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An oral vaccine composition against enteromxlgemc E. coli caused diarrhea in humans is disclosed. It comprises a defined amount
of at least three different types of colonization factor antigens (CFAs), e.g. 100 to 300 sg of each type, selected from the group consisting
of CFA 1, CFA II (CS1, CS2 and CS3) and CFA IV (CS4, CSS and CS6), on killed E, coli bacteria lacking the gene encoding the heat
labile enterotoxin (LT-), togethcr with a defined amount of the B-subunit of cholera toxin (CTB), e.g. 0.5~2.0 mg, and a vehicle, such as
PBS, which vaccine composition is purified from possible heat stable enterotoxin (ST).
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associated with their membrane. Among these, the ones wh1ch are most important for

20 humans, are organisms which colonize the human gastrointestinal tract and the respiratory
airways. Exaniples of organisms which colonize the gastrointestinal tract are enterotoxigenic
Escherichia coli, Vibrio cholerae, Helicobacter pylori, Campylobacter, Shigellae,

| Salmonellae and Yersinia. _ |
Of particular medical interest is the enterotoxigenic Escherichia coli (ETEC), since it

25  is one of the major causes of travelers diarthea and diarrthea among children in the
developing countries and accounts for more than 1 billion diarrhea episodes and at least one
million deaths per year, primarily among children.

Enterotoxigenic E. coli are characterized in that they produce heat labxle enterotoxin
155y and/or heat stable enterotoxin (ST). '

30 In WO 92/14487 a method for production and use of an oral ETEC vaccine is
disclosed. The ETEC bacteria with CFAs and their subcomponents (CS-antigens) are grown
under specified conditions. The subsequently formalin killed bacteria may then be used as an
oral vaccine against the ETEC bacteria. The CFA and CS antigens will thus function as

antigens in the immunological processing that will take place in the intestine.
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The elimination of the possibility of the bacteria to produce heat label enterotoxin and
removal of the posSibly present the heat stable enterotoxin adds to product safety.

The killing of the bacteria should be performed in such a way that the colonization
factor antigens are substantially retained, e.g. by mild formalin inactivation.

25 Thus, the present invention provides an oral vaccine composition against
enterotoxigenic E.coli caused diarrhea in humans, which comprises a defined amount of at
least three different types of colonization factor antigens (CFAs) selected from the group
consisting of CFA I, CFAII (CS 1, CS2 and CS3) and CFA IV (CS4, CS5 and CS6), on killed
E. coli bacteria lacking the gene encoding the heat labile (LT") enterotoxin, together with a

30 defined antount of the B-subunit of cholera toxin (CTB), and an vehicle, which vaccine
composition is purified from possible heat stable enterotoxin (ST).

In an embodiment of the oral vaccine of the invention the defined amount of different
types of CFAs is for each type of CFA at least 100 ug, and the defined amount of CTB is at
least 0.5 mg, and the vehicle-is a physiologically acceptable buffer solution.
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Determination of the amounts of the different colonization factor antigens

data: ~

E. coli fimbriae antigens are detected by using an inhibition ELISA substantially as
described by Lopez-Vidal Y., et al in the Journal of Clinical Microbiology, vol 26, 1967-
1972 (1988). Briefly, the bacterial sample to be analyzed is incubated together with a fixed
15  amount of monoclonal antibody directed against the CFA. After incubation the mixture is
transferred to a plate previously coated with CFA, where residual monoclonal antibody can
bind to the CFA. Bound antibody is visualized by adding horéeradish peroxidase.conjugated
~ anti-mouse immunoglobulin. As substrate, o-phenylenediaminedihydrochloride in a citrate
buffer is used. The optical density is measured at 450 nm in a spectrophotometer connected to
20 acomputer eQuipped with a data reduction software. The optical density observed is inversely
proportional to the concentration of antibody in the sample |
Formulation of the vaccine composition '
Lot of formulated oral ETEC Vaccine derived from monovalent bulks of formalin
killed CFA/I SBL strain 101, CS.i SBL strain 106, CS2 SBL strain 107, CS4 SBL strain 104,
25  CS85 SBL strain 105 respectively and monovalent bulk of purified rCTB.
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The strains SBL-104 and SBL-105 also produced CS 6, but the amount thereof was not -
established. The strain SBL-107 also produced CS3, but the amount thereof was not -
established.

