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APPLICATION FOR PROJECT GRANT

PRINCIPAL INVESTIGATOR : Zia Uddin Ahmed

OTHER INVESTIGATORS : R.B., Sack
A.S.M.H. Rahman
Ann-Mari Svennerholm,
(University of Goteborg)

PROJECT TIiTLE

e

Stability of killed-whole-cell
cholera vaccine containing the
B-subunit of cholera toxin under
heat-gsiress conditions.

STARTING DATE June 01, 1992

COMPLETION DATE : November 30, 1992
FUNDING SOURGCE * SAREC

BUDGET REQUIRED : US $7018/00

HEAD OF DIVISION’S /@ /) f
APPROVAL : : " ey Sak

R. B. Sack [

‘AIM AND SIGNIFICANCE OF THE PROJECT:

Aim

The aim of the project is to examine the stability of an
oral killed whole cell cholera vaccine containing the B-
subunit of cholera toxin when stored under different

environmental conditions,
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Significance

An oral cholera vaccine consiating of killed wﬁole cells and
the B-subunit of the cholera toxin has been field-tested in
Bnngladesh with encouraging results {Clemens et al. ]ﬁSG,
‘1991.) The ‘pr'nﬂenl, protocol will exnamine whether the vneocine
would be stable gnder Ltemperature-stress of the kind-that
it may be subject;d to during field-use in the absence .of a
cold chain. If the vaccine exhibits an acceptable level of
stability under temperature stress, a cold—cﬁain ﬁay no} be
necessary during marketing and field-use of the vaccine,
which will be highly advantageous in terms of ease of use

y
and cost.

ETIIICAL IMPLICATIONS : None

ABSTRACT SUMMARY: -

A killed whole cell cholera vaccine containing recombinant

B-subunit of cholera toxin (WC+RCTB) will be studied with
respect to its stﬁbility when stored under different heat-
stressed conditions. We use the expression "heat-stress"”
here in a general way, which does not reflect on thersubject
6f biovlogical responsiveness of living cells to chahges in
temperatures. At each temperature of 4°C, 20°C and 40°C, the
vaccine will be maintained for 2 weeks, 4 weeks and ©

months. The vaccine will be assayed for LPS and B-subunit

)
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content after storage under these conditions. lmmunogénicity
will be studied by immunizing rabbits subcutaneously and
measuring anti-LPS and anti-CTB titers in séTﬁ of immdnized
animals. This vaccine is being considered for large-scale

production in Bangladesh.

BACKGROUND, RESEARCH PLAN, BIBLI1OGRAPHY

[A] BACKGROUND

An oral cholera vacecine comprising killed whole cells of
Vibrieo cholerae Olz{classical and El Tor biotypes, Ogawa and
Inaba serotypes) and the B-subunit of chg%era toxin was
subjected to a large field trial in_ﬁéhgladesh and
evaluation of its efficacy monitored over a period of 3
vears following vaccination_{Clemens et al. }986, 1950).
Encouraging results were obtained as to the safety and
protective efficacy of the vaccine., The vaccine was.
administered as a liquid éontaining the killed célls and the
toxin subunit. It was maintainéd in the cold (+4Oé) f%om its
pfﬁduction uﬁtil its fieldfadministratiég._Cold chain
requirement by a& vaccine is a potentially negative factor in
mass use of a vaccine in the third world. 1t has not yet
been tested whether the above cholera vaccine will be stable
at elevated temperatures and if so, for how long.

We wish to examine heat-stability of the vaccine by

subjecting the vaccine to different conditions of heat-

'
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stress using different temperatures and different lengths of

exposure to a particular temperature.

t

(Bl RESEARCIH PLAN

.

THE VACCINE

The vaccine will be the same as the whole-cell + DB-subunit
vacecine which was field tested, expect that the B-subunit in
'thg.preseﬁt-vacciné formulation is a product of recombinant
DNA technology and as such referred to here as ‘recombinant
cholera toxin B-subunit’ (RCTB). The g@ccine is tﬁus
abéreviated as WC + RCTB oral cholera vaccine. The vaccine
will be obtained from Prof. J. Holmgren of the University of
Géﬁeborg as bulk liquid lolLs bf 300 ml contéining ]OUIdOEHS.

"Each dose of the vaccine will contain 1 x 1011 killed Vibrio

cells and 1 mg of RCTB in a volume of 3 ml.

We-szh to mention here that this is the vnccine:on which a
feésibility study as to its production and Ese in Bangladesh
has been recently completed. The sfudy indicatés that
préspects of this vaccine being produced in Bangladesh are
good and the vaccine may therefore be locally used as a

public health tocl in programs of cholera prevention and

control.,

<
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EXPERIMENTS

The vaccine will be maintained al temperatures 4°¢
{control), 20°C and 40°C for durations of 2 weeks, 1 weelfs
and 6 months at each temperature in single-dose aliquots in
sterile sealed vials. At each time point, the vaccine vials

will be used for the following experiments}

(1) Determination of sterility
(ii) Determination of LPS content of the vaccine,

(iii) Betermination of the B-subunit content of the vecine,
I

{(iv) Immunogenicity studies‘of the vaceine in rabhits b$

determining serum antibody.

