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Title: Antibody resgonses to 'different formulatlons of oral Brsubunit +
whole—cell cholera vacc1ne

Principal anestlgator. Johﬁ'Clemens MD

e . e A —
" - . —

Co-investigator: Marianne Jertborn, MD, UnLver31ty oE Goteborg

¥

Starting date: October 1983_‘

Completioﬁ date: March 1984

Total direct cost: $ 3,000.00

Abstract sSummary:

This study is desxgned to answer practlcal 1mportant questlons relatlng to

* +the formulation of a promlslng new oral cholera vaccine consisting of=

cholera B-subunit and heat- and formalin-killed classical and El Tor
vibrios (B— uﬁunit/whole céllrvaccine) The study will be conducted as a
2 x 3 factorial design, with patlents randomized to one of six different
groups 1 placebo (vitamin’ A solutlon) together with blcarbonate as given
1n earlier ICDDR,B studies, i. e 'mlxed with 100-150 ¢c of .75% sodxum ’
blcarbonate solution and swallowed 2 3 minutes after the volunteers: have
drunk 100-150 cc of the same. sqdlum bicarbonate solution alone; -2) placebo
given only with 100 150 ce ofithe sodium bicarbonate solution concurrently,
without an earlier dose of sodlum bicarbonate; 3) moderate dose vgcc1ne

(! mg B-subunxt/lxlO" killed V. cholerae organisms) with antecedent énd
concurrent sodium bicarbonate; as noted in 1); 4) moderate dose vaccine

with only concurrent sodium bicarbonate, as noted in 2); 5) high dose

- vaccine (5 mg B—subunit/3x10ﬁ'killed“V. ¢holerae organisms) with antecedent

and concurrent sodium bicarbonate, as noted in 1) and 3); and 6) high dose
vaccine with only cdncurrent'sodium bicarbonate, as noted in 2) and 4). We

w111 compare the serum antitoxin-and vibriocidal antlbody responses after a

L first and second immunization with each of these formulations of vaccine in
children 2-8 years and in lactatlng women..We will also dSSES% breast mild
ant1tox1n_ and ant1bacter1a1 résponses in lactating women. Fhe rcsults Obtdlﬂed

» o

will bc of Crltlcal 1mportance for designing a subsequent major fleld tr1a1
with the B- subunit/whole cell vaccine. " C

+
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1. Objectlve:_' s T - - - - - “_”__;* B 1 N
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The long range goal 15 to develop effectlve Vacc1nat10n agalnst cholera.

The obJectlve of this; pllot study is specifically to determlne the

antibody responses ‘to, the B-subunit ‘and whole cell components of a

r‘l

combined B*subunlt/whole eell: oral cholera vacclne tested 1n dlfferent

formulatlons..
-preceded by sodlum blcarbonate' ‘as’ a liquid moderate—dose vacclne

together w1tﬁ but not preceded by blcarbonate° as a llquld hlgh—dosef

vaccine with antecedentiend concurrent sodlum blcarbona e; nd as a*‘

) liquid hlgh—dose vacc1ne w1th only antecedent sodlum blcarbonate. The
outcome of these studles w1ll be: dec131ve for the formulatlor of

vaccine to be used lnfa f1eld

‘i

trlal of B—subunlt/whole cell cholera
T [ZEE i ' .

vaccine planned for 1984 o Vo S

§ 11 i : ' ) : : N o . .

AR
L
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Background'

Clinical cholera is known to give rise to immunity 1n convalescents
from the diséase of a magnltude and duration exceedlng that observed
in persons. who have been 1mmunlzedlw1th ‘the conventlonal parenteral
whole cell cholera vacclne. ‘There .is now substantial ev1dence to
support the v1ew that an oral vacclne capable of evoklng a mucosal
antibacterial as well as antltox1c .immune reSponse in the gut would
have a much greater chance than the hitherto used parenteral vac01nes
to confer more solld and long*lastlng protectlon. Since flVe y- ‘ars:
the deveIOpment of an oral choleraivaccine with the above sought-for
+ properties.
vaccine con51st1ng of %-olxture of ! cholera B—subunlt and whole cell
‘vaecine - (B+WCV) | i
volunteers showing tnaﬂ

ot E ﬂ'ulu
orally admlnlstered B+WCV confers srgnlflcant

1' i h m
protect1on agalnst chahlenge W1th.a high dose of: 11ve, v1ruleqtu

V. cholerae

were recéntly rev1ewed at a Consultatlon convened %y the |

. ie ! w a

l : r .
' ! i,

§ i ¢

L
R

as a 11qu1d moderate-dose vaccine together w1th and also

ICDDR,B and the Unlveralty of Goteborg in Sweden have collaborated on
Very promlslng results have been obtalned Wlth;& Eombxned

These[results and data from studles in NortﬂnAmérxcan
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Dxarrhoeal DlseaSes Conﬁr‘l Pro ramme of the World Health Organizatior
g2 .

in Washmgton,. DC, USA.’lo—n June'1983. The purpose of- the‘ L
Consultation was to dlséuss the development and fleld testlng Sf-an. -

oral cholera‘%acc1ne et IQDDR B Part1CLpants lncluded _the: vaéc1ne

oo r-—t——‘_

developers, mémbers of the ICDDR B Board of Trustees the Dlrector of
the ICDDR, B members of the Steering Commlttee of the WHO Dlarrhoeal

Diseases Control Programmes Scientific. ‘Working Group on- Bacter1a1 and-
e

Enterice Infectlons, OUtSLdE experts and WHO Secretarlat. '

S . ' .

