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Protective Antigens from El Tor Vibrios
2. Responses in Animals and Man to a Partially Purified Ogawa

Lipopolysaccharide Antigen *

YOSHIKAZU WATANABE,' W. F. VERWEY 2 & E. M. MACDONALD3

A previous report described the extraction and purification of a mouse-protective
lipopolysaccharide antigen from culture supernatants of an El Tor vibrio of the Ogawa
subtype. The chemical procedures for complete purification were complex, and considerable
antigen was lost. The present paper describes a simpler method of obtaining an antigen
of only slightly less purity in considerably improved yield. The method appears to be
feasible for the preparation ofan antigen that might be suitable for extensive immunization
studies in humans.

The antigen has been compared with the purified lipopolysaccharide and the Ogawa
reference vaccine supplied by the National Institutes of Health with respect to active
protection in mice, toxicity in mice and rabbits, and ability to produce passive mouse-
protective antibody and vibriocidal antibody in rabbits. It has also been administered to a
small number of volunteers in whom it was studied for its reaction-producing properties
and its ability to produce agglutinin, vibriocidin and passive mouse-protective antibody.
Little toxicity was found at dosages that induced very significant antibody production,
and antibody remained elevated for at least six months.

In the preceding article by Watanabe & Verwey
(1965),' the isolation and characterization of a lipo-
polysaccharide from an El Tor vibrio of the Ogawa
subtype were described. This antigen was actively
protective for mice against challenges of either El
Tor or true cholera vibrios of the Ogawa subtype
and was purified to the extent that it was homogene-
ous by ultracentrifugal analysis, paper electro-
phoresis, and Ouchterlony gel-diffusion tests. Un-
fortunately, the preparation of such material re-
quired several steps that not only were laborious
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but also resulted in decreased yield. Therefore, in
an effort to obtain material with the potential prac-
tical advantages of increased antigenic activity in
relation to toxicity, without the use of complicated
and expensive procedures, further studies were
undertaken to develop a simpler method of prepara-
tion. It was found that the omission of the sodium
chloride/ethanol fractionation steps resulted in an
antigen that was relatively pure but not completely
homogeneous, possessing antigenicity and toxicity
characteristics very similar to the purified material.
This antigen will be referred to throughout this report
as ". practical antigen ", with the inference that, in
the opinion of the authors, the method of prepara-
tion is sufficiently simplified for use in the large-
scale production of materials for human immuniza-
tion, if this were found desirable. The present report
describes the procedures used in preparing this
practical antigen from El Tor vibrio strain 17 (Oga-
wa subtype), including those employed for producing
a sterile material suitable for injection into humans.
It also describes the activity of this antigen in animals
and humans.
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TABLE I
COMPARISONS OF YIELD AND MOUSE-PROTECTIVE ACTIVITY BETWEEN AMMONIUM SULFATE PRECIPITATES AND

PRACTICAL ANTIGEN PREPARATIONS OBTAINED FROM FOUR LOTS OF CULTURE SUPERNATANTa

Ammonium sulfate
Practical antigen

Lot First precipitate Second precipitate
number Dry ED Total Dry ED Total Dry D Total

weight EDsg ED( weight EDs EDso weight ED50 ED5o(mg) (E(x 10) (mg) g (x 10') (mg) ,g) (x 10*)

66 _ - - 4080 2.3 1.7 176 0.02 8.8

96 - - - 4 250 1.7 2.5 320 0.25 b 1.2

140 51 000 11.3 4.5 4 100 0.85 4.8 258 0.05 5.1

2 - - - 5 850 1.4 4.1 553 0.07 7.9

____
a The data show the yield from 15 litres of culture supernatant. The ED5o was calculated by challenge with Ogawa 41 using

approximately 1 000 LD5o.
b Lyophilized without lactose.

METHODS

Antigen preparation
The procedure for preparing the practical antigen

was the same as that previously described for the
preparation of the purified antigen (see the preceding
article) up to and including the stage of chloroform-
methanol treatment. Briefly, this consisted of two
ammonium sulfate precipitations, followed by
phenol-water treatment and chloroform-methanol
extraction of the solids derived from the aqueous
phase of the material treated with the phenol-water
mixture (Watanabe & Seaman, 1962; Watanabe &
Verwey, 1965).' In the present method of prepara-
tion, however, the material treated with chloroform-
methanol was dissolved in distilled water and dia-
lysed in an ice-bath for 48 hours. It was then cen-
trifuged at 11 300 g for 60 minutes at 0°C. The
supernatant solution was decanted and a sample
was taken for the determination of total solids.
The antigen was then adjusted to a concentration
of 500 ,tg/ml, and lactose was added to a final con-
centration of 1 %. This solution was then filtered
through a Selas 02 filter. After removal of samples
for bulk sterility tests, the antigen was stored frozen
at -60°C until the results of these tests were avail-
able. It was then dispensed, in 1-ml quantities, into
10-ml vaccine vials and freeze-dried. After drying, the
vials were sealed under vacuum with rubber stop-
pers held in place by aluminium " roll-on " closures.
A solution consisting of 8.5% lactose, 0.01 M

