to detect fecal leukocytes. Fecal 
sheddinq of campylobacter was establ,ished by culturing smears 
from rectal swabs on Campylobacter-selective medium plates 
(trypticase soy ~gar, 5% sheep blood, trimethoprim, 

15 vancomycin, polY'll_lyxin B, cephalothin, and amphotericin B, 
Remel, Lenexa, KS). Results from these experiments are 
presented in Tables 10 and 11 below. 

20 

25 

30 

35 

Tal»le 10: Vaccination Protects Against c. jejuni 81-176 in Ferrets 

POSITIVE COLONIZATION 
DISEASEb VACCINE DAY 5 POST-CHALLENGE8 

PBS 6/6 1/6 

BHI 0/6 2/6 

ENHANCED O/Sc 0/6 

Number positive colonization/number tested 

b Presented with green mucus/unformed/watery stools 

c one animal died in the .group after disease state was 
determined but before colonization was scored 
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T&J:)le 11: Ferret Sera IgG Geometric Mean Titer 

One week ,.,·:At One week 
Group Baseline post-vaccine 'challenge post 

challenge 

5 PBS 6.4 4.9 6.4 13&0.4 

10 

BHI 

ENHANCED 

a 

6.4 94.0 194.0 

6.8 234.4 1621.8 

Mean titre for the five surviving animals 

26505.3 

56234 .18 

Table 10 shows that upon live challenge, animals 
immunized with a killed-whole cell vaccine of the present 
invention were protected against colonization and disease. 
The data in Table 11 show that a much greater IgG antibody 

15 titre results from vaccines of the present invention 
(ENHANCED) than from enteric bacteria grown conventionally 
(BHI). 

These results demonstrate that immunogenicity (Table 11) 
and protection from infection (Table 10) was o~tained with 

20 vaccines of the present invention and was greater than that 
seen when animals were vaccinated with bacteria grown 
conventionally. Therefore bacteria produced by the methods of 
the present invention are useful as vaccines to protect 
mammals from infection. 

25 Example 31. Mice do not naturally develop Campylob~cter 

.30 

or Shigella infections as do ferrets, but they have been used 
by those skilled in the art to show resistance to intestinal 
colonization upon oral challenge of immunized animals or 
resistance to illness via lµn9 infection of immunized animals •. 
The mouse intranasal inoculation model then can be used to 
predict the efficacy of vaccines for use in other animals.or 
humans. This assay was described by Mallet, et al. (Vaccine, 
11:190-196, 1993). 

Groups of _10 female Balb/c mice about sixteen week.s old 

35 were immunized orally with phosphate-buffered saline (PBS) 
c. jejuni conventionally grown (BHI) or c. jejuni grown 
according to Example 5 (ENHANCED) in doses of about 107 CFU or 
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5 

10 

15 

20 

109 CFU, then challenged. IgA titres from intestinal mucus in 

each group were determined by ELISA methods and are presented 
in Table 12 below. 

a 

b 

Tele 12. IqA Rfsponses After oral Immunization with (107 

or 10 ) Campylobacter Whole Cell Vaccines in 
Hice 

Immunization Lavage IgA Titre8 % Respondersb 

PBS 
(107) 

23 14 
ENHANCED 114 75 
·ENHANCED (109) 78 75 
BHI cio7> 40 25 
BHI (109) 32 12 

Lavage titre indicates the mean anti-c.jejuni IgA titre 
obtained for each individual group of mice. 

Responders are defined as those animals whose endpoint 
titres exceeded 2 standard deviations above the mean of 
the animals receiving PBS alone · 

Table 12 shows that animals immuni.zed with bacteria grown 
according to the methods of the present invention have a 

25 higher intestinal IgA antibody titre as presented by a greater 
percentage of responders than animals immunized with bacteria 
grown conventionally. 

30 

t· BmPLBI KBCllDISK 01' UTIGBBIC ALTERATION OR 
llQIUJCIMlllT BY DOC 

Example 32. Although not intending for the present 
invention to be limited to any particular mechanism of action, 
the present inventors have obtained evidence that suggests 
that deoxycholate (DOC) appears to have a two fold action in 
altering or enhancing the antigenicity of enteric bacteria. 

35 Evidence indicates that one aspect of DOC's effect is mediated 
through calcium dependent effects, as DOC binds calcium and 
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thus lowers the calcium concentration in the medium. The 
evidence is as follows. When c. jejuni 81-176 is cultured 
with the membrane permeable calcium chelator BAPTA/AM and 
without DOC, its invasiveness of INT-407 cells is enhanced 

5 approximately 10-fold (see Table 13 below). BAPTA/AM 
treatment alone, however, does not enhance the immuno-cross 
reactivity of c. jejuni 81-176 cells. 

The results shown in Table 13 were obtained usinq c. 
jejuni 81-176 cultured accordinq to the protocol described in 

10 Example 5 except that 25 µM BAPTA/AM was substituted for 0.1, 
DOC. The invasion assays were carried out and scored as 
described in Example 28 in Section 7 above. 