' i
.!lql_ . T H ‘-
] 5

i

" f

This Consultatlon su ‘fé_ed the 1nformat10n about the B~subun1t/whole

cell vaccxne as follows. - Alse includad ts a followﬁup letter of

Jbt.."
support for a trial‘of B subunit/Whole:cell vaccine by Dr M..Merson,
' i T
‘Programme Manager, Diarrhoeal Diseases Control Programme,“}n\.q{ .
K ToTr o ! . 1 L l‘ .
World Health.Organization. S ' o T '
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L2 B-subunit/wholex cell vaocnne
2 ;n *
|

[

The present compoSltlon offbhls vaceine (Table 1} is d
sufficient amounts of .the most 501table antigens curre nt13 vallabie‘ror
evoking intestinal mucosal antlﬁoxxc and antibacterial imaunity Laaprdtect
aguinst ¥, cholerae.Ajbxperlmeut \;gnzabbxts have shown that an;:tar.c and
antibacterial antlboéles act ayn rglstlcally in proteciing™ u“IWQL*““ £~ —-
prerxmentdl cholera, LProtectzve:ancxtOhlc antlooov s mosgly dll”“ted' g
against the B-subunitjywhereas antlbaccﬂ*1a1 immunity 18 mdxn*)'uJansc*the
cell-wall 1;popoly5acchar1de (LPS) Antibodies against heatslabilel Jntl&ens
such as haLmaggluthlns ; may” also contribute to protectlon. SALY LnL§e Varlous
antigens are anluded 1n'the vacc1ne. Thie.vaccine 1is LnLCnded for eral use
beecause current knowledge abouLilnteaLLnd} meunoLOgy, suppo1tad by . .
experiments in humans w1th thlS‘VaCClne indicate that the oral rout?;lf
superior to the parenteraT route for Sleblutlnb the formation of atcTeinx/
1gh (slgha) antibody 1n”the gut mucosa and. local nmmunol 051c41 mnnorf.,«The
prOLEdUT&S for preparatxon and characterxﬂatlon of the vaccine are well
defined, thus assurlng good batﬁhﬂto batch reproducxoxlxty ‘ L

% ! H " ! -f.' ad :‘.'E--r

Vaccine safe;y )Inltldl studxes in Sweden and p;ﬂﬂlddegh uemaJSLthpd
that the vaccine, glven orally,ﬂcéusnd no detectable side- effects. . ]n LhL
studies in Sweden, 10: auult vqldnteers YCCPIVLd onie Or WO dosgs of CC’Wb
containing 0.5 mg of: B-subunlt and 5 x 100 corganizms of the ucat klzb %‘
classical Inaba ang’ Ogawa vacc1ne components (Table 1). In no lnftancg were
any local or systemic'side-effects observed within one monthiafter 3"»-
immunization. In subsequent studLes 30 adult Swedes anul 16 Banbladechl-\omcn
were glven two doses of vaccxne ‘each ¢ containing 0.5-2.5 mg of Bgubuiith ‘and
5 x 1010 of the heat kllled claSsxcal Inabaland Qgawa Vlbtl@¢¢ burvelllaugo
for side reactions was performed for 10 days after each immunization by a
phv ician or a health;worker; : in no instance did these Olal Ammuniz 4t10n5
give rise to any detectable side- effects. ! oy R

. S .g. PO 0

In more recent Studles 1n Bangladesh one Or LWo deses (51V€ﬂ one day
apart) of 1 mg or 5> mg of B- sqbuult alone wére given orally-to aboutil ZUU
family contacts {aged 1~70. year') .of paclcnts with cholera to evaludL 1t
possible effactlveness as . a toxmn—recch01 blockln" apent. ho local’ cr‘
syskemic ﬁloe—effects were obsgrved C B ‘ g‘!;a

. ! ol N )

O X v

. P

. ;
.
Mucosal 1mmun03en1c1ty and‘se;um aﬂtlbodlcb L VO]JnLoers. At'thg
ICDDh B and in Swedefn, muccsal meuUOLCnlClty %LudLEH have pLOVLduu‘_P~
informatien on the dblllty of the vaccine to stimulate mucosal ant1body in the
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1nLP,thn of volunteers. The wnole ccll vatcine used 1n these s:qdiqém7f
consisted of the heat-killed classxcal Inaba and Oguwa vaccine cumpoﬁchtg
(2.5 % 1010 organisms of each per“oral dose) of the pres cntly propoded. :i_ :
vaceine (Table 1). Three groups: {1-111) of 8-Y healthy Bengald women, waie s
givea 2 oral or 2 ;ntranﬁsuulaﬂ'dOses of vacaine 28 _days apart and were' '
compared with one group*(9 persoms) ofrcholera COnVﬂleaCEHLS ngcr“ﬁw hnnle .
oral vaccination. The vaccine - doses ngen are indicated in IublC 2. F1\e

minutes before the oralfxmmunlzatxon 100 cc of 0.1 M MaHCOs3, olLCLOn was .

