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Preparation and laboratory testing of plain
and aluminium hydroxide-adsorbed cholera vaccines
used in a field trial in Indonesia*
I. Jo1 & Z. CSIZ]R2

Two types of cholera vaccine were prepared: a plain vaccine and an aluminium
hydroxide-adsorbed vaccine, by using the Inaba NIH 35A3 and Ogawa NIH 41 serotypes
of Vibrio cholerae. For cultivation, a solid medium was used and the cultures were
inactivated with 0.02% thiomersal and by heating for 1 hour at 560C. The final vibrio
concentration of the vaccines was adjusted to 16 x 109 vibrios/ml (equal proportions of the
two serotypes). The antigenicity of the vaccines was assessed by the active mouse protec-
tion test and by the antibody production test, i.e. by determinating the vibriocidal anti-
bodies in the sera of immunized mice. The results of the active mouse protection test
showed that the antigenicity of the Inaba and Ogawa components of both vaccines met
the WHO Requirements. The antigenicity of the Inaba component of both vaccines was
about the same. The antigenicity of the Ogawa component of the plain vaccine appeared
to be somewhat higher than that of the adsorbed vaccine. In the antibody production test,
the adsorbed vaccine elicited a higher and longer-lasting immune response than the plain
vaccine.

In preparation for a controlled field trial in
Surabaya, Indonesia, jointly organized by the Gov-
ernment of Indonesia and the World Health Orga-
nization (see pages 619-627 ofthis issue), two types of
cholera vaccine were compared: a plain vaccine and
an aluminium hydroxide-adsorbed vaccine.

PREPARATION OF VACCINES

For the preparation of vaccines, the WHO Re-
quirements for Cholera Vaccine (1) were followed by
using the NIH 35A3 (Inaba) and NIH 41 (Ogawa)
strains of Vibrio cholerae.

Preparation of single harvests
The bacteria were cultivated on pepsin- and tryp-

sin-digested beef infusion agar. After an 18-hour
incubation period at 36°C, the cultures on the sur-
face of the agar were washed off with phosphate
buffered saline (PBS), pH 7.2. The vibrio content of
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the suspensions was checked by direct visual com-
parison with the third International Opacity Refer-
ence Preparation. Ten International Opacity Units
were considered equivalent to 4 x 109 vibrios/ml.
Thiomersal (0.02%) was added to the harvested sus-
pension which was then inactivated in a water bath
at 56°C for 1 hour with continuous stirring.

Preparation of monovalent bulk

Monovalent bulks were prepared by pooling an
appropriate number of single harvests.

Preparation ofbivalent bulk
Appropriate amounts of monovalent Inaba and

Ogawa bulks were combined in equal parts.

Preparation offinal bulk
The same bivalent bulk was used for both the

plain and the adsorbed vaccine.
Plain vaccine (vaccine G). The appropriate amount

of bivalent bulk was diluted with PBS to give a
bivalent vaccine containing 8 x 109 vibrios of each
serotype per ml.
Adsorbed vaccine (vaccine R). To the appropriate
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amount of bivalent bulk was added a preformed Preparation offilling (final) lot
aluminium hydroxide gel developed in our Institute
(2, 3) to give a final concentration of 1.6 mg/ml. The hed fndalubulsweCaidvin
mixture was then diluted with isotonic saline to give

a bivalent vaccine containing 8 x 109 vibrios of each The composition and characteristics of the two
serotype per ml. vaccines are shown in Table 1.

Table 1. Composition and characteristics of the vaccines

Conditions Plain vaccine (G) Adsorbed vaccine (R)

No.of vibrios/ml 16 x 10' 16 x 10'
(8x10' Inaba + 8x10' Ogawa) (8x10' Inaba + 8x10' Ogawa)

Concentration of thiomersal 0.01 % 0.01 %

Total nitrogen content/ml 0.15 mg 0.15 mg

Aluminium hydroxide
content/ml - 1.6 mg

Al+++ content/ml 0.58 mg

pH 7.1 6.8

Filling 50-mi vials 50-ml vials

ANTIGENICITY TESTING OF VACCINES

Active mouse protection test

This test was carried out according to the method
of Feeley & Pittman (4, 5) and as outlined in the
WHO Requirements for Cholera Vaccine (1, 6), in
comparison with the second International Reference
Preparations of Cholera Vaccine (Inaba) and of
Cholera Vaccine (Ogawa) (7). V. cholerae Inaba
NIH 35A3 and Ogawa NIH 41 were used as chal-

lenge strains. ED50 values and limits of one stan-
dard deviation expressed as a percentage were cal-
culated by the method of Wilson & Worcester (8).
The results of the repeated tests are shown in
Tables 2 and 3.