15 

Table 13 Invasion of INT-407 Cells by c. jejuni Grown 
Conventionally (BHI) or with BAPTA/AM 

culture condition 

20 Strain BHI BAPTA/AM 

25 

c. jejuni 81-176 3.0 36.9 

Several·bacterial qenera that are susceptible to 
antiqenic enhancement or alteration by bile or bile salts such 
as DOC (e.q., Campylobacter, Shigella, Helicobacter) have 
qenes homoloqous to low calcium response (lcr) qenes from 
Yers:in:ia. The lcr locus is·known to requlate virulence of 

30 Yersinia in response to low calcium levels. TWo campylobacter 
qenes involved in flaqellin expression and assembly which are 
required for invasion (LlaA, LlbA) are regulated in part by 
the lcr product. Analysis of the behavior of Campylobacter 
LlaA and LlbB mutants qrown conventionally or under virulence 

35 enhancinq conditions of the present invention show that 
invasion, but not conqo red dye bindinq or increased cross­
reactivity, is calcium dependent (see Table 1C below). 
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The results shown in Table 14 were obtained using c. 
jejuni cultured conventionally or according to the methods of 
the present invention as exemplified in Example 5. The 
invasion assays were carried out and scored as described in 

5 Example 28 above. 

10 

15 

20 

25 

Ta))le 14: In~asion of INT-407 Cells by c. jejunJ. Mutants 
~rown conventionally (BKI) or According to 
Methods of the Present.·. Invention C ENHANCED) 

culture condition 

Strain BHI ENHANCED 

c. jejuni 81-17($ 3.5 40.8 

c. jejuni f laA 0.05 0.05 

c. jejuni f lbA 0.01 0.04 

The c. jejuni fla and flbA mutants do exhibit 
significantly enhanced Congo red binding and immune-cross 
reactivity when cultured with DOC (see Table 15 and Figure &, 

respectively). The results shown in Table 15 and Figure• 
were obtained us~ng c. jejuni cultured conventionally or 
according to the methods of the present invention as ·· 
exemplified in Example 5 above. The Congo red dye binding 
assays, whose results are shown in Table 15, were carried out 

. . 

as described in Example 26 above. The immune-cross 
reactivity, whose results are shown in Figure &, were carried 

30 out as described in Example 29 above. 
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5 

10 

Tal>le 15: conqo Red Dye Bindinq by c. jejuni Mutants 
Grown conventionally (BHI) _or Accorclinq to 
Methods of the Invention (ENHANCED) 

Culture ·condition 

Strain BHI ENHANCED 

c. jejuni 81-176 0.01 1.68 

c. jejuni f laA 0.10 l.60 

c. jejuni f lbA 0.12 o.ao 

The :f laA mutant is unable to express f lagellin. The 
.15 LlaA mutant and a :flaA-:flaB double mutant (received from c. 

Grant, NIH) are both noninvasive even after treatment with 
DOC, indicating that flagellin is required for invasion. 
Interestingly, the normally exhibited (i.e., non-DOC induced) 
immuno~cross reactivity observed between the isogenic parent 

20 strain of these :fla mutants and certain other Lior serotypes 
of c. jejuni is absent in th~ mutants. However, DOC treatment 
can induce these flagellin-less mutants to exhibit enhanced 
immuno-cross reactivity and Congo red binding. 

. These findings indicate that DOC regulates virulence 
25 functions in enteric bacteria via calcium-dependent (e.g., 

invasiveness) and calcium-independent (e.g., conqo red dye 
binding) mechanisms. These findings further suggest that 
enhanced immuno-cross reactivity and Congo red binding induced 

by DOC is at least in part f lagellin-independent. 

30 

10 BZAMPLB: DOC INDUCES ENJmKCED SEllOTYPB AKD SPBCIBS 
IHMtJRO-QROSS BEAC'l'IYI'l'Y or CNIPYIDBAC'l'ER JBJUNI 

Example 33. The serotype immuno-cross reactivity of 
Campylobacter jejuni qrown accordinq the methods of the 

35 present invention was examined using the rapid slide 
agglutination assay. The assay used intestinal mucus from 
immunized and non-immunized rabbits to determine the effects 
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of altering cult¥re conditions on the cross-reactivity of 
heterologous str•in~ of Campylobacter. The rabbits were 
immunized with live c. jejuni 81-176 grown conventionally. 
The agglutinatio~ activity of the mucus antibodies were tested 

5 against twenty-four campylobacter strains, comprising eighteen 
serotypes, grown conventionally in BHI-YE medium or according 
to the methods of the invention as exemplified in Example 5. 

The results of the agglutination assays show that the 
cross-agglutination of heterologous campylobac:ter strains was 

10 broader and, in many cases, stronger when the strains were 
grown according to the methods of the invention than when they 

. . 

were grown conventionally. Specifically, there was an over 
two fold increase in heterologous agglutination reactivity: 6 ( 
of 24 conventionally-grown heterologous strains agglutinated 

15 at level + or greater in the anti-81-176 immune mucus, whereas 
14 of the same 24 strains grown under DOC conditions 
agglutinated at level + or greater. Further, while eighteen 
of the heterologous strains demonstrated weak (±) or no 
agglutination when conventionally grown, eleven of these same 

20 strains showed an enhanced agglutination response when grown 
under ENHANCED culture conditions (e.g., DOC containing 
medium). 