sodium citrate and 0.5% phenol adjusted to pH 6.8
1 See the article on page 809 of this issue.

was prepared for the reconstitution of the dried
material. This was sterilized by " Millipore "
membrane filtration and filled aseptically into sim-
ilar vaccine vials in a quantity suitable to permit the
withdrawal of 10 ml. These vials were similarly
sealed with rubber stoppers and " roll-on " closures.

Analytical procedures
Ultracentrifugal analysis, paper electrophoresis

and Ouchterlony gel-diffusion tests were done as a
means of evaluating the homogeneity of the practical
antigen. In addition, the antigen was analysed for
polysaccharide (determined from hydrolysates as
glucose) and for total nitrogen. Active and passive
mouse-protection tests and vibriocidal tests were
performed, and toxicity in animals was evaluated
on the basis of lethality in mice and skin reactivity
in rabbits. All these tests were carried out by the
methods described in the previous article. Bacterial
agglutination, using live organisms, was done
by the method of Goodner & Smith, 1960.

EXPERIMENTAL RESULTS

Yield of practical antigen
The procedures described above were applied to

four lots of material, each from 15 litres of culture
supernatant. The yield and activity data from these
lots are given in Table 1, where the amount of
material required to produce 50% survival of mice
challenged with Vibrio cholerae Ogawa 41 (the
ED50 value) has been used as the unit of activity.
Although only one lot was measured at the first
ammonium sulfate precipitation stage, the data
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FIG. I
ULTRACENTRIFUGAL SCHLIEREN PATTERN WITH PRACTICAL ANTIGEN LYOPHILIZED

WITH I % LACTOSE, RESTORED WITH DISTILLED WATER AND EQUILIBRATED
BY DIALYSIS WITH 0.1 M TRIS BUFFER, pH 8.0 a

aAntigen concentration, 0 5%, photographs taken at 8-mInute Intervals (the first after
16 minutes) after reaching 29 500 rev/min, bar angIe, 45° ,temperature, 12°C.

indicate essentially complete recovery through
all steps from ammonium sulfate precipitation to
the completed practical antigen. In fact, there
appeared to be a trend towards an increased recovery
of antigenic activity with the process of purification
Although the lack of precision in active immuniza-
tion tests in mice makes it impossible to state this
with certainty, a similar trend was noted through
these steps in the more extensive purification that
has been reported in the preceding article. This
may suggest either the loss during purification of
substance inhibitory to antigenic response or a
dissociation of complexed material resulting in
increased antigenic activity. However this may be,
the specific activity of three of the four lots of
practical antigen listed in Table 1 were of the same
order of magnitude as was found for the purified
antigen. Lot 96 was not strictly comparable because
it was lyophilized in the absence of lactose, a pro-
cedure that is known to produce lower ED60t/g
values (Watanabe & Verwey, 1965).1

Studies on homogeneity
Lot 140 of practical antigen was selected for addi-

tional studies. Ultracentrifugal analysis demons-
trated a slight " shoulder " in the Schlieren pattern,
indicating the existence of a small amount of a
heavier component (Fig. 1). In other respects the
ultracentrifugal behaviour of the practical antigen
was similar to that found for the purified material.
This contaminant has been calculated to represent
no more than 10% of the total material present.
Paper-strip electrophoresis using 100 ,ug of the

1 See the article on page 809 of this issue.

practical antigen produced only a single band
detectable by staining reagents that were reactive
to carbohydrate. Ouchterlony immunodiffusion
tests using antiserum prepared against the crude
ammonium sulfate precipitate showed a major band
identical to that produced by the purified antigen
and, in addition, one faint minor band. Chemical
analysis of this antigen revealed 55 % polysaccharide
(as glucose) and 3% nitrogen. These results were
consistent with the fact that this preparation
represented a somewhat less pure material than
that previously described, but they also suggested
the absence of gross quantities of impurities.

