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X A. INTRODUCTION

1. iobjective: Ty - o ; . : :
[ t . ’ | ' : ' , r . . } .
al: General Aim '

. - ! , ;
- Developement of a safe and practical ETEC vaccing& which: provides .
;effectiye protection'qgginst ETEC infections in childrgn and adults.“g
g

‘b) §Eg¢ifiq'éims O ;

_“ i
. vy , ' v .
-{1l) To determine the .local and systemic‘antibody‘responses_to a per-
oral ETEC vaccine consisting of a combination of formalin-killed ETEC .
expressing CFA/I, CFA/II and CFA/IV, and a recombinant cholera—toxin,
B-subunit (RCTB). ; ; . . :
' - . | i
{2) To compare the response between Healthy volunteers recieving the .
ETEC vaccine and persons convalescing from ETEC-induced diarrhoea. ..
(3) To ascertain whether peripheral blood antibody response after _
vaccination is a valid reflectogqof intestinal anitbody response after
vaccination. . = o™ : ' '

o
RS

(4) To study whether. 'this formulation of ETEC vaccine is safe for.
human use. ‘ ? S ]gﬁ“!
e . [ L . , . T El
! . ‘ , ' ) ' l o ‘}
2. Background :
) ,

Diarrhoea caused by gntefotoxigenic Eséherichig‘coli ({ETEC) ié‘the )
commonest cause of acute diarrhoea in developing countries, in -
travellers to these areas, and in residents of high risk areas (Black
et al,1980; Sack DA et.- al,1877; Sack RB et al,1975). In different :
hospital and clinic based studies, ETEC has -been detected in upto 20%"
of diarrhoeal patients: and in onb third to one half;of§patients with
“travellers' diarrhoea {Black et:al,1986). It is estimated that ETRC _

'accounts for more than one billion diarrhoeal episodes per year, and -

_about one million deaths annually in children in developing countries
(Svennerholm et al,1989). Control of ETEC in developing countries o
would .require institutjon and maintenance of sanifary facilities and !
abundant water supply requiring.a substantial increase in standards of
living, events unlikely to occur in the immediate future. Thus any o
intervention, including vaccines, even if partially effective, would .

.be of great public health behefit_(Sack DA et al,1991). However, no
ivaccine against FETEC for human use is vet available. Important : 1
research advances regarding the prominant virulence antigens of ETEC |

has_led‘to the development of candidate, vaccines.
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{5). Naturally induced anti-LT anﬁipddylresponse,(native ST is non-
‘immunogenic). is mainly dgainsttthe B-subunit of the toxin, which
cross-reacts with B-subunit of cholera toxin. It was found that
immunisation with cholera toxin B-subunit in humans confers short-term
protection against diarrhoea due ‘to LT-ETEC (LT only and LT/ST},
particularly notable against diarrhoea with severe dehydration
;{protective efficacy 86%), (Clemens‘et‘a131988).

(6) Colostrum containing .anti-LT aﬁtiquies are protective against %ﬁﬁ
ETEC diarrhoea'in animal‘models (Dorner et al,1980). g S

{(7) Both anti-enterotoxin and anﬂi—CFAZantibodie$:cah, independently
of 'each other, protect against experimental homologous ETEC infection, °
and when present together, these two types of antibodies co~operate T
lsynergistically in protecting against ETEC disease {Ahrens et al, -
1982}, K ' : ' ' ‘ -
’Basei upon ' the knowledge' about the'important protective antigens of - C
ETEC and..the immune mechanisms operating against ETEC infections, an D
effective ETEC vaccine may be constructed which should induce. .. . o
.antibacterial, antitoxic and anti-colonisation immune responses in the -
intestine :(Svennerholm ei3al,1989).;Ca¢didate vaccines should be

tested for safety, immunogenicity aﬁd efficacy first in adult.
volunteers, and if found promising should then be evaluated in | '
children (WHO,1990), ' - | ' i vl
- » . s ‘ ;' PN 'il:v‘;"
;The,anti-bacterial component of such a vaccine should

contain E. coli strains expressing the commom CFAs and also

the main O antigens associated with| LT/ST ETEC. The toxoid _
component of such a vaccine should consist of LT B-subunit. ~ ' Cohge
Even better would be to have a nontbxic ST-B subunit : :ZﬂLy
conjugate that could induce both anti-ST as well as anti-LT L ‘?I?“
immunity, but such a toxoid is .not available yet. A vaccine o
containing chemically cross—linked,}pxoid‘vaccine containing
"synthetic St-peptide and E. coli LT B-subunit has been found
to be able to induce significant'immune response in animals ‘ 3‘
‘against both the toxin' components (Klipstein et al,1983).

