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MEmons Foli PRooucrxG·ENHANCED ANTJ;GENI:c EirrERrc 
- . ' BAC4J.'ERIA ·AND VA<!Ci:NES COMPRl:SING SA!iE ' 

Tliis ·.application .~is. a "con1;_i.J)~a~io~:..:1n-part ot .. co•pend~nq 
s application ·seria:i no.~ 08/318,4·0~r, filed octop~ 5, 1994. . . . . ·.. . . 

1 rtELn oF THE rNVEN'rroN 
~his ~nvent!on relates generaiiy ~o in vitro.methods for 

10 inducing or enhancing exi>res.sion of enteri:c bacterial antigens . . . . . . . 

·15 

and/.or virul~~e factors thereby_producing antigeni~lly .. 
~need. enter~c bacteria,· to methOd~ for U$ing antigenioally 
enhanced·. enteri.c bacteria and to vaccines comprising 
antigenic~lly enhanced enteric bacteria; 

2 BACKGROUND OF THE INVENTION 

It. is wide~y recognized that bacter~a cultured· in vitro 
using conventional media and conditions express 
characterist"ics .that are' different from the characteristics 

20 expressed during growth in their.natural habitats, which 
includes in vivo growth of normal microflora or pathogens in 
an animal host. Therefore, such in vitro grown pathogenic 
bacteria might not be good for u~e as ·~accine components. 
However, if it were possi~le to defi~e conditions that trigger 

25 or enhance expre~sion of virulence factors, i.elevant 
physiology, or antigens including outer-surface antigens then 
important pr~ducts and therapeutics (e.g., new antigens for 
vaccines, new targets for 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 
(Mekalancs, J.J., J. Bacteriol. 174:1-7f 1992). For instance, 
there is a long history of research on the relationship 

3S between iron and virulence of bacteria, in particular Shigella 
(Payne, Mol. MicroBiol., 3:1301-1306, 1989), Neisseria (Payne 



and Finltelstein~ J. Clin. ·Mi~robiol., .6:29J~~9.7~ 1977) and 
. Pas.teurell.a. (Gi.lt:aour, ~t aL ;::v~c~ine, .9:.137.-14.0, .1~~1), 

. Othtt envi~o~~rital. ·sigri~i~ that> .hay:e. ~~n- .shown. t:o 
con~rol· the eXpression. of. coordi.na~ly .. re~la~d vi~lei1~ ·. 

s. de.t:~rinbiants· o~ .a -~ide--.VaJ;'i~~Y :of·. ~aCt:~i~. ~ii .--pl~~:.·~4 
. ~riiiilals_.·i-nci~de" p1i~n~.lic .compounds;· m.~nosac;charide,". ~m(no 
~cid~,- te~pe~attlre, o~olarity,· and·.:ot.her io~·<(M:ei;c~ianos~ J~· 
s;~riol. ;.· i7~:i.:-7 t 1992).. . .·. . . . .· . . 

-~acterial pathogens that·enter ~ anim.ai host through the 
10 iri'festi~e "(i~e., ·oral route) .enc_ou.nter numerou.S- _ho~t 

. : . . .. . ... . . . . . . .. .. 
envi~onm.eht ~o~ponents and condition~ ~at m.ay aff~ct 
bacterial physiology and expr~s"sio~ of virulenc"e factors. 
~hese compon~nts a~d conditions incl~de·bile, bil~ acids.pr 
salts, stomach pH, microaeroph~liic conditions (the intestine 

15 has high co2 ,· and low .02), osmolarity and many otf;ers yet 
Undefined. Invasive enteric pathogens require de ~9vo·protein 
synthesis to accomplish internalization (Headley and Payne, 
Proc. Natl. Ac~d. Sci., 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 grown c. 
jejuni had only a marginal effect on blocking in vitro 
internalization (Konkel, et al., J. Infect. Dis., 168:948-954, 

25 1993). However, im.m.unization of rabbits with extracts of 
ca.mpylobacter grown 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 
intesti~al environment to identify relevant virulence factors •. 
For example, campylobacter strain 81-176 grown in rab~it ilea! 
loops expresses proteins not expressed under conventional 
laboratory in vitro 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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bacteria ctiit~e:4 ·in. ·tiie ab$ence. of th~ epithelial ·.cells 

. (Ko~el, ~t ·al~, J •. Infect •.. pis .. ,: ·1.68:'.9~s:-9_~4, 1993). 

Furth~~or~~ th~se ·changes .. were "t.euipoi:ally a.Ssociated· with 
b~reased invasivene~~. -~f- ·c .. j"ejiznJ> ··other·. changes .. su~h ~s. 

5 cellular ... mot'pho1qqy' ·ld~s of flagella,_ exPres~"ion":of. a new . 
o~t.~r memb;r:-ane·:J?rci>tein ·. aµ"d . al tera~i.oi\ in c;:ell-surface 
carbohydr~te~ ~er~ induc~ -or. et'lhlinc~ in .an:· avirul~t strain 

· . Qf . .C. jej~~i whe~ pa~~ed. .. intray~~ously ancf ~orio.- . . ·. · . . 

. allan~oicaliy t;hr,ough chi_ck. embryos. (Field, . et: al~ I i1. Med. 
10 Mict~biol.-, 38 :-293~300, 1993").. . · 

Other intesti.nal components, i;uch as· bile acids or salts, 
are kri.9wn to i>e in)iibltory·· f~r so~~ "ba~teria,···~t the bile . 

. . . . . ·~ 

acids may play artother rol~ by affecting virulence expression 
by the bacterium. 

15 Pope and Payne (93rd Am. Soc. Mlcroblol., B-147, 1993) 
reported th~t Shigella flexneri cultured in broth ·containing 

sodium chenodeoxycholate demons~rated 3 to 5-fold enhanced 
infectivity of HeLa cell monolayers. They reported, howeve~, 
that other bile salts and detergents including cholate, 

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, t~perature and ionic composition of the 
growth medium (Mekalanos, J. Bacteriol., 174:1-7, 1992). 

PCT application publication number WO 93/2.2423, published 
November 11, 1993, discloses methods.for growing bacteria on 

30 lipids, such as phosphatidylserine, or mucus and for the 
isolation of proteins whose 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 antigepic properties. 
Vaccines against many enteric pathogens, such as 

campylobacter and Shigella, are not yet available but the 
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epidemi.~logy 6f these;. ·diS·~~~e:·agenb£ Iii~~ su~· vaG9ines ~n· 
i~qi;-t:a_nt go~~ .... -·~hi9:el:l;osbr~t;" eb,aem~~ throtigliQtt~ "the _wp~ld 
·and in· d.evelop·i.ng d<>unti:-i~ .. :J.t :acc~~ts: for..:ah.<itit .. ~o perc~1ft."· 

.. ... • .. 4 • • • .. • • • .. .. • .. • ,,. • • • z • 

of· the s . llti:J:lion cp.ildhood dMtliS annup.lly.:due tc>- diarrhea-. 
s ccimpylri.J?~cter, ·.a~ th:~ugh. oniy ~E;~tl;. i~~l;.if"ied. ~ .an <!~teric. 

. ·Wlth~g~ is. uow re6ogti1zed.a~ .~e··~i· the iuaj~r· ·causes of· · 
· · dl~rheai ·dis~ase_ ·1~ both· ~e ··4e~~i~pe~·. an~ ~d~dev~loped · . 
countrie~ .- : An· esti211at~d 400 tb soo · ~iliio~ ca.mpyl·obaater. 

diarrheas .occtlr yearly, and over 2"miillon ~ses"oocur i~ the 
10 United states.. · · . . · · . · . · · ... 

. ·.· . Shigellosls . is. a consequence. of bacterial fu.vasion -of. the 

colonic mucos~~ .T°he~invaslon i~ ~ssociate~ ·with the pres~~ce 
of a· plasmid found in·~11 iri~asive isoYates (s~nsone.tti et 

al.,° Infect. I~un., "35:852-860, 1~82). A .fragment 
0

0f tJiis 

15 plasmid contains the invasion plasmid antigen (~pa)- genes, Ipa 
.A, -B, -c, and -o. ipa B, -c, and -D proteins are essential 
for the entry process (Baudry et al., J. Gen. Microbial.., 
133:3403-3413, 1987). . 

rpa proteins· are logical vacc,i.ne candidates.·although 
20 their protective efficacy has not been clearly established. 

Ipa Band !pa care inununodominant proteins (Hale, et al., . . . 
Infect. Immun., 50:620-629, 19~5). Furthermore, the 62 kDa 

Ipa B protein (the invasin that initiates cell entry and 
functions ·in the lysis of the mem.brane-bound phagocytic 

25 vacuole) (High, et al., EMBO J., 11:1991-1999, 1992) is highly 
conserved among Shigella species. The prolonged illness 
observed in malnourished children who have no s~gnificant 
mucosa! antibody to shigella Ipa suggests that the presence of· 
mucosal antibody to Ipa may limit the s~read and severity of 

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

been tested in animals and humans, a successful one has not 
been found. In spite of the potential significance of Ipa 

"proteins in virulence, most vaccine candidates developed 
35 against shigellosis are based on the·lipopolysaccharide 

antigen, which carries the serotype-specific determinants. A 

parenterally administered polysaccharide-protein conjugate 
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v~ccine has also· been develop~d; but is ·ye.t to sho~ 
significant proteotio~ in.ani~~s (Robb~ et'-~i.",.R~v. Inf •. 
~' 13,:SJ62-..:.36s, 199.i) •· A similai;ly· a4mtil1stered ribo~omal 
:.Y.acciri~·· d~es i~du~e ~uco~a1 immunity·;· but ."f'ts ·pr~te9ti.ve . · .. 

s. efficacy ~emai~ t"o ·be .demonstrated -(Leverl$cm et:· al.; .Arch.· .. 
· .A·11ernt ·At;>Pl~ r~iinoi.., ·a7:2s~3·1,·. i98.ai.. · .". ·: .·. · 

· Th~ :t>afhQg-~ne$!s of." campylobacl;:~· irif~ctions· is not as 

weil· un~~rstC?od as .. that ~f _Sbigelia l~fe~ti~hs.. celi ·invasion 
studies iri ·vi~.o (Ko~el, ~t al., J .. Infect. Ois., i6s :·94s-. . . •. 

10 954, 1993) and .hj.stopa:thologic .eXa1u1~ations· (Russell,· et ·al.; . . . . . . . . .. . . 
. J. Infect. Dis. I 168.:210-215, 199.3) suqg~s~ that colonic 

invasion is ·al~o-important~ ·This cpncl~si~~ is ~o~$l~tent 
with the obserVa:tion that·. diarrhea caused by camp}'lobacter may 
be ~evere and associated with blood in~the.stool~ "rbese 

15 activities may be associated with the immun~qomihant 62 k.Oa 

f1agelliri protei~. A recent r~port indic~tes that the 
pr~sence of flagella is essential for Campylobacter to cross 

polarized epithelial ceil monolayers (Grant et al., Infect. 

IntmUn. t 61·: 1764-1"~71, 1993) • 
-20 No specific Campylobacter antigens have been established 

as protective. However, the low molecular weight (28-Jl kOa). 

proteins, or PEB proteins, ~nd the immunodominant flagellar 
protein are thought 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 
~mportance of the flagellar protein is indicated by· its 
association with colonization of the intestine and with the 
cross-strain protection against infection within Lior 
subgroups (Pavlovskis et al., Infect. Imrnun., 59:2259-2264, 

30 1992). However, a flagella protein based campylobacter 
vaccine may have to include the flagella protein-antigen from 
the 8-10 most clinically relevant Liar serogroups. 

Therefore, objects of the present invention include 1) in . : 

vitro culture conditions ·tor culturing 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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eell~lar char_ac;:teristic:s :. inc_luding. ,s_urfac~r charaqteri~"ti~s 
• • ' : • • • .. • .. .... : ~- • .. • ... ••• • .. •:: •• ••• •• 'lo ~. ;.,.· •• , •• :..t· . • • • • • .. • 

with Changes in at}.tigenip- prQfiles;. _3):··incr~ed virU.l~n~e of .. 
th~se ·~rq~nisms . iri smair a:niifi.a1. mOde].~; . an~. 4)' ~ii"t.isera _: . 

. · agatiist ~~nis~--with·:~nhart~ed~·1iw~si~~~ss "or .aiw~ci-. · . 
. s ~a:cterlsties· includin~ .~u~f~ce :C$aract~~isti6s -~~t.-~e·· 

"more· eff~tive .in. neu~~lizinq .iiv~ .organis~ uSe,d·. for in: . 
vitro .or ·hi ~ivo ch~il~~9es ~an: ~nti~~a_·i;_~epar~d .agairist . 
co~~entionally ·grown ~cteri8:~ .. This inventi~n··add°~~s~es_- ~e~e 
needs and others: 

. ·10 _· N~ne · o~ .~e refer~nce~ diS~us,s_ed above ~each: or suqqest 
the .in "vitro methods of.the present "invention· rior"tne vaccines 
of th~. present invention . c~~prlslng .ant.igenically. ~nban~~d· : 

· ent~~ic bacteria. citati~n or identifi~ticm· of a~y ·refer~nce 
in this section or any other _section of·this application shall 

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

3 SUMMARY OF ~HE INVENTION 

This invention provides defined culture conditions a~d 
20 components incorporated i~to growth media of enteric bacteria 

to in~uce or enhance the presence of virulence· factors and 
other antigens. Preferably·, such antigens are iltUUunogenic. 
More preferably,· such immunogenic antigens correlate with 
indices of virulence. 

25 E'µteric bacteria are grown in the presence of conditions 
and components simulating certain in vivo conditions to which 
the organisms are exposed in nature. Methods of the present 
invention produce antigenically enhanced enteric bacteria with 
phenotypic changes such as_increased total protein per cell, 

30 new or increased indi~idual 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. 
said antigenically enhanced enteric bacteria can be used 

to produce protective vaccines, such as inactivated whole cell 

c 



.. 7 

or s;,.Qunit· v~ccines; or for. d:i:.agn9~.:ti<:: _p,~s~s ~cl{ as .'for. 
i. •. . ... 1-.. ••• •• • • .. .• : • ;• \ •• ., •• ~.. • .. °"':" . • . • • .. . • .. • 

. the pJfod~ctiQn of antibodies. and detect~oµ ··oi_: pathogenic . 
. . entei-ic b~ctei;.ia oi; to p~6du~· .antibi~~i~s. Fu~tiier; .· t~e 
· aµtibodie~. induced· by .tlie ·.e~~bed ~ter:lc b~ote~i~· of "t:he · . ... .. . ... . . .. 

s pres.ent invention ·may ·b~ used ·.~t. pa~s~ve v=aqcines .• · · 
.. · Tlier~fO'.re,: an. o.bject ~f .. ~~ p~~s~t ln~entio~ "_i.s a. meth~d· 

· f.o.r prri~uc:frig .enteri.c ~c.teria_.i;_elect~d :frotu. th~· g-rpµp. 
·consis~inq ·ai ·campylobacter -sp~, Yersinia:_;;p .. ·, 'llelicobacter 
sp.·, ca.Pm;spirillum ·sp., Ba~t~oldes. sp., .gJ.cl,~ieli~.{;p;> 

.10_. Entet:obacter. sp.~ .sai~c?n~li~ tip~,. sh~gella sp.; ·=Aero~ozi4s. s#.,. 
VJ.brio sp., Clostridium sp.",. .Enterococcus · sp.. and Escherichia 
coli, ·h~ving· ~nhaneed anti9~nic pr.ope~ies. compris.ing: .gr<?wing 
~nteric 

0

ba¢tE7ria in vi~o with a eomb~natio.n of cc?nditions 
includi~g: a)·o.ost to 3% bile or o.025% to o.6~ of one or 

15 •or~ bile acids or salts thereof, at a temperature between 
30°C and 42°C, until a growth phase at ·about early log phase, 
between ear~y log and stationary phases, or at about 
stationary phase, in air or microaerophillic conditions, such 
as St to 20% COi with 80% to" 95% air I 5% to. 20% ··col with 80% to. 

20 95% N2; or 5% to 10% 02, 10% to 20% C02 , with 70% to 85% N2 ; and 
opt~onally in the presence of a divalent cation chelator, such 
as, but not limited to o to 1-00 µM, preferably 25 µM, of 
·BAPTA/AM, 0 to 10 mM o~ 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 µ.M, of 
BAPTA/AM, 0.5.to 10 tnM 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 0.6%, 

30 preferably o.ost to o.5%, more preferably o.ost to 0.2%, most 
pr~ferred is o.ost or 0.1%. Preferred are methods wherein 
said bile acid or salt thereof comprises deoxycholate or 
glycocholate. 

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

Yersinia sp., Helicobacter sp., Gastrospirillum sp., 
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella 
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sp.,. Shigella ~P·~····A~folllQ~~- sp'., .. Vibrio. sp-.~ Clostridium sp., 
• ! .... ~ ... ~:.~ """"'""' ~- t;' . • . • . 

