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A Test of Antigenicity for the Selection of Strains
for Inclusion in Cholera Vaccines

RICHARD A. FINKELSTEIN 1 & SMARN PONGPAIROJANA 2

The antigenicity ofa large number of cholera vibrio strains was compared, in groups of
rabbits, by evaluating the serological responses to single limited doses of vaccines prepared
from the strains. On the basis of these tests, it was possible to construct 2 quadrivalent
(El Tor and classical, Inaba and Ogawa) vaccines which differed significantly in antigenicity
for rabbits but which were indistinguishable in the " standard " mouse-protection test. The
advisability of using a test of antigenicity for selection ofstrains and laboratory evaluation
of vaccines is considered. Application of the proposed antigenicity test would depend on
further comparisons ofhuman response to vaccines which differ in antigenicity for the rabbit.

Although cholera vaccines have been in use for
more than 70 years, their efficacy in protecting man
against cholera has only recently been substantiated
by controlled field studies. The results of these trials
(Philippines Cholera Committee, 1965; Oseasohn et
al., 1965; Taneja, 1965) were disappointing in that
the protective effect of commonly used vaccines was
relatively low and short-lived. However, they did
establish (1) that by parenteral immunization, it is
possible to stimulate resistance to the effects of an
infection which is restricted to the lumen of the
bowel, and (2) that considerable improvement is
necessary if cholera vaccines are to serve as an effec-
tive barrier to the spread of cholera.

Several of the vaccines included in the field studies
were composed of the well-known US National
Institutes of Health (NIH) reference cultures,
NIH 35A3 Inaba and NIH 41 Ogawa, as are most
cholera vaccines manufactured in the USA. Many
other countries have followed this example although,
to our knowledge, there is no evidence that these
strains, which were isolated in India in the 1940s and
transmitted to the Walter Reed Army Institute of
Research, Washington, D.C., and thence to NIH, are
superior to any others for the purpose of vaccine
production. Some countries prepare their cholera
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vaccines from local isolates and many, in view of the
present widespread prevalence of El Tor cholera,
have chosen to incorporate El Tor vibrios in con-
junction with the classical strains or to use them
alone in their cholera vaccines. In any case, the
decisions as to which strain or strains should be in-
cluded are, as far as we are aware, entirely arbitrary
with no effort being made to select strains which
might provide more protective or more antigenic
vaccines.
Although El Tor and classical cholera vibrio strains

are widely regarded as being antigenically identical,
at least in so far as the major antigens concerned with
agglutination and vibriocidal activity are concerned,
and there is virtually complete cross-protection in the
mouse-potency test (Pittman & Feeley, 1963), a
vaccine composed of El Tor vibrios gave a somewhat
higher degree of protection for a longer period
against El Tor cholera than did a classical vaccine
composed of the NIH reference strains (Philippines
Cholera Committee, 1965). Even though one of us
(R. A. F.) previously advocated, with others (Basaca-
Sevilla et al., 1964), the inclusion of El Tor strains in
cholera vaccines, the results of the field study should
not be interpreted as indicating that El Tor vaccines
are inherently superior to classical vaccines: had
other classical or El Tor strains been used the
results might have been vastly different. The same
criticism is equally applicable to the previous study
(Basaca-Sevilla et al., 1964) in which an El Tor
vaccine was more antigenic in man than a classical
vaccine.
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Some solution to these problems could be reached
if there were available a valid, simple and reprodu-
cible laboratory bioassay to predict the efficacy of
cholera vaccines in the field. From the early results
of field studies, it does not appear that the protective
activity or relative potency of vaccines in the widely
used mouse-protection test provides a strictly
reliable measure of their relative potency in the field
(Feeley et al., 1966). As the test requires large num-
bers of inbred mice held under controlled conditions
and, even then, gives variable results (Basaca-
Sevilla et al., 1964) it is not very suitable for use in
those developing areas which are affected by cholera
and are obliged to produce vaccine. On the other
hand, there is a suggestion that resistance to cholera
in man may be correlated with the level of serum
antibodies (both agglutinins and vibriocidins) and
that the more effective vaccines give rise to higher
levels of circulating antibodies (Mosley et al., 1966).
The object of the present study was thus to

develop a simple bioassay which would select strains
of higher antigenicity for inclusion in cholera vac-
cines. If subsequent studies confirm their higher
antigenicity in man and substantiate the relationship
between serum antibody level and resistance to
cholera, then it might be better to use such an assay,
instead of the mouse-protection test, for assessing the
potency of cholera vaccines. Results of a preliminary
study using a similar approach to select more highly
antigenic vaccine strains were reported by Rahman
(1965).

