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Field trials of monovalent Ogawa
and Inaba cholera vaccines in rural Bangladesh-
three years of observation*
WILEY H. MOSLEY,' K. M. A. AZIZ,2 A. S. M. MIZANUR RAHMAN,3 A. K. M. ALAUDDIN
CHOWDHURY,4 & ANSARUDDIN AHMED 5

A controlled cholera vaccine field trial was carried out to test the efficacy ofmonovalent
whole-cell Inaba and Ogawa cholera vaccines and a purified Inaba antigen. This study was
designed particularly to study the level of protection produced by these vaccines against
homologous and heterologous serotypes and to correlate the results with mouse protection
tests and human serological response to the vaccines. A cohort of45 000 children, aged 0-14
years, was divided into a control group and three vaccine groups. Inoculations were given
annually for 2 years just before the start of the cholera season, andfollow-up was continued
for one additional year. Essentially, all cholera cases were due to the Inaba serotype, so that
protection could be studied only against that serotype. Two annual injections of the whole-
cell Inaba vaccine gave the highest level ofprotection, averaging 84 % over the 3 years of
follow-up; a single injection of the purified Inaba vaccine gave less protection (51 %).
Two annual injections of the whole-cell Ogawa vaccine failed to protect children under
the age of 5 but did produce 48 % protection for children aged 5-14 against Inaba cholera.
Serological surveys correlated poorly with protection; specifically, the Ogawa vaccine
produced high anti-Inaba titres in young children but no protection. The cross-protection
against Inaba cholera produced by Ogawa vaccine in the older children is assumed to be
due to boosting of naturally acquired immunity in this population. Monovalent vaccine
cannot be recommended for general public health use because of the serotype specificity
ofprotection that this study has demonstrated.

In 1968-69 the Cholera Research Laboratory (for-
merly the Pakistan-SEATO Cholera Research Labo-
ratory) initiated vaccine field trials to test the efficacy
of monovalent whole-cell Inaba and Ogawa cholera
vaccines and a purified Inaba antigen. The trials were
designed to determine the degree of protection in-
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duced by these vaccines against infection with ho-
mnologous and heterologous serotypes of Vibrio chol-
erae as well as the relationship between the level of
protection and the results of animal protection tests
and human serological responses to the vaccine. In
the first year following inoculation the results,
reported elsewhere (6), indicated that the monovalent
Inaba vaccines provided significant protection to
children 0-14 years old against Inaba cholera while
the Ogawa vaccine failed to protect against Inaba
cholera. The levels of protection correlated well with
the mouse protection tests but poorly with the
serologic responses in man.
The field trial was extended by reimmunizing the

groups receiving the whole-cell Ogawa and Inaba
vaccines with the same vaccines in the second year
and then following all vaccine groups through a third
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cholera season without further reimmunization. The
group receiving the purified Inaba antigen was given
the control vaccine in the second year because of
inadequate supply of the vaccine.
The cumulative results over the 3 years of follow-

up indicate that two injections of the whole-cell
Inaba vaccine gave a high level of protection in these
children, averaging 84%. A single injection of the
purified Inaba vaccine was less protective, averaging
51 %. Protection was poorest in the youngest age
group. The cumulative experience with two doses of
the Ogawa vaccine revealed only 11 % protection
against Inaba cholera; however, there was a striking
difference by age. For children aged under 5 years
there was no protection, while for those aged 5-14
the protection against Inaba cholera was 48%.

MATERIALS AND METHODS

A detailed description of the design of the field
trial, the composition of the vaccines, and the results
of mouse protection tests and human antigenicity
tests have been given elsewhere (6, 7). The whole-cell
cholera vaccines were prepared under special con-
tract in the USA. The strains used were Vibrio
cholerae Ogawa, strain NIH 41 and Vibrio cholerae
Inaba, strain NIH 35A3. The organisms were grown
on the surface of casamino acids agar, harvested in
phosphate-buffered saline, and killed with 0.25%
formalin. The formalin was neutralized with sodium
bisulfite, and the vaccines were lyophilized. The
vaccines were reconstituted immediately prior to use
to a concentration of 8 x 109 bacteria per ml.
The purified Inaba antigen was prepared by