Bilteroc:,occus sp. ~d. Eschuic~i~ co+1 1 . wherein said ··enteri.c 
bacteria. a~e'.9tikn. in''lfitri> uhder. .a: ~ombinati~·n ~f .~o~ditions 

· ·to· promo~·. enh~nc~ antig~ic .. prope~ties, -~~S.d ·copditioris. . . 
·.: s comprlsing; a) o.ost to. :n, bile ~r·. ~i.D25t ·~~· o~,6t:. of :one or· 

m~i~ bile acids· 'or :s.altS' th~re~f ( ·at ~ t~p~atur~ J;~t~e~~ · . 
· 30~c· and .42°c.,. until a ·qr~ pha~~··at. ab9~t. e~rly ·1~ p~~se, 

between .early .log and .. st~tionary j>ha~es,· ~r ·a.t· .abo~t . · .· ·. 
stationary.pha~e; in air' or. ~nder mi~roaer~phillio·.conditions, 

.10 such· as St to 20% ~z"Wit~. 80~ ·to .95t air~ ·st' to ·2ot COz wfth 
BOt .to . 95t ~2, or.· St to 1Q.t. Qi .with · .10~ .to. ~~~ COu Wi:th 7~t to 
sst ~zi and optionally ~ di.vale~t cati<?n. che~atQr' ., Eiuch as, . 
but not limited to.o to·100 µM~ pr~fera~ly 25 µM, of BAPTA/AM, 
0 to 10 mM of EGTA, and·o to 100 µM of EGTA/AM., orb) as in a) 

15 except in the presence of.a divalent catiori chelator, such as 
1.0 to 100 µM, preferably 25 µM, of BAPTA/AM, o.s to 10 mM of 
EGTA, 1.0 to 100 µM of EGTA/AM, and without any bile, bile 
acids or bile 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., 
Hel1cobacter sp., Gastrospirillum sp., Bacteroides sp., 
Klebsiella sp., Enterobacter sp., salmonella. sp •. , Sh1gella 
sp., Aeromonas sp., Vibrio sp., Clostridium sp., Enterococcus 

25 sp. and Escherichia coli, ·or an immunogenic fragment or 
derivative thereof, having enhanced antigenic properties; and 
optionally a pharmaceutical~y acceptable carrier or diluent. 

Preferred is the vaccine comprising whole, inactivated 
antigenically 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 antisera, purified 
IgG or IgA antibodies, Fab fragment, etc.) which are capable 
of specifically binding to at least one antigenic determinant 

35 of an enteric bacteria 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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bj,.<:!lo.qical "sailple ·. the:r~from. The.· ·poiyclot;lal. and. monoclonal . . . . . . . . : . . . . 

5 

aneiboai~ .Of .the. pre~ent inv~nti9~"¥.e a~:»O. US~~~i a$·-.p~ssive 
vaccS.nes "for ~;.;e ~ p~~te~ti~g ~gai~~ ~nterlg: ~cteria .. 
i¥~9tioiis a~d ~is~~es·~: . ·. . .. · ->, ~ · . ~- . ". · 

.· .A furth-er. objec~·· of. the invent:'ion::.is an in vitro m~tllod 

for assating 'pote~tia.i .. ant~microbi~i. ag~~ts compri$"j.n~. the.' 
steps··~f c.9ntact:ing: ~ri~i~. bact~ia· ha~i~g· et$at\oeci a:ntlgeiiic 
properties selected fr~m-the. ~oµp ~o~!~ttng.:·.of;_ · . . 

. Campylobacter sp., Yer$inia "Sp., 
0

HeliC,obacter -sp· • .., .. 

10 G~tros~.1.rll~um sp.,··ia~terbide_s sp._, .. Klebsiella sp., . 
pnterobactei;. sp., Salmonella sp .• ; Shitjella. sp.·, Ae~mqlia.s sp., 

V1b~io sp~·, C!os~'x-idi~ilI sp".,· Entei:ococcus sp •. "411d E~~heri"chi:a 
coli, with said potential agents· ·and ·assaying tt:ie 

bacteriocidal or bacteriostat1c effects.· 

15 Still ·a ~urther object of the invention is an· in vitro 
method for detecting."a host•s p_roduction of antibodies or for 

the detection of enterio bacteria. in an animal or· biological 
sample therefrom, comprising the steps of contacting a 

biological sample from a host with enteric bacteria of.the 
20 present inventio~ having enhanced antigenic properties 

selected from the group consisting of: Campylobacter sp., 

Yersinia sp., Helicobacter sp., Gastrospirillum sp., 

Bacteroides sp., Klebsiella sp., Enterobacter sp., ~al~onella 

sp., Shigella sp., Aeromonas sp., Vibrio sp., Clostridium sp., 

25 Enterococcus sp. and Escherichia (;;oli, 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 group consisting of: 
ca.mpylobacter sp., Yersinia sp., Helicobacter sp., 

Gastrospirillum sp., Bacteroides sp., Klebsiella sp., 

35 Enterobacter.sp., Salmonella sp., shigella sp., Aeromonas sp., 

Vibrio sp., Clostridium sp., Enterococcus sp. and Escherichia 
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coli_, or :antibOdies thereto and ~i(_oth~ ·essential kit 
comp9neiits •. · · · . · . 
. . .·. ·. ~eferl:-e4 ~n~~ic ba~terfa: .th~t. ~·e. V~ri~ aspects Of 

.. tli~. J>"t"~se~t .. invention. reia~e. ~~ are .. .CQpyldb~ic#;;~r :ieJun1._, 
s c~pylobacter. (:oll, rerifi.nia. enter0c~1J. tica, : ... :fersinia pestis, 
Yen;i.nia·pseu.do~l~si.s;" E$.cb~it:1JJ..a .coli., 'Sbj..gella · . 

. fleJine~d.; ·Shig~lla scmn~i, .SIJ!-ge~i~ .. (f~~~~te;l~e, ·shJ.g~lla 
boy~ii; Ileli"cobacter-· pylori; ire11,coba.at"Sr· ·feli.~, .· 
Gastr~spir~llum· hominus, vJ.bri.o .c;ilJ.oJ.~ae, vibrio 

10 para.haeiaolyti.cU.s,·· Vibrio w).nificas, Bacterold~ fragilis, . 
. clos~idium d~tficiie, ~a~monella typhi~~lum., Sal.mohella 
typhi,. ~almo~ella.ga.llinaru~, Salmonel)a pullQram~ salmonella 
choleraesuis, Sal~onella ent~ritidis, Klebsiella·pneumoniae, 
E~terobacter cloacae, and EnteJ;ococcus faecalis·. Preferred 

15 Escherichia coli inciude.but are not limited to entero-toxic, 
entero-hem~rrhagic, entero-invasive, entero-pathogenic or 
otner strains. 

The present invention 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 ~ut grown using conventional· 
culturing conditions. In pt least one instance, the immune 

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

4 BRIEF DESCRIPTION OF THE DRAWINGS 

30 Figures lA, iB and lC graphically depict the results of 
high-performance liquid chromato~raphy of monosaccharides from 
surface extract hydrolysates of c. jejun1 81-176. Figure lA: 
standards: Fucose "Fuctc, N-acetyl-galactosamine '(GalNac", N­
acetyl-glucosamine "GlcNacn, galactose "Gal'*, glucose HGlc 11 , 

35 Mannose.nMan11 • Figltre lB: surface extract of conventionally 
grown bacteria HBHI". Figure lC: surface extracts of bacteria 
grown according to methods of the present invention uooc0 • 

~ . 
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Fi~e 2 pictorially depiqts~the.results ~f .so4i~ 
dodecfl ~ulfate-p~iyaccyi~id~·. g~+,: eleetrophQt:~is .· (S~S-PAGE) 
:sho~in9'. a.~~o~a~i-son."1Jf. proteiiis:~f .~o~e ~¢1i (~~l.uinns 1, ~ 
.and. l) or sut~~pe· ~xtracts ·(c~l- 5:.and·. ·6)· Of C. jej'uni 81.:..176· 

5 conventionally. :qr9wn -~~ •• 
0

br . ~c)w~ iiCCQrding· to m4?thods ~f . . . . . ,. .. · . ... . .. .. . .. . ·:·. :· .. . .. .. . . . .... · 
the· present $.nverition ·co.st oxqall .bile a:cid~ ~OX" .or o •. 1t 
deoxycho!~t.e · .. ooc~)·.~ ·: ·. · · · .. · · · · · · · · .. · · 

Fi9uf.e-~ piqtori~lly depfcts·~e r~suits of western blot 
an~lysis showing.a COJl:lParison of pro~lns bound by· ferret I~A~ 

10 containj.Jiq mucus produced "hi inferitio~-with·~hole cell c~. 
· jej~i s1-176·. · whoie c~i1.·:c:- JeJµ11.i. Sl_-176 conventionally 

qrown, tt1"; or'whole
0

cell°C. jejun1"81-176·qrawn according to . . . . 
methods" of the present invention:. o. st oxgall bile acids·, "2", 
or O.lt deoxy~olate, tt~tt; or surfac~.extra~~ of C. jejuni 

15 81~176· conventionally qrown, "4"; or surface extracts of c. 
jejuni 81-176 qrown. according to methods af the present 
invention, 0.1% deoxycholate, usu. 

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

2 o specific monoclonal antibody 72c from whole cell c. jejuni 81-

176 which were grown according to methods of the present 
invention, u3cc; conventiona~ly grown, "2"; or grown in a 
fermentor according to methods ·of the present invention, 41 1 ~·. 

Figures pictorially depicts.the results of SOS-PAGE 
25 showing a comparison of lipopolysaccharides (LPS) of whole 

cells. flexneri 2457T conventionally grown; column "1", or 
cjrown according to methods of the present invention, 0.1% 

deoxychoiate, column ff2". 

Figure 6 g~aphically depicts the enhancement of itnmuno-
30 cross reactivity of c. jejuni grown according to methods of 

the present inven~ion. c. jejuni 81-176 cells grown 
conventionally or according to methods of the invention as 
exemplified in Example 5 (DOC) were used to induce ~ntibodies. 
The agglutination activity of the two types of antibodies 

35 (i.e., ·anti-c. jejuni 81-170 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, 7B and 7C qraphic~lly depict t,he efficacy of 

~ .~a~ine comt>rising; i~acti~~te~ 9·· :J~juili 81;-1:76. whol_e ·~~lls 
in protecting. miee aqainst a nasalJy ·~e1iv~~d· :challenge· o~ 

: . . . . . : . . . . ·. 
live c. jejunJ's1-116"cells.· M~ce.were:vacc~na~d wi~ 

s · pl\ospliati:i ·buffered · ~aline ·(PBS i. ~ol.id .. ].'ine"}; -PBS plus LT 

adjuvant (Adjti~ant; dasb line), f~nia:i1~..1~qad~ivated c. jejuili 

s1~116 whole ~1~s ~it were ~o.wn and·h~estea according. to 
£l:Caiupie s without a~juvant (ewe; op~n··.~ircl,.e/solid line) or· 

with LT adjuvant (ewe + Adjuvant;. soli~ cirQle/solld line) •. 
10 Th~ vaccine efficacies. ~as eXaJ!lin~.usi~q the ~ntestinai 

~loniza:tion a~sa;. Fiqur~ . 7A. (top. pa~~11 ... sho~s the ·resu.its 
of th~ protection afforded by the vacci~ations using ~hree 
oral doses of 105 inactivated bacterial parti~l~~ -per·.dose. 

. . 

Figure 7B (middle panel) shows the results of the protection 

15 afforded by ~e vaccinatio~s using thre~ oral doses of io' 
inactivated-bacterial particles per dose. Figure 7C (bottom 

panel) shows the results of the protection afforded by the 

vaccinations using three oral doses of 109 inactivated 

bacteria·! particles per dose. See Example 34 in Section 11 
20 for details. 

Figures SA, SB and sc qraphically depict the efficacy of 

vaccine. comprising inactivated c. jejuni 81-.176 whole cells in 

protectin9 mice against an orally delivered challenge Of live 

c. jejuni.81-176 cells. Mice were vaccinated as described in 
25 the brief description of Figures 7A, 7B and 7C. The vaccine 

efficacy.was examined using the intestinal· colonization as$ay. 

30 

35 

. . 
Figure SA (top panel) shows the results. of the protection 

afforded by the vaccinations using three oral doses of 105 

inactivated bacterial particles pei:: dose·. Fiqure SB (middle 

panel) shows the results of the protection afforded by the 

vaccinations using three oral doses of io7 inactivated 

bacterial particles per dose. Figur~ sc (bottom panel) shows 

the results of the protection afforded by the vaccitiations 

using three oral doses of 109 inactivated bacterial particles 

per dose. See Example 34 in Section g·for experimental 

details. 
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. .· Figure 9 ·qrcipliica,°lly ~epicts: ~h~ · ·~"f.'f~~t of the qrowth . 

phast!-_.of th~·shigel.t~ flexn~.t ··¢u.i.t:~ri:9n the invasiven~ss of· . . . . . .. ·.·· " . . . · ....... · . . .... : . . . . .. 
the SbigeJ,.la flexn~i 24·57T cells •. ·$1#g'e1,.~l!.· flexneri 2457'1' 

· c~ll~ ~were ~o~~--~oil~~~tio~a"l:ly·:·(aR:t)·; ·pr ,accordinq."to. t:he · 

s 111eth.$ of.: tlie prtisent invention: ·as· e~~mplitled by E~ampl~·. 9 . 

(oOc-ELj ··--that is h~~vestinc] ~e·.eells tiih~~- th.e cul~u~~: is. in 
·eariy log··phase -·or acco~d.j,~g -~P .. Exampl~ g .but allo~inq~·the . 

cul~ure t~ re~cb late i~q :pha~e· l>~f~re, .~i::v~sting the. cells 
(DOC-LL)·. The. invasiveness." 9f:.·these differep.t ·prepara~iO'ns of 

10 cells are sho~ri. . ·s~e · .. E~~~ple 3:5 .in Section. i2 · for details. 

Figure 10 9raphlca11r ~epiCts t;he E!nhancement of 
'inva,slveness of Shig~lla c~ll~ wh~ th~y ar·e cultured .using .. . . . . . 
the methods of the present ·invention. s. sonne1 and s. 
dysenteriae 3818 were cultured.conventionally (BHI) or 

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

Figure 11 qraphically depicts the enhancement of immuno-
2 o cross reactivity of Shigella grown according to methods of the 

present invention. s. flexneri 2457T grown according to 
methods of the present invention as exemplified in Example 9 

was used to induce antibodies. ~he agglutination 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 Helicobacter pylori NBJ-2 
cells. H. pylori NBJ-2 cells. were grown in culture medium 
containing 0%, 0.025%, o.05% or 0.1% bile and harvested at a, 
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. 
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. . Figure. ~3 q;-aphica_lly dep~cts the effec.t: of bile.·· 

"cion~nttf).~ion and" the qro~ti :pha~e .. of ~~· il~i1cob~ct~ pylori; 
. c~~re· on'. ~e adhes:ivene~s·_.of ·p~IJ.i::obac~1;" .. pylori c1.::4 ·.qe).ls .. 

. H •. pylori ·c1-4· ·cel1-s -wer~· cjio~n i.n· culture ·111edi.W11 c;~ntainin9' 
5 Ot,. O . .'lt·o~. o!2i bile.·~~4 haxY~St~d ~t·6~·:a,".10, -i~·i 14··~~d-.16 
.. h ~tter in~c;:u~at"i"an. . ·-.ifh~ inVa..siveness ~f: :~ese. · d°S.:tf~.r~n:t · · 

10 

preparation$ ·of": H.• pylari"- Gl-4 · 'c.elis aqai~st I~4Q7. c~lls are · 
shown~··: se;e Exampl~ _3~ .in s~t:tio~ ·1~ fo~:~eeails. · 

.· 

s PETAr~ED .DESCRIPTION o~ ~HE IN}'ENTION 

~he ll!eth~s of the prese~t:iny~n~ion telat~ to qrowin~ 
enteric bacteria·i~ ·vitro· in the_.presence of a com.bina~ion.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 tlre claims the term "enteric'' 

refers to bacteria normally.found· in or associa~ed ~ith any . . 

part of an animal's gastroint~stinal tract.arid .any bacteria 

20 that causes an infection in any part of an animal's 

qastrointestinal tract. such enteric bacteria include both 

qram positive and qram negative bacteria. 

The terms 41 components 11 and tcconditions" 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 the~eof or their 

biological precursors ~uch 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_lim.ited to, macromolecules 

contributing to cellular morpholoqy or cell motility; 

35 proteins; more particularly surface proteins, 

lipopolysaccharides and carbohydrates. Preferably said 

antigens are immunogenic. 