piven to neutralize gaqtr1c ac:dxty, the oral vaccine wab;chen adm1n1 Lercd . :
in 100 cc of the same solution. Intestlnal lavage was performpc 2ua fluid
specimens were examxned v, 3, 9 ‘dﬂd 28 days after each. 1mmqnlzatxon OoT (for 1

rholera convalescents) 9 and 78 days ‘after the.onset of disease. AHLLCOaln :
and antibacterial antlbodles in qhe lavage fluids were ncasured by an Ebiah o
test using purxfled cholera ‘toxin and LPS, respecrlvely, as solid phase, ' Co
antigens. Total IghA was also detcrmlned by- ELISA te pLTmlt LAG QXPIESaloﬂ of - R)

all titres in: relatxon Lo total IgA. - ‘ : - T 3
h ' z rl 1‘;. k‘ a |. . :.‘{ o

v

P

-
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The results showed that a hingle _peroral adanL°tfathﬂ 0f 2.5 mglof
B-subunit induced a-significant fncrease in antitoxin titre in most recipients
(fijure 1 and Table. 1). Two: Lmnunlvatlonq with & 0.5 my dose ‘of B-subunit . i
zlso induced a blgnlflcant mucogal antitoxin response in mos:t instancés. :
Although intramuscular’ Lnjectlons also.induced a rise in the antitoxin. Igh .
titre ia many cases, the duration of the rGCponda was significantly shortgr
than after oral administration: ’The study ‘thus showed the’ abilivy of
S-gubunit, admluxsteraa orally, to SClmUlnLE intestinal wucos al 1nL1toy1D
responses in Bangladeghl acults.I L : -

3 -

e

71',5' ) B ]
Measurements of ‘the 1ntest1na1 mucosal antibactexial antibody fE%bonée I
revealed that although clxnxcal cholera 1nduceu a substantially. increased '
rirve of intestinal Igd antlbody to V. cholerae LPS in most Tt PlplenLS
ircreases cceurred less frequently‘and were of lesser maguitude following & iy
single oral or latramuscular vaccxnatlon*wxfh 'whole-cell vaccine (Figure 2 and
Table 3). However, !follow1ng che“second oral administractien of the whole -cell ;' L
vaccine, intestinal antlbacterlalrreaponses:were induced that were compaxable B R
to those following d1sease 1n'12;out of 13 vaccinees., Both the maantude and " ’
the duration of the mycosal rasponse artaindd after two oral Jdm;nmstratxons L
were superior to those obtalned by the 2- dose parente;al LmnunlzaLlon renge. E
' . . I . .
As its final obiéctive,:th1s study cxplored the extent ;0 whwch e ot :
immunizatioh could.induce (or, in’the naturallys prxmed Eangladbsha volunteers
perhaps boost) 1mmunologlcal memory for a mucosal response. 'Ural 1mnun14aL10n
with combined vaccxne appeared to be as effective as clinical chole 1a rnl
preparing the 1nte5t1ne for l1ocal ‘JgA antibody response to leqtlhulatlﬂn t}
cholera antipgens, Both the antxtoxln and the anti-LFS responaes dare seen.
within 3 days after thé second i unizations, which was udrll richdn:hq the
cage of the initial vaccxnat;?n§.“}1gs. 1 and 2}, As r;ga1ds thL-ﬂUCbSdl Igh
antitoxin, a rapid responbe wasf lso seen in many voluntLersrwho nadlb en

vacecinated with B- subunlt 15" months earller gugpesting tht enrxLuth,momory
|'5" : ‘l-‘."‘xL ;

R

Wwas longulabtxng N Co § o _ N4

"l i
k& B ‘”i;, SR I L T
The SIigA antltoxln and ﬁnnL-LPb anleody respouse, ‘i LnLLbLLJ%l 1dv1ge T
‘l‘,ni‘
urullﬂenb following one of £wo leUHILaHLOﬁ vith simiiar dosis of comBinad g
vaccine were also studied in adult Swedish volunte? r,."ﬁugnlfxcvnc titre . W

increases of both antibodies be rc observed in most vaccinees, but lnr} were i

about 5074 lower than those obselved in Banblageshl volunteers,
‘-
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Challenge studies: Studies of vaccine efficacy were recently performed
at the Center for Vaccine Development in Baltimore, USA. Nineteen adult
voiunteers received 3 oral doses of combined vaccine at Z-weelk intervals.

Fach dose of vaccine consisted of 5 mg of B-subunit and 5 x 1010 Leat-kitled
classical Inaba, 5 x lbto_héitkﬁilred“classical-Ogawa_and l_x%LQ}E_
formalin-trecated El Tor Inaba organisms — i.e., the first three components of
the whole-cell vaccine (Table 1). Three hours prior to ingesting vaccine, the
volunteers ingested 300 mg of cimertidine; one minute before vaccination, they
took 2 g sodium bicarbonate in 150 ml of disrilled water. Antibouy responses
in jejunal fluid and serum were mecasured after each lmmunization, Five weeks
after the last immunization, the susceptibiiity of 1} vaccinecs to ovati
challenge with 2 x 10° tive EL Tor V. cholerae organisms (strain N16961)
administered with 2 g sodium bicarbcnate was comparcd with that of unimmunized
control volunteers.