Table 11 illustrates cross-reactivity of anti-81-176 
immune rabbit mucus against 19 heterologous Lior serotypes 

25 consisting of 22 strains grown conventionally (BHI-YE) or 
usinq the methods of Examples (ENHANCED)• Even thouqh this 
exp•riment assayed only a fraction of the known Lior 
seroty.pes, the results demonstrate that the methods of the 
invention induce substantial immuno-cross reactivity between 

30 Lior serotypes. The results further show that the DOC 
enhanced or induced antigens in campyiobacter appear to be 
important in the secretory IgA response associated with 
resistance to and recovery from intestinal infection by 
campylobacter. 

35 It should be further noted that strains of Lior serotype 
a are of a different species, campylobacter coli. one of the 
2 strains (VC167) of this serotype strongly agglutinated (3+) 
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!. : 

in anti-81-176 immune rabbit mucus. This result indicates 
that a vaccine derived from a c. jejuni strain {e.g., Lior 
not only can cross-protect against .· heterologous serotypes 

5) , 

within the same species, but also other campylobacter species 
5 (e.g., campylobacter coli). Also worth noting is that Liar 

serotypes 1, 2, 4, 9, and 11 are among 'Uhe most prevalent 
disease-associated serotypes world-wide. They all 
demonstrated detectable cross-reactivity in this assay. 

10 

15 

20 

25 

30 

35 
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'l'a!Jle 16. Aqqlutination Response· of 20 Campylobacter 
~erotypes Gro:wn convent~onally · (BKI-YE) or 
~cco~dinq to the Metho~sbof the Invention 
· (BIDIANCED) ·to Non-immune or Anti-81-17&8 

Immune Rabl:>i1;. Mucus 

5 
Aqqlutination responsec 

. l 

Hgn-~mmune m.Y~YI lmmyne HYQYS 
·Lier 

&~l:AiD ~11:gt~E!I 1uu:-IE EHllAHCEl2 1nu;-x1:: ENHM!CEl2 
134 1 ++ 

10 
195 2 ± 
1 4 +++ 

170 5 +++ ++++ 
( 

81-176 5 ++++ ++++ 

15 6 6 ++++ +++ 

81-116 6 + ++ 

35 7 + 

52 8 + + ++ 

VC-167 8 + +++ 

20 VC-159 8 ± 
88 9 - ± 
244 11 ± +++ 

556 17 + 

563 18 -
25 

544 19 ++ ++ 

699 21 ± ++ 

1180 28 + +++ 

1982 29 

30 910 32 ++ ++ 

2074 36 

RC 36 + + 

2984 46 

79171 72 
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5 

10 

a The anti-81-176 mucus were obtained from rabbits 
infected with live c. jejuni 81-176 grown conventionally 

b The non-immune mucus were obtained from uninfected 
rabbits 

c T~e aqqlutination responses ranqe from negative (-), to 
very weak (±) , to very stronq ( ++++ >. 

11 EXAMPLE: ADDI~IOHAL EXPBRIME~S OP VACCIHE BPPICACY 
or CAMPYIPBAC'l'ER 

Example 34. The protective efficacy of formalin-fixed 
whole cell Campylobacter jejuni qrown according to the methods 
of the present invention was determined usinq the mouse 
colonization model reported by Baqar (Infect. & Immun., 

15 63:3731-3735, 1995). 
c. jejuni 81-176 was grown and harvested according to 

Example 5 and inactivated with o.075% formalin as described 
above. Groups of five 6 to 8 week old female Balb/c mice were 
administered three oral doses ·co.25 ml/dose in endotoxin-free 

20 PBS) containing either 105, 107, or 109 inactivated bacterial 

particles alone or in combination with 25 µg of the heat 
labile enterotoxin from E.coli (LT). Doses were qiven at 48. 
hour intervals and immediately after two 0.5 ml doses of 5% 

sodium bicarbonate solution (pH 8.5) were given at 15 minute 
25 intervals, to neutralize gastric acidity. As controls, groups 

of animals were vaccinated with PBS alone or in combination 
with the LT adjuvant. Approximately 28 days after 
administration of the third dose, vaccinated animals were 
challenged either nasally or orally with approximately 108 

30 colony forming units (CFU) of live conventionally qrown c. 
jejuni 81-176. The duration of intestinal colonization was 
determined by monitoring fecal shedding every day over a 9 day 
period. Fecal material was emulsified in sterile PBS and 
aliquots plated on Campylobacter blood agar. Plates were 

35 incubated at 35°C under microaerophillic conditions 
(Campylobacter GasPak, BBL) for 3-5 days to allow growth of c. 
jejuni. Colonization results are expressed as the percentage 
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of animals shedding Campylc>bacter orqanisms on a given sample 

day. 
As shown in Figure .7, all nasally challenged animals, 

. . 

both immunized and control, shed organisms immediately after 

5 challenge (day 1). Eighty to one hundred percent of the 

control animals remained colonized fo~ • days after challenge. 