Toxicity studies
The toxicities of various lots of practical antigen

were determined, making use of the lethal test in
mice and skin tests in rabbits. Table 2 shows the
results obtained with several lots of practical antigen
compared with those found with an Ogawa mono-
valent vaccine supplied by the United States Na-
tional Institutes of Health (NIH) and with a vaccine
obtained commercially. On a weight basis the
fractionated antigen might have been somewhat
more toxic than the vaccines, but when compari-
sons were based on activity ratios, the fractionated
antigens had considerably better activity-to-toxicity
relationships than had the bacterial vaccines.

Immunization studies
The practical antigen (Lot 2) was compared with

Inaba and Ogawa vaccines (supplied by the NIH)
in mouse-protection tests, using V. cholerae Ogawa
41 and El Tor V86 Inaba as the challenge strains.
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TABLE 2
THE TOXICITY OF THE PRACTICAL ANTIGEN COMPARED WITH THAT OF CHOLERA

BACTERIAL VACCINES

Toxicities Activity ratio a

Material Mouse, ED5sintraperi- Rabbit, CUMg Intraperi- SRD
toneal SRD (A) toneal dose

LD,o (gA)

Practical antigen, Lot 66 600 75 0.04 15000 1 875

,, 75 1 300 75 0.08 16 000 940

140 1 300 75 0.05 26000 1 500

2 1 000 87 0.07 14000 1 200

Ogawa monovaccine (NIH) - 150 0.7 - 210

Commercial cholera vaccine 1 2 600 75 0.7 3 700 110

Commercial cholera vaccine 2 - 75 - - -

a Number of EDso in one LD.oo or one skin-reactive dose (SRD).

Table 3 shows the results of two separate tests using
the Ogawa 41 strain, and a test of all three antigens
against the V86 Inaba challenge. Relative protec-
tion was calculated for each antigen by arbitrarily
setting the ED50 value of the homologous vaccine
at unity and calculating the relationship of the other
protective antigens to the homologous antigen.
While the practical antigen was much more active
than the vaccine on homologous challenge, hetero-
logous cross-protection was quite poor compared
with that found with the Ogawa vaccine. This high

Ogawa-specificity has also been observed with the
purified antigen (see the preceding article).
For a further comparison of the antigenic res-

ponse of the practical antigen and the Ogawa
reference vaccine, rabbits weighing about 1.5 kg
were divided into six groups of three. Three of the
groups received graded doses of practical antigen,
Lot 2, and the other three received Ogawa vaccine
in similar graded doses. A single subcutaneous
injection was given to each rabbit, and all animals
were bled 14 days after this dose. The vibriocidal

TABLE 3
PROTECTIVE ACTIVITY OF THE PRACTICAL ANTIGEN AGAINST EL TOR VIBRIO AND VIBRIO CHOLERAE

CHALLENGES

Material Challenge strain I EDso ("g) EDso5 1 SD Relative
(~~~~~~CMg protection

Ogawa vaccine (NIH) 1.72 0.90-3.23 1.0
V. cholerae Ogawa 41, 500 LD5o

Practical antigen, Lot 2 b . 0.069 0.036-0.12 25.0

Ogawa vaccine (NIH) 0.39 0.17-0.83 1.0
V. cholerae Ogawa 41, 500 LDso

Practical antigen, Lot 2 c 0.016 0.0054-0.046 24.0

Inaba vaccine (NIH) 6.77 4.54-10.3 1.0

Ogawa vaccine (NIH) El Tor vibrio V 86 Inaba subtype, 4 100 LD5o 9.66 6.86-13.5 0.70

Practical antigen, Lot 2 c 22.7 7.72-57.0 0.30

a ED5o of bacterial vaccine against homologous challenge calculated as 1.0.
b Practical antigen maintained frozen at -60'C.
c Practical antigen after lyophilization at Merck Sharp & Dohme Co.
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TABLE 4
VIBRIOCIDAL TESTS WITH SERA OF RABBIT IMMUNIZED
WITH THE PRACTICAL ANTIGEN AND WITH OGAWA

MONOBACTERIAL VACCINE (NIH)

M
Amounts of VibriocidalMaterial antigen a (mg) titre b

Practical antigen, Lot 2 0.1 50

1.0 145

10.0 1 020

Ogawa vaccine (NIH) 0.1 <32

1.0 29

10.0 90

a One dose of subcutaneous immunization.
b Arithmetic mean of final serum dilution after all reagents

were added to system.

titre of each serum was determined, and Table 4
presents the arithmetic mean of the vibriocidal titres
that were obtained in each group. The increased
antigenicity of the practical antigen over the Ogawa
vaccine was apparent when comparisons were made
on an equal-weight basis.