No notable adverse reactions were observed in any vaccine recipients.
The results of the challenge studies (Table 4) showed that the vaccine gave
significant protection against an IDypg challenge dose with live vibrios: 4
of 1! vaccinated persons as compared with 7 of 7 controls davelcped diarrhoeal
iilness after challenge (04% vaccine efficacy, p = 0.01}. The vaccination
af forded complete protection against severe disease:; no vaccinee had
diarrhoea exceeding 1 litre, whiie & of 7 controls had diarrhoeal stools of 2
litres or more (Table &4). The vaccine had no effect on the rate of excretion
of V. cholerae organisms, though the quantity of excreted organisms was
slightly less in the vaccinated group {Table 5).

Seventeen of 1Y vaccine recipients manifested significant rises in serum
vibriocidal antibedy (measured against Inaba serotype}. There was no
relationship between serum vibriocidal responses and protection against
diarrhoea among the 11 vaccinees who participated in the challenge study.
Three of 4 vaccinees who developed illness and all 7 protected vaccinees had
significant rises in vibriocidal antibody during and after vaccination.

411 19 vaccinees exhibited significant serum antitoxin vesponses
following vaccination and 12 vaccinees (08%) had significant rises in
intestinal S1igA antitoxin measured after ouly twe doses cf vaccine, There was
no correlation between serum orv intestinal antitoxin responses and protection.

Measurements of intestinal antibody to Inaba LPS and outer membrane
proteins are in progress. Preliminary work has revealed significant rises in
$Igh anti-LPS in intestinal fluids from about half of the vaccinees.

Possible field trial: Ou the basis of these results consideration can
now be given to a field trial of the B-subunit/whole-cell vaccine. The main
rurpose of such a trial should be to determine the protective eificacy of the
vaccine against cholera and the duration of protection. However, given tie
particular nature of the vaccine, consideration should also be given to
detecting any possible cross protection afforded against Escherichia coli LT
disease by the B-subunit component of the vaccine. 71he opportunity should
alsu be taken to study the protection of infants via "immune milk™ from
vaccinated morhers, as well as prevention of the carrier stat
infection). el ' -

e (asywptomatic
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3.7 FIELD TEST FACYLITIES AT ICDDR,E

The 14DDT,B has the capcbilities for field testing a cholera vaccine.
The part of thke field arca sn Ma:clab Thana tnat is fully covered by the health
services has a populaticn of 80 0GD and is immediately available for such a
field trial. &4dditional field areas may be made available, i1f needed,
provided sufficiens rosouscds are -forthcoming. It was felt that in designing
such a trial, it would be important to ensure that each cell is large erough -
to provide cefinitive information about the efficacy of the vaccine tested,

b FUTURE STUDTES WITH B-SUBUNIT/WHOLE-CELL VACCINE - CONCLUSIONS AND
RECCM¥ENDATLOUS
The followin
regarding future stu
vaccine, based on it

3

ara the conclusions and recommendations of the Group
dies to te undertaken with the B=-subunit/whole-cell
jeview of the above iaformation:

e v g

i

{1} Tue Group censiders that the B-subunit/whele-cell vaccine offers a
rovel approcash to protection against cholera, It notes that the vaccine
has been siown to be unquestionably safe znd immunogenic (i.e., has the
capability to evohe antibodies) in volunteers in Bangladesh, Sweden and
the USA. ‘The Gvoup alse reccgnizes that it 1s difficult to pradict the
efficacy of the vaccine in a population ino which chelera is endemic
based on the efficacy observed in American adult volunteers (64%}; im
naturally primed ‘ndividuals protection 1is in fact likely to be greater .
than in wepoimed volurteers.

(2) The Group veccmarnds that the highest prierity be given to the

N

foilowing wirvee ptudies:
(a) <he wacle-cell vaccine {with three strains) that has been
tested in combination with the B-svbunit in American volunteers
should pe tested aione for ite immunogenicity and efficacy in these
volunteers. 1f its efficacy is found to be poor, consideration

should be given to excluding a test of the whole-cell vaccine
component given alone in any subsequent field trial.

(b) the acceptability of a tablet formulation for administration
_of the B-subunit/wheole-cell vaccine should be evaluated 1n a sample
of infants and young children in Bangladesh and Sweden. ’

3

(¢) if a tablet formulatiom is found to be acceptable, liquid and
tablet formulations of the combined vaccine should be compared for
immunogenicity in children and adults in Bangladesh and Sweden, In
this study the vaccine should be administered using the same
schedule and dosage as would be followed in any subsequent field
trial. :

(3) The Group agrees that there is sound justification for the
undertaking of a field trial with the B subunit/whole-cell vaccine at
ICODR,B following completion of the above studies, and recommends that a
p:opasaldtohthismeifeatmhemsﬁmnintedwfun-conaidé:atianmhyrtha"
apprqgnfatETamthcsiEieszat:IGEHR,B;AtherKaﬂgEa&eshrﬂe&ieaE:Keseaxcﬂm-- .
Councik, and the-Governmer: of BangFadeshe~ Sucheamerial shawkd inekude sme. —w ..
&t-EE&&E.EEU’gpaupS?‘—ﬂH@UEEGEiﬁiﬁg‘ﬁfsuﬁ&nitﬂuhohefceﬁﬁavaCEiHE:ﬂndthﬂw{
cther‘a;hen&figi&r:m}acebm¢€ED&hEtd&texmineéia.iKﬁthiﬂdigtonpmr&eeﬁmhﬂ;:-\