In contrast, significantly fewer animals in the vaccinated 

groups shed organisms during the course of the 9 day assay 

period. Both t~e degre~ of and time to clearance of challenge 

10 organisms were dependent on the amount of vaccine 

administered. The low (105 particles/dose) and intermediate 

vaccine doses (107 particles/dose) gave a gradual and 

incomplete rate of clearing. The presence of adjuvant 

increased the degree of protection at these doses. 

15 Surprisingly, at the hiqhest dose tested (109 particles/dose) 

the non-adjuvantized vaccine produced a level of protection 

equal to or sli~htly greater than that obtained when a 

comparable dose was administered with the LT adjuvant_. 

Similar results were obtained when orally vaccinated 
20 animals were subsequently challenged orally (see Figure 8). 

These results irtdicate that immunization with inactivated 

Campylobacter grown according to the methods of the present 

invention affords protection against subsequent challenges of 

live Campylobacter and the immunization is efficacious even 
25 when administered orally without the use of an adjuvant. 

The protective efficacy of formalin-fixed whole cell 

Campylobacter jejuni grown according to the methods of the 

preaent invention (see, e.g., Example 5) administered 

intraperitoneally (IP) was also evaluated. For these 
30 experiments,.groups of 20 female Balb/c mice were administered 

a single dose of 1.3x1010, 2.sx109, s.ox108, 1.ox108 or. 2.ox107 

inactivated c. jejuni particles in 0.5 ml endotoxin-free PBS 

without adjuvant. The animals were challenged 14 days later 

with a single lethal dose of live c. jejuni 81-176 
35 (approximately 1.ox1010 CFU in endotoxin-free PBS) delivered .. 
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. : ·i. . . ', ·. ~· . 

intraperitoneally. Animals were monitored daily for 4 days 
for mortality. ·.•: .. 

As shown in ·Table 17, a single iritraperitoneal dose of 
5.ox108 inactivated c.· jejuni particles induced an 

5 immunologcal response sufficient to protect animals against a 
live c. jejuni challenge. 

10 

15 

20 

Tal>le 17: Protection Afforded By IP Delivered 
V2Inactivated c. jejuni Prepared Accor4inq 
the Methods of the Present Invention 

Dose Mortality survivors 
ga~ 1 ~ 3 4 

l.JX1olO 0 4 0 0 16 
2.5x109 0 0 0 0 20 
5. ox10B 0 0 0 0 20 
l.ox10B 11 7 0 0 2 
5.ox107 10 6 2 0 2 
PBS Control 4 3 2 0 l 

12 EXAMPLES: DOC ENHANCED INVASIVENISS, CONGO RED 
Bl:NDING AND IgUNO-CROSS REACTIVITY OF SHIGRT.T.Jl 

to 

Example 35. The invasiveness of Shigella sp. grown in 
vitro is affected by the culture's growth phase. The 

25 invasiveness of Shigella Llexneri 2457T cells grown 
conventionally (BHI), or according to the methods of the 
invention as exemplified by Example 9 (DOC-EL) (wherein the 
cells are.from an early log phase culture), or accordinq to 
Example 9 but allowing the culture to reach late log phase 

30 before harvesting the cells (DOC-LL) was tested according to 
the procedures described in Example 28. The results show that 
culturing with DOC enhances invasiveness and that the maximum 
enhancement is achieved during early log phase of growth (see 
Fiqure t). 

31 culturing with DOC according to the methods of the 
·invention also enhances the invasiveness of other Shigella 
species, s. sonnei, ands. dysentariae (see Fiqure 10). In 
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polarized epithelial cells the enhanced invasiveness of 
Shigella was observed only when the epithelial cells were 
infected basolaterally by the bacteria. This finding is 
consistant with the invasion process obs.erved in vivo. 

5 Comparitive studies show that ShigeJ.la grown according . . . 

to the methods of the present invention are nearly 10-f old 
more invasive than .. Shi gel la prepared · according to the 
procedure described by Pope et al. (Infect. & Immun.~ 63:3642-
3648 1995). 

10 Example 36. Shigella cultured according to the methods 

of the present invention also exhibit enhanced Congo red 

binding. s. flexneri 2457T and s. sonnei grown conventionally 

(BHI) or according to the methods of the present invention as ( 
exemplified in Example 9 were a!51sayed for their. dye binding 

15 abilities using procedures described in Example 26 above. The 

results sh~w that growth in DOC enhanced Congo red binding by 
the two Shigella species 10 to 20 fold (see Table 18). 

Table 18: Congo Red Binding by s. xleKneri and s. sonnei 
~rown conventionally (BHI) or According to 

20 Methods of the Present Invention (ENHANCED) 

culture condition 

25 strain BHI ENHANCED 

30 

s. ~lexneri 2457T 

s. so.rmei 

0.04 

0.02 

0.44 

0.40 

Shigella is divided into four species and various 
sarotypes. The immuno-cross reactivity of Shigella ~lexneri 
grown according the methods of t.he present invention was 

examined usinq the aqqlutination assay as described in Example 
28. The assay used antiserum from immunized rabbits to 

35 determine the effects of culture conditions on the immuno­

cross reactivity of different Shigella specles. The rabbits 
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were immunized·~lth formalin-fixed Shigella :tlexneri 2457T 
qrown according·' to the methods. of · Exa~pie 9. The 
agglutination ~ctivity of .the IgG aritlbC>dies obtained from the 
immunized animals were tested against all four Shigella 

5 species grown conventionally in BHI medium or according to the 
methods of the invention (e.g., Example!9). The results of 
the agglutination assays show that growth with DOC 
significantly enhanced the agglutination activity of the 
homologous.Shigella :tlexneri as well as those of the three 

10 heterologous Shigella species to anti-s. flexneri antibody 
(see Figure 11). 