. . . : . . . . ~~- . ' . ; . . . · .. 
. The term cc immun99enic"" as· used herei~ atid. in· the clai.mS· 

refer~ to."the 8.bilitt to fnduoe
0

anttb~dy prqductio~ in -~I\ 
anlm~l af~~i: -~ici·.a~im~l. l~ ~pose~--~o:a ·~omp?sit{on . ·. 
-collipri.s.ing:-wh~le· bacteria produ~d·"by :tiie ·presept invention or . . . . ... . . . .. 

5 a fragmenu of Gaid-whble· bacterium. . 
. . ~e te~ «antlg~ica:liy -~ariced~~- or 44enh~~~d a~tigenic. 
pr~pe~ies« o~ ·•e~ah~ ~ ti~·: µs~d h~ei~· -and· in· ~e ·-pliim.s . 
~~fers". to" th~ antigenlq "stat_e of enteric· -bact~ria qr~~ . 
-~ooo.rding t~ th~ iieth~ ·of·tlte pr~sent.inve.nt~~rt. such . . ·. . . ,. . .. . 

10 bacteria have higher levels of certain ·immunogeni.c··antiqens 
.. B:nd/o-p ~e~ ·i~unogenic antig~s as ~m.pared ·to the same . 

. . 
bacteria grown using conventiona1 methods. 

The term "con~entiona1" .as used her~in ana in tJ;i~ claims 
relates ~o .. what is lqtown in the prior art. 

15 .'l'he term "microaerophlllic conditions" as used herein and . . 
in the claims refers to anaerobic conditions or elevated co2 

levels, such as 5% to 20% C02 with ~0% to 95% air; 5% to 20% 

C02 with sot to 95% N2 ; or 5% to 10% 0 2 with 10% to 20% co2 wi~h 

70\: to 85% N2 • 

20 The term 0 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 ho~t and/or cause a pathological condition. 

The term uimmuno-ci;-oss protectivett as used herein and ih 
25 the ~lailll.S refers to the a~ility of the immune response 

induced by one bacterial stra·in or serotype, whole c~ll or 
otherwise, to prevent or attenuate infection of the same host 
by a different bacterial strain, serotype, or spe~ies of the 
same qenus. 

30 The term "immune-cross reactive" as used herein and in 
the clailll.S refers to the ability of tjl.e 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 im.muno­
cross protection and vice versa. 
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Tµe: term "ho·st" a~ .. ~ed herel~ a~d-. in the ~l~~mS. ··refers 

to"either in vivo"in· a~·~n.imal or in vJ.tro·in·aninia1·c~ll 
eultures. ···The ·te?:'ltl "~nimai.tc as: ~s~. hereift 'anq. in ::the claims· 

· iiiclud~. ~ut. i~ ·._n~t ·~1~1 ~~Q ~·a~-~ warm-blo~ea ~e~·tures such 
5 as lllaliqna~s ~nd,. )?ir.ds ('~.-q., chick~p,. t:~key; .duCk et:c. )" 

·. .According. tci-· the inventi~n~· ·in a v~cclne com~r'.is.£hg 
_..antlq~lc~lly._eiilianeeci·.-~~ric. ba:~~l,"ia.·Qr ·ah:. fminunog~hlc · 
. .:· . . '·· - .. . . . 
·fralJ]nent or deriva:tive thereof, the"enteric· bacteri~. ma.Y be 
eithei live bacteria ~r niay be ina:d:iva.ted. an<i may i~er . . . . . . . " 

10 comprise an· a~ju'V~nt, ~uch as, but. not iim!ted ~o, ~lUDi, oil-
w~ter em~lsi~n~- J;iea~ labile toxin from e~t"ero.toxigep.ic .E. c?li 
(LT). riontoxigenic fOrJ!lS thei;-eof. (~g .. mLT) and/or .. in~vidual 
subunits·thereof, Bacille Calmet~e-Guerlp (BcG), or Friiend's 
adjuvant and may also further comprise a suitable . . .. . 

15 pharmaceutical carri,er, including but not limited to saline,. 
. . 

dextrose ·or other aqueous solution.. Other suitable 
pharmaceutical carriers are described in Re~inqton·ts 
Pharmaceutical Sciences, Mack Publishing Company, a standard 
reference text in·this field. As used herein and in the 

20 claims, the term "vaccine" alsoencompass~s "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 claim, 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 diseas.e. 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 ~ixation1 or 
physically inactivated such as by heat; sonication or 
irradiatidn, so that they are rendered incapable of . 
replication·and/or infection and/or causing disease. 

35 An effective amount of the vaccine should be 
administered, in which 1teffective amount" is defined as an 
amount of enteric bacteria or an immunogenic fragment or 
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deriw"t:iv~ thereof .. th~t· i~ .·Qap~1e' Qf pro4ucinq -~~ ·immune. 
• t • • • • • •• • 

·.response iD .. a subject:. The ·amoµnt, · need~d 'liil.1. yti.cy. dependiµg 
upon· the .antlqenicity· of the .·bapt~~ia, .fragment; ·or :d~rivative 
used,· ~rid ~~:-~peci~s>a~d w~iqh{ of·.the --~ubj~~t t6 be ;_. : 

s. ~cci~ted, . J>Qt ~ay be." ~sc~~tain~d:-~.i~g "S~d~ ~t-~chn~~es • 
. J:.~ preferi;ea~· . iiQn.:.limitinq emoOd~~nts ~of t,he. ~in~en~ion:, ·a:n. 

eff(!ct.ive amount c;>f ·vaccine produces.:~- e:1eyation ~f anti.:. 
. . . . ./' . . 

-bac~eri~l an~ibody titer t~ _at i~ast two·t~mes ·the anti~ody 
titer .prior tC> \f~ccin~tion-. ·. In. a ·preferred~ specific, . 

10 n~n~lilnltinq· embodi~~nt of the invention, app~oximately 107 to 

1oil .bactE7ria a~d pref ~ably io8 t~ . 1010 bacte~ia are . . . .· 

· administered to a host~ P~ef~rred are vaccines. comprisinq . . 

inactivated whole ba~teria. 
··The term cteffective·amount" as applied.to passive 

15 vaccines is an amount of antibody that is capable of 
preventing or attenuating a bacterial disease or infec~ion. 
The Blllount needed will vary depending upon the type of 
antibody-and the antibody titer, and th~ species and weight of 
the subject to be vaccinated, but may be ascertained using 

20 standard techniques. 

Vaccines of the present invention m~y be administered 
locally and/or.systemically by any method know~ in the art, 
including, but not limited to, intravenous, subcutaneous, 
intramuscular, intravaginal, intraperitone~l, intranasal, oral 

25 or other mu~osal 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 ~r 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, D. Lane, Cold Spring Harbor 
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La)?dr~~ey .i>r~~s;. 1~89). I.n_ qetieral·, ari an~~al (a wide range 
of"·vertebrate"·sp~cie~ can be used,· "the most ·common being mice, 

. ""ra:~s; :~iriea. pig, ::Ji~inste~s abd ·r~bblts) is ~uniz~-with· a 
· . -~h~;l.e · ceii oi:.· ~unogeµic. f~.acjtiletit ·or· deriva~_ive ~f a~·. 
$ · atiti~~ically enha.nc~d ent:~r.·~~ '.bacteria·: of -th~- pr.es~ri~ : 

-~ in~~ntio~ in-·~e"_abs~ce. ~~ .presehce·. of a.ri" a~jJ!Vant oi;- ·.'any 
.· ag~~ ·that. w~uld -~~ance: 

0

th~ .hmunog'~n-•s .effeci;!v~ess and 
b~os~· at ~eqular i~terv~l~;. nte animal ~eruni is assayed: ·for 
the .'p_r~sen~~ of -~e~i~ed ant;i~Qdy by any. co~v~ien~ metti~d·. . 

10"The s~rum-or blood of sai,d animal ca~·be used:as.the· source·of 
. . 

polyclonal anti~odies. 

For tnonoqlonai.antibodies, ·animals are-treated as 

described above •. When an acceptable a_ntlb~dy titre 'is 

detected, the animal is euthanized arid the spleen is 

15 aseptically removed for fusion. The spleen cells are mixed 

with a specifically selected iJlllUortal ~yeloma cell line, ~nd 

the mixture is then eXposed to a~ agent, typically 

polyethylene qlycol 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: 

hl'l'oxanthine, 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 imm.uniz~d donor and the 
myeloma cel+s. After fusion, the cells are diluted and 

cultured 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 th~ 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 a~t anCi:inctude# but are· .. not' l:imi~~Q. ·t~ 
· ra,dlqj·~um~~~-~'ay~·: (RIA)°, ~nzrme7;tinke4 lminun~~or~t ass~ys· 

. : · <~isA) , ·. fl.J1o~es~n~ ·immu~~~s~ay$, ~d fiuorescen~ · . . . · 
· polarization ·iWitunoassays · (FP.IA)". < 

. . . • . • • • . • 1 • . :.. . . . . . . 

5 · _Atjotner: _embod1men~ include~ diagnostic kits co~r.ising 
ail·o~·tlie.es~~tial·reag~~ts-r~ired t~ pe~form ~:desired 
fmin.ttnoa~.say· a~rdin~ td . the pr~sent inyent~on •.. The 
Ctiaq~os~~ ;·kit ~~y be pr~sented. in ~- commercially ·p,ackaged .. . . .. .. . . . . . 

-~<!rlll as ·a Combi~atioµ Of one . or mqre contiiners:. holditig the 
10 nec~ssacy reagents. sU:cli a kit .¢omprlses' ·~n ~riteri.d ~cteria 

of tJ:ie .Pr~sent )~vention, and/or .-a. ·~onoclona~ .or poly~lonal . 
antibody of ~e. .pr~sent .i~vention in combinati~n· .. with. several 
convent~o~l·kit components. Convention~l kit compon~nts will 
be readily apparent to those skilled in the a,rt and are 

15 disclos~d in numerous' publications, including Antibodies A 
Laboratory Manual ~E. Harlow, o. Lane, Cold Spring.Harbor 
Laboratory Press, 1989). Conventional kit components may 
~nclude such items as, for example, microtiter plates, buffers 
to maintain the~H 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-IgG 
to the animal ·from which the first antibody was derived) and 
the like, ·and o·ther standard reagents. 

Methods of the present invention in9lude growing enteric 
25 bacteria in a suitable basal essential culture medium, such as 

but not limited to com.mercially available brain heart infusion 
broth "BHI", Luria broth "LBH, sheep blood aqar "SBA", 
Brucella broth, Meuller-Hinton broth, protease peptone beef 
extract broth, etc., with various ·conditions and· components 

30 including but not limited to 0.05% to 3.% bile or 0.025% to 
0~6% of one or more bile acids or salts thereof or biological 
precursors thereo~ such as cholesterol, at a temperature 
be~ween 30°C and 42°C, until a growth phase at abou~ early log 
phase, between early log and stationary phases, or at about 

35 stationary phase, in air or under microaerophillic conditions, 
such as 5% to 20% C02 with 80% to 95% air; 5% to 20% C02 with 
80% to 95% N2; or 5% to 10% 02 with 10% to 20% C02 with 70% to 
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85t· NJi _and ·op.t1o~ally in: the presence .. o~ ·a divalent cation . 
chel~tor·~ ·_.su~h as~ ~t· n~t. limit~ tc;_·p .. to 100 pM, pr~ferably 
2s ·µ~,--~f ·amA/1'.it. c2• cetiiy1enedioxYfa1a.niu.~e ·n·,n,·n• ~n··~: 

~ · tetraacet~.c .·acid/acetoxpi~thyl. es:te.r;.·MqlePui~· i>.robes,: . . 
s Eiiqene, oR) ·, o.· to lo ~ at EG';l'A · · · · · ·. · .·. . ·. ·· · · . · 

. ·( ethyleJ.'iebis ( ol(yethylenenitrll~J -tetraacetlo .: a~id; ~iqma . · 
Ch~ieal co·., st. Lciuis, ~Ho),· ·o ·to loo· µf.t ·qt ·EGTA-/AM 
("e~yienebt~ ( oxrethyleneni tt"ilo ) .. -t-e.~aa~et~c. . .. · . . · 

acid/~cet~xym.ethyl ester:;·Molec~iar Probes, Eug~ne,.OR)1 the 
10 res_ulting "c0mbfnation of cqnditions ·a~· ~~ponents producing 

ant~9en;i.qally enhanced enteric b~ct~ia. 
According. to·anottier.embodiment, ·the methods of the 

pres~nt iny~ntion aiso-incl~de g~owinq·enteric bacteria as 
. . 

describ~d inun~di~tely above except in the presence of a 
1~ divalent ~tion ~helator, such as, but not· limited to 1.0 to 

100 µM, preferrably 25 µM,_of BAPTA/AM, 0.5 to 10 1DM of EGTA, 
or 1.0 tQ 100 µM of EGTA/AM; but without any ~ile, bile acids 
or bile salts. 

Bile or bile acids or salts thereof useful for the 
20 pres~nt invention include any natu~ai 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 ~ut not limited to lfOXGALL" (Difeo ~borat~ries, 
Detroit, Michigan), bovine bile (Sigma Chemicals, St. Louis, 

· 25 Missouri) or other commercially available preparations, 
cholic, deoxycholic, taurocholic and 9lycocholic acids. 
Preferred is ~eoxycholate {DOC), a commercially available bile 
acid present-in vivo in the distal small intestine and large 
~ntestipe sites colonized by some enteric bacteria. Also 

30 preferred is qlycocholate {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., Shigella sp., Clostridium sp., 
Enterococcus sp., and Escherichia coli can be prepared as 
frozen stocks by methods generally known to those skilled in 

.. 
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the-~~ -and ~ainta!tj~· at .&so.•c for -~utur~ ·µse.:- . For :irist~nce# 
sto~ ot'.-campylobaci:kr· je]t!iii--~n·.-~.prepareci bY qrowiµq th~ 
_qrg~nisJg. ·oit .. tryp~icas~: ~oy,:8,gar. ~~n~aininq· st d~·fri~inated 
sh~ep .. ~rYtm-ocYtes· (SBA)# at: 31°c· in:.51;'. .02~ ·1ot· co2# sst· N2 •· 

5: (~~oaer~~hii.i,c:·~onditi.on/ ~MC")· ·-f~r 20". h.° Stocks of · 
~ ·escher1~~-- ~1i, . sa~on~i1~ ~tYPh~/.~# H~licob~C::te; pylori 
· ~nd .. sb1gi3l:1a /ieicne"ri can be t>r,epared ... by . qt-Qwi~q. the c;;~~an1sm 
·in J;iraiii iiea.rt···lnflisi.~t) broth·· c . .ts~t"f •· .Bacteria can be 
ha.~~s~d f·o~ · freez;~g by. any: .kno~ ·method# ·.for ins~~~ by 

10 .s·wa~µiq the culture and: resU:spen~;nq. in BH!" C?Ontaininq 30\-.. 
qly~~rol.· CUltu~es for analytical eXpe~iments or for . 
production f ~ent~tions can J;>e prepa~ed by any qe~er~1iy 

· kno~ ·methods, suqli as by ¢-owing tlie ·orqanism :on ·BHI.; with 
l.St -~qar at. 3.7°~. under. MC o~ atm.o~pheric conditions and then 

15 transferring a si~q1e·colony to broth and culturinq according 
to methods.Qf the present invention described herein. . . 
~act~ia.can be harvested for use by any method generally 
known to t~ose skilled in the art, such as by centrifugatio~. 

In.preferred embodiments, ·antiqenically enhanced cells of 
20 Campylobacter sp., preferably of the species jejuni_ or coli 

and m~st preferably of the jejuni strain 81-176, are grown in 
a basal essential culture medium, preferably BHI broth# 
additionally comprising about 0.1% DOC or about o.8% bile at 
J7°C in a mixture of about. 10 to 20t co2 with.ab~ut· 80 to 90% 

25 air arid·harvested after the qrowth of ·the culture has reached 
ab~ut late log phase to about stationary phase, typically 
abOut 2o·h after inoculation. 

In other preferred embod~ment$, anti9enically enhanced 
cells of.Shigella sp., preferably of the species-flexneri or 

30 dysentariae and most preferably of the flexneri strain 2457T, 
are qrown in a basal essential culture mediu~, preferably BHI 
broth, additionally comprising about 0.1% DOC or about o.st 
bile at 37°C in air and harvested after the qrowth 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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2i 
· :r~· t:~er _preferx'.~d embod~m~nt~, ·a~t~genica_lly ~anced. · 

~ells. o·f Hellcobacter pylori, pr.eferably o'f."tlie. strain ATCC 

· .49503~ NsJ-2 o~ Gi-4, are.qrpwn. i~ a:basal.~s~ential ~ulture 
aedl~, ··preferab~y BHI broth, ·_.addii;,_lonaliy domp~lslng. about 

. s· o.-o~·t to about. o. 2t hii~ or about o •. ost. giycocholai;:e. ·(Gt) ·at - - . . . . ., 

'·~1°c ·in.a m,ixture of abo.ut 5% "t:<,l.2ot.ro2 :with ·a~out .. aot to 95%. 
air~- or!a1J9ut" "10~ C.02 with ~ut" st ·9j--Witjl":about. 8.5% N; and.· .... 