Since -the bjsubmit componént is relatively expensive and rather
advanced equipment is required for its production, cheap recombinant b
B-subunit (RCTR) has been developed.’ The production costs for the B el
Subunit component has been be drastically reduced from >1 US dollar to
a few cents per dose, 'thus tmaking it.suitable for inclusion into the

i : 1

vaccine also in developing‘countries.

One:candidate ETEC vaccine has been;suéceésfully developed in 11 ff
Goteborg, Sweden (SVennepbolm et al,1989). Each dose contaéned 1xt0++ .+
formalin-killed E. coli expressing CFA/I, the different CS' components '

of. CFA/II and CFA/IV, and as enterotoxoid, 1 mg of purified cholera



toxin B-subunit, Strains belonging to common ETEC O-groups and ex- '
pressing the different fimbrae in high concentrations were selected,
Formalin inactivation caused complete killing withoul any significant -
loss of CFA antigenicity‘ - ' ' K
This vaccine has recently been given a ¢linical trial testing for
safety and immunogenicity in 60 adult Swedish volunteers of both sexes
A(Svehnerholm et al,1991). The vaccine was adminstered Perorally twice.
or thrice; gut- derived immune respose was examined in intestinal
lavage fluid and antibody secreting cells {ASC) in peripheral blood,
and svstemic response by ‘specific antibody titres in serum samples,

'
!
|
“
i
I
H
.-

. The results -indicated that there was a significant intestinal IgA
antibody response against CTB and the CFAs in >80% of the vaccihees,
and aboutlhalf of the-vacginees also responded to the 078 antigen. The
magnitude of the intestinal antibody responses against the vaccine
antigens were comparable to the responses previously noted ih;patients
cohyalescing from CFA-positive ETEC infection, The vaccine also
induced signifjcant ASC -increases in the peripheral blood in >85% of
the vaccinees, as well as marked serum antibody responses against CTB
.and CFAs in most of the volunteers. No significant side-effects that
‘could be ascribed to the vaccine were observed in any of the 60 B
ivolunteers, although a few volunteers noted the kind of mild bowel
discomfort occassionally ‘observed after intake of buffered bicarbonate
solution. These encouraging results suggest that it is possible to
induce substantial antibody,responSEs in the gut against the most-
'impoannt_virulence Tncgors of ETEG by, only two doses of an inactivat-
ed per-oral vnécine, and prompts further evaluation of this vaccine
Sincan ETEC endenmic area’l%ke Bangladesh."

o

3. ! Rationale : :
’ ‘ .
ETEC remains the commonest diarrhoeagenic organism worldwide, and.ijs
“-particularly common in relatively poor developing countries. In the
nbsence of offective environmental and snniltary ¢onbrol mensapes whiech
cnns be dimplementod i Lhe immedinte Ffubure, doyvel upment. of a nse el
vaccine against ETEC is of top priority. No such vaccine for human use:
Is vet available. A candidate ETEC vaccine has been shown to be safe
and immunogenic jn Swedish healthy -wvolunteers. This vaccine needs to
be evaluated for safety,'immunogeﬁicity, and protective efficacy in an
ETEC endemic country, i.e. in Persons probably immunologically primed
by ETEC antigens seconﬂaky to previous natural exposures.
. | !
‘Previous studies have shown that Serum'nntibody responscs, b
particularly against Lhe whole cell component of the vaccine were
rather modest,.most'probably because the vaccine predominantly induced'-
an intestinal mucosal immune response. Recent studies indicate that
differences exist between intestina; and peripheqal'blood immune re-

' . . i




sponses after enteric immunisation. ,
specific gut-derived ASCs frim duodennl mucosn and periphernl venous .
’ (Quiding et al, 1981),

Intestina

i

as noted after examining the

I lavage is very useful for

assessing intestinal immune r
time consuming,

esponse,

but obtaining lavage sample is

obtainiqg
children,

laborigus, and require
intestinal lavage or small i

s hospital facilitijes.