Toxicity and antigenicity in humans
The experiments in humans reported here were

performed with practical antigen, Lot 2, which had
been prepared by dissolving the antigen in an
isotonic solution consisting of 8.5% lactose, 0.01 M
sodium citrate, and 0.5% phenol. The final antigen
concentration was 50 ,ug/ml, and the preparation
was sterilized by filtration, using a Selas 02 filter,
after which it was dispensed in 5-ml quantities and
held frozen at -60°C until suitable sterility and
safety tests were completed. This antigen, except
for the freeze-drying step, was identical to that
described earlier, under " Methods " (see page 824).
Nine persons, including 7 who had had no known
experience of cholera or cholera immunization,
were chosen for these experiments. After a pre-
immunization bleeding, each person (except one)
was given a 25-,ug dose of the antigen subcutane-
ously. One person (the first to be injected) received
a 12.5-,ug dose. Two weeks later all individuals
received a second dose, of 50 /jig. Bleedings were
obtained 12 days after the first immunization, and
2 weeks, 6 weeks and 6 months after the second dose.
All injections were given at approximately 9 o'clock
in the morning, and each person recorded periodic
observations of temperature until retiring. The day

following each dose, a physician who was not other-
wise involved in this programme examined all per-
sons in order to evaluate the occurrence of local or
systemic reactions. Table 5 shows the highest
temperature recorded by each of the subjects during
the period of test and the time after infection that
this temperature-reading was made. The highest
temperature recorded by any subject was 100.2°F
(37.90C), which occurred as a single reading. All
other temperatures, including those reported by this
subject, were below 100°F (37.8°C). Neither the
25-,ug dose nor the subsequent 50-,ug dose produced
important temperature responses in these persons,
and there was no significant difference between the
two doses with respect to the maximum temperature
produced or the time of its occurrence.

TABLE 5
MAXIMUM TEMPERATURE RESPONSE AND TIME OF

READING FOR EACH VOLUNTEER RECEIVING
THE PRACTICAL ANTIGEN, LOT 2

First dose (25 mig) Second dose (50 g)

Volunteer Maximum Hours Maximum Hours
temperature after temperature after

(°F ('C)) injection ('F ('C)) injection

a 98.5b (36.9) 7 98.6 (37.0) 3

2 a 99.0 (37.2) 13 98.6 (37.0) 8

3 99.8 (37.7) 9 99.4 (37.4) 10

4 98.6 (37.0) 2 100.2 (37.9) 7

5 99.6 (37.6) 7 99.2 (37.3) 4

6 99.2 (37.3) 9 98.6 (37.0) 9

7 99.4 (37.4) 11 99.4 (37.4) 7

8 99.7 (37.6) 12 99.1 (37.2) 1

9 99.3 (37.4) 9 99.6 (37.6) 10

Average 99.23 (37.34) J 8.78 ] 99.18 (37.31) 6.56

a The persons who had received immunization with com-
mercial cholera vaccine before this study.

b Dose was 12.5 jg.

Table 6 gives an evaluation of the systemic and
local reactions following the first and second doses
of antigen. Also included is the experience of this
laboratory with the commercial vaccine that was
used for the protective immunization of personnel
during this research programme. Although the
number of injections in any group was not large, it
was apparent that the practical antigen did not cause
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TABLE 6
SIDE-REACTIONS CAUSED IN HUMANS BY THE PRACTICAL ANTIGEN

AND BY A COMMERCIAL VACCINE

Material Number Systemic Moderate to severeof injections illness local reaction

Practical antigen, Lot 2, 1st dose 9 0 1
of 99 II 2,2nd dose 9 0 1

Commercial cholera vaccine a 38 6 11

a This vaccine was all from a single manufacturer but represented several different lots.

systemic illness or a high frequency of local reactions.
The two local reactions to the practical antigen were
both classified as moderate and consisted of slight
oedema at the site of the injections and slight pain
associated with the movement of the injected arm.
The reactions obtained with the commercial vaccine
were in general more severe, and pain associated with
the movement of the injected arm was quite pro-
nounced. It is of interest that volunteers 1 and 2,
who had received cholera immunization previously,
both had moderate or severe local reactions to
commercial cholera vaccine several months before
and after these experiments, but failed to show such
reactions to the practical antigen.