MATERIALS AND METHODS 1

Strains of cholera vibrios

The 36 representative strains of cholera vibrios of
both classical and El Tor categories, and both Inaba
and Ogawa serotypes, included in the study are
listed in Table 1. All were confirmed to be smooth
cholera vibrios by slide agglutination tests using
type-specific Inaba and Ogawa antisera as well as a
specific cholera anti-rough serum. Biochemical tests
included reactions in Kligler's double sugar iron
agar, Heiberg fermentations, nitrate reduction and
the oxidase test. El Tor vibrios were differentiated
from classical Vibrio cholerae by their haemag-
glutinative action on chicken red blood cells (Fin-
kelstein & Mukerjee, 1963), their resistance to
50-unit polymyxin B discs (Han & Khie, 1963), and

1 The principles of laboratory-animal care as promulgated
by the National Society for Medical Research in the USA
were observed.

production of acetyl methyl carbinol in the Voges-
Proskauer test. The only exceptions were 2 haemag-
glutinative variants of an NIH reference strain which
had been selected following passage in artificial
media (Finkelstein & Mukerjee, 1963). All the
strains were maintained by lyophilization as soon as
received by us and, in many cases, were only 2 trans-
fers from cholera patients. All but 2 of the strains
tested produced experimental cholera in infant
rabbits inoculated intra-intestinally with approxi-
mately 104 living vibrios, the exceptions being strains
24 and 25 (Table 1).

Preparation of vaccines. Beef-extract broth,
inoculated from agar slant cultures of colonies
derived from freshly opened lyophile ampoules, was
incubated at 37°C for 6-8 hours and then used to
inoculate Roux bottles of beef-extract agar. The
Roux bottles were incubated for 18 hours, scrutinized
for any abnormal appearance or signs of con-
tamination, and harvested by the addition of sterile,
normal saline. Samples were taken for examination
by Gram's stain and then the organisms were killed
by exposure, in a water-bath, to a temperature of
56°C for 30 minutes followed by addition of phenol
to provide a final concentration of 0.5%. Turbidity
was determined by examination of a 1: 20 dilution
of the cell suspensions in a Klett-Summerson photo-
electric colorimeter, in comparison with a Brown
opacity standard No. 8, and appropriate dilutions
were made, with 0.5 % phenolized saline, to obtain a
final concentration of 8 x 109 organisms per ml.
Quadrivalent vaccines were prepared in a similar
manner but contained 2 x 109 organisms each of
selected strains of classical and El Tor strains of
Inaba and Ogawa serotypes to a total of 8 x 109
organisms per ml. The final quadrivalent vaccines
were rigidly tested for sterility (thioglycollate
medium),' safety (in guinea-pigs) and toxicity (for
mice).

Comparison of antigenicity of candidate strains and
vaccines

Initially, groups of 4 adult rabbits each were
inoculated subcutaneously with 1.0 ml of dilutions
of a single monovalent vaccine prepared from strain
9 (Table 1) to determine the agglutinin response as a
function of the vaccine dose. The dilutions employed
were: undiluted vaccine, 1: 5, 1: 25, 1: 125, and
1: 625. The animals were pre-bled for normal
baseline serum and were bled again, from the ear-
vein or from the heart, 2 weeks after immunization.
Subsequently, vaccines composed of the individual
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TABLE 1
STRAINS OF VIBRIO CHOLERAE (CLASSICAL) AND EL TOR VIBRIOS USED