Moreover,

ntestinal ‘mucosal specimens from

which is

the ultimate

is impractical.

Thus, it is also

target populgtipn for
very important to ijide

enteric vaccines,
ntify a proxy

indicator

(like peripheral specific ASCs)

for intestinal immune

responses to enteric vaccination. -




_ . B.: SIGNIFICANCE : e _ . b
Diarrhoen due Lo ETEC is an important problem for most developing countries
and for travellers to these -areas. Progress towards development of vaccines
1gainst this disease has been slow, and as yet there is no ETEC vaccine
wvailable for human use. However, important ‘recent results on the ETEC _
sirulence an%igens:have led to the developmént‘of possible candidate vaccine
\n effective and practical ETEC vaccine will have immense public health
significance. In a‘recently{completed'Clinical trial among Swedish volunteer
»ne such candidate vaccine has been found to be safe and capable of evoking -
iubstantial immune-response:against'thg important ETEC virulence antigens.
lefore 'evaluating the protective efficacy of this vacecine, it should be more
;horoughly ré-examined regarding the safety and immunogenicity in a populati
‘esiding in an ETEC endemic:area. 'The present study,. by addressing these !
ssues; will allow further evaluation of this candidate vaccine, )

C. METHODS QF PROCEDURE

i Sub i_@_g;____: | : ) '

A total of

40 individuals will be recruited to:participate in
he study: . : :

) 20 healtLhy
nown history
V. fluid or heo

volunteers'Of,éitherlsexfaged 18-35 years, withoul any
of cholera or other severpe watery diarrhoea (réquiring
spitalisation) during the last 6 months. :

) 20'patienps of'either sex , aged 18-35 years, suffering from _
acteriologically verified ETEC diarrhoea. They willi he recruited

rom the patientls coming to;the ICDDR,B treatment center, and should
t1fill the following criteria -

i. To - be cuiture positﬁve for'ETEC in stool
. I ) . .
ii.l No. other diarrhoeaéenic orgahism isolated from
iii. Duration‘of diarrboéé befqres
To hnve ; stool o&tfut of atile
f%rfg 214 hours of . admission.'

. Co
slool : . :

hospitalisation <24 hrs

iv.,
i

ast 1.0 liter‘during the

. : i
e patients will receive the.standard'rehydratjon.fluids { 1.V, or
5, as necessary) and also'the normal diet. No antibiotics will be
escribed. ' ‘




All subjects will be fully informed about the purpose of the study,
the procedpres involved, and the possible side-effeclts in relation to
the immunization. and sampling of specimens.. : :

|
' '

Belore entering into the study all sdbjects will be carcfully examined
by a physician. Presence of any one of the following will cause
exclusion from the study - : . e

) N Hypertension T

ii. Heart disease :

iii. Epilepsy

iv., Glaucoma

v, Chronic renal disease - ,

vi. History of cholera/severe watery diarrhoea in the
: Previous 6 months {( for the volunteers)

vii. Pregnancy‘( in case of women).

v

The Vaccine

Each dose of the vaccine will contain a combination of formalin-killed
9 different straing of ETEC expressing CFA/I an? the different sub-
components of CFA/II and CFA/IV, totalling 1X10 1 organisms, and ! mg
of RCTB. The vaccine preparation will be pre-tested in Sweden for
sterility and antigenicity according to the European Pharmacopeia,
before being released. C : :

1

2. Immunizations:

The 40 subjects,'divided iﬁto 2 groups, will be immunized as follows -

; ' Vaccination
Group L Route © No. of immunisalions

'
I i

1 ~ Healthy volunteers s PO 2 (15 da§; dpaﬁt)

— e )

II  Clinical ETEC o - ! S -
1diaryhoea patients .

i

o X ! .
The antigen mixture will be administered as a drink in 150 ml of
buf fered NallCO4 solution.
“ollowing administration of the vaccine, Loxigenicity surveillance
vill bLe carricd out daily for 5 days ior until any syvmptom that can be
related to the jmmunization have disappeared, recorded in pre-designed:
‘orms., ‘ .

i 1

&
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 INTESTINAL LAVAGE, METHOD .
P ERRES LAY -

:Hacrogol salt solution:

N

aCcl .