1)




the whole-cell vaccine should also be included unless the study in
American volunteers (2a above) shows it to be ineffective. All the
vaccines in the trial should be given-in a total of 3 doses administered
at appropriate.intervals (to be dccided) in the formulation {tablet or
liquid) determined by acceptability and immunbgenicity studies (see 2b
and 2Zc above). The whole-cell vaccine should contain a formalin-killed
classical Ogawa V., cholerae strain recently isolated in Bangladesh in
place of the formalin-killed V. cholerae classical Ogawa strain (Cairo
50) (see Table 1). FEach dose of vaccine should be the game in all
age-groups and should contain 1 mg of B-subunit and/or 1 x 10!! killed
V. cholerae organisms. The trial lots of vaccine should meer all WHJ

and national (French, Swedish, and Bangladeshi) requirements and should

be rested for safety and imwmunogenicity in a sample of the field trial
population before undertaking the trial,

(4) The Group recommends that, at the earliest possible date, studies
be undertaken in animals to ensure that the immunogenicity of the
individual whole-cell and B-subunit vaccine components remains stable
when the two components are mixed and stored for a 3-month period. A
range of temperatures (4~28°C) should be used in these studies.

(5) The Group considers that studies should, if possible, be undertaken
in American volunteers to assess the immunogenicity (and efficacy) of
the tablet formulation and dosage used (if it is used) in the field
trial,

(6) The Group hopes that with this schedule a vaccine field trial can
be undertaken by ICDDR,B by the autumn of 1984, It emphasizes that the
mode of preparation and dosage of the vaccine component(s) recommeaded
for this trial have been selected to maximize the likelihood of
protection, If the vaccine tested should prove to be sufficiently
protective, subsequent trials will be necessary to define the optimal
formulation and dosage schedule at the -lowest cost for its use as a
public health tool.
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T PROPOSED B~SUBUNIT /WHOLE-CELL VACCINE

B~subunit component:

Oral cholera toxin B-subunit
I me/ml in 1 ml of PBS buffer
Imstitut Mérieux, Lvon, France

Whole-cell vaccine component ;

Oral inactivated whole-cell cholera vaccine
I x 10M cells in & ml of PBS buffer
The National‘Bacteriological Laboratory, Sweden

Contents
=~ heat-killed V. cholerae classical Tnaba 2.5 x 1010 organismg
(strain Cairo 48

- heat-killed V. cholerae classical Ogawa 2.5 x 1010 organisms
(strain Cairo 50

- formaslin-killed V. cholerae £1 Tor Tnaba 2.5 x 1010 organisms
(strain Phil 6973

= formalin~killed V. cholerae classical Ogawa 2.5 x 1010 ovrganisms
{Cairc 50) -
- PBS 8 ml

~  MerthiolateR ) 0.1 mg
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TMMUNTZATION PROTOGOL_FOR_ COMBTNED _CHOLERA B~SUBUNTT /WHOLE~CELL VACCINE

Tmmunization
Tnitial Second °
Immunization Route * BR-sub Wev Route B-sub WCv
group (mg) (vibrios) - — (mg) {vibrics)
- _Cholera . -
Convalescents Clinical cholera PO 0.5 5 x 1010
1 PO 2.5 5 x 1010 PO 0.5 5 x 1010
17 PO 0.5 5 x 10i0 PO 0.5 5 % 1010
I11 ™ 0.15 6 x 107 ™ 0.15 6 x 10°
- - . - -~ - e
- -~ - - ) .
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CANTTTCXIN {ANTI=CTY AMND ANTIBACTERTAL- CANTY

Responders to:

“LP8)-RESPOHSES- - - .o

VACCINE RECIPTENTS

.
Immunizarion Initisl immunizetion Second immunizaqion
LE0uD . anti~CT anti-1LPpg anti-CT anti-LFS
+ Cholevs . ) _ T - - . ‘
Toavelzsennts . -8/ 9% - 8/9 - 779 . 8/ o
1 AR . s -4/6 = 8/8 5/6
' ) Py — - P N
17 PO« 13 "o 3/8 S 4/8 577 /7
. v - '
TITOTM - IM &/9 4/8 4/7 476
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*Novber of wilustears wich 2 > 2~Ffold rise in ELISA igA antlbodv/total Tgh
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' TARLE 4

CLINTCAL RESPONSE OF VACCINFEES (THREE ORAL DOSES OF B-SURUNIT/WHOLE-CELL VIRRTO CHOLERAE VACCINFE)
AND CONTROLS TO CHALLENGE WITH 2 x 10% EL TOR INABA V. CHOLFRAE

i

. Mean Diarrhoeal Stool Volume (1) :
Fo. with Incubation ’ Mean number of
N Diarrhcea Period (h) Mean Median Range Riarrhoesl stools
l | .
Controls 7 7% 28.8 3.5%%  2,9% 0.3-7.7 i3.8%t
Vaccinees 11 G 48.6 0.7%% 0,7* 0.4-1.0 6.8%*
]
{ ' : : \
I %.p = 0.0]1 (Fisher's Exact Test), 64% vaccine efficacy
‘ 1
i **nc0.05 (t test)
' §
* N§ {(Mann Whitney U test) '
' *t5¢0.05 (t test)

X
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TABLE 5
B&FTFRJGLOCTC RESPONSE OF VACCINFFS (THREE ORAL
VIBRTO CHOLERAE VACCINE) AND CONTROLS T0 CHALLEN