Serotype Strain

Inaba 1

2

1
~~~3

4

A,

Ogawa

Inaba

Ogawa

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Source and original designation

NIH reference culture-35A3
Thai epidemic of 1959-D344

Dr N. K. Dutta, Haffkine Institute-569B
Dr D. Schafer, Calcutta-16
Viet-Namese vaccine strain; Dr Jean Louis-Dalat

Calcutta, 1962; isolated by R.A.F.-IDH-59

Japan, 1963, from imported case-WLL
Thai Govt Pharm. Org.; subculture of strain 1 used in Thai
vaccine-GPO Inaba

NIH reference culture-41
Thai epidemic of 1959-N-1
Dr J. Feeley, NIH; highly virulent for infant rabbits-12 RX-1
Haemagglutinative colonial variant of strain 9-11 T-H+

Viet-Namese vaccine strain; Dr Jean Louis-Dalat 80
Thai Govt Pharm. Org.; subculture of strain 9 used in Thai
vaccine-GPO Ogawa

Haemagglutinative colonial variant of strain 9-11 ST-H+

Viet-Namese vaccine strain; Dr Jean Louis, Dalat-VN259
Thai epidemic of 1965-N2151
Viet-Namese vaccine strain; Dr Jean Louis, Dalat-VN150
Philippine epidemic of 1961; isolated by R.A.F.-7738
Viet-Namese epidemic of 1964; isolated by R.A.F.-64890
Korat, Thailand, 1966; isolated by R.A.F.; same patient as strain

22, 5th day-K-51-5
Same as strain 21, 1st day-K-51-1
Samut Prakan, Thailand 1965; isolated by R.A.F.-SP-33

Dr S. Mukerjee; Middle East strain, supposedly avirulent-ME-7
Dr S. Mukerjee; Calcutta water, supposedly avirulent-H20-6
Viet-Namese vaccine strain; Dr Jean Louis-VN 258

Viet-Namese vaccine strain; Dr Jean Louis-VN 135

Viet-Namese epidemic, 1964; isolated by R.A.F. from patient on
13th day-VN 3083-13

Colonial variant isolated on 2nd day from same patient as 28-
VN 3083-2

Philippine epidemic, 1961; isolated by R.A.F.-26-3
Thai strain, 1963-DB1961
Ubol outbreak, 1960; isolated by Dr 0. Felsenfeld-U-13
Translucent variant of 34, Teheran epidemic, 1965; by courtesy

of Dr A. S. Benenson-T816-T
Opaque colony type, Teheran epidemic, 1965; by courtesy of
Dr A. S. Benenson-T816-O

Thai strain, 1965-CHAN
Thai Govt Pharm. Org.; subculture of 35 used in Thai vaccine-
GPO-CHAN
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Classical
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El Tor
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strains cited in Table 1 were compared by inoculating
groups of 4 rabbits each with 1.0 ml of a 1: 5 dilu-
tion, the rabbits being bled before and 2 weeks after
inoculation. Finally, to compare the serological
response to 2 quadrivalent vaccines which were pre-

pared on the basis of the results of tests with the
above monovalent vaccines, groups of 4 rabbits each
were inoculated subcutaneously with 1.0 ml of
5-fold serial dilutions of the 2 quadrivalent vaccines
and were bled before and 2 weeks after immuniza-
tion.
Blood samples were collected aseptically in sterile

Petri dishes, allowed to clot at room temperature
(approximately 28°C) for I hour and kept in a

refrigerator overnight in a slightly tilted position.
Sera were removed, clarified by centrifugation, and
stored at -15C in rubber-stoppered vaccine bottles.
Agglutination tests were performed with living
antigens as described previously (Finkelstein et al.,
1965). Vibriocidal antibody titrations varied only
slightly from the technique described by Finkelstein
(1962). In the present study, sera were progressively
diluted in 10-fold steps to 1: 1000 and then by
2-fold steps to 1: 4 096 000 instead of the 10-fold
dilution decrements used previously. All values
reported, for both agglutinin and vibriocidal anti-
body titrations, are the geometric mean titres of the
sera from the 4 rabbits used for a given vaccine dose.
The ranges of values are not included to conserve

space. Only rarely did a value for an individual
rabbit differ from the mean by more than I tube.

Ouchterlony agar-gel double-diffusion precipitation
tests

Antigens were prepared for precipitin analysis by
harvesting the overnight growth from 4 heavily
streaked meat-extract agar plates with a total of
10 ml of normal saline. The suspensions were pre-
cooled and the cells were lysed by means of a

Sonifier (Branson Instruments, Stanford, Conn.) for
30 minutes in an ice-bath. The antigens (0.05 ml)
were placed in the peripheral wells of Ouchterlony
plates surrounding a central well containing 0.05 ml
of a pooled anti-cholera (Inaba, Ogawa and rough)
hyperimmune rabbit serum against living organisms
which had been prepared previously. The dishes
were left overnight at room temperature and the
next morning the precipitin bands were observed
and photographed.

Mouse-potency tests on quadrivalent vaccine
The protective activity of the 2 quadrivalent

vaccines was compared by Dr John C. Feeley,