· ·h~es:ted· afte.r the. growth of. th~ "c~iture ha:s ·reached about 
log or a~ut• stationary ph~se. "it.i".a .. m9r~ -p~eferred

00 

• • 

10 emboditiie~t;· the.~~ls a~~ ha~est~ after"the culture has 
reached abOµt 109 phase·. . . . . 

En;teric.bacteria c~~~ured.accor~i~9 to the methods of the 
·present invention ·have ~ltered ~orphologies,.and/or ce11· 
motilities and/or_ produce certain new proteins, 

·15 lipopolysaccharide~ and/or. carbohydrat~s and/or such 
·macromoiecules at altered levels compared to cel~s cultured in 
basal medium alone. Optimum cultural conditions that enhance 
cell yield a~d the indices of pathogenicity can be identified. 
Utilizing these cultural conditions, virulence-associated 

20 antigens that are enhanced or ind~ced can be identified. 
Motility and gross morphological changes can be seen by 

microscopic examination of ~ither untreated or stained 
bacteria. It is possible tha~ other ~orphological changes 
might result from methods of th~ present invention as could be 

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

enteric bacteria cultured according to methods of the present 
invention suggest that capsule andfor surface layer expression 
might be induced. To. test for capsule production, phenol 

30 extracts of surface component~, such as proteins, 
carbohydrates and lipopolysaccharides, can be prepared. The 
enhanced carbo~ydrates can be seen by_ high pressure liquid 
chromatography (HPLC). 

Protein profiles of outer membranes prepared from enteric 
35 bacteria grown under vir~lence enhancing growth condictions of 

the present invention can be characterized by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SOS-PAGE) and 
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·(;!ompared . to. thc;>se· ·.fro~ . org~n~s~. grown . in Cc;;~yentional · ~edia • 
. - ,. . . •. . . ... . . . : .. . . . ~- :_ . . . . . .. . . . . . 

SQS-PAGE·i.s.conduct~d to ·evaluat~·changes l.ll:dtioed l,n bacterial 

cellula:r and . ext~acted prot~1fu; iri resp~nSe to anti"t;en . 

~anclng or. alt~rin<]'. QOndlt.ioJu;". 'l'hese dat~· o".ff~r-. · 

s qu~_i.i~tiv~ arid·~antitative i~f~~tion·co~6~~ning surface .. 

chariqe~ ass~ciated wi~"inci:-ea~~d i~Va.~iveness or altere9 . 
. : .. - ."' -~-

·antig'e.nicity. · 
'l'lie.· imm.unoqenic pot~~i-al· of~ i~~u<;ed or. _aitered -protein 

antigens can be identif~ed l:>Y· weti~rn Blotting. 

10 :rlmn.uneg~nicity of· ind~ced or -~~~ed· bacterial proteins. 

identifi~d by sos-PAGE can be ~valµated by the·~en~ally 
accepted.techniques Qf.Western-Blottinq as described below. 

. . . . . . -

Any source of antibody ca~ be used, such as convalescent 

~une rabbit ·or ~erret sera (source of antibody from animals 

15 infect~d ~rally with live organisms grown conventionally o~ 

according to methods of the present invention), intestinal 

mucus (source of IgA antibody) ·' polyclonal antisera_, or a 

monoclona.l 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 

antigens 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 4ye binding. The Congo red dye binding assay is 

25 a generally accepted method predictive of virulence and is 

described below· and in Andrews et aL , (In~ect. Immun. , 

60:3287-3295, 1992); and Yoder (Avian Dis., 33:502-505, 1989). 

Bacterial binding of Congo red indicates·ability to bind 

hem.in, this ability to bind hemin is c9rreiated with 

30 virulence. Cohqo red binding also correlates with enhanced 

bacterial invasion of epithelial cells. 

Previously it has been shown that most conventionally 

grown c. jejuni Lior serotypes are not immuno-cross reactive. 

Based on this information, it would be necessary to prepare 

35 and administer a number of v~ccines of several Lior serotype 

strains or a combination vaccine to obtain generalized 

protection against ca·mpylobacter. Antigenically enhanced 
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··camI>Y+oP~cter p~o.du,ced a(:d~rciinq :.tC? ~e·th~ .ot::tJie presen~ 
in~etition·.are.·lUun6-cro~s. react,ive aqains~· a' ~ro"-d~~-·.r~ge of 

Lior serri~Yt,es tiian .that obtained:Js~i~h~~ntiona~iy 9r~wn . 

·c~pylob;,_de~. · S$.~l~ly ;. a~tiqenically· enha~oe4 sbi.<jell:a · · · 
. •·.. : . . . .. . ·... . . : . . . . . . 

. ~ p~oduced .according to the. metnods.- of the .pre~ent inyent1on are 

· immu:no-:c~o$~ r~~ct:;~ve a~d immuno-<%~sE! protective -~gaiPst a 
br00:de;- · i:-anq~ ·:of~ ·shJ.g~ll!J. f!>Pe~i~s. tlicin that -:~bt~~~(i ·.~inq . 
~nventio~1iy··~own :shige11a. These· immuno.-ctos~ reactive 

and i.mmuno-cir.~ss p~o~Ctive properti~s a~e .i~di~ted liY th~ 
10 res.ults of. a9glutination as~ays ~nci' v~ccin~ studies described 

below • 
. M~th9ds_of.the p~esent inventio~ for produc~ion of 

antiqenically enhanced enteric bacteria correlate to enhanced 

viruience in small animal models. several dqmestic animals 

15 can be usea as modeis 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. 1 (Infect. Immun., 42:1176-1182, 

1983). This model h~s also demonst~ated the association of 

20 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. 
. . 

(Infect." Immun., 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 Baqar (Infection and 

Imm~nity, 63:3731-3735, i99S). This model involves 

immunization followed by ~asal or oral challenges with live 

campylobacter 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 desc~ibed by Mallett et al. (see infra 

Section 13) is used to assess virulence and vaccine efficacy. 

With Helicobacter pylo!i, the Helicobacter felis 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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4rhere·are other_an~l mo<i-els relevant to eneeric 
· bacter.iai iil-V?.Sion and i~fedtion ·ari~. ·tii~y ·can be U.Sed·· to test 

.. ;f~~- -~~ine ef(~ciacy ·~f th.~-- e~anced :=~n~ic 'l)acteria p~uc~d 
· ac~(;iding···tc'., the m~~~~-· of the presen~ invention. · · · 

. . s · ·: ·. «the.'cintige·fiicaliy. e$anced ~~erlc .. ba~teria pfuduc~d. by 
. . tlie: ~e~od~ of . the pre~ent .llivent:ion. "ai~. ~~? :t~ pt~p"~r~ ... 

_. pri>totY.Pe. ·kii1oo 'wha"1¢~celi. oJ; ~tihWiit.:vaccines; · The~e·. ·. 
~accines. ~h~ admiiiistei:-ed c~--~imais<'.can. be show to induce 
a,il~tb~di~s· and. ·th~ e~~~bli.Sh tJJ,e ~acdines•; pt~t~ctive .. 

_1o pot~t.fal·. EieVa.tion.or indu~ion .9f .. ~~s~ .antiqe.ns in~ 
baoterj.~l c.ell prod~ces: cell~ . th~t make ."more efficacious 
vaccines •. 

vacci~e'candidate.preparations produced by· the.methods of 
the. present invention can be used with various muc.osal 

15 immtinization strategies to i~duce an inte~tinal ilnlUune 
response. successful immunization-protocols can t~en be used 

to protect animals challenged with t~e pathogens with or 
without enhanced antigenicities. Also vaccines can be 
formulated and tested as comQined vaccines, for example 

20 Shigella and Campylobacter cells or components thereof can be 
cotnbined as a single vaccine. 

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

25 invasiveness. These changes are both qualitative and 
quantitative. Most importantly, these elCperiments establish 
that the methods of the p·resent invention enhance invasiveness 
and·induce imin~ogenically releyant antigens. such 
antiqenically el:\hanced bacteria induce an i1111Uunogenic response 

3o·which is protective against.infections by a broader range of 

bacterial strains, serotypes and/or species and are therefore 
useful as efficacious vaccines as compared to conventionally 
grown bacteria. 

Several well-established models generally known.to those 

3S 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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~o?l-limitil'lq. exa~~les · o~-·tbe pr~~ertt: invention ai;e 
desc~ibea.below. 

E» · ·Eri.MPLEs1 -~Hon~ i-oil ~R~nuc~NG Emmt~Et>-iNT:ra:ENic iJ~~ERrA 
~- ·· . · Examp~· i. C:ampyi°<;>b~cte;· jejuri1 .strain ·.sf-17(; .was · 
. str~aked on· bl~~- aga; p·~ate~ ( contafn1nq try.Pticase soy .:agar; 
. pi'us·. St· defihrin~tEid .sh~ep. ~~q~es) and ~cµb"ate~· in a. : 
niicroaerophilic GasPak jar: .(s·ai;, · cov1Ceysvi11e, ·MD) ·f.or ·20. h'· at· 
.37~C. .Lawn~ of·"bacte~ia· ~~re remo~Eid by .S.~abbing and . 

10 1.-no~late<i .irit.9 flasks containinq 1 li~ of BHI: m.ediunl° pre-

.. equiI;ibrated ·to 10% COz~ 9'9t·~al7;, wi~ o.~t OXG!LL (Difeo~ 
. . . . 

Detroit, ·Mi). cUl~ures we~~ incubated.for 20 h with shaking 
at 37oc'in a closed flas~ at 10% co;,·90% air and then 

·. . 
harvested as described above. 

15 ~ample 2. campylobacter jejuni strain 81-176 was 
streaked on blood agar plates (containing trypticase soy agar, 
plus 5% defibrinated sheep erft:hrocytes) and incubated· in a 

m.icroaerophilic GasPak jar {BBL, Cockeysville, MO). for 20 hat 
37°C. Lawns of bacteria were removed by swabbing and 

20 inoculated into flasks containing 1 liter of BHI medium pre-· 
equilibrat~d to 10% co2 with o.01t to 0.1% sodium_ deo~ycholate 

(DOC). (It is critical to prepare 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 0.01% to 0.1% immediately before inoculation of the 
~cteria). cultures w~re incuba~e~ for various times up to 20 
h with shaking at 37ac i,n 5% 021 10~ C02 , 85% N21 then 
harvested as described above. 

Example 3. campylobacter jejuni strain 81-176 was 
30 streakeq on blood agar plates (containing trypticase soy agar, 

plus 5% defibrinated 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 an~ 
inoculated into flasks containing 1 liter of Brucella broth 

35 pre-equilibrated to 10% C02 with 0.01% to 0.1% sodium 

deoxycholate. Cul'tur~s were incubated for 20 h with shaking 
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at .. ~?·~ in St: Oi 1 . 10~ co2; 8St. N2 .and then-.harvestect. as .. 
. . 
des<ir~ above. 

. . . . 
~ple 4 •: ~ampyl~Pact~r jejuni strain: 81-1:76. was 

st~eake~ on-~lood_ agat .. pl~tes (co~tainiriq trypti~se ~oy.agar~. 
S plus· St ·de~ibrinated sh~ep erythrocy.tes) and incubated in a.. . 

JD.i~oa~roph_liio Gast>ak i~r· ·(BBL~ coc):ceys~~ll~·, .MD) fo~ 20 h at. 
3~···c. . Law.ns of. ~<?~En:1a. ·were .. reinov~d by ·m~bln9 .rt<i. . 

· inoculated into. flasks containing' l :i~ter.Qf MUeller-Hiiiton 
bro~ pre-equillbi;-ated to ·iot ~;-; ~itti o.01t t:o ·o .• l.t sodium 

10· deoxycho.late.. cUltures were i.ncubated for 2o .h ·with .shaking 

at 37°c·· in S"t ~21 1ot ·co21 . ~st. N; ~nd the~ h~ested ·as:_ . · 

desc~~d above. 

Examp~.e s. campylc>bactei:: jejuni strain 81-176 t(as 

streaked on blood agar plates (containinq trypticase soy agar, 

15 plus St def ibrinated sheep erythrocytes) and ~ncubated in a 
microaerophilic GasPak jar (BBL, Cockeysvil~e, MD) for 20 h at 
J7°C. Lawns of bacteria were .remoyed by swabbing and 
inoculated into flasks containing 1 liter of BHI ~ediwn pre~ 
equilibrated ~o 10% C02 , with 0.1% sodium deoxycholate. 

20 cultures were incubated for 20 h with slow stirring at 37°C in 
10% C02 , 90% air and then harvested as described above. 

·Example 6. Vibrio ch~lerae ~s streaked on BHI agar 
plates (containing trypticase soy agar, plus 5~ defibrinated 

sheep erythrocytes) and in~ubated in air for 20 ~ at 37°C. 

25 Lawns of bacteria are removed by swabbing and inoculated into 
flasks containing_ 1 liter of BHI ~edium w~th 0.1% sodium 
deoxycholate. cultures ar.e incubated for 20 h with shaking at 
37°C in air, then harvested as described above. 

Example 7. Salmonella cholerasius is streaked on BHI 
30 agar p~ates and incubated in air for 20 h at 37°C. Lawns of 

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

35 Example 8. Salmonella typhimurium is streaked on Luria 
broth agar plates and incubated for 20 h at 37°C in air. 
Lawns of bacteria are inoculated into flasks containing l 
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liter· of BHI medi"um.with 0.1% sodiwuoeo~chalat~~- cultures 
are incubated for. 20: h" with. shaking at 3.1·0 c in. 10.% ~, ·90%· . . '\."• . . . . . 

air. One colony· is trans! ef.red into 1" 1-iter· of· ·LB ·eontaining 
· 0 .. 1%. ~c. ~D,~. !ncubat~d in a -ciosed top· .flask at .3;~p \{ith ·slo~ · 

. 5 sh~inq. Aftei:: =·12 h,· 60. m.l of. the cµltu~e· i~ dll:~~d· irtto .1 
lite~ of the s~me·fresh prew~rmed medium ~nd.lnb~ated ~ '· 
fUrtber 3o min, and th~ is. harvested ·as. d~scrfb~~:abov~ .. 

· Example·~. ·shigella .fie~neri 2·457T -~as ·stt;e.aked on c~ngo 
. r~d.~gar pl~t~~ and i~cubated to~·2o·h.·at.37°c in a~~ One . 

. . 10 red coi~ny w~ inqculated into. flasks conta~pin<J'. 1 ~it~r ~f 
BHI media and i~c~bated ~ith shaking for 12 h. _so ·mi 'of this . . . . . . . . 
culture was then used to inoculate 250 ml of prewarmed. BHI. · 
cont;inlng o. ;% ·s~di~· deoxych~late. ·The cuit~e w~~. · " . 

·incubated with shaking for 4 h at 37°C in air. This qulture 
15 was then dilut~d to an.OD~ of about 0.11 with prewarmed BHI 

conta'ining. O.li DOC and incubated for 30 ~in with shaking at 
37°C in air, and then harvested as described above. 

Example 10. campylobacter jejuni 81-176, 81-116, or HC 
(in BHI with 30% glycerol) was rapidly thawed and plated on 

20 sheep blood agar (SBA, 0.1 ml per plate)·. ·The inoculated 
plates were incubated in a GasPak jar with a campyPak Plus 
microaerophilic environment generator (BBL, cockeysville, MD) 
_for ~o h at ;31°c. The bacterial lawn was removed .from the 
plates by swabbing, and the bacteria were res~spended in 10 ml 

25 of BHI. The bacterial suspension was inoculated into 1 liter 
of BHI broth ~lone pr: BHI broth containing 0.1% DOC, pre-. 
equ~librated to 10% C02 , 90% air, in a 2 liter flask. The 
inoculum was added to preequilibrated medium until the 00'15 is 
equal to o.os". Th~ inoculated flask was returned to the lOt 

30 C02 with 90% air and stirred slowly for 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 4% bovine calf serum. After inoculation the flasks were 
flushed with 5% 02 , 10% co2, 85% N2 and incubated for 22 h at 

35 37°C with shaking. After this incubation, 2.5 ml of the 
culture was transferred to a flask containing BHI broth with 

! 
' 
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. . . . . . 2·9. . .. . 
··4% ·bovine calf serum or the· same ·medium. additionally 

d~nta~i.n~. o. 05~ .:~od.~~- g-iyc~chol~te.. . These ·c~itur~ were 

~efain_:fl~he~-w~tlt- tJ:Je ~icx:oa~~~phiiic: q~·mixture (5% 02_, lOt 

. ·CQ2 ·sst N2), ··~nd, ·.'ln~ubated. ~0-24· h at. 31~c.· 41'he :.cells." were 

5. li~e~ted' as de~cribe~ a,bov~~: .. · ··: . ' . 