NallCOq
‘KCL

Nazso a.w.:'; -
, ‘Macrogol 3000 D

'Aq dist

This -

solution
1

intereétJ(CFA/;,

is Eommerciall

sfwill_bg dbtainéd‘by‘alloéing the partiéipahtsf?ﬁ

v

h‘g.

% add 1000 ml

'

1
'
!
. ]
. i
i X
’
ot . '
o
\ v 9
|
e
LA
v _‘,s/ .
be 7
I oo

CS1 - CS5, RCTB).

ples (desqribéd as follows)
'CFA/1 %pd Cs1 .

:y available .

B

y IgA lgvékyﬁk
= C85 will be determined.”; " -4

.t:'z

|

- _
1] .
t
' A
. .
- _
o
! i
.

rogol) salt solution until:a watery diarrhoea .’ .
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t3.-— Clinical Sgecimensal;;:__' L g .. s ohg
SR " S e . . - .
Thb'cliniéal specimens to be collected from theistudy participants aref':
R S : S " ! i : . X ' o T
B R i H L . . . o
gl (i) - _vénous-bloodt: b L N iy
o (ii) . 'intestinal lavage fluid, i 4 hy
T (iii) duodenal juice (ps;pg.striﬁg capsule), : W
: ; (iv) duodenal biopsies., ! : : I
1 . f i e, P L
i : . . ER : R . . . I
v . : : PN . . t : 1 S M
They. will be obtained aqFording to,'the following schedule!: ol
. ! - ! ! ) il T L . ' H L e L

IgA and IéM‘agiﬁpti;‘

!:;. :




Lavage procedure: : L '
“Subjects will be instructed to drink the Macrogol 'solution 200—250 ml
‘every 10 minutes. Drinking will be usually continued for 2%—1 '
hourns. There will be be 'access to a reserved toilet. The initial
stools that are passed, ‘usually . 500—1000 ml, 'will be discarded.
Thereafter, when the stools become "liquid", i.e. relatively clear,
they will be collected. Directly after collection, each individual
ligiid stool specimens will be filfeqed through gauze, and Soyhenn
Trypsin Inhibitor (Sigma) to a final concentration of 0.05 mg/ml and
EDTA (Sigma) Lo a final concentration of 50 mM will be added. The
enzyme-containing specimens will be added in an icebath. After
collection iof approximately 1000 ml of (individially filtered and
enzyme Lreated ) liquid| stool, the different specimens will be pooled g
and-centrifuged|at 700 x g for 15 minutes. 100 mM '
phehylmethylsulfonyl,fluqride (PMSF) in 95% ethanol will be added to
the supernatant to 1% (vol/vol), and the supernate will he centrifuged
at 10000 x g for 15 minutes. 2% {weight/vel) sodium azide will be

added to the supernatant teo a final | concentration of 0.02% . )
(vol/vol) and again 100 mM PMSF in '95% ethanol will be added to a
final concentration of 1% {vol/vol). The mixture will be aaslowed to
stand at room temperature for 15 minutes, and then BSA will be added

to 'a  final concentrate  ‘Img/ml. The aliquots will be frozen in big
Pelridishes at -30°C and then at. ~70°C, freeze~-dried, weighed, and
then stored until use. I : '

»

In ETEC diarrhoea patienpsiduring the acute stage, inlestinal layage
.wjllfnoL be necessary, instead approx. 1.0 1 of stool wijill be
collected and processed as described above. L

3. Duodenal juice will be collected with the duodenal capsule (string
test). After at least 2 hours fasting, the capsule will be swallowed
and the proximal end of the nylon string taped to the cheek and left
in'place for 3-4 hours, after which the line will be pulled out. The
participant will remnin ambulatory and will be . allowed to drink '
waler. Only persons with a very sensitiJe~gag reflex ave bothered by
the presence of the thread in . the throat.yﬂemovalﬁof the thread is
mildly disngreeable, but is accomplished rapidly. .The bile-stained
alkaline mucus clinging to the distal 20-30 cm will be scraped off by
squeezing the string between two fingers into a small container.:
Usually approx. 0.5 ml can be obtained, which will be heat-
inactivated, aliquoted after centrifugation, and stored at -70°c.