Division of Biologic Standards, NIH, in the standard
mouse-potency test (Pittman & Feeley, 1965).

RESULTS

Effect of vaccine dose on agglutinin response
The results of the preliminary experiment, sum-

marized in Table 2, indicated that the agglutinin

TABLE 2
EFFECT OF VACCINE DOSE ON AGGLUTININ RESPONSE

Dose of vaccine a [ Agglutinin response b

Undiluted 1 280.0

1:5 1 076.0

1: 25 320.0

1: 125 67.28

1:625 < 20.0

a 1.0 ml of indicated dilution of vaccine prepared from strain
9 administered subcutaneously to each of 4 rabbits 2 weeks
prior to bleeding.

b Geometric mean titre (reciprocal) with antigen prepared
from strain 9.

response, under these conditions, was directly
related to the dose of vaccine employed. A dose of
1.0 ml of 1: 5 dilution of vaccine gave an inter-
mediate response which might be expected to vary,
either higher or lower, according to the antigenicity
of the vaccine (strain) used. Accordingly, this dose
was selected for our subsequent experiments to com-
pare the antigenicity of candidate strains.

Comparison of antigenicity of candidate strains using
NIH reference strains as agglutinating antigens
Initially, the sera from each of the 4 rabbits im-

munized with 1.0 ml of 1: 5 dilution of each of the
vaccines prepared from each of the candidate strains
were titrated against agglutinating antigens prepared
from the NIH reference Inaba and Ogawa serotype
strains. As a result of these tests, strains were
selected, from each category of vibrio, which
elicited the highest and the lowest serum titres against
homologous agglutinating antigens prepared from
the NIH reference strains. These results are con-
densed in Table 3.
Although there was some tendency for strains

which elicited a high homologous titre to elicit a
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TABLE 3

STRAINS OF V. CHOLERAE AND EL TOR VIBRIOS
WHICH ELICITED THE HIGHEST AND THE LOWEST SERUM
TITRES AGAINST HOMOLOGOUS AGGLUTINATING

ANTIGENS PREPARED FROM THE NIH
REFERENCE STRAINS

Category of vibrio Strain no. GMT a

Highest titre V. cholerae Inaba 3 2 880.0

Ogawa 11 2 560.0

El Tor Inaba 17 5120.0

Ogawa 26 1810.0

Lowest titre V. cholerae Inaba 4 1 052.0

Ogawa 13 320.0

El Tor Inaba 18 1 523.0

Ogawa 28 380.6

a Geometric mean titre of sera from 4 rabbits tested against
agglutinating antigens prepared from homologous serotype
NIH reference strains.

high heterologous titre also, this was not always the
case. Therefore, it was considered necessary to
study further those strains which elicited the highest
and lowest heterologous titres as well. Results with
these strains are summarized in Table 4 and some of

TABLE 4

STRAINS OF V. CHOLERAE AND EL TOR VIBRIOS
WHICH ELICITED THE HIGHEST AND THE LOWEST SERUM
TITRES AGAINST HETEROLOGOUS AGGLUTINATING

ANTIGENS PREPARED FROM THE NIH
REFERENCE STRAINS

Category of vibrio

V. cholerae Inaba

Ogawa

El Tor Inaba

Ogawa

Lowest titre V. cholerae

Strain

4

11

19

27

GMT a, b

1 280.0(8/8)

5 120.0(1/7)

2 153.0(2/8)

3 620.0(8/13)

Inaba 6 380.6(3/8)

Ogawa 13 452.6(7/7)

Inaba 22 380.6(7/8)

Ogawa 34 538.3(12/13)

a Geometric mean titre of sera from 4 rabbits tested against
agglutinating antigens prepared from heterologous serotype
NIH reference strains.

b Fraction in parentheses indicates the relative rank of the
strain in tests with homologous antigen over the number of
strains tested. Thus, 8/8 means that in homologous tests this
strain was 8th of 8 strains tested.

these were unexpected. Thus, strain 4, which gave
the lowest homologous response of the Inaba
serotype classical vibrios (Table 3) gave the highest
response, of the same category of vibrios, against the
Ogawa antigen. However, strain 11, which was
highest of its category in homologous tests (Table 3),
was also highest of its category in heterologous tests
(Table 4) and strain 13, which was lowest in its
category in the homologous, was also lowest in the
heterologous titrations. Similarly, strain 19, which
gave the second highest response of the El Tor Inaba
vibrios in tests with the homologous serotype antigen
was best in its category in tests with Ogawa antigen,
and strain 34, the worst of the El Tor Ogawa vibrios
in the heterologous test, was next to last in its
category in tests with the homologous antigen.

In no instance did the vaccines prepared from the
NIH reference cultures (strains 1 and 9) give the best
(or worst) response in these tests and there was a
suggestion that subcultures or colonial variants of
the original strains gave somewhat reduced responses.

Comparison oJ antigenicity of selected candidate
strains using a battery ofagglutinating antigens