. Ex~~pie. 12. salmap~l.,t~ tyP,Pim.uritim·.(in ~B '<ith _:ro~: 
. . . . . . . .. .·. .. . ... 

qlycero.l") was- streak~d on a· L~ aqar piate and ·cultµrec;t ·for. 18-· 

20· h: at·· 37~C ·in air. One. colony was pirik~d a)ld transferred 

.into l. l·,tt~ of LB ~r. LB .ecmtciining o.i% DOC ·i~ fia~ks that: 
10 aie flushed ~i~- .10% c0i, s·t co21 · SSlJ> .N21 :se~led ·. a~d incUbated 

~~r 12 h ~~:37°C with shak~g. T~· baot~ia·we~e ~hen.diiuted 
iii the same _

0}1ledla.".to _
0

0Q600° of o.i1. ~n~ :i~eubated' .. under" . . 

identicai conditions tintll. th~ cU.1ture:r~aches ~arly log 

phase, typicaily ·30 min after the dilution. Cells·were 

15 harv~sted as described above. 
. . . 

Example 13. Salmonella typhimurium is streaked on a LB 

aqar plate and cultured for 18-20 h at 37°C· ~n a~r. 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 OD'°° 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 

0.1% 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. 

Example 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 o·r BHI containing 

35 0.1% DOC and shaken for 12 hat 37°C. The bacteria are then 
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diluted ill: ~~ same media to 000).· of o:. l:~ and g'r6Wn. for 3 0 min. 
tui:tliei: ~d then. harVes~d as· desc~-ib~d, .. a~e. . 

·.~~le 16~ ·. Bscheri:clii'B. di_ii·. ~~a~· dis7.:H7 ~~$. str~aked 
"on· :sh~ej;f ·bloOd. ~gar plate·.~~ i~c9b~t~ at 37°C. in ·~ir (or·. la-· 

·.5 20 .. h·. One. C?lony va~ inoQUlat::ed: ipto. i .~it~. aiIJ;'. ~f:. BH~ . 

~nt~ifiing O • .;tt .to. O.~t· DOC flaf;k· ~Qd;.shak~ :~or ·12 b at _37~C. 
·~~ ·ba~#eri~: w~e the~ diluted t~· ~~. ot o:. i'7. ana· ·~p~ t~r. 

· ·30· ·m.in ·tltttlier .and then.harvest~·a~ .des<±-ibed ~hove. 
. .· . . . . . . . . . . ~ ·~ . . . . 
· . ·· -~~pl;e 1.7. ·Enterococcus· fae~al1s. is. s:trea.Jc~d on sh~E7P 

,10 b~9~4 ~gar p~te and incubated at 37•c ·in·. air 'tci~· 18~20 h; . 
.. on~ ·colony is inoc~lated ·in~o 1 i.lter ;~BI.° oz::. BHI contalninq_ . 

o.1t· 00.C fl.ask -and shaken foi; .12. h .. at· 37.°C. · The; ba"<?teri~ are 
then diluted to OO«JO of· 0 .• ~7 a"nd: qr~wti ·f'o_r. 30 min further and 

th~!\ harvested_ as described above~·· 
15 Example 18. Clostriaium difficile (m9dified chopped meat 

medium with jot glycerol) .is streaked ~n ~ piate of Beef )..-iver 
medium for anaerobes containing-l.5% agar and cultured at 37°C 

under 11\icroaerophillic conditions (5% co2 ·and 95.% N2). . One 
colony is ·transferred to 1 liter.of modified chopped meat 

20 medium or same medium containing 0.1% ooc. The bacteria are 
cultured under microaerophillic conditions at ·37°C for 12 h, 

and harvested as described above·. 
Example 19. Bacteroides fragilis (modified chopped meat 

medium with Jot glycerol) is streaked on a modified chopped 
25 meat medium agar plate and cultured at 37°C under 

microaerophillic conditions (5% co2 and 95% N2). one colony is 
transferred·to 1 liter of modified chopped meat medium or same 
medium containing 0.1% ooc. The bacteria are cultured under 
microaerophillic conditions at 37°C for 12 h, and harvested as 

30 described above. 
Example 20. Yers-¥iia pse~do~uber~losis (Luria broth 

containing 30% glycerol) is streaked on a Luria broth agar 
plate and incubated at 30°C. One colony is transfer~ed to 1 
liter of LB and incubated for 12 h at 30°C. This culture is 

.3S diluted (1/5} in LB or LB containing 0.1% DOC and incubated 4 

h at J7°C. Subsequently, the cultures are diluted in the same 
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media-to OD~_ of .O.l7·and.incubated·a further 30 min and ·then 
µarvested_ as··Q.escribed q.bove. . 

·· · · · Example· :2·1. . Hel1cQbacter -pylori ·_was added to BHI broth 
pl~s ·4t bovine ealf senim. After i~~Qulation _the flasks.w~e · 

s_· flus.he(! l(i~ st 021 iat· ~, a.st .N2 :·~nd _ino~bat~d for 22 h.. at. 
37~c·_with ~ha.king. After this inoupatton, 4.s.ml of the . . 

·cultUre was t~ansferred to a flask containing BHI bro~ with 
4t."boyi~e ~a:1~ serum or. the same mediu?Q.. ~dditionaliy 
cont;aining: a~ut o.1t · i;o about o. 2% b~vine bile.. These 

·10 c~ltu~es wer~· aqain flushed with the·miqroaerop~ilio q~s· 
mixture ·est 02, iot -~ sst'N2), ~nd· incubated· 20-24 hat 37°c. 
The cells ~ere· harvested a~ de~cribed above. . 

7 EXAMPLES: ENHANCED ANTIGENIC BACTERIA 
15 Example 22.. Microscopic exe.mination 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 magnification. 
Morphology of bacteria cultured according to ID:ethods of 

the present invention (hereinafter referred to as "ENHANCEDu 
bacteria) was altered compared to those cultured in basal 
media ~lone (conventionally grown). For instance., •cENHANCED" 

25 c. jejuni aggregated, and formed large clumps of cells, while 
conventionally ·grown cells were predominantly solitary. It 
wa~ appa~ent from capsule staining. (data not shown) that· a 
change in the bacterial surface was effected by culturing 
using methods of the present invention. This surface 

30 alteration actually resulted in the increased binding by 
"ENHANCEDu cells of the nigrosine particles from the stain. 
The l«ENRANCED" bacteria remained highly 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 according to Example 2 

above. c. jejuni cells were harvested from culture medium by 
centrifugation as described above. The cell pellet was 
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ext~iict.ed.foJ: 2 hat room-~emperature with.1% phenol. :Intact 
cells wer~-~ separated. from e~tracted mate.rials· by 

·centrifugation !6r .. 4s mi~;·. 4th~~µ¢~~~~ .. conb.inlng· 
exq.acted.-·bacterial surface eomponents ·w~~ 4i~lyzed ·against 

5 .d.ist,ill~ :~at~r -~Y~ri:1igti~. ·. Th~· .-~~~~ntat~· \.ias' c~trifug~ ._ -
ios,ooo x ·9 fc;)r· 3,; h. at ·4°c. ~e eitract pe~let "Was· .. 
rediss~lved in· .iO'i. NaCl and pi:ecipitat~d with two volumes. of. . . 
_cold ~.s·i. e~nol. ~he pre~ip_it.ati9ri was repeated, an~ th~ 
sampl~ was iyopliilized. Subsequ~ti.y, ~e sample was · 

10.dissolv~d in water.at 1 mg/ml.for further anaiysis. 
carb9hydrat~ content of.~e ~act was assayed with ~e 

qert~~lly accepted phenol~sulfuric acid method -utilizing 
gl~C<?se as a· standard. Uronic acid content ·of the extract was 
measured with the method of Dische using the oarbazole 

15 reagent. Total protein content of the phenol extract was· 
evaluated with th~ bioc.ichinoic acid assay kit (Pi~rce Chem. . . 
Co., Rockford, IL) • 

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

20 uronic acid polymers. surprisingly, surface extracts of c4 
jejuni 81-176 were in fact predominantly protein. However, 
total carbohydrate content of the If ENHANCED" cell extracts was 
increased over cel~s grown conventionally. 

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

30 

35 
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~ABLE·1. c~rbohydr~te:PtoteiJ.l.Rat~o ot-ceii ·surface 
-Extracts of c. jejuni · G~ow.it conventionally 
· (BllI) ~r. Ac:c:ording to tlethod ·of En,mple 2 · · 
·"(~CED) . , . . . 

s· 

10 

Time after 
·Addition (~) . sa:r - ··mjmNcgo 

. . 

1 -0~02. .0.02. 
2 0~02 0.10 
4 0~02 o.1s. 
6 0.03 0.29 

There was a direct.relationship ~etween inclusiop·of DOC 
in the.culture medium and enhanced ·levels of surf~c:e 
extractable carbohydrate from the bacterium (Table.1). 

15 Surface ~tractable carbohydrates were increas~d more than 8-
fold i~ bacteria cultured according ~o· the methods of the 
present invention; no increase was seen.in bacteria grown 
conventionally. The aggregation o~ the bacterial cells 
cultured in DOC medium appeared to be attributable to the 

20 components of the surface extract. 
Up~>n rehydration, the extract had a high ·geling 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 glycoproteins. 
For analysis of individual monosaccharides, extracts were 

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

30 corp chromatographic matrix and a solvent system consisting of 
3t of o.s N NaOH/97% H20 as solvent. Amperometric detection 
was utilized for measurement of separated monosaccharides.· An 
authentic monosaccharide standard composed of fucose, 
gala_ctosamine, glucosamit)e, galactose, cj~t;cose~ a:nd mannose '' 

35 \.las also subjected to HPLC analysis fo.r -comparison. 
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:JtpL(: ~nalysis.of th~ hy~olyzed sqrf~ce extr~ct revealed 
·. the presen~ of sever~l monosaoCfu,.rides· (Figtt~ ·11 • Tli~~ · 

appeared to· be. no: qualitative. diff~i'e~ce". in t.he" ca~liohydrat~- . . . . .. . . . .. . . . 
·. ·cotitpositipn ~f the. ertl:-acts. tro~. ctirtve"ntio~lly: groW~.' or 
"s bact~r.i~. qro~ :a.cicordl:µg tO tit~· Jlle~hod, of Elc~mp_i~· .2 .~bqv.e.. . 

H~~~V~J;-~' ~ii~or ~antiiati:~e di.fferenc~ · w~~ ~ppa~~t~· · · · 
. . . EXam~le 24. . ~acterial ~r~teins . were a~alyz~d J)y . ·SDS-PAG.E 

· · ·and ... Western Biotting. The gel syst~m. of_.Luqtenbei:-g~ et al.· · 
(FEBS .Letters ss:.254-258, 1975) "vas .. used ... The gei .. system is a 

10.dis~ritinuous ·g~l consisting of·a· low accylaiaid~ (tYI>i~ally 
4t) .stacking gel pH 6.8, and a hiqher percentage aerylamide . . . . 

. separation ge1 pH. s.s." .SOS (O.lt) was in.ciuded in both. gels 
. . . . . .· 

and.all buffers used. Protein separation was according to 
molecular size, and s or ~2% acry~amide separation gels were 

15 used. Visualization of separated proteins was by silver· · 
staining of fixed gels, and molecular size determinations were 
made based on the Mr values of known proteins used as 

standards. 
c. jejuni cell protei~s were separated by SOS-PAGE and . . . 

20 Visualiz~d by silver staining_.. FOU?.="·· proteins .including. a 62 
k.Da protein· were induced or enhartced ir{"cells ·cultured. with 
DOC (Figure 2). 

Example 25. s. flexneri LPS was analyzed by phenol. 
extraction. s. flexneri cells grown conventionally or 

25 according to the present invention as exemplified in Example 9 
above were harvested f~om culture medium by centrifugation as 
described above. Lipopolysaccharides (LPS) were extracted by 
the method of Westphal and Jann (In: R. Whistler, ed., Methods 
in Carbohydrate Chemistry, vols; p. 83, 1965). Briefly, 

30 cells cultured in BHI or as exemplified in EX:ample 9 above 
were harvested by centrifugation and washed once in PBS. The 
cells were then extracted for 15 min at 68°C with 45% phenol 
in water. The extract was cooled to 10°c and centrifug~d! The 
LPS~9ontainin9·~pper aqueous pha~~ was aspirated off and 

JS dialyzed against distilled water. The retentate ·was· 
centrifuged 7 h at ao,ooo 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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Pr.ior to analy~ls tlie. LPS ~s ·resuspehded: .ih water .(1· mq/n\i). 

·The purified LPS wa~ t~arac.~rized as to ¢arb~hydrate ~on~t . . .. ·~ .. . . ., . ..... . . . . . 
as described above; . and ··by· sodium dodecyl sul·fate-.. · 

polfa:~fyl~ide --~e~ e~ect~QPA~~sis, (S~~-~AGE)·. a-s ~~~J,bed· 
• • • • 'II. ".. • • • • • • • 

5 belc>w .and shown .in I:'i<JUre _s·.. ·: · ·. : · · · · · · · · · 
· s. ·r1exneri prot~i~ ·pr~!iies:r~v®.1ed·'no··m.,ajor: . ·, .... · . .... . . .. .. .. ... 

. dltferences between-corivent!onaliy cultu~ed_and "~CED". 
Q~lls ·Wbe~. analyte~ tisihq. this. pari;~cular .· SDS.:PAG~ ."system. 
Carbohydre3:te tO ary· weight i;atio~ of LPS: from. ".ENHAN~ED". cells 

.10 was d~creased ~s compared .to ~xt·racts frOlJl BHf cells; . . .. . . 
However,·sos~PAGE followed·by oxidation and silver staininq of 
s.· flexne~i LPS dem~nstr~t~d .a·.liiaj.or· ~tiange in LPS st~ct~e. 
(Figure ~} •. As seen in l~ne. •2.C of ·the qel,. the o-antigen . 
fraction of LPS from "EmtANCED" s. flexneri was reduced in . . 

15 ienqth. This result complemented the findings of.reduced 
carbohydrate/dry weight°

0

ratio of LPS from."ENHANCED" cells. 
These results suggest shorter 0-antigen side chain 

presentation on "ENHANCED'' cells, and potentially might render 
the. bacteria more hydrophobic. A more hydrophobic bacterium 

20 might have greater interaetion with hydrophobic surfaces in 
the gut. 

Example 26. Immunogen~city 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 o~ 5 above were separated by SDS­
PAGE, then were electropl: '-:,·;-·ically transf_erred to 
nitrocelluiose or PVDF membranes and were blocked witll a 
standard blocking agent (3\ BSA, 50 JDM Tris (pH 8.5), so tnM 
NaCl. o.2t 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 
s~bstrates. The reporter moiety used was horse ra?ish 
perox!~as~·or alk~line "phosphatas~. 

35 Figure 3· depicts pr~t~ins 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 qreatly enhanced in cell~_ cultured 

.tii~ OOc or bile... This _protein was als~ the pr~Olliinant 
arttig~n.in the surface exi;.ract of.Celi~ CU~tur~ With. OOC. .. ·: . ,, .. ,, . . . . . . . . 

· .. 'utilizing a .mous~··monocloJtal antibody ·oross-reagtive ttith 

· s campyl:obacter ·flage11i~; · .1= t va~ · demotistr~ted ·t:4at· ~~ ·. enhan~ 
· :. ·· . pr~te~n was c. j~jtjb.i. !·1agei11~·~.(F~gure ~) ._. · T~is ·was ~- .· .. · 

. . .si~iflcant. finding ~eca~e· ·severa1·. t~earchers · hav:e~·: . · . 