DOSES OF B-SURBUNTT/ETLLED WHOLE~CFLY,

GF Wity 10° EL TOR INABA V. CHOILFRAR

. No. of Volunteers

' No. with Positive within Ceometric means

; V. chelerae No. with Positive 24 hours after No. of V. cholerae

\ I in stool Direct Cultures challenge per gram of stool

1
Controls . 7 7 7. 6 1.0 x 108
Vaccinees 1 10 g 6 1.7 % 10h

i

“Mean of highest aumber of V. cholevae detected in stools of 7 vaccinees and 9 control.
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FLGURE 1

IgA ANTITOXIN ANTITODY RESPONSES 1IN INTESTINAL
LAVAGE, AFTER DMMUNTZATION WITH COMBINED B-SUBUNTT/WCV
AFTER CLINLCAL CHOLLRA
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Dear Bueky:

At its meeting last week our Bacterial Enteric Infections Steering Committee
formally approved our collaboration in a field trial of the B-subunit/Whole

cell cholera vaccine at ICDDR,B.

In making this decision the Committee requested that I bring the following

points to your attention:

1, The Committee had considerable concern about the use of a tablet to
administer the vaccins to choldren below 5 years of age. It was aware
that paediatric sccieties in the United States and_Sweden have expressed
concern about the safety (not efficacy) of biologicals given in the form
of tablets of any size to young children and reqpested us Lo obtain more
precise information in this regard. In addition, the Commitiee thought
you might wish tc obtain the opinion of the Bazngladesh Paediatric Society
(oxr of leading paediatricians in the coqntry}‘on this matter as soon as
possible, Unless we are assured that there is no safety‘issue involved
in the administration of tablets, the Committee would prefer that their
use not be considered in the trial or any further evaluation of the vaccine

in Bangladesh.

2. As you and I had discussed =arlier, the Comittee felt that an attempt
should be made as early as possible to organize a meeting between
representatives from ICDDR,B, the Ggyeypmgnﬁ of ngq}aﬁesh, BMRC, WHO,
and perhaps also the vaccine manufacturers teo discuss the trial,

In preparation for such a meeting it would be b;ét_tg hawve a draft
protocol for both the "prer~test™ and the final t;iél. in this regard,
we would appreciate knowing whom you have designated as the Principal
Investigator for the trial and when you feel such a draft p?otocol could

be available. Such a meeting could be held here or in Bangladesh, but



as it would take a minimum of 4 to 6 veéks to-organize, -we.would _

1ike to know as scon as possible, what your plans are in this regard?

We are pleased that our Steering Committee has given us the go-zhead

to proceed with the trial and look forvard to vour early reply.

" Best wishes.
Yours sincerely,
Dr M.H., Merson

Programme Menager

Diarrhoeal Dissases Control Programme
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SPECIFIC ATM

Thz specific aim of the proposed study is to compare the immnogenicity of

several different formulziionms.or. administrations of the oral B-subunit/

whoie cell cholera vaccine by measuring the antitoxin and vibriodidal - -

antibody responses in serum.and in bieast milk after a first and a second

oral immunization with the different vaccine formulations.

METHCDS OF PROCEDURE

Subjects:

Approximately 180 subjects will be recruited to participate in the
study. These subjects will be selected from the two major targets of

a chelera veccine program:-young childyren and young women. Ninety of
the subjects will be children aged 28 years and 90 will be lactating
women. These persons will be recruited in the Matlab intense surveill-
ance area and be haalthy persons without any known . recent history of

cholera or other severe watery diarrhoea.

The subjects, or in the case of children their parents or other legal
guardian, will be fully informed about the purpose of the study, the
procedures involved and possible side~effects in relation to the
immunization and sampling of specimens. Informed comsent will be
required from everyone participating in the study - a copy of the
information sheet is enclosed. Before entering the study the subjects
will be interviewed as to their present health status and history of

diarrhoeal disease, and they will also be examined by a physician.

Immunizations:

The subjects will be divided into 6 equally-sized ,age-matched study
groups and immunized with the different formuiations of B-subunit/whole

cell cholera vaceine 2s shown in Table 1:

LT
15
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Recause tablet formulations of the vaccine may not be acceptable fox
young children, the present study addresses a major logistic issue
relevant to the administration of the liquid preparation: TIs it

necessary to admlnlster a "priming' dese of. .sodium blcarbonaue several

minutes before ingestion of the vaccine, or is it sufficient to
administer sodium bicarbonate concurrently as a vehicle for ingesting
the vaccine? A related question concerns the dosage of the vaccine
preparation, since the dosage of the vaccine suggested by the WHC
Consultation is lower than the dosage used to determine whether the
vaccine prevents clinical illness in volunteer studies by Dr. Myron
Levine, We therefore will compare the regimen suggested by the WHO
Consultation with the highev dose vaccine used in voluntzer studies.
Thus, the study will simultaneously evaluate whether a simpler regimen
of sodium bicarbonate, which may have graater applicability for large-
scale public health measures, is]effective, and whether a higher dose
vaccine preparation can substantiélly augment immunoclogic responses to

vaccination.