1. Duodenal biopsies will be obtained from 10 volunteers and 10,
patienls to obtain intestinal lymphocyLes (Quiding et al, 1991),
Consenbs for endoscopy and duodenal biopsy will be obtained in
sepefape consent forms, The biopsies will be obtained through
endoscope using standard endoscopic biopsy- forceps; local anacthesia
will be used. The duodenal biopsy samples will be rinsed thoroughly




with 0.01M phosphate buffer, 0.15M NaCl, pH 7.4, and cut into 0,1 x
‘0.1-mm picces using Lissuq—choppersd After 2 washings wilh chilled
Hepes—- buffered Hank's balanced salt solution containing 1mM CaClz and
10mM dithiothreitol (extraction buffer), the fragments will be
dispersed in extraction buffer at 4°C with 3. thermoproteolyticus _
thermolysin {Nordstrom et al, 1990)}." After' 30 minutes extracted cells
will be isolated by filtering through 150-pm nylon mesh. After further
extrpction‘ijh‘collagenase/dispggé} filtration, pellation with
centrifugation and washing, the cells will be incubated at 37°C for 30
minutes withdeoxyribonqcﬂeaSe in Iscove'’s medium, and single cell
suspecsions will be finally obtainedlby filtration through a 50-um
nylon mesh. String test !for obtaining duodenal Juice will not be
performed on those subjects consenting to endoscopy and duodenal L
biopsy, as ducdenal juice can be obtained during éndoscopy.' - *

-

- ] 1

4. | Laboratoy Assays _;" .E

Titres of;IgG and IgA will be determined in serum samples, whereas
only, IgA antibodies will be assayed in the intestinal lavage and
ducedenal Juice ‘samples. Antibodies to the different colonization
antigens (CFA/1, CFA/II and CFA/IV) will be determined by ELISA, using
purified CFAs as solid phase antigens. CFAs will be purified by the
method of Evans et al (1979), and ELISA~coating concentrdtions of all .
the CFAs will be 1 ug/ml.;Antibodies to O-antigens will be assayed by .
'ELISA. O-antigens of the vaccine strains will be used as the solid i
phas¢ antigens when analysing smples from the vblUnteers, whereas in
case’'of samples obtained from the patients, the O-antigen for each o
test will be prepared from the predominat faecal ETEC isolate of the- n
respective patient to be used as the solid phase antigen. The 0O
antigens will he bprepared by hot phenol-water extraclion followed by i
extensive dialysis ﬂgainst-wate: and then'freeze—drying of the water
phasei the_coating concentration will be 100 pg/ml. - '

Anti-CTn anLibody will befstudied by means! of GM]-ELISA.

Totdl TgA content will be-determined by microtitre; ELISA; IgA Litres
will be cxpressed as a ratio of the total IgA content of each
sSpecimen. All ELISA determinations wili be tested for specificity. The
methods are described in detail by Stoll et al (1986),

Testing procedure for Lavage:
The xsamples will be tested:5—fold’concentrated (a% compared to that

of the original‘lavage fluid). Total and specific IgA content will bhe
analysed in specimens using appropriante ELISA meLhods, and the ratio

of specifiq IgA and total IgA in edach specimen will'bé'determined.

¢
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Detection of antibody-secreting cells