. dem9nstrated -~~t· ~e c~·. jeju~ ... fl~~eiiin iti irivol.ve4 ·in. 

p~tho~enesi~ and·as~oci~ted with the.i~vasive«;ma~a~istics 

·10· of the bacteri\llll. 
Example· 2i. eonqo red dye binding wa~ us~. to measure 

virulence. ·Enteric bacte~ia gr°own c~nv~ntionally. (BHI) ·or.· 

accord;rig tQ the. method~ of the present· inven~ion.("ENiIANcEOtt) 
on BHr·agar plates and containing 0.025% Congo red were 

15 resuspended in distilled water and extrac~ed with acetone for 

10 min. Cellular debris was pelleted by cen~rifugation, and 

the OD«& of the dye was measured with a blank solutiQn of ·4ot 

acetone, 60% water. The dye absor~ance was compared to the 

cell absorbance at 660 nm and expressed as the ratio of 

20 OD4u/00660 • The data are shown in Table 2 below. 

25 

30 

TABLE 2. Congo Red Py~ Binding of Enteric 
Pathogenic Bacteria Grown Conventionally 
(BHI) or According to Methods of the 
Present Invention (ENHANCED) 

Dye Absorbance 

Strain BHI ENHANCED 

c. jejuni 81-176 0.07 0.49 
c. jejuni 81-116 0.06 0.49 
s. ~yphimurium SRll 0.05 0.30 
s. flexneri .2457T 0.02 0.13 
v. cholera 569b 0.70 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 



~li~w ~at· i.~ vitro m~thod~.J: the pre~ent inv.e~~ion are useful 

tp. ~~uce . vi~l~ce a~~ other a_iai.~<?terisj:i~$ . JCnown to ·. . 

corJ::ei~te with in viv.o pai;hogenesi~·-~or o~~ ba~erial. 
spe~ies~ . · · · · ·.. :.- · 

s: . ··. ~~~mple 28 •. · Ba~terial. adh~siort .to cultl?X~d epitheii~l 
· ~l;t~ was. ·~nalyzed. . . Ba.c"t~~~i- ~~~sio~ · ~a.s· .. ·a.s~~ye9'" as'. · 

_desc~ibed ~- Gal~n· and~euftt~s "(PfOc. Na.fl. A6ad: sci·: ·usA., 

86; 6~83~63"87, 19~9) •. er:is~ue .cU:l,tur~'.c~li.s · .. (IWi-4.01 or Henle 

.. dells °(ATCC I CCL~) I and caqo-:2 (ATCC # ~lp·7f -~Uman. 
"10 intestinal cell lines). were Cultured in 24-Well.tiss~e-culture 

plates (37°c, St C02) · t~ a confluency. o~ 60~80%·. The me~iuin · 
is dependent o~ the celi li~e \ls~d-, ·bu~ Dulb.ecco ~ S modified 

Eagle's medium with 10% fetal bovine seruiti. and· s·o m.g/m.l .e.ach 

of·~enicillin G and streptomycin was-used for Henle cells, and 

15 RPMI 1640 medium with.10% fetal bovine.serum and so.m.g/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 magnesium and calcium. The 

20 monolayers were then overlayed with antibiotic~free growth 

med"ium. 
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 00625 of 0.1 with fresh, preequilibrated 

~edium and then used ~n the assay. For Shigella and other 

fast growing enteric bacteria, the bacterial culture was 

diluted to 0.17 at 00625 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 in~ection under 5% C02 for 

campylobacter, and 30 min for shigella, unbound bacteria w~re 

35 removed by washing with HBSS before lysis of the monolayer 

with 0.1% deoxycholate and plating for the determination of 

adhesion. 
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The effect ·ot; temJ?e;r:atur~ on ·adhesio~ ·to :t;:Jh'-401 c~lls by 

c~ jejuni. 81-176. gro~ .convep.tionally or ac~o+dinq .to ·the 

. method:s ~~ the presen~ inveritio~ ~s exemplified in.:Exampl~ 5 

. ·~ve l.s sh~n ~n Taq~e·.·3 ix:10~." .· . . _ 
5 Differences in adhesion.of several strains of c. Je)uni: 

gl:o~.convent~onaily.or accor~lnq to ~~th~~·of th~-~res~t 
invention are ·~ho~ in.Table (below.·.. . 

Per<;:=ent a~esion . ~s expressed· as .. the number of colony 

fonn~ng units (CFO) recover~d.from the monolayer .diyided by 

10 the number 'of c~ inocu1at~d ont? .:the monol.ayelf ·multiplied by 

100. 

15 

20 

25 

30 

35 

Table 3: ·Effect of Temperature o~ ADHESION to: l'.ft.;.407 
Celis by c. jejuni drown Conventional~y (BHI)° 
or Ac~ordinq to Methods of the Present 
Invention (ENHANCED) 

BHI ENHANCED 
Temperature Ct adhesion> - Ct aahesioril 

5.5 
5.5 

62.3 
11.2 

Ta.ble ·4. Adhesion (FOLD INCREASE') to INT-.C07 

Strain 

81-176 
81-116 
HC 

by Different Strains Of C. jejuni Grown 
conventionally (BRI) or Accordinq to · 
Methods of the Present Invention 
(ENHANCED) 

BHI 

l.O 
1.0 
1.0 

ENHANCED 

8 .. 4 
12.5 
28.2 

In invasion assays, epithelial cells were grown and 

prepared accordin~ to the methods described above for the 
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adhesi~n assay. · B~ctE!ria ·qrown copventionally·_ or ac0or-din9 to 

metb~~ of the pres.ent ·invention. :w~ie :added .to. ·th·e epithellal· 

.cells ilt. ~ JD.U~tiplicity_ Qf ··ih·febtioµ o.f "l.<f -~cteria per ~ o~ii 
to ·avoid s~t~ration. _.·The numbe~ .. -~f:.~a~teria ·1no-cul:ated into 

s th~ tiss~e. cul~ure. ~ell ~as,.calcuiated. ~- ·pl~te ·c~unt~ng. . .· 

F~ll!Jwlrig ·2 h · infe~tipn lindei' s.t .c.02 ~_o·r · (:ampyiob_acter, and 30 

min f~r S.higell.a 1. th~. i.n~ecting . ~a~teria we.1:-e _aspirate~ ··off, 

."ana the "JD.Ol)Ol~yer. was··~yerla,ld. with~ cJJ;Pwth. JD.edi~ containing· 

qentamicin to kill any extraceil~i~~ bacteria; ·.Any culturable 

10 ba~ter~a remain~g at "this point h~~e invaded ~e·epithelial 
cell mono layer. The incuba~iori. cont~-nued under C02 for 3 h. in, 

the cas~. o~ c. ·jejun~ in_fecte<i°ce11s>. and i.s Ji ~or sh$..ge~la 
infec~ed. cells·. · Monolayers were washed .Wi~ ~BSS to remove 

gentamicin, ·and lysed by the addition of 0.1% deoxycholate. 

15 Bacteria in the lysates were en~merated by P.late counting and 

percent invasion w~s expressed as the number of gentamicin 

resist~nt·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 gentamycin 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 conventional~y or according to the 

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

Differences in invasion of INT-407 cells by several 

strains of c.jejuni grown conventionally or according to 

methods of the present inventio~ 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 ~rown 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-

35 407 cells by Shigella grown conventionally or accordinq to the 

methods of Example 5 above is shown in Table e below. 
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E~fect ~~-Tempera.tU-r~:on·XNV~XoN of xNT-•01 
ce.).ls l?Y c. jejuni .a1.;..1'76 ·.Gro~ ·9onve~tionally 
· (BUI) or. Acco~dinq "to .• ethods o( the Present ·. 
Xnvention (EN!iANCED) . . . . 

. . 
Temper~ture 

BHI 
ct i~vaded>: . 

2 •. 5 
4.0 

.ENHANCED. 

·· C.tinvadedl 

. 49.5. 
7.1 

Table '· INVASION (FOLD· .INCREASE) into nrr-•o7 Cells 
by Different strains of c. jejuni 
Grown conventionally (BRI) or Accordinq 

15 to Methods of the Present Invention "(ENRANCED) 

20 

strain 

81-176 
81-116 
HC 

BHI 

1.0 
1.0 
1.0 

ENHANCED 

·9.2 
10.0 
26.7 

25 Table 7. Effect of DOC concentration on Adhesion and 

30 

3S 

Invasion of INT-407 by c. jejuni 81-176 Grown 
conventionaily (BHI) or According to Methods of 
the Present Xnvention (ENHANCED) 

Treatment Adhesion (%} Invasion cu 
BHI 9.3 6.3 
ENHANCED; 0.025% DOC 18.3 17.4 
ENHANCED; 0.1% DOC 52.6 37.0 
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. E~fect of DQC on s ... £lepieri Inya.:Sion (Percent) 
o~ Adh~~~on (~ercen~> to.~~07 c~lls ~roWJl . 
conve~t~onal~y (~RI) .or'~pordi~g to Methods of 
the P~es~n~ tnventiQ~ (~CEDJ · 

5 

10 
a 

.. 
·Characteristic "BHI ENHANCED 

·• 
Adi}. es ion 1~0 140.oa· 
IJivas.ion i.o 94.4 

Mo~e.than ~~ .inlttai1i ad4ed baQteria.were 
recovered due to growtli o~ the ~acteria during the 
assay 

Adhesfon to and invasion of· cultured INT-407 qells by 
15 several human isolates of c. jej1:1-ni (i.e. t 81-116_, 81-176 and 

BC) was greatly enhanced by addition of bile or deoxycholate 
to the cu~ture mediU.m (See Tables 4 and')· The most 
effective dose of DOC was 0.1\ (Table?). 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 S). 

Similar findings were made with Shigella flexneri (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 ef enteric pathogens. 
Example 29. A rapid slide agglutination assay was used 

to show immuno-cross reactivity. c. jejuni strains grown 

30 conventionally or according to the methods of the present 
inv~ntion 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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imlilediate clum.pin~.(i.e. agql~tination)" o~ t4e "c~ils is··. 
vi~ible •. tt4i'.s·cium.ping is rated base~ on.a sqale·ot·o.to 3· 

aft~r aliowinq th~ re~ction.-to ~roce~. for a sho~t p~~iod: of. 
_ti~~' whe~~ ~-~eans·no observab~e clilmPinq.and 3 mea~s a hiqh 

· s· ~eqree :_of- agglutination. · ~h~ result~·. of four stX:ai~ ·are 
i;irese.n~d ·:in ~ie t l:!elow ." · .. . . 

1."0 

15 

20 

25 

30 

a 

35 b 

.. 

.. 

. !'able. t .• · .cros"· ~~a.~tivity of iio~ ~erotyp~s Grown · · 
conventiona.ily (BHI) _or_Ac~ording to He~bods· of 
the-Present Znvention (ENHANCED) . 

' 
C~'!'tJRE.' .GROWTH. sans REACTivITY' 

CONDITIONS .. 

81-176 (L5) BHI Anti..:BHia 1 .. 

" tc Anti-mm6 2 

" ENHANCED Ant.i-BHI 2 

" ti Anti-ENH 2.5 

L2 BHI Anti-BHI 1 

" If Anti-ENH 1.5 

II ENHANCED Anti-BHI 0 

ft ct Anti-ENH 1.5 

LS BHI Anti-BHI 2 

" 
.. f( Anti-ENH l 

" ENHANCED Anti-BHI 1 

" " Anti-ENH 2.5 

L21 BHI Anti-"BHI 0 

" .. Anti-ENH 2 

" - DOC Anti-BHI 0 

H ti Anti-ENH 2 

Media BHI Anti-BHI 0 

II 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 a11 four o.f tpe· tested Lior serotypes· · (LS, · 

L2·, U. ~ .. L21) cros.s~reaoted with. antibody .q~nerated ·from. . . 

an~ls'· imniWih;~ with e~dea." c~ JejUJli. "sl-;i.76 I,lor serotype 

L~ .. Mu¢~; lavaq~ from the" intest-i~~S- ~f- rabbits infe~te~ with 

s c~ j~juni: SI;-1!6; compr~ing· Ig~,· :.X:eacted wj.~ eiglit. o"1t·· of 
tile '1~·-~j_or -clln.ical serotyP~s ·(!° •. e.,. "hqman-.path<i.9--ens) ~f c. 
jejani .. cP;own a~ordlng .to methcid.s .~f ~e ~~es~1.1t in~~ntion · 

c~~ss ·r~~ted with antibodies-~ Li~r-5 serotype strain (see: 

~a)?le 16 below) •. ~e ~~suits ··i;ho~ that m~$od.s ~f. the .present 

10 inven~ion "significantly extend. ~e n~~ o_f' ··~ior ser9types 

which.cross react With anti-serum f~om: anima·ls ilDlllunized :With . . . . . . . . 

Lior 5 se~otype strain cf c .. . _jejuni". 

Al~q, several specie~ .of Sbige~la ·qrown·a~c~rding to 
. . . 

methods of the present invention, but no·t those grown 

15 conventionally, cross react with IgG ~nt~bodies from animals 

ilDllluniz~d with Shigella rlexneri 2457T gr~wn with ooc. 

8 EXAMPLES: VACCINE EFFICACY 

Example 30: The ferret model for $ttidying Campylobacter 

20 pathogenesis can be used as a model to evaluate vaccine 

efficacy in protecting against colonization and/or disease 

because infection of ferrets reproducibly generates two of the 

three disease manifestations ~een in humans. 

'I'Wenty-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 conve~tionally (BHI) or according 

to methods of Example~ (ENHANCED). Serum was isolated to 

determine baseline IgG titres. All vaccines and PBS were 

administ~red in the presence of the adjuvant LT, two times, 

30 one week apart (Day o and day 7, ~•vaccinationu). Serum was 

collected one week later (day 14) («post-vaccination11 ) to 

determine IgG antibody titres. Four weeks post-vaccination 

(challenge), the ferrets were anesthetized with ACE promazine­

Ketamine and challenged orally with a 10 ml PBS solution 

3S containing live Cc jejuni 81-176 (1x1plO 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 ·1eukocytes. .B!cterf:?llli.a was d~tected by. drawing· l: . .to 

i m1 of blood f:rolD. the ~ugillar ·vein."of anest;hetized ferre~. 
aqd incubating. th~ specimen ·in :'a.· vent~: i:ryptica,se soy bi:-_6i:h . . . ' .. . ... 
~u:lture •. SubcUlt~r~ to. blood :agar plates were taken at 2, 5 

s· an<;t:~.d.ays·past challenge. se~. s~rnpies were ci>l~e~ted prior· 

to· ilnmunizat;i:on (ba';s~l.S:ne} 1 • otte'"W~ek ··afte:r .the .seco~d . · 

imia~i);_ation·,. ~d at. the :t~~ of._.chalieng~·, ~d ·one v~~k post . . 

challenge to determin~ rqe·tt~es~ 
. Occult blood: ~ .!'ie~ted by 

0

teSting fecal materi:e-1 on a 
0

1(,. Hem.a.cult ~-. Fecal Jnateriai was sm~~ed on a . s.lide and . . . . .. .. .. .. . . . . 
stained with methylene blue-to 'detect £eoa:l leukocYtes. Fecal . .. . . .. . . .. ... . . 
shedding of campylobacter was ~s'f;ablished .by culturing smears 

· from rectal ·swabs pq CCUJ1p.yl~bacte.r-seiecti ve medl~. plat~ · 

(trypticase soy agar, 5% sheep biood, trimet~oprim,· 
1s vancomycin, polymyxin B, cephalothin, and amphotericin B, 

Rem.el, Lenexa, KS). ~esults ·from. these experilu~nts are 

presented in Tables io and 11 ·below. 

20 

25 

30 

35 

~able 10: Vaccination Protects A~ainst c. jejuni 81-176 
in Ferrets 

a 

b 

c 

POSITIVE COLONIZATION 
orsEASEb VACCINE DA¥ 5 POST-CHALLENG~ 

PBS 6/6 1/6 

BHI 0/6 2/6 

ENHANCED O/Sc 0/6 

Number positive colonization/number tested 

Presented with green mucus/unformed/watery stools 

one animal died in the group after disease state was 
determined but before colonization was scored 
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t.rAlile. 11: ··Ferret; Ser~ Ig<? Geometric· Hea:tt Titer 

.· 
. One veek 

· po~t-ya.ccine 
At 

Challenge· 
on~ veek 

: ... !Jdst 
. challenge 

s ·. :pss· 
BHI· 

~CED 

6::4. 

6.4 
6.8 

4.9 

9'.(·. <? . 
234.4• 

6.4 ~1380.4_ 

. 94.() . . 26505;.3 . .. 
1621.s~ 5~.34.la 

•.. 
a Mea.u ·titre for·the.fi~e·surviving ~illl4ls 

10 
Table 10 ;ho~s that up.on 1$..V~· challenge, an$..lnals 

· immunizep.:wit:h a kiilE!d.-whol~. cell ~accine ·o.f ·~e ·.present 

· inventioh-.vere pro~ected. ag~inst colonization anci:&isea~e. 
The data in Table 11 show that· a much· greater ~gG antlbody. 

. . 
15 ·titre results from·v~ccines of the present invention 

. . 
(ENHANCED) than from enteric bac~eria grown conventionally 

(BHI). 

These results demonstrate t4at·inununogenicity (Table 11) 

and protection from infection (Table 10) was obtained vith 

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 

malillllals from infection. 

25 Example 31. Mice· do not naturally develop Campylobacter 

or Shigella infections as do ferrets, but they.have been used 

by those skilled in the art to show resistance to intestinal 

colonizat~on upon oral challenge of immunized animals or · 

resistance to illness via lung infection of immunized animals. 

30 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 weeks old 

35 were itnmunized 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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109 cFu# t:hclt chail~nged." ·tgA ·~itr~s_ from intestinal mucus in .. . .. . 
~ch gi;oup ·were det~~ned i;>}r.E~IS~.methods· and are p'resented 
in Tabl~ i2 b~l~w. . .·. · · ·· ' 

12~. ::i:~ ~ifs~:~~::~. ~~t:ian: vi~ ~(io' 
• OJ; 10 )· campyl.obacte+ Whole. cell· Vacciues in 

Mice · · · 

.· . . 
10 

.Inununizat£on · ·.t.avage tg). :critre~ 
~ .. . . . . .. . . . 