13 EJAMPLE: VACCINE EFFICACY OF SBlGELLA 
Example 37. The protective efficacy of formalin-fixed 

15 whole cell Shigella :tlexneri grown according to the methods of 
the present invention was determined using the mouse nasal 
challenge model developed by C.P. Mallett et al. (Vaccine, 
11:190-196, 1993). Briefly, Shigella flexneri was grown and 
harvested according to the methods exemplified in Example 9 

20 and inactivated with 0.075% fol'ltlalin as described in Example 
30. Approximately 107 inactivated bacterial particles were 

used to vaccinate 14-16 week-old female Balb/c mice. The 
inactivated s. :tlexneri was suspended in sterile, endotoxin­
free PBS at a concentration of 108 particles/ml and 35 µl of 

25 this material was administered nasally to groups of 10 lightly 
anesthetized animals. A total of three immunizations were 
given at 14 day intervals. 

To test 1:he effect of an adjuvant on the protective 
ahility of the Shigella whole cell vaccine, groups of animals 

30 were immunized using a suspension that contained the 
inactivated vaccine and 5 µq of the heat-labile enterotoxin 
from E. coli (LT). Fourteen days after the third 
immunization, animals were challenged nasally with a sublethal 
wasting dose (lOS cfu) of·either lives. fl8'lneri ors. 

35 sonnei. Immediately before and at 1, 2, 5, and 7 days 
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5 

followinq the challenge, animals were weiqhed and the mean 

group weight determined. Results are shown in Table 19. 

Table 19: inac~ivated Sbigella Lle~neri Whole cell 
vaccine Protects· Mice·• Against Nasal Challenge 
With·Live s. Llexneri or 1s. sonnei 

Challenge Vaccination Percent Weiqht Chanqe 
organism }>ost Challenge 

10. Day 1 Day 2 Day 5 Day 7 

s. Llexneri PBS - 8.1 -18.2 -17.7 -18.3 

vaccine - 5.4 - 2.9 - 2.s - 1.6 

15 vaccine + - 1.0 - 2.0 - 1.5 1.5 
adjuvant 

s. sonnei PBS - 8.1 -17.5 - 9.3 - 6.4 

vaccine - 6.7 .... 11.3 - 6.5 - 6.0 

20 vaccine + - 6.4 - s .• 2 - 1.3 - 2.1 
adjuvant 

Ten mice in 'ach qroup were immunized 3X nasally with vaccine 
· comprsing 10 inactivated s. Llexneri qrown according to 

25 Example 9 

The mice immunized with vaccine compr1s1nq inactivated s . 
.tl~1 grown accordinq to 't;he methods of the invention were 

protected against challenge with live s . .tlexneri organisms. 
30 Those mice ~uffered less weiqht loss and underwent more rapid 

weight recovery as compared to unvaccinated mice, i.e. the PBS 

sham control group. surprisinqly, the s . .tlexneri vaccine 

also protected the mice aqainst challenqe with live s. sonnei. 

Interestingly, animals receiving the vaccine alone without the 
31 LT adjuvant were as well protected aqainst the homologous s . 

. .tlexneri challenge as animals that received the adjuvantized 
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vaccine. The s~·tlexneri vaccine alori~also conferred 
protection to heterologous challenges by s. sonnei. The 
inclusion ot th~ LT adjuvant, however>>hbtlcibly enhanced the 
protection against the challenge by s. ·sonnei. These findings 

5 indicate that vaccine comprising inactivated Shigella prepared 
according to the methods of the inventi9n is effective in a 
recognized Shigella disease model and does not require an 
adjuvant in preventing or attenutating various Shigella 
infections. 

10 

14 EXAMPLE: PACTORS THAT AJ'PECT THE ADHESIVENESS OP B. 
PYIDRI TO A!IIHAL CELLS 

Example 38. The adherence of H. pylori is enhanced by 
growth in glycocholate or bile. Cells of H. pylori strain 

15 NBJ-2 or Gl-4 were added to BHI broth plus 4% bovine calf 
serum. · After inoculation the flasks were flushed with 10% 
C02-5%02-85%N2 and incubated for 22 h at 37°C with shaking. 
After this incubation, the culture was diluted 1 to 10 to a 
flask containing 1 liter of the BHI medium with 4% bovine calf 

20 serum containing various concentrations of bovine bile (0.025% 
to 0.2%). These cultures were again flush~~ with the same gas 
mixture, and incubated at 37°C. The cells were harvested at 
v•rious times up to 18 h and their adherence to INT-407 cells 
assayed using the methods described in Example 28. The 

25 results show that culturing with bile enhanced the 
adhesiveness of H. pylori to INT-407 cells (see Figures 12 and 
13) •. For the NBJ-2 strain, peak adhesiveness, a 4 to 6 fold 
increase over that of non-enhanced culture, occurred after 
about 8 h of growth (Figure 12). For the Gl-4 strain, peak 

30 adhesiveness, a 2 to 3 fold increase over that of none­
enhanced culture, occurred between 12-14 h of growth in o.2% 
bile (Figure 13). These "peak" times generally corresponded 
to the period when the culture of each strain was in log phase 
growth. 