Dr Willard Verwey and Dr Y. Watanabe. This
antigenic fraction was obtained from cell suspensions
of V. cholerae biotype El Tor, strain Inaba V86, by
procedures of physical and chemical fractionation.
The antigen preparation was lyophilized and prior to
use was reconstituted to a concentration of 200
jug/ml.
The control vaccine was " Tetanus and Diphtheria

Toxoids (for adult use)." The vaccines were coded as
follows: vaccine F, whole-cell Ogawa vaccine; vac-
cine G, purified Inaba antigen; vaccine H, whole-cell
Inaba vaccine; vaccine I, control vaccine.
The vaccine field trial was carried out in 101

villages in the Matlab area, Comilla District'
Bangladesh. After enumeration of the entire popula-
tion, census books were prepared and all children
aged 0-14 years were assigned in strict alternation to
one of the 4 vaccine groups. The vaccines were

administered by 4 teams each equipped with 4 foot-
operated hypodermic jet injectors., A separate jet
injector was used for each vaccine; a single dose of
0.5 ml was given to all participants. Vaccination was
carried out in the month of October in both years of
the study.

Serological surveys
Sample serological surveys were carried out prior

to and 2 or 3 times following each vaccine pro-
gramme in the first 2 years. Fingertip blood was
collected and vibriocidal titres against Inaba and
Ogawa organisms were determined by the microtech-
nique of Benenson et al. (1).

Surveillance for cases
Surveillance for cholera cases was carried out by

field workers who visited every family daily. Rectal
swab cultures were obtained from all cases of severe
acute diarrhoea detected in the field. All diarrhoea
cases requiring treatment were taken by speedboat
ambulance to a centrally located field hospital. The
methods of intravenous and oral treatment used have
been described in detail elsewhere (9, 3).

Bacteriological methods
All diarrhoea cases seen at the hospital had rectal

swab cultures for cholera taken on admission. Spe-
cific techniques have been described elsewhere (4).
Vibrio cholerae was identified by agglutination of
suspicious colonies by specific absorbed antisera.
Only diarrhoea cases having a culture positive for
V. cholerae were classified as cholera.

RESULTS

Table 1 groups the participants in the field trial
according to age and vaccine group. There were
45 771 participants in the first year, equally divided
among the four vaccine groups. In the second year
43 429 (89 %) received booster inoculations. The
second-year denominator was utilized for calculating
the third-year case rates.

Table 2 groups the cholera cases according to
vaccine group, by month, from 1968 to 1971. Only
Inaba cholera is shown, as there were too few Ogawa
cases for analysis. Also indicated is the timing of the
serological surveys and the vaccine programmes in
the first 2 years. In each year the immunization
programme was timed to precede immediately the

a Ped-O-Jet, manufactured by the Scientific Equipment
Manufacturing Corporation, Lodi, N.J., USA.
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Table 1. Population by vaccine group and age

Vaccine group Age Year

1968 1969 (years) 1968 1969

F F 0-4 4145 3939

5-14 7 346 6 851

subtotal 11 491 10 890

G 0-4 4143 3926

5-14 7 272 6 886

subtotal 11 415 10812

H H 0-4 4 180 3971

5-14 7255 6878

subtotal 11 435 10849

I I 0-4 4145 3926

5-14 7 285 6 952

subtotal 11 430 10878

total 45 771 43 429

peak of the cholera season and, as noted, in the first
and second years the majority of cases occurred
within 2 months of inoculation.

Table 3 summarizes the cholera cases and case

rates according to age and vaccine group for each of
the 3 years of follow-up, as well as the cumulative
totals for the entire study period. Although the
numbers of cases are small on a year-by-year basis,
there is clear evidence of protection by vaccine H, the
whole-cell Inaba vaccine, in each of the 3 years of
observation. In the first 2 years following injection,
the protection was 95% and 64 %; in the third year,
without a booster inoculation, the residual protec-
tion was 78 %. The cumulative protection over the
entire 3 years was 84%, with the highest protection
(97 %.) in children aged 5-14, and 75 % protection in
children under 5 years of age.