15 

a 

·PBS .. •• 1 ENHANCED ( 10 .). 
EmtANCED (109) 
BHI. (107) 
BHI (109)· 

23 
114 
. 76 

40 
32 

l.4 
·75 
75 
25 
1.i 

·r.avage titre indicates.the mea~ anti-c.j~juni IgA titre 
o~tained for each individual group of mice. 

b Responders a~e defined as those animals whose endpoint 
titres exceeded 2 standard deviations above.the mean of 

20 the-·animals receiving PBS alone 

Table 12 shows that animals immunized 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 ilIUtl.unized with bacteria 
grown conventionally. 

30 

JS 

9 EXAMPLE: MECHANISM.OF ANTIGENIC ALTERATION OR 
ENHANCEMENT BY DOC 

Example 32. Although not intending for tiJ.e present 
invention to be limited to any particular mechanism of action, 
the present inventors have obtained evidence that suggests 

that deoxycholate (DOC) appears ~o have a two fold action in 
altering or enhancing the antigenicity of enteri6 bacteria. 
Evidence indicates·that one aspect of ooccs effect is mediated 
through calcium dependent effects, as _DOC binds calcium and 



47 
thu.s lo\of.erS the ·calcium concentrc;tion !n 1*e 11100.iw:a. · The .· 

. ·evidenpe is·~ ·foitovs. ·.Wh~n '<i •. j.ejuiii ei-~7<i" is: ~l~ed ..... 
vj.~ ·the 111ell10rane per111eable .caici'PJI. chelatOr :a~fAH. ·and . · 

:· wiiihout DoC, its ·ittvasi.~eness. .of mT..:4~7~ cei.ts :l.S" :enhan~ · 

~ appr~xi~a~lY·.~'!-fold (s~e· Table. i~ h~1C:,wJ ." .:amA.iAM·. ~·.·· .· · 
· ·treatme?Jt · aione.;. however; ·does ·not: ~nee the fuuno-~ss. 
~~Qt~viiy .0.f·~4 jejanl ·a~~l~~··c»11s.:; · ... . ·~ ·. . . . 

. The: .resul_ts ~how J;ti Table i; -~~e: obta.in~d. ~f:tig C. ' 

. jej~. a1-i~6 cultur~d accoi;ding ·~: th~·p?:o~~l desQ~ibed··in 
.10 Elca°mple 5 exqept __ .that 25. 

0

µM BAPTA/AM was i;ubs~i'tuted for- o.: it· . 
. ooc.: cihe invasion ~ssays. !-rere" ~t:~ied· out· and sco~e~· as 

descri~d in· ~ple· ~8 in ·section 7 abo'(~·. ·: 

Table 13 Invasion of INT-407 Cells by c. ·jejuni Grovn 

1~ conventionally (B~r> or with B~TA/AM 

culture condition 

20 ·strain BHI BAPTA/AM 

2S 

c. jejuni 81-176 3.0 36.9 

Several bacterial genera that are susceptible to 

antigenic enhancement or alteration by bile or bile salts such 

as~ (e.g.~ Ca.mpylo~a9ter, Shigella, Helicobacter) have. 

9enes homologous to low calcium response {lcr) 9enes from 

Yersinia. The lcr locus ;s known to regulate virulence of 

30 Yersinia in response to low calcium levels. Two Campylobacter 

genes involved in flagellin expression and assembly which are 

required for invasion (flaA, flbA) are ~egulated in part by 

the lcr product. Analysis.of the behavior of Campylobacter 

flaA and flbB mutants grown conventionally or under virulence 

35 enhancing conditions of the present invention show that 

invasion, but not Congo red dye binding or increased cro$s­

reacti vity, is calcium dependent (see Table 1< below). 
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~e r~sults shown fu i'atile l,4· ·Vel:'e obtained· USil\g. C .• 

·.. . . . . . . . .. . 
jejuni cultured eonv~ntionaiJ.y or -<!-C:9oiq.lµg:. to: tl_ie 2Z1.eth<>"ds Qf 

.the pre~~nt· inve,ntion ~s ~x~lif.i~ µi -~pl~ ·5: . The : · . 

invasion.A~~ays. were.carri~ ~ut ~~~-sc0red as.described·in .. .. . . .. .· . 
s· Example. 28 above. ·. · · ·- · 
. ... ... .. . . . 
. . . .. . 

;J;~vasi.~n -of. J:fi'r-.C.0°1. ceils .. by c. jejuni Muta,nts 
Grovn convent.ionall.t. (BB:;rj. qr- AoQo:td$.ng :~o . 

·Methods of· the ·Present :Invention' (ENJi.liNCEDJ . . . : .. 

10 ·co.1ture condition 

st:rain. . . BHI' · ENUANCED 

c .. j~juni 81-176 
1s. 

J.S 40.8· 

20 

c. jejuni flaA 0.05 o.os 

c. jejuni flbA 0.01 0.04 

The c. jejuni fla ahd flbA mutants do exhibit 

significantly enhanced Congo red binding and immuno-qross 

reactivity when cultured with DOC (see Table 15 and Figure 6, 

respectively}. The results shown in Table 15 and Figure 6 

were obtained using c. jejuni cultured conventionally or 
2S · according to the methods of.the present ~nvention as 

30 

35 

exemplified in Example 5 above. The Congo red dye binding 

assays, whose results are shown in Table 1S, were carried out 

as described in Example 26 above. The itnm.uno-cross . 

r~ctivity, ·whose results are shown in Figure 6, were carried 

out as described in Example 29 above. 
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Td,l<!. 1s: .. ·~ngo Red riye .. nindtng ·by-c. j~jUni.. Mu~nts 
. • · ·.G~~ co~venti~·na11y (Bl!i-J ·or ·~!X'ord.i~g i;o 

Hethods of·the Inveri.ti~~- (~gE~J .· ... 

5 . · 
··: ... 

strain 
. · 

· BHI Em!ARcEri . : ·. . . , ....... 
' 

.9.01· 
~ .. 

"L§s c. jejuni: 81:.i16 .: 
·. · ..... .. 

10 c. ]ejuni. ii.a.A. . · . . .... 0.10. 1~60 

c,. jejUIJ.i flbA o.ao 

The flaA·mutant is unable to.express flagell.in. The 
15 flaA mutant and a f1aA7f1aB doub~e·mutant (received from c. 

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

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

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

invasiveness) and calcium-independent °(e.g., Congo red dye 
binding) mechanisms. These findin~s further suggest that 
enhanced itiimuno-cross reactivity and Congo red binding ·induced 
by DOC is at least in part flagellin-independent. 

30 

35 

10 EXAMPLE: DOC INDUCES ENHANCED SEROTY"?E AND SPECrEs 
IMMUNO-CROSS REACTIVrTY OF CAMPYLOBACTER JEJUNI 

Example 33. The sero~ype immuno-cross reactivity. ~f 
Campylobacter jejuni grown according the methods of th~ 
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 ~)..i;:~ring cultUre co~dition.s ··an· the cross-re<iqtivity of·.· 

heterologous. s.t.rains ;,f Campylob'act~;.. The r~bbit~ ~ere . 
. imm~ized ·wrtfi· .l:ive c •. jej~i ·a1:-~76 gi:own. co"nve~tj.onally •. 
~he. ·~gglutin_atfon activit~ .of ~e: Jll.U~; anti~ies.:were .tested . . .. .. .. . .. ...... 

s against tVenty-t'ow:: campyloQa.¢ter f:Ptrains·,. ~mpr.i,sing- eighteen . 

f!~~tfP.es, · ~~ ~nye"ntio~~liy: in. ·~Ht-1E Jlledittm or· acc9rding 

.to the meth~ds·o~ the·inv~ntloq. as e~~~lfi~d ip Ex~pie.5. 
> ·.The i-~ttlts of the. aggl~tin~ti6~ ·a~says sho~ th-a.t tlie ·. 

c~ss~aggl~ti~atl~n ~f-heter~logods c~~pylqliact~ str~ins ;w~~ 
·"10 .b?7Qad~ and, ih Jll~ny c~se~, .s.~r~~ger when the_ "st.rains. were. 

-~ g-rown· accor4iri9 to the: ~ethqds. Qi. the· inv~ntion: tb:an. \rtten 1;:~ey 
were qrown con~ent-ionaliy: · specifl.~ll~, "ttiere, ~as·~- ~ver · 
two t"o~d increase ~ _heter~logous·. aggl~tinatio~ re~ctivl~y~ · 6 

of 24 conventionaliy-grown heterologous strains agglutinated 

15 at ievel + or greater in the anti-81-176 illllll.une mucus, whereas 
14 of.the satne 24 strains grown under OQC conditions 

agglutinated at level + or g~eater. Further, while eighteen 

of the heterologous strains demonsf::rated weak (±) .or no 
agglutination when convention~lly grown, eleven of these same 

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

Table 16 illustrates cross-reactivity of anti-81-176 
i~une"rabbit mucus against 19 heterologous Lior serotypes 

25 consisting of 22 strains grown conventionally (BHI-YE) or 

using the methods of -Example 5 (ENHANCED). Even though this 
experiment assayed only a fraction of the ~nown Lior 
serotypes~ the results demonstrate that the methods of the 
invention induce substantial ilillituno-cross reactivity between 

30 Lior serotypes. The results further show.that the DOC 

enha~ced or induced antigens in Campylobacter appear to be 
important in the secretory IgA response associated with 
resistance to and recovery from intestinal infection by 
campylobacter. 

JS It should be further noted that strains of Lior serotype 
8 are of a differ~nt spec~es, Campylobacter coli. one of the 
2 strains (VC167} of this serotype strongly agglutinated (3+} 
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in.anti-81-176 immune rabbit· ~ucus. This resuL~ inaica~~s,. 

·~a.~.a··vaccfue deriv~i···from a. c. ·jejUni st;r~l.n · (e.g •. 1 :Li.or. S) 1 

bot .. ~n;Ly.· ~in .. cr~ss-p}:OtE;9~· ~gai~st·: h~i.erologotis Se~ot~es .. 

wiWn i:he saiu.e spe~ies_; . but· also. ~ther .. campyloba~ sp°e~ies . 

s .. (~ .• cf.;. c"ampy.l.oba~t;r._ !=Oi.1.): . Al:~o.·~ortlt not~~~ is ~t: Lior ~ . 

• ~~typ~S 0

1. ;• ~ f 4 t 9 t and 'il •are; ~OiJ.<J the· Jll~St 
0

preV~l~t • 
·. d~ea:se-a:ss6~iated, sei-otypes worl;d~Wi.ae: Th~y .all: . 

d~9~trate4 det~ctable cro~s-reactivi.ty· in ~is· assay. . .. . ... .. . 

10. 

15 

20 

25 

30 

35 
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• .. .. • • .. • . •• .. • .. • • • ... ..:= • .. ! 

T~le". 1l;. ~ggl'Utinatiop :aesp<»Jt3~ of 21F campy.loba.ct:er . 
.. s~otypes Grown co~vention~q .. .J.y '<mr;f~U:> or : 

-Accoi;<ling to th~· Methods· of tJie""Inven·tion · 
(ENlf.ANCED) t.Q Non-iiiPiune~ o+· Ant-i"="~.1·-·17~.. . 
Dnm.un~ tuibbit Muc.uS :. .· · ·. ·. .. · 

S
. . .. 

·. 

·Strain 

134 

195 

l. 

·170. 

81-176 

15 6 

81-1.16 

35 

52 

VC-167 

20 VC-159 

88 

25 

244 

556 

563 

544 

699 

1180 

l.982 

30 910 

2074 

HC 

2984 

79171 

. .. .. 

Li or 
serotype 

1 

.. 2 

4 : 

5 

5 

6 

6 

7 

8 

8 

8 

9 

11 

17 

18 

19 

21 

28 

29 

32 

J6 

36 

46 

72 

. Non-inun<ine· ~~6us· 

BHI-YE 

.-· 
.... 

·-

+ 

++ 

++ 

+ 

J}Hl'.-YE .. . .. -

+++ 
++++ 

++++ 
+ 

+ 
+ 

± 

± 
+ 

± 
+ 

. ·. 
~~o 

++ 
± 

.+++ 
++++ 

++++ 

+++ 

++ 

+ 

++ 

+++ 

± 
+++ 

++ 

++ 

+++ 

++ 

+ 
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of ani~als sh:eddi~~ campylobacter .or<j4_n~~--. ~n -~ given:. s~?-e· 
. dax. .. . · .. , · 

~s .s~9wii ,in Fi<;JUr".e: J·, al:l nasally. cballeng'ed aid.ip.ais i· : 

.~th- . imillUni~ed. and· co~tr"o"l; shed org~ni~Jll$ ~~Jii~iat:-~iy after 
~ challeqg~· . (d~y i.) ~ Eighty .to ~he hundl:-~d p~petit "of.· the . ~ · · . 
. ~~t.i-~1- ~u.ais r~tned

0 

eolo~~zed for .. 9° d~ys. ah:er .. ·~1ienge. 
rn c~ntl;~t, ·.sigtdii~ntly: few~i; ·aQ.imtl~. in··.tlie. vacc,inated. ·: . 
9r~ups shed orqa~i~'15 dµi.i.ng"the

0

.CO~e of :tlie .. 9 day a~say 
perioo... a?·~~ th~ degree·_of;~ and ·time to dl~~~ce ~f: challenge. 

10 organisms .were dependent .on the amount of vaccine . . 
admini~te~ed. «r~e low . (195 particle~/P.~s~} ~d. i~termediate 

. vaccin~ doses (107 particlesiO:o~~) 9av~ a cjr~4ual and · . 

i~co~~~ete.rate of .. clearinq •. «rhe presence 6t· adjuvant . . 
increased the degree of protection at.these doses. 

1S Surprisingly, ~t the highest dose tested (109 particles/dose) . . . 
the non-adjuvantized vaccine produced a level pf protection 

equal to or slightly greater than that obtai~ed when a 
comparable dose was administered with the.LT adjuvant. 

Similar r~sults were obtained when orally vaccinated 
20 anilllals were subsequently challenged orally (see·Figure s). 

«rhese results indicate that iinmunization 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 

30 

when administered orally without the use o·f an adjuvant. 
The protective efficacy of formalin-fixed whole ce~l 

Campylobac;ter jej~ni grown accor9.ing to the.methods of. the 
present invention (see, e.g., Example 5) administered 
intraperitoneally (IP) was _also evaluated. For these 
experiments, groups of 20 female Balb/c mice were administered 
a single dose of 1.JX1010, 2.sx109, ~.ox108 , i.ox108 or 2.ox107 

inactivated c. jejuni particles in o.5 ml endotoxin-free PBS 

witho~t adjuvant. The animals were challenged. 14 days later 
with a s~ngle lethal dose of live c. jejuni 81-176 

35 (approximately i.ox10 10 CFU in endotoxin-free PBS) delivered 
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. . 
intraperito~~~ly~ ~An$.lna~s.were mo~~~Qre4 d~ily fo~ 4 days 
fot; .mortality._ · ... 

"J..s ~ho~-~~·Tatir~ 11#· ~single in~peritoneai dose of 
s.tix1b8_ ~inactivated c. ·j~jUni. _particl~s· ~nduceci an . ·· 

.5.iJnm~olog~al ~~spo~e-sufiidi~nt ~ ~r~tect.~im;l~ ~gainst a 
·11v.e c. j~j"uni cli~i~~g~.. ·· · ·· · 

15 

20 

.. 

pose 

l.JX10IO 
i.sx109 
s.ox108 

l.OXlO 8 

s.ox107 

P+otection Affprded"By IP DeliYered 
v2tfutctiva~~.c; jeju.ni..Prep4red According to 
the Me~ods o( the Present rnve~tion 

. · · ~oi:=tality · .. 
Day ·1·· 2 3· 4 ' 

() 4 0 0 

9 0 0 O· 
0 0 o· 0 

11 7 0 0 
10 6 2 0 

·Survivors 

16 
20 
20 

PBS Control 4 J 2 0 

2 
2 
1 

12 EXAMPLES: DOC ENHANCED INVASIVENESS, CONGO RED 
BrNDING 1\ND IMMUNO-CROSS REACTrVITY OF SHIGELLA 

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

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

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

Figure 9). 

35 Culturing with DOC according to the m..ethods of the 
invention also enhances the invasiveness of other Shigella 
species, s. sonnei, and S. dysentariae (see Figure 10). In 
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' . 
·~he anti-81-176 mucus- ·were "obtained. .from rabbits 

. · ·.iftfe~~<1 ·'fi~_··1iv~ c._ jej'!-~i ~~-'17~. gt:0wn. <?<>nventionally 

b ~h~.tion-immune mucu5°were"ob~ined·from uniufec~d 
0 .rabbits A • : • 

0 
0 

• • • ' • ' : . 
s· : 

c· 
. . . .. :' 

·~q.e ai:J.glutination :resp~n.~es i;ange frotn -n~gativ~ ·(-1, to· 

10 

very. .weak (±}.;.to· v¢rY strong·(++++) . · · . · . . . .. . . . . .. 