Because the above titrations with single agglutinat-
ing antigens might not be representative of the
results if a series of agglutinating antigens was used,
the sera against the strains which elicited the highest
and lowest homologous and heterologous titres were
titrated against a battery of agglutinating antigens
prepared from the same strains. The results of
homologous titrations of the sera against 8 Inaba and
7 Ogawa agglutinating antigens are summarized in
Tables 5 and 6, respectively.

These tests permitted some confirmations and
some revisions of the previous estimates of the
degree of antigenicity of the strains in each category.
Thus, in the tests with the battery of antigens, strain 3
was still the most active of the Inaba classical vibrios,
strain 11 was still the most active of the Ogawa clas-
sical vibrios, and strain 26 remained the most active
of the Ogawa El Tor strains, but strain 19 displaced
strain 17 as the most antigenic of the Inaba El Tor
strains. With regard to the least antigenic strains,
strain 6 replaced strain 4 in the Inaba classical vibrio
group, strain 22 replaced strain 18 as the least active
of the Inaba El Tor strains, and strain 34 replaced
strain 28 (by an insignificant margin) as the least
antigenic of the El Tor Ogawa group. Calculation
of the 95% confidence limits (Tables 5 and 6)
allowed an estimate of the statistical significance of
these observations. Comparison of the values for

Highest titre
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TABLE 5

AGGLUTININ TITRES a OF SERA AGAINST SELECTED INABA STRAINS TESTED
WITH SEVERAL INABA SEROTYPE AGGLUTINATING ANTIGENS

Agglutinating antigens
17 18 6 19 2217 18 6 19 22 1

640.0

761.2

640.0

452.6

269.1

904.1

269.1

498.0 512.2

640.0

538.3

761.2

538.3

538.3

904.1

452.6

380.6

452.6

452.6

380.6

452.6

761.2

269.1

609.1 430.7

452.6

761.2

640.0

452.6

452.6

904.1

269.1

2 880.0

1 052.0

5 120.0

1 600.0

2 560.0

4 305.0

1 810.0

95% Confi-
GMTb indenceinterval

772.2

693.9

830.1

616.9

538.2

1 070.0

356.7

475-1 219

369-784

810-1 403

270-471

524.9 2 426.6

a Values given in table represent the geometric mean titres of 4 sera per strain tested against each of the agglutinating antigens.
b Geometric mean titre of sera against all Inaba agglutinating antigens.
c Geometric mean titre of agglutinating antigen with all the sera against Inaba strains.

appropriate " good " and " bad " paired strains-
3 versus 6, 19 versus 22, 11 versus 13, and 26 versus 34
-revealed that in all but the first instance the dif-
ferences were statistically significant. On the other
hand, the changes in ranking brought about by
testing with a battery of agglutinating antigens,

instead of a single antigen, were not statistically
significant.
Some additional observations also emerged from

these experiments. It can be seen in Tables 5 and 6
that the titres of the sera varied markedly not only
according to the strain which was used for immuniza-

TABLE 6

AGGLUTININ TITRES a OF SERA AGAINST SELECTED OGAWA STRAINS TESTED
WITH SEVERAL OGAWA SEROTYPE AGGLUTINATING ANTIGENS

Agglutinating antigens

34 26

640.0

320.0

452.6

190.3

380.6

320.0

359.1

761.2

320.0

452.6

320.0

761.2

380.6

465.8

28

1 810.0

452.6

538.3

320.0

640.0

269.1

538.1

95% Confi-
I9 GMT b Idence interval

2 560.0 1 312.0 1 047-1 644

320.0 320.0 249-412

761.2 624.2

452.6 362.1 267-489

1 810.0 689.5 560-848

380.6 362.2

761.1

3 4
I.

Sera
versus

strain no.I

3

4

17

18

6

19

22

GMTCGMT '

904.1

538.3

761.2

538.3

538.3

640.0

190.3

538.1

761.2

640.0

538.3

380.6

269.1

1 052.0

269.1

904.1

1 052.0

761.2

1 523.0

640.0

1 052.0

320.0

814.3

Sera versus
strain no. 11_-

11

13

27

34

26

28

GMT c

13

1 810.0

226.2

904.1

452.6

640.0

269.1

553.9

1 280.0

226.2

538.3

320.0

538.3

452.6

479.5

27

1 280.0

452.6

904.1

640.0

640.0

538.3

697.9

a Values given in table represent the geometric mean titres of 4 sera per strain tested against each of the agglutinating antigens.
b Geometric mean titre of sera against all Ogawa agglutinating antigens.
c Geometric mean titre of agglutinating antigen with all the sera against Ogawa strains.
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tion but also according to the strain which was used
as the agglutinating antigen. It is apparent that the
NIH reference strains 1 and 9, as agglutin-
ating antigens, gave titres superior to any other
strains tested; strain 1 markedly so. Unexpectedly,
the reactions between a strain, as an agglutinating
antigen, and its own sera were only rarely of higher