Pilot study ﬂevaluatz‘ng the efficacy and reactogenicity of the oral ETEC B-subunit-killed whole

cell vaccine of the invention against travelers diarrhea

Ina double blind, randomized, placebo controlied pilot study three groups of Austrian
travelers were investigated. In addition to the ETEC vaccine an oral B-subunit whole cell

- cholera vaccine was also included, sirice it had previously been shown in both Bangladesh ( '
Clemens J., et al, J Infect Dis, 1988, 158:372-377) and in Finnish travelers to Morocco
(Peltola H., et al Lancet, 1991, 338:1285-89) to afford significant protectton against E.coli

- LT-diarrhea.

A total of 250 volunteers, adults and children, who had signed up for a trip to tropical

or subtropical destinations (44 different countries in Africa, Asia and Latin-America) with a

duration of stay intended to last 7 to 23 days, were included. Twelve of these were withdrawn

15

due to violation of protocol, so that the intent to treat population encompassed 238 persons

and the per protocol population, which perfectly fulfilled all the requirements, comprised 187
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(1 case) i nmi beffdr ki@each dose of vaccine or placebo was given as a drink in 150 cc of a sodium
20  hydrogen carbonate solution. Isolation and characterization of ETEC bacteria and
the anti-CTB IgA ELISA were performed as described (Jertborn M., et al ibid).

250 volunteers received one dose of vaccine or placebo, of whom 246 also received

the second dose. The study protocol was approved by the local. Ethics Committee before
start of the study. Written informed consents of the volunteers were obtained before
25  randomization.

- - Reactogenicity results are as follows: In total 43 volunteers (17%) had mild to moderate
gastrointestinal or general symptoms after the first. dose; 13 (16%) in the placebo, 13 (16%) |
in the cholera vaccine grbup and 17 (20%) in the ETEC vaccine group. After the second dose
20 (8%) had symptoms; 6 (7%) in the placebo, 7 (9%) in the cholera vaccine group and 7

30  (8%) in the ETEC vaccine group. Statistically, there were no differences in the proportion of
volunteers reporting symptoms between the study groups. _
Evaluating the efficacy of the vaccines, a case of ETEC diarrhea was defined as
having three or more liquid stools, and ETEC, but no other pathogens, detected in

pretreatment stools. In the Per Protocol population the incidence of ETEC was 8%(5 cases) in
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ESiZt Zsesf premis\/@'oh umﬂﬁdch\tmd dcihé ot supPosed to hive any effect. gfter ths/()flrzt andh

.6 after the gecon 0se;. Seroc ersi-on 0Se and in the
group recei vi ngB cPfie teRt Teslts 1t mpst %ﬁgcqt-;n@n}fg&atgﬁc%o ﬁ?‘é?epﬁ‘%d][?‘gﬁt and 60.1
after the me@wx 1HigHEbe a source of ErirGC WHéR huin, &aﬂs@%edfﬁh&eﬁ'@@ﬁh@oﬂb@ﬁg) did
not Sh?%’ %’g‘{!l cant .increase i.n the antl-- CIB respons 9 vs.

r

8.3 af ogens; wheregs less %Ps‘flﬁ%%eéé'éﬁ*\‘c?s@og‘f!‘ bagteria s ér??‘g‘i‘sz‘Q
Thus - "alt fiﬁé@bsﬁlh@cmmcedl&xﬂ& (YR(deHinRioh BEETED MS?VH&%%& espo ns e

agai .nst Egsubunl t - a_significant influyence of .this vaccine on

ETEC di ar rPremea§° 1 EGdiamhgepught have been prergstimated pHewenst.itls tnikebethals o i bed

to the facposkibhd faRe pBdie¥d daves@be drtQerlyf BistrivutedioRer théhdy @dups. fromthese
voluateers were_only producing ST (9 from 12) and hence cou) d not be

prevented 30 GoRceRingiRuRuogenciy, ¢ significan dncienss in anibediesagainstihe Bspbundt 4 o
i gl Y20 DG drbrath (OTH] ald 1 Khown by ki ISHICTEPRA ECISAGH: il @bighea_caused

