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COMPLETE ANALYSIS OF THE SPECIFIC
ANTIGEN OF THE CHOLERA VIBRIO AND ITS

PRACTICAL APPLICATIONS

Dr. J. GALLUT
Chef de Laboratoire ai l'Institut Pasteur, Paris

As the result of a recent analytical study 1 of the heat-stable antigen
of the cholera vibrio (specific 0 antigen), we have been able to confirm
the findings of Burrows et al.2 that a greater number of 0 antigenic factors
exist in cholera vibrios than has so far been admitted.

Although theoretically, three factors (A, B and C) are enough to explain
the existence of the three types of cholera vibrios (Ogawa, Inaba and
Hikojima), it is possible, in practice, to detect as many as thirteen (A, B,
C, D, E, ... M). This recently formulated conception of the antigenic
structure of the cholera vibrio should not, in our opinion, pass unnoticed,
as, in spite of its complexity, such a conception might bring about desirable
modifications not only in the serological diagnosis of cholera, by making
it more accurate, but also in the preparation of cholera vaccines, which
could thus be better adapted to the various epidemics.

Our opinion on these two points is based on the antigenic analysis
which we have carried out1 on 82 strains which fall into two groups:
the first comprising 61 so-called " agglutinable " vibrios (that is, agglu-
tinated at the minimum rate of 1 0/o0 with an Ogawa or Inaba anti-O
serum); the second comprising 21 so-called " inagglutinable" vibrios
(but which can be agglutinated at a rate below 1 0/0, with the same serum).

The first group consisted of 49 authentic cholera vibrios, isolated either
from recent cholera cases (35 strains from Egypt, 1947),3 or from old cases
(stocks ranging from 10 to 27 years),4 and 12 haemolytic vibrios of the
El Tor type, some non-pathogenic (from the El Tor quarantine station) and
some pathogenic (from the Celebes epidemic of 1938), all from old stocks.

The second group consisted of 13 vibrios of human origin, isolated
during cholera epidemics (8 in Egypt, 1947,5 and 5 old ones) and 8 vibrios
isolated from water.5

1 Gallut, J., communication to the Socidtt franqaise de Microbiologie, meeting of 4 November 1948,
to appear in Ann. Inst. Pasteur

' Burrows, W., Mather, A. N., McGann, V. G. & Wagner, S. M. (1946) J. infect. Dis. 79, 168
'The strains originated from the following places:

VI to V4: British Army laboratory, Fayed (Colonel Lane Faycet)
P-S. 163 to 297: Port Said laboratory (Dr. Abdil Monem Khalil)
8945 to 8991: laboratory of the Hospital for Infectious Diseases, Abassa (Dr. El Kordi)
9609 to 14964: laboratories of the Ministry of Public Health, Cairo
34654 to 95656: Centre de Collection de Types Microbiens, Lausanne
El Kurein, Nil, Sedema, Souelem, Tantah: Dr. P. D. Regamey, Berne

' Of 14 stock strains, 8 came from the widespread cholera epidemics of 1927 and 1937 in Indo-China.
They were isolated in the Instituts Pasteur of Saigon and Hanoi.

6 Isolated at Ismailia in November 1947 by Dr. Raynal, of the Institut Pasteur
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All these vibrios were first tested with the usual Ogawa and Inaba
anti-O sera, produced by means of standard strains from the National
Institute of Health (US Public Health Service) used in the manufacture
of cholera vaccine, i.e. Nos. 41 (Ogawa) and 35a3 (Inaba), and then with
the same sera saturated with the opposite strain.

In this way, we were able to classify the vibrios of the first group as
follows:

(a) of the 35 cholera vibrios from Egypt, 34 were of the Inaba type
and 1 atypical;

(b) of the 14 cholera vibrios from old stocks, 2 were Ogawa, 4 Inaba
and 8 Hikojima;

(c) of the 12 El Tor vibrios, 2 were Inaba and 10 Hikojima;
Total for all types: 2 Ogawa, 40 Inaba, 18 Hikojima and 1 atypical.

As stated above, this classification, which has so far been accepted
by all bacteriologists, offers only an incomplete picture of the antigenic
structure of the vibrios. Complete antigenic analysis, however, reveals
their multiple 0 factor content.

Table I, which shows the classification, according to their complete
antigenic formula, of the 61 " agglutinable" vibrios which we analysed,

TABLE I. 0 ANTIGENIC FORMULAE OF 61 AGGLUTINABLE VIBRIOS

Inaba Type Ogawa Type Hikojima Type Atypical

AC (7) ABE (1) ABCE (5) A (1)
ACD (5) ABEFIKL (1) ABCEL (2)
ACE (2) ABCFL (1)
ACL (4) ABCDEF (1)
ACDE (4) ABCDEL (1)
ACDF (4) ABCEFL (1)
ACDL (5) ABCFIKL (3)
ACIK (1) ABCEFIKL (3)
ACDEL (4) ABCDEHIKLM (1)
ACIKL (1)
ACDEFL (1)
ACDEHML (1)
ACDEFGIJKL (1)

The figures in parentheses, for each type, indicate the number of strains with the same
formula.

gives an idea of the differences which, within each classical type of vibrio,
appear between vibrios which have so far been considered as serologically
identical.
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Among the second group (" inagglutinable" vibrios), composed of
unclassifiable vibrios which should be considered as non-choleraic, the pre-
sence of antigenic factors common to those of the first group was noticed.
However, there are frequency variations in the distribution of these, as
will be seen in table II, which reveal an essential point: factor A, which
is to be found in all " agglutinable" vibrios, has never been found in
"inagglutinable " vibrios.