TAE
SEROLOGICAL RESPONSES IN HUMANS IMMU

The serological responses of all volunteers who
had had no known previous contact with cholera
antigens are given in Table 7. Vibriocidal tests were
done on all but one serum, and it was apparent that
there was a sizable vibriocidal antibody response
even after the first dose. It is notable that these titres
were not improved by the second dose and continued
well above pre-immunization levels for at least six
months. In most instances they appeared to be at
about one-fourth of the peak titre. Passive immun-
ization tests were carried out with selected serum

samples, and these results are also given in Table 7.
Vibriocidal and passive immunization titres have
been plotted in Fig. 2, where it can be seen that they

3LE 7

NIZED WITH THE PRACTICAL ANTIGEN, LOT 2

Time of bleeding

Volunteer Test a Pre-immuniza- 12 days b 2 weeks c 6 weeks c 6 months c

3 VC <10 640 320 - 160

4 VC 20 5 120 5 120 2 560 640

5 VC 10 2 560 2 560 2 560 640

Pi <20 4350 2000 - _

6 VC 160 5 120 5 120 5 120 _

7 VC 10 20 480 20 480 10 240 5 120

8 VC 640 5120 5120 2 560 1 280

Pi 356 3 850 - - _

9 VC 20 20 480 20 480 10 240 2 560

Pi 25 14700 6250 - -

a VC = vibriocidal test: results expressed as reciprocal titres against V. cholerae Ogawa 41; Pi = passive immunization: results,
expressed as reciprocal titres for protection in 1.0 ml (ED5.) against V. cholerae Ogawa 41.

b After first immunization.
c After second immunization.
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FIG. 2
RELATIONSHIP BETWEEN VIBRIOCIDAL AND PASSIVE
IMMUNIZATION TITRES OF HUMAN SERA IMMUNIZED
WITH PRACTICAL ANTIGEN OBTAINED FROM EL TOR

VIBRIO, STRAIN 17 (OGAWA SUBTYPE)

ca
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0
-J
0

- 2.0
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TABLE 8
COMPARISON OF VIBRIOCIDAL TITRE AND

AGGLUTINATION TITRE USING LIVE VIBRIO CHOLERAE
OGAWA 41 ORGANISMS

Serum | Vibriocidal' Live bacterialSerum agglutination Ratio a

__titre titre

Volunteer:

3 b 640 <20 >32

3 c 320 20 16

8 b 5 120 640 8

8 c 5 120 320 16

g b 20 480 1 280 16

9c 20480 1 280 16

Rabbit:

APA d 40 960 160 256

El Tor 17 "OH" 20 480 2 560 8

V. cholerae Ogawa 41
" OH "t 40 960 5120 8

a Value of the ratio of vibriocidal titre to agglutination titre.
b Twelve days after first immunization.
c Two weeks after second immunization.
d Antiserum prepared with a purified lipopolysaccharide.

correlate very well. This has been interpreted to
suggest the probability that the same antibody may
be involved in both of these immunological reactions.

Vibriocidal activity against V. cholerae Inaba
35A3 was determined with 12 of the sera from
3 volunteers. All were essentially negative except 2
of the highest-titred sera, obtained 12 days after
the first immunization, and even here a titre of only
1: 40 was found. This indicates that in humans, as
previously noted in mice, the response to this antigen
was quite specific for the Ogawa sybtype.

Live bacterial antigen agglutination tests were
performed using 6 human sera from 3 volunteers
and 3 rabbit sera. The rabbit sera were obtained by
immunization with purified lipopolysaccharide anti-
gen, El Tor 17 vaccine, and V. cholerae Ogawa
41 vaccine, respectively. Table 8 compares the
agglutination titres of the sera with their vibriocidal
titres. It can be seen that the agglutination titres
were considerably lower than the vibriocidal titres
and that the ratios between these two titres vary
from 8 to 256.

DISCUSSION

The data presented herein demonstrate that,
except for relatively minor differences in purity, the

antigen prepared from the supernatants of El Tor
vibrio cultures of the Ogawa subtype by the con-
siderably simplified procedure described above is
not significantly different from the purified lipo-
polysaccharide obtained by more extensive pro-
cedures. The improved recovery of usable antigen
through the omission of the final purification steps
contributes materially to the practicability of the
procedure as a method of preparing antigen in
situations where large numbers of doses are required
at a minimum cost. These results also indicate that a
sizable antigenic response in terms of vibriocidal
antibody and mouse-protective antibody can be
obtained in humans with as little as 25 ,ug of antigen.
Antibody levels following immunization appear to
decrease gradually in a manner already reported
by Ahuja & Singh (1948) following injections of
whole bacterial-cell vaccine. The lack of a secondary
immune response in man, which was observed in this
study, is consistent with the findings reported by
Griffitts (1944) and Ahuja & Singh (1948) in the case
of routine immunization with commercial vaccines.