by ST-only ETEC. present results are the fir to lend .
support i nreReivingdhe BFEE H@%Km%m&qsﬁe' vs. postryageingiont 7.BvEG8acci ne

i nduced aniﬁer‘ﬁl:éf‘&ﬁaddwdeyth%&oﬂ& Qb&S berdltl disibn 432N Q6scC 1tifshd in the DY
ST-only produci ng, ETEC

group receiving, the cholera vaccine (7.6 vs. 54.6 after the first and 60.1 after the second dose;

seroconversion 100%). The placebo group did not show any significant increase in the anti--
25 CTB response (7.9 vs. 8.3 after the first and'11.8 afier the second dose; seroconversion 29%).
Thus - although the CTB-cholera WC vaccine induced a very good response against
the B-subunit - a significant influence of this vaccine on ETEC diarthea was not observed.
This could predominantly be ascribed to the fact that a majority of the ETEC strains isolated
from these voluateers were only producing ST (9 from 12) and hence could not be prevented
30 by the cholera vaccine. Apparently, anti-CFA antibodies are highly important for protection
against in particular diarrhea caused by ST-only ETEC.,
The present results are the first to lend support in humans for the working hypothesis
that oral ETEC vaccine induced anti-CFA/CS immunity can protect against diarrhea caused
by ST-only producing ETEC.
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E.coli caused diarrhea in humans, which conprises a defined anount of -~
at least three diffeent types of col oni zation 5 factor antigens (CFAs)
sel ected frwodobetegr oup consisting of CFA I, CFA |l (CS 1, pPCHSE®A306

CS3) and CFA IV (CS4 CS5 and CS6), on ki 7 ed E. coli bacterl a lacking the.
gene encodi ng -t he 'heat 1 abile (LT) enterotoxin, together with a-
def i ned™anount “of "t hé B subunit of choiéra” ™ " toxin: (CTB),. and - an 1
vehi cl e, which vaccine conposition is pigifiseed from possible heat stable:
enterotoxin (ST). 10 2. Oral vaccine according to claiml1,

wherein the defi nbdralnaacine edmptisitiosragsinstiepsedoxigenic E.cfli @ised digrheain each”

t f. CF l- t
0 2 . andniharsC@RnEARphsth ol en i diCof i i hhe £ MY hes o Polofielion eas
3. O al: ¥Yacftactor antigens &Fl@s)tdeﬂbth&mZheginnpmmmhﬂ@of(@‘AhﬂféﬁﬁﬂBﬂ GSZand ] e
e C e ot ERBPang CEA 1O LTS i .38 g ot bagfgia 146 e 208 s %‘i;l
v?c (C::;: 22 ac cﬂl;glgatgamte (Liralemcﬂztoxm,a:ogaﬂﬁertnhﬂ: mﬁnm(ﬁlm5 ersuBlkxﬁtJ‘o}i'l‘cg&rat g 885
0 are err . err ,
[err]g of CEFY MS%%[%VF%W *vhxcﬁ o °ﬁfs@hﬂ'é°‘€ffl'@?%l,sg’é%b“¥ ﬁéﬂe ;

physi ol ogi cedterptoxirce§I.abl e buffer sol uti onis phosphat e buf f ered
%al Lne 16 ution. ; %ral vaccine according to claim 1, wherein the defined amount of different t%pesL
of CFAs is for each type of CFA at least 100 pg, and the defined amount of CTBis at least

0.5 mg, and the vehicle is a physiologically acceptable buffer solution.

~ 3. Oral vaccine accordmg to claim 2, wherein the defined amount of different types
of CFAs is for each type of CFA 100 to 300 pg, and the defined amount of CTB is 0.5 to 2.0
15 mg , . . :
4. Oral vaccine according to claim 3, wherein thé. defined amount of different 'types
of CFAs are 200 pg of CFA/I, 200 pg of CS1, 150 pg of CS2, 200 ug of CS4 and 150 pg of
CS5, and 1.0 mg of CTB, and the physiologically acceptable buffer s&lution is phosphate
buffered saline solution.
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