According to the results, the antigenicity of the
Inaba and Ogawa components of both vaccines met
the WHO Requirements (6). The antigenicity of the
Inaba component in both vaccines was similar,
whereas the antigenicity of the Ogawa component

Table 2. Antigenicity testing of field trial cholera vaccines by the active mouse protection test (Inaba)

1st test 2nd test 3rd test 4th test

Vaccine ED5o EDao ED5o ED5o
in millions Rpa in millions RP in millions RP in millions RP
of vibrios of vibrios of vibrios of vibrios
±1 SD ±1 SD ±1 SD ±1 SD

Second International Reference
Preparation (Inaba) 1.08 1.0 0.420 1.0 0.203 1.0 0.477 1.0

79-128 % 66-151 % 70-144 % 66-151 %
(0.853-1.382) (0.277-0.634) (0.142-0.292) (0.317-0.720)

Plain vaccine (G) 0.422 2.53 0.319 1.34 0.194 1.04 0.703 0.67
57-174% 50-201 % 54-187 % 67-150 %

(0.240-0.734) (0.159-0.641) (0.104-0.362) (0.471-1.05)

Adsorbed vaccine (R) 0.396 2.72 0.420 1.0 0.136 1.49 0.388 1.15
62-161 % 66-151 % 59-170% 78-128%

(0.245-0.637) (0.277-0.634) (0.080-0.231) (0.272-0.496)

a RP = relative potency.
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Table 3. Antigenicity testing of field trial cholera vaccines by the active mouse protection test (Ogawa)

1 st test 2nd test 3rd test 4th test

Vaccine EDso EDso EDso ED50in millions RPG in millions in millions in millions RP
of vibrios of vibrios RP of vibrios RP of vibrios
±1 SD +1 SD +1 SD ±1 SD

Second International Reference
Preparation (Ogawa) 0.477 1.0 0.470 1.0 0.209 1.0 0.420 1.0

62-162% 41-244% 55-181 % 66-151 %
(0.295-0.772) (0.192-1.146) (0.114-0.378) (0.277-0.634)

Plain vaccine (G) 0.197 2.42 0.160 2.93 0.181 1.15 0.089 4.71
78-128% 54-186% 67-150% 62-161 %

(0.153-0.252) (0.086-0.297) (0.121-0.271) (0.055-0.143)
Adsorbed vaccine (R) 0.346 1.37 0.552 0.85 0.352 0.59 0.194 2.16

66-151 % 48-210% 70-143% 74-134%
(0.228-0.522) (0.264-1.59) (0.246-0.403) (0.143-0.259)

a RP = relative potency.

of the plain vaccine appeared to be somewhat
superior to that of the adsorbed one.

Antibody production test

Anti-Inaba and anti-Ogawa vibriocidal antibodies
in the sera of immunized mice were determined by

the method of McIntyre & Feeley (9) as modified by
Verwey et al. (10). Groups of mice were inoculated
intraperitoneally with 0.1 ml (1.6 x 109 vibrios) of the
adsorbed vaccine or with the same amount of the
plain vaccine. The mice were exsanguinated 10, 20,
30, 60, 90, 120, and 156 days after immunization.

Table 4. Antigenicity testing of field trial cholera vaccines by the antibody production test

Plain vaccine titre Adsorbed vaccine titre
Serum sample

at day: Native After 2-ME Native After 2-ME
treatment treatment

Anti-Inaba antibodies

10 1 :2560 0 1 :2560 0

20 5120 1:640 20480 1 :960

30 1280 240 7680 790

60 960 120 10 240 3840

90 640 180 5120 1920

120 640 20 1280 400

156 240 20 960 240

Anti-Ogawa antibodies

10 1:5120 0 1:7680 0

20 40 960 1:240 40 960 1:100

30 10 240 480 30 720 960

60 5120 3840 81 920 10240

90 5120 1440 40960 5120

120 3840 800 20480 3840

156 2560 800 15 360 1920
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The sera of each day-group were mixed in equal
parts and the serum pools were stored at -20°C
until used. The serum pools were tested for vibrio-
cidal antibodies before and after 2-mercaptoethanol
treatment.

The results are presented in Table 4. Analysis of
the data showed unequivocally that the adsorbed
vaccine elicited a higher and longer-lasting immune
response than the plain one.

RIISUMt

PRiPARATION ET CONTROLE EN LABORATOIRE DES DEUX VACCINS ANTICHOLERIQUES (VACCIN SIMPLE ET VACCIN

ADSORBA PAR L'HYDROXYDE D'ALUMINIUM) DESTINtS A UN ESSAI SUR LE TERRAIN EN INDONESIE

En vue d'un essai control6 sur le terrain organise
conjointement a Surabaya par le Gouvernement indo-
n6sien et l'Organisation mondiale de la Sant6, on a pr6-
pare, a partir des serotypes de Vibrio cholerae Inaba
NIH 35A3 et Ogawa NIH 41, deux vaccins differents:
un vaccin simple et un vaccin adsorbe par l'hydroxyde
d'aluminium. Les vibrions, cultives sur milieu solide, ont
ete inactives par maintien aL une temperature de 560C
pendant 1 heure apres adjonction de thiomersal a
0,02%. La concentration finale des vibrions dans la pre-
paration vaccinale a e amen6e a 16 x 10' par ml (les
deux serotypes Inaba et Ogawa etant presents en egale
proportion). L'antigenicit6 des vaccins a et controlee en
recourant A 1'epreuve de protection active de la souris et

a l'epreuve de production d'anticorps (ou titrage des
anticorps vibriocides dans le serum des souris immuni-
s6es). Les resultats de 1'epreuve de protection active
de la souris ont montr6 que 1'antigenicit6 etait conforme
aux normes de l'OMS pour les deux serotypes Inaba
et Ogawa, et cela dans les deux preparations vacci-
nales. En ce qui concerne l'element Inaba, I'antigenicite
etait a peu pres identique dans les deux vaccins. En
revanche, pour 1'e16ment Ogawa, 1'antigenicite du vaccin
simple est apparue l6gerement plus elev&e que celle du
vaccin adsorb6. D'autre part, l'epreuve de production
d'anticorps a permis de constater que ce dernier vaccin
provoquait une reponse immunitaire plus marqu6e et plus
durable que le vaccin simple.
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