35 
15 EXAMPLE: VACCINE EPPICACY OP BELICOBAC'l'ER GROWll 

ACCOBPING 'J'O TBE METHODS OP THI PRESENT INYEHTION 
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Example 39. The protective efficacy of formalin-fixed 

whole cell HelJ.;obacter pylor:J. .. grown ac9ording to the methods 

of the present ~nvention was de.termin4'.!d using the mouse 

Heljcobacter Le~;J.s gastric colonization model described by 

5 Chen et al. (Lancet, 339:1120-1121, 1~92). Helicobacter 
·.i ·, 

pylori strain Gl-4 was grown as a seed ¢ulture for about 22 h 

at 37°C under 1q' co2, 90' air in BHI media containing 4' 

bovine calf serum. An aliqout of this culture was used to 

inoculate a 10-fold volume of the same media containing 0.1, 

10 (v/v) bovine bi~e. After 12-14 h of gr9wth at 37°C, the cells 

are harvested by centrifugation and resuspended in 1/10 of the 

original volume of Hank's Balanced Salts Solution (HBSS) at 

room temperature. Cells were recentrifuged and again ( 

suspended in 1/100 of the original volume of HBSS. To the 

15 buffered cell suspension, formalin was added to a 

concentration of o. 0.75, and the cells' inactivated by stirring 

the suspension at room temperature for 6 h then cooling the 

· solution at 4°C :for 18 hours. 
Protection potential was· routinely measured by 

20 administering 3 ·doses of this inactivated whole cell vaccine 

orally to 6-8 week old female Balb/c Helicobacter-free mice at 

days o, 7 and 14 or at days o, 7 and 21. Doses of 109 

bacterial particles per dose were evaluated. in combination 

with the beat labile enterotoxin of E. coli. Fourteen days 

25 after the third immuni~ing dose, animals were challenged 

orally with a single dose (107 CFU/dose) of live H. :felis. 

TWO weeks after challenge the animals were sacrificed and 

· antral stomach •egments analyized for urease activity to 

determine the pi;-esence of H. Lelis. urease activity was 

30 determined by incubating antral tissue samples in o.s ml 

Stuart's Urease Broth (Remel) at room temperature for 4-24 

hours. A color'change from clear to red occuring within this 

period was taken as a positive urease result. 

·As shown in Table 20, administration of enhanced 

35 Belicobacter whole cell vaccine.prepared using H. pylori 
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5 

10 

15 

20 

::-:'···= 

strain Gl-4 pr6t~6ted animals against all H. xelis oral 
challenge. ., _ . 

a 

b 

Tabla 20: Protection Against Helicobacter Infections with 
vaccines comprising Inactivated H. pylori Grown 
Accordinq to Methods of the Present Invention 

Chal~enge 
Immunizing Orq,r,isms Colonized/ Percent 

Agents8 (10 CFU) Total Protection 

EGIJ.: im1n:t :I. 

H. pylorib H. :tel is 4/13 71 
PBS + LT H. :tel is 9/9 0 

l.:GIJ.:iment 2 

H. pylorib H. :tel is 2/15 87 
PBS + LT H. :tel is 10/10 0 

All agents qiven with 10 µ.g LT (Labile toxin of ETEC) 
adjuvant as 3 oral doses at 7 day intervals 

Given as l x 109 CFU of Strain Gl-4 in a 0.25 ml dose 

Results of these experiments show the relevance of 
25 enhanced enteric bacterial properties to in vivo 

immunoqenicity. 

30 

The methods of the present invention produce bacteria 
capable of inducing an immunogenic response which is 
protective and therefore are useful as vaccines. 

11 DIPOS%T or MICBOQRGAlfISM 

The following microorqanisms have been deposited with the 
American Type Culture Collection, 12301 Parklawn Drive, 
Rockville, Maryland 20852, USA, and have the indicated 

35 accession numbers: 
Microoraan;i.sm A9cess;i.on No. Deposit Date 

Helicobacter pylori NB3-2 September 29, 1995 
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Helicobacter pylori Gl-4 September 29, 1995 

. . 
. . . . ' . 

s Other.equiv•lents oft.he methods off the present invention 

may be easily determined by those skilled in the art and such 

equivalents are intended to be· included by this invention. 

The foregoing disclosure includes all the information deemed 

essential to enable those skilled in the art to practice the 

10 claimed invention. Because the cited patents or publications 

may provide further useful information all the materials cited 

herein are hereby incorporated by reference in their entirety. 