Determination of LPS content

The amount of LPS will be quantitated by using an LPS-
inhibition ELISA. A fixed quantity of pure LPS will be bound
to microtiter wells in the solid phase. This will be reacted
with a fixed quantity of anti-LPS MAb which: has been
previoﬁsly mixed with the test vaccine cells in the ]iqu{é
phase. The test cells will compete with the solid phase LPS
for the available MAb combining-sites. The extent of
ir1llnjit,ir>11 of MAL binding to solid phase LPS will he
proportional to the competing cell-bound LPS in the test
specimen. LPS titer in the test specimen may then be
expressed as reciprocal of the highest dilution of 1the test

'
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sample that gave an inhibition equal to half that of a
standard reference cell suspension. {-
Briefly, the procedure which is followed by ﬁhe Swedish
Bacteriological Laboratory (SBL)}) is as follows. A microtiter
plate will be coated with a standard LPS preparation of
Vibrio cholerae 01 (plate 1). In.a separate microtiter plate
{plate 2) the test sample will bg placed in 3-fold dilutions
in one row of the plate in a total volume of 60 ul., These
wells will then receive a fixed quantity (in a 60 pl volume)
of an anti-LPS MAb. The standard LPS coated plate 1 will be
washéd and each well of this plate will receive 100 pl
aliduots from the corrgsponding wells-df plate 2. After
incubation at room temperature for 90 min, the plafe will be
wagshed and trea£ed with an anti-mouse IngRP conjugate and
incubation continued for another 90 min. After washing, the
platé will be developed with orthophenyl diamine ({OPD) and
rea& for Aypgq pnm+ A curve will be made by plotting
abso}bance values against log dilutions of the te;t sample.
The sample dilution that inhibited 50% binding of anti-LPS
MAb to the solid-phase-bound LPS will be determined. This
50% inhibitory titer of the test sample will be used to
detérmine the amount of LPS present in the sample by
comparing such wvalues with that of a standard vaccine

preparation.



Determination of B-subunit content

B—subunit-content of the vapcine will be determined by
single radial immunodiffusion (SRID) meshod of Max{cini
{1965} wusing a high-titer rabbit anti*CTB'serum and known
amounts of RCTB to generate a standard curve, relating CTB

concentration to the diameter of the precipitin ring.

Protein profile of crude cell envelope preparation

A crude cell envelope protein extract wilf be prepafed by
the method described by Manning et al. (1982). The extracts
;ill be examined by SDS-PAGE for evidence of any qualitative
and quantitative changes in the profile during storage of

the vaccine at elevated temperatures.

Immunogenicity of the vaccine

$

L]

Five adult New Zeanland white Tabbits of aﬁproximately 2 kg,

weight will be subcutanously immunized with each vaccine
gample. A booster dose will'be given 14 days later. Sera
will be collected on day 0, 7, 14, 21 and 28. Anti-LPS and

anti-CTB titers will be determined by ELISA.



Data analysis

Quantitation of LPS and RCTB: Determination of the quantity
of LPS and RCTB will be carried out in true triplicates
(using triplicate samples of the vaccine at each sampling
time). Average of the values will be accepted as
representing a correct estimate if individual values fall

within standard deviations.

L

Immunogenjcity and. protective efficacy: Titers of antibodies
against LPS and CTB will be determined in each group of

animals and values expressed as mean + standard error.
Comparison: Comparison of data sets obtained by using the
vaccine samples will be made by using Fisher’s exact test.
Collaboration

The vaccine and other reagents such as purified LPS, anti-

LPS MAb and rabbit anti-CIB serum will be obtained from Drs.

Holmgren and Ann-Mari Svennerholm, University of Géteborg.
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BUDGET

A. Personnel

Name: %involvement Cost., $
Zia Uddin Ahmed 10% _ -

R.B. Sack 5% -
A.S.M.H, Rahman 10% -
Trainee (6 months) 100% 1000

B. Materials and Supplies

Media, microtiter plates, reagents 1000

C. Animals
Th?ee temperature-stress conditions
Three sampling time
Five rabbits per sampling
{3 x 3 x5 =45 + 45 control = 30
@ $16/animal 14410
Care-cost, $ 1.42/d/animal
90 animals x 28 days x $1.42 l | ILTH

7018700
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Heat-stress studies of killed cholera vaccine

RESPONSE TO REVIEWERS' COMMENTS
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thought .

Zia Uddin Ahmed