Although the main effect of the orally administered B-subunit/whole

cell vaccine would be to stimulate gut mucosal antibodies, the vaccine
hes also been found to result in antibody titer rises in serum. Studies
in volunteers in Bangladesh, Sweden and USA have shown significant titer
rises in serum of cholera antitoxin as well as vibriocidal antibodies
after oral immunization with B~subunit/whole cell vaccine. Furthermore,
in a large family study in Matlab R. Glass and coworkers demonstrated
that the serum antitoxin response following oral immunization with
B-subunit related both to the dose of B-subunit used and the age of

the vaccine rec*p1enhs. Trese data suggest that measurements of serum,
antitoxin, and vibriocidal antibodies in adequately sized groups of
children and zdults immunized with the different formulations of

cholera B-subunit/whole cell vaccine should be useful to identify
differences in immunogenicity between the different formulstions of
vaccine, if present. As a supplement to these serolegical measurements,

breast milk antitoxic and vibriocidal antibodies, which have been found

T

to parallel gut mucosal-antibodies, will be evaluated in lactating

WOmMEeIl,
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Table 1
Group Treatment Route Number of immunizations
I Moderate dofe vaccine® -4in.100-150ml P O 2 (21 days apart)
of .75% sodium bicarbonate sclution, Tt e- - . oL o
oreceded 3-5 minutes earlier by i00-
150 ml of .75% sodium bicarbonzte
without vaccine,
IT Placebo (100,090 international units PO 2 (2} days apart)
of Vitamin A), given with .757 sodiun
bicarbonate as in I.
11I High dose vaccine , given with .75% PO 2 (21 days apart)
sodium bicarbonate ag in I and II.
Iy Moderate dose vaccine in 100-150 ml ? 0 2 (21 days apart)
of water together with lg tablet of
sodium bicarbonate and without preceding
sodium bicarbenate pefore vaccine ingestion,
v Placebo (100,000 ianternaticnal units T O 2 (21 days apart)
of Vitamin A) given with sodium
bicarbonate as in IV,
VI High dose vaccine, given with PO 2 (21 days apart)
sodium bicarbonate as in IV and V.
% Moderate dose vaccine = I mg cholera B-subunit and 1x10" heat - or formalin -
kilied V. cholerage,
+ High dose vaccine = 5 mg cholera p-subunit and 3xz10"7 heat — or formalin-killed
V, cholerae.
Immunizations will be supervised by a physician.

3. Vaccines:

The B-subunit/whole cell cholera vaccime that will be used for these
studies has béen prepared jointly by Imstitut Merieux, France and the
Swedish National Bacteriological Leboratory. 1In its liquid form,
given together with bicarbonate according to the regimen to be used

£or group I, the vaccine has been extensively tested in Bangladeshi,
Swedish and Worth American volunteers and found to be entirely safe

and immunogenic. Group IV will receive the same formulation of vaccine,

the only difference being that 2 commercially available sodium
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bicarbmate tablet will be dissolved in water togethzz with the
vaccine; this modification could not conceivably be associated with
eny increased risk of side-effects other than the possibility of
reduced imm&%oéegiéi£§'Beéauée_of'Iéss effective-neutralization

of gastric acidity. Experience with the high dose vaccine similarly
has given evidence of no side effects. Finally, the dosage of vitamin
A to be used as a placebo is that recommended by the Werld Health
Organization for childrén and braast-feeding postpartum mothers in cthe

prevention of vitamin A ¢eficiency 4n areas where the deficiency occurs.

Clinical specimens: -

Serun samyles will be prepared from 100 1l blood obtainad by a finger
stick on the day for the first immunizaticn, and ca day 21 and 42
thereafter. Following initial separation of the serum, it will

be diluted 1:10 with physiological saline and 3 aliquots will be made
and frozen. The milk will be collected from lzctating mothers by
manual expression into a fecal cup according to the same schedule as
the serws collections. The milk will then be centrifuged at 10,000xg
for 10 minutes and the middle layer will be aspirated, aliquotted

into 3 aliquots, and frozen.

Taboratory assays:

The serum specimens collected will be tested for antitoxin and

antibacterial antibodies by the following methods:

a. Antitoxin antibodies of the IgG immunoglobulin class will be

determined with the ELISA IgG anti~cholera toxin assay;

b. Antibacterial antibodies will be determined by a micro-titer
vibriocidal assay. Both the serum sampling procedures and the
imaunolegical methods ave well established and movz or less

routinely practised at ICDDR,B.

Antitexic and antibacterial Igh antibodies in breast milk will be assaye%ﬂwi
ELISA assay, measuring antibodies against cholera~toxin and purified

V. cholerae lipopolysaccharide, respectively, Total Igh in breast milk



will be measured with the immunobead ELISA method. The relative
proportion.of secretory IgA in relation to total Igh will be measured

in all milk specimens. This will be dome by testing the samples for
specific IgA ~ and 5C - containing antibodies beforé and after passage - -
through an affinity column with anti-SC antibodies covalently coupled

to Sepharose. The column will remove the secretory IgA antibodies;

while non-secretory IgA passes uibound through the column,

Data analvses:!