This study also provides additional information
suggesting the common identity of the vibriocidal
and the mouse-protective antibody. The fact that
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over the range of responses obtained in humans these
two antibody actions showed close correlation seems
to support this view. Pfeiffer & Wassermann, in 1893,
postulated that a common antibody produced these
two immune manifestations, and the correlation of
these activities following immunization with purified
antigens strengthens this hypothesis considerably.
The relationship of vibriocidal and protective
antibody to agglutinin is not clearly suggested in
the present studies. Although the practical antigen
clearly induced in humans the formation of an anti-
body with some agglutinating activity, the amount
of this activity does not seem to correlate well with
vibriocidal activity. Moreover, the agglutinin titre
of the rabbit antiserum prepared by the injection of
purified lipopolysaccharide was extremely low in
comparison with its vibriocidal activity. Also, this
serum was low in agglutinin titre compared with
the levels obtained following injections of whole-
cell vaccines. This suggests that factors other than
the amount of vibriocidal and mouse-protective
antibody may be operative in agglutination tests.
Whether these factors may be other surface antigens
upon the agglutinating cell surface with their
corresponding antibodies, the nature of the antibody,
or still other forces affecting the second stage of
agglutination is not known at this time. It would

seem, however, that further studies of the relation-
ship of agglutination to vibriocidal activity using
purified antigens and their corresponding antibodies
would be advisable.
While it is recognized that the evaluation of

toxicity reported in this communication is not
extensive, the results indicate that the practical
antigen in the dosages employed was certainly not
unduly toxic to humans and, indeed, that the
responses were quite mild compared with those
obtained with the commercial vaccine used in this
laboratory for routine prophylaxis. It would appear,
therefore, that such an antigen preparation would
be safe for further investigations in humans.
Although the practical antigen used in this re-

search appears to be relatively non-toxic and to pro-
duce a significant and durable response in humans,
it should be emphasised that almost complete
Ogawa specificity was found both in active pro-
tection tests in mice and in the antibodies that were
produced in humans. It is therefore probable that
this antigen should be combined with Inaba antigen
to obtain the immunological coverage that would be
necessary to fulfil the aim of general immunization
against cholera. Work is in progress on the isolation
and purification of an Inaba mouse-protective
antigen.
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RtSUMP

Les auteurs ont decrit, dans un article precedent, le
procede employe pour obtenir, A partir d'une souche de
vibrion El Tor, sous-type Ogawa, un antigene purifie
capable d'assurer une protection active de la souris. En
raison de la perte d'antigene resultant d'un fractionne-
ment pousse, ils ont mis au point une methode simplifi6e
pour preparer un antigene un peu moins homogene mais
relativement pur en quantites beaucoup plus considerables
permettant d'envisager une utilisation eventuelle de la
preparation sur une grande echelle.

Injectee A la souris, la nouvelle preparation temoigna

d'un pouvoir protecteur eleve, et donna un rapport
activite/toxicite superieur A ceux des vaccins bacteriens.
Des essais d'immunisation limites furent effectues sur
9 sujets volontaires. Deux doses de 25 et 50 ,ug, a 15
jours d'intervalle, provoquerent l'apparition de titres
seriques eleves en anticorps vibriocides et protecteurs,
persistant pendant au moins 6 mois. Les reactions post-
vaccinales generales furent peu marquees, et les reactions
locales moins frequentes et moins accentuees que lors de
l'immunisation par les vaccins ordinaires.
On nota d'autre part une correlation entre l'activite
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vibriocide et le pouvoir de protection passive chez la
souris, ce qui donne a croire que ces deux proprietes
sont liees i la pr6sence d'un meme anticorps.
Les auteurs estiment justifi6es des recherches com-

pl6mentaires en vue de l'utilisation effective de cet

antigene en immunisation humaine. Ils observent
cependant que, en raison de la forte specificite de la
preparation, il serait indispensable de lui associer un
antigene Inaba si l'on desire obtenir une protection
complete contre le cholera.
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