titre than the reactions of the same sera with other
agglutinating antigens. In addition, there was a sug-

gestion of an inverse relationship between the ability
of strains to elicit antibody and their reactivity as

agglutinating antigens. For example, strain 3, the
most antigenic of the Inaba classical vibrios, was a

lower-titre agglutinating antigen than the least
antigenic strain, 6. The same relationship held for
pairs 19 and 22, and 11 and 13, but not for pair 26
and 34.

Formulation of 2 quadrivalent vaccines

Two quadrivalent vaccines were formulated ac-

cording to the results of the comparisons of anti-
genicity of the various candidate strains. One,
Vaccine A, consisted of the 4 strains, representing
the different categories of vibrios, which were found
to be most antigenic according to the results sum-

marized in Tables 5 and 6, and the other, Vaccine B,
consisted of the 4 strains with the least antigenic
potency. Thus, Vaccine A contained strains 3, 11,
19 and 26, representing classical Inaba and Ogawa
and El Tor Inaba and Ogawa categories respectively,
and Vaccine B was composed of strains 6, 13, 22
and 34. Each contained 2 x 109 vibrios of each
strain per ml for a total of 8 x 109 per ml. The
nitrogen content of the 2 vaccines was found to
be similar: 14.38 mg/100 ml, for Vaccine A and
16.95 mg/100 ml, for Vaccine B.

Evaluation of antigenicity of Vaccines A and B

These 2 vaccines were then compared by inoculat-
ing groups of 4 rabbits each, in parallel, with single
doses of 1.0 ml of 5-fold dilutions of the vac-

cines (undiluted, 1: 5, 1: 25, 1: 125, 1: 625). The
sera were then tested against agglutinating antigens
prepared from the NIH reference strains. The
results are summarized in Table 7 and Fig. 1.
Statistical evaluations of the results revealed that the
dose-response relationship was linear, the lines re-

presenting the data for each of the vaccines were

parallel, and the differences between the vaccines
were significant. With regard to the Inaba agglutinin
response, Vaccine A was 13.45 times more potent
than Vaccine B (95 % confidence limits of the

TABLE 7
COMPARISON OF AGGLUTININ RESPONSES
TO DILUTIONS OF VACCINES A AND B a

Immunizing Inaba Ogawa
dose of
vaccine Vaccine A Vaccine B Vaccine A Vaccine B

Undiluted 7 241.0 1 523.0 6 089.0 1 523.0

1: 5 2 153.0 761.2 2 153.0 905.1

1: 25 1 076.0 320.0 761.2 226.2

1:125 761.2 269.1 538.3 226.2

1 : 625 269.1 28.28 226.2 16.82

a Results expressed as geometric mean agglutinin titre
(reciprocal) of serum from 4 rabbits.

b 1.0 ml of indicated dilution administered subcutaneously to
each of 4 rabbits 2 weeks prior to bleeding.

relative potency = 5.415 and 33.59). With regard to
the Ogawa agglutinin response, Vaccine A was
8.99 times more potent than Vaccine B (95% con-
fidence limits, 4.197 and 23.15).
The same sera were also titrated for vibriocidal

antibody against the NIH reference strains. The
results of these assays are summarized in Table 8 and

TABLE 8
COMPARISON OF VIBRIOCIDAL RESPONSES
TO DILUTIONS OF VACCINES A AND B a

Immunizing Inaba Ogawa
dose of
vaccineb Vaccine A Vaccine B Vaccine A Vaccine B

Undiluted 1 218 000 152 400 1 024 00 215 500

1:5 NT NT NT NT

1: 25 53 810 11 320 45 260 8 000

1:125 16 000 8 000 11 320 6 728

1 : 625 945.8 100 3 363 316.2

a Results expressed as geometric mean vibriocidal titre
(reciprocal) of serum from 4 rabbits. NT = not tested

b 1.0 ml of indicated dilution administered subcutaneously to
each of 4 rabbits 2 weeks prior to bleeding.

Fig. 2. It can be seen that a similar relationship was
obtained with the vibriocidal antibody response:
Vaccine A was considerably more potent than Vac-
cine B in inducing the formation of both Inaba and
Ogawa vibriocidal antibodies.
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FIG. 1
RELATIONSHIP BETWEEN AGGLUTINATING ANTIBODY AND VACCINE DOSE, VACCINES A & B

Comparison between agglutinating and vibriocidal previous reports (Finkelstein et al., 1965; Feeley,
antibody titres 1965).

These experiments also made possible a compari-
son between the agglutinating and vibriocidal anti-
body titres of the sera produced in response to im-
munization with the various dilutions of the 2 vac-

cines. The relationships between the vibriocidal and
the agglutinating antibody levels are plotted in
Fig. 3. It can be seen that there was a direct relation-
ship between the results of the 2 kinds of antibody
measurements suggesting that they involve related
and perhaps identical antibodies. The vibriocidal
test, being much more sensitive, gave higher-titre
results. These observations are similar to those in

Ouchterlony agar-gel double-diffusion precipitin