15 

20 

25 

30 

35 
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MICROORGANISMS 
Qptianll Sheet in coMectiai\ wit!\ ihe microargenism referred ta an paga §!. liiiei 36.3a at the descriPtion ' 

A. IDENTIFICATION OF DEPOSIT' 

Further deposits mre identified an an additional sheet I 

Name of deposiwy illsdmlion • f 

Americaa Type Culture Collection 

Address of depositary institution (including postal code and countryl • 

12301 Parklawn Drive 
Rockville. MD 20852 
us 

Date of deposit • Semember 291 1995 Accession Number • 

B. ADDITIONAL INDICATIONS • 111awe blank ii• l!IPlil:llllel. Tllil i11Cann11ian ii _ _. an • 11!111111 aaadlld ii.et 

C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE• or•-••a1--1 

D. SEPARATE FURNISHING OF INDICATIONS• Claw 1111* if• lll!llicalllel 

The lnciatianl lillld llalow will lie lullmillld ID Ille lnWnlliaNI llur8IU llltr ' 4SlllCifY Ille 11-11 nlllft of Ille lndic:atioN •·II•• 
• Acceuian Nwnlltr of Deilaail"I 

E. 0 Tbis sblel wu sec:eived ~ die Jnternadonal applicalion wben filed (to be chec:ked by die receiving Office) 

(Awboriled Officer) 

0 The dare of NC:eipt (fmm die applicant) by die lmenwioaal Bunau • 

WIS 

(Audlorized Officer) 

l"Orm .-~ ''"""' 1.,.. CJanuary 1•D1 J 
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International Application No: PCT/ 

form PCT/R0/134 Ccont.) 

American Type Culture CoUection 

12301 Parklawn Drive 
Rockville, MD 208&2 
us 

Accession No. Date of Deposit 

September 29, 1995 
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Wbat is claimed is: 

1. A method of producing Helicobacter bacteria 
havinq enhanced antigenic properties which comprises growing a 

5 culture of the Helicobacter bacteria in vitro in a combination 
of conditions comprising: 

10 

15 

a) about 0.05% to about 3% bile or about 0.025% to 
about 0.6% of one or more bile acids or salts 
thereof; 

b) 

c) 

d) 

at a temperature between· about 30°C and about 42°C; 
in air or an microaerophillic condition, wherein the 
microaerophillic condition comprises i) about 5% to 
about 20% C02 with about 80% to about 95% air; or 
ii) about 5% to about 10% 02 with about 10% to 
about 20% C02 with about 70% to about 85% N2; and 
a divalent cation chelator selected from the group 
consisting of o to about 100 µM of BAPTA/AM, o to 
about 10 mM of EGTA, and·o to about 100 µM of 
EGTA/AM, 

20 for a sufficient time so that the culture is in a growth phase 
at about early log phase, between early log phase and 
stationary phase, or at about stationary phase. 

2. The method according to claim 1, wherein said 
25 bile salt or acid comprises glycocholate or glycocholic acid. 

3. The method according to claim 1, wherein said 
Helicobacter is Helicobacter pylori or Helicobacter Lelis. 

30 4. The method according to claim 3, wherein said 
Helicobacter is Helicobacter pylori strain 49503, NB3-2 or Gl-
4. 

5. The method according to claim 4, wherein the 
31 combination of conditions comprises: 

a) about 0.05% bile salt which is glycocholate or about 
0.1% to about 0.2% bile; 
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b) the temperature is about 37°c; 
c) in about 10% te> about· 20% c~ with about 80!ft to 

. . 

about 90% air, . or abo.ut 10% C02 with about 5!ft ~ with 

about 85% N2 ; and 

5 the culture is qrown for a sufficient time so that the culture 

is in loq phas·e. 

6. A method ot producing Helicobacter bacteria 

having enhanced antigenic pr()perties which comprises growing a 

10 culture of the Helicobacter bacteria in vitro in a combination 

of conditions comprising: 
a) a divalent cation chelator selected from the group 

consisting of about 1.0 to about 25 µM of BAPTA/AM, ( 

about 0.5 about 10 mM of EGTA, and about 1.0 to 

15 about 100 µM of EGTA/AM; 

20 

b) at a temperature between about 30°C and about 42°C; 

and 
c) in air or an microaerophillic condition, wherein the 

microaerophillic condition comprises i) about 5% to 

about 20% c~ with about 80% to about 95% air; or 

ii) about 5% to about 10% 02 with about 10% to about 

20% C02 with about 70% to about 85% Nu 

for a sufficient time so that the culture is in a growth phase 

at about early log phase, between -early log phase and 

25 stationary phase, or at about stationary phase. 

7. A Helicobacter bacterium having enhanced 

antigenic properties, which is harvested from a culture of 

Hellcobacter bacteria qrown in vitro under a combination of 

30 conditions comprising: 

35 

a) about 0.05% to about 3% bile or about o.025% to 

about 0.6% of one or more bile acids or salts 

thereof; 
b) 

c) 

at a temperature between about 30°C and about 42°C; 

in air or an microaerophillic condition, wherein the 

microaerophillic condition comprises i) about 5% to 

. 111111111111111111111111111111 
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5 

1: about 20% co, ~fth abdut 80% to ~bout 95% air; or 
ii) -~~out 5% to about· 10% Of:~:~th ·about 10% to about 

d) 

20% .. ,to,··· with about 70% to about: :·as% N2; and 

a divalent cation chelator selected from the group 
consisting of o to about 25 µM of BAPTA/AM, o to 
about 10 mM of EGTA, and o to 1 about 100 µM of 
EGTA/AM; · 

wherein said Helicobacter culture is at about early log phase, 
' 

between early log phase and stationary phase, or at about 
10 stationary phase. 