Quite a different pattern of protection against
Inaba cholera was observed with vaccine F, the
whole-cell Ogawa vaccine. The cumulative protec-
tion for all ages over the 3 years was only 11 %.
Examination of the data by age group revealed
distinct differences. There was no evidence of protec-
tion in children under 5 years of age, even in the first

Table 2. Inaba cholera cases by vaccine group and month, 1968-71

Month
Vaccine Year Total Rate/

Vaccine YearA S 0 N D J F M A M J J Total 10000

1968-69 (S) a (V) b (S) (S) (S)

F 17 10 1 1 3 - - - 32 27.8

G 1 1 1 - 4 - - - 7 6.1

H 1 1 - - - - - 2 1.7

1 17 11 1 7 1 - - 37 32.4

1969-70 (S) (V) (S) (S)

FF - - - - 11 3 1 1 1 - 17 15.6

GI - - - 6 10 2..- - 18 16.6

HH - - - - 3 1 - - 5 4.6

11 - - - 2 8 2 1 - 1 - 14 12.9

1970-71

FF 1 - - 3 8 4 1 17 15.6

GI - - - 2 4 5 - 11 10.2

HH 1 - - - 3 - 1 5 4.6

11 - - 1 3 12 7 - 23 21.1
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Table 3. Inaba cholera cases by age and vaccine group, 1968-71, and protection

1968-69 1969-70 1970-71 Totals
Vaccine Age Cases Ratea Protec c- Cases Rate Protec- Cases Rate b Protec-

tion Cae ae tion Cae ae tion Cae ae tion

FF 0-4 20 48.3 16 40.6 14 35.6 50 41.6 0

5-14 12 16.4 1 1.5 3 4.4 16 7.6 47.9

total 32 27.8 14 17 15.6 0 17 15.6 26 66 19.8 11.2

GI 0-4 5 12.1 14 35.6 7 17.8 26 21.7 39.4

5-14 2 2.8 4 5.8 4 5.8 10 4.8 67.1

total 7 6.1 81 18 16.6 0 11 10.2 52 36 10.9 51.1

HH 0-4 2 4.8 5 12.6 4 10.1 1 1 9.1 74.6

5-14 0 0.0 0 0.0 1 1.5 1 0.5 96.6

total 2 1.7 95 5 4.6 64 5 4.6 78 12 3.6 83.9

II 0-4 1 8 43.5 8 20.4 17 43.3 43 35.8 -

5-14 19 26.1 6 8.6 6 8.6 31 14.6 -

total 37 32.4 - 14 12.9 - 23 21.1 - 74 22.3 -

a Per 10 000.
b Per 10 000 person-years.

2 years following inoculation. For children aged 5-14
there was a consistent reduction in the case rate each
year, so that the cumulative protection at the end of
3 years was 48% for the older children.
A single dose of vaccine G, the purified Inaba

vaccine, in the first year did confer significant
protection, primarily in the first year. Over the
3 yearg of observation, the overall reduction in the
case rate was 51 %, with higher levels of protection
(67%) in children aged 5-14, and only 40% protec-
tion in children under 5 years of age.
For comparative purposes, the case rates in each

vaccine group for non-cholera diarrhoea cases treated
in the hospital were analysed. For the first 2 years
non-cholera diarrhoea cases occurred with approxi-
mately equal frequency in all 4 vaccine groups. The
cumulative cases were: vaccine F, 101; vaccine G,
88; vaccine H, 104; vaccine I, 95.

Serologic surveys were carried out in the first
2 years, both preceding and following inoculations.
A separate sample of children was selected for the
serial blood sampling in each year. All specimens
from the same child were titred simultaneously. In
the first year, the sample size was 943 children,
representing approximately 2.1 % of each vaccine
group. In the second year 1 399 had blood samples

taken serially, representing approximately 3.2% of
each vaccine group.