analysis of the vaccine strains

The strains comprising Vaccines A and B were

used as antigens in the peripheral wells of Ouchter-
lony plates against a potent, pooled, cholera anti-
serum in the central well. The precipitin patterns
(Fig. 4) of the strains- comprising the 2 vaccines
were similar qualitatively, but it was apparent that
the bands of the strains from Vaccine A appeared
closer to the central well, suggesting that those strains
contained more antigen.
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FIG. 2

RELATIONSHIP BETWEEN VIBRIOCIDAL ANTIBODY AND VACCINE DOSE, VACCINES A & B
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Mouse-potency tests on quadrivalent vaccines A
and B

The results of the standard mouse-potency tests
on the 2 quadrivalent vaccines are presented in
Table 9. The 2 vaccines did not differ significantly
in this test and both vaccines were comparable in
potency to the NIH reference vaccine preparations.
The variability of repeated titrations may also be
seen. For example, Vaccine B was found to be less
than half as potent as the reference preparation in
one determination and more than 3 times as potent
in another.

DISCUSSION

The selection of appropriate strains for inclusion
in cholera vaccines, although potentially of great
importance, has been a much neglected aspect of

cholera vaccine programmes and field trials. In part,
this has been due to the lack of a suitable bioassay
for comparing large numbers of strains and selecting
those of the highest potency. In addition, however,
the tacit assumption that, because of the relative
antigenic homogeneity of the group, one smooth
cholera vibrio strain is as good as the next for the
preparation of vaccine has had a marked inhibitory
effect on investigation in this area. Recent field
studies have emphasized the deficiency by proving,
on the one hand, that some cholera vaccines do offer
some degree of protection against cholera for a

limited period of time and, on the other hand, that
considerable improvement is needed.

In the present study, a comparison was made of
the antigenicity of " candidate strains " for inclusion
in cholera vaccines by evaluating the antibody
response of groups of rabbits to a single dose of a
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FIG. 3
RELATIONSHIP BETWEEN VIBRIOCIDAL AND AGGLUTINATING ANTIBODY TITRES, VACCINES A & B
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1: 5 dilution of vaccine. In agreement with earlier
observations (Rahman, 1965) the results indicated
that different strains vary markedly, in many cases

with statistical significance, in their ability to elicit
antibody production in rabbits. On the basis of these
observations, it was possible to construct 2 quadri-
valent cholera vaccines including El Tor and clas-
sical Inaba and Ogawa serotypes; one composed of
strains selected for their high antigenicity, and the
other consisting of strains of low antigenicity. When
these 2 vaccines were compared, by determining the
antibody (agglutinating and vibriocidal) responses of
groups of rabbits to single doses of 5-fold serial
dilutions of the vaccines, they elicited parallel dose-
response curves differing by approximately 1 order
of magnitude in relative potency, in the predicted
direction and with statistical significance. The same

2 vaccines were not significantly different in the

" standard " mouse-protection test which is widely
used for evaluating the potency of cholera vaccines.
The question which comes immediately to mind is
which assay, if either, predicts the protective effect
of the cholera vaccines in man. At the present time,
it is uncertain whether the mouse test reliably pre-

dicts the relative potency of vaccines in the field.
Although a vaccine of high mouse potency was

reported to be highly effective in the field study in
East Pakistan (Oseasohn et al., 1965), other highly
potent vaccines failed to give significant protection
in man in India (Taneja, 1965). The mouse assay

also has other disadvantages which make it im-
practicable for use in developing areas. On the
other hand, it has yet to be shown that a vaccine
which has been selected for high antigenicity in the
proposed rabbit test is also more antigenic in man

and, if so, that its higher activity in stimulating
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FIG. 4
OUCHTERLONY PRECIPITIN PATTERNS OF STRAINS COMPRISING VACCINE A (LEFT) AND VACCINE B (RIGHT) a

a From the top, clockwise: V. cholerae Inaba, El Tor Inaba, El Tor Ogawa, V. cholerae Ogawa,
V. cholerae Inaba, V. cholerae Ogawa.

TABLE 9
MOUSE POTENCY TESTS ON VACCINES A AND B a