Multivariate models will be used to evaluate the separate effects of
sedium bicarbonate dosage and vaccine dosage upon immunological
response. This will be accomplished in two ways., First, we will
express vaccine responses dimensionalily as absolute geometric mean
titers (or percent titers for breast milk}, and we will use two-way
analysis of variance to assess the independent contributions of bicar=
bonate and vaccine dosage., Second, we will express vaccine responses
categorically as the presence or absence of 2 significant (> 2 fold
increase in titer) change between pre- and post—immunization measurements.
We will then employ logistic regression to assess the independent
cffects of bicarbonate and vaccine dosage. Both of these analyses will
be performed on data frem the entire pool of all study subjects, and

on children and adults separately to discern any independent effect of
age on immunologic response. The analyses will also be done separately
as serclogical responses after the first immunization, since this

might be a more sensitive test of immunogenicity of the different
formulations due to the absence of immunologic memory from an earlier
immunization which might hide differences when immunization is repeated.
Nonetheless it might be very useful to measure antibody responses also
to a second immunization: for instance, the group of children might
respond poorly in serum to a first immunization with each vaccine
formulation so that any differences in immunogenicity between the
formulations could only be determined after the second immunization in
this age group. Based upon our previous results this situation is

unlikely to happen with regard to sntitoxin antibodies, but is difficult
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to predict with regard to vibriocidal antibodies wiich to date have
only been studied in adult volunteers after immunization with the

B-subunit/whoTe cetl-cholera vaccine._ -

SIGNIFICANCE

These studies will be critical with regard to the formulation of the new
oral cholera vaccine consisting of purified B-subunit and killed cholera
vibrios. If the results support thz view that a liquid form of vaccine
with a simpler administration than that previcusly used works, that is to
mix the vaccine together with a dissolvable bicarbonate tablet in water and
giving this mixture without any prior intake of bicarbonate to neutralize
gastric acidity, the vaccine studied in the field trial will offer
substantial practical advantages over the B~subunit/whole cell vaccines
used in earlier studies. DMoreover, if substantially greater Tresgnonses are
observed with the high-dose vaccine -— or if the easier bicarbonate
regimen evokes satisfactory responses only with the high dose regimen --
the choice of a higher dose than suggested by the WHO Consultation may be
desirable. These data thus will be critical for the ultimate design of

a field trial with the new vaccine and also have implications for the

development of other enteric vaccimes.
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PERSONNEL SERVICES

" Name
Dr. John Clemens
Br. M.U. Khan
Dr. Marianne Jertborn
Field Physician Matlab

Field Supervisor
{M.R. Khan}

2 fiels workers
(Health asstt.)

L,ab. Asstt in Matlab

Lab. staff, Immunology

SUPPLIES AND MATERIALS

Reagents{antisera conjugates, enzyme etc.)}

SECTION III - BUDGET

A, DETAILED BUDGET

Posxitieon-
Investigator
Co-Investigator

Co-Investigator

&

Annual Project requirements
_of effort. salary  Taka

24

Nollars

months 50%"

months 50%

months 100%

pers.months

pers.months

Tk. 12,000/-

Miscellaneous supplies Matlab/Dhaka and xerox facilities Tk. 7,500/-

EQUIPMENT

None

PATIENT HOSPITALIZATION

None

QUTPATIENT CARE

None

ICDDR,B TRANSPORT

Speed boat costs 6 weeks, 4 h/day x 400 Taka/h

Tk. 36,000/-

Transport Dhaka - Matlab 6.tfips X 1000 Taka/h = '~ « Tk...5,000/-
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Taka Dolilar

TRAVEL AND TRANSPORTATION OF PERSONS

None

TRANSPORTATION OF THINGS

RENT, COMMUNICATION AND UTILITIES

None

PRINTING AND REPRODUCTION

Forms, Stencils, XeroX Tk.

Publication costs

4

OTHER CONTRACTUAL SERVICES

None

CONSTRUCTION, RENOVATION AND ALTERATICN

None

Approximate total

$ 200/-

1500/ -

$ 300/-

$ 3,000.00



B.~BUDGET~ SUMMARY

Category Taka
1. Personnel services
2. Supplies 719,500
3-5. Nil items -
6. ICDDR,B Transport 42,000
7. Travel and Transportation of persons -
8. Transportation of things
9. Rent, Communication and Utilities -
10. Printing and reproduction 1,500
11-12. Nil items -

h Tk. 63,000/-
Approximate total § 3,000/-

E
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Dollar

200

300

$ 500
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The International Centre for Diarrhoeal Disease Research, Bangladesh is

carrying out research to determine the immune response to a promising

candidate oral cholera vaccine. This oral vaccine, which is composed of a
non-toxic part of the cholera toxin molecule called the B-subunit and of
slightly modified common whole cell vaccine hds no Rarwful” activityr We - - -
would like you and/or your child to participate in this study, the purpose

of which is to determine which of several different formulations of this

vaccine is easier to administer and gives the best immune respense. If you

do decide to participate you can expect the following :

1. We will give you 2 doses of liquid to drink. The liquid will either be

the vaccine or a compared agent, which will be Vitamin A, a substance

known to benefit children directly and through breast feeding.

2. We will collect samples of blood from a finger prick at 3 times during the
study, the first 2 samples being taken on the day for the first and second
immunization which are given with an interval of 3 weeks and the third

sample 2 weeks after the second immunization.

3. If you are currently breast feeding, we will also ask you to express a small

cupful of breast milk for study at these times.

4. You do not have to join the study. If you decide not to join, you will
still be eligible for care at ICDDR,B. You may also decide to withdraw
after entering the study and this will not affect any medical care you

might require now or later on.

5. Any member of your family developing diarrhoea during the study will be

treated with oral rehydration saline.
6. Your medical records will be kept confidential.

7. We will take care of any complications arising from vaccination

1 agree to cooperate with the study on my own/my child's behalf

Signature

Signature of staff :
LTI

Date
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