Table 4 summarizes geometric mean vibriocidal
titres against Inaba and Ogawa organisms by age and
vaccine group for each of the serial bleedings. Several
general patterns are evident. In the first year it is
clear that the monovalent Ogawa and Inaba vaccines
produced higher titres against the respective homo-
logous organisms. This is most evident from the
samples taken in November of the first year,
especially in the age groups under 5. In the second
year, boosting with the monovalent vaccines did not
raise the peak (November) titres over levels reached
in the first year in older children, but substantially
boosted titres in the younger children. There was
more boosting of the heterologous titres, particularly
in the youngest age groups. Thus, in the second year,
the two monovalent vaccine groups were not as
easily distinguishable from each other on the basis of
contrasting patterns of homologous and heterolo-
gous antibody titres.
Peak homologous titres fell about 3-fold after

3 months and 6-fold after 10 months. Following the
booster inoculation, homologous titres fell more
slowly, dropping only about 2-fold at the end of
3 months.
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Table 4. Reciprocal geometric mean vibriocidal titre against Inaba and Ogawa organisms
by age and vaccine group, 1968-70

Age 1968-69 1969-70
Antigen (years) Sept. Nov. Jan. Feb. Sept. Nov. Jan.

Inaba 0-4

5-14

total

Ogawa 0-4

5-14

total

Inaba 0-4

5-14

total

Ogawa 0-4

5-14

total

Inaba 0-4

5-14

total

Ogawa 0-4

5-14

total

Inaba 0-4

5-14

total

Ogawa 0-4

5-14

total

GROUP FF

12 39 24 20

31 265 98 84

22 132 59 50

12 197 60 57

34 649 230 198

24 436 142 126

GROUP GI

13 221 60 52

27 735 215 195

20 462 133 118

14 35 31 28

34 405 120 109

25 164 72 66

GROUP HH

13 188 57 48

28 700 215 188

21 426 129 112

13 65 32 29

33 441 123 110

24 213 74 66

GROUP II

11 14 14 13

31 48 37 39

21 30 26 28

12 14 14 14

39 54 45 45

26 33 29 29

14 189 39

63 283 127

38 244 85

27 440 114

107 443 249

67 440 190

30 30 28

110 131 107

70 77 66

20 21 21

70 80 69

45 50 45

26 397 101

115 577 290

63 495 189

19 248 52

79 402 170

44 334 105

14 16 17

33 40 41

24 29 31

14 16 18

41 46 48

27 30 33

]DISCUSSION where the cumulative exposure to natural infection
with Vibrio cholerae rapidly increases with increasing

Four major field trials utilizing 6 different cholera age (5). Thus, any protection seen in children over
vaccines have been carried out in rural Bangladesh the age of 5 years is probably due to a " booster "
since 1963 (2, 8, 6). Several consistent patterns have effect of the vaccine over a baseline level of immunity
emerged from these studies which facilitate the inter- acquired from natural infections. This booster effect
pretation of these results. It is clear that a prime is manifested with the monovalent Inaba vaccines by
factor that must be considered is that these trials are the higher level of protection in older children as
being conducted in an endemic cholera population compared with that in children under the age of 5.

385



W. H. MOSLEY ET AL.

It is not possible to distinguish the effectiveness of
the purified Inaba antigen from the whole-cell Inaba
vaccine in the first year because of the limited
number of cases. Further comparisons of these vac-
cines are not appropriate because a booster inocula-
tion of the purified Inaba antigen was not given. It is
of interest to note that the cumulative protection
(84 %) with the whole-cell Inaba vaccine over 3 years
was higher than the 3-year cumulative protection
(55%) previously reported with a bivalent commer-
cial cholera vaccine (8). A significant finding was
that the whole-cell Inaba vaccine gave better protec-
tion in spite of the fact that immunizations were
given only in the first 2 years, while with the
commercial cholera vaccine immunizations were
given in each of the 3 years. This higher level of
protection correlates with the higher potency of
vaccine H in the mouse protection test. The respec-
tive potencies with Inaba challenge per ml were:
vaccine H, 2.17; vaccine X, 1.53 (7).
The results from vaccine F, the whole-cell Ogawa

vaccine, with Inaba cholera are interesting. Even
with two injections of vaccine F there was no
protection in children under the age of 5 years in
spite of the fact that high serum levels of vibriocidal
antibodies against Inaba organisms were produced in
these children. These vibriocidal antibodies are
apparently produced by cross-reacting antigens that
are not protective. These observations clearly in-
dicate that vibriocidal antibody titres cannot be used
as an index of protection against cholera infection.
The whole-cell Ogawa vaccine did show significant