TABLE II. PERCENTAGE FREQUENCY OF 0 ANTIGENIC FACTORS

Antigenic factors Cholera vibrios Inagglutinable
Antigenic ~~~~~~~~~~~~~~vibrios

A 100 0
B 32 47
C 95 14
D 45 19
E 47 9
F 26 0

G & J 1.6 19
H & M 3 4

& K 18 9
L 47 28

For these reasons we feel we can state, in complete agreement with
Burrows, that antigen A is the only specific antigen of the authentic cholera
vibrio (and of the El Tor vibrio, which is serologically identical). We
can also confirm that factor A can exist alone (one such case was encoun-
tered), thus making it possible to define a new and fourth type of cholera
vibrio.

As far as the other factors are concerned, however, it will be seen that
although two of them (B and C) are essential, as they are specific for the
Ogawa (B), Inaba (C) and Hikojima (BC) types, they are, however, sub-
sidiary, and are only essential because of their relationship with factor A.
Factor B was, in fact, encountered more frequently - either alone or
associated with factors other than factor A - in non-cholera vibrios than
in authentic ones, and even factor C is not uncommon. At the present
time, it is not possible to explain the presence of those factors which are
not connected with factor A.

The remaining factors (D, E, F, ... M) are of little significance, at
least insofar as they are related to the bacteriological diagnosis of cholera.
However, their presence will most likely prove to be epidemiologically
significant.
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We should like to draw attention, from the outset, to the practical
results of complete antigenic analysis of cholera vibrios. These results,
as was mentioned above, can be divided into two categories:

1. Diagnosis. It is obvious that in the future, anti-O monospecific
serum A will have to be used in preference to the classical Ogawa or Inaba
sera, which are prepared from strains of which the antigenic formula is
only partially known. Agglutination due to non-specific factors will
thus be avoided, and it will no longer be necessary to set an arbitrary
minimum agglutination rate, such as 1 in 1000. (In practice, any anti-A
agglutination will be valid from 1 in 100 onwards, as ordinary rabbit
serum does not agglutinate the cholera vibrio at more than 1 in 50.)

Likewise, an accurate diagnosis of the type will necessitate the use of
specific sera B and C, which alone make it possible to avoid co-agglutina-
tions which might arise if ordinary Ogawa and Inaba sera are employed,
even in saturated form. Such co-agglutinations, due to the frequent
presence of factors D or E, might result in an incorrect type diagnosis
being made.

2. Vaccines. It is our belief that complete antigenic analysis of the
cholera vibrio may change the present views on the preparation of vaccines
to a considerable extent.

In this respect, even more than in the case of diagnosis, the accepted
conception of the Ogawa, Inaba and Hikojima types now seems outmoded.
In fact, if the need arises 6 of using a so-called "monovalent "
vaccine in order to combat an epidemic of a supposedly "single " sero-
logical type, it would, in our opinion, be advisable to proceed with the
greatest possible care and not to rely too much on the respective mono-
specificity of the three classical types.

The Egyptian epidemic of 1947 is a case in point and is particularly
illuminating. Our analyses showed, in fact, that the Egyptian cholera
vibrios (nearly all of the Inaba type) contained all the factors except B, G
and J, although factors A, C, D, E and L predominated. In view of this
fact, not only does a mixed vaccine composed in the usual way of Ogawa
and Inaba strains, in equal proportions, appear to be inadequate, but even
a vaccine composed of the Inaba type alone might be partially ineffective,
if, for example, it contained only the two factors, A and C, specific of this
type, and consequently none of the requisite subsidiary factors.

It is true that the solution so far adopted of preparing vaccine from
strains isolated during the epidemic against which control measures are
being taken, is generally satisfactory, but the objection to it is that it is
entirely lacking in precision. If the overriding necessity of having a com-
pletely polyvalent vaccine in stock seems acceptable, that is, a vaccine
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comprising the 13 0 factors, it would however seem logical to take into
account the antigenic composition of the vibrios responsible either for
endemic cases or a specified epidemic. Only the complete analysis of a
sufficient number of strains can furnish this indispensable information.

Moreover, when enough strains containing all the required factors
have been chosen, it would, in our opinion, be advisable to make a further
selection by quantitative titration of the total 0 antigen content 7 of each
one, thereby ensuring the production of a vaccine with maximum specific
immunizing properties.

' Gallut, J. (1943) Ann. Inst. Pasteur, 69, 123