. o, . : -
Peripheral blood mononuclear cells (MNC):'will be isolated from
heparinized venous blood !by gradient centrifugation on :
Ficol/Isopaque |, (Pharmacia, Uppasala, Sweden), 'and will be assayed
for numbers of  total and specific antibody-secreting cells, ASCs, .
by a two-colour_micfomodification (Czerkihsky, 1988) of the original.
enzyme-linked immunospot (ELISPOT) QSsay-(Czerkinéky, 1983).
Individual wells of nitrdcellulose%bottomed 96-well plates
(Millititer HA, Millipore Corp., Bedford, MA)} will be coated with
0.1 ml of purified CFA/1 (10 pg/ml,) ), CFA/II (20 wug/ml) or GM1
ganglioside (3 nmoles/ml), diluted in PBS, overnight at 4°¢C, After
PBS~washes, the wells coated with,GM1 will be further exposed to CT
(2.5 pg/ml) for 2 h at 37°'C.. Eéllowing three additional washes with
PBS, 0.1 ml of the MN 'suspensions will Ee addgd to all wells, o
containing various numbers of cells (5x10%-1x10%), and the plates -
will be- incubated for 3 h at 37°C in.a humidified atmosphere
supplemented with 7.5% COZ.- Thereafter, a mixture of two affinity
purified goat anti-human immunoglobulin'antibodies with distinct i
isotiype specificities, one conhjugated to alkaline phosphatase (ALP)
and’ the other to horseradish perosidase (HRP),will be added to the
wells. Plates. . will be incubated overnight with'the enzyme- o
conjugated anti- immunoglobulins af 4°C, and will be thereafter
developed;by the sequential addition of the appropriate enzyme
chromogen substrates. Spots, corresponding to the zones of
antibodies secreted bysindividualfcells, will be enumeréted in
quadruplicate wells under low magnification (x40 » and data will be
adjusted Lo numbers of spot-forming cells rer 10’ MNC,. :

Totaﬁ IgA-, IgG-, and Igﬂ—secreting cells will similarly be oo

‘enumerated in wells previously . coated with jaffinity purified goat ;
antibodies’ to .the F(ab’), fragment of human 1gG. k

mucosa will be enumerated from the singlr cell 'suspensions in the same :
way as the peripheral blood lymphocytesﬂ;' _ ]

D. DATA ANALYSIS : | e

The data obtained through the various ésédys wili?be analyzed and
described with regard to clarifying: the following ‘points -

1. Frequency and magnitude of antibédy response after immunization
{a) by identifying significantLtitre rises (>=2 fold). in lavage
-and serum samples individual cases
b ) . :
(b} by comparing mean antibody titres pre- and post- vaccination
- (c) by comparing ASCs ‘pre- and post-immunizaﬁion.

12




i
2. Comparison of the antibody and ASC response of the volunteers aflter -
immunization with Lhat of the convalescent ETEC palients. °
i . ' s . i - Ve e

oo
I

, _ § i .
3. Comparison and correlation between immune response detected by the
different me Lhods (peripheral blood, laVugg, dugdenal juice and
duodenal mucosa), : ’ ; |

' 'I. ’ . " i
4. Frequency and magnitude‘of untoward effects (if any) attributable
to the vaccine. NI .

‘

'E. | FACILITIES REQUIRED : o

, . j
Laboratory and office space is available. Data analysis facilities
avilable in the centre is also adequate. However, space in the
hospital for intestinal lavage needs to be arranged. '

-
5t
' o Eed
‘ P
- .

F. = COLLABORATIVE ARRANGEMENTS -: .

This study is being planned as a chlabpratiVe study between the
ICDDR,B and the Department of Medibal Microbiology, University of o
Goteborg, Sweden, L o : : ‘ e
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- Toxigenle B_coll remains one of the most lmpuortant pulliugcn; among Bangladeshi children. Research
and local systemlc antlbody responses to a peroral ETEC vaceine parallels the approach used
successfully In the development of an inactivated oral cholera vaceing. The pteparation belng
examined has alrcady been tested 1n Swedlsh volunteers and hus heen found to be free of adverse
side-effects and Immunogenfc, Since Swedes have liwde previous exposure 1o toxlgenic B ¢gl] the
cutrent proposal allows the vaceine to he examined In ad endemic sciting. The laboratgry techniques
are most sultable to this Investigatlon, and bring 1o ICDDR,D the competent and skilied cotlaborators
whe will make It effective. The Swedish collaborators have a loug history of productive work with
ICODR,A and this protocol continues this tradition. “The protocol should be supporied as it provides
ao hmportant area of Invesiigation for which ICCDR 1 could be key. '
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Response to Dr. Ivan Ciznar

1.

The time to be spent by the laboratory scientist is
mostly for supervision and trouble-shooting, as most of
the actual bench-work will be carried out by a senior
research officer (100% time budgeted).

It was decided that instead of sending someone to
Goteborg to get acquinted with advanced techniques, it
would be better to bring & scientist from Goteborg ¢to
ICDDR,B for - transfering new methods so that several
persons can learn the relevant technigques.

Response to Dr. Roger Glass

No specific comments.