Test date
Geometric mean

Challenge Vaccine 20 Oct. 1966 3 Nov. 1966 8 Dec. 1966

strain in EDso b Rel. EDso b Rel. EDsob Rel. EDso b Rel.in ml x 10-4 potency in ml x 10' potency in ml x 10-4 potency in ml x 104 potency

A 2.00 0.76 0.894 3.62 0.680 0.74 1.07 1.26
NIH 41 (72-139) (57-176) (66-151)

Ogawa B 1.79 0.85 1.05 3.09 1.14 0.44 1.29 1.05
(74-134) (66-151) (52-192)

US Ogawa 1.52 1.00 3.24 1.00 0.501 1.00 1.35 1.00
Ref. 21 (67-150) (58-173) (74-134)

27 Oct. 1966 17 Nov. 1966 Geometric mean

A 2.27 1.07 1.30 0.95 1.72 1.01
(67-150) (63-160)

NIH 35 A3 B 2.31 1.05 0.866 1.42 _ 1.42 1.22
Inaba (63-159) (62-162)

US Inaba 2.43 1.00 1.23 1.00 _ 1.73 1.00
Ref. 11 (54-187) (58-173)

a Performed by Dr John C. Feeley.
b Range of I standard deviation expressed as percentage is shown in parentheses.
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circulating antibody in man is actually related to
protective activity in man. These questions can only
be resolved by further study.
The reasons why cholera vibrio strains of the same

serotype differ in their capacity to elicit antibody
formation is also obscure although the present
study suggests that there may be quantitative
differences in antigen content. 'The experimental
vaccines used in the present study were all produced
in the same maner. If the rabbbit test is found to
predict the human response, it could also be useful
as a bioassay to determine optimal conditions for
vaccine production. Although we used a battery of
agglutinating antigens in some tests, it appears that
the results would not be significantly different if only
the NIH reference strains were used as indicator
antigens.
The widely used NIH strains were not included in

our final vaccines because they did not give the
highest (or lowest) responses in the antigenicity
screening tests. However, it should be stated that it

is doubtful whether the NIH Inaba strain differs
significantly from strain 3 which was selected for
inclusion in Vaccine A.
We have, rather arbitrarily, directed the study

toward a quadrivalent vaccine, including both El Tor
and classical vibrios of both serotypes even though,
except for the Philippine field study (Philippines
Cholera Committee, 1965), there is little evidence to
indicate that vaccines incorporating El Tor vibrios
are more effective against El Tor (or classical)
cholera. The incorporation of El Tor vibrios
neither increases the reactogenicity of the vaccine
nor imposes any great difficulty in vaccine produc-
tion. However, as the El Tor vibrios have become so
widely distributed in recent years, and our knowledge
of immune mechanisms in cholera is so meagre, the
quadrivalent vaccine may be the most practical
approach, at least until purified antigens and/or
vaccines containing components directed toward the
choleragenic mechanism can be developed and tested
(Finkelstein & Atthasampunna, 1967).
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RItSUMt

Jusqu'a present, le choix de souches de cholera,
classique ou El Tor, en vue de la preparation de vaccins
anticholeriques a ete entierement arbitraire, et on ne
s'est guere pr6occupe de selectionner des varietes capables
de foumir des vaccins dotes de propri6tes antigeniques
et protectrices plus elevees. Le present article decrit
une epreuve biologique simple, permettant de deceler
les souches fortement antigeniques, qui pourrait even-
tuellement remplacer l'epreuve classique de protection
de la souris pour la mesure de l'efficacite des vaccins
anticholeriques.
On a etabli l'antig6nicite de 36 souches de Vibrio

cholerae, classique et El Tor, appartenant aux sdrotypes
Inaba et Ogawa, chez le lapin en evaluant la r6ponse
immunitaire A une dose unique du vaccin correspondant.
On a note a cette occasion des differences nettes, et sou-

vent statistiquement significatives, entre les souches sous
le rapport des proprietes antigeniques. Deux vaccins
quadrivalents, pr6pares respectivement au moyen des
souches les plus actives et des souches les moins actives,
ont suscit6 chez le lapin une production d'anticorps
qui, conformement aux previsions, differait de facon
tres nette suivant la preparation. En revanche, lors
de l'6preuve de protection de la souris, les deux
vaccins n'ont pas fait preuve de differences importantes
d'activite.

Cette etude preliminaire laisse pendante la question de
l'existence d'une correlation entre les resultats de
l'epreuve d'antigenicite chez le lapin et la valeur de la
reaction immunitaire et de la protection chez l'homme.
De nouvelles recherches seront n6cessaires pour y
apporter une reponse.
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