cross-protection against Inaba cholera in older chil-
dren. This differential efficacy of Ogawa vaccine
against Inaba cholera with age parallels the results of

the 1964 field trial in this population. In that study a
purified Ogawa antigen revealed minimal protection
(32%) in young children aged 0-9 years but signifi-
cant protection (80%) in older children and
adults (2). One interpretation of these findings is that
the Ogawa vaccines are boosting the type-specific
immunity against Inaba organisms that was pre-
viously acquired naturally by the older population in
this highly endemic cholera area.
The results of these field trials in Bangladesh

indicate that, at least for Inaba cholera, higher levels
of protection can be achieved by monovalent vac-
cines prepared against the specific serotypes as com-
pared with the usual bivalent cholera vaccines. This
protection correlates with the mouse protection
potency of the vaccine. One possible reason for the
higher potency and better protection is that the
monovalent vaccine has twice the concentration of
organisms of the specific serotype as compared with
the bivalent vaccine. Unfortunately, these results
cannot be directly translated into recommendations
for the use of monovalent vaccines in cholera im-
munization programmes. This is because both chol-
era serotypes can occur concurrently during epidem-
ics. While it is true that one serotype generally
predominates in a given epidemic, it is not unlikely
that immunization of the population with a mono-
valent vaccine will merely result in the emergence of
the other serotype. Given that cross-protection, at
least with Ogawa vaccines against Inaba cholera,
appears to depend on previous natural exposure to
cholera, it is likely that immunization of a non-
endemic population with a monovalent vaccine
would leave them totally susceptible to infection with
a heterologous strain.

ACKNOWLEDGEMENT

These studies were supported in part by Research Agreement No. 196802 between the National Institutes of
Health, Bethesda, Md., USA, and the Pakistan-SEATO Cholera Re3earch Laboratory.

RItSUMI9
ESSAIS PRATIQUES DE VACCINS ANTICHOLARIQUES MONOVALENTS OGAWA ET INABA DANS UNE

RtGION RURALE DU BANGLADESH (RESULTATS APRtS 3 ANS D'OBSERVATION)

On a proc6d6 a un essai pratique contrbl6 destin6
a 6valuer l'efficacit6 de vaccins antichol6riques mono-
valents Inaba et Ogawa et d'un antigene Inaba purifie.
On d6sirait en particulier 6tudier le niveau de la protec-
tion confer6e par ces vaccins A l'6gard des serotypes

homologues et h6t6rologues et comparer les r6sultats
obtenus A ceux des 6preuves de protection chez la souris
et des r6actions serologiques chez l'homme.
On a r6parti 45 000 enfants de 0 A 14 ans en 4 groupes

de m8me importance: 3 groupes vaccin6s et 1 groupe
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t6moin. Les vaccins ont ete administr6s chaque ann6e
pendant 2 ans, imm6diatement avant le d6but de la
saison epid6mique, et l'observation a ete poursuivie
pendant encore un an. Etant donn6 que les cas de chol6ra
observes ont ete essentiellement causes par le serotype
Inaba, seule la protection confer6e contre ce dernier a pu
etre etudiee.
La protection maximale, atteignant 84% pendant les

3 ans d'observation, a ete obtenue apres deux injections
annuelles de vaccin Inaba. Avec une injection unique de
F'antigFne Inaba purifi6, le taux de protection ne s'est
6leve qu'a 51 %, tandis que deux injections de vaccin
Ogawa se r6velaient inefficaces chez les enfants de moins

de 5 ans, mais prot6geaient les enfants de 5 a 14 ans
dans la proportion de 48% contre le s6rotype Inaba.
La correlation entre le taux de protection et les resul-

tats des 6preuves serologiques a 6t6 faible. Le vaccin
Ogawa a suscit6 une forte production d'anticorps anti-
Inaba chez les jeunes enfants sans les mettre a l'abri
de la maladie. Chez les enfants plus ages, la protection
crois6e r6alis6e par le vaccin Ogawa contre le s6rotype
Inaba est attribuee a un effet de rappel sur l'immunit6
naturelle de ce groupe de population.
On conclut que l'emploi de vaccins antichol6riques

monovalents ne peut etre recommand6 en raison de la
sp6cificite de s6rotype de la protection qu'ils conferent.
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