- . 

11 ·. ~~;~~~~~~AL· E~ERt~s OF VAcc+l!E EFFI~~Y. 
Example 34. The prot~ct~ve -~f~icacy of tqrmalin-fixed· 

whole <:ell ca:mpyJ~bac'l;e;._ jejWJ.l.grown ·ac~rding'to the methoas 

"at the present invention was determined using the·mouse 
.colonization m~ei rep~rted. by -~aqar (Infe~t. & Immun., 

15 63:3731-3735~ 1995}. 

c. jejuni 81-176 was qrown and harvested according to 

E~anwle 5 and inactivated with 0.075% formalin as described 
above. Groups or five 6 "to 8 week old female Balb/c mice were 
admi~istered three oral doses (0.25 ml/dose in endotoxin-free 

20 PB$) containing either lOS, 107, ~r io9 inactivated bacterial 

particles alone or in co~bination with 25 µg of the h~at 
labile enterotoxin from E. coli (LT). Doses were given at 48 

hour intervals and immediately after two o.s 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 a~j~vant. Approxi~ately 28 days after 
ad.ministration of the third dose, vaccinated animals were 
challenged either nas4lly or orally with approximately 108 

30 colony forming units (CFU) of live conventionally grown 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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po~~t;ized.-ep~tli~1iai.~ils.t:h~ enh<µtpe~-i~va.Siv~es~.of 
........ ·. • .. .. . i . . . z .. • .. 

. sl'iig~ia; Vas o~~rved only "when· th_e .epi:t:flet-iai cell.s--Vere·· 

· i.¢~cted. · b~o1~tei-aii.y .. by. tlie.~bacterip.. · Th;s · firtd.~<i is · · 
.. • ... ·,· ,. ... • i .; • • .. • .......... : 

. oons~taht .~it.h t:ne·· inv~ion: pro<?ess ~bse.rved J.h·~vivo. · 
s ·cainparitive·.stu:die~ tli~~;tliaf:~i1lg~l.a qr.own ~~rd.i.Pg . 
. . to . ~~ in~~~d~. ~~.: thi: :present ·itiv~tfott are · neariy: lO-:fold · 

iii.or~· ~vas-i:ve .. thaii $riige1i~ pr~p~r~d. ·acqordin<j· tc?. ttie · . . . ... ... : ... .. . .. ... . .. .:.· . . . ··: ·. . . ··: 
procedure ·p.escribed by)Pope· et; aL (Infect. & Imniun;·; 6.3":36:42-
3:64.~ i9.9sf~.· ·· · · . . . . . 

10 E;xa%1lJ?1e 36·~. S:hlgeila. i:u.1~ured_.aceorain~r to."t:tJ.~ 1;1l~tbods· 
of the present inyention ~lso. ~hibit epba~oe~·eongo red. 

binding. :s .. fl~~ri:·24S1T ·and s. sonnei.." qrow11· COl:!Ventionally 

(BHI.) or a~co.rding .to t;.ne methods of the present _inventio~ as· 

exemplified"in Exa~le 9 were_ass~yed for their dye binding 

1S abiliti~s ~sing proc~dures describe~ in Example 26 above •. The 

results show that growth in DOC enhanced ccingo red binding by· 

the two Shigella'species 10 to 20 fold (see Table 18). 

Table is: Congo Red Binding bys. flexneri and s. sonnei 
Grown conventionally (BHI) ~r According to 

20 Methods of the Present Invention (ENHANCED) 

Culture condition 

25 
strain BHI ENHANCED 

30 

s. fl~xneri 2457T 0.04 0.44 

s. sonnei 0.02 0 .. 40 

Shigella is divided into four species and various 

serotypes. The immuno-cross reactivity of Shigella flexneri 

grown according the methods of the present invention was . . 
examined using the agglutination assay as described in Example 

28. The assay used_ant~serum from immunized rabbits to 
35 determine the effects of culture conditions on the immuno­

cross reactivity of different Shigella species. The rabbits 
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w~e illllll~;z~ v;~ •toi:malin-fix~p.· sMgeiJ,a: ;l~~i ~~57T· 
qr9Wn. apeqrdlhg ·to tQ.-e .io.etiods of· Eica:mi;1e :9~ ··The.· . 

~gqiuUn~tion ,~ctivitt" o~~tlie: Igt? ~tioOdi~s."ob~i:ned "from the 
... .. . . . .. . ... . . .. . .. - "' : .. .. ~ . . ..... . . ,,_ .. __ ..... . ~ . . .. 

· ilDlll~i.zed. 'an!l!i.a~ ~~ ~st~· against ali .f9ut' $higella 

··s :sp~ci~ grow~- ccm~~Eionai~~ in BHI :m~di~ or ac~or.Cli,ng t.~ the 

. ~e~od.s · ~f tlie .. lnventl9n ( e:. ~ 4-t £j(~'41~le 9) •. : The~ tesµlts 01; · 

·the ·aggihtiliatio~ ~ssays. ~how that" ~r~wth .. with. oO"c . .. . 
.. ~i~if~ca~tly -~~?~~ :-¥1~ ag<iflut~~~i?i~n-.":c~ivlt~::~~ ~e . 

· homo"19goas Shigella ilexneri as. well ·as "th-Ose of "the fh;"ee. 

10·-h~terol,ogci·~ Shi.gella sp~ci~s to. anti-s. ·r1exne+i. antibod;y · 
. . . . . . .. 

(see Figure· 11). · . . . 
. ~ 

13 :i:~PLE: VA~CINE EFFICACY OF SHIGELLA 

Example J7-. The protective efficacy o~ formalin-fixed 

15 whole cell Shigella .flexneri grown a6oordj.nq to the methods of 

the present inventio~ was determined using the mouse nasal 

challenge.model developed by C.P. Mallett et al. (Vaccine, 

~1:190-196, 1993) •. Briefly, Shigella .flexneri was 9rown an~ 

harvested according to the methods exemplified in Example 9 

20 and inactivated with 0.075% formaiin as described in Example 

30. App~oximately 107 inactivated bacterial parti~les were 

used to vaccinate 14-16 week-old female Balb/c mice. The 

inacti'vated s. flexneri was suspended in sterile, endot_oxin­

f~ee PBS at a concentration of 108 particles/ml and 35 µl of 

25 this materia·l was administered nasally to ·groups of 10 lightly 

anesthetized animals. · A total of three illllUunizations were 

given at 14 day intervals. 

To test the ~ffect of an adjuvant on the protective 

ability of the Shigella whole cell vaccine, groups of animals 
30 were immuniz~d using a suspension that contained the 

inactivated vaccine and 5 µg of the heat-labile enterotoxin 

from E.coli (LT). Fourteen days after the third 

immunization, animals were challenged nasally with a sublethal 

wasting dose (105 cfu} of either live s. flexneri or s. 
35 sonnei. Illlll\ediately before and at 1, 2, 5, and 7 days 
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tollowing.the ch~llenge; ·animals.were.weicihed. aµd.the·mean 
·qrouP. weight «ieterm.ined. ·. ·Jl<a-sul~··are shown. in Tdwle· 19 •. ·. . . 

T~1e·19: ·b~cti~ted $h1gi1ia:£1m~ ~<?le.Cell 
s . . .":VA~g~ne.~rotec£i~~oe Agains~ Nasal Cful.i~enge 

·'With Live S- £lern.eri :or s .. SQ.rinei. " 

Challenge 
~rg-an1s~. · 

... 

Vaccination P~n~ -wei<fet Change 
~o~~ qi.all~ng~ ·.· 

.. 
··10 riay '1 ··oay i. ·Day 5 Day 7 

15 

20 

s. flexneri ?BS 

s. sonnei 

vaccine 

vaccine + 
adjuvant 

PBS 

vaccine 

vaccine + 
adjuvant 

-·s.1 

5.4 

7.0 

.:.. 8.1 

- 6.7 

- 6.4 

-18.2 

2.9 

- 2.0 

.... 11.5 

-11.J 

- 5.2 

-11.1· -18.3 

2.s. i.·6 

- 1.5 1.5 

- 9.3 6.4 

- ·6.5 - 6.0 

- 1.3 - 2.1 

Ten mice in 7ach group were immunized JX nasally with vaccine 
comprsing 10 inactivated s. flexneri grown according to 

25 Example 9 

30 

35 

The mice immunized with vaccine compris~ng inactivated s. 
f lexneri grown according to the methods of the invention were 

protected against challenge with live s. flexneri organisms. 

Those mice suffered less weight loss and underwent more rapid 

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

sham control group. Surprisingly, the s. flexneri vaccine 

also protected the mice against challenge with live s. sonnei. 
Interestingly, animals receiving the vaccine alone \o.'ithout the 

LT adjuvant were as well protected against the homologous s. 
flexneri challenge as animals that received the adjuvantized 
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vaccine. The S •. flexneri vaecine ~lone also coriterred· 

pr~tection "to heterol~g<?U~· challen~es. by S. ·sonnei: ~ Ttte . 

iµcl~io~. qf the.LT adj~vant~ howev~~·noticfuly·eµhande<t the 
'p~t;~t:i~n ag~in~t th~ chalieng~ by r;. 'soruiei ~ ~h~.e ti.tidings . ... . . .. ~ . . .. 

. s ind.i~tE: that vacdiµe -compr~sing:ibactiv~ted S4ige11~ p~epar~ 
··accordin~r.to t.4.e ~ethods o~:°'the."inv~ntion is effective ·;.n a· 
~~co~ized

0 

·~~igella . d.i~~ase. ino<iei. "an~ ~pes: not: requir~· ~n 

10 

.. adj.uvant ·in. pr~v~hting Q~ attenuta~in; v~iot$· s~l.g~ii.a. 
· infectfp~:. . . . . · 

1<. ·EXAMPLE: FACroRS TRAT AFFECT m.E·ADRESI:VENESS ·oF H. 
. . . PYLQR:.r' 41'0. AN:IMAL CELLS . 

· _.E~qunple.· 3s. ··. T~e adh~ence· of· H •. · py).~ri· is_.enhanced. ~Y 
growtn in glycoCholate or.bile.: Cells.of H. prlo~i strain 

15 NBJ-2 or ~1-4 were added to BHI broth plus 4t. bovi~e c~lf 

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 ~o to a 
flask containing 1 liter of the -BHI ~edium with 4% bovine calf 

20 serum containing various concentrations of bovine bile (0.025% 

to 0.2%). These cultures were again flushed with the same gas 

~ixture, and incubated at 37°C. The cells were harvested at 
various times up to 18 n 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 NB3-2 strain, peak adhesiveness, a 4 to 6 fold 
increase over that of non-enhanced culture, occurred after 
about ah of gro~h (Figure 12). For t~e Gl-4 strain, peak 

30 adhesiveness, a 2 to J fold increase over that of none­
enhanced culture, occurred between 12-14 h of growth in 0.2% 

bile (Figure l.3) • These 11peak 44 times qenerally corresponded 
.to the period when the culture of each strain was in log phase 

growth. 

35 
15 EXA..~PLE: VACCINE EFFICACY OF HELICOBACTER GROWN 

J'\CCORDING TO THE METHODS OF THE PRESENT INVENTION 
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.EXa.Diple 
139~ .. The :prot~cl:".ive 'efric~cy of .~c;tinalin..:iix~d 

~ol.~ ce;ll ··aeii~obaci=er "pylori ·.~~·according to·· the ·methods 

. of'.:th.e p~;;s~nt" ".f.nv~ti~ri was ~etermin~d:·. ~btg "the· mouse. 

JI~iicobacter .. fel.is ~astrfc cofo~i~a~~on.•od.~i des~ibeq by. 

: s Ch~·_e.t al.~ :·cr..a~cet; ·.~J9!ii2Q:-:i~2i; J:9$2r •. _Hel~cqbaCte! · 
PY1:.'1J:i. "strai,n; .Gl:--4. ~as gro"wn as .. a se~d .cul.tute. for .about ··22. h 

.at 37°c· under 10% co;, 9oi .air-~· BHI' llied.ia." cq~t~inlng ~%": • . 

· bovi~~ calf ~e~·. An.· aliq~ut .ot this -~tii.t;.ure. ~~~- u$ed. .to. 

'ino~l.ci~:a.l~~f9ld. v~l~e o~ the s~e medi~ con~ining o~i~ 
10 (viv) bovi~e; blle. After:"· i.2-14 h of qro'Wtli. at." 37~c, the celi~ 

ar~.~~ested by centrifuqa~ion an~"re~p~n~~d ltt i11~~of the 
··oriq.i;,nal ·vol~e. of Hank's Balanced· Sal~ so}ut.fort "(ttass)-: at ·· · 

.roo.in temi>erature. -~ells were· ~ecentrifuge.d.. and agai~ ·. 
. . . " 

suspended in 1/100 of the original .voluine of HBSS •. To"the 

15 buffered.cell suspension, formalin was added to a 

co~centration .of o.01st_and th7 c~lls inactivated by stiri::ing 

the suspension at room temperature for 6 h the~ 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 heat labile enterotoxin of E. coli. Fourteen days 

25 after the third im.tuunizing dose, animals were challenged 

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

Two _weeks after challenge the animals were sacrificed and 

antral stomach segments analyized for urease activity to 

determine the presenQe of H. felis. Urease activity was 
30 determined by incubating antral tissue samples in o.s ml 

stuartcs 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 Helicobacter whole cell vaccine prepared·using H. pylori 
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·. 
s~ain Gl..-:4 .·_Prot~ct~d anilll.als against. !1ll H. felis oral 

. chall~!lge.· · 
.. 

Table 20: . . 
s 

Pro~e~tion.hgafnst Hel.tcdb~Cter ~nfep~fons· vith 
Va.ccin."es :compris'-li.g I:n~ctiva~d: If-. PY1=C?r.f... Grovn 
According to Met~ods·of the P~esent.~nvention 

l.S 

20 
a 

Immunizing 
Ageiitsa 

EXp"eriment: i-. 

H. pylorib· 
PBS + LT 

Experiment 2 

H. pylorib 
PBS :f- LT 

. . 

Challenge. 
Org~islll.S 
(lO_C~) 

H~ felis 
H. feiis 

H. :telis 
H. felis 

¢olonited/ · 
. TQtal. 

4/13 
9/9. 

2/15 
10/10 

·percent:· 
Protection: 

71 
0 

67 
0 

All agents given with 10 µg LT (Labile toxin of ETEC) 
adjuvant as 3 oral doses at 7 day intervals 

b Given as 1 x 109 CFU of Strain Gl-4 in a 0.25 ml dose 

Results of these experiments show the relevance of 
25 enhance? ente~ic bacterial propert{es to in vivo 

immunogenicity. 

JO 

The methods of the present invention produce bacteria 
capable of inducing an il1llllunogenic response which is 
protective. and therefore are useful as vaccines. 

16 DEPOSIT OF MICROORGANISM 

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

35 accession numbers: 

Microoraanisrn Accession No. Deposit pate 

Helicobacter pylori NB3-2 September 29, 1995 
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· . 
. H~lJ..cqbacter .w~cirJ Gi-4_ ·· · ~eP,tei1i.Jier 29, 1995 · 

S · O~er equi V~lent~ of ·the m~tho~~." of t,b.e. pres~t." invent.ion 

may be. ~asiiy. detttzu~e<i ~ th°os~ .. .skii.ied . in· _tlte". art Jµla. such 

~iva1~ts are intend~d · tci b~ · 'i.lic1uaea ·by .this inv~tion. · 

.. ~h~ t~ie9.'oing d~closure·inclu~~s ~~ll.the intormation dee~eq 
. ~~ential "to enabie th~se.ski1led i~ the a~t to ~rac~ice the 

10 clai~ed: invention. ~e9ause th~ ci~d pat~nts or. p~olioations 
may·p~vide further useful informatiqn all ·th~ materials' cited . . .. . 

· herein are here}?y incorpor~ted bi ·.refe~e:nce in th~ir ~ntirety. 

15 

20 

25 

30 

JS 
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* C L M s * 
What is claimed is 

1. An enteric bacterium having enhanced antigenic 

properties, wherein the enteric bacterium is selected from 

the group consisting of Campylobacter sp., Yersinia sp., 

Bacteroides sp., Klebsiella sp., Gastrospirillum sp., 

Enterobacter sp., Salmonella sp., Shigella sp., Aeromonas 

sp., Vibrio sp., Clostridium sp., Enterococcus sp. and 

Escherichia coli which enteric bacterium is harvested from 

which a culture of the enteric bacterium grown in vitro 

under 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, 0. 5 to about 10 mM of EGTA, 

about 1.0 to about 100 µM of EGTA/AM; 

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% C02 with 

about 80% to about 95% air; ii) about 5% to 

about 20% C02 with about 80% to about 95% N2 ; 

or iii) about 5% to about 10% 0 2 with about 

10% to about 20% C02 with about 70% to about 

85% N2 , 

wherein said enteric bacterium culture is at about or 

between early log phase to stationary phase. 