15 

8. The Helicobacter bacterium according to claim 
7, wherein said bile salt or acid comprises glycocholate or 
glycocholic acid. 

9. The Helicobacter bacterium according to claim 
7, wherein said Helicobacter is Helicobacter pylori or 
Helicobacter felis. 

20 10. The Helicobacter bacterium according to claim 
9, wherein. said Helicobacter is Helicobacter pylori strain 
49503, NB3-2 or Gl-4. 

11. The Helicobacter bacterium according to claim 
25·7, wherein the combination of conditions comprises: 

a) about 0.05% bile salt which is glycocholate or about 
0.1 to about 0.2% bile; 

b) the temperature is about 37°C; 
c) in about 10% to about 20% co2 with about 80% to 

30 about 90% air, or about 10% co2 with about 5\ 0 2 with 
about 85\ N2; and 

the culture is at about 109 phase. 

12. The Helicobacter bacterium accordin9 to claim 
35 11, wherein said Helicobacter is Helicobacter pylori or 

Helicobacter felis. 
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13. A Helicobacter bacterium having enhanced 

antiqenic propelities, which is harveste.d from a culture of 

Helicobacter bacteria grown in vitro under a combination of 

conditions comp~ising: 
5 a) a divalent.cation chelator, selected from the group 

10 

15 

b) 

consisting of about l.O to a}:)out 25 µM of BAPTA/AM, 

about 0.5 to about 10 mM of EGTA, and about 1.0 to 

about 100 µM Of EGTA/AM; 
at a temperature between about 30° and about 42°C; 

and 
c) in air or an microae.rophillic condition, wherein the 

microaerophillic condition comprises i) about 5% to 

about 20% C02 with about 80% to about 95% air; or ( 

ii) about 5% to about 10% 02 with about 10% to about 

20% CQ2 with about 70% to about 85% N2 , 

wherein said Helicobacter culture is at about early log phase, 

between early log phase and stationary phase, or at about 

stationary phase. 

20 14. A vaccine comprising the Helicobacter bacterium 

of claim 7, 9, 11, 12 or 13, or an immunogenic fraqmentor 

derivative thereof. 

15. The vaccine according to claim 14, further 

25 comprising a pharmaceutically acceptable carrier or diluent. 

16. The vaccine according to claim 14, wherein said 

Belit::Obacter bacterium is inactivated. 

30 17. The vaccine according to claim 16, wherein said 

Belicobacter bacterium is inactivated by formalin treatment. 

18. The vaccine according to claim 14, wherein said 

vaccine is suitable for mucosal or parenteral or mucosal and 

35 parenteral administration. 

I '1111111111111 1111111111111111 
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19. The v~~cit1~ '~·6cording 
comprising an atijµvant. 

. • .. :•<:it~·} ... · 

to claim 14, further 
. . ~ . 

~ : ' .· 

20. A method for assaying a·pofential antimicrobial 
5 agent comprising, contacting the Helicobacter b~cterium of 

claim 7, 9, 11, 12 or 13, with said agent and assaying the 
bacteriocidal or bacteriostatic effects of said agent on the 

·Helicobacter bacterium. 

10 21. A method for detecting a host's antibodies to 
Helicobacter bacteria in an animal or biological sample 
therefrom, comprising the steps of a) contacting said 
biological sample with the Helicobacter bacterium of claim 7, 
9, 11, 12 or 13, or a fragment thereof, and b) screening for 

15 antibody binding of the Helicobacter bacterium or fragment 
thereof. 

22. A method for detecting Helicobacter bacteria in 
an animal or biological sample therefrom, comprising the steps 

20 of a) contacting said biological sample with an antibody that 
binds the Helicobacter bacterium of claim 7, 9, 11, 12 or 13, 
or a fragment thereof, and b) screening for antibody binding 
of the Helicobacter bacterium or fragment thereof. 

25 23. A diagnostic immunoassay kit for detecting a 
host's production of antibodies to Helicobacter bacteria or 
for detecting Helicobacter bacteria, comprising the 
Hellcobacter bacterium of claim 7, 9, 11, 12 or 13, or 
antibodies thereto and all other essential kit components 

30 required to perform the desired immunoassay. 

24. A method for producing anti-Helicobacter 
antibodies.in an animal which comprises immunizing the animal 
with an effective amount of an immunogen comprising the 

35 Helicobacter bacterium of claim 7, 9, 11, 12 or 13 wherein the 
anti-Helicobacter antibodies bind said Helicobacter bacterium 
or a component thereof. 
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25. A method of stimulating an immune response in 
an animal which comprises administering to the animal an 
effective amount of an immunogen compris~nq the Helicobacter 
bacterium of claim 7, 9, 11, 12 or 13 wherein said immune 

5 response prevents, attenuates or cures H~licobacter infections 
or diseases in the animal. 

10 I llllllJ """ 11111 fllll II llll * C.L HS* 
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20 
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30 

31 
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